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INTERNATIONAL PACIFIC
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IPHC-2018-SRB012-01
Late updated: 16 March 2018

DRAFT: AGENDA & SCHEDULE FOR THE 12" SESSION OF THE IPHC
SCIENTIFIC REVIEW BOARD (SRB012)

Date: 19-21 June 2018
Location: Seattle, Washington, U.S.A.
Venue: IPHC Board Room, Salmon Bay
Time: 12:00-17:00 (19™), 09:00-17:00 (20, 09:00-14:00 (the 21t
Chairperson: Dr Sean Cox (Simon Fraser University)
Vice-Chairperson: Nil

OPENING OF THE SESSION
ADOPTION OF THE AGENDA AND ARRANGEMENTS FOR THE SESSION

IPHC PROCESS

3.1. Update on the actions arising from the 11" Session of the SRB (SRB011) (D. Wilson)
3.2. Outcomes of the 94" Session of the IPHC Annual Meeting (AM094) (D. Wilson)

3.3. IPHC Rules of Procedure (2017): Proposed amendments (D. Wilson)

3.4. SRB annual workflow (D. Wilson)

IPHC FISHERY-INDEPENDENT SETLINE SURVEY (FISS)
4.1. Methods for spatial setline survey modelling — Program of work for 2018 (R. Webster)

PACIFIC HALIBUT STOCK ASSESSMENT: 2018
5.1. Data source development (I. Stewart)
5.2. Modelling updates (I. Stewart)

MANAGEMENT STRATEGY EVALUATION: UPDATE

6.1. Outcomes of MSAB10 (A. Hicks)

6.2. Updates to MSE framework and closed-loop simulations (A. Hicks)

6.3. MSAB Program of Work and delivery timeline for 2018 and beyond (A. Hicks)
6.4. Interim distribution procedures 2019-2020 (A. Hicks)

BIOLOGICAL AND ECOSYSTEM SCIENCE PROGRAM RESEARCH UPDATES
7.1. Five-year research plan and management implications (J. Planas)
7.2. Progress on ongoing research projects (J. Planas)
7.2.1. Discard Mortality Rates
7.2.2. Juvenile growth studies
7.2.3. Reproductive assessment
7.3. Presentation of planned future research projects (J. Planas)
7.3.1. Growth-thermal history
7.3.2. Larval connectivity
7.3.3. Others

REVIEW OF THE DRAFT AND ADOPTION OF THE REPORT OF THE 12™ SESSION
OF THE IPHC SCIENTIFIC REVIEW BOARD (SRB012)
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HaLIiBUT COMMISSION

IPHC-2018-SRB012-01
Late updated: 16 March 2018

DRAFT: SCHEDULE FOR THE 12t SESSION OF THE IPHC SCIENTIFIC REVIEW BOARD (SRB012)

Tuesday, 19 June 2018

Time Agenda item Lead
12:00-12:30 | Arrival (light lunch provided)
12:30-12:45 1. OPENING OF THE SESSION S. Cox &
2. ADOPTION OF THE AGENDA AND ARRANGEMENTS FOR THE SESSION D. Wilson
3. IPHC PROCESS
3.1 Update on the actions arising from the 11" Session of the SRB (SRB011)
12:45-13:15 3.2 Outcomes of the 94" Session of the IPHC Annual Meeting (AM094) D. Wilson
3.3 IPHC Rules of Procedure (2017): Proposed amendments (D. Wilson)
3.4 SRB annual workflow (D. Wilson)
4. IPHC FISHERY-INDEPENDENT SETLINE SURVEY (FISS
13:15-15:00 4.1 Methods for spatial setline survey modelling — Pgograr)n of work for 2018 R. Webster
5. PACIFIC HALIBUT STOCK ASSESSMENT: 2018
15:00-15:30 5.1 Data source development |. Stewart
5.2 Modelling updates
15:30-15:45 | Break
15:45-17:00 | 5. PACIFIC HALIBUT STOCK ASSESSMENT: 2018 (continued) |. Stewart
Wednesday, 20 June 2018
Time Agenda item Lead
09:00-10:00 | Review of Day 1 and discussion of SRB Recommendations Chairperson
6. MANAGEMENT STRATEGY EVALUATION: UPDATE
10:00-10:30 6.1 Outcomes of MSAB10 A. Hicks
6.2 Updates to the MSE framework and closed-loop simulations
10:30-10:45 | Break
6. MANAGEMENT STRATEGY EVALUATION: UPDATE
. . 6.2 Updates to the MSE framework and closed-loop simulations (cont.) .
10:45-12:30 6.3 MSAB Program of Work and delivery timeline for 2018 and beyond A. Hicks
6.4 Interim distribution procedures 2019-2020
12:30-13:30 | Lunch
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7. BIOLOGICAL AND ECOSYSTEM SCIENCE PROGRAM RESEARCH UPDATES
13:30-15:30 7.1 Five-year research plan and management implications 3. Planas
7.2 Progress on ongoing research projects
7.3 Presentation of planned future research projects
15:30-15:45 | Break
15:45-16:30 7. BIOLOGICAL AND ECOSYSTEM SCIENCE PROGRAM RESEARCH UPDATES 3 Planas
(continued)
16:30-17:00 | SRB drafting session SRB members
Thursday, 21 June 2018
Time Agenda item Lead
09:00-10:30 | Review of Day 2 and discussion of SRB Recommendations S. Cox
10:30-10:45 | Break
10:45-12:30 | SRB drafting session SRB members
12:30-13:30 | Lunch
13:30-14:00 8. REVIEW OF THE DRAFT AND ADOPTION OF THE REPORT OF THE 12" SESSION OF S Cox
' ' THE IPHC SCIENTIFIC REVIEW BOARD (SRB012) '
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HaLiBuT COMMISSION

IPHC-2018-SRB012-02
Last updated: 21 May 2018

DRAFT: LIST OF DOCUMENTS FOR THE 12" SESSION OF THE IPHC
SCIENTIFIC REVIEW BOARD (SRB012)

Document Title Availability
DRAFT: Agenda & Schedule for the 12™ Session of

- - - v

IPHC-2018-SRB012-01 the Scientific Review Board (SRB012) 16 Mar 2018
DRAFT: List of Documents for the 12" Session of the

- - - . . pe . /
IPHC-2018-SRB012-02 Scientific Review Board (SRB012) 21 May 2018

i ) ) Update on the actions arising from the 11" Session of | ,
IPHC-2018-SRB012-03 the SRB (SRBO011) (IPHC Secretariat) 17 May 2018

Update on the actions arising from the 94" Session of | ,
IPHC-2018-SRBO12-04 | 1,0 commission (AM094) (D. Wilson) 16 May 2018

i i i Methods for spatial setline survey modelling — v
IPHC-2018-SRB012-05 Program of work for 2018 (R. Webster) 21 May 2018
IPHC-2018-SRB012-06 Data source development (I. Stewart) v’ 17 May 2018
IPHC-2018-SRB012-07 Modelling updates (. Stewart, A. Hicks) v’ 21 May 2018
IPHC-2018-SRB012-08 Management Strategy Evaluation: Update for 2018 v 21 May 2018

(A. Hicks, |. Stewart)

i ) ) Report on current and future biological research v
IPHC-2018-SRB012-09 activities (J. Planas) 21 May 2018
Information papers
IPHC-2018-SRB012-INFO1 | NPRB1704 Grant Proposal v’ 16 May 2018
IPHC-2018-SRB012-INFO2 | Saltonstall-Kennedy Grant Proposal v’ 16 May 2018
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INTERNATIONAL PACIFIC
HaLiBuT COMMISSION

IPHC-2018-SRB012-03

UPDATE ON ACTIONS ARISING FROM THE 11™ SESSION OF THE IPHC
SCIENTIFIC REVIEW BOARD (SRB011)

PREPARED BY: IPHC SECRETARIAT (17 MAY 2018)

PURPOSE

To provide the Scientific Advisory Board (SRB) with an opportunity to consider the progress
made during the intersessional period, on the recommendations/requests arising from the
SRBO012.

BACKGROUND

At the SRB011, the members recommended/requested a series of actions to be taken by the
IPHC Secretariat staff, as detailed in the SRB011 meeting report (IPHC-2017-SRB011-R)
available from the IPHC website, and as provided in Appendix A.

DiscussioN

During the 12" Session of the SRB (SRBO012), efforts will be made to ensure that any
recommendations/requests for action are carefully constructed so that each contains the
following elements:

1) a specific action to be undertaken (deliverable);

2) clear responsibility for the action to be undertaken (such as the IPHC Staff or SRB
officers);

3) a desired time frame for delivery of the action (such as by the next session of the
SRB or by some other specified date).

RECOMMENDATION/S
That the SRB:

1) NOTE paper IPHC-2018-SRB012-03, which provided the SRB with an opportunity to
consider the progress made during the inter-sessional period, in relation to the
consolidated list of recommendations/requests arising from the previous SRB meeting
(SRBO11).

2) AGREE to consider and revise the actions as necessary, and to combine them with any
new actions arising from SRB012.

APPENDICES

Appendix A: Update on actions arising from the 11" Session of the IPHC Scientific Review
Board (SRB011)
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IPHC-2018-SRB012-03

APPENDIX A
Update on actions arising from the 11" Session of the IPHC Scientific Review Board
(SRBO011)
RECOMMENDATIONS
Action No. Description Update
SRB11- Pacific halibut stock assessment (2017): Data | Completed.
Rec.01 source development
(para. 14) The SRB RECOMMENDED continuing to down-weight
terminal year fishery CPUE in the annual stock
assessment because terminal and post-season CPUE
may be substantially different. Generating and
presenting the conditional distribution for post-season
CPUE given terminal CPUE, should be undertaken as
a way to improve communication about most recent
fishery CPUE values.
SRB11- Management Strategy Evaluation: A description of | Pending. The MSAB had no
Rec.02 the closed-loop simulations suggestions for improving the
(para. 25) | 1he SRB RECOMMENDED that the IPHC Secretariat E'L‘ftr‘l’gatcsgiergi’aﬁg:'%29“re’
;r?d Management Strategy Advisory Board collaborate been working with MSAB

a) further clarify and improve the presentation of ?eesrgﬁgif t?h(;r?%zg figure

the Harvest Strategy Policy (Appendix 1V). This | .77~ ng

. distribution component. The
would improve not only transparency of the fiqures will be undated as
existing interim harvest policy, but also of the ngeded P
MSE process for evaluating alternatives. '

b) Review harvest policies from other bodies to | The review of harvest policies
develop an objectives hierarchy that explicitly | from other bodies is currently
prioritizes long-term conservation over short- | in progress. A review of other
/medium-term  (e.g., 3-8 years) catch | MSE's is also in progress to
performance. determine how they report

long- and short-term statistics.
SRB11- The SRB RECOMMENDED that the IPHC Secretariat | Pending. The IPHC
Rec.03 hire a modeler/programmer to support MSE work so | Secretariat is currently
(para. 29) | that timely feedback can be given the MSAB in the | drafting a document for the

MSE process.

Commission that will outline
the deliverables expected
from a MSE researcher.
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Action No. Description Update
SRB11- Biological and ecosystem science program: | Pending. The IPHC
Rec.04 Presentation of potential future research projects Secretariat is exploring
(para. 36) | 1o SRB RECOMMENDED that IPHC consider hiring rpossr'r?m“izf%rr‘;‘ogdll‘iﬁ“”\?v ”r‘ke
a life-history modeler to provide more explicit linkage ecommended modeling work.
between the empirical biological program and the
applied assessment and MSE modeling programs.
REQUESTS
Action No. Description Update
SRB11- IPHC fishery-independent setline survey: Methods | Completed. The requested
Req.01 for spatial survey modelling column was added for the
(para. /) | te SRB REQUESTED that the IPHC Secretariat g’;’;ﬁ’%‘sr‘;eoerf'e”rgs dbé‘tnot
present a form of Table 1 to Commissioners, adding a a earl tolfind it hlel ful
column for Qualitative Cost (e.g., High, Low given pfg‘erring o seeagre(;ise
sampling intensity, fishing cost, etc.). estimation of costs instead.
SRB11- The SRB REQUESTED that the following be | Pending. As discussed at
Req.02 maintained on the IPHC Program of Work: (i) | SRB11, this work will be
(para. 9) examination of revenue and cost-recovery (i.e., cost | undertaken as part of the full
benefit analyses), (ii) forecast the effect on CV of the | evaluation following
presence or absence of expansion FISS stations, (iii) | completion of the setline
plotting relative error against number of stations, and | survey expansion in 2019.
(iv) comparison of frequency of zeros between
standard and expansion FISS stations.
SRB11- IPHC fishery-independent setline survey: | Ongoing. Work on modelling
Req.03 Preliminary FISS results covariates is underway, with a
(para. 12) The SRB REQUESTED continuing research — Sgujlgtr:) ?ISAS\I‘OeI\;.eSAOXIzg;TItIQ
subsequent to the 94™ Annual Meeting of the IPHC o gate to)tl)e discuséed at
(AM094) - on the effect of other covariates such as SRB12
dissolved oxygen on the IPHC fishery-independent )
setline survey catch rates, and for any results to be
presented at SRB12.
SRB11- Pacific halibut stock assessment (2017): Data | Pending. The IPHC
Req.04 source development Secretariat anticipates further
(para. 15) data collection through 2018

The SRB REQUESTED continuing research on
discrepancies between Estimated and Measured
weights of Pacific halibut, be presented at SRB12.

is needed to fully address
spatial and inter-annual
patterns.
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Action No. Description Update
SRB11- Size limit analysis for 2017: Update Completed.
Req.05 NOTING the thoughtful and detailed presentation on | AM094—Rec.04 (para. 89)
(para. 21) the potential impacts of changing the minimum size The Commission NOTED
limit presented in Appendix E (Evaluation of adaptive report IPHC-2018-AM094-14
management approaches) of paper IPHC-2017- which indicated that the ’
SRB11-07, the SRB REQUESTED that the IPHC performance of the
Secretariat, between now and SRB12, seek feedback management procedure is
from the Commissioners, Conference Board, dominated by management
Processors Advisory Board, and the Management decisions other than the size
Strategy Advisory Board, on a modified version of limit, (e.g. removal of the size
Appendix E. In particular, a modified version would Iimit’is I.ik.ely to result in
include (i) a process for starting and possibly ending an minimal changes in yield) and
experim(_ant, (ii) perfprmance metrics, and (iii) _criteria RECOMMENDED that the
fOOJtC?I’ilsg.g conclusions based on the experimental size limit remain unchanged.
SRB11- Management Strategy Evaluation: A description of | Pending. IPHC Secretariat
Req.06 the closed-loop simulations plans to work with the SRB in
(para. 27) | rhe SRB REQUESTED that a quasi-extinction | €Ntfying approporiate quais-
threshold be established so that: extinction thresholds for the
a) simulation replicates can be flagged when simulations. Currgntly, any
projected spawning biomass drops below this parameter sets with
threshold: steepness less than 0.6 are
b) parameter sets causing quasi-extinction in the removed.
historical period can be dropped from the
operating model initialization.
SRB11- The SRB REQUESTED that the MSE simulation | Pending. The IPHC
Req.07 initialize the operating model biomass in the current | Secretariat plans to discuss
(para. 28) | year from the more precise Ensemble distribution of | an approach to reporting

the current state (e.g., 2017) rather than the wider
distribution obtained from the Operating model.

short- and long-term
performance metrics that will
address this issue.
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Action No. Description Update
SRB11- Biological and ecosystem science program: | Completed. The IPHC
Req.08 Progress on ongoing IPHC-funded research | Secretariat will present an
(para. 32) | projects integrated scheme of

The SRB REQUESTED that the IPHC Secretariat | 20\09ical research with stock
prepare a presentation for SRB12, on the overall assessment and pol!cy at
R SRB12. A draft of this
research initiatives to show how stock assessment, | :
biology, and policy are integrated. Ultimately, such an mtegra:e(cj;l Sf?ﬁ mXnglgs 4
integrated presentation should be a key component of 8?;?26012-A|\/6|P094-13)
science presentations at future IPHC Annual Meetings. '
For example, all research presentations would have
been more effective had there been:
a) more precise linkages among key knowledge
gaps within the biology, annual stock
assessment, and MSE simulations;
b) a specific suite of questions to be discussed
during the SRB meeting;
c) sufficient background material provided such
that the SRB can provide informed comment
and advice related to the specific questions in
(b).
SRB11- NOTING that some of the biological science work is | Completed. The IPHC
Req.09 externally funded and peer-reviewed, the SRB | Secretariat has included the
(para. 33) | REQUESTED that future background papers include | funded grant proposals as
successfully funded proposals so that the SRB has | information papers IPHC-
sufficient detail to review implementation and progress | 2018-SRB012-INF01 and
of the work. IPHC-2018-SRB012-INF02.
SRB11- The SRB REQUESTED that the IPHC Secretariat | Completed. The IPHC
Req.10 provide specific advice about the SRB’s role in | Secretariat has provided
(para. 34) | reviewing the design, analytical methods, and | specific advice from the SRB
implementation of internally-funded projects. regarding specific research
guestions
SRB11- Biological and ecosystem science program: | Completed. The IPHC
Reg.11 Presentation of potential future research projects Secretariat will include in the
(para. 35) presentation at SRB12 a

NOTING the presentation of project timelines and
milestones, the SRB REQUESTED that timelines also
be included for incorporating biological research results
into the stock assessment and MSE work.

timeline of the integrated
scheme of biological research
with stock assessment and

policy.
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HaLiBuT COMMISSION

IPHC-2018-SRB012-04
OUTCOMES OF THE 94™ SESSION OF THE IPHC ANNUAL MEETING (AM094)

PREPARED BY: IPHC SECRETARIAT (16 MAY 2018)

PURPOSE

To provide the SRB with the outcomes of the 94" Session of the IPHC Annual Meeting (AM094)
relevant to the mandate of the SRB.

BACKGROUND

The agenda of the Commission’s Annual Meeting (AM094) included several agenda items
relevant to the SRB:

6. STOCK STATUS OF PACIFIC HALIBUT (2017) & HARVEST DECISION TABLE (2018)
7. MANAGEMENT STRATEGY EVALUATION
10. IPHC RESEARCH AND 5-YEAR RESEARCH PROGRAM

DiscussioN

During the course of the 94" Session of the IPHC Annual Meeting (AM094) the Commission
made a number of specific recommendations and requests for action regarding the stock
assessment, MSE process, and 5-year research program. Relevant sections from the report of
the meeting are provided in Appendix A for the SRB’s consideration.

RECOMMENDATION

That the SRB:
1) NOTE paper IPHC-2018-SRB012-04 which details the outcomes of the 94" Session of

the IPHC Annual Meeting (AM094) relevant to the mandate of the SRB.

APPENDICES

Appendix A: Excerpts from the 94" Session of the IPHC Annual Meeting (AM094) Report
(IPHC-2018-AM094-R).
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APPENDIX A
Excerpt from the 94 Session of the IPHC Annual Meeting (AM094) Report (IPHC-
2018-AM094-R).

Recommendations and Requests
RECOMMENDATIONS

Review of fishery goals and objectives: Commission directive

AMO094-Rec.01 (para. 36) The Commission RECOMMENDED that the draft goals, objectives, and
performance metrics, as detailed in Appendix IV, IPHC-2017-MSAB10-R be used for
ongoing evaluation in the MSE process, and that they may be refined in the future. The
objectives should be evaluated in a hierarchal manner, with conservation as the first
priority.

AMO094-Rec.02 (para. 39) The Commission RECOMMENDED that the IPHC Secretariat consider the
setline survey WPUE grid across the fishery as well as other biological factors (e.g.
habitat configuration, size distribution in the region etc.) and provide alternatives to the
current management areas (e.g. biological regions), and that the MSAB consider
additional ways to incorporate biological information into TCEY distribution
procedures.

AMO094-Rec.03 (para. 44) The Commission RECOMMENDED that long- and mid-term performance
metrics for conservation objectives be considered in the MSE process for conservation
objectives, and that short-term metrics be included for fishery-related objectives in the
MSE process, via the MSAB.

Evaluation of the IPHC’s 32” minimum size limit

AMO094-Rec.04 (para. 89) The Commission NOTED report IPHC-2018-AM094-14, which indicated
that the performance of the management procedure is dominated by management
decisions other than the size limit, (e.g. removal of the size limit is likely to result in
minimal changes in yield) and RECOMMENDED that the size limit remain
unchanged.

REQUESTS
Reports of the 101 Session of the IPHC Management Strategy Advisory Board (MSAB10)

AMO094-Req.01 (para. 31) The Commission REQUESTED that the MSAB look at SPR values consistent
with recent estimated SPR values from the assessment model and lower. This would
mean expanding the lower range of SPR values to below 40%.

Review of fishery goals and objectives: Commission directive

AMO094-Req.02 (para. 37) The Commission REQUESTED that the objectives related to distributing the
TCEY, as detailed in Circular IPHC-2017-CR022, be presented at MSAB11 for further
stakeholder feedback.

AMO094-Req.03 (para. 38) The Commission REQUESTED that the proposed TCEY distribution
methodology of the Harvest Strategy Policy reflect an understanding of both stock
distribution and fishery management distribution procedures.
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7.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Supporting report text
MANAGEMENT STRATEGY EVALUATION

7.1 IPHC Management Strategy Evaluation: update

The Commission NOTED paper IPHC-2018-AM094-12 which provided an update on the progress of the
IPHC Management Strategy Evaluation process and seeks recommendations for future work, including a
review of goals and objectives defined by the MSAB, an overview of the simulation framework to evaluate
the fishing intensity and harvest control rules in the IPHC harvest strategy policy, results from the closed-
loop simulations, ideas for distributing the TCEY to Regulatory Areas, and a five-year work plan.

The Commission CONSIDERED the following items:

a) The simulation framework and assumptions as described, including introducing variability to the
Operating Model, simulating weight-at-age and an environmental regime, and allocation of the
Total Mortality to sectors;

b) The long-term results looking at the outcomes of various management procedures and the trade-offs
among them;

c) Management procedures (e.g. values of SPR in combination with a control rule threshold) that
would meet the goal and objectives important to the Commission, based on the results shown, and
additional procedures that may be of interest to evaluate in 2018;

d) Whether the clear separation of stock distribution (a scientific product), and distribution procedures
(management decision) satisfies the Commission’s recommendation to replace apportionment with
a more suitable term; and

e) The concept of distributing the TCEY to biological regions defined here as a method to satisfy the
Commission’s request to “initiate a process to develop alternative, biologically based stock
distribution strategies.”

7.2 Reports of the 10" Session of the IPHC Management Strategy Advisory Board (MSAB10)

The Commission NOTED the Report of the 10" Session of the IPHC Management Strategy Advisory
Board (MSAB10) (IPHC-2017-MSAB10-R) which was presented by Mr Adam Keizer (Canada). The
MSAB consists of 20 board members, 19 of which attended the Session from the two (2) Contracting
Parties. A total of five (5) individuals attended the Session as Observers. In addition, two (2) IPHC
Commissioners were in attendance, Mr Paul Ryall (Canada) and Mr Bob Alverson (U.S.A.).

The Commission AGREED to the updated Program of Work provided at Appendix VI of IPHC-2017-
MSAB10-R.

The Commission REQUESTED that the MSAB look at SPR values consistent with recent estimated SPR
values from the assessment model and lower. This would mean expanding the lower range of SPR values to
below 40%.

7.3 Review of fishery goals and objectives: Commission directive

The Commission NOTED the current fishery goals, objectives, and performance metrics identified by the
MSAB for the MSE process, as detailed in Appendix IV of the MSAB10 report (IPHC-2017-MSAB10-R).

The Commission NOTED the summary presentation which was in response to Circular IPHC-2017-CR022
requesting stakeholder feedback on objectives proposed by a USA Commissioner related to distributing the
TCEY presented at IM093. These objectives were categorized under the overarching goals defined by the
MSAB for AM094.

The Commission NOTED the other concepts proposed by a USA Commissioner related to distributing the
TCEY were not stated as measurable objectives but may be useful when developing management
procedures to evaluate.

The Commission NOTED that:
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36.

37.

38.

39.

40.

41.

42.

43.

44,

10.

86.

87.

a) the Commission objectives related to distributing the TCEY may be presented at MSAB11 for
further stakeholder feedback.

b) the intent of the “other Commission concepts” could be further clarified and incorporated into the
MSAB process, and can be converted to measurable objectives.

c) the MSAB may develop measurable outcomes and performance metrics associated with these
Commission objectives.

The Commission RECOMMENDED that the draft goals, objectives, and performance metrics, as detailed
in Appendix IV, IPHC-2017-MSAB10-R be used for ongoing evaluation in the MSE process, and that they
may be refined in the future. The objectives should be evaluated in a hierarchal manner, with conservation
as the first priority.

The Commission REQUESTED that the objectives related to distributing the TCEY, as detailed in Circular
IPHC-2017-CR022, be presented at MSABL11 for further stakeholder feedback.

The Commission REQUESTED that the proposed TCEY distribution methodology of the Harvest Strategy
Policy reflect an understanding of both stock distribution and fishery management distribution procedures.

The Commission RECOMMENDED that the IPHC Secretariat consider the survey WPUE grid across the
fishery as well as other biological factors (e.g. habitat configuration, size distribution in the region etc.) and
provide alternatives to the current management areas (e.g. biological regions), and that the MSAB consider
additional ways to incorporate biological information into TCEY distribution procedures.

The Commission NOTED that the current procedure to distribute the TCEY could be replaced by an
interim procedure to be developed in the near term while the MSAB completes their Program of Work to
deliver guidance in 2021 on scale and TCEY distribution.

The Commission AGREED to meet via an inter-sessional electronic meeting (soon after the AM094),
along with the IPHC Secretariat, to discuss TCEY distribution procedures to use in the interim while long-
term distribution procedures are being developed by the MSAB. MSAB representatives and the IPHC
Secretariat will inform the Commission of what guidance the MSAB may be able to provide to help
develop an interim distribution strategy, and how the development of an interim harvest procedure may
affect the MSAB's current Program of Work.

The Commission AGREED that distributing the TCEY to regions does not necessarily need to be the first
step of the TCEY distribution procedure, and other biological factors, such as habitat and size distribution,
be considered.

The Commission NOTED that the work the MSAB has already completed on distribution procedures may
help to inform the development of an interim distribution strategy. MSAB representatives and the IPHC
Secretariat will advise the Commission of how this may affect their current Program of Work, and what
guidance they may be able to provide to help develop an interim distribution strategy.

The Commission RECOMMENDED that long- and mid-term performance metrics for conservation
objectives be considered in the MSE process for conservation objectives, and that short-term metrics be
included for fishery-related objectives in the MSE process, via the MSAB.

IPHC RESEARCH AND 5-YEAR RESEARCH PROGRAM

10.4  Evaluation of the IPHC’s 32”” minimum size limit
The Commission NOTED paper IPHC-2018-AM094-14 which provided a response to the Commission
request made during the 2016 Interim Meeting (IPHC 2016):

IM092-Req.07 (para. 73) “The Commission REQUESTED that a review of the analysis of the effectiveness
of size limits be undertaken by the IPHC Staff throughout 2017, for consideration by the Commission at
its annual meeting in 2018.”

The Commission NOTED the work of the IPHC Secretariat during 2017, and the challenges to an

evaluation of the Minimum Size Limit (MSL).
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88.

89.

90.

The Commission AGREED that consideration of the magnitude of current discard mortality, the potential
change in fishery yield, uncertainty in the market value of Pacific halibut below the current MSL and
potential changes in fishery practices in response to a change in the MSL represent the primary trade-offs
identified.

The Commission NOTED report IPHC-2018-AMO094-14, which indicated that the performance of the
management procedure is dominated by management decisions other than the size limit, (e.g. removal of
the size limit is likely to result in minimal changes in yield) and RECOMMENDED that the size limit
remain unchanged.

The Commission AGREED that the work of the IPHC Secretariat has satisfied the Commission’s request,
and directed the IPHC Secretariat to postpone further investigation of the MSL until such time as either
additional information or changes in the fishery, markets, or Pacific halibut stock warrant additional work.
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Methods for spatial survey modelling - program of work for 2018

PREPARED BY: IPHC SECRETARIAT (R. WEBSTER; 20 MAY 2018)

PURPOSE

To present results on spatio-temporal survey modelling undertaken to date in 2018, and
describe plans for the remainder of the year.

BACKGROUND/INTRODUCTION

In 2016, IPHC Secretariat staff began using a space-time modelling approach to estimate
indices of density and biomass for use in stock assessment modelling and estimation of stock
distribution. Survey station weight and number per unit effort (WPUE and NPUE) indices are
used as input data, following a standardisation for competition for baits among Pacific halibut
and other species. Prior to the introduction of the space-time modelling, this standardisation
was calculated from data aggregated across all IPHC setline survey stations within each
Regulatory Area, rather than at the level of survey station. The adjustments are calculated
from the proportion of baits returned on each setline survey station, and the proportions
themselves are calculated from data obtained from the first 20 hooks on each skate rather than
the full 100 hooks otherwise used for data on Pacific halibut. An exception is Regulatory Area
2B, where returned baits have been counted on 100% of hooks on the setline survey since
2003 (with the exception of 2013). An analysis of the Regulatory Area 2B data (Webster and
Leaman 2014) showed that, with data aggregated across the Regulatory Area, 20-hook-count
estimates of the proportion of baits returned were unbiased and precise relative to the 100%
hook counts. In this report, we revisit the Regulatory Area 2B bait return data to assess
whether the use of 20-hook counts in other Regulatory Areas is likely to affect the density
index estimates from the space-time model.

The use of environmental covariates to improve the space-time model has been discussed at
previous meetings of the Scientific Review Board. The IPHC uses water column profilers on
each setline survey station to record several environmental variables, including dissolved
oxygen, temperature and salinity. Due to a hypoxic event off the Washington coast, the effect
of dissolved oxygen on Pacific halibut density in Regulatory Area 2A in 2017 has been subject
to much discussion, and this variable is therefore of particular interest to us when examining
how environmental covariates can be used to improve the density index estimates from the
space-time model. We summarize results of exploratory modelling of relationships between
032 WPUE and bottom dissolved oxygen and temperature for Regulatory Area 2A, and
describe a proposed framework for including these variables in models for the full 1993-2017
data. For the latter, we note that wide-scale use of the water column profilers began in 2009,
and that since 2009, profiler data are missing at many fished setline survey stations and
unavailable when expansion stations are not fished. The method used should avoid omitting
Pacific halibut data even in the absence of corresponding environmental data.

EFFECT OF USING 20-HOOK COUNTS oN WPUE

Data from Regulatory Area 2B were used to compare the output from space-time models using
hook competition standardisation based on data from 20 hooks/skate, and from the output
using adjustments based on 100% of hooks. Figure 1 compares the estimated WPUE time
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series from the space-time model using 20 hooks versus 100%. The two time series are very
close, with differences well within 95% credible intervals.
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Figure 1. Space-time model posterior means and 95% credible intervals of 032 WPUE in
Regulatory Area 2B with hook competition standardisations based on 100% of hooks and 20
hooks/skate.
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From 2003, when 100% hook sampling was implemented, the 20-hook-count series is
consistently slightly above the 100% series (Figure 1), which at face value may imply a very
small positive bias in using data from just 20 hooks/skate. However, some slight difference is
almost guaranteed because of the way the hook competition standardisation is calculated to
accommodate the case of zero baits returned on a station. Recall that in computing the
standardisation at each station, the quantity Z is required:

=0

where h is the number of hooks on a set and b is the number of baits returned. To avoid
division by zero when no baits are returned, we add a small quantity ¢ to both h and b:

h+o
Z:Iog(mj

where § =h/100. This choice means ¢ is proportional to the number of hooks set, ensuring that

if no baits are returned, Z will be the same for sets of different lengths (e.g., 5 skates vs 6
skates). The adjustment factor for the standardisation is given by

When 20 hooks are used instead of 100%, there is a far greater chance that any given station
has zero or close to zero baits returned, likely leading to a larger adjustment factor for that
station than if 100% sampling had been used. This greater chance of a larger adjustment
factor is the cause of the very slightly higher WPUE values for 20 hooks in Figure 1. No value
of ¢ is going to lead to 20 hooks and 100% giving the same adjustments on average all the
time, and our experiments with alternative values (e.g., 6 =1 or something intermediate to this
and the current choice) led to time series that differed by a greater amount.

Our conclusion is that the very small difference between the series based on data from 20-
hook and 100% hook sampling is not meaningful for scientific and management purposes, and
is not sufficient to justify the additional expense of sampling 100% of hooks in all Regulatory
Areas.

ENVIRONMENTAL COVARIATES IN SPACE-TIME MODELS

In this section we outline a proposed approach to including environmental data from the setline
survey’s water column profilers as covariates in space-time models. The focus here is on
Regulatory Area 2A, due in part to the apparent large effect of dissolved oxygen on this area’s
WPUE motivating the desire to explore such models, and that for Regulatory 2A, space-time
models can be run relatively quickly, allowing us to fit and compare several models more
easily.

We began by fitting exploratory models using observed data only. That is, if a setline survey
station has missing covariate information, it was excluded from the modelling. Thus, we are
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only using setline survey WPUE from 2009 onwards, and exclude a number of stations for
which technical or data quality problems meant no reliable covariate data were available. The
advantage of starting with the observed data is that models can be fit very quickly to this
smaller data set, while the results can demonstrate if it is worthwhile trying to fit models with all
the data from 1993-2017. Exploratory models included covariates for bottom temperature,
which previous models fitted to Bering Sea data showed was an important predictor in that
region, and dissolved oxygen. All models also included the depth and latitude covariates used
in the modelling of the full 1993-2017 data, and considered base-model covariates for
Regulatory Area 2A. Model fit was compared using the Deviance Information Criterion (DIC),
with lower values indicating better fitting models.

Table 1 presents the DIC for the models exploratory models we fitted to the Regulatory Area
2A data. The space-time models include two components, one for modelling the probability of
zero WPUE, and a gamma model for non-zero WPUE observations. Each component can

include covariates, and unless indicated by “z” or “nz”, covariates were included in both.

Table 1 Deviance Information Criterion values for models fitted to observed setline survey data
in Regulatory Area 2A (2009-2017).

Model DIC Notes

Base model (depth + latitude) 8605.9

Base + temp 8603.7

Base + temp? (Did not converge) Correlation with depth?
Base + temp?(z) + temp(nz) 8605.5

Base + temp?(nz) 8605.7

Base + O2 8593.7

Base + 1(O2 < 0.9)(z) + O2(nz) 8590.2

Note that I( ) is the indicator function, taking values of 1 is the statement is true, and zero
otherwise. In our model, this was used to create a binary variable with value 1 if dissolved
oxygen was less than 0.9 (the level previous work and last year’s data showed led to zero or
almost zero halibut) and value zero otherwise. In that model, non-zero WPUE was modelled
as linearly dependent (on the log scale) on dissolved oxygen.

The results in Table 1 show little evidence for the importance of bottom temperature as a
covariate in WPUE, although we note the linear temperature model had a slightly lower DIC
than the baseline. Inclusion of dissolved oxygen led to a much larger decrease in DIC, with
the model with the binary variable for the probability of zero halibut having the lowest DIC of
those we considered. In summary, dissolved oxygen is a promising variable for inclusion in
models which use the full 1993-2017 WPUE data set.

Next we must find an approach which allows for inclusion of environmental covariates without
excluding any of the Pacific halibut catch data. The first step is to impute values for stations
with missing data from 2009-2017. To do this efficiently, we chose to fit simple exponential
spatial models to the dissolved oxygen data for each year separately, and then predicted
dissolved oxygen at stations with missing values (including stations unsurveyed in a given
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year). Dissolved oxygen has a relatively smooth spatial distribution, and predictions within the
spatial range of observed data are likely quite good. For consistency, we also replaced
observed values with predicted values, although these were almost always very similar.

The next step is to construct a model for the relationship between WPUE (both zero and non-
zero components) and dissolved oxygen that does not require having environmental data prior
to 2009. For this, we need to define the dummy variable D as D = 0 if year < 2009 and D = 1 if
year = 2009. Then the covariate model including dissolved oxygen is:

(intercept + other covariates) + 3,D, + 4, X,D,

where fo is the intercept difference for stations with dissolved oxygen values, 1 is the slope of
the linear relationship, and X; is the value of dissolved oxygen for the ith station in a given year.
Thus in the absence of dissolved oxygen values, the model defaults to the base model, which
(as above) includes depth and latitude as covariates. Non-linear relationships, and other more
general models can be also be constructed using the same dummy variable.

Such covariate models are currently being fitted to the full 1993-2017 data, and it is expected
that some results will be available for presentation at SRB012. Based on the final results and
SRB input, a decision will be made as to whether to include dissolved oxygen as a covariate in
space-time models for Regulatory Area 2A in 2018.

One point of discussion that we would appreciate SRB input on is how to account for variables
such as dissolved oxygen in estimating the WPUE time series from the space-time model.
Two approaches have been discussed among staff and stakeholders. The first is that we
simply estimate WPUE at the values of dissolved oxygen used in the original modelling, so that
the purpose of adding this variable is to add information that leads to improved estimation of
WPUE. The second option is to predict WPUE at a fixed value of dissolved oxygen for all
years and stations, leading to a WPUE index that has been adjusted for variation in dissolved
oxygen. The argument for the latter approach is that years of very low dissolved oxygen are
anomalous and that by “adjusting away” the effect of this variable, the resulting WPUE series
will provide a better index when estimating stock distribution to inform management decisions
for the following the year. A counter-argument is that the WPUE index should reflect the
underlying Pacific halibut density in each year, and not some hypothetical density under
environmental conditions which were not in fact observed.

SPACE-TIME MODELLING CHANGES AND PLANS FOR 2018

The following is a list of other potential changes to the space-time modelling in 2018, and other
work related to these models:

e Noting that three Pacific halibut were found near the outside of Kotzebue Sound in a
1998 trawl survey, we will examine adding geographic area in the southern Chukchi
Sea to Area 4CDE space-time models. We note that no Pacific halibut were found
during the 2012 National Marine Fisheries Survey of the Chukchi Sea.

e Summarise measures of geographic area currently used by other fisheries
organisations when estimating stock distribution among management areas. The IPHC

Page 5 of 6



IPHC-2018-SRB12-05

uses the geographic area of the ocean surface in each Regulatory Area to create
coastwide indices of density and estimate stock distribution, but Commissioners have
directed staff to consider alternative metrics that account for the slope or rugosity of the
ocean bottom. Examining current practice elsewhere is the first step.

e Use a version of the space-time models to study the spatial distribution of Pacific halibut
larvae, with particular focus on differences between warm and cold periods, and
between the Bering Sea and the Gulf of Alaska. This work is in progress at present in
collaboration with Lauri Sadorus (IPHC staff) and scientists from NMFS.

e 1In 2018, the IPHC revised the criteria for effectiveness of setline survey sets given
evidence of whale depredation. Once databases have been updated to reflect this
change, we intend to examine its effect on space-time model estimates of density
indices.

e Report on the results of the setline survey expansions in Regulatory Area 2B and 2C in
2018, and incorporate all new data into the 2018 space-time modelling for these areas.

Reference

Webster, R. A. and Leaman, B. M. 2014. Setline survey hook counts: are the first 20 hooks
sufficient? Int. Pac. Halibut Comm. Report of Assessment and Research Activities 2013: 421-
432.

Recommendation/s
The IPHC secretariat requests that the SRB:
NOTE this document summarising spatial survey modelling updates for 2018.

NOTE any discussion occurring during SRB012, and RECOMMEND any conceptual or
technical improvements for survey modelling.

Page 6 of 6



INTERNATIONAL PACIFIC
HaLiBUT COMMISSION

IPHC-2018-SRB012-06

Data source development

PREPARED BY: IPHC SECRETARIAT (l. STEWART; 17 MAY 2018)

PURPOSE

To provide the Scientific Review Board (SRB) a summary of anticipated data source
development in support of the 2018 and 2019 stock assessment and harvest strategy
analyses.

INTRODUCTION

Updates and improvements to the data sources supporting the annual stock assessment and
harvest policy analyses are made each year as new information and new processing of older
information becomes available. These changes, and their effects on the stock assessment
results are routinely presented at both the June and September SRB meetings depending on
when the analyses are completed (Stewart 2017a, Stewart 2017b, Stewart and Webster 2018).

During 2017, specific changes included:

e Updating the Fishery-Independent Setline Survey (FISS) time series from the Space-
Time (S-T) model to include the years 1993-1997, which had been previously
unavailable, and also had a small effect on the rest of the time series.

e Including biological information (age and lengths) from FISS expansion stations
sampled since 2014.

e Using the individual halibut weights measured by port samplers in place of weights
predicted by the length-weight relationship where available for analysis of commercial
fishery data.

e Expanding the reporting of commercial fishery CPUE time-series to facilitate better
understanding of fishery and spatial patterns as well as to better describe the consistent
bias associated with incomplete records at the time the data sources are closed for the
stock assessment in early November each year.

Ongoing avenues of data development, specific changes anticipated for inclusion into 2018
models, and changes planned for 2019 are described in this document.

ONGOING DEVELOPMENT
Measured individual fish weights

As documented during SRB011 (Stewart 2017b), the stock assessment and related analyses
based on commercial fishery individual weight data now utilized measured rather than
predicted values. During 2017 the IPHC continued to collect length-weight information, and a
renewed investigation of the relationship is anticipated in the near future when sufficient data
are available to describe the range of spatial and inter-annual variability present in the
population.
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Continued investigation of historical bycatch estimates and length-frequency data

Although bycatch accounting in Alaska in conducted by the National Marine Fisheries Service
(NMFS), historically the IPHC has updated historical mortality estimates with estimated rather
than predicted Discard Mortality Rates (DMRs) after all annual data have become available.
Efforts have been underway for several years (Stewart 2017b) to investigate the full time-
series of estimates currently available for the stock assessment, and to update the mortality
estimates where appropriate.

Length-frequency data by Regulatory Area has historically been summarized by the IPHC on
an ad hoc basis. We currently use a time-series consisting of aggregate estimates with little to
no meta-data and likely differing methods of aggregation in different years (e.g., catch
weighted, raw length-frequencies, projected values from incomplete data, etc.). These data are
currently used in the stock assessment model to inform the selectivity curve describing bycatch
removals, but are down-weighted due to these concerns over standardization (Stewart and
Martell 2016). Several improvements are needed before the treatment of annually variable
bycatch in the assessment models can be made more explicit: 1) identifying raw data sets
suitable for inclusion, 2) re-estimating length-frequency distributions using standardized
methods for all available years, 3) recording meta-data and results such that they can be
recreated if changes to the analysis approach are desired in the future, and 4) updating the
stock assessment model inputs to reflect the best available series, potentially increasing the
weight on these data, while allowing for an appropriate degree of temporal variability in
selectivity to reflect differences among areas, fishing fleets and other factors.

Updated bycatch mortality estimates and appropriately weighted length frequency data would
benefit the annual stock assessment, harvest policy and MSE analyses, as well as ongoing
support of domestic efforts such as the North Pacific Fisheries Management Council’s
investigation of Abundance-Based Prohibited Species Catch Limits. Due to continued staffing
changes within the IPHC secretariat, there has been no additional progress on this effort since
it was identified several years ago. Hiring during 2018 may provide for renewed efforts in the
near future.

Effective skate calculations

Recent research comprising a portion of Cole Monnahan’s PhD thesis (University of
Washington; June, 2017) re-evaluated the hook-spacing/power relationship used to
standardize commercial Pacific halibut fishery logbook records (Monnahan and Stewart 2015).
This work has now been published (Monnahan and Stewart 2018), and the IPHC Secretariat is
in the process of developing a plan for updating the historical relationship currently used for all
database calculations. This effort is likely to entail:

1. Creating a development copy of the commercial logbook data.

2. Implementing the new hook-spacing relationship.

3. Re-running all catch-rate summaries.

4. Comparing the results for use in the stock assessment and other potential database
artifacts.

Replacing the database code for routine use.

Updating all existing data sets and summaries and conveying any changes during the
annual management process.

o a0
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Although the improved estimate is not identical to the status quo relationship, it is very similar,
and the likely effect on current analysis methods is small (i.e., Figure 4 in Monnahan and
Stewart 2018).

DEVELOPMENT FOR 2018
Space-Time modelling improvements

Improvements to the S-T model are anticipated for 2018, and are outlined in a separate
document (see IPHC-2018-SRB12-06). Pending SRB review of these changes, if results are
available in September, they will be included in stock assessment models for review during
SRB13.

Enhanced reporting of commercial fishery Catch-Per-Unit-Effort (CPUE) indices

During 2017, the SRB recommended a method for describing the recurring bias observed in
commercial fishery logbook CPUE trends due to incomplete information at the time of the
annual stock assessment (IPHC 2017, Stewart and Webster 2018). Several related issues
were also discussed, including the partitioning and description of tribal and non-tribal fisheries
in Regulatory Area 2A, treatment of differences in CPUE among gear types, as well as the
application of model vs the simple analysis method currently employed. The SRB did not
prioritize moving forward with a more sophisticated model-based standardization approach
such as that provided in Monnahan and Stewart (2015) and later expanded by Cole Monnahan
(PhD, University of Washington, June, 2017) to include an explicitly spatial method. The
Secretariat has therefore focused subsequent efforts on more effectively reporting commercial
catch rate trends.

Historical indices in all Regulatory Areas other than 2A and 2B have included only fixed hook
logbook information (Stewart and Webster 2018) due to differential catchability (Clark 2006)
and the potential for misconstruing trends in gear usage with trends in the underlying
population. This has led to concerns from snap (and other) fishermen that their data are not
being considered, and general concern that signals in the fixed hook data may not accurately
represent the entire fishery, despite analysis indicating very similar trends when all gear were
analyzed simultaneously (Monnahan and Stewart 2015). For 2018, catch rates (and variance)
have been summarized and reported by gear type. Observed trends are very similar for most
Regulatory Areas (Appendix A), and the additional information is anticipated to provide for
increased and better informed discussion during the 2019 Interim and Annual Meetings (IM094
and AM095).

Data status and trend summary tools

The IPHC Secretariat is moving forward with the development of presentation tools for use
during meetings, as well as through the new website. As the complexity of supporting analyses
and the number of diverse data sets considered during the annual management process has
increased, it has become more challenging to provide the information in easily accessible and
efficient formats. Inspired by approaches first encountered through the North Pacific Fishery
Management Council’'s (NPFMC; https://www.npfmc.org/) Ecosystem report and other National
Marine Fisheries Service presentations, one potential tool to condense both trend and status
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information is to ‘map’ data sources into simple quadrants. This approach will be more fully
discussed during SRB12, but a simple example is provided in Appendix B.

Routine updates

As is the case each year, all time-series and other annually collected sources of information
will be updated for the fall of 2018, following established and documented methods (Stewart
and Webster 2018).

Although in previous years, some updated information has been available for the fall SRB
meetings (held in October prior to 2017), now that the meetings are held in September, this is
generally not possible. Of note in 2018 is that the Commission, during the 2018 Annual
Meeting (AM094), agreed to publish the results of the FISS as soon as available in the fall
(Para. 8; IPHC 2018), and no later than 1 November. This is anticipated to provide additional
time for public consideration of annual survey results prior to the release of the stock
assessment results during the Interim Meeting held later in November. It will therefore be
important to clearly highlight the delineations among raw survey results, S-T model results,
and the population trends estimated in the stock assessment.

DEVELOPMENT PROPOSED FOR 2019

A full assessment analysis and review is planned for 2019 (see discussion in IPHC-2018-
SRB12-07), which will allow more in-depth investigation and model-based evaluation of the
new and/or revised data outlined below.

Whale depredation during FISS sampling

During 2018, the survey team initiated a review of the criteria used to define whale depredation
during routine survey operations. This review led to a revision of the criteria for the 2018
sampling season. During this process, it was noted that although recent levels of depredation
are low (<5%) based on the new criteria, there is a need to reclassify all survey activity
currently used in the S-T model to ensure comparability throughout the time-series. A summer
intern project will assist in recovering the records needed to retrospectively apply the revised
criteria, and the time series of effective and ineffective stations will be provided for analysis in
2019.

Sex-ratio of the commercial landings

As has been identified in recent analyses, the sex ratio of the commercial fishery catch
represents an extremely important source of uncertainty in the annual stock assessment
(Stewart and Hicks 2018). Because landed halibut are dressed at sea, this information has
been unavailable for sampling in port, but tissue samples have been collected for all halibut
selected for biological sapling starting in 2017 (Erikson and Kong 2018). Although the results
of the voluntary marking program conducted coastwide during the 2017 fishing season (Loher
et al. 2017) are still pending, there is the potential for genetic sex assignment of all commercial
samples. The results of the voluntary program in tandem with additional genetically validated
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samples, as needed, will be available for use in creating landings by age and sex (from 2017)
for use in the 2019 stock assessment.

SUMMARY

This document serves to update the ongoing data improvement efforts by the IPHC
Secretariat. Continued refinement of the data sources feeding in to the stock assessment
models, the harvest policy analyses, and the management structure remains a priority.
Changes for 2018 are anticipated to be small, and primarily related to effective reporting and
summary, while changes for 2019 are more likely to have broader implications for the stock
assessment and harvest policy analyses (Table 1).

As has been the standard practice since 2015, all changes to data sources will be presented
during the fall SRB meeting (SRB13) or reported directly in the stock assessment depending
on the completion date of each source. Any questions and/or clarifications will be provided
for the SRB during the annual conference call held in December (after the IPHC’s Interim

Meeting IM094, and before the IPHC’s Annual Meeting AM095).

TABLE 1. Summary of data development.

Improvement

Rationale

Timeline

Refinement of the length-
weight relationship

The Commission has been routinely
collecting length-weight observations
since 2016.

Uncertain pending further data
collection and analysis
prioritization.

Historical bycatch data

Re-analysis of historical mortality and
biological data is needed to reconcile
observed DMRs and ensure length-
frequency data have been summarized
consistently.

Potential for inclusion in the 2019
stock assessment analyses
depending on IPHC Secretariat
staffing.

Effective skate calculations

A revised hook-power relationship was
published in 2018.

The newly revised relationship
will be evaluated for inclusion in
the IPHC's standard database
calculations.

Space-time model changes

Continued refinement of modelling
methods.

To be included for 2018 pending
review.

Commercial fishery CPUE
summary by gear type

Trends in fixed hook and snap gear
catch rates in the commercial fishery are
of interest to participants.

Clearer delineation of this
information has been developed
for the 2018 process.

Data summary tools

Continued improvement in the summary
and accessibility of data sources is
important.

To be explored in 2018.

Routine updates

Time-series are extended each year for
the annual process.

To be completed in fall 2018.

Revised whale depredation

New criteria adopted for 2018 need to be
applied to the entire time-series for

Anticipated to be available for
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criteria

consistency

20109.

Genetically identified
commercial sex ratios

This information addresses a crucial
source of uncertainty in the stock
assessment.

Anticipated to be available for
2019.

RECOMMENDATION/S
That the SRB:

1. NOTE paper IPHC-2018-SRB012-06 that summarized ongoing, pending and future data
source development efforts by the IPHC Secretariat.

2. RECOMMEND any suggested changes to the process of updating and improving data

for use in the stock assessment and related analyses.

3. NOTE any discussion occurring during SRB012, and RECOMMEND any improvements
to and/or new tools for summarizing and presenting data sources, including recent
trends and relative status of all data sources, as well as detailed information on
commercial catch rates.

4. RECOMMEND any additional specific research avenues to be prioritized for inclusion in
the 2019 stock assessment.
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APPENDICES
Appendix A: Expanded reporting of commercial fishery catch-rates.
Appendix B: Example of qualitative data ‘mapping’.

Page 8 of 10



IPHC-2018-SRB012-06

1 T T T T 1
1985 1995 2005 2015

4Bfh

a4
400 v
. |
200 {
5 _i__lqlllll.”il|“‘|"q:,ui_&,:
@ 07 1 | 1 1 |
fﬂ 1985 1995 2005 2015
o
- 3Afh
[(}] +65%
£ 3Asn
WL ++.m|*i+ +5%
= 400~ i “ *
o o o" "y, "1'““*
< o0 WM .
©
o 07
©
=
e
o
O

l 851
m_|!|||)” i M i,

U_|||||||
1985 1995 2005 2015

APPENDIX A

Expanded reporting of commercial fishery catch-rates.
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Figure A1. Commercial WPUE: Area 2A delineated by fishery (t = tribal, nt = non-tribal),
Areas 2B-4B delineated by gear type (fh = fixed-hook, sn = snap gear) and Area 4CDE
delineated by Area (4C, 4D; too few snap gear data to summarize). Percentages indicate
the change from 2016-2017; vertical bars an approximate 95% confidence interval based

only on between-set variability.
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APPENDIX B

Example of qualitative data mapping where “status” is determined relative to the time-series
mean, and recent trend is relative to the most recent five years. It may be desirable to provide
a small set of panels, or perhaps colored series (by data type) on a single panel reporting
trends across a variety of data sources for simultaneous evaluation. Provided below is a single
example, where the FISS catch rate estimates from the S-T model (Figure B1) are ‘mapped’
ad labelled (Figure B2).
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Figure B1. Survey WPUE by Region. Percentages indicate the change from 2016-2017;
shaded area indicates an approximate 95% credible interval.
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Figure B2. Survey WPUE by Region (From Figure B1) ‘mapped’ to provide an alternative
vehicle for presentation.
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Modelling updates

PREPARED BY: IPHC SECRETARIAT (I. STEWART AND A. HICKS; 20 MAY 2018)

PURPOSE

To provide the Scientific Review Board (SRB) a summary of anticipated modelling
development in support of the 2018 and 2019 stock assessment and harvest policy analyses.

INTRODUCTION
Brief history of SRB stock assessment review

The ensemble approach to modelling Pacific halibut stock dynamics (Stewart and Martell
2015) was initiated during the 2012 stock assessment in direct response to two factors: 1) a
recurring retrospective bias in previous models (Stewart and Martell 2014b), and 2) an external
performance review of the IPHC process recommending a more clear and transparent
delineation of scientific and management aspects of the harvest policy, necessitating both a
better characterization of scientific uncertainty and a decision table approach to providing
annual catch ‘advice.’

At that time, the IPHC did not have an established process for independent peer review,
having held only one recent review specific to the stock assessment model in June 2007
(IPHC 2008). Therefore, an ad hoc review was conducted during October 2012 (Stewart et al.
2012). At that time, the assessment consisted of three alternative models characterized by
three levels of female natural mortality (Stewart et al. 2013). The IPHC’s independent Scientific
Review Board (https://iphc.int/library/documents/meeting-documents/scientific-review-board-
srb) was formally initiated during 2013, with a stock assessment review occurring in October
2013. The stock assessment was extended at that time to include three separate models
differing in structure, data use, and programming platform (Stewart and Martell 2014a). In
order to reflect the compressed timeline of data availability and the stock assessment process,
a second SRB meeting (via conference call) was added to the annual process between the
IPHC’s Interim and Annual meetings, in December 2013. During 2014, the stock assessment
ensemble underwent a full revision of data processing procedures, and another expansion to
include the four models used in subsequent years. These models were evaluated by the SRB
in June and October of 2014. That year marked the first cycle of what has since become the
standard meeting schedule: review and research planning in June, review and final model
refinements in October (shifting to late September starting in 2016), and follow-up opportunity
for evaluation in December after all data sources have been finalized and initial results
presented to the public.

For 2015, full technical documentation of all four models, their data components, the ensemble
approach, harvest policy calculations, and projection methods was provided for SRB review
during the June meeting (Stewart and Martell 2016). These four models have been
subsequently updated, without major structural changes, through the SRB review processes in
2016 and 2017. All incremental changes to data sources have been reported and reviewed,
with ‘bridging’ analyses illustrating assessment model response to each change documented
each year.
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The 2018 and 2019 stock assessments

This document summarizes ongoing avenues of modelling development, specific changes
anticipated for inclusion into updated 2018 models and presentation material, as well as
changes planned for evaluation in 2019. A full assessment evaluation, documentation and
review (similar to that conducted in 2015) is planned for the 2019 SRB process, in order to
capitalize on important new data anticipated to be available (described below). The 2019
process also provides the best opportunity for assessment model revision to integrate with
Management Strategy Evaluation efforts shifting from consideration of coastwide to more
spatially explicit management procedures, thus necessitating a change to operating models
less closely linked to the tactical assessment ensemble.

ONGOING DEVELOPMENT
Model weighting methods

Equal weighting of the four models contributing to the stock assessment ensemble has been
maintained since 2015. Each year, evaluation of alternative approaches has not generated any
appreciable indication that different weighting is warranted based on the fit of each model to
the survey index, the predictive performance of the fit to the survey, or the retrospective
behavior. If or when additional models are added to the ensemble or model performance-
based weighting approaches suggest differing model weights this topic may need to be
revisited. A manuscript reporting alterative weighting methods remains in preparation.

Bayesian integration

Work by Cole Monnahan (PhD Thesis, University of Washington, June 2017) included
development of an alternative Markov Chain Monte-Carlo (MCMC) search algorithm
implemented in Automatic Differentiation Model Builder (ADMB; Monnahan et al. 2016). ADMB
is the underlying code for the stock synthesis model, on which the current Pacific halibut stock
assessment models are based, as well as many other stock assessment models around the
world. Further work on regularization — adding informative priors and/or tactically reducing
complexity to improve estimation performance — continues, using the short coastwide Pacific
halibut model as one of a set of illustrative examples. An additional manuscript is in
preparation (Cole Monnahan, pers. comm.). This work, in concert with some of the options
available in the new stock synthesis version (see section below) may provide avenues for
improved efficiency in implementing Pacific halibut models in a fully Bayesian framework.

A previously undocumented inconsistency in the ADMB software when MCMC integration is
performed (but not affecting maximum likelihood estimates) was recently discovered, and
pending its resolution it may not be advisable to use the posterior distributions from any model
(including stock synthesis) that includes “dev_vectors” (https://github.com/admb-
project/admb/issues/107). The two long-time-series Pacific halibut models use this feature.
Further investigation into Bayesian integration of the Pacific halibut models remains an open
avenue for development, as true probability distributions (rather than asymptotic
approximations) are desirable for calculating probabilistic management results, and diagnosis
of posterior convergence can be a highly informative tool for improving maximum likelihood
estimation as well.
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Ensemble stability

A potential and previously unexplored benefit of using a stock assessment ensemble is inter-
annual stability in stock assessment results. Stability may be created via two avenues: the
inclusion of new alternative models into each year’s analysis while still including existing
models (rather than through changes to a single base-case model), and from the buffering
effect of characterizing the central tendency (or distribution) of management quantities with a
set of models. This last benefit — temporal stability against the addition of new data — although
logically appealing, has not been evaluated in the context of fisheries stock assessment. The
IPHC Secretariat has developed a draft manuscript that evaluates the results from the
International Pacific Halibut Commission’s stock assessment ensemble as an example of the
stability created by multiple models, and provides a simple simulation and analytical framework
to explore general ensemble behavior. Counter-intuitively, we found little stability benefit in the
IPHC’s current ensemble due to high temporal correlations among individual models as annual
data are added. However, we also found that even a small number of models with low among-
model correlations could have a substantial stability benefit. We suggest that among-model
temporal correlations may be a valuable ensemble diagnostic that warrants consideration by
analysts developing ensembles, and also those performing sensitivity testing of single-model
assessments.

DEVELOPMENT FOR 2018
Software updates

Recent Pacific halibut stock assessment models have used stock synthesis (Methot Jr and
Wetzel 2013) version 3.24u. For the features that are currently included in these models there
are no identified bugs that have required updating the IPHC’s application to a newer version.
However, a substantially revised version of Stock Synthesis (3.30.11 as of 14 May 2018) has
now gone through approximately 1.5 years of code development. Several U.S. west coast and
Alaska stock assessments have been conducted using the new software. To date, the IPHC
has delayed full implementation of the software largely in order to avoid the efficiency costs of
development and testing of new and revised features.

During 2018, the IPHC Secretariat performed extensive comparative analyses to the
conversion of all major features currently implemented in the four Pacific halibut stock
assessment models contributing to the ensemble. Although there are changes to the input and
output structure, and many additional options for structural approaches (Methot et al. 2018), all
have a backward-compatible analog to earlier versions. Sequential testing of features including
the implementation of weight-at-age, the stock-recruitment equations including equilibrium
offsets and environmental covariates, time-varying catchability, error distributions, and others
revealed no issues. However, several key features used in the Pacific halibut models are
currently not fully functional in SS3.30.11 (as of May 2018); these include the option for female
selectivity offset to male selectivity (used in defining the selectivity of the commercial fishery
discards), and the age-based double normal selectivity (used for all fleets in the halibut model).
These issues have been reported, and are under development; it is likely that they will be fully
functional in time for use during the IPHC’s 2018 assessment cycle.

If implementation of all features is completed soon, the 2018 Pacific halibut stock assessment
is likely to be able to update to the new software with diminutive change to the results of
management quantities. This is essential to provide compatibility with MSE development
during the same time period. The IPHC Secretariat will continue to work with the developers of
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the stock synthesis software, perhaps utilizing the IPHC’s pending programming position if
necessary, to ensure that a clear transition can be made. If this is not possible during 2018, it
will be logical to include any remaining transition in the full analysis planned for 2019, when
additional model structural evaluation and changes are already anticipated (see below).

‘Replay’ analyses

During recent years’ annual processes a number of questions have arisen regarding the utility
of creating ‘replays’ of the estimated historical time series of biomass under different
management actions. Specifically, one recurrent interest is how the biomass trajectory would
be estimated to have evolved under catch limits following exactly the IPHC’s harvest strategy
policy in each year. A conceptual framework for this type of analysis is represented by the
following steps:

1) Begin with the maximum likelihood estimates (MLEs) from each of the models for all
parameters.

2) Fix the model parameters at MLEs and substitute an alternative set of removals
representing a different management decision for the first year of the ‘replay.’

3) Recalculate the harvest strategy policy calculations for the second (and subsequent)
years of the replay, and substitute them into the removals in a sequential fashion until
the current year is reached.

4) Re-integrate the ensemble time-series under the ‘replay’ conditions.

5) Compare the ‘replay’ to the actual estimated ensemble time-series of biomass and the
actual removals from each year.

In order to implement this approach, at least several implicit assumptions and caveats would
be required: variance calculations would be unavailable (although they could be substituted
from the actual estimated time series), spatially generated feedback mechanisms (e.g.,
changes in productivity due to the region in which catch was taken) are unknown, and would
have to be assumed to be unimportant, and the stock-recruit relationship would be ignored.

Details yet to be worked out include the appropriate description of this analysis in terms of the
trade-offs between foregone yield and stock status. Discussion of this topic during SRB12 is
planned.

Phase plots and status indicators

The IPHC Secretariat introduced a number of new approaches for summarizing stock
assessment results with regard to current status and recent trend during the 2017 process.
These include a summary table, intended to more closely resemble those produced by other
international organizations and those produced domestically in the U.S. and Canada (Table
Al, Appendix A). Because the IPHC’s harvest policy is currently evolving, and has never
included some reference points common in other processes (e.g., an explicit overfishing limit),
the choice of metrics is challenging. As the MSE process continues, it will be logical to include
reference points and performance metrics developed in that context. In the interim, discussion
of metrics and approaches for describing status and trend is ongoing; guidance from the SRB
on this topic could be very helpful for the 2018 assessment cycle.

The SRB last discussed the use of a phase plot for Pacific halibut in October 2015. Although
complex due to the quantity of information contained in current status, recent trend, and
uncertainty associated with each, many processes routinely use a phase plot (sometimes
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recently called a ‘Kobe plot’) as part of an executive summary of stock assessment and
harvest policy results.

The IPHC’s stock assessment ensemble and current harvest policy present several challenges
to the generation of a ‘standard’ phase plot:

1) There is no overfishing limit, and so only one horizontal reference line.

2) The reference Fspr is not formally considered a target or limit, so the implications of a
level of fishing intensity that exceeds Fas» are unclear (and thus do not lend to
unambiguous color-coding).

3) The calculation of reference points (i.e., relative fishing intensity, relative spawning
biomass) is not integrated within all four of the stock assessment models. This means
that although the variance of each quantity can be approximated (and therefore the
variance of the ensemble value), the covariance between the two axes is unknown.

4) The level of uncertainty relative to the range of recent historical values (estimated by all
four stock assessment models included in the ensemble) is very large.

An example phase plot, illustrating the adopted catch limits and estimated stock status for
2018 was produced following the methods employed by various other fisheries management
bodies (Figure A2, Appendix A). In order to approximate the covariance between axes the
average value from the long time series models was applied to the results from each of the
four models. This leads to the potential for small differences between the marginal probabilities
of exceeding a reference level (e.g., P(SB<SBazo0%)), and the joint probabilities reported in the
phase plot. If this approach is deemed to warrant further consideration, additional code
development, particularly internal calculation of reference points, variances, and covariances
could improve these approximations. Further discussion of this topic during SRB12 is planned.

Web-based projection tools

Under development for the 2018 process is an interactive tool for rapid evaluation of
alternative projected catch and catch distribution. In the past, alternative projections were
provided to advisory bodies and stakeholders as needed; however, this process was time-
consuming and somewhat limiting in the range of options that could be provided. An interactive
tool, with Catch Sharing Plans delineating all allocations among fishery components within all
Regulatory Areas, a fitted (non-linear) relationship between SPR and total mortality based on a
wide grid of previously produced results, as well as projection figures from those results, is
anticipated to be posted to the IPHC’s website prior to the 2019 Annual Meeting (AM095).

DEVELOPMENT PROPOSED FOR 2019
Model structure

A full stock assessment analysis presented for the June SRB Meeting in 2019 will allow review
of several important structural aspects of the Pacific halibut models identified in previous
efforts (Stewart and Martell 2016). Of particular interest are features that will have newly
available data (see IPHC-2018-SRB12-06) and/or new options for parameterization in the
more recent version of stock synthesis, including:

e Data weighting, including alternative error distributions (e.g., the Dirichlet for
compositional data).
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e The treatment of constraints on time-varying processes such as selectivity, with the
potential for explicitly estimating and including the uncertainty in the degree of temporal
variability (sigmas).

e Age-based discarding and discard mortality estimation within the assessment models to
better propagate uncertainty associated with these estimates.

e Incorporation of new sex-ratio information from the commercial fishery and perhaps
greater estimation of related selectivity parameters (including some new
parameterizations) with commensurately improved characterization of uncertainty.

e More control over the modelled timing of the catch and surveys, allowing investigation of
the importance of interannual variability.

A discussion of these topics in order to expand this list for evaluation in the 2019 assessment
is anticipated for SRB12.

Renewed spatial model development

The modelling with an explicitly spatial framework that was conducted by the IPHC Secretariat
through 2016 will be updated and extended to provide a starting point for use as an MSE
operating model. At this time, it is not anticipated that a parallel model will be developed for
tactical use in the annual management process.

SUMMARY

Model development during 2018 is largely focused on refinement of existing approaches, and
preparing for a full assessment and review during 2019 (Table 1). This parallels the approach
taken for data sources (see IPHC-2018-SRB12-07).

As has been the practice for all recent stock assessments, any available modelling updates
in preparation for the 2018-2019 annual process will be presented to the SRB at the October
2018 meeting (SRB13).
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TABLE 1. Summary of model development

Improvement Rationale Timeline

Evaluation of alternative methods
will be continued; publication of
these approaches is planned.

Weighting approaches are important in

Model weighting methods determining ensemble results.

Better represents probability distributions

Bayesian integration
for management use.

Ongoing.

This is a novel aspect of ensemble

Ensemble stability application

Ongoing.

Possible inclusion in 2018,
pending resolution of a small
number of incomplete features.

Current stock synthesis version still

Software updates being tested.

Represents a frequently asked avenue
‘Replay’ analyses of questioning regarding the
performance of recent management.

Further refinement and possible
presentation in 2018.

Phase plots and status Ongoing effort to simplify and make Further improvement and use in
indicators more accessible key assessment results. | 2018.

Capitalizing on the shift toward electronic

support material for the IPHC process. To be added in 2018,

Web-based tools

New features available in the stock
synthesis platform and new data Anticipated exploration and
anticipated for 2019 may allow improved | review in 2019.

structural assumptions.

Model structural investigation

This level of model complexity will be Continued development is
Spatial model development required in order to evaluate some MSE | planned for 2019 in support of the
objectives. MSE process.

RECOMMENDATION/S
The IPHC secretariat requests that the SRB:

NOTE this document summarizing ongoing, pending and future model development efforts by
the IPHC Secretariat.

NOTE any discussion occurring during SRB12, and RECOMMEND any conceptual or
technical improvements for conducting and reporting ‘replay’ analyses.

NOTE any discussion occurring during SRB12, and RECOMMEND any suggestions for simple
summary tools applicable to stock assessment estimates of status and trend.

RECOMMEND any specific avenues for model development in preparation for the inclusion of
new data and for the full stock assessment documentation and review anticipated for 2019.

RECOMMEND any additional specific research avenues to be prioritized for inclusion in the
2019 stock assessment.
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APPENDICES

Appendix A: Stock status and trend summary information, example phase plot of fishing
intensity and spawning biomass.
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APPENDIX A

Stock status and trend summary information.

TABLE Al. Status summary of Pacific halibut in the IPHC Convention Area at the end of
2017.

Indicators Values Trends Status
Total mortality 2017: | 42.44 Mibs, 19,250 t Mortality 2017 MORTALITY
Retained mortality 2017: | 35.29 Mlbs, 11,864 t stable BELOW 100-YEAR
Average mortality 2013-17: | 43.34 Mibs, 19,659 t 2014-17 AVERAGE
Fishing
SPR,y7 | 40% (29-58%): intensity | FISHING INTENSITY
P(SPR<46%): | 75% increased HIGHER THAN
P(SPR<limit): | Limit not specified from 2016 | REFERENCE LEVEL?
to 2017
SByy1g (MID): | 202 Mibs (148-256) B
5P/ S’ | 40% (26-60%) decreased NOT OVERFISHED*
P(SBzo13<SB3o): 6% from 2017
P(SB,y15<SB,): | <1% to 2018
Distribution | <CC'ON 2 ABOVE,
032 stock distribution: | See Table A2 and stable REGION 3 BELOW
All stock distribution: | Figure A1. 2013-17 HISTORICAL
VALUES

I Weights in this document are reported as ‘net’ weights, head and guts removed; this is approximately 75% of the round
(wet) weight).
2 Ranges denote approximate 95% confidence intervals from the stock assessment ensemble.
3 Status determined relative to the IPHC’s interim reference Spawning Potential Ratio level of 46%.
4 Status determined relative to the IPHC’s interim management procedure biomass limit of SB20s.

TABLE A2. Recent regional stock distribution estimates based on modelling of the
fishery-independent setline survey data.

032 stock distribution All sizes stock distribution

Region 2 Region 4 Region 2 Region 4

(2A, 2B, Region 3 (4A, Region | (2A, 2B, Region 3 (4A, Region
Year 2C) (3A, 3B) 4CDE) 4B 2C) (3A, 3B) 4CDE) 4B
2013 | 29.6% 45.9% 18.7% 5.8% 25.4% 50.1% 19.6% 4.9%
2014 | 28.8% 46.5% 19.8% 4.9% 24.2% 52.8% 19.1% 4.0%
2015 | 30.4% 44.2% 20.5% 4.9% 25.7% 51.4% 18.9% 4.0%
2016 | 30.0% 46.8% 18.6% 4.5% 25.9% 52.8% 17.4% 3.9%
2017 | 29.7% 45.6% 20.0% 4.8% 25.9% 50.7% 19.2% 4.2%
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032 (black series) and all sizes (blue series) of Pacific halibut. Shaded zones indicate
approximate 95% credibility intervals.
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Figure A2. Example phase plot based on data from the 2017 stock assessment: Time-
series of relative spawning biomass (spawning biomass divided by SB30%) and relative
fishing intensity (1-SPR/1-46%). Horizontal dashed line indicates the reference SPR =
46%,; vertical solid line indicates the SB20% biomass limit and vertical dashed line
indicates the SB30% biomass threshold. Black points indicate the relative status in
each year from 1996 through 2018 (largest point with purple center). Light lines indicate
uncertainty in annual status through 2017; purple points indicate the probability
distribution for the biomass and adopted catch limit in 2018. Percentages indicate the
relative probability of the 2018 status falling into each quadrant.
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IPHC Management Strategy Evaluation: Update for 2018

PREPARED BY: IPHC SECRETARIAT (A. HICKS AND |. STEWART; 20 MAY 2018)

1 PURPOSE

To provide an update on the progress of the IPHC Management Strategy Evaluation process and seek
guidance from the SRB regarding the following topics.

e Appropriate biological sustainability objectives, as well as biological reference points
e Conditioning the OM

e Introducing estimation error

e Simulation of weight-at-age

e Presentation of short-, medium-, and long-term results

e The TCEY distribution framework

Also, the MSAB requested that the SRB clarify paragraphs 24 and 28 of the report from SRB011 (IPHC-
2018-SRB011-R).

2 INTRODUCTION

At the 2017 Annual Meeting (AM093) Commissioners supported a revised harvest policy that separates
the scale and distribution of fishing mortality (Figure 1). Furthermore, the Commission identified an interim
“hand-rail” or reference for harvest advice based on a status-quo SPR, which uses the average estimated
coastwide SPR for the years 2014-2016 from the stock assessment. The justification for using an
average SPRfrom recent years is that this corresponds to fishing intensities that have resulted in a stable
or slightly increasing stock, indicating that, in the short-term, this may provide an appropriate fishing
intensity that will result in a stable or increasing spawning biomass.

The 2017 stock assessment updated the population estimates and determined that the SPR resulting
from actual total mortality from all sources in 2017 was 40%, instead of the 45% adopted by
Commissioners at AM093. This was an example of estimation error and something that is inherent in the
process due to uncertainty in the data. The SPR of 40% was well within the confidence bounds for SPR
reported in the 2017 stock assessment (30-59%), and was most likely less than the adopted SPR
because of the updated estimation of recent poor recruitment. The estimation may easily go either way
(above or below the adopted value).

This document for the Scientific Review Board (SRB) focuses on the six topics listed above, and provides
the necessary background, or reference to documents, needed to discuss those six topics. Useful
documents to reference are IPHC-2018-MSAB011-07 for a description of objectives (with an update in
Appendix Va in IPHC-2018-MSAB011-R, and reproduced here in Appendix 1), IPHC-2018-MSAB011-08
for a description of the simulation framework, and IPHC-2018-MSAB011-09 for a discussion of the TCEY
distribution framework. The 5-year program of work is described in document IPHC-2018-MSAB011-10,
with a detailed description of deliverables up to and including the Annual Meeting in 2021 (AM097).
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Figure 1: A pictorial description of the interim IPHC harvest strategy policy showing the separation of
scale and distribution of fishing mortality. The “decision step” is when policy and decision making (not a
procedure) influences the final mortality limits.

The six topics above were also highlighted at the 11" Management Strategy Advisory Board meeting
(MSABO011). Specific paragraphs from the MSABO11 report (IPHC-2018-MSAB011-R) mentioning the
SRB are included in Appendix I.

3 GOALS AND OBJECTIVES

Defining goals and objectives is a necessary part of a management strategy evaluation (MSE) which
should be revisited often to make sure that they are inclusive and relevant. The MSAB has developed
five goals with multiple objectives for each (Appendix Il). Performance metrics have also been developed
from the goals and objectives by defining a measurable outcome, a tolerance (i.e., level of risk), and time-
frame over which it is desired to achieve that outcome.

The five goals defined by the MSAB are:
¢ biological sustainability,
o fishery sustainability, access, and stability,
e minimize discard mortality,
e minimize bycatch and bycatch mortality, and
e serve consumer needs.

This section will focus on the biological sustainability goal and its related objectives.
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3.1 BIOLOGICAL SUSTAINABILITY

There are currently two general objectives defined for the biological sustainability goal (Appendix I).
These are 1) keep the biomass above a critical limit, and 2) mitigate for uncertainty. The MSAB is
currently redefining these with more meaningful descriptions, but the intent is as follows.

3.1.1 Keep spawning biomass above a critical limit

For the general objective of keeping the spawning biomass above a critical limit, the intent is to avoid low
coastwide spawning biomass levels, below which severe consequences to the population may occur.
IPHC uses the term “biomass limit” to describe this level, and has been using a value of 20% of unfished
equilibrium spawning biomass. The probability of the spawning biomass going below the biomass limit
should be low, and the MSAB has adopted a tolerance of 5% for that probability.

3.1.2 Mitigate for uncertainty

The intent of the general objective “mitigate for uncertainty” is to buffer against uncertainty in the
assessment process and avoid reducing the spawning biomass to near critical levels. Due to uncertainty,
it may not be realized that the stock is near critical levels, thus a threshold is defined (greater than the
limit) that is not necessarily a target, but is a spawning biomass level that is more acceptable.

There are two measurable objectives associated with this general objective. The first is to maintain the
spawning biomass mostly above a biomass threshold. This is similar to the measurable objective of
keeping the spawning biomass above a biomass limit, except that the tolerance is higher and the
threshold is greater than the limit. The MSAB has requested that the SRB comment on appropriate
biomass limit and biomass threshold values. The second measurable objective is to limit the probability
of declines in spawning biomass when the spawning biomass is between the biomass limit and the
biomass threshold. In other words, when the spawning biomass is below the biomass threshold, the stock
should increase towards the biomass threshold. This makes the biomass threshold similar to a target.
However, the tolerance for declines is a sliding scale that is higher when the spawning biomass is closer
to the biomass threshold.

The IPHC has the opportunity to define a biomass limit and biomass threshold to meet the management
objectives for the Pacific halibut fishery. The biomass limit has specific biological meaning because it is
a critical level, which may be interpreted as a level below which recruitment would be severely impaired,
a level from which the population has a low chance of recovery, or another definition related to the
population’s ability to recover. The biomass threshold can be interpreted in many ways. It may be a target,
as mentioned earlier. Or it may be a value associated with a tolerance of being below it (for example, a
value expected to be above 80% of the time). Appropriate thresholds can be informed by science but are
also dependent on the biological sustainability objectives.

3.1.3 Preserving Biocomplexity

An additional objective, preserve biocomplexity, was considered at MSABO009, but no measurable
objectives were associated with it. Preserve biocomplexity would fit best as an objective under the goal
of biological sustainability, but before defining measurable objectives for preserving biocomplexity, it may
help to understand what is meant by preserve biocomplexity.

The term biocomplexity does not have a simple definition, as it spans across many scientific disciplines.
The National Science Foundation describes biocomplexity as referring “to phenomena that arise from the
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dynamic interactions that take place between biological systems, including the influence of humans and
the physical environment.”* The Oxford dictionary defines biocomplexity as “complexity as exhibited by
living organisms in their structure, composition, function, and interactions; complexity of a kind considered
distinctive of biological systems.” It also mentions that the term biocomplexity became more common in
the 1980s. It is important to note that biodiversity has a slightly different definition that typically refers to
different species. The Oxford dictionary defines biodiversity as “the variety of plant and animal life in the
world or in a particular habitat, a high level of which is usually considered to be important and desirable.”

In the context of Pacific halibut, preserving biocomplexity would be a useful objective to buffer against
potential changes in environmental conditions. The current understanding of biocomplexity across the
geographic range of the Pacific halibut stock indicates that IPHC Regulatory Areas do not represent
relevant segments of the population (Seitz et al. 2017). Even with migration along the entire coast (Valero
and Webster 2012; Webster et al 2013), there are hydrographic and bathymetric obstacles that appear
to delineate spawning components in the Gulf of Alaska (GOA), Bering Sea (BS), and Aleutian Islands
(Al) (Seitz et al. 2017). Genetic evidence further suggests weak population structure (Drinan et al. 2016).

Population structure and spawning components are likely to buffer a population against changes in the
environment. Hilborn et al. (2003) concluded that biocomplexity in stock structure plays a critical role in
stability and sustainability of a fish stock. Furthermore, preserving biocomplexity in a fish stock may buffer
against population declines in a variable or changing environment. Schindler et al (2010) presented
evidence that population diversity within sockeye salmon has reduced the variability in the population
and reduced the frequency of fishery closures. This concept can be extended to multiple species in an
ecosystem (biodiversity) providing ecosystem stability, just as a diversity of assets adds stability to a
financial portfolio. Schindler et al (2010) referred to the diversity in a population or in an ecosystem as a
“portfolio effect.”

There is evidence of population structure in the population of Pacific halibut, but it is not completely
understood. Recruitment to the Pacific halibut population is variable, and it is not clear what the major
driving force to recruitment success is. It could be that subcomponents of the population have varying
success rates in different environmental instances. Balancing the removals against the current stock
distribution to preserve biocomplexity is likely to protect against localized depletion of spatial and
demographic components of the stock that may produce differential recruitment success under changing
environmental and ecological conditions. This approach could also provide an additional precautionary
buffer against spatial recruitment overfishing and may maintain sub-population structure that is not
completely understood, but important to the long-term health of the coastwide population.

The structure of two of the four current stock assessment models is developed around identifying portions
of the data (both FISS and fishery) that correspond to differing biological and population processes within
the larger Pacific halibut stock. This approach, referred to as “Areas-As-Fleets,” is commonly used in
stock assessments (Waterhouse et al. 2014), and was recommended by the SRB during review of models
developed in 2014 (Cox et al. 2016, Stewart and Martell 2015, 2016). This led to defined areas that are
referred to as biological Regions.

1 https://www.nsf.gov/news/news summ.jsp?cntn_id=100687&org=NSF&from=news

Page 4 of 38


https://www.nsf.gov/news/news_summ.jsp?cntn_id=100687&org=NSF&from=news

IPHC-2018-SRB012-08

Biological Regions (hereafter referred to as Regions) were defined with boundaries that matched IPHC
Regulatory Areas to correspond to biological differences. The boundaries of IPHC Regulatory Areas were
used for many reasons. First, data (particularly historical data) for stock assessment and other analyses
are most often reported at the IPHC Regulatory Area scale and are largely unavailable for sub-Regulatory
Area evaluation. Particularly for historical sources, there is little information to partition data to a portion
of a Regulatory Area. The use of these data is mainly a stock assessment issue. Second, it is necessary
to distribute TCEY to IPHC Regulatory Area for quota management, and the final outcome of a distribution
procedure will reflect this. If a Region is not defined by boundaries of IPHC Regulatory Areas (i.e. a single
IPHC Regulatory Area is in multiple Regions) it will be difficult to create a distribution procedure that
accounts for biological stock distribution and distribution of the TCEY to Regulatory Areas for
management purposes. Overall, it is highly unlikely that there is a set of Regions that perfectly delineates
the stock biologically since different aspects of the stock differ over varying scales, and movement occurs
between Regions. However, if the goal is to preserve biocomplexity across the entire range of the Pacific
halibut stock, Regions are considered by the IPHC Secretariat to be the best option for biologically-based
areas to meet management needs.

Each Region had some qualities that identified it as differing biologically from adjacent Regions, despite
clear evidence from tagging studies of movement among all areas at some point in the life cycle of Pacific
halibut (Valero and Webster 2012; Webster et al 2013). These qualities include sex ratios, age
composition, size-at-age, historical trends, and others that could be indicative of important diversity within
the greater Pacific halibut population. The four Regions are labeled as follows and composed of the listed
IPHC Regulatory Areas (Figure 1):

Region 2: 2A, 2B, and 2C
Region 3: 3A and 3B
Region 4: 4A and 4CDE
Region 4B: 4B
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Figure 2. Four biological Regions. They are overlaid on IPHC Regulatory Areas with Region 2 comprised of 2A,
2B, and 2C, Region 3 comprised of 3A and 3B, Region 4 comprised of 4A and 4CDE, and Region 4B comprised
solely of 4B.

4  SIMULATION FRAMEWORK

The framework of the closed-loop simulations is a map to how the simulations will be performed (Figure
3). There are four main modules to the framework:

1. The Operating Model (OM) is a representation of the population and the fishery. It produces the
numbers-at-age, accounting for mortality and any other important processes. It also incorporates
uncertainty in the processes and may be composed of multiple models to account for structural
uncertainty.

2. Management Procedure

a. Monitoring (data generation) is the code that simulates the data from the operating
model that is used by the estimation model. It can introduce variability, bias, and any other
properties that are desired.

b. The Estimation Model (EM) is analogous to the stock assessment and simulates
estimation error in the process. Using the data generated, it produces an annual estimate
of stock size and status and provides the advice for setting the catch levels for the next
time step. However, simplifications may be necessary to keep simulation times within a
reasonable time.

c. Harvest Rule is the application of the estimation model output along with the scale and
distribution management procedures (Figure 1) to produce the catch limit for that year.
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Figure 3: Diagram of the relationship between the four modules in the framework. The simulations run
each module on an annual time-step, producing output that is used in the next time-step. See text for a
description of operating model, monitoring, estimation model, and harvest rule.

4.1 OPERATING MODEL

For the simulations to investigate a coastwide fishing intensity, the stock synthesis (Methot and Wetzel
2013) assessment software was used as an operating model. This platform is currently used for the stock
assessment, and the operating model was comprised of the two coastwide assessment models (short
and long time-series) currently used in the ensemble. For future MSE evaluations (in particular,
investigating the Distribution component of the harvest policy) a more complex operating model will be
developed that can provide outputs by defined areas or regions and can account for migration between
these areas. This model has been referred to as a multi-area model.

The current stock assessment ensemble, composed of four different assessment models, includes a
cross between coastwide or fleets-as-areas structuring of the data, and the length of the time series.
Using an areas-as-fleets model would require generating data and distributing catch to four areas of the
coast, which would involve many assumptions. In addition, without a multi-area model, there would not
be feedback from migration and productivity of harvesting in different areas. Therefore, only the two
coastwide models were used, but with additional variability. These models are structured to use five
general sources of removals (these are aggregated for modelling purposes and do not necessarily
correspond to specific fisheries or sectors): the directed commercial halibut fishery (including research
landings), commercial discard mortality (previously known as wastage), bycatch (from non-halibut-target
fisheries), recreational, and subsistence. The TCEY was distributed to each source in an ad hoc manner
using current available information (see below).
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4.1.1 Conditioning the Operating Model

The operating model (OM) should be a reasonable depiction of reality with an appropriate level of
uncertainty, which is accomplished through a process called conditioning. Each individual model (i.e., the
two coastwide models) is conditioned by fitting to the same data used in the 2016 stock assessment
(Stewart & Hicks 2017), which will be updated to use the 2017 stock assessment (Stewart & Hicks 2018).
To evaluate and choose management procedures that are robust to uncertainty in future states of the
population, many assumptions in the assessment model were freed up to characterize a wider range of
possibilities in the future. Estimating natural mortality for both sexes in both models and estimating
steepness were the only changes to estimated parameters from the assessment model when
conditioning.

Parameter variability was characterized by randomly sampling parameters for each simulation from a
truncated multivariate normal distribution conditioned to data. Unrealistic simulated historical trajectories
were eliminated, and were defined by the criteria:

e the population could not support the observed catch
e the steepness parameter was less than 0.6 (based on investigations of what was causing the
population trajectories to crash given observed catch)

The SRB requested that a quasi-extinction threshold be established to eliminate OMs that do not meet
this criteria in the historical period. The above criteria is an extinction criteria and the IPHC Secretariat is
currently working on defining a quasi-extinction level for the historical period to improve the process of
conditioning the operating model.

The conditioned OM has a considerable amount of extra variability compared to the ensemble stock
assessment (Figure 4). The assessment ensemble contains four individual models while the OM contains
only two, which is why the trend at the end of the time series is slightly different, although well within the
uncertainty.
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Figure 4: The conditioned operating model (red) compared to the stock assessment ensemble (blue)
with 95% confidence intervals.

A potential issue highlighted at SRB11 was that starting the OM in 2017 with such a wide range of
uncertainty will not adequately characterize our best knowledge of the near future (short-term) and the
medium-term. However, the long-term results are appropriate since the current state would not affect
long-term, equilibrium results, and the wide range of uncertainty is a result of the chosen uncertainties to
evaluate harvest strategies against. One solution to provide short-term results would be to use
predictions from the assessment model and its uncertainty (the blue shaded region in Figure 4) just as is
done for annual decision making (i.e., decision table), except present short-term performance metrics (1-
3 years from the end of the time-series; 8-11 years from the most recent information on recruitment)
associated with MSAB objectives. This method can be used to evaluate the immediate consequences to
the fishery that would result if a particular management procedure were implemented.

Medium-term results are more problematic because we have very little predictive power for that time
period. In the short-term, we have an idea of where we currently are and what may occur in the next few
years (e.g., we have some data indicating recent recruitment and weight-at-age). In the long term, we
are summarizing statistics over a wide range of uncertainty and all possible states (we do not need to
know anything about the current state of the population). Figure 5 shows the hypothetical utility of the
assessment model and the operating model for a range of time frames, and shows that neither model
has high utility in the medium term. However, that uncertainty is not well described in the medium term
because it is partially dependent on the current state and may show artificial transitory effects from
assumptions made to start the OM (cyclical behaviors), but is also affected by the wide range of variability
in the OM.

It could be misleading to simply present medium-term results from the OM simulations as unbiased and
informative predictions. However, describing the trends of various trajectories (e.g., catch or spawning
biomass) between the short term or long term may be useful, and reporting selected medium-term
performance metrics for combinations of weight-at-age and recruitment regime (e.g., four combinations
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of low/high weight-at-age and low/high recruitment) will provide insight into the possible range of
outcomes in the medium-term.

= Assessment = MSE

High
|

Utility

Low

T T
Short-term Long-term

Time-frame

Figure 5: The hypothetical utility of the assessment model (blue with high utility in the short-term) and
the operating model in the MSE (green with high utility in the long-term).

4.2 MANAGEMENT PROCEDURE

The elements of the management procedure are described in reverse order because it is easier to
understand the decisions made for modelling them since they are dependent on each other. Therefore,
the harvest rule is presented first, followed by the estimation model, and finishing with monitoring.

4.2.1 Harvest Rule

The generalized management procedure to evaluate is shown in Figure 1, but the focus will be on the
Scale portion to produce results for the MSAB to evaluate before AM095 in 2019. Specifically, the portion
of the management procedure being evaluated is a harvest control rule (Figure 6) that is responsive to
stock status and consists of a procedural SPR determining fishing intensity, a fishery trigger based on
stock status that determines when the fishing intensity begins to be linearly reduced (note that this may
differ from the biological threshold), and a fishery limit that determines when there is theoretically no
fishing intensity (this may differ from the biological limit). For these simulations, the two coastwide models
were used, thus mortality only needed to be distributed to the five coastwide sources of mortality (directed
commercial, discard mortality, bycatch mortality, recreational, and subsistence).

Simulations have been used to evaluate a range of SPR values from 25% to 60% and trigger values of
30% and 40% (IPHC-2017-MSAB10-09 Rev 1). Those simulations provided insight into how those
different levels of SPR would meet the objectives defined by the MSAB, but few values of SPR below
40% were tested. Future simulations will use a finer resolution of SPR values ranging from 30% to 55%
and fishery trigger points of 30% and 40%.
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Figure 6: A harvest control rule responsive to stock status that is based on Spawning Potential Ratio
(SPR) to determine fishing intensity, a fishery trigger level of stock status that determines when the fishing
intensity begins to be linearly reduced, and a fishery limit based on stock status that determines when
there is theoretically no fishing intensity (SPR=100%). In reality, it is likely that only the directed fishery
would cease. The Procedural SPR and the Fishery Trigger (in blue) are the two values that were
evaluated.

4.2.2 Estimation Model

Of the four options to simulate an estimation model presented in IPHC-2017-MSAB10-09 Revl, the No
Estimation Model (previously called Perfect Information) option was used in past simulations. The No
Estimation Model method assumes that the population values needed to apply the management
procedure are exactly known (e.g., spawning biomass). This option is useful as a reference to better
understand the performance with and without uncertainty in an estimation model. Due to time constraints,
the only other option to be considered for simulations in 2018 is the Simulate Error option, which will be
suitable to understand the effects of estimation error. This method is described after the harvest rule
section below.

The harvest control rule contains two components that have estimation error. The first component is the
estimated total mortality determined from the specified SPR. The second component is the estimated
stock status that is used to reduce the fishing intensity when stock status is low (fishery trigger and fishery
limit). These components are dependent on the estimated biomass, but it is more straightforward and
computationally efficient to introduce error into these two components, rather than introducing error on
the estimated biomass and then determining the resulting estimates of total mortality and stock status.

The 2017 stock assessment (Hicks & Stewart 2018) was used to determine a reasonable amount of
variability in these two components. First, they are each investigated separately, and then, because they
are intrinsically linked, the bivariate variability is also investigated.
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4.2.2.1 Errorin Total Mortality

The error in total mortality was determined by fixing the SPR at 46% in the stock assessment and the
allocation between sectors at recent levels to determine the estimated total mortality and variability. This
is slightly different than how the assessment provides annual catch advice, which uses a fixed total
mortality (since that is what decision makers can control) and estimates the variability in the SPR
associated with that total mortality. Determining the variability in the total mortality with a fixed SPR is the
difference between tactical decision making (short-term, assessment) and strategic decision making
(long-term, focused on a harvest strategy).

The coefficient of variation (CV) for estimated total mortality in 2018 for an SPR equal to 46% was 14.1%
and includes within- and between-model uncertainty. A boxplot of the estimates of total mortality,
standardized to its mean, from the ensemble of four models is shown in Figure 7.

4.2.2.2 Error in stock status

Stock status (measured as dynamic relative spawning biomass, dRSB) is subject to estimation error.
Using stock synthesis, dRSB is simply the current biomass divided by dynamic BO. Unfortunately, there
is no easily available estimate of error for dRSB or dynamic BO from stock synthesis, and an assumption
had to be made.

The assumption was made that the relative error in dRSB is the same as the error in the current spawning
biomass, and was determined by the following logic. Relative spawning biomass is calculated as the
current spawning biomass divided by unfished spawning biomass (equilibrium or dynamic). In the
equilibrium calculation, BO is determined separately from current spawning biomass but there is likely
covariance between the two. In the dynamic calculation, the covariance is likely greater because the
dynamic BO is calculated in a similar manner as the current spawning biomass, except that fixed catch is
set to zero. The calculation is complicated, but if the two quantities vary similarly then the ratio of the two
variables should have a similar CV as each variable on its own.

The CV for the estimated spawning biomass in 2018 is 13.7% including within- and among-model
uncertainty.
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Figure 7: Boxplots of the catch level for 2018 determined for an SPR equal to 46% and 2018 female
spawning biomass, each standardized to their respective means.

4.2.2.3 Bivariate Error in Total Mortality and dRSB

Using 2018 spawning biomass as a proxy for dRSB, the bivariate distribution of total mortality and
spawning biomass predicted for 2018 is shown in Figure 8. The two quantities are positively correlated
with a correlation of 0.51.

4.2.2.4 Autocorrelation for the error in Total Mortality and dRSB

Assessment errors are likely autocorrelated in time because the assessment uses the same historical
data with few updates other than an additional year of data. Therefore, there are likely a periods of time
where the error is persistently negative or positive. Autocorrelation is likely a very important process to
consider in these simulations because it will capture trends in error that has important feedback to a
management procedure.

We have not investigated autocorrelation or implemented autocorrelation in the MSE simulation
framework. However, we plan to investigate autocorrelation in the assessment, although details have not
been determined. We also plan to implement autocorrelation through a random walk or similar procedure
that will introduce persistent time periods of negative or positive errors.
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Figure 8: Scatterplot of estimates of total mortality (TM) for 2018 with SPR=46% and female spawning
biomass (SSB) in 2018.

4.2.2.5 Introducing Estimation Error in the MSE simulations

The simulations can use each source of error independently, or the bivariate distribution of error to
account for correlation between the two. The bivariate distribution is most representative of stock
assessment error, but investigating the effect of each source of error would provide a better
understanding of the effects of these two sources of error. Assessment error is much more complicated
than described by this bivariate distribution and includes many more factors which make it nonparametric
and dependent on the data being input. Time permitting, assessment error from an assessment model
runs may be introduced into the simulations in the future or as comparison cases.

Using the correlation and CVs, the covariance matrix can be calculated and the simulations can simulate
the error using a bivariate normal distribution (in log space) that scales with the level of “perfect
information” current spawning biomass and “perfect information” total mortality.

Overall, there are many assumptions in this incorporation of estimation error, but we are only trying to
determine a reasonable amount of error for the simulations. Other levels of error would likely be simulated
to determine how sensitive the results are to the estimation error.

Page 14 of 38



IPHC-2018-SRB012-08

4.2.3 Monitoring (Data Generation)

The simplified incorporation of estimation error will be used due to time constraints, thus no data are
required to be generated. However, if a stock assessment were simulated, there would be many sources
of data to generate.

4.3 SUMMARY OF THE FRAMEWORK

A summary of the major specifications for each component is provided below, with the components listed
in a specific order where the next component is dependent on the decisions for the previous components.

1) Operating Model
a) Stock synthesis, based on coastwide assessment models (short and long models).
b) Five fleets, as in the assessment models (commercial, discards, bycatch, sport, personal use).
¢) Uncertainty incorporated through parameter uncertainty and model uncertainty. See Scenarios.
2) Management Procedure
a) Estimation Models
i) Perfect Information (as a reference if we knew population values exactly when applying the
harvest rule).
ii) Simulate error in total mortality and spawning biomass from the simulated time-series to mimic
a stock assessment.
b) Data Generation
i) Not needed at this time.
¢) Harvest Rule
i) Coastwide fishing intensity (Fspr) Using a procedural SPR.
i) A fishing trigger to reduce the fishing intensity (increase SPR) when stock status is below a
specified level.
i) A fishing limit to cease directed fishing when the stock status is less than a specified value
(20%).
iv) Catch assigned to sectors based on historical information (with variability).

5 SCENARIOS AND VARIABILITY

Scenarios are alternative states of nature in the operating model, which are represented by parameter
and model uncertainty, as described in Hicks (2017). These alternative states of nature integrate over
the uncertainty in the system that we cannot, or choose not to, control. The scenarios for the MSE
simulations include variability in the operating model processes as described in Table 1.

Table 1: Processes and associated variability in the operating model (OM). TM refers to total mortality.

Process Uncertainty

Natural Mortality (M) | Estimate appropriate uncertainty when conditioning OM

Recruitment Random, lognormal deviations

Size-at-age Annual and cohort deviations in size-at-age with bounds

Steepness Estimate appropriate uncertainty when conditioning OM

Regime Shifts Autocorrelated indicator based on properties of the PDO for regime shift

TM to sectors See section on allocating TM to sectors

Proportion of TCEY | Sector specific. Sum of mortality across sectors may not equal coastwide TM
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5.1 ALLOCATING SIMULATED TOTAL MORTALITY TO SECTORS

The simulated management strategy returns a coastwide recommended TCEY, which is then allocated
to each of the five sectors, with variability. The MSAB09 meeting in May 2017 noted that catch history,
in conjunction with uncertainties and sensitivities, can be used to allocate TM to each sector. Recent
sector-specific mortality or proportions of TM for each sector were used to guide the allocation using
relationships between the sector-specific mortality or proportions to the TM. For example, at low TM the
bycatch is likely a larger proportion. Figure 9 shows the percentage of TM attributed for each sector for
the past 40 years.

A summary of the methods used to allocate total mortality to the five sources is provided in Table 2.
Additional details can be found in IPHC-2017-MSAB10-09.

Due to specified minimum levels of subsistence and bycatch mortality, as well as random variability, it is
possible that, at low levels of total mortality, there is no directed commercial mortality and that the actual
total mortality exceeds the mortality determined from the management procedure. Expected values of
the mortality and proportion by source plotted against Total Mortality is shown in Figure 10.
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40%
30%

Percentage of TM

20%
10%

P —

0%
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Commercial Wastage Bycatch Sport e personal

Figure 9: Percentage of Total Mortality (TM) for each sector used in the assessment model from 1976
to 2016.

Table 2: A summary of the methods to allocate total mortality to each of the five sources used in the
operating model.

Source Method of allocating Total Mortality

Subsistence Randomly drawn from a lognormal distribution with a median of 1.2 million pounds
(544 t) and a coefficient of variation (CV) of 15%. The 5" and 95" percentiles are
approximately 0.9 million pounds (410 mt) and 1.5 million pounds (680 mt),
respectively.

Bycatch The non-directed component of the total mortality is randomly drawn from a lognormal
distribution with a median of 7.0 million pounds (3,175 mt) and a CV of 20%. The 5"
and 95" percentile are approximately 5.0 million pounds (2,300 mt) and 9.7 million
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pounds (4,400 mt), respectively. Potential improvements to the simulation of bycatch
mortality will be discussed.

Recreational

The percentage of recreational mortality was linearly decreasing with total mortality
when the total mortality was less than 57 million pounds (25,855 mt). The recreational
mortality was randomly drawn from a lognormal distribution with a median of 7.7
million pounds (3,493 mt) and a CV of 20% when the total mortality was greater than
57 million pounds (25,855 mt).

Discard
Mortality

The discard mortality was modelled as a function of the commercial plus discard
mortality (total mortality minus subsistence, bycatch, and recreational mortality) and
the size at age 8 for a male Pacific halibut (smaller fish likely results in more discard
mortality).

Commercial

The commercial mortality is the remainder of the total mortality after subtracting the
subsistence, bycatch, sport, and discard components. In reality, there is a slight
difference between the Total Mortality (TM) and the TCEY because of shortfalls and
overages, and adding variability here could simulate this process.

Mortality (Mlbs)

Proportion of TM

0 10 20 30 40 50

00 02 04 08 08

Commercial
Discard
Bycatch
Recreational
Subsistence

T T T T T T T T
0 10 20 30 40 50 60 70
Total Mortality (Mlbs)

Figure 10: Average sector specific mortality (top, millions of pounds) and the sector-specific proportion
of Total Mortality (TM) plotted against TM. For plotting purposes, age 8 males are 6 pounds and
random variability is not included.

5.2 SIMULATING WEIGHT-AT-AGE

It is important to simulate time-varying weight-at-age because it is an influential contributor to the yield
and status of Pacific halibut. There are 82 years of weight-at-age observations in the long time-series
assessment models, with an observed wide range over the years (Figure 11 and Figure 12). Many years
of these data have been estimated from sparse data, and the entire time-series has been smoothed to
eliminate large deviations from year to year.

Page 17 of 38



IPHC-2018-SRB012-08

Important behaviors of the historical weight-at-age time-series to consider when simulating future weight-
at-age are

1. the age-specific weights-at-ages tend to increase and decrease in the same year (little evidence
of lags due to specific cohort effects; Figure 11 upper plot),

2. the time-series appears to be similar to a random walk with smooth trends and few large jumps
in observations (partly due to the smoothing that was done; Figure 11), and

3. there appears to be some ages that do not strictly follow the general trend (evident at the end of
the time series where the sampling was likely greater; Figure 11 lower plot).
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Figure 11: Historical female weight-at-age as used in the long time-series assessment models. Note that
the observations are smoothed over years to reduce spurious observations.
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Figure 12: Boxplots of female weight at ages 0 to 30 over all historical years. The green line shows the
lower and upper bounds used in the simulations.

The method used to simulate weight-at-age addressed each of these behaviors in the following ways.

1.

A single deviation was generated from a normal distribution with a constant standard deviation
(0.05), and was a multiplier on the current year’s weight-at-age to determine the weight-at-age in
the next year. This made all weights for each age increase or decrease similarly.

A random walk was used where the weight-at-age in the next year was generated from the weight-
at-age in the current year. The deviation in (1) was also correlated with past deviations to simulate
periods of similar trends (0=0.5).

Deviations for each age 6 and greater were generated from a normal distribution with a constant
coefficient of variation for each age (0.01), resulting in standard deviations scaled by the mean
weight-at-age observed over all historical years with observations. This allows for larger
deviations for older fish and provides a mechanism for the mean weight of a specific age to depart
from the overall trend simulated in step 1.

The random walk could potentially traverse to extremely high values or low values (obviously negative
weight-at-age is not valid). Therefore, boundary conditions were set to limit the range over which weight-
at-age could vary. The boundary limits were determined from the observed range of weight at each age,
and expanded 5% beyond the minimum and maximum weight at each age observed. Two upper
boundaries (ages 21 and 22) were expanded further to equal the upper boundary of age 20 (Figure 12).
The random walk simulations remained within the bounds by applying the following algorithm.

1.

2.

If a weight-at-age was simulated to be beyond the bounds, the deviations for only the ages where
the age-specific bounds were exceeded were reduced by one-half and applied again to determine
if it still exceeded the bounds.

Repeat step (1) until no age-specific bounds were exceeded.

Example simulated weight-at-age time series are shown in Figure 13.
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Figure 13: One potential simulated female weight at age in the historical period (1888-2016, shaded)
and the simulated period (2017-2116).

5.3 SIMULATING REGIME SHIFTS

An environmental regime is used in the stock assessment to determine if average recruitment is high or
low. This is based on the Pacific Decadal Oscillation (PDO, http://research.jisao.washington.edu/pdo/,
Mantua et al. 1997, Figure 14) and the value is 0 or 1 depending on classified cool or warm years,
respectively (Figure 15).

The regime was simulated in the MSE by generating a O or 1 to indicate the regime in that future year.
To encourage runs of a regime between 15 and 30 years (an assumption of the common periodicity,
although recent years have suggested less), the environmental index was simulated as a semi-Markov
process, where the next year depends on the current year. However, the probability of changing to the
opposite regime was a function of the length of the current regime with a probability of changing equal to
0.5 at 30 years, and a very high probability of changing at 40 years.

The simulated length of a regime was most often between 20 and 30 years, with occasional runs between
5 and 20 years.
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PDO index values: January 1900 - January 2017
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Figure 14: Pacific Decadal Oscillation (PDO) (figure from http://research.jisao.washington.edu/pdo/).
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Figure 15: Good and bad regimes in the Pacific halibut stock assessment for 1888-2016.

5.4 SOME ADDITIONAL SCENARIOS NOT CURRENTLY CONSIDERED
Some scenarios that were not considered, but will likely be considered in the future are:
Selectivity: It may be desirable for the time-varying selectivity for at least commercial gears to be

linked to changes in weight-at-age. Also, changes in technology to avoid bycatch could also lead to
changes in selectivity.

Migration: Migration will require a multi-area model and hypotheses about movement. A multi-area
model is being developed with four regions. Migration hypotheses will be informed by tagging data
as well as other observations from various fisheries and surveys.

5.5 MSERESULTS

Results from the simulations will report short-term and long-term performance statistics, and qualitatively
describe transitions from the short- to long-term. More specifically, the short-term will use the assessment
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ensemble and a three-year projection to calculate MSAB determined objectives. The long-term will
summarize performance statistics over the last 10 years of 100-year simulations.

Results from initial simulations were provided at MSABO010. Preliminary results from additional
simulations incorporating estimation error are presented here for comparison. The SPR was fixed at 46%
and the 30:20 control rule was used. Estimation error was introduced for two cases: error in only the total
mortality (CV=0.1), and error in both total mortality and stock status (CV=0.1 for both). Autocorrelation in
errors was not simulated. Performance metrics associated with these two cases are compared to the “No
Estimation Error” case in Table 3.

Table 3: Performance metrics for simulations with no estimation error, error in only total mortality
(CVv=0.1), and error in total mortality and stock status (CV=0.1 for both).

No Estimation
Metric Error TM Error =0.10 | Both Error = 0.10
Median average SPR 0.47 0.47 0.43
Biological Sustainability
Median average dRSB 0.40 0.40 0.31
Median average # mature females | 7.38 7.50 6.39
P(all dRSB<20%) 0.04 0.04 0.05
P(all dRSB<30%) 0.09 0.10 0.45
Fishery Sustainability
Median average TM (Mlbs) 35.68 38.94 38.31
10th and 90th TM (MIbs) 12 &103 12 & 101 12 & 109
Median average FCEY (Mlbs) 28.65 31.81 31.20
P(all Comm=0) 0.11 0.10 0.18
P(all FCEY < 50.6 Mibs) 0.71 0.70 0.68
P(all decrease TM > 15%) 0.06 0.18 0.30
median AAV TM 0.06 0.14 0.31

6 DISTRIBUTION OF THE TCEY

A considerable amount of discussion related to a description of the harvest strategy policy occurred at
previous MSAB meetings. Figure 1 shows an updated depiction of the harvest strategy policy with terms
describing the various components. These terms are defined in the IPHC glossary?, but of note for this
paper are TCEY distribution, stock distribution, and distribution procedures. The management procedure
is the sequence of elements including the assessment, fishing intensity, stock distribution, and distribution
procedures. The goal of the MSAB is to define a management procedure that will be used to output O26
mortality limits for each Regulatory Area that meet the long-term objectives of managers and
stakeholders. The “decision” step on the right of Figure 1 is where a deviation from the management

2 https://iphc.int/the-commission/glossary-of-terms-and-abbreviations
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procedure may occur due to input from other sources and decisions of the Commissioners that may
reflect current biological, environmental, social, and economic conditions.

As tasked by the Commission, an evaluation of the previous IPHC informal “harvest policy” was
undertaken and presented at MSABOS8. That harvest policy used a procedure that took the coastwide
stock assessment as an input, and output 1) the coastwide Total Constant Exploitation Yield (TCEY)
(across all Regulatory Areas), and 2) the TCEY and Fishery Constant Exploitation Yield (FCEY) for each
Regulatory Area. The integral input to that harvest policy was the coastwide stock assessment. The
scaling of catch for that harvest policy revolved around the concept of exploitable biomass (EBio) and
defined harvest rates. EBio was based on numbers-at-age, weight-at-age, and externally derived
selectivity-at-age.

Given the complex but static definition of EBio, there was a divergence between EBio and the assessment
which updated selectivity each year, and later allowed it to vary over time. In other words, EBio was not
representative of the stock assessment results because the selectivity curves used to define EBio were
out of date. It is difficult to exactly characterize what EBio is because it is a single value meant to describe
a complex amalgamation of fleets, areas, stock size, and size-at-age. Ebio was not the biomass of fish
over 26 inches (026, 66 cm) or 32 inches (032, 81 cm), and it was not the biomass of the stock that is
encountered by the fisheries.

Ebio was apportioned to IPHC Regulatory Areas using the estimated distribution of O32 biomass from
the setline survey. Then, IPHC Regulatory Area-specific catch levels (TCEY) were calculated from
defined harvest rates. A harvest rate of 16.125% was used for western areas (3B, 4A, 4B, and 4CDE)
and 21.5% for eastern areas (3A, 2C, 2B, and 2A). These harvest rates were based on the selection of
026 fish for TCEY (Hare 2011) and were converted from values originally based on O32 fish, reflecting
the size limit (Clark and Hare 2006). They were lower in the west due to the presence of small fish, a
lower estimated yield-per-recruit, and greater uncertainty in historical analyses. These harvest rates were
explicitly linked to EBio.

In 2017, the Commission agreed to move to an SPR-based management procedure to account for the
mortality of all sizes and from all fisheries. The procedure uses a coastwide fishing intensity based on
spawning potential ratio (SPR), which defines the “scale” of the coastwide catch. This eliminates the use
of EBio and area-specific absolute harvest rates. Therefore, there are currently two inputs to the current
management procedure for distributing the TCEY among IPHC Regulatory Areas: 1) the current
estimated stock distribution and 2) relative target harvest rates.

6.1 A BACKGROUND ON STOCK DISTRIBUTION

The IPHC uses a space-time model to estimate annual Weight-Per-Unit-Effort (WPUE) for use in
estimating the annual stock distribution of Pacific halibut (Webster 2018). Briefly, observed WPUE is
fitted with a model that accounts for correlation between setline survey stations over time (years) and
space (within Regulatory Areas). Competition for hooks by Pacific halibut and other species, the timing
of the setline survey relative to annual fishery mortality, and observations from other fishery-independent
surveys are also accounted for in the approach. This fitted model is then used to predict WPUE (relative
density) of Pacific halibut for every setline survey station in the design (including all setline survey
expansion stations), regardless of whether it was fished in a particular year. These predictions are then
averaged within each IPHC Regulatory Area, and combined among IPHC Regulatory Areas, weighting
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by the “geographic extent” (calculated area within the survey design depth range) of each IPHC
Regulatory Area. It is important to note that this produces relative indices of abundance and biomass,
but does not produce an absolute measure of abundance or biomass because it is weight-per-unit-effort
scaled by the geographic extent of each IPHC Regulatory Area. These indices are useful for determining
trends in stock numbers and biomass, and are also useful to estimate the geographic distribution of the
stock.

6.2 UsSING RELATIVE HARVEST RATES

The distribution of the TCEY for 2018 was shifted from the estimated stock distribution to account for
additional factors related to productivity and paucity of data in each IPHC Regulatory Area. Previously,
this was accomplished by applying different harvest rates in western areas (16.125% in IPHC Regulatory
Areas 3B, 4A, 4B, and 4CDE)) and eastern areas (21.5% in IPHC Regulatory Areas 2A, 2B, 2C, and 3A).
However, with the elimination of EBio and the use of SPR-based fishing intensity to determine the
coastwide scale, the TCEY, rather than the esoteric concept of exploitable biomass was distributed.
Therefore, an absolute measure of harvest rate is not necessary, but it may still be desired to shift the
distribution of the TCEY away from the estimated stock distribution to account for other factors.
Consistent with the previous approach, relative harvest rates were used with a ratio of 1.00:0.75, being
equal to the ratio between 21.5% and 16.125%. This application shifted the target TCEY distribution away
from the stock distribution by moving more TCEY into IPHC Regulatory Areas 2A, 2B, 2C, and 3A and
less TCEY from IPHC Regulatory Areas 3B, 4A, 4B, and 4CDE (Table 4), thus harvesting at a higher
rate in eastern IPHC Regulatory Areas.

Table 4: IPHC Regulatory Area stock distribution estimated from the 2017 space-time model 032 WPUE,
IPHC Regulatory Area-specific relative target harvest rates, and resulting 2018 target TCEY distribution
based on the IPHC’s 2018 interim management procedure (reproduced from Table 1 in IPHC-2018-
AM094-11 Rev_1).

2A 2B 2C 3A 3B 4A 4B  4CDE | Total

032 stock distribution | 1.7% 11.3% 16.6% 35.6% 10.0% 6.6% 4.8% 13.3% | 100.0%

Relative harvest rates 1.00 100 100 100 075 075 075 0.75

6.3 REDEFINING THE TCEY DISTRIBUTION PROCEDURE

TCEY distribution is the part of the management procedure for distributing the TCEY among Regulatory
Areas and is composed of a purely scientific component to distribute the TCEY in proportion to its
estimated biomass in each area (stock distribution) and steps to further modify the distribution of the
TCEY based on additional considerations (distribution procedures). Those two components are
described below.

6.3.1 Redefining Stock Distribution
Emerging understanding of biocomplexity across the geographic range of the Pacific halibut stock
indicates that IPHC Regulatory Areas should only be considered as management units and do not
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represent relevant sub-populations (Seitz et al. 2017). Balancing the removals against the current stock
distribution is likely to protect against localized depletion of spatial and demographic components of the
stock that may produce differential recruitment success under changing environmental and ecological
conditions. Biological Regions, defined earlier and shown in Figure 2, are considered by the IPHC
Secretariat to be the best option for biologically-based areas to meet management needs.

The overarching conservation goal for Pacific halibut is to maintain a healthy coastwide stock. However,
given the wide geographic range of the Pacific halibut stock, there likely is stock structure that we do not
fully understand, and this stock structure may be important to coastwide stock health. Therefore,
conservation objectives relate to where harvesting occurs, with an objective to retain viable spawning
activity in all portions of the stock. One method for addressing this objective is to distribute the fishing
mortality relative to the distribution of observed stock biomass. This requires defining appropriate areas
for which the distribution is to be conserved. Splitting the coast into many small areas for conservation
objectives can result in complications including being cumbersome to determine if conservation
objectives are met, being difficult to accurately determine the proportion of the stock in that area, being
subject to inter-annual variability in estimates of the proportion, forcing arbitrary delineation among areas
with evidence of strong stock mixing, and not being representative of biological importance. Therefore,
Biological Regions represent the most logical scale over which to consider conservation objectives
related to distribution of the fishing mortality. Adjusting the distribution of the TCEY among Biological
Regions to account for additional considerations, and further distributing the TCEY to IPHC Regulatory
Areas would be done through steps defined in the Distribution Procedures component (Figure 1).

In addition to using Biological Regions for stock distribution, the “all sizes” WPUE from the space-time
model (Figure 16), which is largely composed of 026 Pacific halibut (due to selectivity of the setline gear),
is more congruent with the TCEY (026 catch levels) than O32 WPUE. Therefore, when distributing the
TCEY to Biological Regions, the estimated proportion of “all sizes” WPUE from the space-time model
should be used for consistency.

6.4 DISTRIBUTION PROCEDURES

Distribution Procedures contains the steps of further modifying the distribution of the TCEY among
Biological Regions and then distributing the TCEY among IPHC Regulatory Areas within Biological
Regions (Figure 17). Modifications at the Biological Region or IPHC Regulatory Area level may be based
on differences in production between areas, observations in each area relative to other areas (e.g.,
WPUE), uncertainty of data or mortality in each area, defined allocations, or national shares. Data may
be used as indicators of stock trends in each Region or IPHC Regulatory Area, and are included in the
Distribution Procedures component because they may be subject to certain biases and include factors
that may be unrelated to biomass in that Biological Region or IPHC Regulatory Area. For example,
commercial WPUE is a popular source of data used to indicate trends in a population, but may not always
be proportional to biomass. Types of data may be used include fishery WPUE, survey observations (not
necessarily the IPHC fishery-independent setline survey), age-compositions, size-at-age, and
environmental observations.

The steps in the Distribution Procedures may consider conservation objectives, but they will mainly be
developed with respect to fishery objectives. Yield and stability in catch levels are two important fishery
objectives that often contradict each other (i.e. higher yield often results in less stability). Additionally,
area-specific fishery objectives may be in conflict across IPHC Regulatory Areas. Pacific halibut catch
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levels are defined for each IPHC Regulatory Area and quota is accounted for by those Regulatory Areas.
Therefore, IPHC Regulatory Areas are the appropriate scale to consider fishery objectives.

Estimated biomass percentage
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Figure 16: Estimated stock distribution (1993-2017) based on estimate WPUE from the space-time
model of 032 (black series) and all sizes (blue series) of Pacific halibut. Shaded zones indicate 95%

credible intervals.
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Figure 17: The process of distributing the TCEY to Regulatory Areas from the coastwide TCEY. The first
step is to distribute the TCEY to Biological Regions based on the estimate of stock distribution. Following
this, a series of adjustments may be made based on observations or social, economic, and other
considerations. Finally, the adjusted regional TCEY’s are allocated to IPHC Regulatory Areas. The
allocation to IPHC Regulatory Areas may occur at any point after regional stock distribution. The dashed
arrows represent balancing that is required to maintain a constant coastwide SPR.

6.5 A SUMMARY OF THE MANAGEMENT PROCEDURE FOR DISTRIBUTING TCEY ACROSS THE COAST

The harvest strategy policy begins with the coastwide TCEY determined from the stock assessment and
fishing intensity determined from a target SPR (Figure 1). When distributing the TCEY among regions,
stock distribution occurs first to distribute the harvest in proportion to biomass and satisfy conservation
objectives, and then is followed by adjustments across Regions and Regulatory Area based on
distribution procedures to further encompass conservation objectives and consider fishery objectives.
The key to these adjustments is that they are relative adjustments such that the overall fishing intensity
(target SPR) is maintained (i.e., a zero sum game). Otherwise, the procedure is broken and it is uncertain
if the defined objectives will be met.

A framework for a management procedure that ends with the TCEY distributed among IPHC Regulatory
Areas and would encompass conservation and fishery objectives is described below.
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1. Coastwide Target Fishing Intensity: Determine the coastwide total mortality using a target SPR
that is most consistent with IPHC objectives defined by the Commission. Separate the total mortality
in 226 inches (026) and under 26 inches (U26) components. The 026 component is the coastwide
TCEY.

1.1. Target SPR is scheduled for evaluation at the 2019 Annual Meeting. The current interim target
SPR is 46%.

2. Regional Stock Distribution: Distribute the coastwide TCEY to four (4) biologically-based Regions
using the proportion of the stock estimated in each Biological Region for all sizes of Pacific halibut
using information from the IPHC setline survey and the IPHC space-time model.

2.1. Four Regions (2, 3, 4, and 4B) are defined above (Figure 2).

3. Regional Allocation Adjustment: Adjust the distribution of the TCEY among Biological Regions to
account for other factors.

3.1. For example, relative target harvest rates are part of a management/policy decision that may be
informed by data and observations. This may include evaluation of recent trends in estimated
guantities (such as fishery-independent WPUE), inspection of historical trends in fishing intensity,
recent or historical fishery performance, and biological characteristics of the Pacific halibut
observed in each Biological Region. The IPHC Secretariat may be able to provide Yield-Per-
Recruit (YPR) and/or surplus production calculations as further supplementary information for
this discussion. The regional relative harvest rates may also be determined through negotiation,
which is simply an allocation agreement for further Regional adjustment of the TCEY.

4. Regulatory Area Allocation: Apply IPHC Regulatory Area allocation percentages within each
Biological Region to distribute the Region-specific TCEY’s to Regulatory Areas.

4.1. This part represents a management/policy decision, and may be informed by data, based on past
or current observations, or defined by an allocation agreement. For example, recent trends in
estimated all sizes WPUE from the setline survey or fishery, age composition, or size composition
may be used to distribute the TCEY to IPHC Regulatory Areas. Inspection of historical trends in
fishing intensity or catches by IPHC Regulatory Area may also be used. Finally, agreed upon
percentages are also an option. This allocation to IPHC Regulatory Areas may be a procedure
with multiple adjustments using different data, observations, or agreements

The four steps described above would be contained within the IPHC Harvest Strategy Policy as part of
the Management Procedure, and are pre-determined steps that have a predictable outcome. The
decision making process would then occur (Figure 1).

5. Seasonal Regulatory Area Adjustment: Adjust individual Regulatory Area TCEY limits to account
for other factors as needed. This is the policy part of the harvest strategy policy and occurs as a final
step where other objectives are considered (e.g. economic, social, etc.).

5.1. Departing from the target SPR may be a desired outcome for a particular year (short-term, tactical
decision making based on current trends estimated in the stock assessment), but would deviate
from the management procedure and the long-term management objectives. Departures from
the management procedure may result in unpredictable outcomes, but could also take advantage
of current situations.
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7 RECOMMENDATION/S
That the SRB:

1) NOTE paper IPHC-2018-SRB011-08 which provided an update on the IPHC management
strategy evaluation.

2) CONSIDER the goals and objectives listed in Appendix Il and the definitions of biological and
fishing reference points.

3) RECOMMEND appropriate biological sustainability objectives and biological reference points
from a scientific point of view.

4) CONSIDER the simulation framework and assumptions as described, including introducing
variability to the OM, simulating weight-at-age and environmental regimes, and distribution of the
Total Mortality to different sources of mortality.

5) RECOMMEND improvements to conditioning the operating model, simulating variability in
different processes (especially weight-at-age), and introducing estimation error into the
simulations.

6) CONSIDER the interpretation of short-term, medium-term, and long-term results.
7) RECOMMEND additional methods for presenting short-, medium-, and long-term results.

8) CONSIDER the distribution frame-work and the separation of scientific and management
elements of distribution procedures, and how distributing the TCEY may contribute to conserving
the coastwide stock of Pacific halibut.

9) RECOMMEND maodifications that may improve the TCEY distribution framework and which
components the MSAB should consider when developing management procedures to evaluate.

10) CLARIFY paragraphs 24 and 28 of the report from SRB011 (IPHC-2018-SRB011-R).
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APPENDIX |: MSAB REQUESTS REQUESTING SRB INPUT

28. The MSAB REQUESTED that the IPHC Secretariat continue to discuss the Biological
Sustainability (conservation) objectives with the IPHCs Scientific Review Board (SRB), including
the appropriate female spawning biomass limit and female spawning biomass threshold.

41. The MSAB REQUESTED that the IPHC Secretariat present the methods for producing short-
, medium-, and long-term results to the SRB for their review and comment.

45. The MSAB REQUESTED that the SRB clarify the meaning of paragraphs 24 and 28 in the
SRB report, IPHC-2017-SRB011-R.

54. The MSAB AGREED that estimation error should be simulated from a joint distribution
representing error in the estimated Total Mortality and the estimated stock status, with
autocorrelation. The MSAB REQUESTED that the SRB review these methods to incorporate
estimate error.

60. The MSAB REQUESTED that the simulations incorporate:
d) autocorrelation at a level determined appropriate by the IPHC Secretariat and the SRB.
61. The MSAB REQUESTED that when reporting results:
a) the long-term be represented by 100 simulated annual cycles from the Operating

Model and performance metrics summarized over the 10 annual cycles.

b) short- and medium-term performance metrics be presented for management
procedures that meet long-term objectives.

c) the short-term be represented by the assessment ensemble and performance
metrics presented for the immediate three years. These performance metrics are
not necessarily the same as for long-term metrics, and may be actual values (e.g.
catch in 2019) instead of a summary over years.

d) the medium-term be summarized qualitatively by describing the transition from the
short-term to the medium-term using the closed-loop simulations. Sensitivities (e.g.
holding weight-at-age at low levels or constant) can help to inform the medium-
term transitions.

e) phase-in procedures are considered when appropriate.
62. The MSAB REQUESTED that IPHC Secretariat discuss the time-frames detailed in
paragraph 61, with the SRB
63. The MSAB REQUESTED that the IPHC Secretariat consider the following improvements to
the simulation framework:

a) investigate improvements to simulating weight-at-age with input from the SRB.
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64. The MSAB NOTED that the Operating Model and how it is conditioned is adequate for the
evaluation of the HCR, and REQUESTED that the IPHC Secretariat present these methods to

the SRB.

69. The MSAB NOTED that:

a)

b)

d)

f)

g)

if the goal of a procedure is to maintain a constant SPR through all steps of
distributing the TCEY, then a change in distribution may change the total coastwide
mortality to maintain that SPR.

there are science-based and management-derived elements in the TCEY
distribution procedure. Some distribution procedures may incorporate one or both
elements.

stock distribution is science-based and is linked to biological sustainability
objectives. WPUE from the space-time model is used to determine stock
distribution to biological regions, and using “all sizes” in the calculation of WPUE
is more congruent with the TCEY, while acknowledging that the IPHC fishery-
independent setline survey catches a small number of Pacific halibut below 26
inches.

the IPHC Secretariat has described four biological Regions (consistent with IPHC
Regulatory Area boundaries) based on the best available science, and will be used
for stock distribution as the first step, after which distribution procedures would
distribute the TCEY to meet fishery objectives.

relative harvest rates among Regions are science-based and management-
derived, and within Regions are management-derived. Science-based foundations
could include productivity analyses, while management-derived elements may
include quantity and quality of data in each area and other area-specific objectives.

many more elements of the TCEY distribution procedure may be developed and
include management-derived elements.

TCEY distribution procedures are to be evaluated against objectives and reported
at AM097 in 2021. Biological sustainability objectives are related to biological
Regions and Fishery objectives are related to IPHC Regulatory Areas. Because
IPHC Regulatory Areas are nested within Regions, distribution to Regions can
affect fishery objectives.

70. The MSAB NOTED that the proposed TCEY distribution procedure contains four main
components, each of which may contain multiple elements. These four components are listed
below and have a computational outcome:

a)
b)

c)

Coastwide Target Fishing Intensity: this defines the TCEY to be distributed.

Regional Stock Distribution: this distributes the TCEY to biological Regions to
satisfy the Biological Sustainability objective of preserving biocomplexity.

Regional Allocation Adjustment (optional): this adjusts the distribution of the
TCEY among Regions to account for additional Biological Sustainability objectives
and fishery objectives.
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d) Regulatory Area Allocation: this distributes the TCEY from Regions to
Regulatory Areas to satisfy fishery objectives.

71. The MSAB NOTED that the output of the TCEY distribution procedure will be a catch table
describing proposed mortality (allocation) in each IPHC Regulatory Area...

72. The MSAB REQUESTED that the proposed TCEY distribution framework described in
paragraphs 69, 70 and 71, be reviewed by the SRB in 2018.
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MEASURABLE OBJECTIVES AND ASSOCIATED PERFORMANCE METRICS

GOAL: Biological Sustainability

APPENDIX Il

GENERAL MEASURABLE PERFORMANCE
OBJECTIVE OBJECTIVE NEGATIVE OUTCOME TIME-FRAME = TOLERANCE METRICS
Maintain a
1.1. KEEP BIOMASS = minimum spawning Long-term
ABOVE A LIMIT TO stock biomass RSB < Biomass Limit 10 year 0.05 P(dRSB < Limit)
AVOID CRITICAL above a biomass ) '
STOCK SIZES limit reference period
point
Maintain spawning
stock biomass
mostly above a Long-term
biomass thre.shold RSB < Biomass Threshold 10-year 0.25 P(dRSB
refe.rence pomt to period < Threshold)
1.2. MITIGATE FOR avoid stock sizes
UNGERTAINTY thg't could become
critical
When the
Estimated Biomass
< Biomass SSB declines when RSB < Iignge—;?rm 0.05-0.5 P(S.SB”1R< ;SBL)
Threshold, limit the = Biomass Threshold y d ' ’ _given SB <
probability of perio biomass threshold
declines
ABSOLUTE An absolute Number of mature female Iign%—;?rm NA Median
MEASURE measure halibut Y MatureFemales
period
Long-term
ABSOLUTE An absolute . . —
MEASURE measure Spawning Biomass F1)2r3i/oec¢je1r NA Median RSB
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GOAL : Fishery Sustainability, Stability, and Access

GENERAL
OBJECTIVE

MEASURABLE
OBJECTIVE

NEGATIVE OUTCOME

TIME-FRAME

TOLERANCE PERFORMANCE METRICS

2.1. MAINTAIN AN
ECONOMICALLY
SUFFICIENT
LEVEL OF CATCH
(.E, TARGET)
ACROSS
REGULATORY
AREAS

2.2. LIMIT CATCH
VARIABILITY

ABSOLUTE
MEASURE

ABSOLUTE
MEASURE

ABSOLUTE
MEASURE

Maintain an average
catch

Maintain a minimum
catch

Maintain an above
average catch

Maintain a consistent
level of catch

Limit annual changes
in TAC, coast-wide
and/or by Regulatory
Area

An absolute measure

An absolute measure

An absolute measure

FCEY <- averageCatch

FCEY < min

< 70% of historical 1993-
2012 average

Outside of +10% of 1993-
2012 average

Change in Mortality > 15%

AAV > 15%

Mortality (TM, TCEY,
FCEY, Commercial)

Range of mortality

Variability in mortality (TM,
TCEY, FCEY,
Commercial)

Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10
yr

Short-term, 3 yr
Long-term, 10

yr
Short-term, 3
yr
Long-term, 10
yr

Short-term, 3 yr

??
??

?7?
??

0.1
??

0.1
0.

??
??

??

??

NA

NA

NA

P(FCEY < AvCatch)
P(FCEY < min)

P(FCEY < 70%)

P(FCEY > 110% or
FCEY <90%

(FCEYL-H — FCEY,

> 159
FCEY, 5/0)

P(AAV > 15%)

Median Mort

5" and 75™ percentiles of
mortality

Median Average Annual
Variability (AAV)
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STATISTIC

Chance of being “on
the ramp”

GOAL : Minimize Discard Mortality

Estimated stock status is
below the fishery trigger

Long-term, 10
yr NA
Short-term, 3 yr

P(dRSB < Trigger)

GENERAL MEASURABLE PERFORMANCE
OBJECTIVE OBJECTIVE NEGATIVE OUTCOME TIME-FRAME TOLERANCE METRICS
Discard mortality is a Long-term, 10
3.1. HARVEST small percentage of o . yr 0
EFFICIENCY the longline fishery >10% of annual catch limit Short-term, 3 0.25 P(DM > 10%FCEY)
annual catch limit yr
Long-term, 10
ABSOLUTE MEASURE = Absolute Discard Mortality (DM) w NA Median DM
Short-term, 3
yr
GOAL : Minimize Bycatch and Bycatch Mortality
GENERAL MEASURABLE PERFORMANCE
OBJECTIVE OBJECTIVE NEGATIVE OUTCOME TIME-FRAME TOLERANCE METRICS
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DRAFT: Progress Report on Biological Research Activities at IPHC

PREPARED BY: IPHC SECRETARIAT (J. PLANAS, L. SADORUS, C. DYKSTRA, T. LOHER; 21 MAY 2018)

PURPOSE

To provide the Scientific Review Board with a description of current progress on research
projects conducted by the Biological and Ecosystem Science Research Program.

BACKGROUND

The main objectives of the Biological and Ecosystem Science Research Program at IPHC are
to:

1) identify and assess critical knowledge gaps in the biology of the Pacific halibut;
2) understand the influence of environmental conditions; and
3) apply the resulting knowledge to reduce uncertainty in current stock assessment models.

The primary biological research activities at IPHC that follow Commission objectives are
identified and described in the proposed Five-Year Research Plan for the period 2017-2021, as
summarized in a previous document IPHC-2017-SRB10-INT0O2. These activities can be
summarized in five broad categories: 1) Reproduction, 2) Growth and Physiological Condition,
3) Discard Mortality Rates (DMRs) and Survival, 4) Migration and 5) Genetics and Genomics,
and have been selected for their important management implications, as follows.

1) The studies conducted on Reproduction are aimed at providing information on the sex
ratio of the commercial catch and to improve current estimates of maturity.

2) The studies conducted on Growth are aimed at describing the role of some of the factors
responsible for the observed changes in size-at-age and to provide tools for measuring
growth and physiological condition in Pacific halibut.

3) The proposed work on DMRs is aimed at providing updated estimates of DMRs in both
the longline and the trawl fisheries.

4) The studies conducted on Migration are aimed at further understanding reproductive
migration and identification of spawning times and locations as well as larval and juvenile
dispersal.

5) The studies conducted on Genetics and Genomics are aimed at describing the genetic
structure of the Pacific halibut population and at providing the means to investigate rapid
adaptive changes in response to fishery-dependent and fishery-independent influences.

UPDATE ON PROGRESS ON NEW AND CONTINUING BIOLOGICAL RESEARCH PROJECTS

For 2018, two new projects were approved that cover specific research needs related to larval
migration and distribution (Project 650.22) and thermal growth history (Project 673.15)
(Appendix I).

Project 650.22 (“Larval connectivity”) proposes to study the movement and connectivity of
Pacific halibut larvae both within and between the Gulf of Alaska and the Bering Sea. Larval
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abundance and distribution in the Gulf of Alaska and the Bering Sea will be modeled over time
and over oceanographic and environmental conditions.

Project 673.15 ("Influence of thermal history on growth") proposes to study the thermal profile
experienced by fish at sea as assessed by electronic archival tagging and otolith microchemistry
in order to investigate the relationship between growth patterns (or productivity) and both spatial
and temporal variability in environmental conditions for growth. This study will allow us to relate
temperature histories that are experienced by individual fish to the growth patterns that they
display, examine spatial and temporal trends in rearing conditions and growth, and to extend
thermal analyses to untagged Pacific halibut via otolith microchemical analyses. In addition, the
data are expected to provide information regarding dispersal of U32 halibut, both seasonally and
ontogenically.

Furthermore, twelve continuing projects were approved, including one project dealing with sex
identification (621.16) and one dealing with reproductive maturity estimations (674.11), two
projects monitoring the Pacific halibut population for mercury and Ichthyophonus contamination
(642.00, 661.11), three projects continuing migration-related research with the use of wire and
satellite tagging and tail imaging (650.21, 670.11, 675.11), one project dealing with the
identification of markers for growth-related studies (673.14), one project investigating condition
factor indices in wire-tagged fish (672.12), one project dealing with discard mortality rates in the
longline fishery (672.13), one project continuing the sequencing of the Pacific halibut genome
(673.13), and one project finalizing work conducted on the reevaluation of the weight-length
relationship (669.11) (Appendix I). An update on progress on selected projects is provided
below:

Project 621.16 (“Development of genetic sexing techniques”) proposed to identify molecular
markers for sex in order to provide a genetic validation of the physical marking of sex at sea
(Project 621.15) and to provide a method for sex determination in settings in which direct
observations of sex cannot be obtained. Three single nucleotide polymorphisms (SPNs) were
identified to be associated with sex and molecular assays were developed for two of the
identified SNPs. These assays were estimated to have an accuracy of 97.5% in a comparison
between assayed sex and visually-determined sex in a sample of 199 fish, based on an
assumption that no process or recording errors existed within the visually-determined data
(Drinan et al., 2018). The assay was subsequently used to evaluate the accuracy of commercial
sex-marking at sea, described below in Subsection 1.1 of “PROGRESS ON THE MAIN RESEARCH
ACTIVITIES”.

Project 642.00 (“Assessment of mercury and other contaminants”) and Project 661.11
(“lchthyophonus incidence monitoring”) were proposed to monitor levels of mercury
contamination and Ichthyophonus prevalence, respectively, in Pacific halibut. Tissue samples
for monitorization of these two parameters were collected in IPHC’s fishery-independent setline
survey in 2017.

Project 650.21 ("Investigation of Pacific halibut dispersal on Bowers Ridge via Pop-up Archival
Transmitting (PAT) tags") proposed to study the migratory behavior of O32 Pacific halibut
residing in summer on Bowers Ridge in IPHC Regulatory Area 4B, at both seasonal and
interannual time scales. The primary goal of the project is to evaluate relative connectivity
between Bowers Ridge, the western Aleutian Islands, and the broader eastern Pacific. Results
will be placed in the context of data obtained from prior satellite-tagging experiments in which
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more than 200 O32 Pacific halibut have been tagged in the eastern Bering Sea and Aleutian
Islands region. In July of 2017, a total of 22 fish (13 female; 8 male; 1 of unknown sex) were
successfully tagged on Bowers Ridge, with 16 of the PAT tags programmed to detach from their
host fish and report via satellite on 15 January 2018 and the remaining six tags programmed to
detach and report in July of 2018 (i.e., after 365 days at liberty). To date, broadcasts have been
received from 15 tags, which reported between 24 December 2017 and 22 January 2018. Five
fish remain at liberty with tags programmed to report from 5-10 July 2018.

Project 669.11 (“At-sea collection of Pacific halibut weights to reevaluate conversion factors”)
proposed to continue collecting round weights at sea to reevaluate the relationship between fork
length and net weight. Data has been collected in IPHC’s fishery-independent setline survey in
2017.

Project 670.11 (“Wire tagging of Pacific halibut on NMFS trawl and setline surveys”) proposed
to tag U32 Pacific halibut in order to further understand coastwide migratory and growth patterns
of young Pacific halibut. In 2017, a total of 1,469 Pacific halibut were tagged on the NMFS trawl
survey (713 in the Gulf of Alaska and 756 from the Bering Sea) and 1,927 Pacific halibut were
tagged on the IPHC'’s fishery-independent setline survey.

Project 672.12 ("Condition Factors for Tagged U32 Fish") is continuing to study the relationship
between the physiological condition of fish and migratory performance as assessed by tagging
in U32 fish in order to better understand the potential use of quantitative physiological indicators
in predicting migratory (as well as other types of) performance. Sample collection will continue
on the 2018 IPHC fishery-independent setline survey.

Project 672.13 ("Discard mortality rates and injury classification profile by release method")
proposed to study the relationship between hook release methods in the longline fishery and
associated injuries with the physiological condition of fish in order to improve our understanding
of factors influencing post-release survival in the directed fishery. Implementation of this project
took place in early fall of 2017 during two trips of a chartered vessel, Various hook release
methods were alternated randomly at each skate and electronic monitoring was conducted
throughout the study (please see below for a full description).

Project 673.13 ("Sequencing of the Pacific halibut genome") proposed to characterize for the
first time the genome of the Pacific halibut and provide genomic resolution to genetic markers
for sex, reproduction, and growth that are currently being investigated in other projects. A first
round of genomic sequencing has been performed resulting in a broad but discontinued
coverage of the Pacific halibut genome. Further sequencing with more powerful sequencing
technologies is currently being planned to achieve full coverage of the Pacific halibut genome.

Project 673.14 ("ldentification and validation of markers for growth in Pacific halibut") proposed
to identify and validate molecular and biochemical profiles that are characteristic of specific
growth patterns and that will be instrumental to describe different growth trajectories in the
Pacific halibut population and evaluate potential effects of environmental influences on growth.
We have already initiated research to study somatic growth in juvenile Pacific halibut and its
regulation by temperature and are in the process of identifying molecular signatures of slow
versus fast growth patterns that will be used to describe environmental influences on growth
trajectories (please see below for a full description).
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Project 674.11 ("Full characterization of the annual reproductive cycle in adult female Pacific
halibut") proposed to study the annual reproductive cycle of female and male Pacific halibut in
order to further our understanding of sexual maturation in this species and to improve maturity
assessments and maturity-at-age estimates. Sample collection in the Portlock area in central
Gulf of Alaska began in September 2017 and is continuing on a monthly basis through August
2018 on chartered vessels (please see below for a full description).

Project 675.11 ("Tail pattern recognition analysis in Pacific halibut") is the continuation of a pilot
study conducted in 2017 that investigated the identification of individual fish by way of
photographic recognition of tail patterns to complement migratory studies. Various pattern-
recognition software were used to examine uniqueness and longevity of patterns in both the
blind and colored side of the tail, showing relative promise for identifying the same individuals
over time. Cameras will be deployed on several vessels during the fisheries-independent setline
survey in 2018 and tail images of wire tagged U32 fish will be collected and used to start building
a database of tail images.

PROGRESS ON THE MAIN RESEARCH ACTIVITIES

1. Reproduction. Efforts at IPHC are currently underway to address two critical issues in stock
assessment based on estimates of female spawning biomass: the sex ratio of the commercial
catch and maturity estimations.

1.1. Sex ratio of the commercial catch. In the commercial fishery, Pacific halibut are
eviscerated at sea and male and female fish cannot be distinguished at the shore-side
processing plants, where biological information is collected by IPHC samplers.
Therefore, the sex ratio of the commercial catch has not been determined to date. In
order to obtain accurate sex information, IPHC initiated efforts to establish protocols for
sex marking fish at sea aboard commercial longline vessels and to develop molecular
assays to accurately determine the genetic sex in fin clip samples from offloaded fish.
If protocols for sex marking at sea in commercial vessels prove to be successful, at-sea
sex marking might be routinely employed to generate sex-ratio data for commercial
offloads and genetic sex assays (see “UPDATE ON PROGRESS ON NEW AND CONTINUING
BIOLOGICAL RESEARCH PROJECTS”, Project 621.16, above) could then be used as a
validation tool to determine and monitor the sex-marking accuracy. In 2015, a sex-
marking protocol was developed that consisted of identifying females by making cuts in
the dorsal fin and males by a cut in the operculum (McCarthy 2015). In 2016, at-sea
marking was implemented aboard commercial longline vessels in a voluntary fashion in
British Columbia (Loher et al., 2017). A total of 10 commercial vessels participated in
the study by sex marking a total of 325 Pacific halibut that were sampled for fin clips at
the ports by IPHC port samplers. The two molecular (SNP) assays were then applied to
fin clip samples taken from the fish that had been marked at sea in order to identify their
genetic sex. By comparing the sex-related markings to the genetic sex for each of these
fish, and assuming 100% sexing accuracy via genetic assay, commercial sex-marking
accuracy was determined to be 79% overall and varied from 48-100% among
participating vessels. In 2017, the sex-marking project requested voluntary participation
from the commercial longline fleet coastwide. During the course of the commercial
season, a total of 929 samples were obtained from 84 sex-marked offloads coastwide.
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1.2.

Sex (SNP) assays on these samples are being conducted at the new biological
laboratory at IPHC. At-sea marking has been halted pending analysis of 2017 results
by the Quantitative Sciences Branch and their subsequent determination regarding the
most appropriate direction in which to proceed in order to obtain the quality of sex-ratio
data required for assessment and policy analysis.

Maturity estimations. Each year, the fishery-independent setline survey collects
biological data on the maturity of female Pacific halibut that are used in the stock
assessment. In particular, a female maturity schedule is used to estimate spawning
stock biomass. Currently used estimates indicate that the age at which 50% of female
Pacific halibut are sexually mature is 11.6 years on average. However, maturity is
estimated with the use of macroscopic visual criteria of the ovaries collected in the field,
implying a relative level of uncertainty associated with the employed semi-quantitative
assessment. Furthermore, estimates of maturity-at-age have not been revised in recent
years and may be outdated. For this reason, current research efforts are devoted to
understand reproductive development and maturity in female Pacific halibut.

A recently completed project provided a first description of the changes that take place
in the ovary during reproductive development leading to spawning in Pacific halibut by
comparing oocyte stages and characteristics between fish caught during the non-
spawning season (summer) and the spawning season (winter) in three different
spawning areas (eastern Bering Sea, central Gulf of Alaska, and southern Gulf of
Alaska) (Planas et al., 2017). In order to further characterize the gonadal maturation
schedule, the IPHC is undertaking a full characterization of the annual reproductive
cycle in female and male Pacific halibut. At monthly intervals, female (N=30) and male
(N=30) Pacific halibut have been captured from the Portlock region in the central Gulf
of Alaska and a variety of samples are being collected for physiological analyses of
reproductive parameters throughout an entire annual reproductive cycle. Each
individual gonad will be staged according to standard staging criteria, photographed,
and weighed (in addition to the round weight of the fish) in order to calculate the
gonadosomatic index. Individual gonad (ovary and testes) samples are being collected
for histology by fixation in 10% buffered formalin and subsequently embedded in paraffin
and stained with hematoxylin and eosin for staging. Gonad and pituitary samples are
also being collected in RNAlater for transcriptomic analyses by RNAseq and individual
gene expression by gPCR in order to identify changes in the expression of reproductive
genes throughout the reproductive cycle. In addition, plasma samples (from 0.5 — 1ml
of blood) are being collected from the caudal vein and will be used to measure the levels
of reproductive hormones (i.e. sex steroids, prostaglandins, etc.) and nutrients (i.e.
glucose, lipids) in order to characterize the activity of the endocrine system in relation
to maturation and gonadal development. The combination of these various parameters
will substantially improve the accuracy of current staging techniques of reproductive
status, in addition to update current estimates of maturity-at-age and of the incidence of
skipped spawning. Overall, the current effort to engage in a comprehensive
reproductive monitoring of the adult Pacific halibut population will result in improved
estimates of the actual spawning biomass.
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Figure 1. Pacific halibut monthly sampling schedule and location.

2. Growth. Important research efforts are aimed at understanding the possible role of somatic
growth variation in the observed changes in size-at-age (SAA) and to develop tools for
measuring growth and physiological condition in Pacific halibut. Changes in SAA in Pacific
halibut have been hypothesized as being attributable to a variety of causes, including
changes in population dynamics of the Pacific halibut stock due to a density effect, whereby
high population densities would negatively affect growth, as well as changes in extrinsic
factors (Loher, 2013). It is believed that extrinsic factors such as fishing can directly and
indirectly impact SAA through size-selective harvest (as is the case in the Pacific halibut
fishery), leading to the selective removal of faster growing individuals, and by its ability to
alter ecological interactions, respectively. Importantly, environmental and ecological
influences in the form of environmental changes (e.g. temperature) or in the competitive
interaction with other species can have a direct impact on SAA by regulating somatic growth.
Although other factors may be contributing, the results of a previous study funded by the
North Pacific Research Board (NPRB) that had IPHC participation strongly suggested that
temperature changes may have influenced halibut growth (Kruse et al., 2016). In view of our
limited knowledge on the underlying physiological basis of somatic growth and, importantly,
on the possible contribution of growth alterations in driving changes in SAA, we have initiated
studies to develop and apply tools to evaluate spatial, temporal, and age-specific growth
patterns and their response to environmental influences in Pacific halibut. The IPHC is
leading efforts in this area within the framework of a 2-yr research project partially funded by
NPRB that is led by the IPHC in collaboration with Dr. Thomas Hurst at the Hatfield Marine
Science Center - Alaska Fisheries Science Center in Newport, OR. The awarded NPRB grant
(NPRB 1704) period is from 1 September 2017 until 31 August 2019 (Appendix II) and its
main aim is to investigate the effects of temperature, population density, social structure, and
stress manipulations on biochemical and molecular indicators of somatic growth (IPHC-2018-
SRBO012-INFO01). This study is expected to improve significantly our understanding of the
physiological mechanisms regulating growth in the Pacific halibut in response to
environmental and ecological influences but also, importantly, to identify molecular and
biochemical growth signatures characteristic of growth patterns that could be used to monitor
growth patterns in the Pacific halibut population. The specific objectives are (1) to investigate
the physiological effects of temperature on growth in juvenile Pacific halibut by describing
specific biochemical, transcriptomic (gene expression) and proteomic (protein) responses to
temperature in skeletal muscle and liver, two key tissues that participate in growth regulation;
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(2) to investigate the physiological effects of population density and dominance hierarchies
on growth potential in order to understand how density and social interactions may influence
growth potential in the nursery areas and (3) to investigate the physiological effects of
handling stress on growth in juvenile Pacific halibut in order to understand the potential
effects of handling-related stress on growth potential (Figure 2).

( 1\

GROWTH RATES

L. ] — |
(Task 1) (Task 2a) (Task 2b) (Task 3)
Temperature Density Hierarchical Handling

dominance stress

Effects on
transcriptome
and proteome

MUSCLE
LIVER

Identification of
molecular

growth markers Application to field studies

Figure 2. Diagram of the objectives of the NPRB project with indication of the different
tasks.

Investigations on the effects of temperature variation on growth potential (Objective 1) are
intended to show temperature-induced molecular and biochemical differences between
juvenile Pacific halibut growing at different rates. The proposed experiments are aimed at
describing molecular and biochemical features of skeletal muscle that are characteristic of
growth patterns. The identified growth signatures will then be used as markers for growth in
Pacific halibut in future studies aimed at understanding possible spatial and temporal
changes in growth and, therefore, productivity.

Juvenile Pacific halibut (age 0, 5-7 cm length) were caught off Kodiak, AK and transferred to
the aquatic facilities of the Hatfield Marine Science Center in Newport, OR. Fish were
individually tagged (PIT tags) and acclimated at 9°C for 4 weeks. After the acclimation period,
fish were divided into 2 groups (N=30 per group) and reared at 2°C and 9°C in triplicate tanks
(N=10 per tank) for 8 weeks. After 2 weeks at each of these temperatures, fish were
measured for weight and length (time 0) and growth monitored every 2 weeks, (at 4, 6, and
8 weeks from the beginning of the temperature experiment). During the experiment fish were
fed ad-libitum daily rations. At the end of the experiment (week 8), 15 fish from each group
were sacrificed by an overdose of anesthetic (MS-222), and muscle and liver samples were
excised with one set of samples preserved for molecular analyses in RNAlater and stored at
-20°C and a second set of samples frozen in liquid N2 and stored at -80°C for biochemical
and protein analyses. Subsequently, the temperature in the tanks containing the remaining
fish at 2°C was gradually increased to 9°C and growth monitored every 2 weeks (at 2, 4, 6
and 8 weeks from the beginning of the temperature-switch experiment). As in the previous
experiment, after the 8 week period at 9°C, fish were sacrificed by an overdose of anesthetic
(MS-222), and muscle and liver samples were excised with one set of samples preserved for
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molecular analyses in RNAlater and stored at -20°C and a second set of samples frozen in
liquid N2 and stored at -80°C for biochemical and protein analyses.

The results of this study indicate that after subjecting juvenile fish to two different
temperatures (2°C and 9°C) for a period of 8 weeks, a clear suppressive effect of low
temperature on the specific growth rate (SGR) is induced. In addition, when juvenile halibut
that were previously acclimated to 2°C for 8 weeks were subsequently acclimated gradually
to 9°C for an additional period of 6 weeks, a significant increase in SGR, representing
compensatory growth, was observed (Figure 3). Therefore, these results validate the
experimental design and confirm the ability of temperature to manipulate growth rates in the
Pacific halibut.

9°C 8w 14w

————
/ Growth compensation
2°C ——

Growth suppression

Specific Growth Rate (SGR):

Week 8: Temperature-induced Week 14: Temperature-induced
growth suppression compensatory growth
25 3 *
2 25
15 2
o 1 * w 1
0.5 05
.| . :
2C 9C 9C 2Cc->9C
Temperature Temperature

Figure 3. Effects of temperature manipulation on specific growth rate in juvenile Pacific
halibut.

In order to identify molecular markers for growth, we initially set out to investigate changes
in the expression of genes in skeletal muscle of juvenile Pacific halibut in response to the two
growth manipulations: growth suppression by low temperature acclimation and growth
stimulation by temperature-induced compensatory growth. A transcriptomic profiling
approach was used by which RNA from skeletal muscle from individual fish from each group
was extracted and sequenced. As a result of comparing the skeletal muscle transcriptome of
fish acclimated at 2°C with that of fish acclimated at 9°C, we identified 1,187 genes that were
differentially expressed in the temperature-induced growth suppression experiment. Among
this gene set, 511 genes showed increased expression (up-regulated) and 676 genes
showed decreased expression (down-regulated) under growth suppression. Functional
classification of down-regulated genes revealed that categories of genes involved in muscle
development and contraction, transcription and translation, protein and carbohydrate
metabolism, energy metabolism and transfer, cell division and stress and immune response
were all down-regulated under growth suppression. Analysis of the skeletal muscle
transcriptome under growth stimulation conditions revealed that 610 genes were differentially
expressed. Among this gene set, 202 genes were up-regulated and 408 genes were down-
regulated under growth stimulation. Again, functional classification of up-regulated genes
revealed that categories of genes involved in muscle development and contraction, protein
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metabolism and modification, carbohydrate metabolism for ATP generation, iron transport
and binding, hemoglobin synthesis, cell adhesion and proliferation and transcription and
translation were all up-regulated under growth stimulation. Therefore, there is a clear
correspondence of biological processes that are affected under growth suppression and
growth stimulation. Consequently, we have initiated the identification of genes that show
changes in expression under both growth manipulations and that are consistent with the type
of growth modification (i.e. down-regulated under growth suppression and up-regulated
under growth stimulation). A set of 13 genes has already been identified that show expression
patterns consistent with the type of growth modification and that can be considered the first
set of potential molecular markers for somatic growth.

6 -
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Figure 4. Expression pattern of individual genes under growth suppression and growth
stimulation conditions. Genes are grouped according to their biological function.

At the present time, we are conducting investigations on the effects of density on growth. In
a first set of experiments, fish were held in groups of 8 fish per tank (with 4 replicate tanks),
4 fish per tank (with 4 replicate tanks) and also individually (with 10 replicate tanks) under
restricted feeding (at 50% of maximal feeding rate) for a period of 6 weeks. Growth data is
currently being analyzed.

. Discard Mortality Rates (DMRs) and Survival. DMRs are calculated from data that are

collected by observers regarding the release viability or injury characteristics of Pacific halibut
post-capture and are used to estimate the percentage of incidentally caught fish that die after
release. Currently, post-capture DMR estimates are based on qualitative assessments of the
physical condition of the fish (e.g., minor/moderate/severe/dead for longline gear) and have
a certain degree of uncertainty associated with them, which represents a source of
uncertainty in the estimation of total mortality within current stock assessment models. In
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practice, assigned DMRs and their uncertainty translate into a priori adjustments to expected
mortality in each upcoming year, and to the catch limits that are thereafter assigned to each
harvest sector. Given current low halibut yields relative to long-term mean productivity, this
potential to translate uncertainty into catch limit reductions can place undue hardship on
some sector(s) relative to others. Therefore, there is an urgent need to improve our estimates
of DMR as well as to provide strategies to improve survival of incidentally-caught Pacific
halibut after release.

In order to address this important issue, we are conducting investigations to understand the
relationship between fish handling practices and fish physical and physiological condition
and survival post-capture as assessed by tagging in order to better estimate post-release
survival in Pacific halibut caught incidentally in the directed and bycatch longline fisheries.
The rationale of the proposed research is based on the notion that by understanding the
relationship between handling practices, injury levels, and physiological condition, on one
hand, and between these and post-release survival, on the other hand, estimates of DMR
could be improved. An important underlying topic in this proposed research is to better
understand how a detailed assessment of physiological condition prior to release can
improve our estimates of survival after release. This research will attempt to develop and
introduce quantitative measurable factors that are linked to fish handling practices,
physiological condition and ultimately survival in order to improve current DMR estimates.
These investigations are being conducted within the framework of a 2-yr project partially
funded by the Saltonstall-Kennedy Grant Program that is led by IPHC in partnership with the
Alaska Pacific University with a grant period of 1 September 2017 — 31 August 2019
(Appendix II) (IPHC-2018-SRB012-INF02). The specific objectives of this project are (1) to
evaluate the effects of fish handling practices on injury levels and their association with the
physiological condition of captured Pacific halibut, (2) to investigate the effects of fish
handling methods and associated injury level and physiological condition on post-release
survival, (3) to apply electronic monitoring in associating fish handling methods to survival in
vessels without observer coverage and (4) to develop non-invasive methods for quantifying
measurable physiological factors indicative of stress and physiological disturbance. The
tasks delineated to pursue the abovementioned objectives are the following:

3.1. Evaluation of the effects of hook release technigues on injury levels and association
with the physiological condition of captured Pacific halibut. The work involved evaluating
the effects of different release techniques on injury levels and associated physiological
condition levels from the large (16/0) circle hooks used in the Pacific halibut longline
fishery.

Fish capture. One vessel chartered to operate in Alaskan waters (off Chignik, AK, within
IPHC s Regulatory Area 3B) was used for the study. The fishing location was selected
based on the potential to catch adult fish of both legal (82 cm and above in length) and
sub-legal (under 82 cm in length) sizes at rates that facilitate efficient completion of
project goals. Functionally, however, the fleet has a tendency to discard fish under 84
cm to avoid landing fish that would appear to be sublegal (owing to shrinkage) post icing.
Therefore, discarded fish were considered to be all fish under 84 cm in length. The vessel
operated following the standard practices of the commercial Pacific halibut fleet; namely,
in terms of the procedures and times of setting, soaking, and hauling baited longline
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gear. Two fishing trips consisting of 6 fishing days per trip, were conducted. On each
day, 3 hauls of 8 standard skates (i.e., 100 hooks) each were fished for a total of 288
skates of gear. The vessel had a secondary roller with automatic hook-removal setup
inboard of the outboard roller, and a ramp through the gunwhale to prevent damage from
landing the fish. A total of 2,487 Pacific halibut were caught, of which 79 were tagged
and released with a motion sensing accelerometer tag (96-day deployments) and 1,048
were tagged and released with a traditional wire tag (fishery recovered).

Hook release techniques. Pacific halibut were released from the hook using two different
careful release methods as well as by the use of automated hook-stripping devices (i.e.
hook stripper), yielding a total of three (3) treatments. Careful release methods included:
careful shaking and gangion cutting (approved under IPHC regulation and described in
detail in Kaimmer and Trumble, 1998). Hook straightening is also a permitted release
method, but is not used to release sub-legal fish in the directed fishery (sub-legal fish do
not have enough mass to straighten the hook but instead the hook tears straight out
when force is applied), so this treatment was not continued after an initial day of testing.
Hook release with the use of automated hook-stripping devices was also evaluated given
that, although this is not an accepted hook release method, it occurs nevertheless
whenever fish fail to be manually released. The rate at which this occurs in both directed
and non-directed longline fisheries is currently unknown, but patterns associated with
the occurrence of prior-hooking injuries (Dykstra 2016) suggests that hook-stripping may
be more prevalent than is currently assumed and may also vary spatially. Given that
hook-stripping is likely to induce the highest DMRs in longline fisheries and that its
occurrence might be easy to quantify via electronic monitoring, obtaining baseline data
for this release method was important. For this experiment, five skates of careful shaking,
two skates of hook stripping, and one skate of gangion cutting where randomly assigned
by skate of gear.

Hook injury assessment. All captured fish corresponding to each of the hook release
techniques or treatments were sampled for length and weight, and the extent of the
current hooking injury was recorded. We followed the hook injury classification scheme
initially outlined by Kaimmer (1994) and expanded by Kaimmer and Trumble (1998) into
14 different categories (i.e. injury codes) corresponding to four major severity levels (e.g.,
minor, moderate, severe, and dead).

Blood determinations. After assessing injury levels of Pacific halibut released using each
of the three above-mentioned treatments, a blood sample was taken from each fish for
hematocrit determinations and for extracting the plasma. The levels of stress and
physiological disturbance indicators (e.g., cortisol and catecholamines as endocrine
indicators of stress responses, lactate and glucose as biochemical indicators of catabolic
responses to stress, sodium, potassium ions and osmolarity as biochemical indicators of
cellular disturbance; and pH) will be measured in plasma samples.

Monitoring of environmental conditions. In addition to recording the time elapsed
between hook removal and return of tagged fish back into the ocean, sea bottom
temperature was recorded with the use of dataloggers (Vemco Minilog-Il), as well as
ambient temperature, fish temperature, and sea state (Beaufort scale).
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3.2.

Assessment of physiological condition. The physiological condition of each selected fish
from each of the three release techniques with associated injury levels will be
determined in two different ways. First, we will calculate two different condition factor
indices (i.e. Fulton’s K, relative K) that express differently the relationship between
length and weight and that have been recently used to evaluate the condition of landed
Pacific halibut (Briones Ortiz, 2017). Second, we measured the energy (fat) levels by
using a microwave-based device (Distell Fish Fatmeter, model 692, Distell, West
Lothian, Scotland) that is applied directly onto the skin of the fish allowing energy
determinations in the musculature without the need to sample tissues. This was a direct,
non-invasive and harmless measure of energy levels that can be taken from live fish
and that has also been recently used at IPHC to measure fish condition and shown to
correlate well with relative K condition index as well as with the hepatosomatic index
(Briones Ortiz, 2017). Surface body temperature was recorded with the use of a hand-
held infrared thermometer.

Investigations on the effects of fish handling methods and associated injury level and
physiological condition on post-release survival. In order to evaluate the survival of
discarded fish, two types of tagging approaches were used: 1) mark-and-recapture of
released fish with wire tags and 2) biotelemetric monitoring of released fish with the use
of satellite-transmitting electronic archival tags equipped with accelerometers.

Mark and recapture of released fish with wire tags. All fish of 84 cm in length or less
were assessed for injury levels, tagged using wire tags (as previously described by
Forsberg et al.,, 2016) and released. In brief, wire tags were inserted between the
opercular bones of the eyed side of the fish and the two ends of the tag were twisted
together around the operculum. The use of wire tags has the potential to allow for the
long-term assessment of survival in the ocean; however, we do not expect to recover
enough wire tags from this study to formally estimate rates associated with various
survival covariates, and that estimates of survival rates using this approach are
confounded by natural mortality and variable reporting rates. Releases conducted
during this study should be viewed as a foundation upon which additional releases might
be added in the future.

Biotelemetric monitoring of released fish with the use of satellite-transmitting archival
tags. A subset of captured Pacific halibut identified to be in excellent condition (e.g.,
minor injury category) were tagged with sSPAT archival tags equipped with
accelerometers (Wildlife Computers “survivorship PAT” tag, or sPAT) in order to
evaluate post-release mortality rate, time elapsed between capture and inferred
mortality, and post-release dispersal. Only the excellent viability category was studied
because the cost of deploying sPAT tags (~ $4000 US per tag) prevents large sample
sizes and restricts the scope of such studies. The excellent category was chosen as it
represents the vast majority of targeted-fishery discards and, hence, the bulk of
assumed mortality. Additionally, uncertainty regarding the survivorship of halibut that
are discarded in excellent condition has the greatest impact upon current estimates of
survivorship in the remaining viability categories. This is because the latter estimates
have been derived by comparing tag recovery rates from fish tagged within these
categories to the rate of recovery of tags from excellent fish, where the expected tag
return rate for fish in excellent condition was modelled on the basis of assumed rates of
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natural mortality, fishing mortality, and tag reporting rates. In the current study, Pacific
halibut were tagged with sPATs programmed to detach and report after 96 days at
liberty. Although this exceeds the 60-day survival period recently used to study trawl
DMRs (Rose et al., in preparation), shorter-period survivorship can be accurately
calculated using longer time-series data if desired. The longer recording period will allow
us to conduct DMR analysis that is comparable to that referenced in the trawl study
while expanding the scope of the work to gain greater insight into the possibility of
delayed mortality, as well as time-course to recovery or normal behavior, in individuals
whose records exceed 60 days. A total of 79 Pacific halibut ranging from 53-81 cm FL
were tagged from 20 October to 2 November, 2017. Sex of the fish was unknown at
time of tagging, but fin clips were collected so that genetic sex can be determined post
hoc via using molecular techniques (Drinan et al., 2018). One tag released from its host
fish immediately likely due to a tethering failure and one tag failed to produce sufficient
satellite uplinks to determine its location or download any archived acceleration data.
As such, data from 77 tags are available for analysis. Times at liberty ranged from 43-
96 days and straight-line displacement between tagging and reporting locations ranged
from 0-1,042 km. Seven tags detached from their host fish prematurely, after periods
ranging from 43-95 days, and therefore may have represented post-release mortalities.
However, inspection of the acceleration data from these tags indicates that four of the
fish were active through tag release (i.e., up to and including the last recording period
prior to the tag reaching to sea surface) and the tags therefore most likely shed from
live individuals. As such, excellent-condition longline DMR of U32 Pacific halibut in this
experiment is estimated to be 4%.
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Figure 4. Schematic diagram of the workflow of activities in Tasks 1 and 2.

3.3. Application of electronic monitoring (EM). In this project, a profile of injuries associated
with different release methods is being developed, while at the same time quantifying
the accuracy of EM in enumerating release methods, and fish conditions (Figure 5). Both
of these aspects will be necessary to transform EM imagery into useable/actionable data.
The work involved three different aspects. First, installation of an EM System involving a
standard 3-camera EM system (Archipelago Marine Research Ltd). Second, the
development of an injury profile by release method whereby Pacific halibut caught on
fixed gear were evaluated for viability and subsequent survival for the three release
methods implemented. Third, evaluation of EM data whereby reviewers recorded the
release method and condition of released fish. This data set will be compared to those
collected by personnel at sea as part of their tagging efforts (equivalent to the human
observer data).
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4. Migration

Knowledge of Pacific halibut migration throughout all life stages is necessary in order to gain
a complete understanding of stock distribution and the factors influencing that distribution.
There are a number of projects currently taking place that address migration and distribution
at various stages of Pacific halibut development.

4.1. Overall larval distribution, differences in distribution related to environmental factors,
and modelling the magnitude of connectivity between the Gulf of Alaska and Bering Sea
populations through larval drift. The major Gulf of Alaska currents (primarily the Alaska
Coastal Current) flow westward and eventually through Aleutian Island passes into the
Bering Sea (Stabeno et al. 2002). Unimak Pass is the easternmost conduit between the
two basins and is also the only direct linkage between the Gulf of Alaska and Bering
Sea continental shelves. This work involves using data collected by NOAA during their
ichthyoplankton surveys in the Gulf of Alaska and Bering Sea from 1972-2015, and
examines the connectivity of the two Pacific halibut sub-populations through larval flow
via Unimak Pass. The data include standardized catch (# organisms/m?) for each tow
and a subsample of larval lengths. The standardized catch is used as a proxy for
abundance when comparing over time and space. All organisms caught during these
surveys are sampled and enumerated, but the surveys are designed to target species
other than Pacific halibut such as pollock, salmon, and cod. As a result, annual station
location design has fluctuated somewhat to target these various species, creating a
mismatch in geographic scope over time.

While basic descriptions of larval distribution overall can be accomplished with the
standardized data, comparisons over time and space using multi-year subsets are more
difficult. As a solution, the IPHC-developed spatial model was utilized to help analyze
these subsets. Comparisons within the model include averages of density and
distribution between warm (2001-2005) and cold (2007-2013) stanzas and differences
between the ocean basins. While density estimates of larvae were slightly different (i.e.
higher in warm years than in cold years), there was also high variability and the
estimates were well within the confidence intervals, thus it was concluded that there
was no difference. However, the model did detect local differences in densities,
specifically higher densities in warm years compared to cold around Unimak Pass,
Shelikof Strait, and north of Kodiak Island, and lower densities further west in the Bering
Sea.

The next step, in collaboration with researchers at NOAA/EcoFOCI is to use a NOAA-
created larval transport model to examine differences in currents during different
climatic regimes (e.g. warm vs cold) and the resulting differences in larval advection. Of
particular interest is the differences in magnitude of larval transport through Unimak
Pass, the likelihood that larvae will be transported onto the Bering Sea shelf vs
westward toward Russia, and how far east in the Gulf of Alaska a Pacific halibut larva
can originate and still make it through Unimak Pass prior to settlement. The advection
modeling portion of this project is tentatively scheduled for Fall 2018.

Also of interest is the catch weighted mean length by month, the developmental stages
encountered in each basin for each month, and whether timing of development might
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4.2.

differ between basins. Laboratory growth studies (e.g. Liu et al. 1994, McFarlane et al.
1991) will be used to develop length proxies for age in order to analyze this component.

Migration studies targeting U32 Pacific halibut. Migration of O32 Pacific halibut has
been the focus of numerous studies over the years, but less is known about the
migration habits of U32 fish. Research in this category is designed to study the migration
of the post-settlement component of the population and includes investigations of
the dispersal of individuals not yet recruited to the commercial exploitation (U32). This
category contains a mixture of both immature (juvenile) and mature individuals
considering that a portion of the female Pacific halibut stock matures at lengths >32” FL
while male maturity is currently understood to be largely complete at much smaller
sizes. As such, the maturity ogive for male Pacific halibut falls entirely within the U32
category and for females occurs largely within O32.

Wire tagqging of U32 Pacific halibut. NMFS trawl surveys tend to catch Pacific halibut
ranging in size from about 20-100 cm FL, with the majority of the catch in the lower end
of the range. The IPHC deploys a sea sampler aboard one of these vessels for each
survey specifically to carry out biological sampling of Pacific halibut. The surveys
include the Bering Sea annually, the Gulf of Alaska biennially, and the Aleutian Islands
biennially. A total of 50% of the Pacific halibut caught on the IPHC-staffed vessel are
randomly selected for the wire tagging, and all U32 fish in that sample that are viable
according to NMFS observer criteria for trawls, are tagged and released. Beginning in
2017, NMFS also agreed to tag Pacific halibut on the vessel in the Bering Sea survey
that did not have an IPHC sampler aboard. The tagging there is more opportunistic due
to other demands on their time, but the goal is the same as on the IPHC-staffed vessel.
From 2015 through 2017, a total of 4,040 tags were released from all trawl surveys
combined: 2,204 in the Gulf of Alaska, 1,666 in the Bering Sea, and 170 in the Aleutian
Islands. A total of 24 tags have been recovered thus far. The project is expected to
continue for the next several years.

In addition to wire tagging on the trawl surveys, U32 Pacific halibut caught during the
IPHC setline surveys are also tagged in areas where otolith sampling is less than 100%
(Forsberg 2018). In these areas, U32 Pacific halibut are selected randomly for tagging
at area-specific rates with the goal of tagging 500 U32 fish per Regulatory Area. This
tagging project began in 2016 on a pilot basis and coastwide in 2017, and was designed
to complement the trawl tagging effort. The U32 Pacific halibut caught during the setline
surveys tend to have fork lengths near the upper end of the U32 size range. To date,
2,096 Pacific halibut have been tagged and released. Of those, 11 have been
recovered. All current wire tagging efforts are intended as ongoing and decadal-scale
efforts that will provide a general understanding of dispersal patterns (sensu Hilborn et
al. 1995) and insight regarding the possibility that long-term changes in dispersal may
occur at coastwide or basin-specific scales.

Electronic archival tagging. This study is scheduled to begin in summer 2018, and is
expected to provide novel information regarding ontogenic and seasonal dispersal of
U32 halibut. With respect to the ontogenic dispersal, it is generally understood that
Pacific halibut conduct contranatant migrations to the south and east (Hilborn et al.
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1995) and mark-recovery data can provide an indication of the total magnitude of
dispersal during an individual’s period at liberty. However, conventional tag data provide
no information regarding annual redistribution when periods at liberty are in excess of
one year. Dispersal-at-age is an important function whose form and magnitude must be
specified in spatially-explicit population models that allow for migration among areas.
Electronic archival tags allow for daily light-based geopositioning to be conducted,
thereby allowing dispersal to be estimated on annual and sub-annual scales.
Additionally, recorded depths allow for seasonal migration to be quantified and
associated with age and sex. Adult Pacific halibut are known to undertake cyclic
onshore-offshore migrations that correspond to the species’ annual spawning cycle
(Loher 2011) and that the nature of these migrations relative to commercial fishing
periods can influence area-specific realized exploitation rates relative to those that are
estimated assuming that the stock is non-migratory during the course of each fishing
season (Leaman et al. 2002). It is currently unknown at what age Pacific halibut begin
to undertake such migrations and whether the initiation, timing, and frequency of
seasonal migration might vary according to sex.

4.3. Migration research on 032 Pacific halibut. Studies designed to examine migration have
focused upon quantifying seasonal migratory periods and the potential for seasonal
fisheries interception, identification of spawning sites, and describing seasonal and
interannual dispersal within the Bering Sea and between the Bering Sea and Aleutian
Islands (BSAI) region and the Gulf of Alaska. This work has employed PAT tags and
has been conducted incrementally given that the high cost of these tags prevents large-
scale, coastwide deployments. To date, approximately 400 PAT tags have been
deployed to study O32 migration, with more than half of those tags deployed in the
BSAI. These deployments have expanded our understanding of the geographic extent
of halibut spawning at the southern end of the range (Loher and Blood 2009) as well as
on the Bering Sea shelf edge and in the Aleutian Islands (Seitz et al. 2011); have
indicated apparent basin-scale segregation of spawning stock (Loher and Clark 2010,
Seitz et al. 2017); provided observational data that are consistent with genetic results
(Drinan et al. 2016) in suggesting relative isolation of Pacific halibut in the western
Aleutian Islands; and confirmed mixing of stock between the Salish Sea and outer
coastal population (Loher and Soderlund in review). Tag deployments on Bowers Ridge
in 2017 (Project 650.21, above) were conducted in this context and future deployments
are anticipated that will fill additional geographic gaps in this program; in particular, in
northern California (Area 2A), Bering Sea coastal waters (4E), and the far northern
Bering Sea shelf edge (4D).

ADDRESSING PARTICULAR REQUESTS RESULTING FROM SRB11

A diagram representing the integration of biological research activities conducted in the five main
research areas at IPHC with stock assessment and harvest policy was initially presented at the
AMO094 and is shown in Appendix Ill.
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In addition to reviewing current and planned research activities conducted by the Biological and
Ecosystem Science Branch, the IPHC Secretariat would like to seek guidance from the SRB and
engage in discussion regarding the following topics:

- Linking current work on migration, growth, and physiological condition of Pacific halibut
to spatial and temporal changes in productivity of the stock.

- Gaps in our knowledge regarding our understanding of (1) spawning site contributions to
nursery/settlement areas in relation to year-class and recruit survival and strength and (2)
the relationship between nursery/settlement origin and adult distribution and abundance
over temporal and spatial scales.

- Application of genetic approaches to address management-relevant questions on
population structure, distribution, etc.
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APPENDIX |
Summary of new and continuing research projects approved for FY2018
. . Amof Budget Principal Management
FEIEELS | PIe)EeE NEE B (US$) Investigator | implications
New Projects
673.15 Influence of thermal history on growth High 136,004 Loher C_hanges n
biomass/size-at-age
650.22 Larval connectivity High 20,000 Sadorus Larval distribution
Continuing Projects
621.16 Development of genetic sexing techniques High 146,107 Loher Saeél‘?omposmon of
642.00 Assessment of Mercury and other contaminants Medium | 8,400 Dykstra Efrf](\a/::rt(; nmental
650.21 Inyestlgatlon of Pacific halibut dispersal on Bowers ngh.- 124,527 Loher Spawning areas
Ridge Medium
661.11 Ichthyophonus Incidence Monitoring Medium | 8,055 Dykstra Efrf](\a/::rtc;nmental
669 11 At-sea Collection of I_f’acn‘lc Halibut Weight to High 1,500 Soderlund Length-wglght
Reevaluate Conversion Factors relationship
670.11 erg tagging of Pacific halibut on NMFS trawl and High 12,000 Forsberg Jyvgnllg and adult
setline surveys distribution
672.12 Condition Factors for Tagged U32 Fish High 13,000 Dykstra DMR estimates
673.13 Sequencing the Pacific halibut genome High 22,500 Planas Population estimate
Changes in biomass/
673.14 Identification and validation of markers for growth High 27,900 Planas )
size-at-age
673.13 Sequencing the Pacific halibut genome High 22,500 Planas Population estimate
67411 E;/Jtl:llé:haractenzatlon of the annual reproductive High 123,988 Planas Maturity assessment
675.11 Tail pattern recognition analysis in Pacific halibut High 2,370 Dykstra Adult distribution
Total - New Projects 297,518
Total - Continuing Projects 202,482
Overall Total (all projects) 500,000
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APPENDIX Il
Summary of external research projects awarded for funding
; IPHC
Project Grant . Management .
i agency Project name Partners Budget Pl implications Grant period
($US)
Improving discard mortality rate Alaska Planas
S-K estimates in the Pacific halibut by Pacific (lead PI)
1 NOAA integrating handllng_practlces, University, | $286,121 Dykstra By_catch September 2017
physiological condition and post- Loher estimates — August 2019
; Anchorage,
release survival AK Stewart
(Award No. NA17NMF4270240) Hicks
Somatic growth processes in the
Pacific halibut (Hippoglossus AFSC- Planas Changes in
stenolepis) and their response to NOAA- (lead PI) - .| September 2017
2 NPRB temperature, density and stress Newport, $131,801 Rudy g:?am:ss/5|ze — August 2019
manipulation effects OR Loher g
(Award No. 1704)
Total awarded ($) | $418,012
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APPENDIX I

Integration of biological research, stock assessment and harvest policy

Biological

Research

Stock

assessment

mmm) Policy Decisions

Relevance for stock

Inputs to reduce stock

MSE development

Inputs to inform MSE

MSE goals

Discard Survival

Mig ration

Genetics and Genomics

Growth influence in size-at-age variation

Bycatch sunvival estimates

Discard mortality rate estimates
Juvenile and adult migratory behavior and
distribution
Larval distribution
Genetic structure of the population

Sequencing of the Pacific halibut genome

Effects of ecosystem conditions
Effects of fishing

Scale and trend in mortality

Scale and trend in productivity

Stock distribution

Geographical selectivity

Spatial dynamics

Management units

Bycatch and discard mortality
estimates

Irformation for structural choices

Recruitment indices

Information for structural choices

Operating Model

Management Procedures

Operating Model

Management Procedures

Operating Model

Management Procedures

at-age

Bycatch and discard mortality
estimates

W ariability in bycatch and
uncertainty in discard mortality
estimates

Information for structural choices
Migration pathways and rates

Timing of migration
Information for structural choices

Research areas Research outcomes i
assessment assessment uncertainty development
Sexnratio Spawning biomass scale and trend Sex ratio Operating Model Sex ratio
Reproduction Spawning output Stock productivity W aturity schedule M aturity schedule Biological sustainability
Management Procedures
Age at maturity Recruitment variability Fecundity < F ecundity
Identifi cation of growth patterns Temporal and spatialvanation in growth Predicted weight-at-age Operating Model Predicted weight-at-age
Growth S G o R EE RS Management Procedures Mechanisms for changes in weight-|  Biological sustainability

Minimize bycatch mortality

Minimize discard mortality

Biological sustainability
Preserve biocomplexity

Biological sustainability
Preserve biocomplexity
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Signature Page

Proposal No: 1375 Submitted: Dec 14, 2016

Start Date: Sep 2017 End Date: Aug 2019

Title: Somatic growth processes in the Pacific halibut (Hippoglossus stenolepis) and their response to
temperature, density and stress manipulation effects

Applicant:
Dr. David T. Wilson, International Pacific Halibut Commission

Principal Investigator(s):
Dr. Josep V. Planas (L.ead) , josep@iphc.int, International Pacific Halibut Commission

Dr. Thomas P. Hurst, thomas.hurst@noaa.gov, Alaska Fisheries Science Center NOAA - NMFS

Category:
Fishes and Invertebrates

Abstract: The Pacific halibut (Hippoglossus stenolepis) are distributed throughout the North Pacific Ocean
and its fishery is one of the most important commercial fisheries in this region. The International Pacific
Halibut Commission has been managing the Pacific halibut fishery since 1923 and throughout its history it
has recorded changes in the size-at-age (SAA) of fish caught in the commercial fishery as well as in its own
survey research efforts. Importantly, a consistent decrease in SAA has been observed since the late 1990s that
has led to steady declines in the exploitable biomass of the Pacific halibut stocks. Although the decrease in
SAA has been attributed to several potential causes, including environmental effects, such as temperature or
food availability, as well as ecological or fishery effects, our knowledge on the actual factors that influence
SAA of Pacific halibut is still scarce. This proposal aims at elucidating the potential contribution of somatic
growth in driving changes in SAA by investigating the physiological mechanisms that contribute to growth
changes in the Pacific halibut. In order to evaluate growth physiological responses in response to factors that
could participate in the observed decrease in size-at-age in Pacific halibut, we will investigate the effects of
temperature, density, social structure and stress manipulations on biochemical and molecular indicators of
growth. Emphasis will be placed on the physiological responses to temperature, given the demonstrated
importance of this environmental parameter in determining growth patterns in the Pacific halibut. This study
will lead to a significant improvement in our understanding of the physiological mechanisms regulating
growth in the Pacific halibut in response to environmental and ecological influences but also, importantly, to
the identification of molecular and biochemical growth signatures characteristic of growth patterns that will
be used to monitor growth patterns in the Pacific halibut population.

Links to Prior NPRB Projects: The present project is linked to the recently completed NPRB Project 1309
entitled “Fishery, Climate and Ecological Effects on Pacific Halibut Size-at-Age” (2013-2016). NPRB Project
1309 developed bioenergetic and integrated growth models to evaluate the effects of environmental,
ecological and fishery effects on Pacific halibut growth. The results obtained led to the conclusion that
changes in SAA in Pacific halibut may be the result of ecological and fishery effects and that, although the
data analyzed did not allow to separate the contributions of the various effects, these effects may act in
concert to affect SAA. Importantly, this project gave support to the possibility that environmental temperature
changes may have influenced halibut growth and, as a consequence, SAA. The present project builds on the
initial conclusions of NPRB Project 1309 and will demonstrate the basis of the temperature-, density- and
stress-regulated growth by investigating separately and systematically the effects of these various variables on
growth of juvenile Pacific halibut in captivity.

Total Funding Requested From NPRB: $230,127
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1. International Pacific Halibut Commission: $131,891
2. Alaska Fisheries Science Center: $98,236

Total Other Support: $132,606

1. International Pacific Halibut Commission: $68,945
2. Alaska Fisheries Science Center: $63,661

Authorizing Signature:

Signature

Printed Name

Title

Organization
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Contacts

1. Dr. Josep V. Planas [PI, Lead-PI]
International Pacific Halibut Commission
2320 West Commodore Way, Suite 300, Seattle, Washington, 98199
Phone: +1 206-552-7687
josep@iphc.int
0 Planas CV_NPRB.pdf (pdf)
2. Dr. Thomas P. Hurst [PI]
Alaska Fisheries Science Center NOAA - NMFS
Hatfield Marine Science Center, Newport, Oregon, 97365
Phone: +1 541-867-0222
thomas.hurst@noaa.gov
0 Hurst-CV2p- NPRB_2017.pdf (pdf)
3. Miss Dana Rudy [Collaborator]
International Pacific Halibut Commission
2320 West Commodore Way, Suite 300, Seattle, Washington, 98199
Phone: +1 206-552-7689
dana@iphc.int
4. Mr. Michael Larsen [Grant Manager]
International Pacific Halibut Commission
2320 West Commodore Way, Suite 300, Seattle, Washington, 98199
Phone: +1 206-552-7671
mike@iphc.int
5. Dr. David T. Wilson [Applicant]
International Pacific Halibut Commission
2320 West Commodore Way, Suite 300, Seattle, Washington, 98199
Phone: +1 206-634-1838
dave@iphc.int
6. Dr. Brian Beckman [Potential Reviewer]
Northwest Fisheries Science Center, NOAA- NMFS
2725 Montlake Blvd. E., Seattle, Washington, 98112
Phone: +1 206-860-3461
brian.beckman@noaa.gov
7. Dr. Susan Sogard [Potential Reviewer]
Southwest Fisheries Science Center, NOAA-NMFS
110 Shaffer Road, Santa Cruz, California, 95060
Phone: +1 831-420-3932
susan.sogard@noaa.gov
8. Dr. Allan Stoner [Potential Reviewer]
Alaska Fisheries Science Center, NOAA-NMFS
2030 S. Marine Science Drive, Newport, Oregon, 97365
Phone: +1 541-867-0165
al.stoner@noaa.gov
9. Mrs. Jennifer Ferdinand [Grant Manager]
Alaska Fisheries Science Center, NOAA - NMFS
7600 Sand Point Way NE, Seattle, Washington, 98115
Phone: +1 206-526-4076
jennifer.ferdinand@noaa.gov
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CURRICULUM VITAE

. PERSONAL INFORMATION
Name: Josep V. Planas
Date of birth: May 4, 1961
Place of birth: Barcelona (Spain)
Nationality: Spanish
Mailing address:  International Pacific Halibut Commission, 2320 West Commodore Way, Suite 300,
Seattle, WA 98199-1287.
Phone: +1-206-5527687; Fax: +1-206-6322983
E-mail: josep@iphc.int
Productivity indexes: h-index: 34; RG score: 38.13.
Research Gate: https://www.researchgate.net/profile/Josep_Planas2

Il. EDUCATION
B.Sc. IN BIOLOGICAL SCIENCES. (1984). University of Barcelona (Barcelona, Spain).
MASTER OF ARTS IN ENDOCRINOLOGY. (1988). University of California (Berkeley, CA).
PH. D. IN BIOLOGICAL SCIENCES. (1989). University of Barcelona (Barcelona, Spain).
PH. D. IN FISHERIES. (1993). University of Washington (Seattle, WA).

Ill. PROFESSIONAL ACTIVITIES

POSTDOCTORAL FELLOW. (1993-1996). Department of Pharmacology, School of Medicine, University of
Washington (Seattle, WA).

POSTDOCTORAL FELLOW. (1996-1998). Department of Physiology, University of Barcelona (Barcelona, Spain).

ASSISTANT PROFESSOR. (1998-2001). Department of Physiology, University of Barcelona ( Spain).

ASSOCIATE PROFESSOR. (2001-2015). Department of Physiology and Immunology, University of Barcelona
(Spain).

VISITING ASSOCIATE PROFESSOR. (FEB. 2013-AuUG. 2013). School of Aquatic and Fishery Sciences, University
of Washington (Seattle, WA).

PROGRAM HEAD IN BIOLOGICAL AND ECOSYSTEM SCIENCE. (2016-present). International Pacific Halibut
Commission (Seattle, WA).

IV. MAIN RESEARCH AREAS (KEYWORDS)
FISH PHYSIOLOGY, FISH REPRODUCTIVE BIOLOGY, FISH GENOMICS

Selected Publications (last 5 years)

Palstra, A.P., Chiba, H., Dirks, R., Planas, J.V., Ueda, H. The olfactory transcriptome and progression of sexual
maturation in homing chum salmon Oncorhynchus keta. PLoS ONE. 2015 10(9): e0137404.

Crespo, D., Goetz, F.W., Planas, JV. Luteinizing hormone induces ovulation via tumor necrosis factor a-
dependent increases in prostaglandin F,a in a nonmammalian vertebrate. Sci. Rep. 2015. 5, 14210.

Magnoni, L. J., Roher, N., Crespo, D., Krasnhov, A., Planas, J. V. In vivo molecular responses of fast and slow
muscle fibers to lipopolysaccharide in a teleost fish, the rainbow trout (Oncorhynchus mykiss). Biology. 2015.
4: 67-87.

Palstra AP, Rovira M, Rizo, D, Burgerhout E, Torrella JR, Spaink HP, Planas JV. Exercise-induced growth and
vascularization of fast skeletal muscle through activation of myogenic and angiogenic transcriptional
programs in adult zebrafish. BMC Genomics. 2014. 15: 1136.

Benzekri H, Cousin X, Armesto P, Rovira M, Crespo D, Merlo MA, Mazurais D, Bautista R, Guerrero-Fernandez
D, Ponce M, Infante C, Zambonino JL, Nidelet S, Gut M, Rebordinos L, Planas JV, Begdéut ML, Claros MG,
Manchado M. De novo assembly, characterization and functional annotation of Senegalese sole (Solea
senegalensis) and common sole (Solea solea) transcriptomes. Integration in a database and design of a
microarray. BMC Genomics. 2014. 15: 952.

Magnoni LJ, Palstra AP, Planas JV. Fueling the engine: induction of AMP-activated protein kinase in trout
skeletal muscle by swimming. J. Exp. Biol. 2014. 217: 1649-1652.

Magnoni LJ, Crespo D, Ibarz A, Blasco J, Fernandez-Borras J, Planas JV. Effects of sustained swimming on the
red and white muscle transcriptome of rainbow trout (Oncorhynchus mykiss) fed a carbohydrate-rich diet.
Comp Biochem Physiol A. 2013. 166: 510-521.

Palstra AP, Beltran S, Burgerhout E, Brittijn SA, Magnoni LJ, Henkel CV, Hansen HJ, van den Thillart GE,
Spaink HP, Planas JV. Deep RNA sequencing of the skeletal muscle transcriptome in swimming fish. PLoS
One. 2013. 8(1):e53171.
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Kaitetzidou, E., Crespo, D., Vraskou, Y., Antonopoulou, E., Planas JV. Transcriptomic response of skeletal
muscle to lipopolysaccharide in the gilthead seabream (Sparus aurata). Mar Biotechnol. 2012. 14: 605-619.

Felip, O., Ibarz, A., Fernandez-Borras, J., Beltran, M., Martin-Pérez, M., Planas JV and Blasco, J. Tracing
metabolic routes of dietary carbohydrate and protein in rainbow trout using stable isotopes (13C-starch and
*N-protein): effects of gelatinization of starches and sustained swimming. B J Nutr. 2012. 107: 834-844.

Magnoni LJ, Vraskou Y, Palstra AP, Planas JV. AMP-activated protein kinase plays an important evolutionary
conserved role in the regulation of glucose metabolism in fish skeletal muscle cells. PLoS One. 2012. 7(2):
e31219.

Yufera M, Halm S, Beltran S, Fusté B, Planas JV, Martinez-Rodriguez G. Transcriptomic Characterization of the
Larval Stage in Gilthead Seabream (Sparus aurata) by 454 Pyrosequencing. Mar Biotechnol. 2012. 14:423-
435.

Palstra AP, Planas JV. Fish under exercise. Fish Physiol Biochem. 2011. 37: 259-272. Review.

Forné |, Castellana B, Marin-Juez R, Cerda J, Abian J, Planas JV. Transcriptional and proteomic profiling of
flatfish (Solea senegalensis) spermatogenesis. Proteomics. 2011. 11: 2195-2211.

Marin-Juez R, Castellana B, Manchado M, Planas JV. Molecular identification of genes involved in testicular
steroid synthesis and characterization of the response to gonadotropic stimulation in the Senegalese sole
(Solea senegalensis) testis. Gen Comp Endocrinol. 2011. 172: 130-139.

Selected books and book chapters (last 5 years)

Manchado, M., Planas, J.V., Cousin, X., Rebordinos, L., Gonzalo Claros, M. Current Status in other Fish
Species: Description of current genomic resources for the gilthead seabream (Sparus aurata) and soles
(Solea senegalensis and Solea solea). In: “Genomics in Aquaculture”. MacKenzie, S., Jentoft, S., eds.
Academic Press. ISBN: 978-0-12-8014189. 20186, in press.

Manchado, M., Planas, J.V., Cousin, X., Rebordinos, L., Claros, M.G. Genetic and Genomic Characterization of
Soles. In: “The Biology of Sole”. Munoz-Cueto, J.A., Mananos-Sanchez, E.L., Sanchez-Vazquez, F.J., eds.
CRC Press. 2016, in press.

Rodnick, K., Planas, J.V. In: “Biology of Stress in Fish”, Fish Physiology Series, Vol. 35. Schreck, C.B., Tort, L.,
Farrell, A., Brauner, C., eds. Elsevier. ISBN: 978-0-12-802728-8. 2016, in press.

Marin-Juez, R., Capilla, E., Simoes, F., Camps, M., Planas, J.V. Structural and Functional Evolution of Glucose
Transporter 4 (GLUT4): a Look at GLUT4 in Fish. In: “Glucose Homeostasis”, Szablewski, L., ed. InTech
Open Access Publisher, Rijeka, Croatia. ISBN: 980-953-307-1140-0. 2014, pp. 37-67.

Crespo, D., Pramanick, K., Planas, J.V. Cytokines as intraovarian mediators of luteinizing hormone-induced
ovulation in fish. In: “Sexual Plasticity and Gametogenesis in Fishes”, Senthilkumaran, B., ed. Nova Science
Publishers, Inc. Hauppauge, New York. ISBN: 978-1-62618-848-8. 2013, pp. 31-48.

Magnoni, L.J.; Felip, O.; Blasco, J.; Planas, J.V. Metabolic Fuel Utilization During Swimming: Optimizing
Nutritional Requirements for Enhanced Performance. In: “Swimming Physiology of Fish: Towards Using
Exercise to Farm a Fit Fish in Sustainable Aquaculture” Palstra A.P.; Planas, J.V.; eds. Springer, Berlin.
ISBN: 978-3-642-31048-5. 2013, pp. 203-236.

Planas, J.V.; Martin-Pérez, M.; Magnoni, L.J.; Blasco, J.; Ibarz, A.; Fernandez-Borras, J.; Palstra, A.P.
Transcriptomic and Proteomic Response of Skeletal Muscle to Swimming-Induced Exercise in Fish. In:
“Swimming Physiology of Fish: Towards Using Exercise to Farm a Fit Fish in Sustainable Aquaculture”
Palstra A.P.; Planas, J.V.; eds. Springer, Berlin. ISBN: 978-3-642-31048-5. 2013, pp. 237-256.

Palstra, A.P.; Planas, J.V. (Editors) Swimming Physiology of Fish: Towards Using Exercise to Farm a Fit Fish in
Sustainable Aquaculture. Springer, Berlin. ISBN: 978-3-642-31048-5. 2013, pp: 1-429.

Other scientific and academic activities

Academic advisory roles:

- PhD supervisor: 8 PhD theses.
- MSc supervisor: 9 MSc theses

Member of the Editorial Board of the following journals:
- Reproductive Biology and Endocrinology (since 2002).
- PL0S One (Academic Editor since 2011).
- Frontiers in Experimental Endocrinology (since 2011).
- Research Journal of Endocrinology and Metabolism (since 2013).
- Fishes (since 2015).
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Thomas P. Hurst
Fisheries Behavioral Ecology Program
Alaska Fishery Science Center

NOAA-National Marine Fisheries Service phone: B6I-0222
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Background

The Pacific halibut (Hippoglossus stenolepis) is a flatfish species that is distributed throughout the North Pacific
Ocean and its fishery is one of the most important commercial fisheries in the Northeast Pacific Ocean region.
The International Pacific Halibut Commission has been managing the Pacific halibut fishery in the Northeast
Pacific Ocean off the United States and Canada since 1923 (Fig. 1) and throughout its history it has recorded
changes in the size-at-age (SAA) of fish caught in the commercial fishery as well as in its own survey research
efforts. Existing data shows that SAA steadily increased from the 1920s until historical highs in the 1990s, and
that it subsequently declined in a consistent fashion until recently to levels comparable to the first recorded
SAA values in the 1920s. From a fishery perspective, changes in SAA have important consequences on the
yields of the Pacific halibut fishery due to the changes in the amount of exploitable biomass, although the
historical record indicates that changes in SAA occur at a relatively slow rate (Stewart et al., 2016). Therefore,
the current low values of SAA combined with low recruitment of cohorts spawned at the time of the initial
decrease in SAA in the 1990s have contributed to a decrease in exploitable Pacific halibut biomass. As an
example, the estimated female average weight of a 12 yr-old Pacific halibut female has decreased from
approximately 40 Ib (net weight) in 1975 to less than 20 lb (net weight) in 2015 (Stewart and Monnahan, 2016;
Fig. 2).
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Despite the recognition of the marked decrease in SAA in the Pacific halibut population and its importance for
fisheries management, our understanding of the potential causes for this decline in SAA (and the long-term
variability) is still rather scarce. Changes in SAA in Pacific halibut have been hypothesized as being attributable
to a variety of causes, including changes in population dynamics of the Pacific halibut stock due to a density
effect, whereby high population densities would negatively affect growth, as well as changes in extrinsic factors
(Loher, 2012). It is believed that extrinsic factors such as fishing can directly and indirectly impact SAA
through size-selective harvest (as is the case in the Pacific halibut fishery), leading to the selective removal of
faster growing individuals, and by its ability to alter ecological interactions, respectively. Importantly,
environmental and ecological influences in the form of changes in ambient parameters (e.g. temperature) or in
the competitive interaction with other species can have a direct impact on SAA by regulating somatic growth.
Although other factors may be contributing, the results of a recently completed NPRB-funded study strongly
suggest that environmental temperature changes may have influenced halibut growth (Kruse et al., 2016).
However, we presently lack the tools required to evaluate the spatial, temporal, and age-specific growth patterns
to fully evaluate this hypothesis. Further, it appears likely that other environmental and ecological factors are
involved in the observed decline in SAA. Unfortunately, little is known regarding the underlying physiological
basis of somatic growth in response to these other environmental factors in this species.

Fundamentally, growth in fish is the result of a complex set of biochemical processes that result in synthesis of
new body tissues. These processes are regulated by the expression of key genes that control aspects of energy
acquisition, metabolic rates, digestive activities, energy transfer and protein synthesis. The molecular and
biochemical fine-tuning of growth responses to habitat changes is particularly relevant during periods of
environmental variability or habitat shifts. During these changes, fish may undergo compensatory or catch-up
growth following an earlier period of growth suppression induced by starvation, altered temperatures or oxygen
availability (Ali et al., 2003) with the objective to restore growth patterns. Previous work by one of the Principal
Investigators demonstrated that growth rates of juvenile Pacific halibut are more sensitive to environmental
temperature than other co-occurring flatfish species (Ryer et al., 2012). In addition, juvenile Pacific halibut have
the potential for compensatory growth following a period of reduced growth associated with low-temperature
habitats (Hurst et al. 2005). Therefore, this study represented one of the first demonstrations of the direct effects
of temperature on somatic growth in the Pacific halibut. In this species, compensatory growth was
accomplished, at least in part, by a reduction in the deposition of storage lipids: halibut increase muscle growth
at the expense of energy storage. The liver is the primary site of lipid energy storage in juvenile flatfishes (Haug
et al., 1988) such that liver mass is frequently used as an indicator of fish energetic condition (expressed as
Hepato-Somatic Index, HSI). Hurst (2004) has further shown that liver mass (reflecting lipid storage) changes
with temperature and feeding history. Combined, these results demonstrate that an understanding of the
biochemical processes occurring in the primary growth (muscle) and energy storage (liver) tissues could
provide a much more comprehensive understanding of the physiological state of Pacific halibut in relation to its
growth pattern and/or potential in response to environmental and ecological influences.

In view of this, the main goal of this study is to investigate the physiological basis of growth alterations in the
Pacific halibut in order to improve our understanding of the contribution of growth changes in the observed
decrease in size-at-age in the Pacific halibut population.In this study, the physiological growth responses to
various influencing conditions will be evaluated at the biochemical and molecular levels, including at the gene
expression and protein levels, in order to identify specific biochemical and molecular growth signatures that can
be used to identify growth responses and monitor growth patterns in the Pacific halibut population (Fig. 3).

Objectives

1. To investigate the physiological effects of temperature on growth in juvenile Pacific halibut by
describing specific biochemical, transcriptomic (gene expression) and proteomic (protein) responses to
temperature in skeletal muscle and liver, two key tissues that participate in growth regulation.
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2. To investigate the physiological effects of density and dominance hierarchies on growth potential in
order to understand the influence of population density and social interactions may influence growth
potential in the nursery areas.

3. To investigate the physiological effects of handling stress on growth in juvenile Pacific halibut in order
to understand the potential effects of handling-related stress on growth potential

Design and Approach

In order to evaluate growth physiological responses in response to factors that could contribute to the observed
decrease in size-at-age in Pacific halibut, we will investigate the effects of temperature, density, social structure
and stress manipulations on biochemical and molecular indicators of growth. Emphasis will be placed on the
physiological responses to temperature, given the demonstrated importance of this environmental parameter in
determining growth patterns in the Pacific halibut (Hurst et al., 2005; Ryer et al., 2012; Kruse et al., 2016). The
effects of temperature will be evaluated in part using state-of-the-art, high-throughput technologies that will
allow us to identify novel specific patterns of growth responses at the gene expression and protein levels at an
unprecedented depth. The transcriptomic and proteomic approaches proposed will allow us to identify
thousands of genes and hundreds of proteins that are regulated by temperature. This will lead to a significant
improvement in our understanding of the physiological mechanisms regulating growth in the Pacific halibut but
also, importantly, to the identification of molecular and biochemical growth signatures characteristic of growth
patterns that will be used to monitor growth trajectories in the Pacific halibut population. The effects of density,
social hierarchies and handling stress on growth will be investigated by focusing on known growth regulators
and stress factors at the molecular and biochemical levels. We will identify the responses that are common
across the range of growth manipulations as well as those that are specific to a single type of influence on
growth rate. Biochemical characterization of growth responses will involve quantification of the levels of
energy reserves (e.g. glycogen, triglycerides) and substrates (e.g. ATP/AMP, phosphocreatine). Importantly, we
will also measure the activity levels of AMP-dependent protein kinase (AMPK), a key energy-sensing enzyme
that under conditions of increased energy use (i.e. energy consumption with the consequent generation of AMP
from ATP) will increase catabolic pathways to restore ATP levels, under the different growth manipulation
conditions.

Experimental approaches

This proposal takes advantage of the integration of the distinct research backgrounds and technical expertise at
the AFSC and IPHC. Dr. Hurst in the Resource Assessment and Conservation Ecology Division of AFSC has
extensive experience examining the environmental influences on growth and habitat use of flatfishes including
Pacific halibut, focusing on the influences of temperature. Joining the Biological and Ecosystem Research
Program at IPHC in 2016, Dr. Josep Planas brings his extensive experience in growth physiology and genomics
to issues of fisheries ecology in the North Pacific.

All laboratory experiments will be conducted with wild juvenile Pacific halibut collected from nearshore
nursery habitats in the Gulf of Alaska (in the vicinity of Kodiak Island). Fish will be collected with small-mesh
trawls, held overnight in ambient seawater and transported by air to the AFSC laboratory in Newport, Oregon
where the experiments will be conducted. The 20,000 ft laboratory has extensive facilities for conducting
physiological and behavioral studies of cold-water marine fishes including temperature control between 0 &

16°C. This laboratory has been the site of multiple previous experiments with juvenile and sub-adult Pacific
halibut.

The studies to be conducted in this proposal are distributed among the following tasks that relate specifically to
the three specified objectives:

Task 1. Effects of temperature variation on growth potential.
Temperature has a direct influence on all aspects of physiology and is generally considered a primary regulator

Page 11 of 55



2017RFP 1375

of growth rates in fishes, as it sets the upper bounds of growth rates (e.g. “potential growth”). While the growth
rates of all ectothermic species are sensitive to temperature, laboratory studies have demonstrated that Pacific
halibut are more temperature sensitive than other North Pacific flatfishes (Hurst et al. 2005; Ryer et al. 2012).
While they can express rapid growth rates at high temperatures, they actually grow slower than northern rock
sole (Lepidopsetta polyxystra) at temperatures below 5°C. While most experimental studies of growth are
focused on early juvenile stages, it is well recognized that temperature affects the growth rates of later life
stages as well. Matta et al. (2010) demonstrated temperature-associated synchrony in annual growth rates of
sub-adult and adults of 3 Bering Sea flatfish species (yellowfin sole Limanda aspera, northern rock sole, and
Alaska plaice Pleuronectes quadrituberculatus). In addition, recent analyses have suggested that temperature
variation has been a contributing factor to the observed changes in Pacific halibut size at age (Kruse et al.
2016). The proposed experiments will describe the thermal conditions leading to maximal growth and the
temperature-induced molecular and biochemical differences between juvenile Pacific halibut growing at
different rates. Furthermore, although Ryer et al. (2012) did not find a positive correlation between growth rates
and risky behavior, the proposed experiments will specifically describe molecular and biochemical features of
skeletal muscle performance under different growth rates. The results from these studies will provide insight
into the possible effects of growth patterns on physiological mechanisms underlying swimming performance in
relation to anti-predator behavior, given that in some species high growth has been linked with decreased
swimming performance (Billerbeck et al., 2001).

Experiment 1. In order to investigate temperature-dependent growth over a wide range of temperatures to
capture the temperature variation that juvenile Pacific halibut may experience throughout its distribution range,
juvenile Pacific halibut (age 0, 5-7 cm length, N = 75) will be individually tagged (Biomark mini RFID PIT
tags) and acclimated at 10°C for 4 weeks. After the acclimation period, fish will be divided into 5 groups (N=15
per group) and reared at 2°C, 5°C, 10°C, 15°C and 20°C in triplicate tanks (N=5 per tank) for 6 weeks. After 2
weeks at each of these temperatures, fish will be measured for weight and length (time 0) and growth monitored
every 2 weeks, (at 4 and 6 weeks from the beginning of the temperature experiment). During the experiment
fish will be fed ad-libitum daily rations. Growth parameterization will allow for calculation of the temperature

at which growth is maximal (Tpax). At the end of the experiment (week 6), fish will be sacrificed by an
overdose of anesthetic (MS-222), and muscle and liver samples will be excised with one set of samples
preserved for molecular analyses in RNAlater (Invitrogen) and stored at -20°C and a second set of samples

frozen in liquid N> and stored at -80°C for biochemical and protein analyses. Experiment 2. In order to describe
the molecular and biochemical features of high growth under temperature-induced growth compensation,
individually tagged juvenile Pacific halibut (age 0, 5-7 cm length, N = 60) after a period of acclimation at 10°C
will be divided into two groups and reared at 2°C (N = 30and 10°C (N = 30) for 8 weeks, being fed ad-libitum
daily rations. Under these temperature range and time conditions, previous studies in juvenile Pacific halibut
showed marked differences in growth (Hurst et al. 2005; Ryer et al. 2012). After the 8-week temperature
regime, 10 fish from each group will be removed from the tanks and sampled as described below and will
provide information on temperature effects on growth. Subsequently, half of the fish reared at 2°C will then be
acclimated to 10°C for an additional eight weeks of growth in order to induce compensatory growth
(temperature compensation effects), as shown previously to occur in Pacific halibut following a period of
temperature-induced growth suppression (Hurst et al. 2005). Each temperature treatment will be conducted with
10 fish in each of two experimental replicate tanks. Fish will be measured at 2-week intervals to determine the
temperature-dependent growth potential. However, because the fish will be individually tagged, we will also be
able to characterize the amount and size-based pattern of individual growth rate variation. At the end of the
experiment, fish will be measured, sacrificed by an overdose of anesthetic (MS-222), muscle and liver samples
will be excised and fish will be frozen for compositional analyses. Muscle and liver tissue samples will be
preserved for molecular analyses in RNAlater (Invitrogen) and stored at -20°C until analysis. In addition,

muscle and liver tissue samples will be frozen in liquid Ny and stored at -80°C for biochemical and protein
analyses.

Task 2a. Effects of density on growth.
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Density-dependence is an important component of population regulation at a range of spatial and temporal
scales. This density-dependence is most commonly thought to be the result of competition for limited prey or
habitats. Flatfishes are considered to be particularly sensitive to this type of regulation because they exist in a 2-
dimensional habitat and can be concentrated in a smaller portion of the adults’ distribution range (Beverton et
al. 1995; Nash et al. 2007). In Pacific halibut, the potential importance of density-dependence is reflected in the
association of growth rates to stock sizes observed by Clark and Hare (2002) with growth being negatively
related to biomass or abundance. However, the direct effects of density on growth in Pacific halibut have not
been examined to date. The proposed laboratory experiment will examine the effects of rearing density on
growth and expression of growth marker genes in Pacific halibut.

Individually tagged juvenile Pacific halibut (age 0, 5-7 cm length; N = 30) will be reared at 10°C at three
different densities (1, 4 and 10 fish/tank) for 12 weeks, being fed limited daily rations at 1% growth/day in
order to mimic the effects of density-dependent competition in the wild. Two experimental replicate tanks will
be used per density treatment. Fish will be measured at 2-week intervals, with daily rations adjusted based on
increasing fish sizes. At the end of the experiment, fish will be measured and blood samples will be drawn from
the caudal vein with the use of heparinized syringes and needles. Fish will be sacrificed by an overdose of
anesthetic (MS-222), muscle and liver samples will be excised and the rest of the body will be frozen for
compositional analyses. Muscle and liver tissue samples will be preserved for molecular analyses in RNAlater
(Invitrogen) and stored at -20°C until analysis. In addition, muscle and liver tissue samples will be frozen in

liquid N> and stored at -80°C for biochemical and protein analyses. Blood samples will be centrifuged at 1,500
x g for 30 min at room temperature and plasma will be separated and stored at -80°C until assayed for
metabolites and stress hormones (see below).

Task 2b. Effects of dominance hierarchies on growth potential.

Although not as generally recognized as those of birds and mammals, fish species such as the Pacific halibut
engage in complex social interactions. While it is unknown if Pacific halibut establish persistent dominance
hierarchies in the wild, they clearly engage in size-based interactions which impact foraging opportunities.
When reared in pairs, the larger fish fed first and grew faster than the smaller fish, with the difference in growth
dependent on the magnitude of the size difference (Hurst et al. 2005). Observations with older fish (2-3 year
old) showed that when mixed-size groups were offered food, the food was usually consumed by the larger fish,
even though most often located first by the smaller fish (Stoner and Ottmar, 2004). Similar patterns were
observed among wild fish; larger fish were observed “guarding” baits from smaller fish and “stealing” baits
from smaller fish (Stoner, unpublished observations). The proposed laboratory experiment will examine the
impacts that these behavioral interactions and social dominance structures have on the growth and expression of
growth marker genes in juvenile Pacific halibut.

Individually tagged juvenile Pacific halibut (age 0, 5-7 cm length; N = 20) will be reared in pairs (2 fish/tank) at
10°C for 12 weeks in 10 experimental replicate tanks, being fed ad-libitum daily rations. Subordinate and
dominant fish will be identified by directly observing feeding responsiveness and by recording their PIT tag
IDs. At the end of the experiment, fish will be measured and blood samples will be drawn from the caudal vein
with the use of heparinized syringes and needles. Fish will be sacrificed by an overdose of anesthetic (MS-222),
muscle and liver samples will be excised and the rest of the body will be frozen for compositional analyses.
Muscle and liver tissue samples will be preserved for molecular analyses in RNAlater (Invitrogen) and stored at

-20°C until analysis. In addition, muscle and liver tissue samples will be frozen in liquid N> and stored at -80°C
for biochemical and protein analyses. Blood samples will be centrifuged at 1,500 x g for 30 min at room
temperature and plasma will be separated and stored at -80°C until assayed for metabolites and stress hormones
(see below).

Task 3. Effects of stress manipulations on growth potential.
The directed fishery for Pacific halibut is prosecuted primarily with longlines, with additional harvest of
incidental catches in trawl fisheries directed toward other species. Harvest limits and size-preferences in both
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the recreational and commercial fisheries result in substantial numbers of halibut being captured and released.
Much effort has been directed toward estimating the mortality rates of discard bycatch from fisheries (reviewed
by Davis 2002). However, for fish that survive, there can be lingering effects from the stresses associated with
capture and release that affect feeding and growth in the wild. For Pacific halibut, little is known how stress
may alter the physiology of the fish. The only studies available to date indicate that increased handling time in
Pacific halibut results in increased plasma levels of ions (i.e. potassium and sodium) and glucose and that
exposure to air and high temperatures cause a rapid elevation of plasma cortisol, glucose, lactate and ion levels
(Oddsson et al., 1994; Davis and Schreck, 2005). Therefore, cortisol and metabolites (glucose and lactate)
measured in blood can be used as stress and disturbance indicators in this species. While not designed to
specifically mimic the catch and release process, the proposed experiment will examine the effects of
experimentally-induced handling stress on growth, blood stress indicators and gene expression in halibut with
the goal of identifying biochemical and genetic markers of fish undergoing post-handling stress.

Individually tagged juvenile Pacific halibut (age 0, 5-7 cm length; N = 45) will be reared at 10°C at a density of
5 fish per tank for a total of 4 weeks, being fed ad-libitum daily rations except during the stress manipulation
period. Fish will be subjected or not (control group) to two different stress manipulations: a) air exposure for 5
min, b) air exposure for 10 min once a week for duration of the 4-week experimental period. Three
experimental replicate tanks will be used per stress treatment. Fish will be measured only at the termination of
the experiment in order to avoid additional handling stress and feeding disturbance. At the end of the
experiment, blood samples will be drawn from the caudal vein with the use of heparinized syringes and needles
and fish will be sacrificed by an overdose of anesthetic (MS-222). Muscle and liver samples will be excised and
the rest of the body will be frozen for compositional analyses. Muscle and liver tissue samples will be preserved
for molecular analyses in RNA later (Invitrogen) and stored at -20°C until analysis. In addition, muscle and

liver tissue samples will be frozen in liquid N5 and stored at -80°C for biochemical and protein analyses. Blood
samples will be centrifuged at 1,500 x g for 30 min at room temperature and plasma will be separated and
stored at -80°C until assayed for metabolites and stress hormones (see below).

Methodological approaches

In order to identify molecular and biochemical signatures that are associated with high growth patterns in the
Pacific halibut and that can be used to monitor growth patterns in the wild population, a high-throughput
approach using state-of-the-art techniques will be used. First, we will aim at identifying genes that are expressed
in skeletal muscle and liver, two important tissues involved in growth regulation, and at identifying the changes
in their expression levels under temperature-regulated growth manipulation (Task 1). This transcriptomic
approach (i.e. a qualitative and quantitative assessment of the entire collection of expressed genes or transcripts:
the transcriptome) will be performed by RNA sequencing, a technical approach that provides an unprecedented
view of the molecular mechanisms of physiological regulation, as performed in other teleost species (Scott and
Johnston, 2012; Palstra et al., 2013), and that has never been previously conducted in the Pacific halibut.
Through this approach we will be able to identify thousands of genes that respond to growth manipulation and
the physiological processes or pathways that they participate in (e.g. metabolism, energy regulation,
homeostasis, etc.). Second, we will aim at the mass identification of proteins (i.e. proteome: the collection of
proteins expressed in an organism) that are expressed in skeletal muscle and liver and their regulation under
temperature-induced growth manipulation in the Pacific halibut (Task 1). This approach will allow us to
identify hundreds of proteins that respond to growth manipulation. The application of this proteomic approach
will be an important validation to the transcriptomic approach, given that proteins are produced (i.e. translated)
as a product of the expressed genes (i.e. transcripts or messenger RNAs). Since differential regulation can occur
at the transcript and/or protein level, it is important that physiological responses at a molecular level are
assessed both at the transcript and protein levels. Through the combination of these transcriptomic and
proteomic approaches we will identify gene and protein markers for high growth patterns that can be used to
monitor growth patterns in the wild.

Molecular assessment of growth changes under density (Task 2a), dominance hierarchies (Task 2b) and stress
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(Task 3) manipulations will be performed using a “candidate gene” approach based on suitable growth markers
identified by RNA sequencing in Task 1 or by existing information on genes expressed in adult skeletal muscle
and liver currently available at IPHC (see below).

Biochemical indicators will also be measured in the proposed experiments to provide information on the levels
of metabolites and other factors (e.g. the stress hormone cortisol) under the various growth-manipulating
conditions (Tasks 1 to 3). These determinations will provide important information on the metabolic processes
that are affected by the various growth-manipulating conditions and that will help interpret the transcriptomic
and proteomic data generated. In addition, these studies will provide information on the validation of
biochemical indicators for describing growth processes in field studies.

Transcriptomic and proteomic identification of molecular changes that take place under temperature-regulated
growth and validation of potential growth molecular markers.

-Transcriptomic (gene expression) analyses. Total RNA will be extracted from skeletal muscle and liver
samples from Pacific halibut subjected to the temperature acclimation (temperature effect) and compensatory
growth (compensation effect) phases of the study and used for the transcriptomic analysis. Briefly, total RNA
samples (N = 5/tissue/group) will be sequenced (RNA sequencing or RNA-seq) at Omega Bioservices (Atlanta,
GA) using Illumina’s HiSeq2500 at a sequencing depth of approximately 25-30 million reads per sample and
the sequencing reads, after cleaning and processing, will be assembled using a de novo strategy at Omega
Bioservices. Quantitative differences in gene expression in skeletal muscle and liver among treatment groups
will be evaluated as described in Palstra et al. (2013). Specifically, analyses will involve comparison of patterns
of gene expression in muscle and liver tissues among experimental temperature treatments: 2°C versus 10°C
after temperature acclimation (N = 5 per group) and after compensatory growth (N =5 per group). The results
obtained will provide information on the sets of genes that are expressed at higher levels under conditions of
high growth. - Proteomic (protein) analyses. Proteins extracts will be obtained from skeletal muscle and liver
samples (N = 5/tissue/group) from Pacific halibut subjected to the temperature acclimation (temperature effect)
and compensatory growth (compensation effect) phases of the study and subjected to proteomic analyses. These
will consist in the separation and identification of expressed proteins by liquid chromatography - mass
spectroscopy (LC/MS). Proteome comparisons among the different temperature groups (2°C versus 10°C after
temperature acclimation (N = 5 per group) and after compensatory growth (N = 5 per group)) will be performed
by label-free proteomics analysis. Proteomic analyses will be conducted and analyzed at the Mass Spectrometry
Center at Oregon State University in Corvallis, OR. The results obtained will provide information on the sets of
proteins that are expressed at higher levels under conditions of high growth.

Molecular characterization of density-, social hierarchy-, and stress -regulated growth using novel growth
markers in the Pacific halibut.

Total RNA will be extracted from skeletal muscle and liver samples from Pacific halibut from the “density”,
(Task 2a), “hierarchy” (Task 2b), and “stress” (Task 3) experiments to characterize the physiology of growth
under these varying environmental and anthropogenic influences. Expression levels of a set of 10 genes that
show regulated expression in Task 1 will be evaluated by quantitative real time PCR (qPCR), as described in
Magnoni et al. (2013). Sequence information required for developing qPCR assays for the selected genes will
be derived from the results of Task 1 that can be complemented by a recent IPHC-generated collection of
skeletal muscle and liver expressed gene sequences generated by RNA-seq that includes more than 13,000 well-
annotated sequences. These analyses will provide quantitative information on the expression levels of the
selected growth marker genes in Pacific halibut in response to density, social and stress conditions.

Biochemical characterization of temperature-, density-, social hierarchy-, and stress -regulated growth in
skeletal muscle, liver and blood.

In skeletal muscle and liver samples from the various growth-manipulation experiments in Pacific halibut, we
will determine the levels of energy reserves and energy substrates in order to understand the biochemical
requirements of growth regulation. In particular, we will measure the levels of energy reserves in the form of
carbohydrates (i.e. glycogen) and lipids (i.e. triglycerides) in skeletal muscle and liver using standard
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methodologies, as described previously (Magnoni et al., 2015). Furthermore, we will measure the levels of
energy substrates in skeletal muscle and liver in the form of ATP and AMP in order to calculate the ATP/AMP
ratio (high ATP/AMP ratio being indicative of anabolic processes) and also of phosphocreatine, an ATP-
containing molecule that can deliver ATP or incorporate ATP according to the cellular energetic requirements,
by using commercially available assays. In addition, we will also measure the activity levels of the enzyme
AMPK in skeletal muscle and liver samples of fish under the various growth experimental paradigms by a
commercial specific enzyme-linked immunoabsorbent assay (ELISA; provider), as described previously
(Magnoni et al., 2014). In addition to tissue energy reserves, we will also measure the levels of metabolites in
the blood, including glucose and free fatty acids with the use of commercial assays, to provide information on
carbohydrate and lipid mobilization under different growth conditions. The results obtained will provide
information on the metabolic signature of high growth and how this may change under growth-manipulation
conditions. In the growth manipulation experiments involving density, dominance hierarchies and stress (Tasks
2a, 2b and 3), the levels of the stress hormone cortisol, one of the most commonly used stress indicators in fish
(Bertotto et al., 2010), will be measured by a commercial ELISA.
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Figure 1. IPHC regulatory areas for the Pacific halibut fishery.
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Figure 2. Coastwide aggregate estimated female average weight-at-age trends from setline
survey and fishery data over the last four decades. Adapted from Stewart and Monnahan, 2016.
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Figure 3. Schematic diagram of the objectives of the project with indication of the different
tasks.
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Management or Ecosystem Implication

The proposed research has important implications for our understanding of growth changes in the Pacific
halibut population given that the decrease in biomass, as evidenced by the decrease in size-at-age during the last
three decades, has been hypothesized to be the result of size-selective fishing, altered ecological interactions
and, importantly, environmental influences leading to changes in somatic growth. Specifically, the proposed
research will improve our understanding of the effects of nursery habitat conditions on growth in Pacific
halibut, namely of the effects of temperature, population density and social interactions. Furthermore, our
characterization of somatic growth regulation will lead to the development of molecular and biochemical
growth markers that will be applied in field studies to describe ontogenetic and life history changes in growth as
well as changes in growth trajectories in relation to geographic location.

Therefore, the proposed studies on the effects of temperature and density on growth will inform fishery
managers and stock assessment scientists on how changing conditions in the Pacific halibut habitat may
influence biomass through its effects on somatic growth. Furthermore, the results from these studies will have
implications for harvest policy decisions and may be used to predict future changes in biomass under different
climatic and population scenarios. The proposed studies are intended to provide information on the potential
contribution of environmentally driven growth changes to the observed decrease in size-at-age in the Pacific
halibut.

In addition, by investigating the effects of stress manipulation on growth the proposed research will inform on
the potential growth-stunting effects of handling related events in the non-directed trawl fishery. These studies
will contribute to further understand the medium- and long-term effects of fishery practices on bycatch survival
that, in turn, will have important management implications.

Community & Stakeholder Involvement

Given the great economic and societal importance of the Pacific halibut fishery for Alaska, IPHC has a long
history of working together with communities and stakeholders. On an annual basis, contacts between
communities and stakeholders and the IPHC take place formally in the framework of advisory bodies to the
IPHC that include the Conference Board, the Processors Advisory Group, the Management Strategy Advisory
Board and the Research Advisory Board. In addition to these meetings where communities and stakeholders
discuss with IPHC scientists key aspects of the Pacific halibut fishery and biology, IPHC locally interacts with
communities and stakeholders during the fishing season in ports throughout Alaska that host IPHC staff. For the
purpose of the proposed project, the research plans and results related to growth regulation in the Pacific halibut
will be formally presented to IPHC's advisory bodies and feed-back and comment will be requested. Reports on
the presentation and discussion of the proposed research to the community and stakeholders will be produced
and made publically available in the IPHC website.

Links to Prior NPRB Projects Section

The present project is linked to the recently completed NPRB Project 1309 entitled “Fishery, Climate and
Ecological Effects on Pacific Halibut Size-at-Age” (2013-2016). NPRB Project 1309 developed bioenergetic
and integrated growth models to evaluate the effects of environmental, ecological and fishery effects on Pacific
halibut growth. The results obtained led to the conclusion that changes in SAA in Pacific halibut may be the
result of ecological and fishery effects and that, although the data analyzed did not allow to separate the
contributions of the various effects, these effects may act in concert to affect SAA. Importantly, this project
gave support to the possibility that environmental temperature changes may have influenced halibut growth and,
as a consequence, SAA. The present project builds on the initial conclusions of NPRB Project 1309 and will
demonstrate the basis of the temperature-, density- and stress-regulated growth by investigating separately and
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systematically the effects of these various variables on growth of juvenile Pacific halibut in captivity.

Had prior experience with NPRB

yes

Project Management

Dr. Josep Planas will lead the IPHC component. Dr. Planas has extensive expertise in the physiological
regulation of growth in teleost fish. Relevant to this proposal, Dr. Planas also has experience in the application
of transcriptomic and proteomic approaches to flatfish physiology as a tool to understand the molecular and
biochemical basis of physiological processes in fish including growth. Dr. Planas has led and participated in a
number of previous research projects and his experience, together with that of the other Principal Investigator,
will ensure the success of this project. Ms. Dana Rudy will participate in the set-up, implementation and
sampling of the different experiments proposed.

Dr. Thomas Hurst will lead the AFSC component. Dr. Hurst has extensive experience in flatfish ecology and
has conducted seminal work on the temperature and feeding requirements for growth in Pacific halibut
juveniles. Dr. Hurst also provides essential expertise on captive fish experimentation. Dr. Hurst has led and
participated in a number of projects on the ecology and habitat distribution of flatfish species, including the
Pacific halibut.

Dr. Planas and Dr. Hurst will communicate regularly to discuss progress of the project and to discuss specific
issues related to the implementation of the project. Communication will take place by phone or Skype at
prearranged times. In addition, a kick-off meeting between Dr. Planas and Dr. Hurst will take place in Seattle,
WA during Month 1 of the project. Subsequently, Dr. Planas and Dr. Hurst will hold a second meeting in
Newport, OR at Month 6 that will coincide with either the mid-point or the termination of the first experiment.

Results from the project will be disseminated at selected fishery and scientific conferences and, importantly, by
submitting written reports in the form of scientific papers to peer-reviewed papers. Initially targeted conferences
include ComFish 2019, the Western Groundfish Conference (unannounced location in California in 2018), the
Wakefield Symposium 2018 and the Alaska Marine Science Symposium 2019. Journals that will be targeted for
publication of our results include Journal of Fish Biology, Frontiers in Marine Science, PL.oS One, Canadian
Journal of Aquatic and Fishery Science. In addition, dissemination of the outcome of this project will also take
place at meetings with the community and the stakeholders
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icesses in the Pacific halibut (Hippoglossus stenolepis) and their response to temperature, density and stress n

September, 2017 - Aug_:just, 2019
Responsible Party 2017 2018 2019

Q3/Q4(Q1/0Q2|Q3|/Q4|Q1/[Q2
Alaska Marine Science Symposyum Josep Planas, Thomas Hurst X X
Final Report Josep Planas, Thomas Hurst X
Data and Metadata Transfer Josep Planas X
Progress Report Josep Planas, Thomas Hurst | X X X X
Objective# 1 To investigate the
physiological effects of temperature on
growth in juvenile Pacific halibut by
describ_ing specific biochemigal, Josep Planas, Thomas Hurst,
transcriptomic (gene expression) and Dana Rudy X X X X X X
proteomic (protein) responses to
temperature in skeletal muscle and liver,
two key tissues that participate in growth
regulation.
Objective# 2 To investigate the
physiological effects of density and
dominance hierarchies on growth potential
in order to understand the influence of EP;(:]?;Z:yurst, Josep Planas, X X X X X
population density and social interactions
may influence growth potential in the
nursery areas.
Objective# 3 To investigate the
physiological effects of handling stress on
growth in juvenile Pacific halibut in order |Josep Planas, Thomas Hurst, x | x| x| x| x
to understand the potential effects of Dana Rudy
handling-related stress on growth
potential
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Budget
No Institution Requesting Funds
1 International Pacific Halibut Commission 131,891

1. Dr. Josep V. Planas [PI, Lead-PI]
International Pacific Halibut Commission

2. Mr. Michael Larsen [Grant Manager]
International Pacific Halibut Commission

2 Alaska Fisheries Science Center 98,236
1. Dr. Thomas P. Hurst [PI]
Alaska Fisheries Science Center NOAA - NMFS
2. Mrs. Jennifer Ferdinand [Grant Manager]
Alaska Fisheries Science Center, NOAA - NMFS
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BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut
PRINCIPAL INVESTIGATOR
Josep V. Planas
RRESNIZATION International Pacific Halibut Commission
NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL ProvidAedzufficient dgscription for each line item to reconcile the amount shown.
/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 21,401 21,615 43,016 |Unit effort and rate applied must be shown for each individual.
Technical support 21,401 21,615 1 person, 6 months per year, 2 years (YR1 and YR2)
2. Fringe benfits 4,280 4,323 8,603 |Unit effort and rate applied must be shown for each individual.
Technical support 4,280 4,323 1 person, 6 months per year, 2 years (YR1 and YR2)
3. Travel 2,050 7,000 9,050 NOAA approval must_ be obtained t_hr:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Rental car 500 0 Pl Meeting in Newport 1 person
Hotel Newport 200 0 2 nights Newport, 1 person
Per diem 150 0 3 days Newport, 1 person
Rental car 500 0 Participation in experiments in Newport, 2 people, YR1
Hotel Newport 400 0 2 nights Newport, 2 people, YR1
Per diem 300 0 3 days Newport, 2 people, YR1
Rental car 0 500 Participation in experiments in Newport, 2 people, YR2
Hotel Newport 0 400 2 nights Newport, 2 people, YR2
Per diem 0 300 3 days Newport, 2 people, YR2
Airfare domestic conference 0 1,000 2 people, YR2
Hotel conference 0 800 4 nights, 2 people, YR2
Domestic conference registration 600 Registration fees, 2 people
Per diem 0 500 5 days conference 2 people, YR2
Miscellaneous travel 0 100 Conference, YR2
Airfare Seattle-Anchorage Return 0 1,200 Alaska Marine Science Symposium, 2 people, YR2
Page 1 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut

PRINCIPAL INVESTIGATOR
Josep V. Planas

L8\ [Pl International Pacific Halibut Commission

Hotel Anchorage 0 800 4 nights, 2 people, YR2

AMSS registration 200 Registration fees, 2 people

Per diem Anchorage 0 500 5 days conference 2 people, YR2

Miscellaneous travel 0 100 Anchorage

4. Equipment (>$5,000) 0 0 0

5. Supplies (<$5,000) 7,000 8,500 15,500

Laboratory supplies 7.000 8,500 Molecular biology reagents,qPCR reagents, general laboratory chemicals,

protein determination kits, AMPK kits, antibodies

6. Contractual 22,542 26,180 48,722

Sequencing, assembly and differential gene expression analyses for 25

RNA sequencing costs 22,542 0 muscle and 25 liver samples by Omega Bioservices, Norcross, GA

Label-free mass spectrometry-based proteomic analyses on 10 muscle
Proteomic analyses 0 26,180 and 10 liver samples by Oregon State University Mass Spectrometry
Center, Corvallis, OR

7. Other Expenses 500 6,500 7,000
Shipping costs 500 Sample shipping to Omega Bioservices
Publication costs 4,000 2 papers at 2000 each

Travel to Kodiak, Ak for ComFish meeting (1 person) and educational

Outreach activities 2,500 activities at the Kodiak Fisheries Research Center (1 person).

8. Modified Total Direct Costs 0 0 131,891 | Total amount to which indirect costs are applied.

5 Inivct Costs : : o[ SRS st be Inluded i proposal. 0% may be climed fo
10. TOTAL FUNDING REQUESTED 0 0 131,891

Page 2 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL Provide sufficient df}SCI’IptIOh for each line item to reconcile the amount shown.
Add/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 3,100 3,100 6,200| Unit effort and rate applied must be shown for each individual.
3,100 3,100 Overtime during field collections
2. Fringe benfits 248 248 496 |Unit effort and rate applied must be shown for each individual.
248 248 Fringe benefit of 8% applied to overtime costs
3. Travel 8,450 11,354 19,804 NOAA approval must_ be obtained t_hl:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Airfare Portland-Kodiak Return 2,800 2,940 Fish collection - Kodiak, AK, 2 people
Rental car Kodiak 1,200 1,260 Rental car Kodiak
Hotel Kodiak 1,884 1,978 6 nights for 2 people YR1 and YR2
Per diem 1,134 1,190 7 days for 2 people YR1 and YR2
Miscellaneous travel 200 210 Newport, Portland, Kodiak
Rental car 500 0 Pl Meeting in Seattle, 1 person
Hotel Seattle 410 0 2 nights Seattle
Per diem 222 0 3 days Seattle
Miscellaneous travel 100 0 Seattle
Airfare conference 0 500 Domestic conference, 1 person
Ground transportation Newport- 0 150 1 person
Hotel conference 0 640 4 nights conference
Per diem conference 0 370 5 days, 1 person
Page 3 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

Miscellaneous travel 0 100 Conference
Airfare Portland-Anchorage Return 0 900 Alaska Marine Science Symposium
Ground transportation Newport- 0 150 1 person
Hotel Anchorage 0 396 4 nights, 1 person
Per diem Anchorage 0 570 5 days, 1 person
Miscellaneous travel 0 100 Anchorage
4. Equipment (>$5,000) 0 0 0
5. Supplies (<$5,000) 8,000 8,000 16,000
Laboratory supplies 8,000 8,000 Fish fqod, nets, plumbing supplies, dissecting equipment, fish shipping
materials, boat fuel, moorage fees
6. Contractual 23,195 24,804 47,999
Technical support 23,195 24,354 1 person, 3 months per year
Conference registration 0 450 Pl Hurst for domestic conference and Alaska Marine Science Symposium
7. Other Expenses 2,000 2,000 4,000
Shipping costs of live fish 2,000 2,000 Transport of live fish from Alaska collecting site to AFSC lab in Newport,
8. Modified Total Direct Costs 44,993 49,506 94,499 Total amount to which indirect costs are applied.
9. Indirect Costs 1,868 1,868 3,737|Indirect rate of 60.27% applied only to overtime costs.
10. TOTAL FUNDING REQUESTED 46,861 51,374 98,236
Page 4 of 5
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MULTIPLE ORGANIZATION SUMMARY

PROJECT SHORT TITLE

ALL PRINCIPAL INVESTIGATORS
ALL ORGANIZATIONS

Combine the total amounts for all

Somatic growth regulation in the Pacific halibut
in the Pacific halibut

Dr. Josep V. Planas, Dr. Thomas P. Hurst

International Pacific Halibut Commission, Alaska
Fisheries Science Center-Newport OR

organizations for each line item by year below.

NPRB NPRB NPRB Other Support
CATEGORIES Year 1 Year 2 TOTAL TOTAL
1. Salaries
24,501 24,715 49,216 102,288
2. Fringe benefits
4,528 4,572 9,100 30,318
3. Travel
10,500 18,354 28,854
4. Equipment
0 0 0
5. Supplies
15,000 16,500 31,500
6. Contractual
45,737 50,984 96,721
7. Other Expenses
2,500 8,500 11,000
8. Modified Total Direct Costs
102,766 123,625 226,391 132,606
9. Indirect Costs
1,868 1,868 3,736
10. TOTAL FUNDING REQUEST
104,634 125,493 230,127 132,606

Each individual organization must also submit a BUDGET DETAIL.
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BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut
PRINCIPAL INVESTIGATOR
Josep V. Planas
RRESNIZATION International Pacific Halibut Commission
NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL ProvidAedzufficient dgscription for each line item to reconcile the amount shown.
/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 21,401 21,615 43,016 |Unit effort and rate applied must be shown for each individual.
Technical support 21,401 21,615 1 person, 6 months per year, 2 years (YR1 and YR2)
2. Fringe benfits 4,280 4,323 8,603 |Unit effort and rate applied must be shown for each individual.
Technical support 4,280 4,323 1 person, 6 months per year, 2 years (YR1 and YR2)
3. Travel 2,050 7,000 9,050 NOAA approval must_ be obtained t_hr:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Rental car 500 0 Pl Meeting in Newport 1 person
Hotel Newport 200 0 2 nights Newport, 1 person
Per diem 150 0 3 days Newport, 1 person
Rental car 500 0 Participation in experiments in Newport, 2 people, YR1
Hotel Newport 400 0 2 nights Newport, 2 people, YR1
Per diem 300 0 3 days Newport, 2 people, YR1
Rental car 0 500 Participation in experiments in Newport, 2 people, YR2
Hotel Newport 0 400 2 nights Newport, 2 people, YR2
Per diem 0 300 3 days Newport, 2 people, YR2
Airfare domestic conference 0 1,000 2 people, YR2
Hotel conference 0 800 4 nights, 2 people, YR2
Domestic conference registration 600 Registration fees, 2 people
Per diem 0 500 5 days conference 2 people, YR2
Miscellaneous travel 0 100 Conference, YR2
Airfare Seattle-Anchorage Return 0 1,200 Alaska Marine Science Symposium, 2 people, YR2
Page 1 of 5

Page 29 of 55




2017RFP 1375

BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut

PRINCIPAL INVESTIGATOR
Josep V. Planas

L8\ [Pl International Pacific Halibut Commission

Hotel Anchorage 0 800 4 nights, 2 people, YR2

AMSS registration 200 Registration fees, 2 people

Per diem Anchorage 0 500 5 days conference 2 people, YR2

Miscellaneous travel 0 100 Anchorage

4. Equipment (>$5,000) 0 0 0

5. Supplies (<$5,000) 7,000 8,500 15,500

Laboratory supplies 7.000 8,500 Molecular biology reagents,qPCR reagents, general laboratory chemicals,

protein determination kits, AMPK kits, antibodies

6. Contractual 22,542 26,180 48,722

Sequencing, assembly and differential gene expression analyses for 25

RNA sequencing costs 22,542 0 muscle and 25 liver samples by Omega Bioservices, Norcross, GA

Label-free mass spectrometry-based proteomic analyses on 10 muscle
Proteomic analyses 0 26,180 and 10 liver samples by Oregon State University Mass Spectrometry
Center, Corvallis, OR

7. Other Expenses 500 6,500 7,000
Shipping costs 500 Sample shipping to Omega Bioservices
Publication costs 4,000 2 papers at 2000 each

Travel to Kodiak, Ak for ComFish meeting (1 person) and educational

Outreach activities 2,500 activities at the Kodiak Fisheries Research Center (1 person).

8. Modified Total Direct Costs 0 0 131,891 | Total amount to which indirect costs are applied.

5 Inivct Costs : : o[ SRS st be Inluded i proposal. 0% may be climed fo
10. TOTAL FUNDING REQUESTED 0 0 131,891
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL Provide sufficient df}SCI’IptIOh for each line item to reconcile the amount shown.
Add/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 3,100 3,100 6,200| Unit effort and rate applied must be shown for each individual.
3,100 3,100 Overtime during field collections
2. Fringe benfits 248 248 496 |Unit effort and rate applied must be shown for each individual.
248 248 Fringe benefit of 8% applied to overtime costs
3. Travel 8,450 11,354 19,804 NOAA approval must_ be obtained t_hl:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Airfare Portland-Kodiak Return 2,800 2,940 Fish collection - Kodiak, AK, 2 people
Rental car Kodiak 1,200 1,260 Rental car Kodiak
Hotel Kodiak 1,884 1,978 6 nights for 2 people YR1 and YR2
Per diem 1,134 1,190 7 days for 2 people YR1 and YR2
Miscellaneous travel 200 210 Newport, Portland, Kodiak
Rental car 500 0 Pl Meeting in Seattle, 1 person
Hotel Seattle 410 0 2 nights Seattle
Per diem 222 0 3 days Seattle
Miscellaneous travel 100 0 Seattle
Airfare conference 0 500 Domestic conference, 1 person
Ground transportation Newport- 0 150 1 person
Hotel conference 0 640 4 nights conference
Per diem conference 0 370 5 days, 1 person
Page 3 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

Miscellaneous travel 0 100 Conference
Airfare Portland-Anchorage Return 0 900 Alaska Marine Science Symposium
Ground transportation Newport- 0 150 1 person
Hotel Anchorage 0 396 4 nights, 1 person
Per diem Anchorage 0 570 5 days, 1 person
Miscellaneous travel 0 100 Anchorage
4. Equipment (>$5,000) 0 0 0
5. Supplies (<$5,000) 8,000 8,000 16,000
Laboratory supplies 8,000 8,000 Fish fqod, nets, plumbing supplies, dissecting equipment, fish shipping
materials, boat fuel, moorage fees
6. Contractual 23,195 24,804 47,999
Technical support 23,195 24,354 1 person, 3 months per year
Conference registration 0 450 Pl Hurst for domestic conference and Alaska Marine Science Symposium
7. Other Expenses 2,000 2,000 4,000
Shipping costs of live fish 2,000 2,000 Transport of live fish from Alaska collecting site to AFSC lab in Newport,
8. Modified Total Direct Costs 44,993 49,506 94,499 Total amount to which indirect costs are applied.
9. Indirect Costs 1,868 1,868 3,737|Indirect rate of 60.27% applied only to overtime costs.
10. TOTAL FUNDING REQUESTED 46,861 51,374 98,236
Page 4 of 5
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MULTIPLE ORGANIZATION SUMMARY

PROJECT SHORT TITLE

ALL PRINCIPAL INVESTIGATORS
ALL ORGANIZATIONS

Combine the total amounts for all

Somatic growth regulation in the Pacific halibut
in the Pacific halibut

Dr. Josep V. Planas, Dr. Thomas P. Hurst

International Pacific Halibut Commission, Alaska
Fisheries Science Center-Newport OR

organizations for each line item by year below.

NPRB NPRB NPRB Other Support
CATEGORIES Year 1 Year 2 TOTAL TOTAL
1. Salaries
24,501 24,715 49,216 102,288
2. Fringe benefits
4,528 4,572 9,100 30,318
3. Travel
10,500 18,354 28,854
4. Equipment
0 0 0
5. Supplies
15,000 16,500 31,500
6. Contractual
45,737 50,984 96,721
7. Other Expenses
2,500 8,500 11,000
8. Modified Total Direct Costs
102,766 123,625 226,391 132,606
9. Indirect Costs
1,868 1,868 3,736
10. TOTAL FUNDING REQUEST
104,634 125,493 230,127 132,606

Each individual organization must also submit a BUDGET DETAIL.
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UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Alaska Fisheries Science Center

7600 Sand Point Way N.E.

Seattle, Washington 98115-6349

The Alaska Fisheries Science Center (AFSC), as part of the federal government, does not have negotiated
indirect rates, nor are there standard rates for all federal agencies.

The AFSC charges indirect fees only on labor costs. For fiscal year 2017, the AFSC’s indirect rates are:
National Oceanic Atmospheric Administration (NOAA) Management Fund 22.07%

National Marine Fisheries Service (NMFS) Management Fund 12.2%

Alaska Fisheries Science Center Management Fund 16%

General Services Administration (GSA) Rent 9%

The NOAA, NMFS and AFSC Management Fund rates cover all overhead associated with the
administration of non-appropriated funding agreements (e.g., legal reviews, invoicing, budgeting,
accounting, etc...). The AFSC charges GSA rent for reimbursement of fees which are incurred while
completing outside-funded projects. These include infrastructure costs such as phones, networks, vehicle
leases, and utility charges.

Please accept this explanation of our indirect rates in lieu of a Negotiated Indirect Cost Rate Agreement.
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ROBERT ALVERSON
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TED ASSU

CAMPBELL RIVER, B.C.

JAMES BALSIGER
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INTERNATIONAL PACIFIC HALIBUT COMMISSION

EXECUTIVE DIRECTOR
DAVID T. WILSON

2320 W. COMMODORE WY, STE 300
SEATTLE, WA 98199-1287

JUNEAU, AK ESTABLISHED BY A CONVENTION BETWEEN CANADA
LINDA BEHNKEN TELEPHONE:
SITKA, AK AND THE UNITED STATES OF AMERICA (206) 634-1838
DAVID BOYES
COURTENAY, B.C.
PAUL RYALL FAX:
VANCOUVER, B.C. (206) 632-2983

November 28, 2016

To whom it may concern:

The International Pacific Halibut Commission (IPHC) does not charge an indirect cost rate
(NICRA) for federal, state or other grants and contracts that are awarded to the organization. The
intent for waiving the indirect cost rate is to improve the competiveness of the application and
the ensure that any funds received are used efficiently to further fisheries research and
management. For further clarification or questions please email me at mike@iphc.int or via
phone at 206-522-7671.

Sincerely,

International Pacific Halibut Commission
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MULTIPLE ORGANIZATION SUMMARY

PROJECT SHORT TITLE

ALL PRINCIPAL INVESTIGATORS
ALL ORGANIZATIONS

Combine the total amounts for all

Somatic growth regulation in the Pacific halibut
in the Pacific halibut

Dr. Josep V. Planas, Dr. Thomas P. Hurst

International Pacific Halibut Commission, Alaska
Fisheries Science Center-Newport OR

organizations for each line item by year below.

NPRB NPRB NPRB Other Support
CATEGORIES Year 1 Year 2 TOTAL TOTAL
1. Salaries
24,501 24,715 49,216 102,288
2. Fringe benefits
4,528 4,572 9,100 30,318
3. Travel
10,500 18,354 28,854
4. Equipment
0 0 0
5. Supplies
15,000 16,500 31,500
6. Contractual
45,737 50,984 96,721
7. Other Expenses
2,500 8,500 11,000
8. Modified Total Direct Costs
102,766 123,625 226,391 132,606
9. Indirect Costs
1,868 1,868 3,736
10. TOTAL FUNDING REQUEST
104,634 125,493 230,127 132,606

Each individual organization must also submit a BUDGET DETAIL.

Page 36 of 55




2017RFP 1375

BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut
PRINCIPAL INVESTIGATOR
Josep V. Planas
RRESNIZATION International Pacific Halibut Commission
NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL ProvidAedzufficient dgscription for each line item to reconcile the amount shown.
/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 21,401 21,615 43,016 |Unit effort and rate applied must be shown for each individual.
Technical support 21,401 21,615 1 person, 6 months per year, 2 years (YR1 and YR2)
2. Fringe benfits 4,280 4,323 8,603 |Unit effort and rate applied must be shown for each individual.
Technical support 4,280 4,323 1 person, 6 months per year, 2 years (YR1 and YR2)
3. Travel 2,050 7,000 9,050 NOAA approval must_ be obtained t_hr:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Rental car 500 0 Pl Meeting in Newport 1 person
Hotel Newport 200 0 2 nights Newport, 1 person
Per diem 150 0 3 days Newport, 1 person
Rental car 500 0 Participation in experiments in Newport, 2 people, YR1
Hotel Newport 400 0 2 nights Newport, 2 people, YR1
Per diem 300 0 3 days Newport, 2 people, YR1
Rental car 0 500 Participation in experiments in Newport, 2 people, YR2
Hotel Newport 0 400 2 nights Newport, 2 people, YR2
Per diem 0 300 3 days Newport, 2 people, YR2
Airfare domestic conference 0 1,000 2 people, YR2
Hotel conference 0 800 4 nights, 2 people, YR2
Domestic conference registration 600 Registration fees, 2 people
Per diem 0 500 5 days conference 2 people, YR2
Miscellaneous travel 0 100 Conference, YR2
Airfare Seattle-Anchorage Return 0 1,200 Alaska Marine Science Symposium, 2 people, YR2
Page 2 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE Somatic growth regulation in the Pacific halibut
in the Pacific halibut

PRINCIPAL INVESTIGATOR
Josep V. Planas

L8\ [Pl International Pacific Halibut Commission

Hotel Anchorage 0 800 4 nights, 2 people, YR2

AMSS registration 200 Registration fees, 2 people

Per diem Anchorage 0 500 5 days conference 2 people, YR2

Miscellaneous travel 0 100 Anchorage

4. Equipment (>$5,000) 0 0 0

5. Supplies (<$5,000) 7,000 8,500 15,500

Laboratory supplies 7.000 8,500 Molecular biology reagents,qPCR reagents, general laboratory chemicals,

protein determination kits, AMPK kits, antibodies

6. Contractual 22,542 26,180 48,722

Sequencing, assembly and differential gene expression analyses for 25

RNA sequencing costs 22,542 0 muscle and 25 liver samples by Omega Bioservices, Norcross, GA

Label-free mass spectrometry-based proteomic analyses on 10 muscle
Proteomic analyses 0 26,180 and 10 liver samples by Oregon State University Mass Spectrometry
Center, Corvallis, OR

7. Other Expenses 500 6,500 7,000
Shipping costs 500 Sample shipping to Omega Bioservices
Publication costs 4,000 2 papers at 2000 each

Travel to Kodiak, Ak for ComFish meeting (1 person) and educational

Outreach activities 2,500 activities at the Kodiak Fisheries Research Center (1 person).

8. Modified Total Direct Costs 0 0 131,891 | Total amount to which indirect costs are applied.

5 Inivct Costs : : o[ SRS st be Inluded i proposal. 0% may be climed fo
10. TOTAL FUNDING REQUESTED 0 0 131,891

Page 3 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

NPRB NPRB NPRB DESCRIPTION
CATEGORIES Year 1 Year 2 TOTAL Provide sufficient df}SCI’IptIOh for each line item to reconcile the amount shown.
Add/remove lines as necessary. Ensure all formula cells are correct.
1. Salaries 3,100 3,100 6,200| Unit effort and rate applied must be shown for each individual.
3,100 3,100 Overtime during field collections
2. Fringe benfits 248 248 496 |Unit effort and rate applied must be shown for each individual.
248 248 Fringe benefit of 8% applied to overtime costs
3. Travel 8,450 11,354 19,804 NOAA approval must_ be obtained t_hl:ough NPRB prior to foreign
travel on funded projects. Allow minimum of 3 months.
Domestic
Airfare Portland-Kodiak Return 2,800 2,940 Fish collection - Kodiak, AK, 2 people
Rental car Kodiak 1,200 1,260 Rental car Kodiak
Hotel Kodiak 1,884 1,978 6 nights for 2 people YR1 and YR2
Per diem 1,134 1,190 7 days for 2 people YR1 and YR2
Miscellaneous travel 200 210 Newport, Portland, Kodiak
Rental car 500 0 Pl Meeting in Seattle, 1 person
Hotel Seattle 410 0 2 nights Seattle
Per diem 222 0 3 days Seattle
Miscellaneous travel 100 0 Seattle
Airfare conference 0 500 Domestic conference, 1 person
Ground transportation Newport- 0 150 1 person
Hotel conference 0 640 4 nights conference
Per diem conference 0 370 5 days, 1 person
Page 4 of 5
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BUDGET DETAIL

PROJECT SHORT TITLE
PRINCIPAL INVESTIGATOR

ORGANIZATION

Somatic growth regulation in the Pacific halibut

in the Pacific halibut

Thomas P. Hurst

Alaska Fisheries Science Center

Miscellaneous travel 0 100 Conference
Airfare Portland-Anchorage Return 0 900 Alaska Marine Science Symposium
Ground transportation Newport- 0 150 1 person
Hotel Anchorage 0 396 4 nights, 1 person
Per diem Anchorage 0 570 5 days, 1 person
Miscellaneous travel 0 100 Anchorage
4. Equipment (>$5,000) 0 0 0
5. Supplies (<$5,000) 8,000 8,000 16,000
Laboratory supplies 8,000 8,000 Fish fqod, nets, plumbing supplies, dissecting equipment, fish shipping
materials, boat fuel, moorage fees
6. Contractual 23,195 24,804 47,999
Technical support 23,195 24,354 1 person, 3 months per year
Conference registration 0 450 Pl Hurst for domestic conference and Alaska Marine Science Symposium
7. Other Expenses 2,000 2,000 4,000
Shipping costs of live fish 2,000 2,000 Transport of live fish from Alaska collecting site to AFSC lab in Newport,
8. Modified Total Direct Costs 44,993 49,506 94,499 Total amount to which indirect costs are applied.
9. Indirect Costs 1,868 1,868 3,737|Indirect rate of 60.27% applied only to overtime costs.
10. TOTAL FUNDING REQUESTED 46,861 51,374 98,236
Page 5 of 5
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Signature Page

Proposal No:

Start Date: Sep 2017 End Date: Aug 2019

Title: Somatic growth processes in the Pacific halibut (Hippoglossus stenolepis) and their response to
temperature, density and stress manipulation effects

Applicant:
Dr. David T. Wilson, International Pacific Halibut Commission

Principal Investigator(s):
Dr. Josep V. Planas (L.ead) , josep@iphc.int, International Pacific Halibut Commission

Dr. Thomas P. Hurst, thomas.hurst@noaa.gov, Alaska Fisheries Science Center NOAA - NMFS

Category:
Fishes and Invertebrates

Abstract: The Pacific halibut (Hippoglossus stenolepis) are distributed throughout the North Pacific Ocean
and its fishery is one of the most important commercial fisheries in this region. The International Pacific
Halibut Commission has been managing the Pacific halibut fishery since 1923 and throughout its history it
has recorded changes in the size-at-age (SAA) of fish caught in the commercial fishery as well as in its own
survey research efforts. Importantly, a consistent decrease in SAA has been observed since the late 1990s that
has led to steady declines in the exploitable biomass of the Pacific halibut stocks. Although the decrease in
SAA has been attributed to several potential causes, including environmental effects, such as temperature or
food availability, as well as ecological or fishery effects, our knowledge on the actual factors that influence
SAA of Pacific halibut is still scarce. This proposal aims at elucidating the potential contribution of somatic
growth in driving changes in SAA by investigating the physiological mechanisms that contribute to growth
changes in the Pacific halibut. In order to evaluate growth physiological responses in response to factors that
could participate in the observed decrease in size-at-age in Pacific halibut, we will investigate the effects of
temperature, density, social structure and stress manipulations on biochemical and molecular indicators of
growth. Emphasis will be placed on the physiological responses to temperature, given the demonstrated
importance of this environmental parameter in determining growth patterns in the Pacific halibut. This study
will lead to a significant improvement in our understanding of the physiological mechanisms regulating
growth in the Pacific halibut in response to environmental and ecological influences but also, importantly, to
the identification of molecular and biochemical growth signatures characteristic of growth patterns that will
be used to monitor growth patterns in the Pacific halibut population.

Links to Prior NPRB Projects: The present project is linked to the recently funded NPRB Project 1309
entitled “Fishery, Climate and Ecological Effects on Pacific Halibut Size-at-Age” (2013-2016). NPRB Project
1309 developed bioenergetic and integrated growth models to evaluate the effects of environmental,
ecological and fishery effects on Pacific halibut growth. The results obtained led to the conclusion that
changes in SAA in Pacific halibut may be the result of ecological and fishery effects and that, although the
data analyzed did not allow to separate the contributions of the various effects, these effects may act in a
concerted manner to affect SAA. Importantly, this project gave support to the possibility that environmental
temperature changes may have influenced halibut growth and, as a consequence, SAA. The present project
builds on the initial conclusions of NPRB Project 1309 and will demonstrate the basis of the temperature-,
density- and stress-regulated growth by investigating separately and systematically the effects of these various
variables on growth of juvenile Pacific halibut in captivity.

Total Funding Requested From NPRB: $230,127
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1. Alaska Fisheries Science Center: $98,236

Total Other Support: $63,661

1. Alaska Fisheries Science Center: $63,661

Authorizing Signature: Ej C ! 5

Science and Research Director

1 t Tt] .
Signature NIOeAA Fisheries
Douglas P. DeMaster, Ph.D. Alaska Fisheries Science Center
Printed Name Organization
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DeMaster Signature

Jennifer.Ferdinand_1
AFSC

Jennifer.Ferdinand_2
DeMaster Title

Jennifer.Ferdinand_3
DeMaster Printed Name


20JgRRR 375

Start Date: Sep 2017 End Date: Aug 2019

Title: Somatic growth processes in the Pacific halibut (Hippoglossus stenolepis) and their response to
temperature, density and stress manipulation effects

Applicant:
Dr. David T. Wilson, International Pacific Halibut Commission

Principal Investigator(s):
Dr. Josep V. Planas (Lead) , josep@iphc.int, International Pacific Halibut Commission

Dr. Thomas P. Hurst, thomas.hurst@noaa.gov, Alaska Fisheries Science Center NOAA - NMFES

Category:
Fishes and Invertebrates

Abstract: The Pacific halibut (Hippoglossus stenolepis) are distributed throughout the North Pacific Ocean
and its fishery is one of the most important commercial fisheries in this region. The International Pacific
Halibut Commission has been managing the Pacific halibut fishery since 1923 and throughout its history it
has recorded changes in the size-at-age (SAA) of fish caught in the commercial fishery as well as in its own
survey research efforts. Importantly, a consistent decrease in SAA has been observed since the late 1990s that
has led to steady declines in the exploitable biomass of the Pacific halibut stocks. Although the decrease in
SAA has been attributed to several potential causes, including environmental effects, such as temperature or
food availability, as well as ecological or fishery effects, our knowledge on the actual factors that influence
SAA of Pacific halibut is still scarce. This proposal aims at elucidating the potential contribution of somatic
growth in driving changes in SAA by investigating the physiological mechanisms that contribute to growth
changes in the Pacific halibut. In order to evaluate growth physiological responses in response to factors that
could participate in the observed decrease in size-at-age in Pacific halibut, we will investigate the effects of
temperature, density, social structure and stress manipulations on biochemical and molecular indicators of
growth. Emphasis will be placed on the physiological responses to temperature, given the demonstrated
importance of this environmental parameter in determining growth patterns in the Pacific halibut. This study
will lead to a significant improvement in our understanding of the physiological mechanisms regulating
growth in the Pacific halibut in response to environmental and ecological influences but also, importantly, to
the identification of molecular and biochemical growth signatures characteristic of growth patterns that will
be used to monitor growth patterns in the Pacific halibut population.

Links to Prior NPRB Projects: The present project is linked to the recently funded NPRB Project 1309
entitled “Fishery, Climate and Ecological Effects on Pacific Halibut Size-at-Age” (2013-2016). NPRB Project
1309 developed bicenergetic and integrated growth models to evaluate the effects of environmental,
ecological and fishery effects on Pacific halibut growth. The results obtained led to the conclusion that
changes in SAA in Pacific halibut may be the result of ecological and fishery effects and that, although the
data analyzed did not allow to separate the contributions of the various effects, these effects may act in a
concerted manner to affect SAA. Importantly, this project gave support to the possibility that environmental
temperature changes may have influenced halibut growth and, as a consequence, SAA. The present project
builds on the initial conclusions of NPRB Project 1309 and will demonstrate the basis of the temperature-,
density- and stress-regulated growth by investigating separately and systematically the effects of these various
variables on growth of juvenile Pacific halibut in captivity.

Total Funding Requested From NPRB: $230,127
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1. International Pacific Halibut Commission: $131,891

Total Other Support: $68,945

1. International Pacific Halibut Commission: $68,945

Authorizing Signature:

W “ Executive Director

Signature Title
David T. Wilson International Pacific Halibut Commission
Printed Name Organization
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ProposalNo:

Start Date: Sep 2017 End Date: Aug 2019

Title: Somatic growth processes in the Pacific halibut (Hippoglossus stenolepis) and their response to
temperature, density and stress manipulation effects

Applicant:
Dr. David T. Wilson, International Pacific Halibut Commission

Principal Investigator(s):
Dr. Josep V. Planas (Lead) , josep@iphc.int, International Pacific Halibut Commission

Dr. Thomas P. Hurst, thomas.hurst@noaa.gov, Alaska Fisheries Science Center NOAA - NMFS

Category:
Fishes and Invertebrates

Abstract: The Pacific halibut (Hippoglossus stenolepis) are distributed throughout the North Pacific Ocean
and its fishery is one of the most important commercial fisheries in this region. The International Pacific
Halibut Commission has been managing the Pacific halibut fishery since 1923 and throughout its history it
has recorded changes in the size-at-age (SAA) of fish caught in the commercial fishery as well as in its own
survey research efforts. Importantly, a consistent decrease in SAA has been observed since the late 1990s that
has led to steady declines in the exploitable biomass of the Pacific halibut stocks. Although the decrease in
SAA has been attributed to several potential causes, including environmental effects, such as temperature or
food availability, as well as ecological or fishery effects, our knowledge on the actual factors that influence
SAA of Pacific halibut is still scarce. This proposal aims at elucidating the potential contribution of somatic
growth in driving changes in SAA by investigating the physiological mechanisms that contribute to growth
changes in the Pacific halibut. In order to evaluate growth physiological responses in response to factors that
could participate in the observed decrease in size-at-age in Pacific halibut, we will investigate the effects of
temperature, density, social structure and stress manipulations on biochemical and molecular indicators of
growth. Emphasis will be placed on the physiological responses to temperature, given the demonstrated
importance of this environmental parameter in determining growth patterns in the Pacific halibut. This study
will lead to a significant improvement in our understanding of the physiological mechanisms regulating
growth in the Pacific halibut in response to environmental and ecological influences but also, importantly, to
the identification of molecular and biochemical growth signatures characteristic of growth patterns that will
be used to monitor growth patterns in the Pacific halibut population.

Links to Prior NPRB Projects: The present project is linked to the recently funded NPRB Project 1309
entitled “Fishery, Climate and Ecological Effects on Pacific Halibut Size-at-Age” (2013-2016). NPRB Project
1309 developed bioenergetic and integrated growth models to evaluate the effects of environmental,
ecological and fishery effects on Pacific halibut growth. The results obtained led to the conclusion that
changes in SAA in Pacific halibut may be the result of ecological and fishery effects and that, although the
data analyzed did not allow to separate the contributions of the various effects, these effects may act in a
concerted manner to affect SAA. Importantly, this project gave support to the possibility that environmental
temperature changes may have influenced halibut growth and, as a consequence, SAA. The present project
builds on the initial conclusions of NPRB Project 1309 and will demonstrate the basis of the temperature-,
density- and stress-regulated growth by investigating separately and systematically the effects of these various
variables on growth of juvenile Pacific halibut in captivity.

Total Funding Requested From NPRB: $230,127
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1. International Pacific Halibut Commission: $131,891
2. Alaska Fisheries Science Center: $98,236

Total Other Support: $132,606

1. International Pacific Halibut Commission: $68,945
2. Alaska Fisheries Science Center: $63,661

Authorizing Signature:

c?:_/",-zg_/ Executive Director

Signature Title
David T. Wilson International Pacific Halibut Commission
Printed Name Organization
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Budget Narrative — Organization 1 — International Racific Halibut Commission

Total Amount requested by Organization 1 for this poject is: $131,891

1. Personnel/Salaries:

- No salary expenses are requested for IPHC Staff.

- Technical support. We request $21,401 in yeardl$21,615 in year 2 to cover the costs of
hiring temporary technical support for 6 months yxear.

Total Personnel/Salaries request: $43,016

2. Personnel/Fringe Benefits:

No fringe benefits expenses are requested for IBtHE.

- Technical support. We request $4,280 in yeardl$h323 in year 2 to cover the costs of
benefits and contract service fees.

Total Personnel/Fringe request: $8,603

3. Travel:
Domestic
Year 1:PI meeting, Newport OR (1 person)
Rental car $500
Hotel 2 days $200
Per diem 3 days/person $150
Participation in growth experiments, Newport ORpédple)
Rental car $500
Hotel 2 days $400
Per diem 3 days/person $300
Total travel request in Year 1 $2,050
Year 2:Participation in growth experiments, NewaR (2 people)
Rental car $500
Hotel 2 days $400
Per diem 3 days/person $300
2018 Western Groundfish Conference, undisclosedZ#eople)
Airfare $1,000
Hotel 4 days $800
Conference Registration $600
Per diem 5 days $500
Misc travel $100
2018 Alaska Marine Science Symposium, Anchorage (RKpeople)
Airfare Seattle - Anchorage $1200
Hotel Anchorage 4 days $800
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Conference Registration $200

Per diem 5 days Anchorage $500

Misc travel $100
Total travel request in Year 2 $7,000

Total travel request: $9,050

4. Equipment:
No equipment is requested for this project.

5. Supplies:

Year 1: Laboratory supplies - molecular biologygests, gPCR reagents, general laboratory
chemicals - $7,000

Year 2: Laboratory supplies - molecular biologygesats, gPCR reagents, general laboratory
chemicals, protein determination kits, AMPK kisitibodies $8,500

Total supplies: $15,500

6. Contractual/Consultants:
- RNA sequencing costs (Omega Bioservices, Nosc@A):
- Muscle samples. Sequencing, assembly and ditiateyene expression analyses for 25
samples: $15,028.
- Liver samples. Sequencing, assembly and diffexegene expression analyses for 25
samples: $7,514.
Proteomic analyses costs (Oregon State UnivefSayvallis OR). Label-free mass
spectrometry-based quantitative proteomic analgaekd muscle and 10 liver samples:
$26,180.

Total Contractual funds: $48,722

7. Other expenses:
- Shipping costs. We request $500 in year 1 t@cthe costs of shipping samples to Omega
Bioservices.
- Publication costs. We request $4,000 in year @ter the costs of publication of two
scientific papers resulting from the work condudtethis proposal ($2000/paper).
- Outreach activities. We request $2,500 in yetar @ver the costs travel to Kodiak, AK for
the ComFish meeting for presentation and discussi@noject activities with stakeholders (2
people) as well as educational activities at thdiflo Fisheries Research Center Aquarium (2

people).

Total Other funds requested is $7,000.

8. Indirect Costs:
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Total indirect funds requested is $0 in Year 1 an&0 in Year 2

Other Support/In kind Contributions for Organizatio n 1 — International Pacific Halibut
Commission:

Personnel/Salaries:

Principal investigator Josep Planas will dedicatechths of time (2 months each year) during
the course of this project (total cost $38,986n®Rudy will dedicate 4 months of time (2
months each year) during the course of this prdjetal cost $13,567).

Personnel/Fringe Benefits:

Fringe benefits of 20% of salary will be contribditey the International Pacific Halibut
Commission for PI-Planas (total amount of contiitmuis $13,255 over two years) and D. Rudy
(total amount of contribution is $3,137 over twass.

Total Other Support provided by International Pacific Halibut Commission for this project
is: $68,945
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Budget Narrative — Organization 2 — Alaska Fisherie Science Center

Total Amount requested by Organization A for this goject is: $98,236

1. Personnel/Salaries:

No salary expenses are requested for AFSC Staff.

Overtime expenses associated with fish collectiipg fare requested in the amount of $3,100 in gaah
of the project.

Total Personnel/Salaries request: $6,200

2. Personnel/Fringe Benefits:
Fringe benefits of 8% are applied to overtime espsn

Total Personnel/Fringe request: $496

3. Travel:
Domestic
Year 1: Fish collection — Kodiak, AK (2 people)
Airfare Portland - Kodiak $2800
Rental car $1200
Hotel 6 days/person $1884
Per diem 7 days/person $1134
Misc travel $200
Pl meeting, Seattle WA (1 person)
Rental car $500
Hotel 2 days $410
Per diem 3 days/person $222
Misc travel $100
Total travel request in Year 1 $8450
Year 2: Fish collection — Kodiak, AK (2 people)
Airfare Portland - Kodiak $2940
Rental car $1260
Hotel 6 days/person $1978
Per diem 7 days/person $1190
Misc travel $210
Domestic conference presentation
Airfare $500
Ground Newport - Portland $150
Hotel 4 days $640
Per diem 5 days $370
Misc travel $100
Alaska Marine Science Symposium
Airfare Portland - Anchorage $900
Ground Newport - Portland $150
Hotel 4 days $396
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Per diem 5 days Anchorage $570
Misc travel $100
Total travel request in Year 2 $11,455

Total travel request  $19,804

4. Equipment:
No equiptment is requested for this project.
5. Supplies:
Year 1: Laboratory supplies - fish food, nets, ghimyg supplies, dissecting equipment,
fish shipping materials, boat fuel, mooragesf $8,000
Year 2: Laboratory supplies - fish food, nets, ghimyg supplies, dissecting equipment,
fish shipping materials, boat fuel, mooragesf $8,000
Total supplies $16,000

6. Contractual/Consultants:
We request $23,195 in year 1 and $24,354 in yeéarc@ver the costs of hiring temporary technical
support for 3 months per year. This includes howdges benefits and contract servive fees.

We request $450 in year 2 for conference registetr Pl Hurst to attend the Alaska Marine Science
Symposium and one other domestic scientific confeze

Total Contractual funds requested is $47,999

7. Other:

We request $2,000 in each year to cover costsippisty live fish from Alaska collecting site to the
laboratory in Newport, OR.

Total Other funds requested is $4,000.
8. Indirect Costs:
The Alaska Fisheries Science Center’'s approveddodcost rate of 60.27% is applied only to

overtime.

Total Indirect Costs requested is $3,737

Other Support/In kind Contributions for Organizatio n 1 — Alaska Fisheries Science
Center:

Personnel/Salaries:

Principal investigator Thomas Hurst will dedicatsn8nths of time (1.5 months each year) during the
course of this project (total cost $30,525). Wd aldo dedicate 4 months of technician time (2 s
each year) to assist with fish collections and ftatmry experiments (total cost $19,210).

Personnel/Fringe Benefits:
Fringe benefits of 28% of salary will be contrilbditey the Alaska Fisheries Science Center for PlsHur
and the fisheries technician. (Total amount of dbation is $13,926 over two years).
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In addition to the specified staffing expenses, BRIl provide the laboratory facilities where the
experimental work will take place and the utilitessts of conducting the experiments. These expenses

are not independently calculated.

Total Other Support provided by Alaska Fisheries Sience Center for this project is: $63,661
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Criteria

* Fields of Expertise
0 Biological Science
0 Biochemistry
0 Ecology
0 Genetics
0 Bioenergetics
0 Population Biology
0 Socio/Economic
0 Resource Management
0 Community Involvement
* Professional Activity
0 Field Research & Data Collection
0 Fishery Management
0 Laboratory Research
* Ecosystems
0 Marine — Benthic
0 Marine — Pelagic
Ecosystem Components
o Fish
0 Species Groups
0 Halibut
0 Specific Research Issues
0 Habitat
0 Climate Change
0 Physiology
» Geographic Regions
0 Gulf of Alaska
0 Kodiak Island
» Technological Expertise/Lab Methods
0 Laboratory Methods
0 Spectrometry
0 Tissue Sampling/Biopsy
0 Genetic Analysis
0 Fatty Acid Analysis
0 Physiology

* Modeling
0 Modeling type(s)
0 Bioenergetics
0 Stock Assessment
0 Management Strategy Evaluation
0 Climate
* Physical Science Specialty Areas
0 Climate/Atmosphere
0 Climate Variability
* Management/Policy/Social
0 Harvest Strategies
0 International Fisheries
0 Essential Fish Habitat (EFH)
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A. Project Summary

Applicant Organization: International Pacific Halibut Commission (IPHC).

Project Title: Improving discard mortality rate estimates in the Pacific halibut by integrating
handling practices, physiological condition and post-release survival

S-K Research Priority: The proposed research addresses Priority #3 — “Techniques for
Reducing Bycatch and other Adverse Impacts” by investigating discard mortality in the Pacific
halibut fishery through studies designed to understand the influence of handling practices and
physiological condition of the fish on post-release survival.

Project Location: Gulf of Alaska. IPHC Regulatory Area 3B.
Requested Project PeriodSeptember 1, 2017 — August 31, 2019
Funding Requested$286,121

Name and Title of Principal Investigators:[1] Dr. Josep V. Planas, Biological and Ecosystem
Science Program Head, IPHC (Lead PI); [2] Dr. Nathan Wolf, Assistant Professor, Alaska
Pacific University; [3] Claude Dykstra, Research Biologist, IPHC; [4] Dr. Tim Loher, Research
Scientist, IPHC; [5] Dr. Bradley Harris, Assistant Professor, Alaska Pacific University.

Collaborating partners: [1] Dr. lan Stewart, Quantitative Scientist, IPHC; [2] Dr. Allan Hicks,
Quantitative Scientist, IPHC.

Species/Resources Addressetihis project addresses the directed Pacific halidiggoglossus
stenolepikfishery in the Gulf of Alaska. The results of this project will assist in revising
estimates of discard mortalities and will consequently influence the catch levels of the directed
fishery.

Description of Proposed Activities

The main objectives of this project are to address the important issue of discard mortality rates
(DMRs) of Pacific halibut in the directed and non-directed longline fisheries and to refine current
estimates of post-release survival in incidentally caught Pacific halibut. In order to accomplish
these objectives, the relationship between fish handling practices and fish physical and
physiological condition and survival post-capture as assessed by tagging will be investigated.

The IPHC accounts for all mortalities or removals of Pacific halibut in its assessment of the
stock, including bycatch as well as the incidental mortality from the commercial halibut fisheries
(also known as wastage). Estimates of incidental mortality influence the output of the stock
assessment and, consequently, the catch levels of the directed fishery. Prohibited Species Catch
limits set by the North Pacific Fishery Management Council (NPFMC) requires that all Pacific
halibut caught in non-directed fisheries must be discarded at sea, and these fisheries may be
closed when Pacific halibut catch limits are reached.

The NPFMC has identified DMRs in the Pacific halibut fishery as a research priority. The
proposed project will directly address this recommendation by providing new scientific
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information to improve current estimates of DMRs.

The specific objectives of this project include €¥pluation of the effects of fish handling
practices on injury levels and their associatiothwhie physiological condition of captured
Pacific halibut, (2) investigations on the effestdish handling methods and associated injury
level and physiological condition on post-releaseival, (3) application of electronic

monitoring in associating fish handling methodsuevival in vessels without observer coverage
and (4) development of non-invasive methods fontjiyang measurable physiological factors
indicative of stress and physiological disturbance.

Anticipated Benefits/Outcomes

This project will help refine current estimateddWIRs in the directed Pacific halibut fishery by
investigating the relationship between hook releasthods, injury levels, physiological
condition and survival post-release. This projeditadevelop and implement quantitative
measurable factors that are linked to fish handbiregtices and to fish physiological condition
and ultimately to survival in order to improve eamt DMR estimates. In addition, given the
reliance of DMR estimates on observer coverages iatehe non-halibut fisheries, this project
will pioneer the use and application of electramicnitoring to associate fish handling methods
with survival. The proposed research may help obaind reduce incidental mortality and,
consequently, will decrease possibilities for natifhut fishery closures due to exceeded discard
limits.
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B. Project Description

Background

1. Project Goals and Objectives

The proposed research falls within the scopRradrity #3 — Techniques for Reducing

Bycatch and other Adverse ImpactsSpecifically, the proposed research addresseardis
mortality in the Pacific halibut fishery throughudtes designed to understand the influence of
handling practices and physiological conditionha fish on post-release survival.

The IPHC has been responsible for the managemehé d¢facific halibutilippoglossus
stenolepi¥ stocks within the Convention waters of the Uni&édtes and Canada for nearly one
hundred years. Information on all halibut removslsitegrated by IPHC, providing annual
estimates of total mortality from all sources fisrstock assessment and related analyses.
Bycatch and wastage of Pacific halibut, as defimgthe incidental catch of fish in non-target
fisheries and by the mortality that occurs in tireated fishery (i.e. fish discarded for sublegal
size or for regulatory reasons), respectively,@epnt important sources of mortality that can
result in significant reductions in exploitablelyién the directed fishery. Due to regulatory
requirements, all Pacific halibut that are caughbycatch or that are of sublegal size in the
targeted fishery cannot be retained and must bened to the sea without sustaining additional
injury (Trumble et al., 1993). The entire discaglprocess involves: first, the capture of the fish
(by hooking in case of the longline fishery); sed¢otie handling of the fish by members of the
fishing boat and; finally, the release of the fittk into the ocean. Along the discarding
process, Pacific halibut will receive injuries amill be subjected to a variety of influencing
factors that will affect their survival potentidter release. Individual variability in terms of
survival (or its opposite, mortality) after reledsahe sea will be expected depending on the
level of injuries and stresses incurred duringdisearding process as well as on the biological
characteristics of the fish (e.g., physiologicahdition or status). Therefore, an accurate
understanding of the types and relative levelsjpiries and stresses that fish are exposed to
during the discarding process in relation to tfedgical characteristics of the fish can be
instrumental in helping better estimate the proldgitwf survival (or mortality) during the entire
discarding process (Davis, 2002).

Discard mortality rates (DMRSs) are calculated frdata that are collected by observers
regarding the release viability or injury charaistises of Pacific halibut post-capture and are
used to estimate the percentage of incidentallgfobiish that die after release. Currently, post-
capture DMR estimates are based on qualitativesassnts of the physical condition of the fish
(e.g., minor/moderate/severe/dead for longline)gaad have a certain degree of uncertainty
associated with them, which represents a sourceasdrtainty in the estimation of total mortality
within current stock assessment models. In practissigned DMRs and their uncertainty
translate int@ priori adjustments to expected mortality in each upcoméay, and to the catch
limits that are thereafter assigned to each hasegbr. Given current low halibut yields relative
to long-term mean productivity, this potential tartslate uncertainty into catch limit reductions
can place undue hardship on some sector(s) relatiothers. Therefore, there is an urgent need
to improve our estimates of DMR as well as to pilevétrategies to improve survival of
incidentally-caught Pacific halibut after release.
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Following upon initial studies of post-release mabty of longline-caught Pacific halibut in
relation to injury type (Peltonen, 1969), in thelgd990s the IPHC conducted studies designed
to relate injuries associated with capture eveiitis survival post-release in the Pacific halibut
longline fishery. Kaimmer (1994) reported that shuevival rates of fish caught and subjected to
manual hook removal (i.e. careful shake) were higjmen fish subjected to automatic hook
removal (i.e. hook stripper), with the latter mettproducing more severe injuries and resulting
in decreased growth rates in the surviving fisha Bubsequent study, Kaimmer and Trumble
(1998) reported on the survival rate of fish reéshBom the hook by various techniques and
classified under different condition codes accaydimthe extent of the hook removal injuries
and other descriptors of condition (i.e. bleedind gill color, evidence of predation and muscle
tone). The results of that study revealed that itmmdcodes closely followed the hook removal
injuries observed in the fish and, importantly ttharvival rates were higher in fish in excellent
condition when compared to fish in the poor andddeanditions, setting the ground for the use
of condition codes as predictors of survival (Kaietrand Trumble, 1998). As a result of this
research, current estimates of survival of disaafts are based exclusively on visual
assessment of the external condition of individishl, as measured by injury levels, activity,
responsiveness, etc.

It has been well recognized that fish conditioreasments that incorporate additional levels of
information on the physiological characteristicxaptured fish have improved power of
predictability of survival in discarded fish (DayR010; ICES, 2014). It is important to indicate,
on one hand, that the physiological condition ef taptured fish may influence their
susceptibility to the stress associated with capand handling events and, hence, their potential
for survival after release. On the other hand ed#fht capture and handling procedures can elicit
different physiological responses in the fish tpewith the ensuing stress, which may also
influence their survival after release. These tapegts are important because they drive most of
the variability that is observed in estimates attdrd survival (ICES, 2014). Therefore, it is
important to measure physiological indicators oést and condition in a quantitative manner in
relation to capture and handling events in ordemterstand their influence on survival after
release. Full condition assessments incorporatiygiplogical parameters can then be used as a
predictive tool to estimate discard survival rdtasalternatively DMRS) if properly calibrated

with the results of direct survival or behavioraldies (e.g., tagging and telemetry studies).

Typically, fish condition has been expressed as the relationship betwdewdight (W) and
length (L) under the assumption than heavier fighimbetter condition (i.e. fitter) than lighter
fish (Bolger and Connolly, 1989). The two most coomhy used condition factor indexes are
Fulton's condition index (K = WA) and the relative condition index (& W/ W; that expresses
measured W in relation to calculat@tfrom a population-derived W-L relationship), witbth
indexes based on weight and length characteri€insdition factor indices offer the benefit of
being calculated with measures that can be taken live fish and, therefore, are compatible
with subsequent survival studies. A recent studfopmed at IPHC showed that, ks better
correlated than K with the hepatosomatic index (HiSéd as an indirect estimate of energy
levels in the liver but that requires sacrificitg tfish for its measure) (IPHC report, in
preparation). However, despite their use to irfiercondition of fish, condition factors or HSI do
not provide a direct nor accurate measure of tleeggrievels present in the fish, which are a
determinant of fithess. The recent developmentdemdonstrated use of a non-invasive device
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("Fatmeter") to measure the fat or energy levelheffish that is based on microwave
technology and that can be used on live fish (@ncemsd Hinch, 2005) has provided the means
to incorporate energy level measurements in figldigs involving capture, handling and release
of fish. At IPHC, Fatmeter-derived energy levelshe flesh of live adult Pacific halibut have
been positively correlated with,kand HSI determinations (IPHC report, in prepargtio
validating its use in physiological condition detémations in this species. Therefore,
physiological condition of captured and handledl fiscorporating stress and disturbance
parameters in the blood, can be measured in aitatarg manner and used to associate capture
and handling events with post-release survival.

It is fair to state that the qualitative tests usedssess the viability of bycatch and sublega si
Pacific halibut are limited in their ability to agately assess physical and physiological
disturbances in a manner that can predict postselsurvival with a reasonable degree of
precision; thereby adding significantly to the unaimty of total mortality estimates within stock
assessment models. Evaluation of physiologicasstiredicators, such as circulating levels of
stress hormones (e.g., cortisol and catecholansings as epinephrine and norepinephrine) or
compounds associated with the secondary stressnesie.g., glucose, sodium, potassium,
lactic acid), offers a potential method by whictysgibal, physiological, and perceived
disturbances associated with catch events candessed and quantified in individual fish in a
manner that recognizes the systemic nature ofrbistice (Barton 2002). In addition to
providing this integrated quantitative metric, immpement of the current vitality assessment
methods with measurements of stress indicatorspr@agde more precise estimates of post-
release survival than the current vitality assessmmethods alone. Research into the
relationships between the stress response, metahasmoregulation, body condition, the
immune response, growth, and reproductive sucoesvariety of marine and freshwater fish
species (Barton 2002, Jentoft et al. 2005, Haukand€Buck 2006, Hosoya et al. 2006, Hur et
al. 2007, Fast et al. 2008) has allowed for in@dasderstanding of the physiological
mechanisms linking stress to decreased physiolbgichphysical performance and,
consequently, the utility of physiological indicez®f the stress response in predicting survival.

Plasma cortisol is the most commonly used stregdisator in fish (Bertollo et al. 2010 and
references therein). Presumably, this is due todlaive ease with which plasma samples can
be obtained and the rapid time course of increaptasma concentrations of cortisol following
the induction of a stressor (Haukenes and Buck R®@vever, the blood sampling procedure
itself can be a source of stress for subjectsetheresulting in potential increases of plasma
cortisol levels possibly as a result of samplirtifasts (Bertotto et al. 2010). Consequently, the
use of stress indicators, such as cortisol, touatalprobability of survival in bycatch and
sublegal size halibut may benefit from the develeptof a non-invasive sampling matrix that a)
can provide an accurate indication of the magnitfdée stress response, b) does not inherently
influence the stress response, and c¢) can be dgpliekly and easily in a field setting. In
particular, skin mucus has great potential as gpagmatrix for stress indicators to evaluate
survival probability in Pacific halibut. Mucus salimg can be conducted quickly and easily in
field settings, and, unlike plasma samples, muaugtes can be collected in a relatively non-
invasive fashion; thereby decreasing the likelihobthe sampling procedure influencing the
stress response. In a recent study, Bertotto €2@L0) examined cortisol levels in plasma and
mucus from three different fish species (Europesnkmssiicentrarchus labrax common
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carp Cyprinus carpi, and rainbow trout@ncorhynchus mykigsfollowing the introduction of

a physical stressor. The authors observed significareases in cortisol levels in plasma and
mucus, found a significant correlation in the @mtilevels in plasma and mucus, and concluded
that mucus cortisol is a viable candidate for maagustress in fish. To our knowledge, no
previous studies have evaluated the potential Liskim mucus for stress indicator
measurements in Pacific halibut in field or corledlexperimental settings.

In Pacific halibut, limited information is availabtegarding the measurement of physiological
stress indicators in relation to stressful evelnt®ne of the first reported studies, increased
handling time in Pacific halibut was characteribgcelevated plasma levels of potassium,
sodium and glucose (Oddsson et al., 1994). Inea fatidy, exposure to air and high
temperatures in 1- and 2-yr-old Pacific halibut wezorted to result in a rapid (within the first
30 min of exposure) elevation of cortisol, glucdsetate, sodium and potassium levels in
plasma (Davis and Schreck, 2005). However, the$®eifailed to observe a correspondence
between the primary and secondary indicators medsamd mortality rates in captive
experiments (Davis and Schreck, 2005). Importantystudies have investigated to date the
effects of capture and handling techniques on plggical stress indicators and physiological
condition and their relationship with post-releasevival in the field.

The rationale of the proposed research is basékeonotion that by understanding the
relationship between handling practices, injuryelevand physiological condition, on one hand,
and between these and post-release survival, antltee hand, estimates of DMR could be
improved. An important underlying topic in this pasal is to better understand how a detailed
assessment of physiological condition prior toastecan improve our estimates of survival after
release. This research will attempt to developiatrdduce quantitative measurable factors that
are linked to fish handling practices, physiologmandition and ultimately survival in order to
improve current DMR estimates.

For the above-stated reasons, tten goal of the proposed research isutaderstand the
relationship between fish handling practices amsth fphysical and physiological condition and
survival post-capture as assessed by tagging ierdim better estimate post-release survival in
incidentally-caught Pacific halibut in directed abgicatch longline fisheries

Specific Objectives

1. Evaluation of the effects of hook release techréqigareful shaking, hook straightening,
gangion cutting and automatic hook stripping) garyplevels and association with the
physiological condition of captured Pacific halibut

2. Investigations on the effects of hook release tieglas and associated injury levels and
physiological condition on post-release survival.

3. Application of electronic monitoring in associatihgok release techniques to survival in
vessels without observer coverage.

4. Development of non-invasive methods for measutiregévels of physiological factors
indicative of stress and physiological disturbance.

Deliverables
1. Injury profile for different hook release techues.
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Physiological assessment of hook release tegbsidish condition index at post-capture.

Assessment of post-release survival in relatidmook release techniques, associated injury

levels and physiological condition of halibut reded in excellent condition.

4. Assessment of post-release survival in relatosize.

5. Electronic monitoring of hook release technigaled associated injury levels and projected
survival.

6. Information on stress and physiological distad®indicators in the mucus, a non-invasive
sample that is easy to collect.

7. Establish the basis of a rapid assay for measameof stress and physiological disturbance

indicators in the mucus for its use in the field.

wn

2. Project Impacts

The proposed research, by investigating the relskigp between hook release methods, injury
levels, physiological condition and survival postease, will helpefine current estimates of
DMRs in the directed Pacific halibut fishery. Giventttize incidental mortality from the
commercial halibut fisheries (also known as wastage bycatch fisheries is included as part of
the total removals that are accounted for in tH¢QR stock assessment, changes in the
estimates of incidental mortality will influenceetloutput of the stock assessment and,
consequently, the catch levels of the directedcefighTherefore, the proposed research can have
a direct impact in improving the socio-economicexdmf the directed Pacific halibut fisheries
by directly benefiting fishers. Importantly, thesudts of this project will inform on the handling
techniques that, in relation to the physiologiaaidition and size of the fish, will be associated
with thehighest survival rates Thereforepest practicesfor the reduction or control of discard
mortality rates will be able to be developed angdlemented. The proposed research may help
control and reduce incidental mortality and, consedly, will reduce possibilities for fishery
closures due to exceeded discard limits.

3. Evaluation of the Project

The progress and success of the project will béuated continuously against the deliverables
that were described above (Section 1: Project GoalsObjectives) at the bi-annual project
meetings (see Section 7). Importantly, the projalitbe externally monitored and evaluated by
scientific and stakeholder groups that currentigleate research and management activities of
IPHC: the Scientific Review Board, the Researchisaoiy Board and the Management and
Strategy Advisory Board. Meetings with IPHC advisbodies will take place annually. In
addition, evaluation of the progress and succesiseoproject will also be conducted by annual
meetings (to coincide with project meetings) withey stakeholder groups that represent fishers
and fishing communities that directly or indirectlgpend on the Pacific halibut fishery (e.g.,
Alaska Longline Fishermen’s Association, North Feadtisheries Association, Pacific States
Marine Fisheries Commission; see Letters of SuppBualuation of the scientific merit and
success of the proposed research will also talee plaough the publication of the results in
reputed peer-review journals and in the presemtatfdghe results in scientific and fisheries-
related conferences as well as the Electronic Monig Workshop.

Evaluation steps: a) Project confirmation of delades; b) Presentation of progress and results
to IPHC advisory bodies; c) Presentation of progeesd results to stakeholder groups; d)
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Submission of research articles to peer-reviewddigations; e) Presentation of results in
scientific and fisheries-related conferences.

4. Need for Government Financial Assistance

Although the project provides substantial non-fatleontributions (matching funds), financial
assistance is specifically requested for reseastititées and personnel needs that cannot be
funded otherwise by the participating institutiamshis project. Specifically, federal funding
requested is for survival assessment by taggiegireinic monitoring, hiring of necessary
additional personnel to conduct field and land-dassearch, and also for conducting the fish
holding studies and physiological determinations.ddditional funding has been requested from
other sources. The successful completion of thogept is dependent on the provision of funding
from federal and non-federal (matching) sourcethiasproject falls directly within one of the
priorities of the current Saltonstall-Kennedy Reskdrogram as well as within the research
priorities of the NPFMC.

5. Federal, State, and Local Government Activitieand Permits.

IPHC conducts extensive field studies in Alaskauetlly, abiding by all state, federal, and Coast
Guard requirements. Additionally, all operationdl warry a Letter of Acknowledgement from
NMFS’s Alaska Fisheries Science Center specifitiéowork, and incidental bird take permits
from the USFWS. All standard post cruise reportieguirements (research fish landing tickets
etc.) will be observed.

6. Statement of Work.

a) Project Design:

As stated above, the main overarching goal ofrégsarch proposal is to understand the
relationship between hook release techniques ahdfiysical and physiological condition with
survival post-capture as assessed by tagging (gsecl and 2; Tasks 1 and 2) in order to
better estimate post-release survival of discafidedn the directed Pacific halibut longline
fishery (wastage) and other longline fisheries theitdentally catch Pacific halibut. The earliest
studies linking longline injury post-release sualiemployed “J” hooks (Peltonen, 1969) and
studies linking release methods with post-releaséwal of Pacific halibut were conducted
using small (13/0) circle hooks (Kaimmer and Truegpldl998), both of which are unlike the large
(16/0) circle hooks that comprise roughly 75% af fishing effort applied in the directed Pacific
halibut longline fisheries. Furthermore, physiotmdistress and disturbance indicators have not
been measured and quantified previously in relatioelease methods, hook injury levels, and
post-release survival in the Pacific halibut. Theme the proposed studies aim at providing
guantifiable measurable factors that are linkefisto handling practices and to fish physiological
condition and ultimately to survival in the Pacifialibut. In addition, electronic monitoring will
be investigated as a means to obtain informatiorelmase methods employed by commercial
fishers and to facilitate the association of redeaethods with injury levels, physiological
condition, and post release survival in vessellaut observer coverage (Objective 3; Task 3).
Furthermore, exploration of non-invasive detectioethods of physiological stress and
disturbance indicators will be conducted to devdbsp, simple, and accurate physiological
monitoring to be used in the field (Objective 4skd&). Finally, the implication of revised

DMRs for estimating removals of Pacific halibuiémgline fisheries, for stock assessment and
the harvest policy will be assessed.
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Description of tasks:

Task 1. Evaluation of the effects of hook releasdniques on injury levels and association with
the physiological condition of captured Pacificibat. The work proposed involves evaluating
the effects of different release techniques omnjevels and associated physiological condition
levels using the large (16/0) circle hooks usethePacific halibut longline fishery.

- Fish capture One vessel chartered to operate in Alaskan wéigtisin IPHC’s Regulatory
Area 3B) will be used for the study. The fishingdtion will be selected based on the potential
to catch adult fish of both legal (82 cm and abiovength) and sub-legal (under 82 cm in
length) sizes at rates that facilitate efficientngdetion of project goals. Functionally, however,
the fleet has a tendency to discard fish undem84acavoid landing fish that would appear to
be sublegal (owing to shrinkage) post icing. Thamfdiscard fish are considered to be all fish
under 84 cm in length. The vessel will operateofwlhg the standard practices of the
commercial Pacific halibut fleet; namely, in terofghe procedures and times of setting,
soaking, and hauling baited longline gear. Aveldagesoaking times used in the commercial
fleet will be adopted. Two (2) fishing trips congig of six (6) fishing days per trip will be
targeted. On each day, three (3) hauls of eighstg8)dard skates (i.e., 100 hooks) each will be
targeted for a total of two hundred and eighty £{@B88) skates of gear. Vessel will need to
have a secondary roller with automatic hook-remeetlip inboard of the outboard roller.
Based on IPHC's survey data from 2016 in Regulatoga 3B and the proposed effort, we
estimate to catch a total of 1,864 fish, with 1,%28 at or under 84 cm and 635 fish over 84
cm in length.

Hook release techniqueBacific halibut will be released from the hookngsthree different
careful release methods as well as by the usetofreated hook-stripping devices (i.e. hook
stripper), yielding a total of four (4) treatment$ie careful release methods used will be:
careful shaking, hook straightening, and gangidtiray(approved under IPHC regulation and
described in detail in Kaimmer and Trumble, 19%8)ok release with the use of automated
hook-stripping devices will also be evaluated gitteatt, although this is not an accepted hook
release method, it occurs nevertheless whenevefdilsto be manually unhooked. The rate at
which this occurs in both directed and non-diredtedline fisheries is currently unknown, but
patterns associated with the occurrence of priakiny injuries (Dykstra 2016) suggests that
hook-stripping may be more prevalent than is culyaassumed and may also vary spatially.
Given that hook-stripping is likely to induce thigest DMRs in longline fisheries and that its
occurrence might be easy to quantify via electremimitoring, obtaining baseline data for this
release method is important. In order to evenlirithiste the release treatments throughout the
course of the experiment, release methods wilebhdamly assigned by skate, within each set
of gear, so that each haul will consist of two ekaif each release method.

Hook injury assessmerll landed fish corresponding to each of the hoelkase techniques

or treatments will be measured for length and weigkamined to record the extent of the
hook injury, sampled for blood and their physiotadicondition will be assessed. We will
follow the hook injury classification scheme inilyaoutlined by Kaimmer (1994) and
expanded by Kaimmer and Trumble (1998) into 14edéifit categories (i.e. injury codes)
corresponding to four major severity levels (engjnor, moderate, severe, and dead). Only fish
that are 84 cm or less in length will be tagged.

Blood samplingAfter assessing injury levels of Pacific halibeleased using each of the four
above-mentioned treatments, a blood sample (appedgly 1-2 ml) will be taken for each fish
from the caudal vein with the use of heparinizedddermic needles and syringes and stored
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on ice until centrifugation. At regular intervaldpod samples from several fish will be

centrifuged on board in microcentrifuge tubes 80@,x g for 30 min at room temperature

using a small field centrifuge (Eppendorf). Plasamples will be separated from the cellular
component of the blood with the use of a Pastequetf®, transferred to new pre-labeled
microcentrifuge tubes and kept frozen in dry icéluhey can be stored at -80 C. The
procedure to retrieve blood samples and the anafusibod extracted are routine and will not
impinge any negative effects on the condition effish nor on their survival. Prior to
centrifugation, extracted blood samples will bedufse hematocrit (i.e. percentage of red
blood cells in the blood relative to the volume)ediminations by filling glass capillary tubes
with blood and centrifuging them in a field capijlacentrifuge.

Monitoring of environmental conditionk addition to recording the time elapsed between

hook removal and return of tagged fish back ineodbean, sea bottom temperature will be

recorded with the use of dataloggers (Star Oddi D&Ti-TD), as well as ambient
temperature, light intensity on deck and sea ¢Bgaufort scale).

- Assessment of physiological conditidine physiological condition of each selected frem
each of the four release techniques with associajexy levels will be determined in two
different ways. First, we will calculate two diffext condition factor indices (i.e. Fulton’s K,
relative K) that express differently the relatioipsbetween length and weight and that have
been recently used to evaluate the condition afddrPacific halibut (IPHC report, in
preparation). Second, we will calculate the endfaty levels by using a microwave-based
device (Distell Fish Fatmeter, model 692, Distélest Lothian, Scotland) that is applied
directly onto the skin of the fish allowing enemgterminations in the musculature without the
need to sample tissue (Fig. 1). This is a direzt-imvasive and harmless measure of energy
levels that can be taken from live fish (Donaldstral, 2010, Sang et. al, 2009) and that has
also been recently used at IPHC to measure fistliton and shown to correlate well with
relative K condition index as well as with the heg@matic index (IPHC report, in
preparation). Surface body temperature will be réed with the use of a hand-held infrared

thermometer.
i L e

bl

Fig. 1. Use of the Fish Fatmeter in field studie®acific halibut (Photo by B. Ortiz)

- Blood plasma measure$he levels of stress and physiological disturleandicators (e.g.,
cortisol, catecholamines, lactate, glucose, sodinthpotassium ions, osmolarity and pH,
hematocrit) will be measured in the blood plasnmagas of selected fish by release technique
with associated injury levels and condition indexidse plasma levels of cortisol and
catecholamines, as endocrine indicators of stesggonses, will be measured by enzyme
linked immunoabsorbent assay (ELISA; 2-CAT Reseé&lida Kit, Labor Diagnostika Nord,
Germany) at IPHC. The levels of lactate and glucaséiochemical indicators of catabolic
responses to stress, will be measured directlygrptasma samples by standard commercial
colorimetric assay kits at IPHC. The plasma lee¢lsodium and potassium ions, osmolarity
and pH will be measured by blood gas analysis€tddne in collaboration with NMFS).
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Task 2. Investigations on the effects of fish hamglmethods and associated injury level and

physiological condition on post-release survivalotder to evaluate the survival of discarded

fish, two types of tagging approaches will be usgdnark-and-recapture of released fish with
wire tags and 2) biotelemetric monitoring of reksdéish with the use of satellite-transmitting
electronic archival tags equipped with acceleromsete

Mark and recapture of released fish with wire tafl selected fish (84 cm or less) from each
of the release techniques that have associatery ilguel and physiological condition will be
tagged using wire tags, as previously describedsfferg et al., 2016). In brief, wire tags are
inserted between the opercular bones of the egledagithe fish and the two ends of the tag are
twisted together around the operculum. The useief tags will allow for the long-term
assessment of survival in the ocean; howeverwbigh-noting that we do not expect to
recover enough wire tags within the study’s statexdlod to formally estimate rates associated
with various survival covariates, and that estimatesurvival rates using this approach are
confounded by natural mortality and unreported pagas. A total of ~300 fish will be tagged
per treatment.

Biotelemetric monitoring of released fish with tiee of satellite-transmitting archivedgs A
group of 80 fish that are determined to be in droglcondition (e.g., minor injury category)
will also be tagged with Wildlife Computers (RedrdoiVashington) sPAT archival tags
equipped with accelerometers in order to evaluagt-elease mortality. Only a single
viability category will be studied due to the higbst of these tags. Here, we have chosen the
excellent category because it represents the vasrity of targeted-fishery discards and,
hence, the bulk of assumed mortality. Additionallgcertainty regarding the survivorship of
halibut that are discarded in excellent conditias the greatest impact upon current estimates
of survivorship in the remaining viability categesi This is because the latter estimates have
been derived by comparing tag recovery rates fismtagged within these categories to the
rate of recovery of tags from excellent fish, assgna “known” excellent-fish survival rate.
Tagged fish will not be released in the presencsthaies.

The architecture and internal programming of sPadstwas developed in 2015 in cooperation
with the tag manufacturer for the explicit purpa$éndexing post-release mortality of
sublegal-size halibut captured in Bering Sea tfigshleries §eeS-K funded project

15AKR013); tag calibration and parameterizationeldlasn field data was accomplished in
2016. The halibut-dedicated version of the sPAdGni®poxy-cast electronic tag shaped much
like a small microphone, containing acceleromeitetbree axes, wet-dry detection
capabilities, an automatic release mechanism, aadedlite transmitter. The tag measures 124
mm in length and 38 mm in diameter, is slightly yamt in seawater, and is attached to the
host fish via a dart-and-tether system that has baecessfully employed since 2002, on
halibut as small as 51 cm in length. Sensor d&t@aptured and stored at 15-second intervals
and compiled into summary data via onboard prongs&ipon reaching the surface — after
either the tag’'s pre-specified attachment periodpmn premature release — the sPAT’s
position is determined via satellite and 2-hour swaries of rapid increases in tag tilt
(“knockdowns”) and percentage of time that thewag tilted beyond a pre-specified threshold
are reported. If physically recovered, the fulltiigsolution data archive can be downloaded.
The accelerometer data allow for determination lbétlier premature tag release was
consistent with a mortality event or representedttachment failure that would invoke
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removal from the study’s effective sample sizer putative mortalities, the data may further
provide information regarding the time-course apdainics associated with mortality events
(Fig. 2) that may be correlated to fish size, ctodj or environmental parameters at time of
capture.

Full 60- dﬂ\ 1.1; mmtlun Premature release on Day 15
By = — 5
-3 2-
_i_ 2 g4 1I srtality evemi?
i 9~] g
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Figure 2. Satellite-broadcast accelerometer datarfrsPATs applied to two halibut incidentally
captured and released from Bering Sea trawl vesse2916. The data are compiled over 2-hour
periods and indicate the amount of time that thgstaere tilted more than 50° past vertical.
This threshold was established using field datanffongline-captured halibut so as to indicate
sustained swimming while rarely being triggeredildgl currents in the study area. Tags were
programmed to detach after 60 days. The fish onetfteetained its tag throughout the 60-day
period and was therefore designated as having gedyinote that the sustained activity
throughout that period and immediately prior to @detachment. The tag from the fish on the
right detached prematurely and the fish was thesefssumed to have died; its data are
consistent with the hypothesis that mortality ocedrthree days prior to tag release.

We will tag 80 halibut under 84 cm in length wifB4sTs programmed to detach and report
after 150 days at liberty. Although this exceeds@B-day survival period currently being used
to study trawl DMR, current data indicate that $éoperiod survivorship can be accurately
calculated using longer time-series data. The loregording period will allow us to conduct
standard DMR analysis while expanding the scogbefvork to gain greater insight into
time-course to recovery or normal behavior or detbmortality in individuals whose records
exceed 60 days. No field data currently exist wétpect to these aspects of post-release
physiology. Tags will be randomly distributed argandividuals in the excellent category and
the number of tags used (80) will allow us to bkeab estimate survival with a confidence
level of 95% and a margin of error of 8%. Sex dtagged individuals will be determined
using established ultrasonic techniques (Loher&teghens 2011). As a visual summary, the
workflow of activities between fish handling praes, fish physiological condition and
survival as assessed by tagging is shown in Fig. 3.

Handling events Ptr;r-lolnw:l condition Suriveal

=gl

Figure 3. Schematic diagram of the workflow of\atigs in Tasks 1 and 2.

Task 3. Application of electronic monitoring (EM)he North Pacific Fishery Management
Council (NPFMC) is responsible for the collectidrfisheries-dependent data used in catch
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estimation for the fixed gear groundfish and halileheries in Alaska. On vessels larger than

57, fishery observers collect these data, whiaude counting, measuring, and assigning

viability codes (i.e., categorize physical damage sesponses to physical stimuli) to discarded

halibut. The NPFMC has established its intentiomtegrate EM tools into the Observer

Program (Al-Humaidhi, et. al., 2016) in order tdlect data on the small vessel (<577)

component of the fixed gear fleets, and is on tfackinal implementation of camera systems

into catch accounting in 2018. Pilot EM systemsehlagen shown to be good at detecting release

methods of fish, but are less effective in detemgrthe condition of the fish (Al-Humaidhi et al,

2016) as EM does not always capture imagery froth bioles of the fish, nor can EM be used to

determine physical responses of the fish to stinflile work proposed under this project will

develop a profile of injuries associated with diéfet release methods, while at the same time

quantifying the accuracy of EM in enumerating retemethods, and fish conditions (Fig. 4).

Both of these aspects are necessary to transforrmiagery into useable/actionable data.

- Installation of EM Systenf standard 3-camera EM system used in the cuprent
implementation trial by NMFS will be installed dmetchartered vessel (Archipelago Marine
Research Ltd).

- Development of injury profile by release methathlibut caught on fixed gear will be
evaluated for viability and subsequent survivaltfa three allowable release methods: a) hook
straightening, b) cutting the gangion by the hanlcareful shaking; as well as: d) removal via
a hook stripper (crucifier) which occasionally happ when halibut make it past the gaffer.

- Evaluation of EM data.Reviewers will record release method and conitibreleased
halibut. This data set will be compared to thogléected by personnel at sea as part of their
tagging efforts (equivalent to the human obserata)X

Figure 4. Schematic diagram of the workflow ofétis in Task 3.

Task 4. Development of non-invasive methods forsueag the levels of physiological factors
indicative of stress and physiological disturbaridee proposed work will involve a controlled
experiment to explore the use of mucus cortisoteatration as a stress indicator in Pacific
halibut with the potential for use in evaluatinglpability of survival in bycatch and sublegal
size fish. Unlike plasma samples, mucus sampledeaollected in a relatively non-invasive
fashion, thereby decreasing the likelihood of thegling procedure influencing the stress
response. In addition, mucus sampling can be a@iadwuickly and easily in field settings.

- Fish captureOne vessel chartered to operate in Alaskan wateétisif IPHC s Regulatory
Area 3A) will be used for fish capture. During Sapber 2017, 16 — 24 adult Pacific halibut
will be caught by jigging natural and artificialitseaon the seafloor near Seward, AK. Only
adult halibut between 20 and 31 inches will be ghawnboard and kept for use in the
experiment. This size range has been selecteddatinimize the potential for variations in
cortisol response in study subjects due to sizec@las et al. 2012) and as representative of
fish of commercially-sublegal size. Once on boéislh will immediately be placed in onboard
holding tanks for transfer to the UAF Seward Mai@enter (Seward, AK) where all
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experimental work will be conducted. During holgli®0% of the water in the tanks will be
replaced twice every hour to maintain dissolvedgexyconcentrations and water temperature
at levels resembling sea surface conditions (Haeskand Buck 2006).

Animal housing and car&ish will be housed in 6 ft. x 3 ft. circular tantepproximate filled
volume = 580 US gallons) at the UAF Seward Marimat€r (Seward, AK). Fish will be
randomly assigned to tanks, and no more than 3Mibloccupy each tank. Water temperature
and dissolved oxygen level will be kept constamt waste will be removed using an open
flow through seawater system that will draw watenf Resurrection Bay. Photoperiod will be
standardized on a 12:12 light:dark regime. Durlngjéntire course of the experiment, the fish
will be fed a fishmeal-based pellet diet once datly rate of 1 kg feed/kg fish. Haukenes and
Buck (2007) observed elevated plasma cortisol tevePacific halibut sampled 10 days after
the introduction of a stressor. In order to allowreased cortisol levels caused by the capture,
transport, and acclimation to the experimental gt return to baseline levels, the fish will
be left undisturbed (except for feeding) for a pérof no less than 30 days. Fish will also be
left undisturbed (except for feeding) between eixpent subcomponents.

Magnitude and rate of cortisol absorption andm@hation in mucusCaptive halibut will be
randomly divided into three groups. Individualsnfréwo of the groups will receive
intraperitoneal injections of different doses oftmml (0.1ug/g of fish and 0.0jug/g of fish).
Individuals from the third group will act as a canif receiving intraperitoneal injections of
sterile phosphate buffered saline (Espelid et@6). Blood and mucus will be sampled from
three parallel fish in the three groups at 0, 8,5, 24, 36, 48, and 72 hours after injection. In
order to reduce handling stress, the individuafmsgd to cortisol or control injections for 72
hours will be housed in the same tank and injefitetd In the same fashion, the 48, 36, 24, 5,
2, 0.5, and 0 hour groups will be housed in sepdgatks, each of which will be injected at
successive pertinent times. Blood and mucus samfidr plasma and mucus cortisol levels
will occur at the same time for all fish. For edidsue and treatment group, changes in
cortisol concentration over time will be examineging repeated measures analysis of
variance. Mann-Whitney U tests will be used to camspof the magnitudes of maximum
cortisol levels between tissues and treatment grcampd Pearson’s linear regression will be
used to correlate cortisol values between tisflesma and mucus cortisol values from the
control group will be used to ensure the validityasults from both these experimental studies
and the field studies described in Task 1.

Stress induction experimenésdrenocorticotrophic hormone (ACTH) is secretedabpin
response to stress and acts on the adrenal corttixrtulate the release of cortisol (Belanger et
al. 2001). In vivo ACTH administration can be used as a tool toieiaify stimulate cortisol
release; thereby allowing for comparison betwestirrg and stimulated cortisol levels and
examinations of the cortisol rates of increasenigue tissues. Whila vivo ACTH
administration has been used to elicit cortisgboeses in yellow perchiPérca flavescens;
Girard et al. 1998) and white sturgedcipenser transmontanuBelanger et al. 2001), there
is no information on the effect of ACTH on plasnmatisol in Pacific halibut and very little
information on the ACTH dose-response relationghgny fish species. To examine cortisol
rates of increase in plasma and mucus in respor&€TH administration, captive halibut will
be randomly divided into three groups. Individuatsn two of the groups will receive
intraperitoneal injections of 1ml of Ringers satuticontaining 0.%M or 5uM ACTH

(Belagner et al. 2001). Individuals from the thip@up will act as a control, receiving
intraperitoneal injections of 1ml of Ringers satuti Blood and mucus will be sampled from
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three parallel fish in the three groups at 0, B,%, 24, 36, 48, and 72 hours after injection. In
order to reduce handling stress, the individuatsosrd to ACTH or control injections for 72
hours will be housed in the same tank and injefited In the same fashion, the 48, 36, 24, 5,
2, 0.5, and 0 hour groups will be housed in sepagatks, each of which will be injected at
successive pertinent times. Blood and mucus samfir plasma and mucus cortisol levels
will occur at the same time for all fish. For edidsue and treatment group, changes in
cortisol concentration over time will be examinesing repeated measures analysis of
variance, and Mann-Whitney U tests will be usedampare of the magnitudes of maximum
cortisol levels between tissues and treatment gradeearson’s linear regression will be used to
correlate cortisol values between tissues. Postiign plasma concentrations of ACTH will
not be measured in this study. Plasma and muctisaoralues from the control group will be
used to ensure the validity of results from bo#sthexperimental studies and the field studies
described in Task 1.

Blood and mucus sampling and sample proces8iogpd samples (approximately 1-2 ml) will
be collected from the caudal vein using heparinizgebdermic needles and syringes and
centrifuged immediately in microcentrifuge tube4d &00 x g for 30 min at room temperature.
Plasma samples will be separated from the celtdanponent of the blood using a Pasteur
pipette, transferred to new pre-labeled microckrge tubes and stored at -80 C for analysis.
Samples of skin mucus (approximately 1-2 ml) wdldollected by gently scraping the side of
the fish with a cotton swab or small plastic ro@y(/k) and stored at -80 C for analysis
Cortisol extraction and analysiBlasma cortisol levels will be measured by enzyimieet
immunoabsorbent assay (ELISA; 2-CAT Research Klisd abor Diagnostika Nord,
Germany) at Alaska Pacific University. Mucus catievels will be measured following
Bertotto et al. (2010). Following Bertotto et @010) and Mercado et al. (2016), mucus
samples will be thawed and diluted with phosphaitféebed saline (1:2). Mucus cortisol levels
will also be measured by enzyme linked immunoaledrbssay (ELISA; Demeditec
Diagnostics, GmbH, Kiel, Germany) at Alaska Padifitversity.

Figure 5. Gentle mucus extraction by swabs. Tdpdemple of a mucus sample taken from a
stickleback with the use of a cotton swab. Botmmample of small plastic mucus collector that
will be used to extract skin mucus samples in Rakdlibut.

b) Description of personnel responsibilities:

The IPHC will represent the lead organization fos pproject. IPHC is an international
organization that is responsible for the managergtite Pacific halibutHippoglossus

stenolepi¥ stocks within the Convention waters of the Uni&édtes and Canada. IPHC has had a
long history of conducting research on biologicgpects of the Pacific halibut that impact stock
assessment and is perfectly suited for undertakiagask of leading this project. The
administrative and financial aspects of the projattbe managed by IPHC. The project is
composed of several principal investigators, twajgut collaborators and hired personnel to
conduct specific technical-oriented tasks in thajqamt.
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Principal investigators (PIs)

[1] Dr. Josep Planass the lead PI and will take responsibility foojact coordination,
administration and reporting. Dr. Planas will waevith other Pls and project collaborators on all
the tasks that will be performed. Dr. Planas witlrlwdirectly with Pl Claude Dykstra in Task 1
on physiological condition and disturbance indicatavith Pls Dr. Tim Loher and Mr. Claude
Dykstra in Task 2 on conventional tagging and suavéstimation through electronic tagging,
with PI Claude Dykstra in Task 3 on electronic moring and with Pls Dr. Nathan Wolf and
Dr. Bradley Harris in Task 4 on physiological inalior assessment of stress in captive studies.
[2] Mr. Claude Dykstrawill share responsibility with Pl Dr. Josep Plamagask 1 and will take
the main responsibility for Task 3 on electronicrmitoring working together with PI Dr. Josep
Planas. He will also participate in Task 2 workingether with PIs Dr. Josep Planas and Dr.
Tim Loher.[3] Dr. Tim Loherwill take the main responsibility for Task 2 orpt®yment of
electronic tags and subsequent survival estimationking together with Pls Dr. Josep Planas
and Mr. Claude Dykstrd4] Dr. Nathan Wolfand[5] Dr. Bradley Harriswill share the main
responsibility for Task 4 on the development of 4iovasive methods for measuring the levels
of physiological factors indicative of stress amygiological disturbance and will work together
with PI Dr. Josep Planas.

Project collaborators

[1] Dr. lan Stewariand[2] Dr. Allan Hickswill assist in evaluating the implications of the
study’s results with respect to DMR-based estinmatibremovals in the Pacific halibut fishery,
in the context of halibut stock assessment andhdineest policy.

Personnel funded through the proposal

Hired sea samplers will participate in the collestof biological data from fish captured and
released by the different assessed methods aadgmt. An MSc student and a student
technician will participate in setting up and coatitog the captive experiments and in the
collection and analysis of biological samples fribrese experiments.

Distribution of tasks among the participants (respible person underlined)
- Task 1. Josep Planas/Claude Dykstra
- Task 2._Tim Loher/Josep Planas/Claude Dykstra
- Task 3._Claude Dykstra/Josep Planas
- Task 4._Nathan Wolf/Bradley Harris/Josep Planas
- Monitoring, assessment, and harvest policy inapions._lan Stewart/Allan Hicks.

¢) Results Dissemination Plan:

Project outcome will be written initially in therm of internal IPHC technical reports and
reports in the annual Reports of Assessment andaRes Activities that are publically available
upon publication in the IPHC website (www.iphc libifary/raras.html). Subsequently, these
reports will be revised and formatted for submissis peer-review publications targeted to the
fisheries scientific community in journals suchtlas ICES Journal of Marine Science, Frontiers
in Marine Science, Canadian Journal of FisheriesAquatic Science, or more broad-based
journals such as PLoS ONE. In addition to theseiafized publications, more accessible
documents will be produced to inform the generdlliguregarding the main outcome of this
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project. News releases both internally from IPHQva#l externally from news organizations
will be produced to the same effect. An importamicome of the project will be a training
manual that will incorporate recommendations amat@dures related to minimizing DMRs and
that will be targeted to the fishing community asllvas to fishery observers. The produced
results from the proposed task on electronic manigowill be disseminated by the production
of videos showing different release techniques #itir associated injuries and physiological
sampling and tagging procedures to assess supogiirelease. These videos will be posted in
the IPHC website and will be used to train obseragrd sea samplers.

Dissemination items:
- IPHC technical and RARA reports available through tPHC website.
- Peer-reviewed publications for the scientific fisee community.
- Non-technical documentation of the outcome of ttogget for the general public.
- News releases on the outcome of the project.
- Communication of results from the project to safemand fisheries conferences.
- Training manual.
- Videos describing procedures developed in the ptajeailable through the IPHC
website.

d) Project Milestones and Timelines:

The project milestones are related to the compiadiche various tasks and include the
reporting and preparation for dissemination as aglihe outreach activities planned throughout
the 2 years of the project, as detailed by quagedsbeginning in Sept. 2017. Tasks include,
when required, the names of the individuals resipts$losep Planas: JP; Claude Dykstra: CD;
Tim Loher: TL; Nathan Wolf: NW; Bradley Harris: BHan Stewart: IS; Allan Hicks: AH).

Task Yearl| Yearl | Yearl | Yearl | Year2 | Year2 | Year2 | Year 2

Project
meetings
(PlIs/collab.)
Task 1

Pls: JP/CD

Task 4
Pls:NW/BH
Assessmen
and Harvest
Policy
Col.:IS/ AH
Advisory
Body
Meetings
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Stakeholder
Meetings

Report prep

Publication

Outreach

The expectedeliverablesdrom the outcome of the project are the following:

- Injury profiles for different hook release techregu

- Physiological assessment of hook release methistiscdndition index at post-capture.

- Assessment of post-release survival in relatiomowok release methods and physiological
condition as well as in relation to fish size.

- Information on electronic monitoring of hook reledgschniques and associated survival
estimates.

- Information on stress and physiological disturbandécators in the mucus and
establishment of a rapid assay for its use inigid.f

- Assessment of the impact of results on stock mdngassessment and harvest policy.

- Dissemination products (reports, publications, ecgrice presentations, news releases).

- Training (training manual, MSc and technician shtdeaining)

7. Project Management.

IPHC will represent the lead organization for thisject. IPHC has had a long history of
conducting research on biological aspects of thufiPdalibut that impact stock assessment and
is perfectly suited for undertaking the task oflieg this project. IPHC has actively and
successfully participated previously in federal and-federal funded research projects. The
administrative and financial aspects of the proyatitbe managed by IPHC. Pls from two
different institutions, IPHC and Alaska Pacific Meisity (Anchorage, AK), participate in this
collaborative project and the knowledge and expef their respective Pls is complementary
and, as a result, a synergistic outcome is expdatedthis research interaction. The curriculum
vitae of Pls and collaborators that participatéhis project are attached to this application under
Support. Document.

Principal investigators (PIs)

The project will be led bji] Dr. Josep V. PlanaBom IPHC and will take responsibility for
project coordination, administration and reportiBg. Planas is currently Program Head of the
Biological and Ecosystems Science Program at IHMi©r to his recent post at IPHC, Dr.
Planas developed his career in fish physiologh@Academic field and has had extensive
experience leading and managing research profemtis,at national and international levels. In
this project, Dr. Planas will work directly withtar Pls in Tasks 1 to 2] Dr. Tim Loheris a
Research Scientist at IPHC. Dr. Loher has exteresiperience with the tagging of halibut, both
in situand in captive holding. He has been responsibléhtvtagging of ~700 wild halibut using
archival tags, has worked to refine deploymentqaols for both external and surgically-
implanted tags and to develop methods for non-ineasex and maturity determination, and the
parameterization and interpretation of acceleroyradita in the context of halibut survival and
behavior. Dr. Loher and will be responsible mo#blyTask 2[3] Mr. Claude Dykstras a
Research Biologist at IPHC. Mr. Dykstra is a biagdbgvith extensive experience in field
research with Pacific halibut and specifically lwe &pplication and development of condition
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indices for Pacific halibut. Mr. Dykstra also hademsive experience with contracting and
working with fishing vessels on research projekts. Dykstra will be responsible mostly for
Task 3.[4] Dr. Nathan Wolfis Assistant Professor of Marine and Environme8taénce and
Principal Researcher at the Fisheries, Aquaticridei& Technology (FAST) Laboratory at
Alaska Pacific University. Dr. Wolf has extensiwgerience conducting controlled experiments
with captive animals to examine physiological passsDr. Wolf will be responsible for Task

4, together with Dr. Harrig5] Dr. Bradley Harrisis Associate Professor and Director of the
Fisheries, Aquatic Science & Technology (FAST) Liabory at Alaska Pacific University. Dr.
Harris has abundant experience managing and patiicg in research studies on the ecology of
Pacific halibut and other fish speci&s. Harris will share responsibility for Task 4 wiDr.

Wolf.

Project collaborators

[1] Dr. lan Stewartis a Quantitative Scientist at IPHC and will weokjether witH2] Dr. Allan
Hicks also a Quantitative Scientist at IPHC, on thelicagions of the results generated by this
project on mortality estimate inputs into stockeassnent as well as on harvest policy.

8. Participation by Persons or Groups other than tke Applicant.

The stakeholder groups that have expressed iniarts project (Section 3; see Letters of
Support), as well as others that may join prioortaluring the progress of this project, will
participate in the project through annual meetithgs will coincide with the project’'s meetings
(see timeline of activities, Section 6).

9. Outreach and Education.

The following outreach and education activitiesiatended to fulfill NOAA’s mission to

protect the Nation’s natural resources:

- To inform the fishing industry on the progress antcome of the project through the
stakeholder and advisory boards. Summary docunbgmpsoject team members will be
prepared for this purpose.

- To inform user groups (i.e. NPFMC, EM group) on finegress and outcome of the project
through reports and in person presentations at theetings.

- To inform the fisheries community through publicatiof documents (either technical
documents or peer-review publications in journalg) also through presentations at relevant
venues and conferences.

- To send news releases at the beginning and el @irbject to broadly advertise the
objectives of the project in a first instance amdance available, publicize the results of the
project to the media.

- To prepare a Story Map Journbttps://storymaps.arcgis.com/en/app-igiat pictures the
entire collection of components of the projectpiroapture and handling events in the
fisheries, to assessing physiological conditiotheffish, to its survival at sea after release and
impacts of estimates of survival on stock assessamhharvest policy. This presentation
could be made publically available through meditletsi currently in place at IPHC and APU
(webpage, Twitter, Facebook) and also sent spatiifito schools and centers to be informed
about the research conducted and its importanddédisheries, with the supporting presence
of one of the Pls.
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OMB Approval
Number:0648-
0538 Expiration
Date: 11/30/2018

Environmental Compliance Questionnaire for NationalOceanic and
Atmospheric Administration Federal Financial Assistance
Applicants

This form is to be used in conjunction with Fund@gportunity Announcements (FOA)
from the National Oceanic and Atmospheric Admimistm (NOAA). You must refer to the
specific FOA for complete eligibility and applicati requirements. This form addresses
information requirements specific to compliancetwvtite National Environmental Policy
Act (“NEPA”; 42 U.S.C. 884321- 4370).

NEPA requires federal agencies to complete an @mviental analysis for all major federal
actions, including funding non-federal project®otigh federal financial assistance awards
where Federal participation in the funded actiistgxpected to be significant. This
Environmental Compliance Questionnaire for Natio@teanic and Atmospheric
Administration Federal Financial Assistance Applita(Questionnaire) is used by
NOAA to collect information about proposed actiestifor NEPA and other environmental
compliance requirements associated with the prappseject, such as federal
consultations.

You are only required to provide the information from this Questionnaire that is
specified in the FOA to which you are applyingThe FOA may present these questions in
one of two ways:

1) The applicable questions are inserted directly iht® FOA with reference to
the OMB Approval Number (0648-0538) for this foran;

2) The FOA will specify which questions (e.g. 1, 2) applicant must answer, with
the entire OMB-approved Questionnaire attacheded=OA.

Submit the information according to the instructiom the FOA. If you do not answer in
sufficient detail, NOAA may consider the applicatito be incomplete. If a question is
not applicable to your proposed activity, answefANor explain why the requested
information is not relevant.

Pacific halibut DMRs 22



Project
Information

1. Describe the proposed activity, including:

» its purpose, objectives, and goals;

» graphics (i.e. figures, photographs), site plates; diagrams, models, etc.;

» sampling, collection, or observation protocols apdrational procedures;

* any proposed mitigation or monitoring measuresotbcols;

» adescription and plan diagram of the proposed atngraea, if the proposed activity
involves construction, restoration, dredging, exatiawn, and/or fill;

* a description (i.e. specifications) of the equipmem structures (e.g. scientific
monitoring equipment, deployment platforms, etiegttwould need to be temporarily or
permanently placed in the environment.

Purpose, objectives and goals

The main objectives of this project are to addtbssimportant issue of discard mortality rates
(DMRs) of Pacific halibut in the directed and noinedted longline fisheries and to refine current
estimates of post-release survival in incidentadyght Pacific halibut. In order to accomplish thes
objectives, the relationship between fish handpractices and fish physical and physiological
condition and survival post-capture as assessetdying will be investigated.

The IPHC accounts for all mortalities or removafdRacific halibut in its assessment of the stock,
including bycatch as well as the incidental mottafrom the commercial halibut fisheries (also

known as wastage). Estimates of incidental moytafiluence the output of the stock assessment and,
consequently, the catch levels of the directeafistProhibited Species Catch limits set by thetiNor
Pacific Fishery Management Council (NPFMC) requitieat all Pacific halibut caught in non-

directed fisheries must be discarded at sea, aaddliisheries may be closed when Pacific halibut
catch limits are reached.

The NPFMC has identified DMRs in the Pacific halifishery as a research priority. The proposed
project will directly address this recommendatigndroviding new scientific information to improve
current estimates of DMRs.

The specific objectives of this project includedtaluation of the effects of fish handling praesion
injury levels and their association with the physgical condition of captured Pacific halibut, (2)
investigations on the effects of fish handling méshand associated injury level and physiological
condition on post-release survival, (3) applicatiminelectronic monitoring in associating fish
handling methods to survival in vessels withoutoker coverage and (4) development of non-
invasive methods for quantifying measurable phggichl factors indicative of stress and
physiological disturbance.

Sampling, collection, or observation protocols amérational procedures

For Task 1 (“Evaluation of the effects of hook eale techniques on injury levels and associatioh wit
the physiological condition of captured Pacific ibait”), all captured Pacific halibut caught by each
of the four hook release techniques or treatmeiitdes measured for length and weight, examined to
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record the extent of the hook injury, sampled footl and their physiological condition will be
assessed by length/weight relationships and byimeesive indirect fat analysis using a Fish
Fatmeter device. In Task 2 (“Investigations on éffifects of fish handling methods and associated
injury level and physiological condition on postaase survival”), a subset of the captured Pacific
halibut (fish of 84 cm in length or less) will bedexted for tagging with wire tags and 80 of thisle
with sPAT archival tags to assess survival. In TagkApplication of electronic monitoring”), EM
will be used to record release methods and contivioreleased halibut. In Task 4 (“Development of
non-invasive methods for measuring the levels p$iplogical factors indicative of stress and
physiological disturbance”), adult Pacific halibutill be captured and acclimated to captive
conditions in tanks at the UAF Seward Marine Ce8award, AK), subjected to stress and blood
and mucus samples will be collected for analysis.

Tagged fish from Task 2 will be monitored with tise of satellite-transmitting electronic archival
tags equipped with accelerometers upon detachmehsarfacing. Fish in Task 4 will be monitored
continuously throughout the experiment.

. List the species of plants and animals that arestbgects of the proposed activity, and describe
the numbers (by species, age, sex, stock, locagior),to be targeted.

The subject species of the proposed activity i$dwfic halibut (Hippoglossus stenolepis). The
proposal involves targeting approximately 1,900 #acific halibut of mixed sexes (50% females)
captured by a charter vessel in the central-Wespamtion of the Gulf of Alaska (IPHC Regulatory
Area 3B) as part of Task 1. In addition, the prag@dso involves capturing 16 — 24 adult Pacific
halibut near Seward, AK for captive experimentséa@onducted at the Seward Marine Center.

. List species that would be transplanted or intreduat the site or in its immediate vicinity, and
specify whether any would be non-native. Specifyclvimon-native species could be introduced
incidentally and how.

No species will be transplanted or introduced.

. List hazardous substances (as define@®ZFR 1910.120(a)(B}hat may be released into
the environment or used during the proposed agtivit
No hazardous substances will be used or released.

. List hazardous wastes (as defineddByCFR 261.Bthat may be generated during the
proposed activity.
No hazardous wastes will be generated.

. List unique or unknown risks to human health orgheironment from the proposed activity.
No risks to human health will originate from theposed activity.

. List any individuals, groups, or organizations timaty disapprove of or oppose the
proposed activity, and describe the circumstantésed disapproval or opposition.
None.

. If the proposed activity is a continuation of angwing project, describe any changes to the
proposed activity since it was initiated, includprggress toward achieving its objectives/goals.
Include information and attach reports from presgipears.

This proposed activity is new.
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9. If the applicant does not receive funding from NQA#ould the applicant conduct the
proposed activity anyways?
The applicant would be able to fund some of thekwok without the requested funding from
NOAA the work would be incomplete and the resaottericlusive.

Project Location

10.Describe the proposed activity's location, inclugligeographic coordinates, river mile markers,
etc. and indicate whether it includes unique ggalyaareas of notable recreational, ecological,
scientific, cultural, historical, scenic, or aesihamportance (Examples include, but are not
limited to: coral reefs; marine protected areasitional marine sanctuaries; essential fish
habitat; habitat area of particular concern; criticabitat designated under the Endangered
SpeciesAct; park or refuge lands; wild or scenic riversgtlands; prime or unique
farmland; sites listed on the National RegisteNatural Landmarks; sites listed or eligible
for the National Register of Historic Places; sithat are ecologically significant or
critical areas including areas that are normallynoated by water or areas within the
100-year flood plain).
One vessel chartered to operate in Alaskan watetthifh IPHC s Regulatory Area 3B; see
figure below) will be used for the study. The fighiocation will be selected based on the
potential to catch adult fish of both legal (32 lves and above in length) and sub-legal (under 32
inches in length) sizes at rates that facilitatiécefnt completion of project goals.

11.Would the proposed activity degrade or disturb joesty undisturbed areas?
No.

12.Provide maps and graphics of the project locatfavailable.
Figure illustrating the IPHC Regulatory Areas, inding Regulatory Area 3B in Alaska, where most
of the project will be conducted:
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13.1f there are previous or ongoing uses of the pregativity’s site, or other issues, that make it
likely that contaminants may be uncovered and/studbed by the proposed activity, describe

Pacific halibut DMRs 25



the previous or ongoing uses or other issues dafithegpotential contaminant, and the
circumstances that may uncover and/or disturb dinéaeninants.
No contaminants may be uncovered and/or disturlyettids proposed activity.

Project Timeframe

14. Specify the proposed start date and duration optbposed activity.
September 1, 2017 — August 31, 2019. 24 months.

15. Provide proposed activity schedules, including:

« implementation dates of major elements of the psedactivity;

» frequency of activities within the project sched(dey. once per week, 10 days per
month, daily);

» deployment and recovery schedules of equipmerttactares that would be temporarily
or permanently placed in the environment.

The temporal distribution of tasks is shown belmith the first quarter (Q1) of year 1 starting in
September, 2017:

Task | Yearl| Yearl | Yearl| Yearl | Year2 | Year2 | Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3

Task 1

Task 2

Task 3

Task 4

Fish capture and sample and observation collect@ated to Tasks 1 and 3 will take place during
the two proposed chartered trips. Sample procesaithanalysis as well as EM and satellite
transmission data will take place on a daily ba§ish collection related to Task 4 will likely take
place during a single chartered trip and experinagion, monitorization and sample collection and
analysis of captive fish will take place on a ddisis.

No equipment or structures will be temporarily cermanently placed in the environment.
Project Partners, Permits. an nsultations

16.1f the proposed activity would be conducted in parship with NOAA or require NOAA' s direct
involvement, activity, or oversight, describe NOAAhvolvement, activity, or oversight,
including the name of the office or program thahislved.
Not applicable.

17.List all other interested or affected Federal,estahd local agencies; Tribal governments,
nongovernmental organizations; minority or econa@ifyadisadvantaged communities; and
individuals. Describe listed entities involvemeanttivity, or oversight regarding the proposed
activity.
As stated in the project narrative, we count onghpport of various organizations with direct
interest and participation in the Pacific halibustieries (e.g., Alaska Longline Fishermen'’s
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Association, North Pacific Fisheries AssociatioacRic States Marine Fisheries Commission,
Alaska Fisheries Science Center - National MariighEries Service; see Letters of Support in
Supporting Documentation). These organizations prdvide guidance towards evaluating the
progress of the project and ensuring its succességting annually with the project consortium.

18.List all federal, state, or local permits, authatians, waivers, determinations, or ongoing
consultations that would be required for the pregosctivity to comply with all applicable
environmental laws and regulations. Provide the da¢ permit, authorization, waiver, or
determination was obtained or would be obtainedviBe copies of the permits, authorizations,
waivers, or determinations you have secured.
All operations will carry a Letter of Acknowledgemh&om NMFS’s Alaska Fisheries Science Center
specific to the work, and incidental bird take p#sifrom the USFWS (see current permit as
Appendix | to this document). All standard postsgueporting requirements (research fish landing
tickets etc.) will be observed.

19. Identify the lead Federal agency, if applicable] emether any NEPA document has been
completed or is in process for the proposed agtivit
Not applicable.

Project Details

National Marine Fisheries Service

20.1f the proposed activity is a continuation of angming project, provide information/reports for
previous years addressing the following:

« The number of fish and other species that werecit for the activity/monitoring needs;
¢ any impacts to protected species, including taiesléfined b0 CFR 216.350 CFR _222.102and1
e any impacts to sensitive or protected habitatdudieg critical habitat that has been
identified under the Endangered Species Act omgisédish habitat that has been identified
under the Magnuson-Stevens Fishery Conservatioralyianent Act (Magnuson-Stevens
Act);
« and the number of non-target fish/invertebratesduted species (listed by species) that were
incidentally captured.
The proposed activity is new and is not a contirmmabf an on-going project.

21.What amount (total numbers and/or weight) of fislinwertebrates are proposed to be caught? What
is the size (weight, length, and age class) of saelies?
In Tasks 1 to 3, we estimate to catch a total 854 fish, with 1,229 fish at or under 84 cm and 635
fish over 84 cm in length. These numbers are basd®HC's survey data from 2016 in Regulatory
Area 3B and the effort proposed for this particytewoject. The ages of fish captured will likely gan
from 7 to 15 yrs and weights will likely range fr@n8 Ibs to 10-15 Ibs in males and from 10 to 25-30
Ibs in females based on trends in weight-at-agerfale and female Pacific halibut captured in Area
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3B by the IPHC setline survey
(http://iphc.int/publications/rara/2015/RARA2015 EkAssmenddatasources)pdf

In Task 4, we will aim at catching 16 — 24 adulcRia halibut between 20 and 31 inches in length in
order to minimize the potential for variations iimess response in study subjects due to size.

22.If targeted fish would be under the minimum sineitlior is the applicant applying for an exemption
to the minimum size limit, explain why an exemptiemecessary to conduct the proposed activity.
Targeted fish in Task 2 will be 84 cm of less igth because the objective of this task is to
investigate post-release survival of fish discardedea because of their sublegal size.

23.1f any organisms would be released alive, how namgach species would be tagged, measured, or
sampled? What is the probability of individuals\ung after being handled (e.g., tagged,
measured) and released (e.g., percent of liveaxt fish)?
Targeted fish in Task 2 will be released after tagdn order to investigate post-release survival
and we estimate that approximately 1,230 fish atrater 84 cm will be tagged and released. Of
note, 80 of these fish will be tagged with sPAhaa tags equipped with accelerometers. To
determine the probability of survival capture arahdling events is precisely one of the objectifes o
this project.

24.1f the proposed activity involves commercial fisfpinvould the proposed activity be for research
purposes only? If fish would be retained for salpersonal consumption, quantify the amount of
each species that would be sold or used for pefrsonaumption.
Although performed in a chartered commercial veshel proposed activity is designed for research
purposes. For all fish captured, the relationshgivkbeen hook release techniques, injury classificati
and physiological condition will be assessed. Eisbr under 84 cm will be subsequently tagged and
released to investigate survival and approximalgB80 fish are expected to fall within this catggor
Fish over 84 cm in length will be retained for shielPHC and approximately 635 fish are expected
to fall within this category.

25.What type and size of gear would be used? Desenilyedifferences between proposed
research gear and currently regulated gear.
The gear used will be similar to the gear usechin lPHC survey: fixed gear with
standard 1,800 ft skates, each with 100 16/0 cihcleks and with 18 ft spacing between
gangions.

26.1f using fixed fishing gear, how many traps, pagjfinets, or other fixed gear would be used during
the course of the study? Would new gear be addéweteater or would existing, permitted fishing
gear be used? If new gear would be added to therwaiw many extra vertical lines would be
associated with any fixed gear such as traps, potflinets? What lengths of gilinet would be used
(e.g. number of nets per string, gillnet panel thagetc.)?
A total of two hundred and eighty eight (288) skaikfixed gear will be used.

27. Would the fishing gear being used conform to apmitg take reduction plan
regulations under the Marine Mammal Protection (&dj. Atlantic Large Whale Take Reduction Plan,
Harbor Porpoise Take Reduction Plan, Bottlenoseptidol Take Reduction Plan, etc.) and other
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appropriate fishery regulations (e.g. sea turtr gequirements)? If not, explain the differenced a
the reason for the discrepancy.
Not applicable.

28.How long would the fishing gear be deployed? histrage soak time for each gear type.
The fixed gear is deployed for a minimum of 5 md @ maximum of 24 hrs. Average
soak time would be approximately 12 hrs.

29.What is the proposed number of gear hauls for gaahtype (e.g., trawl gear, fixed gear, etc.)?
The number of gear hauls is three per day, witthdeul consisting of eight standard
skates. With 12 proposed days of fishing, a tdt&6chauls are targeted.

30.What is the proposed duration and speed of eacliciomobile gear, such as trawl gear?
Not applicable.

31.If trawls are proposed to be used, would a turtidusion device (TED) or marine mammal
exclusion device be used?
No trawls will be used.

32.1f the applicant is applying for an exemption ty af the following, please explainwhat the
exemptions would be and why the exemptionisnecgésr the proposed activity:

« Fishing gear restrictions;
e Other regulatory requirements such as Days At BA&], Total Allowable Catch (TAC),
and/or possession limits;
¢ Use areas closed to proposed activities (e.geffistmanagement closed area, habitat
closed area, etc.);
* Any closed or otherwise restricted fishing seasons.
Not applicable.

33.1f the proposed activity would increase fishingoeff describe the extent of the increase.
Not applicable.

34.How many proposed fishing days are there withinyder for each gear type?
The proposed activity involves 12 fishing daysiia trips (six fishing days per trip).

35. s the target species listed as endangered, thester otherwise protected species (under Federal
and/or state law; e.g. Endangered Species Act aiidone Mammal Protection Act, etc.)?
Not applicable.

36.1f the proposed sampling involves the use of stawms, acoustic surveys, or any other specialized
gear that may introduce sound, provide a descrigifdhe noise(s), including frequency (Hz),
amplitude (dB), what angle (or degrees) radiustiee may travel from the source, and other
relevant technical specifications.
Not applicable.

37.List non-target species that may occur in the psedsampling area, and specify how many of each
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non-targeted species are expected to be caught?

With the proposed effort, based on hook statusutatied in IPHC Survey, the following non-target
species and the number of fish caught would beaggdo be caught:

- Pacific cod: 983

- Sablefish: 67

- Yellow Irish Lord: 115

- Big skate: 78

- Arrowtooth flounder: 112

- Longnose skate: 75

National Environmental Satellite Data and InformatBystems

38.Would the proposed activity create high levels @ita for an extended period of time?
No.

39.Would the proposed activity require large amouffitwater or electricity for an extended period of
time?
No.

40.Would any fuel be used for the proposed activitgrpidevelopment or long term operation,
including for powering small fuel cells?
Yes, for fueling the research vessel used for Tgskpture and handling events) and Task 4 (stress
experiments in captivity).

41.Would the proposed activity, during developmenioolg term operation, change the scenery or
viewshed in the project vicinity, require large amts of outdoor lighting, or create unusual odors?
No.

42.Would the proposed activity, during developmeniooig term operation, change transportation
infrastructure or increase local traffic?

No.

43.Would the proposed activity, during developmenioolg term operation, change characteristics of
the atmosphere or contribute to ozone-depletion?

No.

44.1f the proposed activity involves installing equipn or antennas on buildings or property, has the
owner of the property granted written approvaltfa use of their property? If yes, provide copies
of the approvals.

Not applicable.

45.If the proposed activity involves installing equipm, how would the equipment get to its final
location (i.e. would gasoline or diesel engine ekds be used)?

Not applicable.

46. If biological agents would be used, specify how pheposed activity would meet all conditions of
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the Biosafety Level 1 (BL1) standard from the nmstent version of the National Institutes of
Health (NIH) and the Center for Disease Control Brelention (CDC) Biosafety in
Microbiological and Biomedical Laboratories (BMBgidelines.

Not applicable.

47.Does the proposed activity consist solely of sofena@search and manipulation?
No

48.If the proposed activity requires airplane or batitsonde flights (e.g. investigations over ArcteaS
ice using satellite and aircraft altimetry), wotlhe& proposed activity use a previously scheduled
flight or sea voyage, or would a special trip bguieed?

Not applicable.

49. If the proposed activity involves installing equient or antennas that would require structural
support, describe the nature and extent of sughastip

Not applicable.

50.1f the proposed activity has electromagnetic propeior creates electromagnetic fields, specify how
those aspects would comply with the Institute @&diical and Electronics Engineers (IEEE)
standard C95.1-1991 (recognized by the AmericaioNalt Standards Institute (ANSI)), or newer
guidance.

Not applicable.
51.1f the proposed activity involves ionizing radiatispecify:

« whether the appropriate radiation safety authdréty been consulted or when consultation
would occur;

» the results of the radiation safety authority'siegw

» how the proposed activity complies with NOAA’s UNBiclear Regulatory Commission
(NRC) materials license #05-11997-01

Not applicable.
52.1f the proposed activity involves lasers, speciiythe proposed activity would meet the American

National Standards Institute (ANSI) safety stand&ii36.1-2000 and Z136.6-2000, or newer
Not applicable.
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guidance.

53.1f the proposed activity involves satellite sensammg experiments with radioactive materials, specif
and include:

« whether NASA has evaluated the payload or wherWaduation would occur;
the results of the evaluation (i.e. whether thgpsed project is categorized as a Routine
Payload On Expandable Launch Vehicles, as evalustéke current version of NASA

Routine Payload Environmental Checklist GSFC Foga72 and NASA Flight Projects
Environmental Checklist GSFC Form 23-74);

« acopy of the evaluation, if available.
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Paperwork Reduction Act Statement

Because this Questionnaire is intended for membfetise public, NOAA must
use the Questionnaire in accordance with the PapkriReduction Act (“PRA”;
44 U.S.C. 88 3504 3521). Congress passed the PRA to minimize therpajple
burden for non-federal entities and members ofpihielic that can result from the
collection of information by or for the federal gomment. The PRA is
administered by the Office of Management and Bud@&iB), which has
reviewed and approved the Questionnaire (OMB Apglrdlo. 0648-0538).

Public reporting burden for this collection of imfeation is estimated to be a
maximum of 3 hours per response, including the tioneeviewing
instructions, searching existing data sources,egait) and maintaining the
data needed, and completing and reviewing the atalle of information.
Send comments regarding this burden estimate oro#mr suggestions for
reducing this burden to NOAA NEPA Coordinator, NOAZffice of Program
Planning and Integration, SSMC 3, Room 15700, 1848 West Highway,
Silver Spring, MD 20910. The information collectidaes not request any
proprietary or confidential information.

No confidentiality is provided.

Notwithstanding any other provisions of the law,pawson is required to
respond to, nor shall any person be subjectegamnalty for failure to
comply with, a collection of information subjectttee requirements of the
Paperwork Reduction Act, unless that collectionirdbrmation displays a
currently valid OMB Control Number.

Pacific halibut DMRs 33



APPENDIX 1 (NEPA Questionnaire): USFW Permit

BEFARTMENT OF THE (MTERIOR "
1.5, FISH AND WILDLIFE SERVICE e e
Migratory Bird Permit Office Cusermma
1001 E. Tudor Rd (MS-21) - Aschorage, AKX 95503 i
Tel: G07.-TR6-3683 Far: G07.THE-3927
Email: permitsR TMBE wa g

FEDERAL FISH AND WILDLIFE PERMIT | Mo
1 FERMITTER \ © WOFR NI
INTERNATIONAL PACIFIC HALIBUT COMMISSION RECEIVED | MmN
ATTH: TRACEE GEERNAERT i
220 WEST COMMODORE WAY, SUTTE 300 i.. I
SEATTLE, WA S8199 may 18 il "
USA i;-,.a,,— T A
Tis | YES
TPHC | B [ -
A
- | esmaoens 1|
B MAMT AMD TTTLE OF FROMCIPAL ONFICIE @) m g b Merovcerman o ]
TRACY GEERNAERT SPECIAL PURPOSE - SALVAGE WITH IMPORTEXPORT

SURVEY COORDINATOR |

19 LOCATHN WHERE ALTHORLIED ACTIVITY RMAY RE CORDUCTED

SALVAGE AUTHORITY: FEDERAL WATERS OFF ALASKA.
IMPORT AUTHORITY: ANY PORT DESIGNATED UNDER 50 CFR 14.12 and ALL NON-DESIGNATED PORTS IN
e S e —

A EFERAL COMETIONL EET OLT I ELSRAET D06 52 0P L1, AAD SFRCIPIC CONESTION CONTATNES BN FEDSRAL RPCLLATIONS (STH2 B4 BLOCK & ABDVE, ARN HERERY
BT & PART OO THES PERSET ALL ACTTEITIES Al/THOMEERD MERED Wi ST BE CARRNY (U7 B ACCORD WITH ARD FOL THE FLBPOSEY DESCREED BN THE AFFLICATEIN
FUBSGTTED: COMTEVLED WaLIDGTY, Ot REMEWAL, OF THI§ M2 is FURECT 10 COMPLETE AND TIMERY COMPLIANCE WITH ALL AFFLICABLE COMDITHEE, BeCLLENG THE
FILI O AL BETAKED PPORMAT I AND REFCETE

B THE VALITUTY CF THER FERAET I AL CONTHTICRED UPOS TTRET ONSIEANCE OF ALL AFFLICARLE POREXCHN, FTATE LOCAL, THZNAL, OR OTHER FROTGLAL LA

o WAL PON GIEE Y PERMTT TEE SAMTD ABCVE.

D Authonped 1o sabvage mgratony birds found dead in which (he permibes had no part nkiting. Any encangered of threstened species must be
lumed over b B U S Fiah and Widide Servics within 48 hours of collection of return 1o port. Any dead bald sagie of goiden eagle sal T::llh-

reported wittin 48 hours o the Natioral Esghe Resostony ot (302) 287-2010 ang i Ihe ISSUNG MIgREtony DI BRI offce Bt SO7-786-
R ry will provicia o ghapemant of Ui 8D

For & Int of theeatered ped srodsngenmd species in your stale, visil the U S Fish and \Wicils Servon's Threatened and Endangered Species Sysiem
(TESS) at. hitpuihwiw bak SO SnCADORrDd

E.  You rray nel saivage and mus immediately neport 10 the U S Fish and Wikide Servics Offics of Law Enforcement any 0830 of inused migratory
birds that you encoynter that appear to have been posoned, shol, siectrocyted. have colided with indusirial powsr generalon squipmihl, of wese
olfwreise inpemed as tha rsull of pobontial orminal sctivity. See LSFWS OLE cortact information balow

G Af wildlde must be mponsd ard expoted theeugh @ wildile desigrated port of entrpiert uress you have stitened § separte aption 1o desighaled
port parmit from the USFWS OfSos of Lew Enforcament.

H. You must nobity the USFWS Wikide iSssectr st the port of Impont or expe up to 3 days priof 16 Import or export. Ses The sttached Stancan
Condions for Migratony Bird ImportExport Permnis for prooederes: speciflc 1o your Bctiviy.

1 ¥ou must declam you Specimens 1o USFWS wng USFWS Decaraton for imporistor o Expontaton of Fish o Wikdite (Form 3-177.

You must submit an annual to jonal Migratory Bird Permit Office report sach year, even if you had no
activity.
E-i- I.E-- I'l' [ms S o T_ S o BATE ]
| PERMIT SPECLALIST, MIGRATORY BIRD PERMIT OFFICE . REGHON 7 [ R TTL]

=
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Data Sharing Plan

Data generated under this project will be madeodisable by and accessible to the
general public in a timely fashion.

1. Types of information collected.

a) Length and weight information on captured fish.

b) Environmental data (bottom temperature, deck teaipeg, sea condition).

¢) Hook removal injury codes (14 different codes; Kaier and Trumble, 1998).

d) Injury severity levels (4 different codes; minomderate, severe, dead;
Kaimmer and Trumble, 1998).

e) Electronic monitoring data.

f) Blood samples and analyses (plasma levels of stresphysiological
disturbance indicators: cortisol, catecholaminastdte, glucose, sodium,
potassium, osmolarity, pH).

g) Physiological condition indicators: condition factodices (Fulton’s K,
relative K) and lipid levels as derived from FishitiReter readings.

h) Wire tagged fish and information on returns.

i) SPAT tagged fish and satellite data on acceleramete

2. Data Management Plan

The IPHC Setline Survey has already in place amat@agement plan that involves the
collection at sea of gear information, catch infatimn and biological measures (e.qg.,
length) that are recorded in paper data forms.tEec data entry of data collected at sea
with the use of electronic tablets is currentlyngeileveloped and will likely be available
for at sea data collection for this project. Allleoted data are then introduced into a
dedicated database and metadata files are cresitecbtporate additional data such as
aging data among other types of data. Additioredi§i will be created to incorporate the
additional data indicated above. Biological datuteéng from blood and physiological
condition analyses will be introduced into the pobjs database and added to the
metadata file with individual information on evdigh.

Tag release data would be introduced in an alreaibfing tagging database that would
be linked to the metadata tables containing akoéntries. In addition, broadcast data
from sPATS, representing the raw data format, bélidecoded into binned summary files
that, upon analysis, will be incorporated into didated database, the construction of
which is currently underway at IPHC by our Techmggi@roup.

Public access to the database will be throughRKI webpagehttp://www.iphc.in)
and should be made available within six months ftlhencompletion of the project.
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Budget Narrative — Organization 1 — International Racific Halibut Commission (IPHC)

Personnel (Federal Share) none

No salary expenses are requested for IPHC progticpants (Josep V. Planas, Claude
Dykstra, Tim Loher, lan Stewart, Allan Hicks).

Fringe Benefits (Federal Share)none

Travel (Federal), $4.220

Year 1:
Sample collection in captive experiment, Seward (BKeople): $1.840
Airfare Seattle - Anchorage $900
Rental car $320
Hotel Seward 2 days $320
Per diem 3 days Seward $300
Year 2:
Pl Meeting, Anchorage AK (3 people): $2.380
Airfare Seattle - Anchorage $1350
Hotel Anchorage 2 days $480
Per diem 3 days Anchorage $450
Misc travel $100

Equipment (Federal) - none
Supplies (Federal), $190.274

Wire tags. Total: $2.060
- Floy wire tags ($1 x 1.500) = $1.500
- Wire tag applicators ($16 x 35) = $560

Accelerometer tags. Total: $167.850
- Wildlife Computers sPAT tags ($2.000 x 80) = 81®0
- Givmar Tagging darts ($80 x 90) = $7.200
- VER Sales nicopress sleeves ($1,25 x 160) = $200
- Floy leaders, printed ($5 x 90) = $450

Assays for blood determinations. Total: $15.864
- Cortisol ELISA ($270 x 12): $3.240
- Catecholamine ELISA ($400 x 12): $4.800
- Lactate, Glucose Kits ($326 x 24): $7.824
General laboratory supplies. Total: $4.500.

Contractual (Federal), $24.886



Satellite transmissions of accelerometer tag daital: $14.000
- Argos testing ($35 x 80) = $2.800
- Argos platform and data transfer ($140 x 80Y1%.200
Blood gas analyses. Total: $2.500
Rental and installation of electronic monitoringt®m in chartered vessel. Total: $8.386
- Equipment rental ($999 x 1 month): $999
- Installation costs: $4.552
- Data review: $2.835.
Other (Federal), $3.840
Shipping costs. Total: $3.840
- sPAT tags: $2.240
- Samples: $1.600
Total Direct Charges IPHC: Federal: $223.220
Total Indirect Charges IPHC: Federal: None

Total Charges IPHC: Federal: $223.220

Other Support/In kind Contributions for Organizatio n 1 — International Pacific Halibut
Commission;

Personnel/Salaries, $86,799

Principal lead investigator Josep Planas will da@i@l months of time (2 months each fiscal
year) during the course of this project (total ck%8,986). The other two principal investigators
from IPHC (Claude Dykstra, Tim Loher) will dedicatach 2 months of time (1 month each
fiscalyear) during the course of the project, (@mDykstra $15,802; Tim Loher: $18,8792; total
cost combined $34,594).

A lead sampled will be hired for 15 days ($316 xdhys = $4.736) and two second samplers
will also be hired for 15 days ($283 x 15 dayssafnplers = $8.482).

Personnel/Fringe Benefits, $27,897

The fringe benefit rate is 20% of salary, with &63, covering fringe benefits including
employer portion of FICA/FICAMED for Josep Plan&d)(and $12,927 for Claude Dykstra and
Tim Loher. Fringe benefit ratios vary based on exygt-provided health care for spouse and
dependents. Fringe benefits for lead sampler qooresto $503 ($34 x 15 days) and for the two
second samplers correspond to $900 ($30 x 15 daysaxnplers).



Supplies, $21.902

Bait: $21.902

Contractual, $87.808

Vessel charter:
- Vessel contract payments: $85.160
- P&I Insurance: $200
- Gear Maintenance: $2.448

Total Other Support provided by International Pacific Halibut Commission for this project
is: $224,406



Budget Narrative — Organization 2 — Fisheries, Aguic Science and Technology (FAST)
Laboratory at Alaska Pacific University (APU):

Personnel (Federal Share} Partial support for Nathan Wolf (NW) and Bradigrris (BH),
MSc student, and student technici&t8,875

Year 1:
NW - 0.5 months of support at $11,550/month: $5,775
BH - 0.5 months of support at $11,550/month: $5,775
MSc Student — 2.25 months of support at $2,500/md8&,625
Student Technician — 2 months of support at $856fmd1,700

Year 2:
No salary expenses are requested for APU projetitipants in year 2.

Fringe Benefits (Federal Share} 10% fringe benefits on partial support for NW dsid:
$1,155

Year 1:
NWolf - 10% Fringe Cost on 0.5 months of suppo®ht,550/month: $577
BHarris - 10% Fringe Cost on 0.5 months of suppbf11,550/month; $577

Year 2:
No fringe benefits are requested for APU projectippants in year 2.

Travel (Federal), $4.867
Year 1:
Sample collection and captive experiment, Seward 2Kround trips for 2 people):
$4.867
Mileage Anchorage - Seward (253 miles RT @ $/nid): $1639
Per diem — Seward (12 days @ $269): $3,228

Year 2:

No travel funds are requested for APU project pgaéints in year 2.
Equipment (Federal) - none
Supplies (Federal) - $3,799

Assays for blood determinations. Total: $2,700
- Cortisol ELISA ($270 x 10): $2,700

General laboratory supplies. Total: $1,099



Contractual (Federal), $26,000
Vessel charter for halibut capture (5 days @ $1@&0H0: $9,000

Captive experimental, lab, and office facilitiests¢ Seward Marine Center; $17,000

Other (Federal): none

Total Direct Charges APU: Federal: $54,697

Total Indirect Charges APU: Federal: $8,205

APU indirect charges (15% of $54,696.74): $8,205

Total Charges APU: Federal: $62,901

Other Support/In kind Contributions for — Organizat ion 2 — Fisheries, Aquatic Science and
Technology (FAST) Laboratory at Alaska Pacific Uniwersity (APU):

Personnel/Salaries, $97,960

Nathan Wolf (NW) and Bradley Harris (BH) will eadiedicate 3 months of time (1 month each
in year 1 and 2 month each in year 2) during thesmof this project (total cost $69,300).

The Fisheries Science and Aquatic Technologies lzbry at Alaska Pacific University will
dedicate 1 year of MSc student tuition (approxirya$d0,660) and stipend ($18,000) to a
student working on this project (total $28,660).

Personnel/Fringe Benefits, $13,860

The fringe benefit rate is 10% of salary, with 8B8) covering fringe benefits for the 6 months
(combined total) of salary time dedicated by NW &l

Supplies, $1,500.00
General Laboratory supplies: $1,500
Indirect Charges APU, $2,735

APU indirect charges (5% of $54,696.74): $2,735



Total Other Support provided by the Fisheries Aquaic Science and Technology
Laboratory at Alaska Pacific University for this project is: $116,055



Budget tables:
IPHC

BUDGET CATEGORIES

Object Class Categories
a. Personnel

b. Fringe Benefits

c. Travel

d. Equipment

e. Supplies

f. Contractual

g. Construction

h. Other

i. Total Direct Charges
j- Indirect Charges
TOTALS

APU
BUDGET CATEGORIES

Object Class Categories
a. Personnel

b. Fringe Benefits

c. Travel

d. Equipment

e. Supplies

f. Contractual

g. Construction

h. Other

i. Total Direct Charges
j- Indirect Charges
TOTALS

PROJECT TOTALS

BUDGET CATEGORIES

Object Class Categories
a. Personnel

b. Fringe Benefits

c. Travel

d. Equipment

e. Supplies

f. Contractual

g. Construction

h. Other

i. Total Direct Charges
j- Indirect Charges
TOTALS

1st Year 2nd Year 1st +2nd Year
Federal Non-Federal Federal Non-Federal Federal Non-Federal
0 49826 0 36973 0 86799
0 14584 0 13313 0 27897
1840 0 2380 0 4220 0
0 0 0 0 0 0
174410 21902 15864 0 190274 21902
24886 87808 0 0 24886 87808
0 0 0 0 0 0
3840 0 0 0 3840 0
204976 174120 18244 50286 [ 223220 224406
0 0 0 0 0 0
204976 174120 18244 50286 223220 224406
1st Year 2nd Year 1st +2nd Year
Federal Non-Federal Federal Non-Federal Federal Non-Federal
18875 51760 0 46200 18875 97960
1155 4620 0 9240 1155 13860
4867 0 0 0 4867 0
0 0 0 0 0 0
3799 1500 0 0 3799 1500
17500 0 8500 0 26000 0
0 0 0 0 0 0
0 0 0 0 0 0
46197 57880 8500 55440 [ 54697 113320
6930 2310 1275 425 8205 2735
53126 60190 9775 55865 62901 116055
1st Year 2nd Year 1st +2nd Year
Federal Non-Federal Federal Non-Federal Federal Non-Federal
18875 101586 0 83173 18875 184759
1155 19204 0 22553 1155 41757
6707 0 2380 0 9087 0
0 0 0 0 0 0
178209 23402 15864 0 194073 23402
42386 87808 8500 0 50886 87808
0 0 0 0 0 0
3840 0 0 0 3840 0
251173 232000 26744 105726 M 277917 " 337726
6930 2310 1275 425 8205 2735
258102 234310 28019 106151 286121 340461
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