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INTERNATIONAL PACIFIC
HaLiBuT COMMISSION

IPHC-2018-AM094-01
Last updated: 17 January 2018

DRAFT: AGENDA & SCHEDULE FOR THE 94" SESSION OF THE IPHC
ANNUAL MEETING (AM094)

Date: 22—26 January 2018
Location: Portland, Oregon, U.S.A.
Venue: Hilton Portland & Executive Tower
Time: 22" 09:00-17:30; 23-26: 09:00-17:00 daily
Chairperson: Dr. James Balsiger (United States of America)
Vice-Chairperson: Mr. Paul Ryall (Canada)

Notes:

- All sessions are open to observers and the general public, unless the Commission
specifically decides otherwise.

- All open sessions will be webcast. Webcast sessions will also take audience comments
and questions as directed by the Chairperson of the Commission.

PROVISIONAL: AGENDA FOR THE 94" SESSION OF THE IPHC
ANNUAL MEETING (AM094)

1. OPENING OF THE SESSION
2. ADOPTION OF THE AGENDA AND ARRANGEMENTS FOR THE SESSION

3.  UPDATE ON ACTIONS ARISING FROM THE 93rd ANNUAL MEETING and the 93
INTERIM MEETING

4. REPORT OF THE IPHC SECRETARIAT (2017)
5. FISHERY STATISTICS (2017)

6. STOCK STATUS OF PACIFIC HALIBUT (2017) & HARVEST DECISION TABLE (2018)
6.1 Fishery Independent Setline Survey (FISS) design and implementation in 2017,
including current and future expansions
6.2 Space-time modelling of survey data (WPUE; survey expansion results, etc.)
6.3 Data overview and Stock assessment (2017), and draft harvest decision table
(2018)
6.4 Pacific halibut catch tables (2018)

7. MANAGEMENT STRATEGY EVALUATION
7.1 IPHC Management Strategy Evaluation: update
7.2 Report of the 10" IPHC Management Strategy Advisory Board (MSAB10)
7.3 Review of fishery goals and objectives: Commission directive
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8. REGULATORY PROPOSALS FOR 2018
8.1 IPHC Secretariat regulatory proposals
8.2 Contracting Party (agency) regulatory proposals
8.3 Other Stakeholder regulatory proposals
8.4 Stakeholder statements

9. CONTRACTING PARTY (AGENCY) REPORTS
9.1 Regulatory Area 2A (US west coast)
9.2 Regulatory Area 2B (British Columbia)
9.3 Regulatory Areas 2C/3/4 (Alaska)

10. IPHC RESEARCH AND 5-YEAR RESEARCH PROGRAM
10.1 IPHC Research Advisory Board — Update
10.2 Report of the 11" Session of the IPHC Scientific Review Board (SRB11)
10.3 IPHC 5-year Biological & Ecosystem Science research program: update
10.4 Evaluation of the IPHC’s 32" minimum size limit

11. IPHC PERFORMANCE REVIEW
11.1 Update on progress regarding the implementation of the 15 IPHC Performance
Review recommendations
11.2 2" |PHC Performance Review: Update
e Discussion of Legal Review of the IPHC Convention

12. FINANCE AND ADMINISTRATION
12.1 Financial Statement for FY2017
12.2 Annual independent auditor’s report (2016 and 2017)
12.3 Handling of the annual budget carryover
12.4 Budget estimates for FY2018 and FY2019 for approval, and tentatively for FY2020
12.5 IPHC Financial Regulations (2018): Draft

13. REPORT OF THE 88" SESSION OF THE IPHC CONFERENCE BOARD (CB088)

14. REPORT OF THE 23" SESSION OF THE IPHC PROCESSOR ADVISORY BOARD
(PAB023)

15. OTHER BUSINESS
15.1 IPHC meetings calendar (2018-20)
15.2 News release
15.3 Election of a Chairperson and Vice-Chairperson

16. REVIEW OF THE DRAFT AND ADOPTION OF THE REPORT OF THE 94" SESSION
OF THE IPHC ANNUAL MEETING (AM094)
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IPHC-2018-AM094-01
Last updated: 17 January 2018

DRAFT: SCHEDULE FOR THE 94" SESSION OF THE IPHC
ANNUAL MEETING (AM094)

(including the schedule for the 94" Session of the IPHC Finance and Administration Committee (FAC094))

Monday, 22 January 2018

Time

Agenda item

Lead (support)

94" Session of the IPHC Finance and Administration Committee (FAC094)

09:00-10:30

94" Session of the IPHC Finance and Administration Committee (FAC094) (in
Captain Gray | & Il Room)

1) Financial Statement for FY2017

2) Annual independent auditor’s reports (2016 & 2017)

3) Handling of the annual budget carryover

4) Proposed budget for FY2018 and FY2019 for approval, and tentatively for
FY2020

5) IPHC Financial Regulations (2018): Draft

Chairperson & M. Larsen

10:30-11:00

Break

11:00-12:30

94" Session of the IPHC Finance and Administration Committee (FAC094) (in
Captain Gray | & Il Room)

Chairperson

12:30-13:30

Lunch

94" Session of the IPHC Annual Meeting (AM094)

13:30-13:45

1. Opening of the Session (in Grand Ballroom | Room)

Chairperson

13:45-14:00

2. Adoption of the agenda and arrangements for the Session
> IPHC-2018-AM094-01: Agenda & Schedule for the 94" Session of the
IPHC Annual Meeting (AM094)
> IPHC-2018-AM094-02: List of Documents for the 94" Session of the
IPHC Annual Meeting (AM094)

Chairperson & Executive
Director

14:00-14:10

3. Update on actions arising from the 93 Annual Meeting and the 93" Interim
Meeting

D. Wilson
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> IPHC-2018-AM094-03: Update on actions arising from the 93" Annual
Meeting, and the 93" Interim Meeting

> IPHC-2017-IM093-R: Report of the 93™ Session of the IPHC Interim
Meeting (IM093)

4. Report of the IPHC Secretariat (2017)

D. Wilson (K. Jernigan,

14:10-14:40
» IPHC-2017-AMO094-04: Report of the IPHC Secretariat (2017) E. Soderlund)
. . 5. Fishery statistics (2017) .
14:40-15:00
> IPHC-2017-AMO094-05: Fishery statistics (2017) J. Goen (L. Erikson)
6 Stock status of Pacific halibut (2017) and harvest decision table (2018)
6.1 Fishery Independent Setline Survey (FISS) desigh and implementation
15:00-15:10 in 2017, including current and future expansions
’ ' > IPHC-2018-AM094-06: Fishery Independent Setline Survey (FISS)
design and implementation in 2017, including current and future | T- Geernaert (J. Goen)
expansions
6.1 Space-time modelling of IPHC fishery-independent setline survey data | R. Webster
15:10-15:30 » IPHC-2018-AM094-07: Space-time modelling of IPHC fishery-
independent setline survey data.
15:30-15:45 Break
6.2 Data overview and Stock assessment (2017), and draft harvest decision
table (2018) | Stewart
» IPHC-2018-AMO094-08: Summary of the data, stock assessment, and |
harvest decision table for Pacific halibut (Hippoglossus stenolepis) at
the end of 2017
. ) > |IPHC-2018-AM094-09: Overview of data sources for the Pacific
15:45-17:00 . ;
halibut stock assessment, harvest strategy policy, and related
analyses
> IPHC-2018-AM094-10: Assessment of the Pacific halibut
(Hippoglossus stenolepis) stock at the end of 2017 |. Stewart
6.3 Updated Pacific halibut catch tables (2018)
» IPHC-2018-AMO094-11: Pacific halibut catch tables
17:00-17:30 Public comment and questions (Agenda Items 5 & 6) Chairperson
Tuesday, 23 January 2018
7. Management strategy evaluation (in Grand Ballroom | Room)
09:00-10:00 7.1 IPHC Management Strategy Evaluation update A Hicks

> IPHC-2018-AM094-12: IPHC Management Strategy Evaluation (MSE):
update
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7.2 Reports of the IPHC Management Strategy Advisory Board (MSAB) | A. Keizer

> IPHC-2017-MSABO09-R: Report of the 9™ Session of the IPHC
Management Strategy Advisory Board (MSABQ9)

> IPHC-2017-MSAB10-R: Report of the 10" Session of the IPHC
Management Strategy Advisory Board (MSAB10)

7.3 Review of fishery goals and objectives: Commission directive Chairperson
10:00-10:30 Public comment and questions (Agenda Item 7) Chairperson
10:30-10:45 Break

8. Regulatory proposals for 2018 (in Grand Ballroom I Room)

8.1 IPHC Secretariat regulatory proposals S. Keith
10:45-12:30 8.2 Contracting Party (agency) regulatory proposals Agencies (G. Merrill)

8.3  Other Stakeholder regulatory proposals Stakeholders (S. Keith)

8.4  Stakeholder statements S. Keith
12:30-13:30 Lunch
13:30-15:30 9. Agency reports (in Captain Gray | & Il Room) Various agencies

) ' 9.1 Regulatory Area 2A (US west coast)
15:30-15:45 Break
15:45-16:30 9.2 Regulatory Area 2B (British Columbia) Various agencies
16:30-17:00 Public comment and questions (Agenda Items 8, 9.1-9.2)

Wednesday, 24 January 2018

9. Agency reports: (in Captain Gray | & II Room)

-00-10- Various agencies
09:00-10:30 9.3 Regulatory Areas 2C/3/4 (Alaska) J
10:30-10:45 Break
10:45-12:00 9. Agency reports: (in Captain Gray | & Il Room) Various agencies

) ' 9.3  Regulatory Areas 2C/3/4 (Alaska)
12:00-12:30 Public comment and questions (Agenda Item 9.3) Chairperson
12:30-13:30 Lunch

10. IPHC Research and 5-year research program (in Captain Gray | & Il Room) D Wilson
13:30-15:00 10.1 IPHC Research Advisory Board — Update '

’ ' 10.2 Report of the 11" Session of the IPHC Scientific Review Board S. Cox

(SRB11)
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> IPHC-2017-SRB11-R: Report of the 11" Session of the IPHC Scientific
Review Board (SRB11)

10.3 IPHC 5-year Biological & Ecosystem Science research program: | J. Planas
update
» IPHC-2018-AM094-13: IPHC 5-year Biological and Ecosystem Science
research program: update
10.4 Evaluation of the IPHC’s 32" minimum size limit |. Stewart
» IPHC-2018-AM094-14: Evaluation of the IPHC’s 32" minimum size limit
15:00-15:30 Public comment and questions (Agenda Item 10) Chairperson
15:30-15:45 Break
12. Finance and administration: (in Captain Gray | & Il Room)
12.1 Financial Statement for FY2017
» IPHC-2018-AM094-17: Financial Statement for FY2017
12.2 Annual independent auditor’s report (2017) M. Larsen
» IPHC-2018-AM094-18: Independent auditor’s reports (2016 & 2017)
12.3 Handling of the annual budget carryover
15:45-17-00 > IPHC-2018-AMO094-19: Handling of the annual budget carryover

12.4Proposed budget for FY2018 and FY2019 (for approval), and
tentatively for FY2020
» IPHC-2018-AM094-20: Budget estimates for FY2018 and 2019 (for
approval) and tentatively for 2020
12.51PHC Financial Regulations (2018): Draft
» [IPHC-2018-AM094-21: Amendment of the IPHC Financial Regulations
(2014)

Thursday, 25 Janu

ary 2018

13. Report of the 88™ Session of the IPHC Conference Board (CB088) (in Grand
Ballroom | Room)

CB Chairperson

09:00-09:30 > IPHC-2018-CB088-R: Report of the 88™ Session of the IPHC Conference
Board (CB088)
14. Report of the 23 Session of the IPHC Processor Advisory Board (PAB023) | PAB Chairperson
09:30-10:00 > IPHC-2017-PAB023-R: Report of the 23™ Session of the IPHC
Processor Advisory Board (PAB023)
10:00-10:30 Public comment and questions (Agenda Items 13 & 14) Chairperson
10:30-10:45 Break
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10:45-12:30 Commission Discussion Chairperson
12:30-13:30 Lunch
11. IPHC Performance Review
11.1 Update on progress regarding the implementation of the 1t IPHC S. Keith
Performance Review recommendations '
13:30-14:30 > IPHC-2018-AM094-15: Update on progress regarding the
implementation of the 1st IPHC Performance Review recommendations
11.2 2" |PHC Performance Review: Update D. Wilson
e Discussion of Legal Review of the IPHC Convention
> IPHC-2018-AM094-16: 2™ IPHC Performance Review: Update

15:30-15:45 Break
15:45-17:00 8. Reuvisit Regulatory proposals for 2018: for decision (in Grand Ballroom | D. Wilson (S. Keith)

Room)

Friday, 26 January 2018

Catch limits for 2018: (in Pavilion Ballroom West)

09:00-10:30 ; Chairperson
e Other actions as necessary
10:30-11:00 Break
11:00-11:30 Reuvist final catch tables based on adopted catch limits for 2018 Executive Director
15. Other business
15.1 IPHC meetings calendar (2018-20) S. Keith
11:30-12:30 » |IPHC-2018-AM094-22: IPHC meetings calendar (2018-20)
15.2 News release S. Keith
15.3 Election of a Chairperson and Vice-Chairperson Chairperson
12:30-13:30 Lunch
13:30-17-00 16. Review of the draft and adoption of the Report of the 94" Session of the IPHC | Chairperson

Annual Meeting (AM094) (in Broadway I/Il Room)

Executive Director
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HaLiBuT COMMISSION

IPHC-2018-AM094-02
Late updated: 19 January 2018

DRAFT: LIST OF DOCUMENTS FOR THE 94" SESSION OF THE IPHC

ANNUAL MEETING (AM094)

Meeting documents

Title

Availability

IPHC-2018-AM094-01

DRAFT: Agenda & Schedule for the 94™ Session
of the IPHC Annual Meeting (AM094)

v’ 24 Oct 2017
v/ 17 Jan 2018

IPHC-2018-AM094-02

DRAFT: List of Documents for the 94" Session of
the IPHC Annual Meeting (AM094)

v’ 24 Oct 2017
v/ 17 Jan 2018

IPHC-2018-AM094-03

Update on actions arising from the 93 Annual
Meeting (AM093), and the 93" Interim Meeting
(IM093) (IPHC Secretariat)

v' 20 Dec 2017

IPHC-2018-AM094-04

Report of the IPHC Secretariat (2017) (IPHC
Secretariat)

v’ 21 Dec 2017

IPHC-2018-AM094-05

Fishery statistics (2017) (J. Goen & L. Erikson)

v' 20 Dec 2017

IPHC-2018-AM094-06

Fishery Independent Setline Survey (FISS) design
and implementation in 2017, including current and
future expansions (J. Goen, T. Geernaert,

E. Henry, E. Soderlund, A.M. Ranta, T.M. Kong, &
J. Forsberg)

v' 20 Dec 2017

IPHC-2018-AM094-07

Space-time modelling of IPHC fishery-
independent setline survey data (R. Webster)

v 19 Dec 2017

IPHC-2018-AM094-08

Summary of the data, stock assessment, and
harvest decision table for Pacific halibut

(Hippoglossus stenolepis) at the end of 2017
(I. Stewart, A. Hicks, R. Webster & D. Wilson)

v' 19 Dec 2017

IPHC-2018-AM094-09

Overview of data sources for the Pacific halibut
stock assessment, harvest strategy policy, and
related analyses (l. Stewart & R. Webster)

v’ 21 Dec 2017

IPHC-2018-AM094-10

Assessment of the Pacific halibut (Hippoglossus
stenolepis) stock at the end of 2017 (I. Stewart &
A. Hicks)

v 21 Dec 2017

IPHC-2018-AM094-11 Rev_1

Final Pacific halibut catch tables for 2018

(I. Stewart)

v' 01 Dec 2017
v' 10 Jan 2018

IPHC-2018-AM094-12

IPHC Management Strategy Evaluation (MSE):
update (A. Hicks & |. Stewart)

v' 02 Dec 2017

IPHC-2018-AM094-13

IPHC 5-year Biological and Ecosystem Science
research program: update (J. Planas)

v 06 Dec 2017

IPHC-2018-AM094-14

Evaluation of the IPHC’s 32" minimum size limit
(I. Stewart & A. Hicks)

v 01 Dec 2017
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IPHC-2018-AM094-15

Update on progress regarding the implementation
of the 1%t IPHC Performance Review
recommendations (S. Keith & D. Wilson)

v 01 Dec 2017

IPHC-2018-AM094-16

2" |IPHC Performance Review: Update
(D. Wilson)

v' 01 Dec 2017

IPHC-2018-AM094-17

Financial Statement for FY2017 (M. Larsen)

v 04 Jan 2018

IPHC-2018-AM094-18

Independent auditor’s reports (FY2016 & FY2017)
(M. Larsen)

v/ 19 Jan 2018

IPHC-2018-AM094-19

Handling of the annual budget carryover
(M. Larsen & D. Wilson)

v' 20 Dec 2017

IPHC-2018-AM094-20

Budget estimates for FY2018 and 2019 (for
approval) and tentatively for 2020 (M. Larsen)

v' 05 Jan 2018

IPHC-2018-AM094-21

Amendment of the IPHC Financial Regulations
(2014) (M. Larsen, S. Keith & D. Wilson)

v’ 21 Dec 2017

IPHC-2018-AM094-22

IPHC meetings calendar (2018-20) (IPHC
Secretariat)

v 12 Dec 2017

IPHC-2018-AM094-23

Implementation notes: 2018 Regulatory proposals
(IPHC Secretariat)

v’ 23 Dec 2017

Contracting Party (by agency

) reports

IPHC-2018-AM094-AR01

Pacific Fishery Management Council (PFMC)
update

v 12 Dec 2017

IPHC-2018-AM094-AR02

NMFS Report: Report on the 2017 Pacific halibut
fisheries in Area 2a

v’ 22 Dec 2017

IPHC-2018-AM094-AR03

U.S. Coast Guard enforcement Report (IPHC
Areas 2A, 2C, 3A, 3B, 4A, 4B, 4C, 4D and 4E) to
the International Pacific Halibut Commission (11,
13" and 17" Districts)

v’ 28 Dec 2017

IPHC-2018-AM094-AR04

NOAA-NMFS Office of Law Enforcement (OLE)
West coast enforcement division report to the
International Pacific Halibut Commission

v/ 02 Jan 2018

IPHC-2018-AM094-AR05
Rev 1

Washington Department of Fish and Wildlife
(WDFW): Summary of Washington Pacific Halibut
Fisheries Management in 2017

v’ 21 Dec 2017
v’ 27 Dec 2017

IPHC-2018-AM094-AR06
Rev 1

Oregon Department of Fish and Wildlife (ODFW):
Report on the 2017 Oregon Recreational and
Commercial Pacific Halibut Fisheries

v’ 22 Dec 2017
v 04 Jan 2018

IPHC-2018-AM094-AR07

Oregon State Police Halibut Enforcement
Summary

v' 11 Dec 2017

IPHC-2018-AM094-AR08

California Department of Fish and Wildlife
(CDFW): Report to the International Pacific
Halibut Commission on 2017 California Fisheries

v 22 Dec 2017
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IPHC-2018-AM094-AR09

Fisheries and Oceans Canada 2017: IPHC
Annual Report

v' 20 Dec 2017

IPHC-2018-AM094-AR10
Rev 1

2017 Canadian Recreational Fishery Halibut
Catch Report

v 20 Dec 2017
v' 11 Jan 2018

IPHC-2018-AM094-AR11

Canadian report to the International Pacific
Halibut Commission on 2017 halibut fishery
enforcement activities

v' 20 Dec 2017

IPHC-2018-AM094-AR12

North Pacific Fishery Management Council
(NPFMC): Annual management letter

v’ 21 Dec 2017

IPHC-2018-AM094-AR13

Annual Report to the International Pacific Halibut
Commission from the Alaska Region, National
Marine Fisheries Service

v 08 Jan 2018

IPHC-2018-AM094-AR14

Alaska Department of Fish and Game (ADFG)
Recreation Report

v' 20 Oct 2017

IPHC-2018-AM094-AR15

Alaska Department of Fish and Game (ADFG)
Subsistence Report

v' 20 Dec 2017

IPHC-2018-AM094-AR16

NOAA Fisheries Office of Law Enforcement
(OLE): Alaska enforcement division report to the
International Pacific Halibut Commission

v' 09 Jan 2018

IPHC-2018-AM094-AR17

Alaska State Troopers Department of Public
Safety Division of Alaska Wildlife Troopers Report
to the International Pacific Halibut Commission

Withdrawn

Regulatory proposals for 2018

IPHC Secretariat regulatory proposals for 2018

IPHC-2018-AM094-PropAl

IPHC Closed Area (Sect. 10) (IPHC Secretariat)

v 19 Dec 2017

IPHC-2018-AM094-PropA2

Fishing Periods (Sect. 8) (IPHC Secretariat)

v 01 Dec 2017

IPHC-2018-AM094-PropA3

Vessel Monitoring System requirement for IPHC
Regulatory Area 4 clearances (Sect. 15) (IPHC
Secretariat)

v' 01 Dec 2017

IPHC-2018-AM094-PropA4

IPHC Fishery Regulations: minor amendments
(IPHC Secretariat)

v' 01 Dec 2017

IPHC-2018-AM094-PropA5

Discussion paper: Frozen-at-sea exemption for
head-on requirement (Sect. 13) (IPHC
Secretariat)

v 01 Dec 2017

Contracting Party (by agency) regulatory proposals for 2018

IPHC-2018-AM094-PropB1
Rev 1

Leasing IFG to CDQ groups in IPHC Regulatory
Area 4 (U.S.A. - NOAA-Fisheries)

v’ 23 Dec 2017

IPHC-2018-AM094-PropB2

Clarify sport fishing regulations in Regulatory
Areas 2C and 3A (U.S.A. - NOAA-Fisheries)

v 01 Dec 2017
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IPHC-2018-AM094-PropB3

Clarify head-on requirement in Alaska
Commercial Fisheries (U.S.A. - NOAA-Fisheries)

v' 01 Dec 2017

Other Stakeholder regulatory proposals for 2018

IPHC-2018-AM094-PropC1

Catch limit proposals (Sect. 11) (Various)

v 1 Dec 2017

IPHC-2018-AM094-PropC2

Preserving catch on private live-aboard vessels
(A. Cooper)

v 16 Aug 2017

IPHC-2018-AM094-PropC3

For unguided sport fishing (P. Phillips)

v’ 14 Sept 2017

IPHC-2018-AM094-PropC4

Sport Fishing for Halibut - Cleaning Regulations
(S. Riehemann)

v’ 22 Sept 2017

IPHC-2018-AM094-PropC5

Elimination of skin-on regulation (J. Shirk)

v 16 Oct 2017

IPHC-2018-AM094-PropC6

Live-aboard processing exemption (D. Robertson)

v 17 Oct 2017

IPHC-2018-AM094-PropC7

Eliminate the requirement for a CHP
(S. Riehemann)

v 20 Oct 2017

IPHC-2018-AM094-PropC8

Allow shellfish pots on board (ALFA)

v’ 23 Oct 2017

IPHC-2018-AM094-PropC9

Processing halibut greater than four filets
(M. Cowart)

v’ 24 Oct 2017

IPHC-2018-AM094-PropC10

Halibut length measurement method (R. Yamada)

v’ 26 Oct 2017

IPHC-2018-AM094-PropC11

Long term storage aboard pleasure vessels
(L. Thompson)

v/ 26 Oct 2017

IPHC-2018-AM094-PropC12

Long term storage on cruising vessels
(W. Cornell)

v 26 Oct 2017

IPHC-2018-AM094-PropC13

Halibut in Bering Sea pots (J. Kauffman)

v’ 27 Oct 2017

IPHC-2018-AM094-PropC14

Status Quo Harvest Measures for Guided Anglers
in Area 3A (R. Yamada)

v’ 27 Oct 2017

IPHC-2018-AM094-PropC15

Trawler Halibut Bycatch Tender boat program
(J. Kearns)

v’ 22 Dec 2017

IPHC-2018-AM094-PropC16

Reduce daily bag limit for all anglers in Area 2C
and 3A in times of low abundance (M. Grove)

v’ 23 Dec 2017

IPHC-2018-AM094-PropC17

Recreational sportsfishing only allocation
(J. Kearns)

v’ 22 Dec 2017

Reports from IPHC subsidiary bodies (2017/18)

IPHC-2017-SRB10-R

Report of the 10" Session of the IPHC Scientific
Review Board (SRB10)

v 4 July 2017

IPHC-2017-SRB11-R

Report of the 11" Session of the IPHC Scientific
Review Board (SRB11)

v 29 Sept 2017

IPHC-2017-MSAB09-R

Report of the 9" Session of the IPHC
Management Strategy Advisory Board (MSABQ9)

v’ 22 May 2017
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IPHC-2017-MSAB10-R

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

v’ 27 Oct 2017

IPHC-2018-CB088-R

Report of the 88" Session of the IPHC
Conference Board (CB088)

Expected: 24 Jan

IPHC-2018-PAB023-R

Report of the 23" Session of the IPHC Processor
Advisory Board (PAB023)

Expected: 24 Jan

Report of the 93 Session of the IPHC Interim

- - - v
IPHC-2017-IM093-R Meeting (IM093) 2 Dec 2017
Information papers
IPHC-2018-AMO94-INEO1 Understanding the IPHC harvest decision table v 1 Dec 2017

(2018) (I. Stewart)

IPHC-2018-AM094-INF02

IPHC Regulatory Area 2A Directed commercial
Pacific halibut fishery management overview and
fishing period options (2- and 5-days)

(IPHC Secretariat)

v' 19 Dec 2017

IPHC-2018-AM094-INF03

Bycatch data summary (IPHC Secretariat)

v’ 21 Dec 2017

IPHC-2018-AM094-INFO4

Stakeholder statements on regulatory proposals
for 2018 (IPHC Secretariat)

v 28 Dec 2017

IPHC-2018-AM094-INFO5

The Magnuson-Stevens Act: Continuing our
nation’s legacy of strong, science-based fisheries
management (ALFA)

v/ 08 Jan 2018

IPHC-2018-AM094-INFO06

2017 2A Treaty Tribal Halibut Season Summary
(Anon)

v 17 Jan 2018

Other supporting documents

IPHC-2017-RARA27-R

Report of Assessment and Research Activities:
2017 (IPHC Secretariat)

v' 20 Dec 2017
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HaLiBuT COMMISSION

IPHC-2018-AM094-03

Update on actions arising from the 939 Annual Meeting (AM093) and 93" Interim
Meeting (IM093)

PREPARED BY: IPHC SECRETARIAT (20 DECEMBER 2017)

PURPOSE

To provide the Commission with an opportunity to consider the progress made during the inter-
sessional period, in relation to the recommendations and requests of the 93 Session of the
IPHC Annual Meeting (AM093), and 93" Interim Meeting (IM093) in 2017.

BACKGROUND

At the 93 Session of the IPHC Annual Meeting (AM093), and 93" Session of the IPHC Interim
Meeting, Contracting Parties agreed on a series of actions to be taken by Commissioners,
Subsidiary Bodies and the IPHC Secretariat on a range of topics as detailed in Appendix A.

DISCUSSION

Noting that best practice governance requires the prompt delivery of core tasks assigned by the
Commission, at each subsequent session of the Commission and its subsidiary bodies, attempts
will be made to ensure that any recommendations and 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 (i.e. a specific Contracting Party,
the IPHC Secretariat, a subsidiary body of the Commission or the Commission
itself);

3) a desired time frame for delivery of the action (i.e. by the next session of an
subsidiary body, or other date).

This involves numbering and tracking all action items (see Appendix A) from the Commission in
2017, as well as including clear progress updates and document reference numbers.

RECOMMENDATION/S
That the Commission:

1) NOTE paper IPHC-2018-AM094-03 which provided the Commission with an opportunity
to consider the progress made during the inter-sessional period, in relation to the
recommendations and requests of the 93" Session of the IPHC Annual Meeting (AM093)
and 93" Session of the IPHC Interim Meeting (IM093) in 2017.

2) AGREE to consider and revise as necessary, the actions, and for these to be combined
with any new actions arising from the AM094.
APPENDICES

Appendix I: Update on actions arising from the 93" Annual Meeting (AM093) and 93" Interim
Meeting (IM093)
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APPENDIX A

Update on actions arising from the 939 Annual Meeting (AM093) and 93'® Interim

Meeting (IM093)

Action
No.

Description

Update

939 Annual Meeting (January 2017): RECOMMENDATIONS

AMO093-
Rec.01

(para. 6)

Update on actions arising from the 92" Annual
Meeting, IPHC Work Meeting and the 92" Interim
Meeting

NOTING the importance of the North Pacific Fishery
Management Council (NPFMC) working cooperatively
with the IPHC on Pacific halibut management, the
Commission RECOMMENDED that the existing ad-hoc
meetings between the NPFMC and the IPHC be
formalised into a standing body that meets regularly to
provide direction to the development of a coordinated
relationship between both parties. Such a body should
consist of IPHC Commissioners (from both the USA and
Canada) and the NPFMC leadership.

Completed: A one-day joint Session
of IPHC Commissioners and NPFMC
Councilors was held on 7 June 2017.
The session was held as part of the
Council process. The majority of
Councilors were supportive of an
annual joint Session, held in
conjunction with one of the bodies
meetings to reduce travel obligations.
However, it was not agreed to make
this a formal standing body.

At the 2017 Work Meeting and IM093,
the Commission agreed to continue
close collaboration with the NPFMC
regarding future joint sessions.

AMO093—-
Rec.02

(para. 17)

Survey expansion through 2019

The Commission recalled its previous
RECOMMENDATION that the IPHC Secretariat develop
an information paper associated with the survey
expansion, which details the likely implications of periodic
survey expansion on the stock assessment and
apportionment, taking into consideration potential
population variability of Pacific halibut in expansion areas
which are infrequently surveyed. The paper shall be
submitted for initial consideration at the Commission’s
Work Meeting in September 2017.

Completed: Presented to the IM093
(IPHC-2017-IM093-07).

For the latest update see the AM094
paper: IPHC-2018-AM094-07 Space-
time modelling of IPHC fishery-
independent setline survey data

(R. Webster)

AMO093—-
Rec.03

(para. 19)

The Commission RECOMMENDED that the IPHC
Secretariat develop a proposal detailing an ad-hoc
expansion of the IPHC fishery-independent setline survey
for 2017, which would involve a denser survey grid off the
north coast of Washington, USA. The proposal shall be
provided to the Commission as soon as possible following
the close of the 93 Annual Meeting for its review,
endorsement, and potential implementation. The intention
of the ad-hoc expansion is to verify the current estimates
of stock distribution within Regulatory Area 2A.

Completed:

17 February 2017:
IPHC-2017-AM093-06 ADD_1
06 March 2017:
IPHC-2017-AM093-06 ADD_2

NOTING the above, the Commission
ENDORSED the revised IPHC
fishery-independent setline survey for
Regulatory Area 2A in 2017, as
described in this paper (IPHC-2017-
AMO093-06 ADD_1). The 2017 survey
has now been completed accordingly.
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Action Description Update
No.
AMO093- | Draft Pacific halibut apportionment and catch tables | Completed: Reference to all elements
Rec.04 (2017) of the current harvest policy reliant on
(para. 29) . Ebio, as well as the use of the Blue
NOTING that the IPHC Secretariat and the IPHC i o p
o ; ine, has been eliminated. The “status
Scientific Review Board (SRB) have demonstrated that " : :
S . . . quo SPR” (Fasx%) is being used as an
Ebio is outdated and inconsistent with current assessment | "~ -~ "
interim “hand rail”.
results, and that numerous elements of the current harvest
policy are reliant on Ebio, and that the Commission has
agreed that the current harvest policy is considered to be
outdated (IPHC-2016-IM092-R, items 21, 22), the
Commission RECOMMENDED that reference to all
elements of the current harvest policy reliant on Ebio, as
well as the use of the Blue line, be eliminated subsequent
to the close of the 93 Session of the Commission. The
“status quo SPR” (F4s%) may serve as an interim “hand rail”
that allows all participants to gauge this and future years’
catch limit discussions in comparison to previous years.
AMO093- | NOTING that the Commission has indicated its interest in | Completed: The presentation of
Rec.05 clearer accounting for all mortality, and that Canada has | harvest advice has been changed to
(para. 30) | put forward catch limit allocation principles proposing that | be based on the TCEY, which
catch limits include all sources of mortality for each | includes all 026 commercial, sport,
regulatory area, the Commission RECOMMENDED that | personal use/subsistence, bycatch
the presentation of harvest advice be changed to be based | and wastage removals, for the 2018
on the TCEY, which includes all 026 commercial, sport, | Annual Meeting cycle.
personal use/subsistence, bycatch and wastage
removals, for the 2018 Annual Meeting cycle, as a step
towards more comprehensive and responsible
management of the resource that will result in the
negotiation of Regulatory Area-specific catch limits based
on TCEYs.
AM093- | IPHC Management Strategy Evaluation Completed: The IPHC now uses
Rec.06 . . “stock distribution” or “stock
NOTING that the term “apportionment” has connotations | . .- . R .
(para. 38) broader than stock distribution that are not reflective of its distribution model(ing)” accordingly.
meaning in the IPHC context, the Commission
RECOMMENDED that it be replaced with the terms “stock
distribution” or “stock distribution model(ing)”.
AMO093- | The Commission RECOMMENDED that the IPHC | In progress: MSAB meetings have
Rec.07 Management Strategy Evaluation (MSE) process be | been increased in length and content
(para. 39) | accelerated so that more of the elements contained within | to handle an accelerated timeline.

the current Program of Work are delivered at the 94t
Annual Meeting of the Commission in 2018. The IPHC
Secretariat is directed to mobilise carryover funds from
“core operations” to ensure the accelerated delivery
schedule.

MSABO09: Extended from 2 to 3 days
(9-11 May 2017). MSAB10: Extended
from 2 to 3.5 days (23-26 October
2017).

Delivery schedule acceleration:
Fishing metrics have been evaluated
and stock distribution procedures
have been discussed.

3 proposed staff position hires to
assist in expediting the MSE work
throughout 2018, as follows:

1) Programmer (short-term
contract)

2) MSE Expert (short-term
contract)
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Action Description Update
No.
3) MSE Researcher (FTE-2-yrs)

AMO093- | IPHC Pacific halibut fishery regulations 2017 Completed; The IPHC fishery
Rec.08 | 1he Commission RECOMMENDED that the IPHC | €9ulations were published prior to

(para. 73) . o . ) the commencement of the directed

Secretariat prepare the draft IPHC Pacific halibut fishery fi
X e ishery both the IPHC and both
regulations for 2017, based on the decisions of the
AMO093, for review and final approval by the Commission, governments.
prior to submission to the Contracting Parties for
implementation.

AMO093- | Exempted Fishing Permit (EFP) updates Completed: Initial results of the work
Rec.09 NOTING that the Commission had previously requested were incorporated within baper IPHC-
(para. . . - 2017-IM093-05 Rev_1 - Fishery
110) the IPHC Secretariat to examine bycatch red.uctlon by Fhe statistics (2017): Draft

Amendment 80 sector versus other sectors in the Bering
Sea, by regulatory area (see AM92.10), which was yet to
be undertaken, the Commission RECOMMENDED that
the IPHC Secretariat undertake a detailed examination of
changes in bycatch levels among all gears/sectors, and for
results to be presented to the Commission at its 93
Interim Meeting (in November 2017).

AMO093- | Report of the 18" Session of the IPHC Research Lr:)rezj%%:ier;ssé-rrgiézzﬁ |sr(;:_:::rtently
Rec.10 Advisory Board (RAB18): Best practices handling luati gh di pt.J
(para. guidelines evaluating handling practices

128) associated with physiological
== The Commission recalled its RECOMMENDATION from | condition and survival of discarded
the 92 Interim Meeting, that the IPHC Secretariat | Pacific halibut in the longline fishery
undertake a project to develop ‘Best practice handling | that will produce, as deliverables, best
guidelines’ for each of the primary gear types which catch | practice handling guidelines for the
Pacific halibut, both directed and non-directed. reduction or control of discard
mortality rates by late 2019.
AMO093- | Proposed budget for FY2017, 2018 and tentatively for | Completed:
Rec.11 2019
(}l)‘z—g' The Commission RECOMMENDED two supplementary
= budget items at the Annual Meeting, whose expenses
would be drawn from the IPHC carryover, and not the
regular budget. . .

a) Area 2A fishery-independent setline survey ad-hoc a) Budget estimate: US$9’.348'
expansion (densification) of the Washington region. Approved by the Commission
The IPHC Secretariat shall provide a proposal to the
Commission for inter-sessional decision, which
details the scientific, logistical and budget
implications. . )

b) Management Strategy Evaluation (MSE) b) Budget estimate: Moved to
supplemental support — The IPHC Secretariat shall icli/llgé?,sfser:?)gogsgitlg d
provide a proposal to the Commission for inter- )
sessional decision, detailing any additional above.
resources that could be used to expedite, enhance
and supplement the MSE Program of Work.

AMO093- | NOTING that in the current IPHC annual budgeting Completed; See paper IPHC-2018-
Rec.12 process, the budget is approved several months after the | AM094-21 Draft: IPHC Financial
(para. fiscal year has begun, the Commission Regulations (2018)

144) RECOMMENDED that the IPHC Secretariat propose

modifications to the IPHC Financial Regulations (2014) to
address this issue, for consideration at the 94" Annual
Meeting of the Commission in 2018.
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Action Description Update
No.

AMO093- | IPHC Performance Review: Planning for the 2" IPHC | In progress: See paper IPHC-2018-
Rec.13 Performance Review AMO094-16 2" IPHC Performance
(% The Commission RECOMMENDED that the IPHC | R€view: Update

Secretariat finalise the draft performance review terms of | A call for Expressions of Interest for a
reference and criteria to conduct the review, and | legal review of the Convention was
implement the 2" Performance Review throughout 2017, | published, closed and a candidate
for presentation to the Commission at its 94" Annual | selected. Report delivered.
Meeting in 2018 First Panel meeting to be held in
March/April 2018.
939 Annual Meeting (January 2017): REQUESTS

AMO093- | Survey expansion through 2019 In progress: IPHC requested for 2017
Req.01 NOTING the potential positive implications of periodic to f'?’h standard setl!ne survey

(para. 18) . stations that are inside protected

survey expansion on the stock assessment model and )

apportionment arising from the survey, and that the IPHC areas (Marine Prot_ected Areas .

Secretariat will be developing an ’information paper (MPAs) and RO.CkfISh Conservation

. . - Areas (RCAs)) in Regulatory Area 2B,

associated with the survey expansion (see IPHC-2016— - - -

IM092-R, item 38), and that there are implications of bl.Jt did not receive permission.

survey e>’<pansion ir’1 Regulatory Area 2B for species of Sixteen standard survey stations were

) affected (11 moved or dropped for

conservation concern and protected areas, and that MPAs, 5 moved for RCAs)

Canada would like to better understand the value of the ' '

additional  survey information, the Commission | The Secretariat is working with DFO

REQUESTED that the IPHC Secretariat work with | staff to identify protected areas for the

domestic agencies and interests to explore options to the | 2018 survey, which is expected to fish

proposed survey expansion to minimise impacts on | an expanded number of stations and

species of conservation concern and area closures before | when additional protected areas are

proceeding with planning any survey expansion in 2B. also expected to be added. IPHC has
held several meetings with DFO over
2017 (Mar, May, Aug, Sep, Nov, Dec)
in preparation for the 2018 setline
survey expansion and to explore
options to minimize impacts to
protected species and areas.
Because 2018 will include an
expansion in Regulatory Area 2B,
IPHC will submit a request to DFO to
conduct our fishery independent
setline survey well in advance of the
expected start date.

AMO093- | IPHC Management Strategy Evaluation In progress: See paper |IPHC-2018-

(F:ig'azo) Th_e Commission REQUESTED that_ the I_PHC_ Secretariat —émﬁzg;/lé\g::;igﬂnénuapgdear?eent

para. 22 | initiate a process to develop alternative, biologically based '

stock distribution strategies for consideration by the
Commission and its subsidiary bodies. This should also be
incorporated into the MSE Program of Work.

AMO093- | Regulatory proposals for 2017 Completed: See paper: IPHC-2018-
Req.03 IPHC Closed Area - removal AMO094-PropAl IPHC Closed Area

(para. 51) (Sect. 10) (IPHC Secretariat)

NOTING the detailed information gathered and presented
to the Commission in support of the removal of the IPHC
Closed Area (PropB), as detailed in paper IPHC-2017-
AMO093-INF03 on the following topics:
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Action
No.

Description

Update

Past considerations

History of boundaries

Bycatch

Nursery grounds

Other nearby closed areas

Impacts of allowing directed Pacific halibut fishing

the Commission REQUESTED further information be
provided on whether the area is a nursery ground for
Pacific halibut, by examining juvenile abundance from
data sources including but not limited to observer
programs and the NMFS trawl surveys, and comparing
this information with the impact of the directed fishery
operating in nearby areas, as well as the non-directed
fisheries currently operating within the Closed Area.

AMO093-
Req.04

(para. 89)

Fisheries and Oceans Canada (DFO) 2016: Annual
report

NOTING that the proposed change to the IPHC Pacific
halibut fishery regulations was made in Session, rather
than in accordance with the IPHC rules relating to proposal
submission, the Commission REQUESTED that the IPHC
Secretariat work with DFO Staff in an attempt to implement
electronic logbooks for Pacific halibut fisheries in Area 2B
in 2017, including but not limited to:

a) Any necessary updates to IPHC Regulations such
as Section 16, Paragraphs (5) through (7) on
Canadian logs to reflect both electronic and paper
logbooks;

b) Coordination with the IPHC Secretariat on the data
fields captured in the electronic logbook to ensure
inclusion of the information listed in IPHC
Regulations 16(6) noted below and any other
necessary fields as mutually agreed;

i. the name of the vessel and the DFO vessel
registration number;

ii. the date(s) upon which the fishing gear is set and
retrieved;

iii. the latitude and longitude coordinates for each
set;

iv. the number of skates deployed or retrieved, and
number of skates lost; and

v. the total weight or number of halibut retained for
each set.

c) Coordination with the IPHC Secretariat on the
logistics of data delivery to IPHC, including the
timing of and security of data delivery to IPHC and
the access to electronic logbooks by IPHC port
samplers at the time of landing.

d) Should this not be possible in 2017, a Regulatory
Proposal would be submitted by Canada for
consideration at the 94" Session of the Annual
meeting in 2018, in accordance with the IPHC
Rules of Procedure.

Completed: IPHC Fishery Regulations
(2017) contained the required
amendments.
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Action Description Update
No.

AMO093- | North Pacific Fisheries Management Council (NPFMC) | Completed: See AM094 document:

(Fiﬁg'%%) The Commission REQUESTED that the NMFS provide a IPHC-2018-AMO94-AR02

para. 59 report of juvenile Pacific halibut catch rates in the

commercial fisheries versus scientific trawl surveys. The
IPHC Secretariat shall facilitate this request for
presentation at the 93" Interim Meeting in November
2017.

AMO093- | Reports of the IPHC Scientific Review Board (SRB) In progress: See above AM093—
Req.06 The Commission REQUESTED that, in response to the Rec.Q4 (para. 29). The_SRB IS
(para. . - . working to develop options for

SRB recommendation that the Ebio calculation be phased . .
123) X . .. | consideration. See IPHC-2017-
out in favour of alternatives, the SRB recommend specific S fth h Sessi
alternatives that the IPHC Secretariat can explore RBLL-R Repqrt of the ll. ession
: of the IPHC Scientific Review Board
(SRB11)
93'¥ Interim Meeting (November 2017): RECOMMENDATIONS

IM093—- Report of the IPHC Secretariat (2017) Completed: See AM094 document:
Rec.01 The Commission RECOMMENDED that the IPHC | IPHC-2018-AM094-INF02

(para. 6) | Secretariat develop a working paper for consideration at

the 94 Annual Meeting, containing the following:
a) A detailed description of how the Regulatory Area
2A commercial fishery (derby) is managed,
including roles and responsibilities of agencies, the
PFMC and the IPHC; and
b) An update to the analysis of various fishing periods
and fishing period limits provided to the PFMC in
September 2017, including the addition of 2- and 5-
day fishing periods.
IMO93— (Fj{ier\élcet\i/i//gf fishery goals and objectives: Commission i progress: IPHC Circular 2017-22
Rec.02 communicated to stakeholders on
(para. 38) | NOTING the goals and objectives related to distributing | 18 December 2017.
the TCEY presented during the meeting by the U.S.A. .
(Table 3), the Commission RECOMMENDED that they be vTvnIe fgs'ecrﬁ‘taa'{gﬁﬁ%';Ofatthtflg"/fl\’;gg .
considered at the 94t Annual Meeting in January 2018 P y :
after soliciting input from stakeholders.

939 Interim Meeting (November 2017): REQUESTS

IMoga— | Fishery statistics (2017) Gompleted: 1PHC Circular 2017-21
Rec.01 NOTING Appendix | of paper IPHC-2017-IM093-05 Rev_1 | communicated to the Commission on

(para. 8) | was provided the evening prior to the Interim Meeting, and | 05 December 2017.

detailed information available on bycatch levels among all
gears/sectors, as requested by the Commission at its 93"
Annual Meeting (AMO093-Rec.09), the Commission
REQUESTED that the IPHC Secretariat facilitate
consideration of the information inter-sessionally, so that
the Commission may provide further guidance on the type
of information it requires, for consideration at the 94t
Annual Meeting in January 2018.

Feedback was received that similar
data would be desirable from the
Canadian fleets.

See AM094 document: |IPHC-2018-
AMO094-INFOQ3 for an expanded
summary of the information currently
assembled to meet this request.
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Action Description Update
No.
iMogs— | Space-time modeling of survey data (WPUE; sUIVeY | jsigggss: Consideration of ths
Req.02 ’ ' request has commenced and will be
(para. 17) | The Commission REQUESTED that the IPHC Secretariat | address in 2018.
examine alternative ways of computing bottom area that
account for bathymetry, noting that the current method
involves estimating the surface area of the ocean.
Data overview and preliminary stock assessment . )
IM093— . Completed: See AM094 document:
Req.03 (2017), and draft harvest decision table (2017) IPHC-2018-AM094-08
(para. 28) | The Commission REQUESTED that the IPHC Secretariat
provide columns in the decision table, three-year graphical
projections, and catch tables for SPR values of 42%, 44%,
48%, and 50% in addition to the 46% SPR that was
presented in documents IPHC-2017-IM093-08 and IPHC-
2017-IM093-09.
NOTING questions arising regarding the specific fisheries .
lF';AezggZ contributing to projected bycatch reductions from 2010 to Iznogg?%r&zz-fgg f\ggency report IPHC-
: 2017, the Commission REQUESTED that the IPHC
(para. 29) Secretariat work with NMFS staff to facilitate a report for
consideration at the 94" Annual Meeting in January
2018.
Report of the 10" Session of the IPHC Management s
IM093— : In progress: This request has been
Req.05 Strategy Advisory Board (MSAB10) forwarded to the MSAB process in
(para. 36) | The Commission REQUESTED that the MSAB look at | 2018.
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%.

IMO93— gier\él:ei\i/i//em fishery goals and objectives: Commission I proGress: IPHC Circular 2017-22
Req.06 communicated to stakeholders on
(para. 39) | The Commission REQUESTED the IPHC Secretariat to | 18 December 2017. The intention is

consolidate the objectives related to TCEY distribution | to consolidate these for presentation
(Table 3) with the current goals, objectives and | atthe AM094.
performance metrics provided as Appendix IV of the
MSAB10 Report, for presentation at the 94t Annual
Meeting in January 2018.
IM093— Contracting Party (Agency) updates Pending: Currently slated for
Req.07 | The Commission REQUESTED that the IPHC Secretariat | development in early 2018.
(para. 61) | develop a standard template for agency reports to the

Commission, in order to improve their structure and
consistency, as well as to allow the agencies to prepare
the appropriate information at the appropriate level of
detail for the Commission’s consideration.
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INTERNATIONAL PACIFIC
HaLiBuT COMMISSION

IPHC-2018-AM094-04

Report of the IPHC Secretariat (2017)

PREPARED BY: IPHC SECRETARIAT (21 DECEMBER 2017)

PURPOSE
To provide the Commission with an update on the activities of the IPHC Secretariat in 2017.

STAFFING CHANGES DURING 2017

FT Departures Type Hire Date Departure Date Position Title Status
Melissa Knapp Full time regular 1 June 2001 15 January 2017 Administrative Retired
Coordinator
Kelly McElligott Full time regular 17 January 2017 27 December 2017 Data transcriber Departed
FT Arrivals Type Hire Date Departure Date
Kelly Chapman Full time regular 1 January 2017 - Front office assistant Active
Kelly McElligott Full time regular 17 January 2017 - Data transcriber Active
Temporary
positons

Collin Winkowski

Temporary full time

20 March 2017

30 September 2017

Survey assistant

Contract ended

Niall O'Brien

Temporary full time

16 May 2017

14 August 2017

Intern

3 month
Contract ended

MEETINGS OF THE COMMISSION AND SUBSIDIARY BODIES DURING 2017

2017
Meeting No. Original Date Changes Location

Annual Meeting (AM) 93 23-27 Jan - Victoria, Canada
Conference Board (CB) g7t 24-25 Jan - Victoria, Canada
Processor Advisory Board (PAB) 22nd 24-25 Jan - Victoria, Canada
Elgr?]r;rc]:ﬁtggo(lFAAéi)mlnlstratlon -- 23, 26 Jan, during AM i Victoria, Canada
Scientific Review Board (SRB) 10t 20-21 June 3d; 14-16 June Seattle, USA

11t 26-28 Sept - Seattle, USA
Management Strategy Advisory gt 9-11 May - Seattle, USA
Board (MSAB)

10t 25-26 Oct 4d; 23-26 Oct Seattle, USA

cholarship Committee no meeting in

Scholarship C i SC ing in 2017
Work Meeting (WM) -- 20-21 Sept - Bellingham, USA
Research Advisory Board (RAB) 19t 15 Nov 28 Feb 2018 Seattle, USA
Interim Meeting (IM) 93 28-29 Nov - Seattle, USA
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IPHC FISHERY REGULATIONS (2017)

In 2017, the Commission adopted four (4) fishery regulations in accordance with Article Il of the
Convention, as follows:

1) IPHC Pacific halibut fishery regulations, Section 13. Size Limits

IPHC-2017-AM093-R, para. 48: The Commission ADOPTED a proposal aimed at
eliminating a recently identified bias in Pacific halibut removal estimates (net
weight), by requiring all commercial Pacific halibut to be landed and weighed with
their heads attached for data reporting purposes and to be subject to the 32-inch
minimum size limit (IPHC-2017-AM093-PropA), which supersedes Section 13 of
the IPHC Pacific halibut fishery regulations. An exemption was agreed upon
whereby vessels that freeze Pacific halibut at sea may possess and land their
frozen fish with the head removed subject to the 24-inch minimum size limit if
possessed or landed with the head removed (Appendix VI).

2) IPHC Pacific halibut fishery regulations, Section 18. Fishing Multiple Regulatory
Areas

IPHC-2017-AM093-R, para. 54. The Commission ADOPTED a proposal aimed at
harmonising IPHC and NMFS regulations regarding fishing in multiple regulatory
areas in Alaska (Appendix VII), which supersedes Section 18 of the IPHC Pacific
halibut fishery regulations.

3) 2017 Catch limits

IPHC-2017-AM093-R, para. 71: The Commission ADOPTED catch limits for 2017 as
provided at Appendix VIII.

4) Fishing periods

IPHC-2017-AM093-R, para. 72: The Commission ADOPTED fishing periods for 2017 as
provided at Appendix IX, thereby superseding Section 8 of the IPHC halibut fishery
regulations.

INTERACTIONS WITH CONTRACTING PARTIES

CANADA

a) ldentification of concerns with the current process of estimating Pacific halibut biological
distribution

The IPHC Secretariat continues to hear concern from Canadian representatives regarding the
IPHC's current understanding of Pacific halibut biological distribution. Commentary indicates that
the current methodology is underrepresenting the amount of the coastwide Pacific halibut stock
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that is within Canadian waters. Reports of large Pacific halibut and high catch rates are thought
to further support this claim. The IPHC is expanding the fisheries-independent setline survey
(FISS) in Canadian waters in the summer of 2018. We are confident that this expansion will
increase our collective knowledge of Pacific halibut biological distribution, as it will cover a
greater range (deeper and shallower depths) than the current setline survey design. The setline
survey expansion comes at a challenging time as DFO is managing fishery impact restrictions
in areas where the setline survey is proposed. The IPHC Secretariat is working closely with DFO
staff to alleviate the impact of these fishery restrictions on the current IPHC fisheries-
independent setline survey stations and the stations necessary for the expansion.

UNITED STATES OF AMERICA
North Pacific Fisheries Management Council (NPFMC)

a) Joint meetings
A one-day Joint Session of IPHC Commissioners and NPFMC Council Members was
held on 7 June 2017. The session was held as part of the Council process. The majority
of Council Members were supportive of an periodic Joint Session, held in conjunction with
one of the bodies’ meetings to reduce travel obligations. However, it was not agreed to
make this a formal standing body.

b) Abundance-Based Management of Pacific halibut bycatch

The Council’'s Abundance-Based Management Working Group (ABMWG) developed a
discussion paper describing indices and potential alternatives for abundance-based
management (ABM) of Pacific halibut in the Bering Sea. The discussion paper was
presented to the NPFMC in April of 2017. The Council felt that there was not enough
information to develop specific alternatives for the ABM working group to analyze, and
they put forward a motion providing guidance for further developments to be provided at
the October 2017 NPFMC meeting.

Further clarification was received at the June NPFMC meeting after a summary of the
ABM progress and an outline of the discussion paper for October was presented at the
Joint IPHC/NPFMC meeting in Juneau, AK and to the Council. This motion provided
further direction to the ABMWG who jointly developed the ABM discussion paper with
Council staff for the October NPFMC meeting in Anchorage, AK. The Commission
provided a comment letter for the October meeting based on the Commissioners’
discussion at the Work Meeting.

At the October meeting, the NPFMC reviewed the discussion paper and concurred with
the ABMWG and Scientific and Statistical Committee (SSC) recommendations to move
forward with two indices: the estimates of Pacific halibut biomass from the National
Marine Fisheries Service (NMFS) Eastern Bering Sea annual shelf trawl survey, and from
the annual IPHC fishery-independent setline survey in IPHC Regulatory Areas
4A/BIC/D/E. The NPFMC provided further direction on explicit elements and options to
consider while developing control rules, including the shape of the control rule, a range
of starting points for Prohibited Species Catch (PSC/bycatch) limits (2,118 mt to 3,867
mt), and the maximum and minimum bycatch (a.k.a. PSC) limits under consideration.
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c) Discard Mortality Rates of Pacific halibut bycatch

The NPFMC's discard mortality rate (DMR) working group presented an update to the
Groundfish Plan Teams in September 2017 on DMR calculations for use in 2018. This update
summarised the DMRs estimated from data collected during the 2016 fisheries in Alaska and
compared those results with DMRs applied for use in management during 2017. In addition,
several minor issues with the method for calculating the 2017 DMRs for fisheries with low
sampling rates or atypical fishing behaviour were reconciled. The Groundfish Plan Team
recommended adopting these updates with no further changes, and the Council adopted the
DMRs for 2018 and 2019.

Pacific Fisheries Management Council (PFMC)
a) Regulatory Area 2A Catch Sharing Plans / IPHC data

The IPHC Secretariat collaborated with NMFS and State agencies to conduct in-season
management of the various fisheries identified in the IPHC Regulatory Area 2A Catch Sharing
Plan. Date and possession restrictions were adjusted in season among the various fisheries to
meet identified fishery needs while attaining and remaining within the applicable catch limit.
Estimates for 2017 will be presented during the IPHC’s Annual Meeting Agenda Item 5 on fishery
statistics (see paper IPHC-2018-AM094-05).

b) Commercial and Recreational Derby fisheries

The IPHC Secretariat submitted a letter to the PFMC recommending that the PFMC consider a
move away from derby-style management for the directed commercial Pacific halibut fishery in
IPHC’s Regulatory Area 2A (Agenda Item G.1.a, Supplemental IPHC Letter 2, June 2017). The
IPHC Secretariat noted concerns over safety and discards, as well as limitations on fishers and
processor flexibility. At the PFMC’s June 2017 meeting, the PFMC reviewed the IPHC's letter
and heard further input from the PFMC’s Groundfish Advisory Subpanel (GAP) regarding
possible alternatives to the commercial derby fishery (Agenda ltem G.1.b, Supplemental GAP
Report, June 2017). In response, the PFMC requested, and the IPHC Secretariat provided,
examples of vessel fishing period limits for 1-week, 20-day, or 30-day seasons. The IPHC
Secretariat noted these options mitigate, but do not fully address the concerns identified in the
original IPHC letter and welcomes other suggestions or recommendations to improve the
management of the directed commercial Pacific halibut fishery in IPHC Regulatory Area 2A. The
options provided by the IPHC Secretariat were reviewed at the September PFMC meeting.
Although no changes to the non-tribal directed Pacific halibut fishery were proposed, the PFMC
asked the States and the IPHC to continue investigating options that would move the fishery
away from a derby-style fishery. The Council reviewed the analysis and alternatives again in
November 2017, with a view toward continuing the discussion during 2018 for possible changes
in 2019. No changes were recommended for the 2018 fishery.

IPHC COMMUNICATIONS AND OUTREACH

Report of Assessment and Research Activities (RARA)

The annual IPHC Report of Assessment and Research Activities (RARA) is intended to supply
progress reports on current projects and monitoring that are underway at the International Pacific
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Halibut Commission (IPHC). In past years, this document included fishery information,
monitoring activities, stock assessment, and research reports about the previous year's
activities. Many of the reports that have been routinely included in the past (e.g. the suite of
stock assessment documents) are now provided as detailed papers for the Annual Meeting and
as such, are listed and linked here with unique document numbers, e.g. IPHC-2018-AM094-01.
This allows us to update our documents in real time as data become available ensuring that
Commissioners and stakeholders have access to the most recent information possible for the
decision-making process at the Annual Meeting. Continuing to be included in their entirety, are
summaries of an expanded research effort that has taken place in the past year, as well as
pieces of supporting information for the annual meeting documents now on the IPHC website.
Over the coming year, much of the remaining RARA material will be integrated into the new
IPHC Science and Research pages of the website, to be updated in near real-time, thus
eliminating the need for future compendiums of this nature.

Annual Report

The 2016 Annual Report is available for download from the IPHC website at the following link:
http://iphc.int/library/documents/category/annual-reports.

Previously, the IPHC Annual Report was published late in the following year, or even early in the
subsequent year (13-14 months after the end of the year being reported on). Unfortunately, this
decreased the utility of the report for user groups and led to confusion about the state of the
fishery and resource, as well as the current decisions of the Commission.

In 2017, we undertook an accelerated production timeline for the IPHC 2016 Annual Report,
which the IPHC Secretariat staff produced some six months ahead of schedule. It is our intention
to further accelerate the 2017 Annual Report production process, thereby ensuring users of the
report receive the summary information as close to the relevant year as possible. Your continued
feedback on the content, format and presentation of the Annual Report is welcome.

Website http://iphc.int/

Over the last six years the IPHC has undertaken two major website improvement projects that
have been focused on technology refreshes, social media integration, and the creation of
subsidiary body web pages.

The new website, launched on 15 December 2017 (http://iphc.int/), is the culmination of a year
long project by IPHC Secretariat staff which commenced on 15 September 2016, when the IPHC
Secretariat chartered a website improvement team with members from the Seattle-based staff.
The team’s focus was on improving the distribution of public domain information. In November
2016, support for the team’s efforts were enhanced by ensuring funding was available to hire a
professional website designer.

In February 2017, the IPHC Secretariat entered into a partnership with Efelle Creative to
redesign our website. Immediately after entering into the partnership with Efelle Creative, the
team worked on the new website design for five months. In addition to the new design, the
Seattle-based staff went through a full review of website content prior to publishing on our new
website.
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Our new website has five categories of content which include ‘The Commission, Science and
Research, Fisheries, Data, Meetings, and Documents’. The Meetings section of our website
contains all the information about the Commission and its subsidiary body meetings including
meeting documents, agenda, schedule, and registration links. Additionally, IPHC publications,
meeting documents, and reports can be found and downloaded from the Documents section of
the website.

The Seattle-based staff will continue to develop different ways to publish data and statistics for
our stakeholders. This is evident through our interactive maps and our online fishery-
independent setline survey data query. Areas we are still developing will be indicated on the
website as such.

RECOMMENDATION/S

That the Commission:

1) NOTE paper IPHC-2018-AM094-04 which provides the Commission with an update on
additional activities of the IPHC Secretariat in 2017, not detailed in other papers before
the Commission.

APPENDICES
Nil
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Fishery statistics (2017)

PREPARED BY: IPHC SECRETARIAT (J.GOEN & L. ERIKSON; 23 DECEMBER 2017)

PURPOSE

To provide an overview of the key fishery statistics from fisheries catching Pacific halibut during
2017, including the status of landings compared to catch limits adopted by the Commission.

BACKGROUND

The International Pacific Halibut Commission (IPHC) estimates all Pacific halibut (Hippoglossus
stenolepis) removals taken in the IPHC Convention Area and uses this information in its yearly
stock assessment (see IPHC-2018-AM094-09) and other analyses. The data are compiled by
the IPHC Secretariat and include data from Federal and State agencies of each Contracting
Party. All 2017 data are in net weight (head-off, dressed, ice and slime deducted) and are
considered preliminary at this time.

This paper includes Pacific halibut removals for:

Commercial fisheries, including landings and discard mortality
Recreational fisheries, including landings and discard mortality
Subsistence fisheries

Bycatch in other fisheries

Figure 1 shows the distribution of Pacific halibut removals (mortality) by these fishery sources in
2017. Table 1 provides estimates of total removals against catch limits by IPHC Regulatory Area
(Figure 2).

Bycatch

14%
Subsistence
3%
Commercial
Recreational Landings
; 62%

19%

Discard mortality
3%

Figure 1. Distribution of Pacific halibut mortality by source in 2017.
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Table 1. 2017 estimates of total removals (thousands of pounds, net weight), including catch limits and landings of Pacific halibut by
IPHC Regulatory Area. Preliminary as of 9 November 2017. Shaded cells included in catch totals which are tracked against the catch
limit. Totals have been rounded. Totals have also been provided in metric tons.

IPHC Regulatory Area
Removals 2A 2B 2C 3A 3B 4 (,gg(t)alllb) Total (t)

Commercial landings * 737 6,193 4,10813 7,587 3,022 3,938 25,585 11,605.16

Commercial discard mortality 2 19 175 87 347 234 126 988 448.15

Recreational landings 3 515 1,172 2,294 3,904 8 15 7,908 3,587.01

Recreational landings from - 4 41 7 - - 52 23.59
commercial leasing #

Recreational discard mortality > 4 42 59 52 - - 157 71.21

Bycatch mortality 6 111 251 17 1,390 885 3,342 5,996 2,719.74

Subsistence ” 30 405 436 222 14 61 1,168 529.80

IPHC Research landings 8 16 65 124 198 72 96 571 259.00

Total Removals 1,432 8,307 7,166 13,707 4,235 7,578 42,425 19,243.66

2017 Catch Limits ® | 1,330%° | 7,450t 5,250'2 | 10,0002 3,140 4,230 31,400 14,242.80

2017 Catch Sharing Plan Total 1,286 | 7,41111 6,58912 | 11,8972 3,030 3,953 34,166 15,497.44

1 Commercial landings are of Pacific halibut that are 32" or greater (032) in length from directed halibut fisheries using longline gear or in some cases pot gear.
Commercial landings are reported on landing receipts and converted from head-on, gutted weight to net weight.

2 Includes estimate of discard mortality from IPHC research.

3 Recreational landings are of Pacific halibut that may be subject to a size limit and may vary by Regulatory Area (as described in domestic regulations). Data
collection methods vary by Regulatory Area and are collated by IPHC from domestic and state agencies.

4 Fish landed against transfers from commercial quota fisheries (XRQ in Area 2B, GAF in Areas 2C and 3A).

5 Regulatory Area 2A based on previous 5-year average. Regulatory Area 2B is the value reported by DFO and differs from the value used in the 2017 stock
assessment (53,161 Ib). The stock assessment value is based on the method developed by the IPHC, which applies the rate of discarding from the Regulatory
Area 2C charter fishery applied to 2B catch.

6 Bycatch mortality is from fisheries targeting other fish and shellfish that inadvertently catch Pacific halibut. The bycatch mortality estimates are of Pacific halibut
that are caught and released at sea but subsequently die.

7 Includes 2016 Alaskan subsistence harvest estimates (tribal and rural SHARC holders). Area 4 includes 7,380 pounds of U32 Pacific halibut retained in the 2017
Regulatory Area 4DE Community Development Quota fishery.

8 IPHC Research landings include landings from the fishery-independent setline survey and other research projects.

9 Does not include pounds from the underage/overage programs in Area 2B or Alaska or pounds from the Annette Island Reserve fishery in Area 2C.

10 Catch limit and landings reported include commercial, recreational, and treaty subsistence landings.

11 Catch limit and landings reported include commercial and recreational (including commercial leasing) landings and recreational discard mortality.

12 Catch limit and landings reported include commercial and recreational guided/charter (including commercial leasing) landings and discard mortality for all
commercial and guided recreational. Unguided recreational landings and discard mortality are not included.

13 Regulatory Area 2C commercial landings includes 64,363 pounds taken in the Metlakatla fishery within the Annette Islands Reserve.
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Figure 2. Map of the IPHC Convention Area and IPHC Regulatory Areas.
DEFINITIONS

Commercial fisheries: include commercial landings and discard mortality (formerly called
“wastage” in IPHC reports). Commercial discard mortality continues to include estimates of sub-
legal Pacific halibut (under 32 inches (81.3 cm), also called U32), fish that die on lost or
abandoned fishing gear, and fish discarded for regulatory reasons.

Recreational fisheries (formerly called sport): include recreational landings (including landings
from commercial leasing) and discard mortality.

Subsistence fisheries (formerly called personal use/subsistence): are non-commercial,
customary, and traditional use of Pacific halibut for direct personal, family, or community
consumption or sharing as food, or customary trade. Subsistence fisheries include:

i) ceremonial and subsistence (C&S) removals in the Regulatory Area 2A treaty
Indian fishery,

i) the sanctioned First Nations Food, Social, and Ceremonial (FSC) fishery
conducted in British Columbia,

iii) federal subsistence fishery in Alaska that uses Alaska Subsistence Halibut
Registration Certificate (SHARC), and

iv) U32 Pacific halibut retained in Regulatory Areas 4D and 4E by the CDQ fishery for

personal use.

Page 3 of 35



IPHC-2018-AM094-05

Bycatch: incidentally caught fish by fisheries targeting other species and that cannot legally be
retained. Bycatch mortality, or bycatch removals, refers only to those fish that subsequently die
due to capture.

COMMERCIAL FISHERIES

The IPHC’s commercial fisheries span from northern California through to northern and western
Alaska in USA and Canada waters of the northeastern Pacific Ocean. The IPHC sets annual
limits for the catch of Pacific halibut in each IPHC Regulatory Area. Participants in these
commercial fisheries use longline and pot gear to catch Pacific halibut for sale. The commercial
Pacific halibut fisheries in IPHC Regulatory Area 2A consisted of the directed commercial fishery
with fishing period limits, the incidental Pacific halibut catch during the salmon troll and limited-
entry sablefish fisheries, and the treaty Indian fisheries. Farther north, the commercial fisheries
consisted of the Individual Vessel Quota (IVQ) fishery in IPHC Regulatory Area 2B, the Individual
Fishing Quota (IFQ) system in Alaska, the Community Development Quota (CDQ) fisheries in
IPHC Regulatory Areas 4B and 4CDE, and the Metlakatla fishery in Southeast Alaska. All 2017
landing and discard mortality data presented in this document are preliminary.

Commercial Fishing Periods

The Canadian IVQ fishery in IPHC Regulatory Area 2B and the US IFQ and CDQ fisheries in
IPHC Regulatory Areas 2C, 3A, 3B, 4A, 4B, 4C, 4D, and 4E commenced at 12 noon local time
on 11 March and closed at 12 noon local time on 7 November 2017 (Table 2). The IPHC
Regulatory Area 2A commercial fisheries, including the treaty Indian commercial fisheries,
occurred during the same calendar period (11 March to 7 November 2017). For IPHC Regulatory
Area 2A, seven potential 10-hour fishing periods for the non-treaty directed commercial fishery
were adopted: 28 June, 12 July, 26 July, 2 August, 16 August, 30 August, and 13 September
2017. All fishing periods began at 0800 and ended at 1800 local time, were further restricted by
fishing period limits, and closed for the remainder of the year after the third opening on 26 July
when the IPHC Regulatory Area 2A directed commercial fishery allocation was estimated to
have been reached.
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Table 2. Fishing periods for commercial Pacific halibut fisheries by IPHC Regulatory Area, 2008-17.

Regulatory Year
Area 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A Treaty 19-21 20 Marr,
Indian 8 Mar-3 Jun 21 Mar- 15 6 Mar-20 20-22 Mar 24-26 Mar 23-25 Mar 11-13 Mar 16-18 Mar Mar,20-21 15-16 Apr
(88) Jul Mar ) 2) (48 hrs) (48 hrs) (48 hrs) Mar, 21-23
(117) (14) 1-2 May 1 May Mar 1-2 May
17 Mar-15 (19 h) (13 hrs) 2-4 Apr, 15- 20-21Mar, 1-2 Apr
Apr 21 Mar-9 6 Mar-8 Apr 16 Apr, 8 8May 1-2 Apr 19-20 May,
May 12-19 Mar 17-19 Mar May, 6 Jun, 22-23 May
24-28 Mar (55 hrs) 13 Jul 8 May 1-2,11-12 18-19 Jun
(23) 20 Jul 3 Aug May, 18 21-22 Jul
May-15 Aug,
25 Jul-2 Aug,
12 Sep-7
Nov
2A
Commercial 11 Jun (10 24 Jun (10 29 Jun (10 27 Jun (10 26 Jun (10 25 Jun (10 24 Jun (10 22 Jun (10 28 Jun (10
. hrs) hrs) 30 Jun (10 hrs) hrs) hrs) hrs) hrs) hrs) hrs)
Directed 25 Jun (10 hrs) 6Jul (10 hrs) | 12 Jul (10
hrs) 8 Jul (10 hrs) 13 Jul (10 11 Jul (10 10 Jul (10 9 Jul (10 hrs) | 8 Jul (10 hrs) 20 Jul (10 hrs)
9 Jul (10 hrs) hrs) hrs) hrs) hrs) 26 Jul (10
23 Jul (10 hrs)
hrs)
2A Salmon
Commercial Salmon Salmon Salmon 1 May— Salmon Salmon Salmon Salmon Salmon Salmon
. 1 May-15 1 May-15 1 May- 16 28May (28) 1 May — 3 Jul 1 May-10 1 Apr-11 1 Apr-21 1 Apr-31 1 Apr-3 Aug
Incidental Nov Nov Jun 29 Jul-31 Oct (64) Aug Sep Aug Oct (124)
(199) (199) (45) (94) (101) (163) (142) (213)
Sablefish Sablefish
Sablefish Sablefish Sablefish Sablefish 1 May- 31 Sablefish Sablefish Sablefish Sablefish 1 Apr-31
1 May- 31 1 May- 31 No fishery No fishery Oct 1 May- 31 1 Apr-31 1 Apr-31 1Apr-31 Oct
Oct Oct (184) Oct Oct Aug Oct (213)
(184) (184) (184) (213) (152) (213)
2B
8 Mar-15 21 Mar-15 6 Mar—15 12 Mar-18 17 Mar-7 23 Mar-7 8 Mar—7 Nov 14 Mar-7 19 Mar-7 11 Mar-7
Nov Nov Nov Nov Nov Nov (244) Nov Nov Nov
(253) (240) (255) (252) (236) (230) (238) (233) (241)
Alaska
(2C 3A 8 Mar-15 21 Mar-15 6 Mar-15 12 Mar-18 17 Mar-7 23 Mar-7 8 Mar—7 Nov 14 Mar-7 19 Mar-7 11 Mar-7
! ; Nov Nov Nov Nov Nov Nov (244) Nov Nov Nov
3521 éSE ‘)”31 (253) (240) (255) (252) (236) (230) (238) (233) (241)
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Commercial Landings

Commercial landings (including IPHC research landings) and catch limits by IPHC Regulatory
Area for the 2017 fishing season are shown in Table 3. Commercial catch limit, as referred to
here, is the IPHC commercial catch limit set by the Commissioners at the Annual Meeting. The
adjusted commercial catch limit represents the IPHC catch limit with adjustments from the
underage and overage programs from the previous year’s quota share programs, and in IPHC
Regulatory Area 2B, it also includes relinquishment of quota and quota leasing programs among
sectors and the Use of Fish allocation. Historical landings and catch limits from 2008 through
2017 are shown in Table 4.

The 2017 commercial fishery landings were spread over nine months of the year (Table 5). On
a month-to-month comparison, August took the lead as the busiest month for total poundage
(15%) landed from IPHC Regulatory Area 2B. On a month-to-month comparison, August was
the busiest month for total poundage (17%) from Alaska.
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Table 3. 2017 Pacific halibut commercial fishing periods, number of fishing days, catch limits, and
landings (including research) (thousands of pounds, net weight) by IPHC Regulatory Area (preliminary,

as of 9 November 2017).

Regulatory Fishina Period Catch Length of Commercial | Research Total
Area 2A 9 Limit Opening Landings Landings Landings
Treaty Indian Unrestricted:

20 Mar 11 hrs
15-16 Apr 39 hrs 264
Restricted:
1-2 May 35 hrs 41.6
Late Fishery:
19-20 May (WA coast) 34 hrs 126.9
22-23 May (PS) 34 hrs
18-19 Jun 34 hrs
21-22 Jul 34 hrs
Total 435.9 432.5 432.5
Incidental in
Salmon Fishery 1 Apr — 3 Aug 39.8 124 days 38.6 38.6
Incidental in
Sablefish Fishery 1 Apr—31 Oct 70 214 days 35.9 35.9
Directed? 28 Jun 10 hours 83
12 Jul 10 hours 775
26 Jul 10 hours 69.5
Directed Total 225.6 230 230
2A Total 771.3 737 16 753
Adjusted
Regulatory Catch Cjatch Commercial | Research Total
Area Fishing Period Limit Limit2 Landings® Landings | Landings*
2B 11 Mar — 7 Nov 6,272 6,364 6,1934 65 6,258
2C 11 Mar — 7 Nov 4,212 4,244 4,108° 124 4,232
3A 11 Mar — 7 Nov 7,739 7,788 7,587 198 7,785
3B 11 Mar — 7 Nov 3,140 3,151 3,022 72 3,094
4A 11 Mar — 7 Nov 1,390 1,402 1,270 28 1,298
4B 11 Mar — 7 Nov 1,140 1,165 1,048 44 1,092
4C 11 Mar — 7 Nov 752 754 9
4D 11 Mar — 7 Nov 752 764 1,62087 15 1,644
4E 11 Mar — 7 Nov 196 196
Alaska Total 19,321 19,464 18,655 490 19,145
Grand Total 26,3648 NA8 25,5858 5718 26,1568

1 Fishing period limits by vessel class.

2 Includes adjustments from the underage/overage programs, and in Regulatory Area 2B, quota held by DFO (Canada) for

First Nations through relinquishment processes, and the Use of Fish allocation.

3 Includes pounds from 7 November 2017 Prior Notice of Landings in Alaska and hail-ins from Fishery Operations System in

Canada.

Includes the pounds that were landed by Native communal commercial licenses (FL licenses).
Includes the pounds taken in the Metlakatla fishery within the Annette Islands Reserve.
Regulatory Area 4C IFQ and CDQ could be fished in Regulatory Area 4D by NMFS and IPHC Fishery Regulations.

® N o o b

Regulatory Area 4D CDQ could be fished in Regulatory Area 4E by NMFS and IPHC Fishery Regulations.
Includes IPHC Regulatory Area 2A catch limit and landings.

Page 7 of 35



IPHC-2018-AM094-05

Table 4. Commercial landings, discard mortality, catch limits and percent of catch limit attained of
Pacific halibut (in thousands of pounds, net weight) by IPHC Regulatory Area, 2008-17.

Regulatory Area Commercial Landings
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A 675 485 407 524 556 526 510 551 642 737
2B 7,683 6,538 6,607 6,612 5,874 5,951 5,776 5,884 6,046 6,193
2Cct 6,145 4,866 4,390 2,363 2,575 2,912 3,275 3,602 3,877 4,108
3A 24,166 | 21,399 | 20,186 | 14,379 | 11,735 | 10,852 7,383 7,722 7,308 7,587
3B 10,617 | 10,616 9,958 7,218 4,932 4,009 2,816 2,574 2,609 3,022
4A 2,973 2,464 2,265 2,316 1,543 1,207 833 1,336 1,346 1,270
4B 1,723 1,534 1,785 2,022 1,715 1,224 1,091 1,080 1,084 1,048
ACDE 3,852 3,279 3,288 3,413 2,328 1,759 1,243 1,173 1,463 1,620
Total 57,834 | 51,181 | 48,886 | 38,847 | 31,258 | 28,440 | 22,927 | 23,922 | 24,375 | 25,585
Regulatory Area Commercial Discard Mortality
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A 44 52 27 25 25 25 21 31 37 19
2B 454 354 302 283 220 211 250 238 229 175
2Ct 295 304 261 83 95 110 119 121 123 87
3A 1,004 1,175 1,450 930 593 519 443 521 378 347
3B 676 796 903 770 526 404 326 215 232 234
4A 149 157 138 144 95 70 35 79 54 67
4B 25 18 37 43 38 35 56 36 60 31
ACDE 111 90 95 191 75 56 52 52 65 28
Total 2,758 | 2,946 3,213 2,469 1,667 1,430 1,302 1,293 1,178 988
Regulatory Area Commercial Total Removals
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A 719 537 434 549 581 551 531 582 679 756
2B 8,137 6,892 | 6,909 6,895 6,094 6,162 6,026 6,122 6,275 6,368
2ct 6,440 5,170 4,651 2,446 2,670 3,022 3,394 3,723 4,000 4,195
3A 25,170 | 22,574 | 21,636 | 15,309 | 12,328 | 11,371 7,826 8,243 7,686 7,934
3B 11,293 | 11,412 | 10,861 7,988 5,458 | 4,413 | 3,142 2,789 2,841 3,256
4A 3,122 2,621 2,403 2,460 1,638 1,277 868 1,415 1,400 1,337
4B 1,748 1,552 1,822 2,065 1,753 1,259 1,147 1,116 1,144 1,079
ACDE 3,963 3,369 3,383 | 3,604 | 2,403 1,815 1,295 1,225 1,528 1,648
Total 60,592 | 54,127 | 52,099 | 41,316 | 32,925 | 29,870 | 24,229 | 25,215 | 25,553 | 26,573
Regulatory Area Commercial Catch Limits
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A 718.4 511.2 420 480.7 546.6 539.7 519.6 511.5 642.3 771.3
2B? 7,918 6,712 6,599 6,702 5,953 5,958 5,793 5,974 6,199 6,272
2c? 6,210 5,020 4,400 2,330 2,624 2,970 3,319 3,679 3,924 4,212
3A? 24,220 | 21,700 | 19,990 | 14,360 | 11,918 | 11,030 7,318 7,790 7,336 7,739
3B? 10,900 | 10,900 9,900 7,510 5,070 4,290 2,840 2,650 2,710 3,140
4A? 3,100 2,550 2,330 2,410 1,567 1,330 850 1,390 1,390 1,390
4B? 1,860 1,870 2,160 2,180 1,869 1,450 1,140 1,140 1,140 1,140
4CDE? 3,890 3,460 3,580 3,720 2,464 1,930 1,284 1,285 1,660 1,720
Total 58,816 | 52,723 | 49,379 | 39,693 | 32,012 | 29,498 | 23,064 | 24,420 | 25,001 | 26,364
Regulatory Area Commercial Limits — Percent Attained
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2A 94 95 97 109 102 97 98 108 100 96
2B 97 97 100 99 99 100 100 98 98 99
2ct 104 103 106 105 102 102 102 101 102 100
3A 104 104 108 107 103 103 107 106 105 103
3B 104 105 110 106 108 103 111 105 105 104
4A 101 103 103 102 105 96 102 102 101 96
4B 94 83 84 95 94 87 101 98 100 95
Total 102 97 94 97 98 94 101 95 92 96

1In Area 2C, includes the Metlakatla fishery landed catch.
2 Additional carryover from the underage/overage plans is not included.
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Table 5. The total pounds (thousands, net weight, preliminary) of 2017 commercial landings (not
including research landings) of Pacific halibut for Alaska and British Columbia by IPHC Regulatory Area
and month.

Regulatory Mar Apr May Jun Jul  Aug Sep Oct Nov Total

Area
2B? 686 562 751 746 835 929 638 727 319 6,193
2C23 854 710 531 237 448 383 278 23 4,108

644

3A? 540 1,285 1,509 1,058 542 932 877 776 68 7,587
3B? 58 265 481 347 345 559 662 242 61 3,022
4A2 26 136 186 162 276 237 198 48 1,270
4B2 - 60 97 248 184 250 107 1025 1,048
4CDE? 54 203 372 615 268 107° 1,620

Alaska 1,242 2,490 2988 2,574 1,842 3,081 2534 1,703 201 18,655
Total
Grand 1,928 3,052 3,739 3,320 2,677 4,010 3,173 2,430 519 24,848
Total

1 Based on landings from DFO Fishery Operations System (FOS).

2 Based on landings from NMFS Restricted Access Management (RAM) Division.
8 Weights include landings from the Metlakatla Indian Community.

4 Weight combined with the previous months for confidentiality purposes.
5Weight combined with the following month for confidentiality purposes.

Regulatory Area 2A (Washington, Oregon, California)

The 2017 IPHC Regulatory Area 2A fisheries and respective catch limits are listed in Table 3.
The total IPHC Regulatory Area 2A catch (not including IPHC research) of 737,000 pounds
(334 t) was within 1% of the catch limit. The total directed commercial landings of 230,000
pounds (104 t) were 2% over the catch limit of 225,591 pounds (102 t) after three 10-hour
openers. The fishing period limits by vessel size class for each opener in 2017 are listed in
Table 6. At the start of the season on 1 April, the allowable incidental landing ratio of Pacific
halibut during the salmon troll fishery was one Pacific halibut per three Chinook (Oncorhynchus
tshawytscha), plus an “extra” Pacific halibut per landing, and a vessel trip limit of 20 fish. The
landing restrictions were changed to one Pacific halibut per four Chinook, plus an “extra” Pacific
halibut per landing, and a vessel trip limit of 10 fish, effective 1 July 2017. The incidental Pacific
halibut retention closed on 3 August, with total landings of 39,000 pounds (18 t) which was 3%
under the catch limit (39,810 pounds (18 t)). Incidental Pacific halibut retention during the limited-
entry sablefish fishery remained open from 1 April to noon on 31 October. The allowable landing
ratio was 140 pounds (0.06 t) (net weight) of Pacific halibut to 1,000 pounds (0.45 t) (net weight)
of sablefish, and up to two additional Pacific halibut in excess of the ratio limit. The total landings
of 36,000 pounds (14 t) were 49% under the catch limit (70,000 pounds (32 t)).

In IPHC Regulatory Area 2A, north of Point Chehalis, the treaty Indian tribes manage the
commercial landings by allocating 75% to an open access fishery and 25% to a restricted fishery
with daily and vessel limits. There were two unrestricted, open access fisheries on 20 March and
from 15 — 16 April and one restricted fishery, including a vessel per day limit of 500 pounds (0.23
t) for the 1-2 May opening. The 2017 tribal commercial season closed to all parties on 7
November, following the late fisheries, with total landings of 432,500 pounds (196 t), 1% under
the catch limit (435,900 pounds (198 t)).
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Table 6. The fishing periods and limits (pounds, dressed, head-on with ice/slime) by vessel class used
in the 2017 directed commercial fishery in IPHC Regulatory Area 2A.

Vessel Class Fishing Period & Limits
Letter Feet 28 June 12 July 26 July
A <25 860 860 670
B 26-30 1,075 1,075 835
C 31-35 1,715 1,715 1,335
D 36-40 4,735 4,735 3,680
E 41-45 5,090 5,090 3,960
F 46-50 6,095 6,095 4,740
G 51-55 6,800 6,800 5,290
H 56+ 10,225 10,225 7,955

Regulatory Area 2B (British Columbia)

Under the IVQ fishery in British Columbia, Canada, the number of active Pacific halibut licences
(L licences), and First Nations communal commercial licences (FL licences) was 160 in 2017. In
addition, Pacific halibut can be landed as incidental catch in other licensed groundfish fisheries.
Therefore, Pacific halibut was landed from a total of 231 active licences in 2017, with 71 of these
licences from other fisheries. The 2017 commercial landings of 6,193,000 pounds (2,809 t) were
1% under the catch limit (6,272,000 pounds (2,845 t)) (Table 3).

Commercial trips from IPHC Regulatory Area 2B were delivered into 16 different ports in 2017.
The ports of Port Hardy (including Coal Harbour and Port McNeill) and Prince Rupert/Port
Edward were the major landing locations, receiving 92% of the commercial landings. Port Hardy
received 38% while Prince Rupert received 54% (2,359,000 and 3,343,000 pounds (1,070 and
1,516 t), respectively) of the commercial landings. All of the IVQ landings were landed in IPHC
Regulatory Area 2B. The 2017 landings of live Pacific halibut from IPHC Regulatory Area 2B
was legally allowed by Fisheries and Oceans Canada (DFO) and resulted in a total landed weight
of 202 pounds. Only Canadian vessels landed frozen, head-off Pacific halibut in 2017, and only

in Canadian ports: 56 landings (70,272 net Ibs; ~31.9 t) reported frozen-at-sea head-off product
from 28 vessels.
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Regulatory Areas 2C, 3, and 4 (Alaska)

In Alaska, USA, the National Marine Fisheries Service (NMFS) Restricted Access Management
(RAM) allocated Pacific halibut quota share (QS) to recipients by IPHC Regulatory Area. Quota
share transfers were permitted with restrictions on the amount of QS a person could hold and
the amount that could be fished per vessel. In 2017, RAM reported that 3,076 persons held QS.

The total 2017 landings from the IFQ/CDQ Pacific halibut fishery for the waters off Alaska were
18,655,000 pounds (8,462 t), less than 3% under the catch limit (Table 3). By IPHC Regulatory
Area, the landings were under the catch limit by 2% for Areas 2C and 3A, 4% for Area 3B, 9%
for Area 4A, and 8% for Area 4B. The total combined IPHC Regulatory Area 4CDE commercial
landings of 1,620,000 pounds (735 t) were 5% under the combined Area 4CDE catch limit
(1,700,000 pounds (771 t)). The North Pacific Fishery Management Council's Catch Sharing
Plan allowed IPHC Regulatory Area 4D CDQ to be harvested in IPHC Regulatory Areas 4D or
4E and Area 4C IFQ and CDQ to be fished in Areas 4C or 4D.

Kodiak received approximately 18% (3,258,000 pounds (919 t)) of the commercial landings of
Alaskan catch making it the port that received the greatest number of pounds in 2017. Seward
received the second and Homer the third largest landing volume at 12% (2,096,000 pounds,
951 t) and 11% (2,027,000 pounds, 919 t) of the Alaskan commercial landings, respectively. In
Southeast Alaska, the three largest landing volumes were received in Petersburg (1,515,000
pounds (687 t)), Sitka (1,436,000 pounds (651 t)), and Juneau (1,003,000 pounds (455 t)), in
that order, and their combined landings represented 22% of the commercial Alaskan landings.
The Alaskan QS catch that was landed outside of Alaska was 3%.

The Metlakatla Indian Community (within IPHC Regulatory Area 2C) was authorized by the
United States government to conduct a commercial Pacific halibut fishery within the Annette
Islands Reserve. There were 13 two-day openings between 14 April and 8 October for total
landings of 64,363 pounds (29 t) (Table 7). This was lower than the 2016 landings, and within
the historical landing range that has varied over time from a low of 12,000 pounds (5 t) in 1998
to a high of 126,000 pounds (57 t) in 1996.

Table 7. Metlakatla community fishing periods, number of vessels, and preliminary Pacific halibut
landings (net weight) in IPHC Regulatory Area 2C, 2017.

Fishing Period Dates Number of Catch (Pounds)
Vessels

14 — 16 April 11 2,994
5 -7 May 12 5,158
19 — 21 May 18 7,914
2 -4 June 10 5,356
16 — 18 June 15 10,136
30 June — 2 July 8 5,076
14 — 16 July 11 5,778
28 — 30 July 10 4,227
11 — 13 August 10 4,682
25 — 27 August 6 3,118
8 — 10 September 13 6,703
22 — 24 September 7 2,125
6 — 8 October 3 1,096
13 Fishing Periods 64,363
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Commercial Discard Mortality

Incidental mortality of Pacific halibut in the commercial Pacific halibut fishery is the mortality of
all Pacific halibut that do not become part of the landed catch. This mortality, also called discard
mortality, was previously termed wastage in many IPHC publications. The three main sources
of discard mortality estimate include: 1) fish that are captured and discarded because they are
below the legal size limit of 32 inches (81.3 cm), 2) fish that are estimated to die on lost or
abandoned fishing gear, and 3) fish that are discarded for regulatory reasons (e.g., the vessels
trip limit has been exceeded). The methods that are applied to produce each of these estimates
differ due to the amount and quality of information available. Information on lost gear and
regulatory discards is collected through logbook interviews and fishing logs received by mail.
The ratio of U32 to O32 Pacific halibut (>32 inches in length) is determined from the IPHC
fisheries-independent setline survey in most areas and by direct observation in the IPHC
Regulatory Area 2B fishery. Different mortality rates are applied to each category: released
Pacific halibut have a 16% mortality rate and Pacific halibut mortality from lost gear is 100%.

Pacific halibut discard mortality estimates from the commercial Pacific halibut fishery are
summarized by IPHC Regulatory Area in Table 1 and over a series of years in Table 4. A more
detailed description of commercial discard mortality, including methodology and longer term
trends, is presented in Appendix I.

RECREATIONAL FISHERIES

The 2017 recreational removals of Pacific halibut, including discard mortality, was estimated at
8,127,000 pounds (3,686 t), an increase of the recreational harvest in 2016 by 751,000 pounds
(341 t). Changes in harvests varied across areas; in some cases, in response to changes in size
restrictions. Recreational catch limits and landings are detailed by IPHC Regulatory Area in
Table 8, and summarized in Table 1.
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Table 8. Recreational removals and limits of Pacific halibut (in thousands of pounds, net weight) by IPHC

Regulatory Area, 2013-17.

Regulatory Area Recreational Retained
2013 2014 2015 2016 2017
2A 501 476 445 504 515
2B — XRQ Leased 8 5 5 7 4
2B 814 913 981 1,021 1,172
2C — GAF Leased - 54 28 39 41
2C — Charter Retained 762 783 768 789 882
2C — Noncharter Retained 1,361 1,171 1,327 1,246 1,412
2C 2,123 2,008 2,123 2,074 2,335
3A — GAF Leased - 10 5 9 7
3A — Charter Retained 2,514 2,034 2,067 2,004 2,079
3A — Noncharter Retained 1,452 1,533 1,616 1,538 1,825
3A 3,966 3,577 3,688 3,551 3,911
3B 15 7 5 8 8
4A 9 9 7 15 15
4B and 4CDE - - - - -
Total 7,428 6,926 7,216 7,125 7,908
Regulatory Area Recreational Discard Mortality
2013 2014 2015 2016 2017
2A 4 4 4 4 4
2B 45 54 60 66 53
2C — Charter Discard Mortality 42 46 47 51 40
2C — Noncharter Discard Mortality 28 16 18 19 19
2C 70 62 65 70 59
3A — Charter Discard Mortality 49 43 36 29 22
3A — Noncharter Discard Mortality 30 26 37 27 30
3A 79 69 73 56 52
3B and 4 - - - - -
Total 198 189 202 196 168
Regulatory Area Recreational Total Removals
2013 2014 2015 2016 2017
2A 505 480 449 508 518
2B 866 972 1,046 1,094 1,229
2C 2,193 2,070 2,188 2,144 2,394
3A 4,045 3,646 3,761 3,607 3,963
3B 15 7 5 8 8
4A 9 9 7 15 15
4B and 4CDE - - - - -
Total 7,633 7,184 7,456 7,376 8,127
Regulatory Area Recreational Limits
2013 2014 2015 2016 2017
2A 418 412 427 464 529
2B 1,080 1,057 1,064 1,101 1,118
2C 788 761 851 906 915
3A 2,734 1,782 1,890 1,814 1,890
3B and 4 - - - - -
Total 5,020 4,012 4,232 4,285 4,452
Regulatory Area Recreational Limit Percent Attained
2013 2014 2015 2016 2017
2A 121 117 105 109 98
2B 80 92 98 99 110
2C 102 116 99 97 105
3A 94 117 112 113 112
3B and 4 - - - - -
Total - - - - -
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Recreational Landings
Regulatory Area 2A (Washington, Oregon, California)

The 2017 IPHC Regulatory Area 2A recreational allocation was 599,099 pounds (271.7 t) net
weight and based on the Pacific Fishery Management Council’'s Catch Sharing Plan formula,
which divides the overall fishery catch limit among all sectors. The recreational allocation was
further subdivided to seven subareas, after 70,000 pounds (31.8 t) was allocated to the incidental
Pacific halibut catch in the commercial sablefish fishery in Washington. This subdivision resulted
in 230,868 pounds (104.7 t) being allocated to Washington subareas, 250,851 pounds (113.8 t)
to Oregon subareas, and 12,799 pounds (5.8 t) shared in the Columbia River region. In addition,
California received an allocation of 34,580 pounds (15.7 t). The IPHC Regulatory Area 2A
recreational harvest totaled 514,781 pounds (233.5 t), 2% under the recreational allocation
(Table 8).

Recreational fishery harvest seasons by subareas varied and were managed inseason with
fisheries opening on 1 May. The Washington Inside Waters (i.e., Puget Sound) fishery closed
after week 25 (18 June) along with the Washington North Coast fishery with one or two day
openers each week. In the Washington South Coast subarea, the primary fishery closed after
week 21 (21 May) with one or two day openers and re-opened 17 June for one day with no
nearshore fishery. The Columbia River subarea fishery closed week 28 (25 May) after one to
four day openings each week and reopened for a single day on 17 June. The Central Oregon
subarea had fishery openings from May through October totaling 26 days in the all-depth fishery
and 116 days in the <40-fathom fishery. The South of Humbug subarea closed after week 25
(on 15 June), reopened in August and again in September, and closed for the year on 10
September (85 days).

Regulatory Area 2B (British Columbia)

IPHC Regulatory Area 2B operated under a 133 cm (52.4 inch) maximum size limit, and one
Pacific halibut had to be less than 83 cm (32.7 inch) when attaining the two fish possession limit
with an annual limit of six per licence holder. The IPHC Regulatory Area 2B fishery closed on 6
September due to the allocation estimated to have been attained. Recreational fishing continued
to be allowed after this closure in IPHC Regulatory Area 2B for any fish that was leased from
commercial fishery quota shares for that area.

Canada and Alaska both have programs that allow recreational harvesters to land fish that is
leased from commercial fishery quota share holders for the current season. In Canada, four
thousand pounds (1.7 t) were leased from the commercial quota fishery and landed as
recreational harvest.

Regulatory Areas 2C, 3, and 4 (Alaska)

A reverse slot limit allowing for the retention of Pacific halibut, if < 44 inches (112 cm) or = 80
inches (203 cm) (compared to < 43 inches (109 cm) and = 80 inches (203 cm) in 2016) in total
length, was continued by the IPHC for the charter fishery in IPHC Regulatory Area 2C. In IPHC
Regulatory Area 3A, charter anglers were allowed to retain two fish, but only one could exceed
28 inches in length, a four fish annual limit with a recording requirement, one trip per calendar
day per charter permit, with no charter retention of Pacific halibut on Wednesdays throughout
the season and 18 July, 25 July, and 1 August.

Similar to Canada, Alaska has programs that allow recreational harvesters to land fish that is
leased from commercial fishery quota share holders for the current season. In IPHC Regulatory
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Areas 2C and 3A, 41,000 pounds (18.6 t) and 7,000 pounds (3.2 t), respectively, were leased
from the commercial quota fisheries in those areas and landed as recreational harvest.

Recreational Discard Mortality

Pacific halibut discarded for any reason suffer some degree of discard mortality, and impacts
more of the stock with the increasing use of size restrictions, such as reverse slot limits. Current
year estimates from contracting parties’ agencies of recreational discard mortality have been
received from Alaska, Oregon, and Canada, and are provided in Table 8.

SUBSISTENCE FISHERIES

Pacific halibut is taken throughout its range as subsistence harvest by several fisheries.
Subsistence fisheries (formerly called personal use/subsistence) are non-commercial,
customary, and traditional use of Pacific halibut for direct personal, family, or community
consumption or sharing as food, or customary trade. The primary subsistence fisheries are the
treaty Indian Ceremonial and Subsistence fishery in IPHC Regulatory Area 2A off northwest
Washington State, the First Nations Food, Social, and Ceremonial (FSC) fishery in British
Columbia, and the subsistence fishery by rural residents and federally-recognized native tribes
in Alaska documented via Subsistence Halibut Registration Certificates (SHARC).

The coastwide subsistence estimate for 2017 is 1,169,000 pounds (530.2 t). Subsistence
harvest by IPHC Regulatory Areas from 2008 through 2017 is available in Table 9.

Table 9. Subsistence Pacific halibut fisheries removals (thousands of pounds net weight) by IPHC
Regulatory Area, 2008 - 2017.

Regulatory Subsistence Fishery
Area 2008 2009 2010 2011 2012 2013 2014 2015 2016 | 2017
2A 29.0 30.4 25.3 24.8 32.0 28.5 31.8 33.9 29.6 29.6
2B 405 405 405 405 405 405 405 405 405 405
2C 4584 | 457.0| 4248 | 3870| 396.0| 396.0| 428.2| 4282 | 436.5| 436.5
3A 3374 | 3285| 3127 | 266.1| 2535| 253.5| 231.3| 231.3| 2225| 2225
3B 42.2 25.5 23.0 22.0 16.0 16.0 18.3 18.3 14.2 14.2
4A 19.6 335 14.5 13.6 9.5 9.5 7.2 7.2 8.1 8.1
4B 4.7 12 0.5 0.5 17 1.7 04 04 0.3 0.3
4C 5.7 6.3 10.9 1.6 12 1.2 4.3 4.3 4.3 4.3
4D 3.1 0.6 1.2 0.6 0.7 0.7 0.6 0.6 0.0 0.0
4E 15.9 8.7 10.1 6.2 8.4 8.4 70.1 70.1 414 414
4D/4E* 21.8 10.3 9.5 16.9 20.2 10.0 55 4.7 55 7.4
(CbQ U32)
Total 1,342.8 | 1,307.0 | 1,237.5 | 1,144.3 | 1,144.2 | 1,130.5 | 1,202.7 | 1,204.0 | 1,167.4 | 1,169.3

12012 Alaska estimates were carried over for the 2013 catch estimate, with the exception that 4D/4E subsistence harvest in
the CDQ fishery were updated. Similarly, 2014 Alaska estimates were carried over for the 2015, and 2017 for 2016.

Estimated subsistence harvests by area

The coastwide subsistence harvest of Pacific halibut was estimated by the IPHC at more than
2,000,000 pounds (907.2 t) in 1991, then declined rapidly through 1995, and became relatively
stable in recent years (2008-present). Harvest estimation methods were revised in 1998, and
the resulting estimates were somewhat higher than previous years but remained fairly stable
through 2002. The estimates of harvest took another jump in 2003 following the implementation
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of new subsistence fishery regulations in Alaska and a more comprehensive harvest estimation
survey. Many of the changes seen in the harvest estimates from 2003 and prior were due
primarily to changes in estimation methods and not necessarily actual changes in harvest levels.
Methodology explained in the following sections has remained the same since 2003 and
changes in estimates represent changes in harvest levels. For historical subsistence harvest
levels since 1991, refer to the IPHC’s Report of Assessment and Research Activities (RARA
2016, Chapter 2.4).

In the commercial Pacific halibut fisheries coastwide, the state and federal regulations require
that take-home Pacific halibut caught during commercial fishing be recorded as part of the
commercial catch on the landing records (i.e., State fish tickets or Canadian validation records).
This is consistent across areas, including the quota share fisheries in Canada and Alaska, and
as part of fishing period limits and Pacific halibut ratios in the incidental fisheries in IPHC
Regulatory Area 2A. Therefore, personal use fish or take-home fish within the commercial
fisheries are accounted for as commercial catch and are not included here.

Regulatory Area 2A (Washington, Oregon, California)

The Pacific Fishery Management Council’'s Catch Sharing Plan allocates the Pacific halibut
catch limit to commercial, recreational, and treaty Indian users in Regulatory Area 2A. The treaty
tribal catch limit is further sub-divided into commercial and ceremonial and subsistence (C&S)
fisheries. The 2016 final estimate of C&S was 29,600 pounds (13.4 t) and this catch estimate
became the 2017 C&S allocation. The estimate of the 2017 catch is not available so it is
assumed the treaty tribal C&S allocation was fully harvested.

Regulatory Area 2B (British Columbia)

The source of Pacific halibut subsistence harvest in British Columbia is the First Nations FSC
fishery. The IPHC receives some logbook and landing data for this harvest from the DFO but
those data have not been adequate for the IPHC to make an independent estimate of the FSC
fishery harvest. DFO estimated the First Nations FSC harvest to be 300,000 pounds (136.1 t)
annually until 2006, and since 2007, the yearly estimate has been provided as 405,000 pounds
(183.71).

Regulatory Areas 2C, 3, and 4 (Alaska)

The IPHC began estimating the Pacific halibut subsistence harvest in Alaska in 1991. The
available estimates indicated that subsistence harvest in Alaska totaled 1,950,000 pounds
(884.5 t) that year. The estimate for 1992 dropped in half, to one million pounds (453.6 t).
Estimates were subsequently made for each IPHC Regulatory Area independently and annually
for most areas.

Trumble (1999) developed a new methodology to estimate personal use (now called
subsistence) using Pacific halibut catch information gathered by household interviews and postal
surveys conducted by the Alaska Department of Fish and Game (ADFG). The surveys did not
distinguish between recreational and subsistence harvests, so Trumble made assumptions
regarding the relative amount of recreational and subsistence catch in native and non-native
households. The resulting estimates were used for Alaska for 1998-2002, with the only annual
change being the amount of U32 (i.e. < 32 in or 81.3 cm) poundage retained by the IPHC
Regulatory Area 4E CDQ fishers.

In 2003, the subsistence Pacific halibut fishery off Alaska was formally recognized by the North
Pacific Fishery Management Council, and implemented by IPHC and NMFS regulations. The
fishery allows the customary and traditional use of Pacific halibut by rural residents and members
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of federally-recognized Alaska native tribes who can retain Pacific halibut for non-commercial
use, food, or customary trade. The NMFS regulations define legal gear, number of hooks, and
daily bag limits, and IPHC regulations set the fishing season. Prior to subsistence fishing, eligible
persons registered with NMFS Restricted Access Management to obtain a SHARC. The Division
of Subsistence at ADFG was contracted by NMFS to estimate the subsistence harvest in Alaska
through a data collection program. Information has been provided for the years 2003-2012 (Fall
and Koster 2014), 2014 (Fall and Lemons 2016), and draft 2016 (Fall and Koster 2017). Yearly
reports are available at http://www.fakr.noaa.gov/ram/ subsistence/halibut.htm. Each year, the
data collection program included an annual voluntary survey of fishers conducted by mail or
phone, with some onsite visits. The 2012 estimate has been carried forward for the 2013
estimate and the 2014 estimate has been used for 2014 through 2015; a new 2016 estimate is
used for 2016 through 2017. The 2014 estimates are about 10% higher than in 2012, and are
noticeably higher in IPHC Regulatory Area 4E. To collect the 2014 harvest estimates, the ADFG
staff conducted face to face interviews in two of the major subsistence harvesting communities
within IPHC Regulatory Area 4E rather than relying on mailed returns. Face to face interviews
likely resulted in more realistic harvest estimates than the mail survey alone, so it is likely that
the IPHC Regulatory Area 4E harvest estimates between 2008 through 2013 were low.

In addition to the SHARC harvest, IPHC regulations allow Pacific halibut less than 32 inches or
81.3 cm in fork length (also called U32) to be retained in the IPHC Regulatory Area 4D and 4E
commercial Pacific halibut CDQ fishery, under an exemption requested by the North Pacific
Fishery Management Council, as long as the fish are not sold or bartered. The exemption
originally applied only to CDQ fisheries in IPHC Regulatory Area 4E in 1998 but was expanded
in 2002 to also include IPHC Regulatory Area 4D. The CDQ organizations are required to report
to the IPHC the amounts retained during their commercial fishing operations. This harvest is not
included in the SHARC program estimate so is reported separately. For more information on the
history of U32 retained by CDQ organizations and methodology changes over the years, refer
to the IPHC’s Report of Assessment and Research Activities (RARA 2016, Chapter 2.5).

Reports for 2017 were received from three organizations: Bristol Bay Economic Development
Corporation (BBEDC), Coastal Villages Regional Fund (CVRF), and Norton Sound Economic
Development Corporation (NSEDC). The reports are summarized below, and the reported
amounts of retained U32 Pacific halibut are shown in Table 10. A total of 7,400 pounds (3.4 t) of
retained U32 Pacific halibut was reported by CDQ organizations, the highest amount since 2013.
Generally, annual changes are a reflection of the amount of effort by the local small boat fleets
and the availability of fish in their nearshore fisheries.

Table 10. Reported annual amount (pounds, net weight) of U32 (<32 inches in fork length) Pacific halibut
retained by Community Development Quota harvesters fishing in IPHC Regulatory Areas 4D and 4E.

Organization U32 CDQ Landings

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

BBEDC 1,816 922 2,155 2,752 5,095 3,493 | 3,456 2,460 | 3,456 5,261
CVRF | 12,926 | 4,277 3,924 | 9,909 | 10,424 | 5,250 963 0 0 0

NSEDC 6,924 6,060 3,438 | 4,206 | 4,668 1,290 1,114 | 2,206 2,001 2,119

Total | 21,666 | 11,259 9,517 | 16,867 | 20,187 | 10,033 5,533 4,666 5,457 7,380
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CDQO - Bristol Bay Economic Development Corporation

BBEDC requires their fishers to record the lengths of retained U32 Pacific halibut in a separate
log, which are tabulated by BBEDC at the conclusion of the season. The lengths were converted
to weights using the IPHC length/weight relationship and summed to estimate the total retained
U32 weight. Pacific halibut were landed by BBEDC vessels primarily at Togiak, with a lesser
amount landed in Dillingham and a minor amount landed in Naknek. BBEDC reported 22
harvesters landed 513 U32 Pacific halibut (5,261 pounds; 2.4 t).

CDO - Coastal Villages Regional Fund

CVREF reported that no Pacific halibut were landed by their fishers or received by their facilities.
CDQ - Norton Sound Economic Development Corporation

NSEDC required their fishers to offload the U32 Pacific halibut for weighing. Ice was removed
but the fish were not washed nor the heads removed. The U32 Pacific halibut were then returned
to the harvester. NSEDC reported 247 U32 Pacific halibut weighing 2,119 pounds (1.0 t) were
caught in the local CDQ fishery and landed at the Nome plant.

BYCATCH IN OTHER FISHERIES

Bycatch in other fisheries are incidentally caught fish by fisheries targeting other species and
that cannot legally be retained. Bycatch mortality, or bycatch removals, refers only to those fish
that subsequently die due to capture. The IPHC accounts for bycatch mortality in other fisheries
by IPHC Regulatory Area and sector. Table 11 provides these estimates from 2008 through
2017. For historical bycatch mortality by IPHC Regulatory Area since 1990 and bycatch mortality
trends by gear, refer to the IPHC’s Report of Assessment and Research Activities (RARA 2016,
Chapter 2.6). Additional background information on discard mortality rates and Alaska bycatch
limits is available in Appendix .

Estimates of the bycatch mortality of Pacific halibut in other (non-Pacific halibut) fisheries in 2017
totaled 5,996,000 pounds (2,720.0 t) net weight, representing a decrease of approximately 500
t from 2016 (Table 11). Bycatch increased in some areas and decreased in others from 2016
values. In IPHC Regulatory Area 2A, bycatch mortality rose 16%. Estimated bycatch in the IPHC
Regulatory Area 2B bottom trawl fishery in 2016 decreased by 7%. Bycatch trends were varied
among Alaskan areas, with bycatch in IPHC Regulatory Areas 3B, 4B, and 4CDE with the Closed
Area being up, while bycatch mortality in IPHC Regulatory Areas 2C, 3A, and 4A was down.
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Table 11. Bycatch mortality estimates of Pacific halibut (thousands of pounds, net weight) by year, IPHC
Regulatory Area, and fishery, for 2008-17. Estimates for 2017 are preliminary.*
IPHC Reg Area and

Gear 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

AREA 2A

Groundfish Trawl 351 416 302

IFQ Bottom Trawl 52 60 54 44 55 55 71

Other Groundfish Trawl 2 2 4 3 1 1 2

Groundfish Pot 1 1 0 0 1 1 0

Hook & Line 80 98 45 34 56 8 53 23 39 38

Shrimp Trawl 0 0 0 0 0 0 0 0 0 0
Total 431 513 347 90 119 66 99 80 96 111

AREA 2B
Groundfish Bottom Trawl 143 213 181 232 189 225 245 326 271 251

Total 143 213 181 232 189 225 245 326 271 251

AREA 2C
Crab Pot 19 7 18 10 21 13 1 1 1 1
Groundfish Trawl 0 0 0 0 0 0 0 0 0 0
Hook & Line (non-1FQ) 7 5 4 3 8 8 8 12 15 7
Hook & Line (IFQ) 3 3 3 3 12 13 9 7 13 10
Chatham Str. Sablefish 8 8 8 8 n/a n/a n/a n/a n/a n/a
Clarence Str. Sablefish 25 25 25 25 n/a n/a n/a n/a n/a n/a
Total 62 48 58 49 41 34 17 19 29 17
AREA 3A
Scallop Dredge 3 9 14 12 10 12 24 24 24 24
Groundfish Trawl 2,381 2,141 2,030 2,232 1,422 1,336 1,680 1,792 1,493 1,190
Hook & Line (non-1FQ) 293 197 111 92 238 216 155 223 210 132
Hook & Line (IFQ) 119 119 119 119 25 31 16 33 26 33
Groundfish Pot 13 5 12 23 29 34 12 25 40 10
Pr Wm Sd Sablefish 10 10 10 10 n/a n/a n/a n/a n/a n/a
Total 2,819 2,481 2,296 2,488 1,724 1,630 1,888 2,098 1,793 1,390
AREA 3B
Crab Pot 0 0 0 0 0 0 0 0 0 0
Scallop Dredge 0 4 0 5 4 8 14 0 0 0
Groundfish Trawl 979 865 676 806 989 733 809 537 708 754
Hook & Line (non-1FQ) 190 256 269 172 105 88 115 96 124 99
Hook & Line (IFQ) 116 116 116 116 24 14 18 15 8 18
Groundfish Pot 18 7 36 21 20 44 18 10 31 13

Total 1,303 1,247 1,097 1,120 1,142 887 974 658 871 885

...cont’d
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Table 11 (cont’d). Bycatch mortality estimates of Pacific halibut (thousands of pounds, net weight) by

year, IPHC Regulatory Area, and fishery, for 2008-17. Estimates for 2017 are preliminary.*

IPHC Reg Area and

Gear 2008 2009 2010 2011 2012 2013 2014 2015 2016 2016
AREA 4A
Scallop Dredge 0 0 0 0 0 0 0 0 0 0
Crab Pot 7 5 22 14 12 27 0 0 0 0
Groundfish Trawl 1,021 1,315 800 789 1,314 606 615 483 466 288
Hook & Line (non-IFQ) 178 220 213 145 130 204 160 149 99 104
Hook & Line (IFQ) 15 15 15 15 5 4 3 3 2 2
Groundfish Pot 8 2 7 8 10 32 27 7 5 7
Total 1,229 1,557 1,058 971 1,472 873 805 642 572 400
AREA 4B
Crab Pot 2 0 0 1 0 3 0 0 0 0
Groundfish Trawl 206 299 371 402 215 116 101 202 137 175
Hook & Line (non-1FQ) 114 119 65 32 27 6 24 20 5 18
Hook & Line (IFQ) 40 40 40 40 12 10 5 2 2 0
Groundfish Pot 2 1 1 1 1 5 2 0 0 2
Total 364 459 477 476 255 140 132 223 144 195
AREA 4CDE+CA
Scallop Dredge 0 0 0 0 0 0 0 0 0 0
Crab Pot 54 33 63 49 29 29 0 37 37 37
Groundfish Trawl 3,469 3,160 3,429 2,496 3,458 4,110 4,205 3,003 2,895 2,427
Hook & Line (non-IFQ) 978 821 684 472 768 668 538 384 311 281
Hook & Line (IFQ) 5 5 5 5 1 151 11 0 0 0
Groundfish Pot 2 1 1 2 4 18 13 2 2 2
Total 4,508 4,021 4,182 3,024 4,260 4,977 4,767 3,425 3,245 2,747
AREA 4 Subtotal
Scallop Dredge 0 1 0 0 0 0 0 0 0 0
Crab Pot 63 39 85 65 41 59 0 37 37 37
Groundfish Trawl 4696 4,774 4,600 3,687 4,987 4832 4921 3,687 3,499 2,890
Hook & Line (non-IFQ) 1,270 1,160 962 649 925 878 722 552 415 403
Hook & Line (IFQ) 60 60 60 60 18 165 19 5 3 2
Groundfish Pot 12 4 9 11 15 55 42 8 7 10
Total 6,101 6,037 5,717 4,472 5987 5989 5,704 4,290 3,961 3,342
GRAND TOTAL 10,859 10,539 9,695 8,450 9,202 8,832 8,927 7,470 7,021 5,996

!Note that some totals may not sum precisely due to rounding.
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Estimating Bycatch Mortality

Bycatch of Pacific halibut is estimated because not all fisheries have 100% monitoring and not
all Pacific halibut that are discarded are assumed to die. Agencies estimate the amount of
bycatch that will not survive, called discard mortality.

The IPHC relies upon information supplied by observer programs run by domestic agencies for
bycatch estimates in most fisheries. Non-IPHC research survey information is used to generate
estimates of bycatch in the few cases where fishery observations are unavailable. The NMFS
operates observer programs off the U.S. West Coast and Alaska, which monitor the major
groundfish fisheries. Data collected by those programs are used to estimate bycatch. Trawl
fisheries off British Columbia (BC) are comprehensively monitored and bycatch information is
provided to IPHC by DFO.

Off the U.S. West Coast, an individual quota (IQ) program was implemented in 2011 for the
domestic groundfish trawl fisheries. The program is quite similar to the program for the BC trawl
fishery, in that it contains an individual bycatch quota component for managing and reducing
Pacific halibut bycatch mortality. Fishery monitoring is required at 100% coverage levels, so all
vessels carry an observer to record the vessel's catch. Bycatch is reported to IPHC by NMFS
(Jannot et al. 2017). Bycatch estimates for the shrimp trawl fishery have been provided by
Oregon Department of Fish and Wildlife (ODFW) staff from examinations of Pacific halibut
bycatch during gear experiments. Updated estimates were provided by ODFW in 2011.

The amount of information varies for fisheries conducted off BC. For the trawl fishery, bycatch
is managed with an individual bycatch quota program implemented by DFO in 1996. Fishery
observers sample the catch on each bottom trawler, collecting data to estimate bycatch and
discard mortality. Bycatch in other fisheries, such as the shrimp trawl, sablefish pot, and rockfish
hook-and-line fisheries, was largely unknown until the inception of the Integrated Fisheries
Management Program in 2006. The program has requirements for full accounting and
accountability of all bycatch, and includes 100% at-sea monitoring, either by human observers
or electronic monitoring. Estimates of trawl bycatch were provided by DFO staff at the Pacific
Biological Station, based on data collected by observers. Reporting of bycatch from the non-
trawl programs is being developed with DFO staff and will be provided in future reports.

Estimates of bycatch off Alaska in federally managed fisheries were provided by the NMFS
Alaska Region. Several fishery programs have a mandatory 100% monitoring requirement,
including the CGOARP, the BSAI CDQ fisheries, the AFA pollock cooperatives, and the BSAI
AB80 fishery cooperatives. NMFS Alaska Fisheries Science Center’'s Annual Deployment Plan
(ADP) provides the scientific guidelines which determine how vessels not involved in these full
coverage programs are chosen for monitoring, including vessels in the directed Pacific halibut
IFQ fishery. Additional details about the ADP can be found in NMFS (2016). The NMFS
projections were provided in metric tons, round weight, and were converted to pounds net weight
using net weight = round weight x 0.75 * 2,204.62.

Estimates of Pacific halibut bycatch in scallop dredge and crab fisheries are obtained from the
ADFG, but not on an annual basis. The catch estimates are based on fishery data collected by
on-board observers. The most recent estimates were summarized by Williams (2016) and
current year estimates were simply rolled forward for 2017. Work is underway to develop an
annual approach to updating these data.
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Bycatch Mortality by Area
Regulatory Area 2A (Washington, Oregon, California)

Groundfish fisheries off Washington, Oregon, and California are managed by the NMFS,
following advice and recommendations developed by the Pacific Fishery Management Council.
The final estimate of bycatch mortality in IPHC Regulatory Area 2A was 111,000 pounds (50.3
t) (Table 11). As in prior years, the bottom trawl fishery and hook-and-line fishery for sablefish
were responsible for the bulk of the bycatch mortality. Pacific halibut bycatch in the trawl IFQ
fishery (also called trawl catch shares) in this area are capped at 100,000 pounds (45 t) (net
weight) of 032 Pacific halibut. For 2017, the bycatch mortality for the trawl IFQ fishery was
71,000 pounds (32.2 t) of Pacific halibut.

Regulatory Area 2B (British Columbia)

In Canada, Pacific halibut bycatch in trawl fisheries are capped at 750,000 pounds net weight
(453.6 t round weight) by DFO. Non-trawl bycatch is handled under an IFQ system within the
directed Pacific halibut fishery cap.

For 2017, bycatch mortality in the BC bottom trawl fishery was estimated at 251,000 pounds
(113.9 t) (Table 11). The reported bycatch mortality data were complete through September.
Projections for the full calendar year 2017 were made by extrapolating to the full 12 months.

Regulatory Areas 2C, 3, and 4 (Alaska)

Groundfish fisheries in Alaska are managed by the NMFS, following advice and
recommendations developed by the North Pacific Fishery Management Council. The North
Pacific Fishery Management Council sets limits on the amount of Pacific halibut bycatch
mortality which is allowed to occur annually in the groundfish fisheries, known as the Prohibited
Species Catch (PSC) limits. These PSC limits are published in metric tons (t) (round weight) and
are shown in Table 12, with their equivalent net weight (millions of pound). If a fishery’s PSC
limit is reached, the fishery is closed. Certain gear types, e.g., pots or jigs, are exempted from
closures due to their low bycatch properties and to encourage their use. Bycatch mortality
estimates for Alaskan areas in Table 11 were provided by NMFS; projections were made for the
full year based on fishery data through 24 October 2017.

Table 12. Pacific halibut bycatch limits in the Alaska groundfish fishery 2008-17.

Geographical Sector Bycatch Limits (metric tons (t), round weight)
Area 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Gulf of Alaska Trawl 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 1,973 | 1,848 | 1,759 | 1,706 | 1,706
Fixed Gears 300 300 300| 300| 300, 300| 279| 270 266 | 266
Bering Sea/ Trawl 3,675 | 3,625 | 3,625 | 3,575 | 3,525 | 3,525 | 3,525 | 3,525 | 2,805 | 2,805
Aleutian Islands | Fixed Gears 900 900 900 900 900 900 900 900 710 710
Geographical Sector Bycatch Limits (millions of pounds, net weight)
Area 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Gulf of Alaska Trawl 330 | 330| 330| 330| 330| 326| 3.06| 291| 282 | 282
Fixed Gears | 050| 050| 050| 050| 050| 050| 046 | 045| 044 /| 044
Bering Sea/ Trawl 6.10| 6.00| 6.00| 590| 580 | 580 | 580 | 580 | 4.64| 4.64
Aleutian Islands | Fixed Gears 150 | 150 | 150| 150| 150| 1.50| 150| 150 | 1.17| 1.17

Requlatory Area 2C — Southeast Alaska

For the federal waters of IPHC Regulatory Area 2C, only bycatch by hook-and-line vessels
fishing in the outside waters were reported by NMFS. These vessels are primarily targeting
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Pacific cod and rockfish (Sebastes spp.) in open access fisheries, and sablefish in the IFQ
fishery. In aggregate, these fisheries resulted in approximately 17,000 pounds (7.7 t) of bycatch
mortality in 2017.

Fisheries occurring within state waters and resulting in Pacific halibut bycatch include pot
fisheries for red and golden king crab, and tanner crab. Information is provided periodically by
ADFG (last examined in Williams (2016)), and the estimate was again rolled forward for 2017.

Reqgulatory Area 3 — Eastern, Central and Western Gulf of Alaska

IPHC Regulatory Area 3 is comprised of Areas 3A and 3B. IPHC tracks bycatch for each IPHC
Regulatory Area due to assessment and stock management needs, while groundfish fisheries
operate throughout both areas. Trawl fisheries are responsible for the majority of the bycatch in
these IPHC Regulatory Areas, with hook-and-line fisheries a distant second (Table 11) for a total
of 2,275,000 pounds (1,031.9 t). State-managed crab and scallop fisheries are also known to
take Pacific halibut as bycatch, but at low levels.

IPHC Regulatory Area 3 remains the area where bycatch mortality is estimated most poorly.
Observer coverage for most fisheries is relatively low. Tendering, loopholes in trip cancelling,
and safety considerations likely result in observed trips not being representative of all trips
(observed and unobserved) in many regards (e.g. duration, species composition, etc.. This, plus
low coverage, lead to increased uncertainty in these bycatch estimates and to potential for bias.

Reqgulatory Area 4 — Bering Sea and Aleutian Islands

Bycatch mortality for all IPHC Regulatory Areas within Area 4 was estimated at 3,342,000
pounds (1,515.9 t), with the groundfish trawl fishery being most of that at 2,890,000 pounds
(1,310.9 1).

Hook-and-line fishery bycatch mortality was estimated at 405,000 pounds (183.7 t). Pacific cod
is the major fishery in this IPHC Regulatory Area with Pacific halibut bycatch, which is conducted
in the late winter/early spring and late summer. Almost all of the vessels are required to have
100% observer coverage because of the vessel's size and requirements of their fishery
cooperative; very few small vessels fish Pacific cod in this IPHC Regulatory Area. Because of
this high level of observer coverage, bycatch estimates for this and other IPHC Regulatory Area
4 fisheries are considered reliable.

Pots are used to fish for Pacific cod and sablefish and fish very selectively. Bycatch rates are
quite low and survival is relatively high. Annual bycatch mortality estimates are typically low,
usually less than 15,000 pounds (6.8 t).

Within the Bering Sea, bycatch mortality estimates have typically been the highest in IPHC
Regulatory Area 4CDE (Table 11). This is due to the groundfish fisheries which operate in the
area, i.e., those for flatfish. The bycatch mortality estimate in IPHC Regulatory Area 4CDE
accounted for 82% of the total Bering Sea bycatch.
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RECOMMENDATION/S
That the Commission:

1) NOTE paper IPHC-2018-AM094-04 which provides preliminary fishery statistics from
fisheries catching Pacific halibut during 2017, including the status of removals compared
to catch limits adopted by the Commission.
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Appendix I

Discard mortality of Pacific halibut
in the directed commercial halibut fishery

Overview

The removals of Pacific halibut (Hippoglossus stenolepis) accounted for in the International
Pacific Halibut Commission (IPHC) stock assessment include commercial and recreational
fisheries landings, discard mortality from the commercial Pacific halibut fisheries, discard
mortality from the recreational Pacific halibut fisheries, subsistence removals, and discard
mortality of Pacific halibut from other commercial fisheries (bycatch mortality). Commercial
fishery discard mortality is 1) Pacific halibut that are smaller than the commercial minimum size
of 32 inches (81.3 cm), known as U32s, that must be released by regulation and subsequently
die, 2) fish of all sizes estimated to have been captured by fishing gear that were subsequently
lost or abandoned during fishing operations, 3) fish that are discarded for regulatory reasons
(e.g. the vessel's trip limit has been exceeded). Different mortality rates are applied to each
category: released Pacific halibut have a 16% mortality rate and Pacific halibut mortality from
lost gear is 100%. The methods applied to produce each of these estimates differ due to the
amount and quality of the information available. The discard mortality of Pacific halibut 26 inches
and longer (026), including O32 Pacific halibut (>32 inches in length) and Pacific halibut
between 26 and 32 inches (U32/026), is directly deducted to determine the fishery constant
exploitation yield (FCEY); and the mortality of U26 Pacific halibut is accounted for in the removals
in the stock assessment and in the exploitation rates in the harvest policy. The intent of the
division of U26/026 is to standardize the treatment of removals, given that recreational and
subsistence fishery removals are directly deducted when setting catch limits.

Discard mortality of U32 Pacific halibut

In the directed commercial Pacific halibut fishery, direct observations by fisheries observers or
electronic monitoring information are not available coastwide, so in most IPHC Regulatory Areas
the weight of discarded U32 Pacific halibut must be estimated by indirect methods. In the IPHC
Regulatory Area 2B fishery (since 2006), fishers are required to record in their logbooks the
number of U32 Pacific halibut discarded, which is verified for accuracy via analysis of electronic
monitoring video from fishing activities. Therefore, for the IPHC Regulatory Area 2B fishery,
there exists a direct estimate of the total number of U32 Pacific halibut discarded. The percent
of U32 fish (in numbers) in the IPHC setline surveys and the IPHC Regulatory Area 2B logbooks
is shown in Figure 3. To convert this number for the IPHC Regulatory Area 2B logbooks into a
weight, the average observed weight of U32 Pacific halibut in the Area 2B setline survey is used.

In all other cases, since the setline survey uses similar fishing gear, it has been used as a proxy
for the expected encounter rates by IPHC Regulatory Area and year. Previous analyses
recognized that some survey stations produce a much lower catch rate of O32 Pacific halibut
than observed for the average commercial set (Gilroy and Clark 2008). Therefore, to make them
more comparable, the setline survey stations are filtered to stations with a higher catch rate (by
weight) of O32 Pacific halibut. Following the previous analyses, the top 33% was used for IPHC
Regulatory Areas 3A-4CDE, and individually estimated percentages for IPHC Regulatory Areas
2A, 2B, and 2C (Figure 4). These percentages make the observed 032 Pacific halibut catch
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rates of filtered stations reasonably similar to those reported in commercial fishery logbooks. It
is then inferred that the catch rate of U32 Pacific halibut would also be similar; however, this
inference cannot be directly tested. Although the comparison is useful, there is considerable
uncertainty with regard to the actual spatial and temporal patterns of the directed fishery, and
direct estimates of U32 discards would be considerably better.
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Figure 3. Setline survey percentage U32 by number, 1996-2017. Circles represent the median station
observed each year in the setline survey and the lines indicate the 25th and 75th percentiles. The thick
solid line in IPHC Regulatory Area 2B since 2006 represents the percent U32 reported in the logbooks.

Page 26 of 35



IPHC-2018-AM094-05

Comparison of Commercial and top XX% of Survey WPUE
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A mortality rate of 16% was applied to all commercial fishery Pacific halibut discards since the
beginning of individual quota fisheries (1991 in Canada, 1995 in Alaska). During the era of the
derby fishery and for all years in IPHC Regulatory Area 2A, a 25% rate was applied (Gilroy
2007). The IPHC Regulatory Area 2A commercial catch numbers include the U32 estimates from

the tribal

and non-tribal commercial fisheries.
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To estimate the pounds of U32 Pacific halibut captured in the commercial Pacific halibut fishery,
the IPHC Regulatory Area specific U32:032 ratio was multiplied by the estimated commercial
catch in each regulatory area for each year. The resulting poundage was then multiplied by the
discard mortality rate to obtain the estimated poundage of U32 Pacific halibut killed in the
commercial fishery.

Discard mortality from lost or abandoned gear

Since the implementation of the quota share fisheries, lost gear is much less common. During
the derby fishery of the 1980s and early 1990s in Alaska and B.C., extremely short fishing
periods resulted in a competitive race to catch as many Pacific halibut as fast as possible,
leading to a considerable quantity of longline gear being lost on the fishing grounds. Information
on the amount of gear lost or abandoned by the Pacific halibut longline fishery was collected
through logbook interviews or from fishing logs received via mail. Fishery-wide estimates were
then extrapolated to total catch values using logbook catch and effort statistics.

Discard mortality for O32 Pacific halibut was calculated from the ratio of effective skates lost to
effective skates hauled, multiplied by total landed catch. Effective skates are skates for which
no data (skate length, hook spacing, number of hooks per skate) are missing and gear type
meets the standardization criteria. The ratio was calculated using both fixed-hook and snap gear
in all IPHC Regulatory Areas. The IPHC Regulatory Area 2A catch has always included the non-
treaty directed commercial catch, treaty commercial catch, and, when open, incidental catch
during the longline sablefish fishery. In addition, the quantity of U32 Pacific halibut captured by
lost gear is also estimated using the method described above. All fish estimated to have been
captured by lost gear are assumed to die. Discard mortality from lost gear was first calculated in
1985. The amount of gear lost varies by year and it is much lower since the inception of the
guota share fisheries. In some instances, very few to no skates are reported lost, which was the
case in IPHC Regulatory Areas 4C and 4E in 2016. The 2016 data are preliminary and it is
expected that some gear was lost in those IPHC Regulatory Areas and when final log data are
available the numbers will be updated. We will be reviewing the procedure for determining the
mortality of Pacific halibut from the lost gear in the future.

Discard mortality for regulatory reasons

The directed commercial fisheries in IPHC Regulatory Area 2A are still managed using derby
fishing seasons, in which the quantity of Pacific halibut for a vessel is limited by a fishing period
limit. This results in catches that may exceed the vessel or trip limits, and therefore regulatory
discards of 032 Pacific halibut, which are reported in the fishery logbooks. The ratio of discards
to landings from the trips with logbook records available is used to estimate the O32 discards
for all landings reported on fish tickets. In addition, the quantity of U32 Pacific halibut captured
along with these discarded fish is estimated following the methods described above. The
estimates for regulatory discards vary most likely due to the number of fishery openings, the
number of vessels fishing, and the vessel trip limits. The IPHC Regulatory Area 2A incidental
Pacific halibut retention fisheries during the salmon and sablefish fisheries are not included as
they are accounted for under bycatch mortality estimates.

Discards from the quota share fisheries in Alaska and B.C. are not included at present; however,
they are under review with the intent to include them in the future.
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Total discard mortality in the commercial Pacific halibut fishery

Based on these methods, discard mortality in the commercial fishery for Pacific halibut is
estimated to have been highest in the early 1980s, subsequently declined (particularly in IPHC
Regulatory Area 3A in 1995 when the derby fishery was converted to a quota system), and then
increased from 1995 to 2010 as the size-at-age of Pacific halibut declined and more fish at older
ages remained below the minimum size limit. The estimates of discard mortality cannot be
delineated within IPHC Regulatory Area 4 prior to 1981 (Table 1), but there is very little discard
mortality estimated prior to that time. In addition, there is currently no direct accounting for whale
depredation in this calculation.
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Table 1. Discard mortality of Pacific halibut in the commercial halibut fishery since 1974 by IPHC
Regulatory Area, in millions of pounds net weight.

Regulatory Area
Year|2A? 2B 2C 3A 3B 4 4A 4B 4C 4D 4E [Total
1974 10.002 0.081 0.042 0.061 0.013 0.002 NA NA NA NA NA (0.201
1975 |0.004 0.143 0.048 0.091 0.021 0.002 NA NA NA NA NA [0.309
1976 |0.002 0.164 0.044 0.107 0.025 0.002 NA NA NA NA NA [0.344
1977 10.002 0.135 0.026 0.093 0.032 0.004 NA NA NA NA NA [0.292
1978 |0.001 0.113 0.036 0.115 0.014 0.004 NA NA NA NA NA [0.283
1979 |10.001 0.119 0.039 0.130 0.004 0.004 NA NA NA NA NA [0.297
1980 |0.000 0.136 0.029 0.132 0.003 0.002 NA NA NA NA NA [0.302
1981 |0.002 0.152 0.036 0.147 0.006 NA 0.004 0.002 0.002 0.000 0.000(0.351
1982 |0.002 0.163 0.033 0.124 0.067 NA 0.010 0.000 0.002 0.000 0.000(0.401
1983 |0.003 0.192 0.064 0.117 0.114 NA 0.023 0.009 0.004 0.000 0.000(0.526
1984 |0.005 0.363 0.065 0.162 0.104 NA 0.010 0.008 0.006 0.001 0.000(0.724
1985 |0.011 0.542 0.344 1.213 0.398 NA 0.082 0.056 0.031 0.028 0.001(2.705
1986 |0.016 0.695 0.606 2.374 0.591 NA 0.231 0.016 0.048 0.077 0.002(4.657
1987 |0.014 0.686 0.543 2.105 0.513 NA 0.188 0.071 0.047 0.031 0.005 (4.204
1988 |0.007 0.557 0.384 2.158 0.267 NA 0.052 0.039 0.019 0.009 0.000 |3.493
1989 |0.020 0.443 0.352 2.102 0.366 NA 0.041 0.098 0.024 0.022 0.000 | 3.469
1990 (0.038 0.437 0.508 1.693 0.414 NA 0.148 0.073 0.033 0.052 0.004]3.401
1991 (0.008 0.238 0.520 1.666 0.711 NA 0.127 0.080 0.040 0.070 0.005|3.466
1992 (0.020 0.220 0.436 1.230 0.388 NA 0.090 0.072 0.028 0.018 0.002|2.504
1993 (0.033 0.320 0.411 0.854 0.248 NA 0.084 0.059 0.028 0.019 0.002]|2.058
1994 |10.010 0.271 0.442 1.477 0.134 NA 0.064 0.065 0.026 0.018 0.004(2.512
1995 (0.008 0.228 0.156 0.420 0.058 NA 0.024 0.022 0.009 0.004 0.002]0.932
1996 (0.010 0.211 0.175 0.535 0.083 NA 0.043 0.042 0.024 0.025 0.005]|1.152
1997 (0.013 0.291 0.185 0.529 0.246 NA 0.057 0.049 0.033 0.033 0.007]1.445
1998 (0.019 0.329 0.229 0.676 0.289 NA 0.068 0.052 0.025 0.026 0.004|1.716
1999 (0.018 0.321 0.232 0.546 0.322 NA 0.067 0.074 0.029 0.031 0.004|1.644
2000 {0.024 0.190 0.197 0.475 0.384 NA 0.092 0.059 0.013 0.014 0.003|1.452
2001 {0.024 0.245 0.229 0.456 0.481 NA 0.132 0.076 0.018 0.020 0.005|1.688
2002 {0.022 0.204 0.174 0.646 0.515 NA 0.103 0.036 0.008 0.011 0.003|1.722
2003 (0.043 0.344 0.201 0.676 0.646 NA 0.105 0.042 0.008 0.016 0.004|2.085
2004 (0.016 0.311 0.367 0.758 0.716 NA 0.078 0.034 0.009 0.016 0.003|2.309
2005 [0.039 0.335 0.344 0.724 0.572 NA 0.139 0.018 0.007 0.034 0.005|2.218
2006 (0.050 0.605 0.443 0.741 0.476 NA 0.102 0.013 0.009 0.044 0.007|2.491
2007 [0.040 0.529 0.381 0.966 0.454 NA 0.135 0.023 0.011 0.053 0.012|2.604
2008 (0.044 0.454 0.295 1.004 0.676 NA 0.149 0.025 0.021 0.073 0.017|2.757
2009 [0.052 0.354 0.304 1.175 0.796 NA 0.157 0.018 0.018 0.060 0.012]2.946
2010 (0.027 0.302 0.261 1.450 0.903 NA 0.138 0.037 0.023 0.061 0.011|3.214
2011 (0.025 0.283 0.083 0.930 0.770 NA 0.144 0.043 0.044 0.121 0.026|2.468
2012 (0.025 0.220 0.095 0.593 0.526 NA 0.095 0.038 0.018 0.045 0.012]1.667
2013 (0.025 0.211 0.110 0.519 0.404 NA 0.070 0.035 0.016 0.030 0.010|1.432
2014 (0.021 0.250 0.119 0.443 0.326 NA 0.035 0.056 0.016 0.030 0.006]1.302
2015 (0.031 0.238 0.121 0.521 0.215 NA 0.079 0.036 0.017 0.031 0.004]1.293
2016 {0.037 0.229 0.123 0.378 0.232 NA 0.054 0.060 0.016 0.044 0.005|1.177
2017 [0.019 0.175 0.087 0.347 0.234 NA 0.067 0.031 0.009 0.016 0.003]0.989
2 Regulatory Area 2A includes 032 regulatory discards.
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Additional data sources

We do not currently utilize the North Pacific Observer Program’s (NPOP) growing data set on
discards (reference the NPOP’s annual report) in the directed Pacific halibut fishery due to the
very low coverage rates, the lack of coverage on vessels less than 40 feet, and the lack of a
conversion from numbers to weight for discarded Pacific halibut. However, it is anticipated that
stratification by depth, gear, and other fishing characteristics could improve the
representativeness of these data for estimating Pacific halibut discard in the future, and we plan
to explore using these data in the near future.

Ongoing and future research on discard mortality rates may be helpful to refine the current rates
used in this analysis. (Planas and IPHC Staff 2017).
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Appendix II:

Additional background information on
bycatch mortality of Pacific halibut in other fisheries

Pacific halibut bycatch limits

The North Pacific Fishery Management Council adopts Pacific halibut bycatch mortality limits for
the Alaskan groundfish fisheries during its annual specification process in the fall of the
preceding year. Currently, the limits are set by management area: the Gulf of Alaska (GOA)
(Figure 1) and Bering Sea and Aleutian Islands (BSAIl) (Figure 2). The limits, also called
Prohibited Species Catch (PSC) limits, are fixed in regulation and can only be changed through
a formal amendment, which can take up to a year. For both regions, regulations allow the North
Pacific Fishery Management Council to apportion the trawl and fixed-gear limits into seasonal
amounts and by fishery, to enable the groundfish fisheries to maximize their groundfish catch
within the specified limits. A history of the Pacific halibut bycatch limits for both regions is in
Table 12 of the main body of this paper (IPHC-2018-AM094-05).
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Figure 1. NMFS statistical and management areas for the Gulf of Alaska.
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Figure 2. NMFS statistical and management areas for the Bering Sea/Aleutian Islands.

Gulf of Alaska

The final year of a phased three-year reduction in GOA bycatch limits occurred in 2016. The
reduction for the trawl sector was implemented through a 7% reduction in 2014, an additional
5% in 2015 (to 12%), and finally 3% for 2016, thereby totaling 15% across three years. The
reductions resulted in new trawl fishery limits of 1,848 t in 2014, 1,759 t in 2015, and 1,706 t in
2016 and beyond for all trawl vessels. For the hook-and-line fleet, the reduction varied by vessel
type. The bycatch limit for the hook-and-line catcher/processor (CP) fleet was reduced 7%,
which was implemented as one step in 2014. The hook-and-line catcher vessel (CV) bycatch
limit was reduced by 15%, on the same 3-year reduction schedule as the trawl sector. The trawl
limit was divided by season for shallow water and deep water fisheries, as has been the practice
since 1991.

Bycatch management in the GOA fisheries was similar to previous years in that limits were
assigned to specific sectors. The bycatch limit was set at 266 t round weight (0.44 million pounds
net weight) for all fixed-gear fisheries and at 1,706 t round weight (282 million pounds net weight)
for all trawl gear fisheries. The fixed-gear fisheries target primarily Pacific cod in the central and
western GOA during the winter and rockfish in the eastern GOA in the spring. The fixed-gear
limit is divided between the catcher vessel (CV) and catcher-processor (CP) sectors; the sector
limits are further divided seasonally. All pot and jig gear fisheries, as well as the sablefish IFQ
fishery, were exempted from the bycatch limits.

Several programs exist in the GOA for which the North Pacific Fishery Management Council has
allocated specific Pacific halibut bycatch limits from the overall limit. The Central GOA Rockfish
Program (CGOARP) isolates fishing for certain rockfish species from other fisheries within the
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fishery management system. Fishery cooperatives (“co-ops”) are formed under the program,
and a portion of the overall rockfish quotas and Pacific halibut bycatch limit are specified for the
program.

Another program for Pacific halibut bycatch management in the GOA applies to vessels that
participate in the fishery co-ops in the BSAI. Briefly, the BSAI Plan Amendment 80 (A80) permits
vessels to form fishery co-ops, which allows for a more efficient prosecution of their fisheries.
Although A80 does not require vessels to join a co-op, all eligible A80 vessels belonged to one
of the two co-ops.

The final apportionment of Pacific halibut bycatch in the GOA is a result of the 1998 American
Fisheries Act (AFA). The AFA specified that certain trawl CP vessels fishing for pollock in the
BSAI were prohibited from fishing for certain other groundfish species in the GOA. The AFA also
specified limits on the amounts of other non-pollock groundfish species those vessels were
allowed to catch; these limits are also termed sideboards.

Bering Sea/Aleutian Islands

The Pacific halibut bycatch mortality limits for the BSAI trawl and fixed-gear fisheries totaled
3,515 t round weight (5.8 million pounds net).

The BSAI fixed-gear fisheries were allocated a total bycatch limit of 710 t (1.17 million pounds
net weight), with 7.5% reassigned to CDQ fisheries, leaving 657 t round weight (1.09 million
pounds net weight). This was divided between the hook-and-line fishery for Pacific cod and all
other fixed-gear fisheries. The Pacific cod fishery bycatch limit was further divided between CPs
and CVs. All pot and jig fisheries were exempted from Pacific halibut mortality closures. The
sablefish IFQ hook-and-line fishery was also exempted from the bycatch limit.

The trawl fishery bycatch mortality limit was 2,805 t round weight (4.64 million pounds net
weight). By regulation, a fixed amount of 315 t round weight (0.52 million pounds net weight) is
reallocated to CDQ fisheries (gear-nonspecific), leaving 2,490 t round weight (4.12 million
pounds net weight) for all remaining trawl fisheries. A80 separated the trawl fleet into an A80
sector and a Limited Access sector. The latter group includes the pollock co-ops created by the
AFA. Within the A80 fleet, the bycatch limit was assigned to the Alaska Seafood Cooperative
and the Alaska Groundfish Cooperative.

In addition, the North Pacific Fishery Management Council created bycatch limit sideboards for
the AFA vessels which apply to these vessels when they fish in non-AFA fisheries, i.e., any
target species other than pollock.

Discard mortality rates and assumptions

Discard mortality rates (DMRs), used to determine the fraction of the estimated bycatch that
dies, vary by fishery and IPHC Regulatory Area. Where observers are used for fishery
monitoring, DMRs are calculated from data collected on the release viability or injury of Pacific
halibut. For IPHC Regulatory Areas without observers, assumed DMRs are used, which are
based on the similarity of fisheries to those in other areas where data are available. The mortality
models used to calculate these rates have been presented by Clark et al. (1993) and Williams
(1997).
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Observer data are used to calculate DMRs in fisheries in three major IPHC Regulatory Areas.
In IPHC Regulatory Areas 2A and 2B, observers deployed on the bottom trawl vessels examine
each Pacific halibut to determine release viability. The bycatch mortality reported to IPHC
incorporates these release viability observations. Data to determine DMRs for some fisheries
are not available. Therefore, assumptions are made on likely DMRs based on similar fisheries
with known DMRs. For the U.S. west coast, NMFS uses a DMR of 16% for the sablefish hook-
and-line fishery, based on an analysis of observer data from the sablefish fishery off Alaska prior
to the implementation of IFQ in 1995. The DMR for pot fisheries is assumed to be 18%. Bycatch
mortality in the CP midwater fishery for Pacific hake is based on a 100% DMR.

NMFS manages the groundfish fisheries off Alaska according to a schedule of DMRs developed
during the North Pacific Fishery Management Council NMannual specification process (based
on recent years’ realized fishery specific DMRs obtained from observer data).
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PURPOSE

To provide an overview of the IPHC’s fishery-independent setline survey (FISS) design and
implementation in 2017, including current and future expansions.

BACKGROUND

The International Pacific Halibut Commission’s (IPHC’s) fishery-independent setline survey
(FISS or setline survey) provides catch information and biological data on Pacific halibut
(Hippoglossus stenolepis) that are collected independently of the commercial fishery. These
data, which are collected using standardized methods, bait, and gear during the summer of
each calendar year, provide an important comparison with data collected from the commercial
fishery. The commercial fishery is variable in its gear composition and distribution of fishing
effort over time, and presents a broad spatial and temporal sampling of the stock. Pacific
halibut biological data collected on the setline survey (e.g. the size, age, and sex composition)
are used to monitor changes in biomass, growth, and mortality in adult and sub-adult
components of the Pacific halibut population. In addition, records of non-target species caught
during setline survey operations provide insight into bait competition, rate of bait attacks, and
serve as an index of abundance over time, making them valuable to the assessment,
management, and avoidance of non-target species.

The IPHC has conducted fishery-independent setline surveys in selected areas during most
years since 1963 (with a break from 1987 to 1992). Historical information regarding previous
setline survey operations has been presented in IPHC Annual Reports and Survey Manuals;
IPHC Report of Assessment and Research Activities documents 1993-2016; and |IPHC
Technical Reports 18 and 58. The majority of the current FISS station design and sampling
protocols have been standardised since 1998.

FISHERY-INDEPENDENT SETLINE SURVEY (FISS) DESIGN AND PROCEDURES

In summary, the 2017 FISS chartered twelve commercial longline vessels (five Canadian and
six U.S.) during a combined 74 trips and 780 charter days. All 1,499 setline survey stations
planned for the 2017 setline survey season were either scouted or completed. Of these
stations, 1,493 (99.6%) were considered successful for stock assessment analysis. A total of
13 special projects were facilitated and completed, and 12,922 otoliths were collected
coastwide. Approximately 569,576 pounds (258 t) of Pacific halibut, 51,338 pounds (23 t) of
Pacific cod, and 31,674 pounds (14 t) of rockfish were landed from the setline survey stations.
Compared to the 2016 setline survey, weight-per-unit-effort increased in Regulatory Areas 2C,
4A, 4C, and 4D, with decreases in Areas 2A, 2B, 3A, 3B, and 4B. Descriptions of the FISS
design and procedures follow.
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Design

The IPHC’s FISS design encompasses nearshore and offshore waters of the IPHC Convention
Area (Figure 1a). The current setline survey station layout has been in place since 1998 (with
some additions in 2006 (Bering Sea), and in 2011 (IPHC Regulatory Area 2A)).

The Regulatory Areas are divided into 32 regions, each requiring between 10 and 46 charter
days to survey (Table 1). Setline survey stations were located at the intersections of a 10 nmi
by 10 nmi square grid within the depth range occupied by Pacific halibut during summer
months (20-275 fm [37-503 m] in most areas). Figure 1b depicts the FISS station positions,
charter region divisions, and IPHC Regulatory Areas surveyed.

The current standard grid (SG) station layout has been in place since 1998, with the addition of
stations around the Pribilof Islands and St. Matthew Island beginning in 2006 and twelve
stations in the Washington/Oregon charter regions beginning in 2011. Thirteen extra stations
(ES) in southeast Alaska and eight rockfish (Sebastes spp.) index (RI) stations in the
Washington charter region (described in the Special Projects section of this document) are
fished on a different layout than the FISS and are not included in the IPHC stock assessment
dataset.

Six skates were set in Regulatory Area 2A and seven skates in Regulatory Area 4CDE.
Regulatory Areas 2B, 2C, 4A and 4B had five skates of baited gear set at each setline survey
station in all charter regions. Setline survey specifications for gear, setting schedule, and soak
time have been consistent since 1998. Setline survey gear consists of fixed-hook, 1,800-foot
(549 m) skates with 100 16/0 circle hooks baited with 0.25 to 0.33 pounds (0.11 to 0.15 kg) of
chum salmon (Oncorhynchus keta) and spaced 18 feet (5.5 m) apart. Gangion length ranges
from 24 to 48 inches (61 cm to 122 cm). Each vessel sets one to four stations daily beginning
at or after 0500 AM, and soaks the gear at least five hours before hauling. Vessels avoided
soaking the gear at night, when possible. Data from gear soaked longer than 24 hours were
not used for stock assessment purposes.

Sets were considered ineffective for stock assessment if predetermined limits for lost gear,
snarls, depredation, or displacement from station coordinates were exceeded. The fork lengths
of all Pacific halibut captured at FISS stations were recorded to the nearest centimeter and all
lengths stated hereafter will be fork lengths. Each length was converted to an estimated weight
using a standard formula (Clark 1992), and these weights were then used to generate the
weight per unit effort ( WPUE) data. Average WPUE, expressed as net pounds per skate, was
calculated by dividing the estimated catch in pounds (net weight) of Pacific halibut equal to or
over 32 inches (81.3 cm; O32 Pacific halibut) in length by the number of skates hauled for
each station, and averaging these values by area (statistical, charter, or regulatory).
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Figure 1a. Map of the IPHC Convention Area and IPHC Regulatory Areas.
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Table 1. Effort and catch summary by FISS charter region and vessel for all 2017 setline survey

stations.
Pacific
Regulatory Charter ADFG Charter  Planned Effective halibut Av_g. 4 Chum
. Vessel or 2 . . 3 Price
Area Region 1 Days Stations Stations  Sold (Ibs)
VRN (Ibs) UsD
. . Pacific -
2A N. California Surveyor 29 42 41 1,728 $8.01 4,767
2A Oregon Pacific - 34 60 60 9,915 $7.96 12,393
Surveyor
2A Washington Pacific - 40 96 96 3,452 $5.74 16,870
Surveyor
2A Puget Sound Pacific - 10 14 14 727 $4.75 2,700
Surveyor
2B Charlotte Pender Isle 27282 19 43 43 27,607 $8.54 6,896
2B Goose Is. Vanisle 21912 25 43 43 11,015 $8.02 8,600
2B St. James Vanisle 21912 20 39 39 19,513 $8.43 7,800
2B Vancouver Vanisle 21912 20 41 41 6,594 $7.77 8,200
2C Ketchikan Star Wars Il 20492 22 41 41 42,502 $7.55 6,200
2C Ommaney Pender Isle 27282 18 40 40 47,493 $6.62 5,850
2C Sitka Pender Isle 27282 19 42 41 33,712 $6.44 7,150
3A Albatross Clyde 55803 23 45 45 27,290 $6.45 9,006
3A Fairweather Star Wars |l 20492 20 49 49 22,319 $6.30 8,659
3A Gore Pt. Bold Pursuit 20875 16 45 45 14,931 $6.46 7,100
3A Portlock Saint Nicholas 45399 28 46 46 30,735 $6.48 7,100
3A PWS Bold Pursuit 20875 19 45 45 28,695 $6.07 6,008
3A Seward Bold Pursuit 20875 24 48 48 22,534 $6.41 7,470
3A Shelikof Saint Nicholas 45399 46 45 44 14,537 $6.39 6,900
3A Yakutat Star Wars Il 20492 23 51 51 36,860 $6.36 9,441
3B Chignik Allstar 55922 25 45 44 16,413 $6.14 6,958
3B Sanak Free to 29155 26 48 48 12,187 $5.90 4,600
Wander
3B Semidi Predator 33133 28 47 47 14,730 $6.19 8,700
3B Shumagin Allstar 55922 20 44 44 17,444 $6.11 4,067
3B Trinity Clyde 55803 19 47 47 10,988 $6.18 8,194
4A, Closed 4A Edge Free to 29155 24 57 57 11,074 $5.65 8,272
Wander
4A. 4C Unalaska Free to 29155 26 66 66 20,395 $5.56 11,012
Wander
4D, 4C 4D Edge Kema Sue 41033 34 68 68 19,952 $5.09 13,900
4B Andreanof Norcoaster 38173 32 54 53 28,251 $5.51 10,295
4B Amchitka Norcoaster 38173 38 49 49 10,725 $5.06 9,358
4B S. Bower's Norcoaster 38173 12 25 25 2,557 $4.96 4,757
Ridge
4B N. Bower's Kema Sue 41033 13 25 25 553 $5.30 3,652
Ridge
4B Near Islands Kema Sue 41033 28 49 48 2,148 $5.06 3,800
Total 12 Vessels 780 1499 1493 569,576  $6.36 246,675

1 ADFG or VRN stands for Alaska Department of Fish and Game or Vessel Registration Number.

2Days are estimated because some vessels fished two charter regions in one day.

3 Net weight (head-off, dressed, washed). Poundage may not sum to correct total because of rounding errors introduced by

splitting the catch out to region.

4 Gross prices
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Figure 1b. 2017 IPHC fishery-independent setline survey station positions, charter region divisions, and IPHC Regulatory Areas.
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Vessel Operations

Fishing vessels are chosen through a competitive bid process each year where up to 3 regions
per vessel are awarded and 10-15 vessels are chosen. In 2017, twelve commercial longline
vessels (five Canadian and six U.S.), were chartered by the IPHC for our fishery-independent
setline survey operations. During a combined 74 trips and 780 charter days, these vessels
fished 32 charter regions, covering habitat from northern California on to the island of Attu in
the Aleutian Islands, and north along and including the Bering Sea continental shelf (Table 1).

FISHERY-INDEPENDENT SETLINE SURVEY (FISS) EXPANSION STATIONS

Since 2014, the IPHC has been sampling expansion setline survey stations in one or two IPHC
Regulatory Areas each year (Figure 2). Commercial fishery data and other sources have
shown the presence of Pacific halibut down to depths of 732 m (400 fm) and in waters
shallower than 37 m (20 fm). Further, most IPHC Regulatory Areas have substantial gaps in
station coverage within the standard 37-503 m depth range. The incomplete coverage of
Pacific halibut habitat by the setline survey could potentially lead to biased estimates of the
weight per unit effort (WPUE) and numbers per unit effort (NPUE) when used in the density
indices for stock assessment modelling and for stock distribution estimation. For this reason,
the IPHC has been undertaking a sequence of expansions since 2014 (following a 2011 pilot),
with setline survey stations added to the standard grid to cover habitat not previously sampled.

In 2017, 145 stations were added to Regulatory Area 4B, which included depths as shallow as
50 fathoms (91 m) and as deep as 400 fathoms (732 m). Regulatory Area 2A was fished with
the same expansion as in 2014 including an additional 17 stations in the Northern California
charter region, an additional densified grid of 26 stations in the Washington charter region, and
repeating the 14 stations into Puget Sound. All 1,499 setline survey stations planned for the
2017 setline survey season were either scouted or completed. Of these stations, 1,493
(99.6%) were considered successful for stock assessment analysis.
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Figure 2. IPHC fishery-independent setline survey (FISS) and expansion stations planned (2014-19).
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2017 FISS Expansion in Regulatory Area 2A

This was the third year of expansion in IPHC Regulatory Area 2A which already had an
expansion of the grid in Oregon down to 42° N latitude in 2011 and 2014, including Puget
Sound in Washington. Northern California stations were first surveyed in 2013 down to 40° N
latitude to investigate anecdotal reports of increasing Pacific halibut catches in the southern
range. Northern California stations were again surveyed in the expansion in 2014, fishing as
far south as 39° N latitude. In 2017, the expansion went further south to 37°45’ N latitude (near
San Francisco) and included Puget Sound. In addition, an ad-hoc densified expansion grid off
the north Washington coast was surveyed for the first time in 2017 (per the ad-hoc Annual
Meeting recommendation, AM093-Rec.03, and detailed in papers IPHC-2017-AM093-
06_ADD_1 and 2). A total of 212 stations were surveyed in Regulatory Area 2A in 2017, of
which 108 were expansion stations, including 26 ad-hoc densified grid stations off the north
Washington coast (Figure 3 & Table 2).
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Figure 3. 2017 IPHC fishery-independent setline survey stations in Regulatory Area 2A with charter
regions.
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Table 2. IPHC Regulatory Area 2A setline survey charter regions and count by station type.

California Station count
Expansion -Previously fished 27
New expansion 15*
Oregon
Expansion 13
Standard grid 47
Washington
Expansion 13
Densified grid 26
Standard grid 49
Rockfish Index 8

*2 stations were not permitted because of habitat
closures

2017 FISS Expansion in Regulatory Area 4B

As a continued part of a multi-year coastwide effort to expand our setline survey coverage and
depth profile, an additional 145 stations were added to Regulatory Area 4B including stations
as shallow as 50 fathoms (91 m) and as deep as 400 fathoms (732 m) (Figure 1, Figure 4). To
help manage this expansion, the historical Adak and Attu charter regions were divided into four
new regions named Amchitka, Andreanof, north and south Bowers Ridge, and Near Islands
(Figure 4 & Table 3).
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Figure 4. 2017 IPHC fishery-independent setline survey stations in Regulatory Area 4B with charter
regions.
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Table 3. IPHC Regulatory Area 4B setline survey charter regions and count by station type.

Andreanof Station count
Expansion 28
Standard grid 26
Amchitka
Expansion 31
Standard grid 18
Bowers South
Expansion 13
Standard grid 12
Bowers North
Expansion 24
Standard grid 1
Near Islands
Expansion 17
Standard grid 32

Sampling protocols

Sea samplers collected data according to protocols established in the 2017 Fishery-
Independent Setline Survey Manual (IPHC 2017a). As the gear was set, IPHC samplers
evaluated the performance of the bird avoidance devices that were deployed along with the
longline gear and recorded the exact number of hooks set and baits lost per skate of gear
fished. During gear retrieval, samplers generally recorded hook status (e.g., empty, returned
bait, species captured, bait type) of the first 20 consecutive hooks of each skate. However,
processing needs for fish from previous skates, particularly in areas with high catch rates,
occasionally affected where in the 100-hook sequence of the skate the sample was taken. In
specific northern stations of Regulatory Area 2A, and all of Area 2B, samplers recorded the
status of all hooks in the order in which they were hauled, in lieu of 20-hook subsample counts.

Samplers recorded lengths of all Pacific halibut caught along with the corresponding skate
number. Vessel crew eviscerated all O32 Pacific halibut and then passed them to an IPHC
sampler, who determined sex and maturity, prior hooking injury severity, and evidence of
depredation, and collected otoliths from a randomized subsample for later age determination.
Male Pacific halibut were assessed as either mature or immature, and females as immature,
mature, spawning, or spent/resting. When the maturity stage of either sex could not be
determined, the sampler coded the maturity stage as unidentified. The sex and maturity of
Pacific halibut less than 32 inches (81.3 cm; U32 Pacific halibut) in length were recorded only if
the fish was randomly selected for otolith collection or was already dead upon capture.
Samplers used a random sampling table to select Pacific halibut for otolith removal from a
subsample of all Pacific halibut caught. All U32 Pacific halibut not selected for otolith collection
were measured and released alive.

At the end of each haul, samplers recorded the presence and abundance of seabird species
within a 50-m radius from the vessel's stern. Seabird data are used to determine the spatial
and temporal variation in the abundance of seabirds. A discussion of seabird data can be
found in Geernaert (2017).
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Bait purchases

The minimum quality requirement for setline survey bait is No. 2 semi-bright (Alaska Seafood
Marketing Institute grades A through E), headed and gutted, and individually quick-frozen
chum salmon. The IPHC secures most of the bait needed to supply setline survey operations
prior to the start of the setline survey. In August 2016, staff began arranging bait purchases for
the 2017 setline survey. Approximately 247,000 pounds (112.0 t) of chum salmon were utilized
from three suppliers in the United States. The amount of bait used varied by vessel and charter
region (Table 1). Bait quality was monitored and documented throughout the season and found
to meet the standard as described above.

Fish sales and revenue sharing

As in previous years, 032 Pacific halibut that were caught on setline survey stations and
sacrificed in order to obtain biological data were retained and sold. This helps to offset costs of
the setline survey program. Setline survey vessels also retained for sale incidentally captured
rockfish (Sebastes spp.) and Pacific cod (Gadus macrocephalus). These species were
retained because they rarely survive the barotrauma resulting from capture. Most vessel
contracts provided the vessel a lump sum payment, along with a 10% share of the Pacific
halibut proceeds and a 50% share of the incidental catch proceeds. The R/V Pacific Surveyor
received no share of Pacific halibut or bycatch proceeds. The IPHC does not retain proceeds
from the sale of incidentally captured rockfish and Pacific cod. Instead, for retained bycatch
captured in U.S. waters, proceeds are divided equally between the vessel (for handling
expenses) and the state management agency. In Canada, Fisheries and Oceans Canada
(DFO) receives all proceeds from sales of retained bycatch captured in Canadian waters,
subsequent to deduction of the predetermined vessel bycatch processing fees.

IPHC’s chartered vessels delivered fish to 22 different ports during the 2017 setline survey
(Table 4). Fish sales were awarded based on the objectives of obtaining a fair market price
and distributing sales among buyers and ports. When awarding sales, the Commission
considered the price offered, the number of years that a buyer had been buying and marketing
Pacific halibut, how fish were graded at the dock (including the determination of No. 2 and
chalky Pacific halibut), and the promptness of settlements following deliveries. Obtaining fair
market value was the main consideration in awarding fish sales. However, when factors other
than fish price were considered, sales were sometimes awarded to buyers not offering the
highest prices, thereby meeting the goal of distributing sales among qualified buyers. Individual
sales were evaluated after each event to ensure that the buyer was meeting IPHC’s standards.

A summary of landings and prices from the setline survey is provided by species and
regulatory area in Table 5. Average prices over the entire setline survey range and season
decreased from $6.85 in 2016 to $6.53 in 2017.
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Table 4. Fishery-independent setline survey Pacific halibut landings by port, 2017,

Trips Pacific halibut Average Price
Offload Port Landed Sold (Ibs) Total (USD) (USD/Ib)?
Adak 6 28,735 $ 145,683 $ 5.07
Akutan 1 1,748 $ 9,931 $ 5.68
Alitak 3 12,209 $ 73,355 $ 6.01
Bellingham 1 727 $ 3,453 $ 4.75
Brookings 2 3,091 $ 24809 % 8.03
Cordova 3 33,132 $ 203,177 % 6.13
Dutch Harbor 4 42,002 $ 238,637 $ 5.68
Homer 7 49,690 $ 321,802 $ 6.48
Juneau/Auke Bay 1 10,612 $ 66,320 $ 6.25
Kodiak 7 53,683 $ 341,150 $ 6.35
Neah Bay 2 1,589 $ 8,741 $ 5.50
Newport 3 8,444 $ 67,554 $ 8.00
Petersburg 2 41,100 $ 255,763 $ 6.22
Port Hardy 4 20,545 $ 168,372 $ 8.20
Prince Rupert 6 81,967 $ 675,954 % 8.25
Sand Point 3 26,214 $ 156,062 $ 5.95
Seward 4 33,028 $ 211,889 $ 6.42
Sitka 3 43,466 $ 283,423 $ 6.52
St Paul 4 25,698 $ 134,071 $ 5.22
Tofino 1 2,965 $ 22,518 $ 7.59
Westport 2 1,971 $ 11,727 $ 5.95
Yakutat 3 46,960 $ 295,534 $ 6.29
569,576 $ 3,719,923 $ 6.53
1 Net weight (head-off, dressed, washed)
2 Prices based on net weight
Table 5. Setline survey landings by species and Regulatory Area in 20172,
Species 2A 2B 2C 3A 3B 4A 4B 4C 4D
Pacific
halibut lbs 15,822 64,729 123,709 197,901 71,762 31,470 44,233 O 19,952
E:hcgl:(; USD/lb  $7.35 $8.12 $6.84 $6.97 $6.27 $5.93 $5.19 - $5.83
Pacific Cod Ibs 8 93 472 4,096 26,365 20,304 O 0 0
Pacific Cod USD/Ib $0.25 $0.39  $0.37 $0.29 $0.33 $0.20 - - -
Rockfish lbs 1,666 8,333 10,826 10,595 254 0 0

'O
o

Rockfish USD/lb  $0.64 $1.72 $1.29 $0.95 $0.29 - -

Weights are net pounds offloaded.

Timing of the setline survey

Each year, the months of May, June, July, and August are targeted for setline survey fishing.
In 2017, 90 stations, amounting to approximately 2% of all stations, were fished outside of this
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window. On a coastwide basis, setline survey vessel activity was highest in intensity at the
beginning of the setline survey season and declined early in August as boats finished their
charter regions (Figure 5). All setline survey activity was completed by mid-September.
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Figure 5. The cumulative percentage of each Regulatory Area’s planned stations completed and
considered effective for stock assessment by the end of the week beginning on the date show for 2017.
Highlighted cells are the week in which 50% of setline survey work in that area, cumulatively, was
completed.
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Weight Per Unit Effort

The FISS covers commercial as well as non-commercial fishing grounds, so the average
WPUE for all regulatory areas surveyed was below that of the commercial fleet (Table 6). Not
all of the WPUE data included in this report are used in the stock assessment analysis. Three
setline survey stations located in the Closed Area (stations 7041, 7047, and 7048; see IPHC
[2017a]) fall in the 4A Edge charter region and are listed in Area 4A, but are included in Areas
4CDE for stock assessment purposes. Thirteen stations in southeast Alaska’s inside waters
occur at a spatial density that is not acceptable for the stock assessment, and are not used in
assessment or stock distribution calculations. Detailed information regarding pounds of 032
Pacific halibut and average WPUE by regulatory and statistical area are provided in Table 7 for
effectively surveyed stations. Table 8 provides detailed average WPUE for the statistical areas
of the Eastern Bering Sea island cluster stations.

Compared to 2017 results, setline survey WPUE increased in Regulatory Areas 2C (+23%), 4A
(+2%), 4C (+28%), and 4D (+95%). WPUE decreased in Regulatory Areas 2A (-53%), 2B (-
10%), 3A (-10%), 3B (-20%) and 4B (-7%) (Table 6, Figure 6). Since 2011, Area 2C’s WPUE
has exceeded Area 3A’s, and has been the highest WPUE of all the regions (Figure 6).

As seen in Figures 7 and 8, setline survey WPUE increased by 17% in the Oregon charter
region, but decreased by 70% in the Washington region. WPUE increased in two out of the
four regions of Area 2B, with Charlotte and St. James increasing by 4% and 7%, respectively.
In the Vancouver (-39%) and Goose Island (-34%) charter regions, WPUE decreased. WPUE
in Area 2C increased in the Sitka (+18%), Ommaney (+12%), and Ketchikan (+44%) charter
regions.

In Area 3A, WPUE increased in the PWS (+2%), Shelikof (+74%), and Portlock (+21%) charter
regions, while decreases were observed in Fairweather (-27%), Yakutat (-16%), Seward (-
14%), Gore Point (-43%), and Albatross (-16%). Area 3B WPUE decreased in Chignik (-19%),
Sanak (-36%), Semidi (-23), Shumagin (-2%), and Trinity (-16%) regions when compared to
last year. (Figure 7). All four charter regions along the Aleutian chain increased in 2017 as
compared to last year, with Attu region’s WPUE increasing by 13%, and Adak and Unalaska
up 3%. On the Bering Sea continental shelf, WPUE for St. Paul Island decreased by 2% and
stations around St. George increased by 30%. The 4A Edge and 4D Edge region’s WPUE
increased by 8% and 98%, respectfully.
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Table 6. Average setline survey and commercial WPUE (Ib/skate) of Pacific halibut from 2013 to

201742,
Setline
Reg. Effective survey Commercial % of
Area Year Stations WPUE WPUE Commercial Areas Surveyed
2013 111 24 132 18.2% Northern California to Cape Flattery
2014 162 18 116 15.5% Northern Californiasg)uﬁdape Flattery, Puget
2A 2015 96 31 110 28.2% OR-CA Border to Cape Flattery
2016 95 30 59 50.8% OR-CA Border to Cape Flattery
2017 203 14 05 14.7% Northern California to Cape Flattery, Puget
Sound
2013 170 94 269 34.8% All 2B
2014 170 92 315 29.2% All 2B
2B 2015 170 89 307 29.0% All 2B
2016 169 89 317 28.1% All 2B
2017 166 80 301 26.6% All 2B
2013 122 183 227 80.6% All 2C
2014 123 185 228 81.1% All 2C
2C 2015 122 207 240 86.3% All 2C
2016 123 177 227 78.0% All 2C
2017 122 218 231 94.4% All 2C
2013 372 117 240 48.7% All 3A
2014 374 115 232 49.6% All 3A
3A 2015 372 103 260 39.6% All 3A
2016 373 130 277 46.9% All 3A
2017 373 117 273 42.9% All 3A
2013 229 64 113 56.7% All 3B
2014 229 65 99 65.7% All 3B
3B 2015 231 79 146 54.1% All 3B
2016 231 82 155 52.9% All 3B
2017 230 66 142 46.5% All 3B
2013 105 42 164 25.6% 4A Aleutians and 4A Edge
2014 185 61 134 45.5% 4A Aleutians and 4A Edge
4A 2015 111 49 149 32.9% 4A Aleutians and 4A Edge
2016 111 51 169 30.2% 4A Aleutians and 4A Edge
2017 113 52 123 42.3% 4A Aleutians and 4A Edge
2013 89 57 122 47.0% 4B Aleutians
2014 89 50 167 29.9% 4B Aleutians
4B 2015 89 56 155 36.1% 4B Aleutians
2016 88 56 113 49.6% 4B Aleutians
2017 200 52 118 44.1% 4B Aleutians
2013 20 35 55 64.3% St. George and St. Paul Islands
2014 20 44 60 73.3% St. George and St. Paul Islands
4C 2015 20 44 98 44.9% St. George and St. Paul Islands
2016 20 60 72 83.3% St. George and St. Paul Islands
2017 20 77 87 88.5% St. George and St. Paul Islands
2013 58 25 151 16.4% 4D Edge and St. Matthew Island
2014 58 23 167 13.8% 4D Edge and St. Matthew Island
4D 2015 58 30 157 19.1% 4D Edge and St. Matthew Island
2016 141 19 177 10.7% 4D Edge and St. Matthew Island
2017 58 37 301 12.3% 4D Edge and St. Matthew Island

* Commercial WPUE data for the current year are preliminary.
2 Does not include ineffective, RI, or EBS expansion stations surveyed in 2015. This may differ from that used in the stock assessment.
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Table 7. Number of stations effectively surveyed, total 032 Pacific halibut catch, and average setline
survey WPUE (Ib/skate), by statistical area in 20172

032 032
Effective Pacific Effective Pacific
Reg. Stat. halibut  Avg. Reg. Stat. halibut  Avg.
Area Area Stations Lbs. WPUE Area Area Stations  Lbs. WPUE
6 25 131 1 163 2 2,498 249
7 12 788 11 170 7 7,964 226
8 11 1,056 16 171 4 1,429 73
9 16 1,536 16 2C 173 6 2,308 77
2A 10 20 6,050 52 181 4 4,278 212
20 20 1,792 15 182 3 3,305 219
30 18 933 9 183 2 535 53
40 27 470 3 2C Total 122 133,149 218
50 54 4,296 13 185 17 9,523 113
2A Total 203 17,052 14 190 27 10,849 81
60 16 2,792 36 200 27 23,324 174
70 13 938 14 210 17 11,056 131
80 5 915 37 220 13 11,674 180
90 7 2,542 72 230 21 14,888 143
91 23 4,979 43 232 3 2,959 198
100 1 137 28 3A 240 31 18,597 121
102 36 12,063 71 242 9 5,699 127
2B 112 31 16,068 104 250 48 21,375 89
121 7 4,951 140 260 54 28,972 107
130 6 8,007 265 261 19 9,512 101
131 3 4,561 303 270 34 23,940 142
132 9 4,181 92 271 14 5,566 79
133 5 2,476 98 280 29 17,575 123
134 3 521 34 281 10 1,867 37
135 1 690 138 3A Total 373 217,375 117
2B Total 166 65,822 80 290 54 15,280 57
140 9 16,737 375 300 57 19,095 67
141 8 9,878 248 310 44 17,457 80
142 13 12,789 199 3B 320 32 11,969 75
143 8 4,134 104 330 25 8,290 67
144 1 644 131 340 18 3,051 34
2C 150 14 22,389 319 3B Total 230 75,141 66
151 10 10,390 206 350 22 5,541 51
152 3 1,767 116 360 12 965 16
153 5 4,085 164 4A 370 10 1,338 27
160 13 18,200 278 380 7 4,726 135
161 4 3,495 175 390 2 1,035 103
162 6 6,326 211 523170 1 990 199
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032 032
Effective Pacific Effective  Pacific
Reg. Stat. halibut  Avg. Reg. Stat. halibut Avg.
Area Area Stations  Lbs. WPUE Area Area Stations  Lbs. WPUE
523171 3 674 45 520175 4 1,733 85
530168 2 1,068 106 520176 1 361 73
530169 3 1,816 121 520179 6 1,244 42
530170 1 2,300 463 520275 2 0 0
533167 3 1,023 68 520276 4 653 33
543165 5 19 1 520277 4 508 26
543166 11 858 16 520278 1 425 85
4A 543167 2 100 10 520279 6 515 17
550166 4 925 46 523172 1 2,030 413
550167 6 3,209 107 523173 1 233 49
550168 1 160 32 523179 4 125 6
553168 5 411 17 4B 523272 1 46 9
560168 8 1,217 35 523273 3 112 7
560169 3 445 30 523274 4 950 48
560170 2 303 31 523279 1 0 0
4A Total 113 29,123 52 530179 2 0 0
400 10 10,683 214 530272 1 483 97
410 10 5,579 111 533179 3 467 31
420 10 3,335 67 533279 2 194 20
430 8 2,647 66 540279 5 58 2
440 7 2,390 68 543276 5 0 0
450 7 297 9 543278 4 941 48
460 7 219 6 543279 1 0 0
470 11 537 10 4B Total 200 52,386 52
480 10 493 10 563169 10 3,891 78
490 13 1,729 27 4c 570169 1 300 43
4B 500 6 555 18 570170 9 4,824 77
510 1 0 0 4C Total 20 9,015 76
513176 3 1,139 76 563171 3 14 1
513177 1 1,491 303 563173 2 13 1
513178 2 1,662 164 570173 4 65 2
513179 1 76 15 573173 2 145 10
513277 1 70 14 4D 580174 1 566 81
513278 8 818 20 580175 1 981 141
513279 4 143 7 583174 5 233 7
520172 3 2,392 159 583175 3 169 8
520173 8 3,593 89 583176 1 18 3
520174 3 1,461 101 583177 3 407 19
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032
Effective Pacific
Reg. Stat. halibut  Avg.
Area Area Stations  Lbs. WPUE
590176 2 518 37
590177 6 939 22
590178 2 644 46
593176 3 142 7
4D 593177 7 1,253 26
593178 4 1,726 62
600172 4 3,822 137
600173 1 111 16
603172 3 1,009 48
603173 1 2,152 309
4D Total 58 14,926 37
Grand Total 1485 613,990 85

1032 Pacific halibut pounds and WPUE (Ib/skate) are calculated from the length distribution of the catch converted to weight
using a standard length-weight relationship (Clark 1992), not from recorded weights of Pacific halibut sold.
2Does not include rockfish index stations.

Table 8. Average setline survey WPUE for Eastern Bering Sea island cluster stations, 201712,

032
Reg. Stat. Location Effe(;tive Pac_ific Avg.
Area Area Stations halibut WPUE
Lbs.
4C 563169 St. George 10 3,891 78
St. George Total 10 3,891 78
4C 570169 St. Paul 1 300 43
4C 570170 St. Paul 9 4,824 77
St. Paul Total 10 5,124 60
4D 600172 St. Matthew 4 3,822 137
4D 600173 St. Matthew 1 111 16
4D 603172 St. Matthew 3 1,009 48
4D 603173 St. Matthew 1 2,152 309
St. Matthew Total 9 7,093 128
Grand Total 29 16,108 101

1032 Pacific halibut pounds and WPUE (Ib/skate) are calculated from the length distribution of the catch converted to weight
using a standard length-weight relationship (Clark 1992), not from recorded weights of Pacific halibut sold.
2Values from individual statistical areas are rounded, which may lead to slight discrepancies in total values.
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Figure 6. Average 032 WPUE (Ibs/skate) of Pacific halibut by IPHC Regulatory Area from all effective
standard grid and expansion stations occupied on 2008-2017 setline surveys.
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Figure 7. Setline survey WPUE (Ibs/skate) by IPHC Regulatory Area 2008-2017. Individual charter
regions are plotted within each Regulatory Area panel, as indicated. Includes data from effective

standard grid and expansion staions.
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Numbers per unit effort

Trends in the coastwide numbers per unit effort (NPUE) since 2008 are shown in Figure 9 for
both 032 and U32 Pacific halibut. There was a 31% decrease in the relative numbers of U32
caught and a 6% decrease in catch rates of O32 length Pacific halibut when compared to 2016
(Figure. 9). In 2017, there were 16% more U32 Pacific halibut captured than O32 Pacific
halibut, which is a 9% decrease in difference from 2016.

Some interesting trends can be noted when NPUE is observed by Regulatory Area (Figure
10). A larger NPUE of 032 as compared to U32 Pacific halibut was seen in all Regulatory
Areas except for 3B and 4A. In 2017, Area 2C showed an increase in 032 Pacific halibut with
a decrease in U32 Pacific halibut average NPUE. Area 2B had slight decreases in both 032
and U32 average NPUE. Area 4A had a slight increase in both 032 and U32 Pacific halibut
rate of capture. Area 3B continues to have the largest gap between O32 and U32 Pacific
halibut, with a difference of 51% between the two groups.

(032 wseees |J32
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1

XX e ®
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0 I I I 1 I I I 1 I 1
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Figure 9. Setline survey NPUE (Pacific halibut/skate) coastwide from 2008-2017. Includes data from
SG and ES effective stations.
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Figure 10. Setline survey NPUE (Pacific halibut/skate) by IPHC Regulatory Area from 2008 to 2017.
Individual charter regions are plotted within each Regulatory Area panel, as indicated. O32 Pacific
halibut is on the left, U32 on the right. Includes data from effective standard grid and expansion
stations.

Length distribution

Slightly less than 47% of Pacific halibut caught on the setline survey were smaller than the
current commercial legal size limit (U32 Pacific halibut), with a median length of 79 cm
coastwide (Table 9). In 2017, the median lengths of Pacific halibut captured increased in all
Regulatory Areas except 4A (Figure 11). Regulatory Areas 3A, 3B, and 4A had median lengths
below the legal-size limit (Figure. 15). In 2017, the largest median length was in Area 2A (97
cm). The length frequency distribution of Pacific halibut from catches in the 2017 FISS, by
Regulatory Area, are illustrated in Figure 12.
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Table 9. Number of Pacific halibut caught on setline survey by 5-cm length category and regulatory

area in 2017. The 80-84 cm category is divided to show the U32/032 split within that category?.

Regulatory Area ; % of
Fork Length g Y ?5:'\;25 Setline
(cm) 2A 2B 2C 3A 3B 4A 4B 4C 4D | Total Survey
Removals
30-34 1 1 0.002
40-44 1 2 3 0.005
45-49 1 11 18 2 32 0.058
50-54 1 8 48 73 25 3 2 160 0.291
55-59 1 14 35 136 258 104 8 7 5 568 1.033
60-64 4 49 91 567 852 299 44 24 16 1,946 3.540
65-69 11 178 241 1577 1,784 438 128 26 61 | 4,444 8.084
70-74 36 467 519 2,650 2,445 413 333 35 76 | 6,974 12.686
75-79 80 726 815 3,844 2,101 398 488 58 113 | 8,623 15.685
80-81 43 206 330 1615 645 138 182 25 46 | 3,320 6.039
Total U32
Pacific 175 1,731 2,040 10449 8,178 1,818 1,186 177 317 | 26,071 47.4
halibut
82-84 53 533 566 2,230 785 217 278 33 74 | 4,769 8.675
85-89 102 671 849 2,822 981 326 460 72 155 | 6,438 11.711
90-94 112 512 686 1,898 692 285 425 63 127 | 4,800 8.731
95-99 81 322 574 1226 470 203 297 54 99 | 3,326 6.050
100-104 99 258 409 889 33 151 236 42 73 | 2,493 4535
105-109 82 174 315 584 218 94 183 31 50 | 1,731 3.149
110-114 90 146 313 453 159 71 146 25 38 1,441 2.621
115-119 49 119 275 321 94 53 93 18 19 1,041 1.894
120-124 34 91 264 238 79 35 67 11 26 845 1.537
125-129 16 82 183 183 73 18 40 11 10 616 1.121
130-134 8 48 141 123 39 11 29 8 11 418 0.760
135-139 6 40 135 101 31 7 19 4 7 350 0.637
140-144 2 23 107 57 9 5 24 7 3 237 0.431
145-149 1 14 58 26 10 3 14 2 2 130 0.236
150-154 8 39 19 1 10 1 78 0.142
155-159 11 25 13 2 1 8 2 62 0.113
160-164 2 16 13 1 4 3 39 0.071
165-169 6 13 3 2 2 5 1 32 0.058
170-174 3 11 3 1 1 3 22 0.040
175-179 1 8 1 1 1 12 0.022
180-184 4 2 2 1 9 0.016
185-189 1 6 4 11 0.020
190-194 1 1 0.002
205-209 1 1 0.002
210-215 1 1 2 0.004
Total 032
Pacific 735 3,065 4,998 11,211 3,983 1483 2,345 384 700 | 28,904 52.6
halibut
Toi]aél'i’ba;t'f'c 910 4,796 7,038 21,660 12,161 3,301 3,531 561 1,017 | 54,975 100.0

1Excludes Pacific halibut from rockfish index stations and ineffective stations.
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Figure 11. Median length of Pacific halibut caught on setline survey, by Regulatory Area, from 2008 to

2017.The shaded area shows length below the current commercially-legal size limit. Includes data from
effective standard grid and expansion stations.
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Figure 12. The length (cm) frequency distribution of Pacific halibut, by Regulatory Area, from catches
in the 2017 setline survey. Shaded areas denote smaller thtn current legal commercial size limit. Catch
from rockfish index staions not included.

Sex composition

The sex composition for Pacific halibut captured and sampled for otolith collection has shown
considerable variation among areas, ranging from 41% to 87% females (Figure 13).
Regulatory Area 4B had the lowest percentage of females in the catch, and has been
consistently below 50% since 1998. Area 4C currently has the highest percentage of females,
observing the first decrease in the past couple of years. Most female Pacific halibut caught
during the setline survey period (i.e., summer months) were in the ripening stage and expected
to spawn in the upcoming season.
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Figure 13. Percentage of Pacific halibut captured and sampled for otolith collection that was composed
of females, by Regulatory Area, from 1998 to 2017.

Otolith collection

The otolith collection goal for the 2017 setline survey was 2,000 otoliths per Regulatory Area,
with a minimum target of 1,500 per area. Fewer than 1,500 otoliths were collected in Areas 2A,
4C, and 4D as the catch rates were low and there are fewer stations in these areas (Table 10).
Information regarding age distributions for the 2017 setline survey can be found in Forsberg
(2017a). Additional otoliths were collected in most regulatory areas for the clean otolith archive
collection and details can be found in Tobin et. al. (2017).
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Table 10. Otolith sampling rates of Pacific halibut captured and sampled from standard stock
assessment skates during the 2017 setline survey,*?2,

Reg. Paqific Pagific Sampling Rates

halibut  halibut
Area Caught Sampled Expected Overall 032 u32
2A 918 889 100% 97% 81% 19%
2B 4,796 1,521 35% 32% 66% 34%
2C 7,089 2,163 33% 31% 74% 26%
3A 21,668 1,671 9% 8% 56% 44%
3B 12,167 1,456 13% 12% 36% 64%
4A 3,301 2,268 78% 69% 44% 56%
4B 3,629 1,456 45% 40% 64% 36%
4C 561 532 100% 95% 68% 32%
4D 1,017 966 100% 95% 68% 32%
Total 55,146 12,922

lincludes Pacific halibut from ineffective stations, which are not used in stock assessment calculations.

2Does not include Pacific halibut lost at the roller (i.e., recorded as “0” length).
3Sampling rate does not include otoliths collected for the clean otolith archive collection.

Prior hooking injury results
A prior hooking injury (PHI) is defined an injury that appears to have occurred when the fish
was being released during a previous capture by hook-and-line gear. A PHI code was
recorded for every Pacific halibut captured (no injury, minor injury, moderate injury, severe
injury, or unknown) using criteria outlined in Tablell. A total of 55,144 Pacific halibut were
examined during the 2017 setline survey (Table 12). Overall, the coastwide average PHI rate
was 6.4% for Pacific halibut examined during the 2017 setline survey, 0.5% higher than
observed in 2016 (5.9%; Table 13).
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Table 11. Descriptions of prior hooking injury (PHI) categories used on the 1998-2017 fishery-
independent setline surveys.

Categories only apply to prior hooking injuries, if any.

Did not check

Injury
Worst injury of jaw, eye, & eye socket prevails. or can’t tell
locations
None Minor Moderate Severe Unknown
Upper or lower jaw
bone may be torn
through, hanging  Removal of hook
. from fish, or torn  has torn large flap
Jaw in one . . -
. . away on either side from side of head,
piece, not split S
of the head. Tear usually originating | . .
or separated mayv of may hot in cheek area Did not examine
Jaw No injury  from head. Skin . y y' " | the fish, or can’t
. include tearing Flap, usually
of lip may be . . tell.
.~~~ through the cheek including part of
torn, but jaw is . Lo
intact area. Lower or jaw, is either
' upper jaw may be hanging loosely or
split laterally, tearing missing.
through either snout
or lower mouth.
Eye socket ma . .
Eyeball & ybe torn. but y Did not examine
No injury b ’” . Eyeball punctured. the fish, or can’t
eye socket eyeball1s tell.
undamaged.
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Table 12. Prior hooking injury (PHI) data collected on 2017 fishery-independent setline survey. Length
group definitions: U32 is < 81 cm(32 in); O32 is = 82 cm (32 in). This table does not include Pacific
halibut for which the length was not recorded.

Injuries
Reg. Length None Minor Moderate Severe Unknown
Area Group No. % No. % No. % No. % No. % Total
u32 165 94.29% 8 4.57% 1 057% 0 0.00% 1 0.57% 175
2A 032 708 95.29% 27 3.63% 7 094% 1 0.13% O 0.00% 743
Total 873 95.10% 35 3.81% 8 0.87% 1 0.11% 1 0.11% 918
u32 1,614 93.24% 83 4.79% 10 058% 0 0.00% 24 1.39% 1,731
2B 032 2,725 88.91% 273 8.91% 32 1.04% 2 0.07% 33 1.08% 3,065
Total 4,339 90.47% 356 7.42% 42 0.88% 2 0.04% 57 1.19% 4,796
u32 1,898 92.50% 90 4.39% 6 029% 0 0.00% 58 2.83% 2,052
2C 032 4,180 83.00% 637 12.65% 75 1.49% 1 0.02% 143 2.84% 5,036
Total 6,078 85.75% 727 10.26% 81 1.14% 1 0.01% 201 2.84% 7,088
u32 9,882 88.12% 271 2.42% 80 0.71% 2 0.02% 219 1.95% 11,214
3A 032 10,026  95.91% 551 5.27% 139 1.33% 3 0.03% 495 4.74% 10,454
Total 19,908 91.88% 822 3.79% 219 101% 5 0.02% 714 3.30% 21,668
u32 7,810 195.94% 176 4.42% 48 1.20% 2 0.05% 145 3.64% 3,986
3B 032 3,467 42.38% 120 1.47% 41 050% 3 0.04% 355 4.34% 8,181
Total 11,277  92.69% 296 2.43% 89 073% 5 0.04% 500 4.11% 12,167
u32 1736 95.49% 45 2.48% 34 187% 0 0.00% 3 0.17% 1818
4A 032 1311 88.40% 121 8.16% 43 290% 1 0.07% 7 0.47% 1483
Total 3047 92.31% 166 5.03% 77 233% 1 0.03% 10 0.30% 3,301
u32 1,122 89.90% 35 2.80% 18 1.44% 1 0.08% 72 577% 1,248
4B 032 1,984 83.36% 175 7.35% 42 1.76% 1 0.04% 178 7.48% 2,380
Total 3,106 85.61% 210 5.79% 60 1.65% 2 0.06% 250 6.89% 3,628
u32 153 86.44% 12 6.78% 11 6.21% O 0.00% 1 0.56% 177
4C 032 309 80.47% 54 14.06% 11 286% 0 0.00% 10 2.60% 384
Total 462 82.35% 66 11.76% 22 392% O 0.00% 11 1.96% 561
u32 287 90.54% 28 8.83% 1 032% 0 0.00% 1 0.32% 317
4D 032 586 83.71% 96 13.71% 4 057% O 0.00% 14 2.00% 700
Total 873 85.84% 124 1219% 5 049% O 0.00% 15 1.47% 1,017
Grand  Total 49,963  90.60% 2,802 5.08% 603 1.09% 17 0.03% 1,759 3.19% 55,144

The FISS was conducted under applicable permits, including but not limited to National Marine
Sanctuaries Permits OCNMS-2017-006 and MULTI-2017-011.
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Table 13. Summary of prior hooking injury (PHI) data collected during the 2017 IPHC fishery-
independent setline survey. This table does not include Pacific halibut where the PHI was coded as
‘unknown’.

All Pacific halibut U32 Pacific halibut (<82cm)
No. No.
No. No. % - % % - %
Reg.
I of  std. No.  NO-yith i | NO i i
Area K . with .. per .. with .. per ...
sets skates | examined inury Uy Injury |5 iUy o injury
Y 2017 2016 | MUY 2017 2016
Skate skate
2A 203 1,218 917 44 48% 0.04 53% 9 098% 0.01 6.3%
2B 166 830 4,739 400 84% 0.48 6.0% 93 196% 0.11 4.6%
2C 122 610 6,887 809 11.7% 1.33 6.0% 96 1.39% 0.16 3.2%

3A 373 1,865 20,954 1,046 5.0% 0.56 6.5% | 353 1.68% 0.19 4.6%
3B 230 1,150 11,667 390 3.3% 0.34 3.8% | 226 1.94% 0.20 3.0%

4A 113 565 3,291 244 T7.4% 043 22.0% 79 2.40% 0.14 19.9%
4B 200 1,000 3,378 272 8.1% 0.27 4.8% 54 1.60% 0.05 3.6%
4C 20 140 550 88 16.0% 0.63 12.9% 23 4.18% 0.16 11.8%
4D 58 406 1,002 129 12.9% 0.32 15.6% 29 2.89% 0.07 12.3%

Total 1,485 7,784 53,385 3,422 6.4% 0.44 59% | 962 1.80% 0.12 4.2%

Incidental Species

A total of 112 species of fish and invertebrates were caught as incidental catch during the
setline survey. Hook occupancy of species groups varied by Regulatory Area (Figure 14). The
predominant incidental catches in Regulatory Areas 2A, 2B, 2C, and 3A were sharks. The
most frequent incidental catch in Areas 3B, 4A, and 4D was Pacific cod. In Areas 4B and 4C,
the “other species” category was most common and was comprised of yellow Irish lord
sculpins (Hemilepidotus jordani), unidentified starfish, grenadiers (Macrouridae), and
arrowtooth flounder (Atheresthes stomias).

Trends in bycatch NPUE are presented in Figures 15 through 18. Bocaccio (Sebastes
paucispinus), canary rockfish (S. pinniger), and yelloweye rockfish (S. ruberrimus) populations
are of concern in Areas 2A, 2B, and 2C, and their numbers often drive catch regulations. Catch
rates of bocaccio and canary rockfish are so low on the IPHC FISS that it is difficult to make
any inferences from them (Figure 15). Trends in bycatch NPUE over the last ten years for the
other major incidentally-captured species and species groups show that the encounter rate for
most remained relatively constant over time (Figures 15 - 18).
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Figure 15. Ten-years of NPUE (numbers per standardized 100-hook skate) for bocaccio, canary and
yelloweye rockfish on IPHC'’s fishery-independent setline surveys across Regulatory Areas.
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Figure 16. Ten-years of NPUE (numbers per standardized 100-hook skate) for arrowtooth flounder and
sablefish on IPHC'’s fishery-independent setline surveys across Regulatory Areas.
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Figure 17. Ten-years of NPUE (numbers per standardized 100-hook skate) for pacific cod and spiny
dogfish on IPHC'’s fishery-independent setline surveys across Regulatory Areas.
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Figure 18. Ten-years of NPUE (numbers per standardized 100-hook skate) for rockfish (Sebastes spp
only) and skates on IPHC'’s fishery-independent setline surveys across Regulatory Areas.

Marine Mammal Depredation Tracking

Since 2009, the IPHC has recorded marine mammal depredation events during FISS hauling
operations. Sea samplers record all damaged and missing hooks to establish a baseline rate
of gear damage against which to compare stations with suspected interference from marine
mammal depredating species. Any toothed whales or pinnipeds within 100 meters of a setline
survey vessel are identified to species level and the number recorded. Samplers also note all
damaged Pacific halibut and damaged bycatch retrieved during these encounters. In 2017,
marine mammals approached IPHC-chartered vessels during FISS gear retrieval on 58 sets
(3.9% of total sets); of those, 33 encounters involved either sperm whales or killer whales
(Table 14). Though damaged Pacific halibut were observed on 22 of the stations at which
whales were present, no sets were deemed ineffective for Pacific halibut stock assessment
because of depredation.

We hypothesize that our encounter rates may be lower than experienced by the commercial
fleet because each station is occupied for a relatively short period of time and only one set of
gear is deployed at each station. Unlike commercial harvesters, who focus effort on high catch
areas, FISS operates in both high and low catch areas, thereby making it less efficient for
whales to target. Because FISS boats move at least 10 nmi between sets, the whales also
have less opportunity to identify and target setline survey gear. Setline survey vessels are
instructed to move to other stations when whales are observed, and may opt to buoy-off gear
during retrieval and return at a later point in time if whales appear to be targeting a set.

Page 35 of 44



IPHC-2018-AM094-06

Table 14. Whale sightings by IPHC Regulatory Area during hauling in 2017.

No. sets
Reg Whale with whales | Total stations | Percent of
Area during in Reg Area |total stations
hauling*
2A None 0 213 0%
2B None 0 166 0%
2C  |Sperm whale 2 123 2%
Killer whale 1 0%
s Sperm whale 5 eI 1%
3B Sperm whale 1 231 0%
4A  |Killer whale 13 110 12%
Killer whale 5 2%
4B Sperm whale 2 202 1%
4CDE |Killer whale 4 80 5%
Total 33 1,499 2%

*Whales seen within 100m of gear during hauling or suspected of interacting with gear.

Field personnel

In 2017, the Commission employed 26 sea samplers, who worked a total of 1,716 person-
days, including travel days, sea days, and debriefing days. The Commission typically employs
two sea samplers aboard each setline survey vessel. One works on deck, handling fish and
collecting the required data and biological samples. The other sea sampler, in a portable
shelter, records data and observations and stores samples collected by the deck sampler.
Since catch rates in Regulatory Area 2A are generally low, one sampler was deployed for all
but trips 8 through 11 in the northern portion of the Washington charter region, where two
samplers were deployed for 37 days. The IPHC also deployed 5 sea samplers on the National
Oceanic and Atmospheric Administration Alaska Fisheries Science Center (NOAA-AFSC) trawl
survey (Sadorus et al. 2017a; Sadorus et al. 2017b). The F/V Ocean Explorer was staffed by
three IPHC samplers who split the work 41, 25, and 21 days, respectively, during the Gulf of
Alaska trawl survey. The Bering Sea trawl survey also had two IPHC samplers on the F/V
Vesteraalen or F/V Alaska Knight; one sea sampler was aboard for 49 days and the other sea
sampler was aboard for 50 days. The trawl contracts are included in the seasonal hire totals.

Special projects

The FISS program often facilitates experiments that are not directly associated with the Pacific
halibut stock assessment, yet which are valuable to IPHC and/or external agencies and
researchers. The following is a comprehensive list and description of the projects that the
Commission facilitated in 2017:

Rockfish sampling in Regulatory Area 2A

The IPHC sea samplers retained all rockfish caught in Regulatory Area 2A, marked them with
a tag, and recorded the station and skate of capture. After the rockfish were offloaded, state
biologists from Washington Department of Fish and Wildlife (WDFW) and Oregon Department
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of Fish and Wildlife collected additional data (such as sex, weight, length, and maturity) and
biological material (such as otoliths and fin clips for genetic analysis) from each fish. Tag
numbers enabled the biologists to associate the fish at the dock with the skate of capture, and
thereby location and depth. In 2017, state biologists sampled 250 rockfish that were captured
in Area 2A.

As in 2016, the vessel contracted for the Regulatory Area 2A charter regions fished eight
rockfish index (RI) stations in addition to the IPHC FISS stations. WDFW selected the index
station locations with the intent of targeting more rocky-bottom habitat than the setline survey
stations. RI stations were located at 2.5 nmi intervals within the standard 10-nmi grid around
IPHC station 1082 (see IPHC [2017a] for station locations). At each of the RI stations, fishing
effort was reduced to three skates to limit impacts on rockfish populations. Pacific halibut
captured on RI stations were measured and released alive without removing otoliths or
examining gonads for sex and maturity. Data from these stations were not used in the Pacific
halibut stock assessment. The IPHC has been approached by WDFW to continue the RI
station work on future setline surveys, subject to budgets and ongoing sample design
considerations. IPHC intends to continue collaborating with state agencies to collect detailed
data regarding rockfish captured on FISS stations in Area 2A.

Rockfish sampling in Regulatory Area 2B

In cooperation and with funding from Canada’s DFO and the Pacific Halibut Management
Association, IPHC samplers aboard setline survey vessels working in Regulatory Area 2B
recorded round weight, round length, sex, and maturity, and collected otoliths from all rockfish
caught on the setline survey, according to the sampling criteria in the 2017 Protocols for
Rockfish Data Collection in British Columbia (IPHC 2017b). IPHC samplers in Area 2B
sampled 1,684 rockfish (representing 14 different species) for length, sex, and maturity, and
collected otoliths from 1,346 rockfish. These data and otoliths were shared with DFO. This
project began in 2003, and has since been conducted annually, except for 2013. This project is
expected to continue in future years.

Yelloweye rockfish enumeration in Alaska

IPHC samplers recorded the capture of all yelloweye rockfish (Sebastes ruberrimus)
encountered by setline survey vessels working in all of Regulatory Area 2C and in the
Fairweather charter region in eastern Area 3A at the request of the Commercial Fisheries
Division of the Alaska Department of Fish and Game (ADFG). A total of 1,187 yelloweye
rockfish were recorded in 2017.

Oceanography

During FISS operations in 2017, sea samplers deployed water column profilers on every
station (unless weather or tide conditions were so risky the units could be lost). Water column
profilers measured chlorophyll a and pH in addition to temperature, depth, salinity, and
dissolved oxygen concentration (Sadorus and Walker 2017).

Environmental contaminant sampling

IPHC sea samplers collected Pacific halibut muscle and liver samples for the Alaska
Department of Environmental Conservation (ADEC) as part of an ongoing study of
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environmental contaminants in Pacific halibut. A discussion of these data can be found in
Dykstra (2017).

Ichthyophonus sampling

In 2017, the IPHC continued investigating Ichthyophonus incidence in Pacific halibut.
Ichthyophonus is a protozoan parasite from the class Mesomycetozoea, a highly diverse group
of organisms with characteristics of both animals and fungi, and has been identified in many
marine fish. Refer to Dykstra (2017) for more details on this project.

At-sea weights

Net weight is a fundamental concept that the IPHC uses for stock assessment, apportionment,
and all facets of Pacific halibut management. However, individual net weight is not a strict
biological quantity. It is the result of natural variation and variable processing procedures that
occur after the fish is caught. The purpose of this study is to collect data on IPHC’s FISS for
use in estimating the relationship between fork length and net weight. This includes the
estimation of adjustments necessary to convert head-on weight to net weight, as well as
estimation of shrinkage (potentially occurring in both length and weight) from time of capture to
time of offload. This study complements an on-going project, in which portions of commercial
deliveries are measured and weighed at the dock. This study provides length-to-weight data
that is not available at commercial offloads: from U32 Pacific halibut, round fish, and freshly
eviscerated and dressed fish, allowing for measurements of shrinkage from the time of capture
to final weighing at the offload.

In 2017, building on experience from the pilot project in 2016, a motion-compensating scale
was used to weigh Pacific halibut on nine trips made by the F/V Free to Wander, fishing in the
Unalaska and 4A Edge charter regions. These regions were selected because they have a
high proportion of larger Pacific halibut. The scale has a maximum load of 132 pounds (60 kg)
with 0.04 pounds (20 g) accuracy. In total, 612 fish were weighed and measured at sea in the
round and immediately after being dressed. At the time of writing, data collected during
offloads had not yet been entered and no analysis had been conducted. This project is
anticipated to continue into 2018.

Spiny dogfish sampling

The IPHC samplers recorded the length and sex of the first five spiny dogfish (Squalus
suckleyi) per station in Regulatory Areas 2 and 3, and all spiny dogfish encountered in Area 4.
Spiny dogfish inhabit areas that are more effectively covered by the IPHC than other surveys.
Data collected are part of a multi-year project requested by the NOAA-AFSC’s Auke Bay
Laboratories to compare IPHC’s FISS catch rates with those from their sablefish (Anoplopoma
fimbria) longline surveys. Species distribution will be examined and used in conjunction with
tagging data to test the hypothesis that there may be two biological stocks of dogfish in Alaska:
an inside population in southeast Alaska and a second that comprises those that live in coastal
waters elsewhere. These data will be used to develop a length-based population dynamics
model for the annual dogfish stock assessment. The IPHC samplers collected 3,096 spiny
dogfish length and sex samples in 2017. This project is anticipated to continue into 2018.
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Sixgill shark genetics

The Seattle Aquarium and NOAA-AFSC have been examining the population genetics of the
broadnose sixgill sharks (Hexanchus griseus) in the North Pacific Ocean. Little is known about
these sharks outside of Puget Sound. Since 2014, the IPHC has assisted the Seattle Aquarium
by collecting samples of six-gill sharks caught on setline survey. Simple morphometrics
(greatest length) to determine maturity and tissue samples (1-2 mm fin clips) to determine
approximate age (subadult vs adult) were collected on 55 specimens in 2017. This project is
anticipated to continue into 2018.

Pacific cod length frequencies

NOAA-AFSC requested and received data collected from Pacific cod captured on IPHC setline
surveys to bolster data currently used by NOAA to assess the Bering Sea and Aleutian Islands
Pacific cod stock. Length frequency data was collected by recording the total lengths of the
first 15 Pacific cod from each skate on the IPHC setline survey vessels working the Bering Sea
continental shelf edge in Regulatory Areas 4A and 4D and in Area 4B. Samplers collected
8,779 Pacific cod length samples in 2017. This project is expected to continue and expand into
Area 3 in 2018.

Pop-up Archival Transmitting (PAT) tagging

A total of 22 Pacific halibut were tagged with pop-up archival transmitting tags aboard the F/V
Kema Sue in the north Bowers Ridge charter region. Eight males, 13 females, and one
“‘unknown”. Additional information can be found in Loher (2017).

Wire tagging

A total of 1,944 U32 Pacific halibut were tagged with wire tags during the 2017 setline survey,
with a small fin tissue sample collected before the releasing of each fish. Of those tags, 1,700
were fluorescent yellow and 244 were pink. Additional information can be found in Forsberg
(2017D).
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FUTURE WORK

The IPHC plans to continue fishing most of the current FISS stations in the near future.
However, setline survey operations are dependent upon the ability of the project to remain self-
funding. Although the surveys are designed exclusively to fulfill scientific needs, IPHC has
adjusted fishing effort so that the ability to conduct the setline surveys on budget would
withstand limited variation in Pacific halibut sale price or WPUE over the long term. If average
Pacific halibut sale prices or WPUE fall substantially in the future, the Commission may need
to find alternate sources of funding to collect these important data, or scale back the FISS
program accordingly. The number of regions surveyed, and the extent of any pilot projects, is
subject to change and is dependent upon decisions made at the IPHC’s 2018 Annual Meeting.

Future fishery-independent setline survey (FISS) expansions

In 2018, it is anticipated that the setline survey will be conducted in all 27 traditional regions
and the IPHC will be continuing with the setline survey expansion into Regulatory Areas 2B
and 2C, as approved by the Commission in 2014. The IPHC has begun vetting the proposed
expansion setline survey stations with the respective State and Federal agencies. In some
cases, this also involves special permitting requirements. There are 103 expansion stations
planned in 2018 in Regulatory Area 2B and 55 in Area 2C (Figure 19 & 20).

The FISS was conducted under applicable permits, including but not limited to National Marine
Sanctuaries Permits OCNMS-2017-006 and MULTI-2017-011.
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Figure 19. Proposed 2018 IPHC Regulatory Area 2B fishery-independent setline survey (FISS)

stations.
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Figure 20. Proposed 2018 IPHC Regulatory Area 2C fishery-independent setline survey (FISS)
stations.

For the last year of the proposed expansions (2019), the IPHC plans to move into Regulatory

Areas 3A and 3B where 95 and 68 stations are being proposed to be fished, respectively
(Figure 21).
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Figure 21. Proposed 2019 IPHC Regulatory Areas 3A and 3B fishery-independent setline survey
(FISS) stations.
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RECOMMENDATION/S
That the Commission:

a) NOTE paper IPHC-2018-AM094-06 which provided an overview of the IPHC’s fishery-
independent setline survey (FISS) design and implementation in 2017, including current
and future expansions.
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Space-time modelling of fishery-independent setline survey data

PREPARED BY: IPHC SECRETARIAT (R. WEBSTER; 19 DECEMBER 2017)

PURPOSE

To provide the Commission with a summary of the methods and output of the space-time
modelling in 2017, the results of this year's IPHC fishery-independent setline survey (FISS)
expansions in IPHC Regulatory Areas 4B and 2A, and the results of an evaluation of previous
setline survey expansions in Regulatory Areas 2A and 4A including the implications for future
expansions in these areas.

BACKGROUND

In 2016, a space-time modelling approach was introduced to estimate time series of weight
and numbers-per-unit-effort (WPUE and NPUE), and to estimate the stock distribution of
Pacific halibut among IPHC Regulatory Areas. This represented an improvement over the
largely empirical (data-based) approach used previously, as it made use of additional
information within the setline survey data regarding the degree of spatial and temporal of
Pacific halibut density, along with information from covariates such as depth (see Webster
2016b and 2017). The modelling also incorporated data from recent setline survey expansions
in Regulatory Area 2A (2011 and 2014), Area 4A (2014) and Area 4CDE (2015 and 2016),
without the need for applying ad hoc adjustment factors to account for changes in the spatial
coverage of the setline survey.

At the 92" Session of the IPHC Interim Meeting (IM092), the Commission made the following
recommendation to the IPHC Secretariat:

“The Commission RECOMMENDED that the IPHC Staff develop an information paper
associated with the survey expansion, which details the likely implications of periodic
survey expansion on the stock assessment and apportionment, taking into consideration
potential population variability of Pacific halibut in expansion areas which are infrequently
surveyed. The paper shall be submitted for initial consideration at the Commission’s Work
Meeting in September 2017.” (IM092, para. 38)

The requested evaluation was carried in out in 2017 for Regulatory Areas 2A and 4A.

INTRODUCTION

The IPHC fishery-independent setline survey (FISS or setline survey) provides data used to
compute indices of Pacific halibut density for use in monitoring stock trends, estimating stock
distribution, and as an important input in the stock assessment. Stock distribution estimates
are based on the annual mean weight-per-unit effort (WPUE) for each Regulatory Area,
computed as the average of WPUE of O32 (greater than or equal to 32” or 81.3cm in length)
Pacific halibut estimated at each station in an area. Mean numbers-per-unit-effort (NPUE) is
used to index the trend in Pacific halibut density in the stock assessment models. In 2016, the
IPHC Secretariat moved to a space-time modelling approach for estimating these indices and
calculating estimates of stock distribution (Webster 2017), an approach that was continued in
2017.
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In most IPHC Regulatory Areas, the standard, annual setline survey’s 18.5 km (10 nmi) grid is
fished in waters within the 37-503 m (20-275 fm) depth range. Information from commercial
fishery data and other fishery-independent sources showed the presence of Pacific halibut
down to depths of 732 m (400 fm) and in waters shallower than 37m in some Regulatory
Areas. Further, most Regulatory Areas had significant gaps in coverage within the standard
37-503 m depth range. The incomplete coverage of Pacific halibut habitat by the setline survey
likely led to biased estimates of WPUE and NPUE density indices in some Regulatory Areas
that were then used in the stock assessment modelling and for stock distribution estimation.
For this reason, the IPHC has been undertaking a sequence of setline survey expansions
since 2014 (following a 2011 pilot), with stations added to the standard grid to cover habitat not
previously sampled in our setline survey. The expansions involve adding stations to one or two
Regulatory Areas each year, and reverting to the annual grid for those areas in subsequent
years. In 2017, setline survey expansions took place in Areas 4B and 2A. Regulatory Area
4B’s expansion resulted in a total of 202 setline survey stations, more than double the 89
annually fished stations (Figure 1).

Regulatory Area 2A’s 2017 expansion had three components: a repeat of the 2014 expansion,
including deep (503-732 m) and shallow (18-37 m) stations, stations within the Salish Sea, and
stations in California from 39°N to 42°N (Figures 2 to 4); new stations in California from
37.75°N to 39°N (Figure 4); and additional stations off the north Washington coast (north of
46°53.3" N, within 37-503 m; Figure 2) resulting in a doubling of station density in that region.
The new stations in California allowed the IPHC to get direct information on density in a region
that Pacific halibut are known to inhabit (albeit at low densities), as shown by catches of Pacific
halibut on the National Marine Fisheries Service (NMFS) West Coast trawl survey (Webster
2016a). The increased station density off the north Washington Coast was motivated by
stakeholder concerns that the standard 18.5 km station spacing may be missing localised
patches of relatively high Pacific halibut density in that region, and that a denser grid would be
more likely to detect such patches if they exist.

One advantage of the space-time modelling approach is that the effect of the setline survey
expansions on estimates of density indices and their uncertainty can be investigated in a
straightforward manner, by comparing the estimates we obtained with those we would have
obtained in the absence of the data from the expansions. In order to undertake such an
evaluation, we need an expansion to have already been carried out. Further, to help assess
the need for future repeats of the expansion, it helps for some time to have elapsed since the
expansion took place. For this reason, this report focuses on Regulatory Area 2A, which had
setline survey expansions in 2011 and 2014, and Regulatory Area 4A (expansion in 2014).
Work was undertaken prior to the 2017 setline survey, so data from this year’s setline survey
were not included in the Regulatory Area 2A evaluation.

In this report we outline updates to the space-time modelling of WPUE and NPUE indices of
density and present summaries of modelling results for 2017, and present results of the setline
survey expansions in Regulatory Areas 4B and 2A. For the evaluation of the need for future
repeats of setline survey expansions, we compare estimated mean WPUE and its uncertainty
between models fitted using all available setline survey data and those using subsets of the
data that exclude groups of expansion stations.
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Space-time modelling of WPUE and NPUE

Space-time modelling of setline survey data followed the methods outlined in Webster (2017).
In addition to the inclusion of new 2017 setline survey data, data from 1993 to 1997 were also
used in the modelling this year. The IPHC setline survey coverage in those years was less
consistent than the current annual setline survey, with not all Regulatory Areas being fished
each year, or only parts of some Regulatory Areas surveyed in some years (Soderlund et al.
2012). Nevertheless, with the model able to predict in unsurveyed locations, the addition of
these data allows us to extend our understanding of changes in Pacific halibut density and
distribution back to 1993. Space-time models were fitted to 032 WPUE, total NPUE, and total
WPUE. Of these three variables, only 032 WPUE and total NPUE were modelled in 2016.

The standard NMFS Bering Sea trawl survey grid has been fished annually (sometimes with
expansions) since 1982 (Lauth and Nichol 2013), and data from this trawl survey from 1993-
1997 were also included in the modelling for Regulatory Areas 4A and 4CDE. In 2017, a
northern expansion of the Bering Sea trawl survey was fished for the second time (it was first
fished in 2010), giving the Bering Sea complete coverage and providing valuable data for
improving space-time model estimates of WPUE and NPUE in the northern Bering Sea. Data
from the Alaska Department of Fish and Game’s (ADFG) triennial Norton Sound trawl survey
(Soong and Hamizaki 2012) are also used in the modelling, and along with new data from the
2017 ADFG trawl survey, data from 1996 were added to the data previously used.

The expanded setline survey in California allowed us to produce a direct density estimate as
far south as to 37.75°N in the space-time models, where previously an adjustment scalar
based on the West Coast trawl survey data had to be applied to account for Pacific halibut
within 37.75°N and 39°N. In the modelling, a new covariate was included identifying stations
north and south of 40°N. This was needed to improve prediction south of 40°N, where catch
rates were extremely low: without this covariate, model predictions of WPUE and NPUE in this
region in unsurveyed years would approach the overall Regulatory Area 2A mean, and would
therefore likely be positively biased, with bias getting worse with increasing years before or
after the setline surveys.

Estimated mean O32 WPUE by Regulatory Area and year is presented in Figure 1. The
shaded regions represent 95% posterior credible intervals, i.e., there is a 95% chance that the
true mean for each area and year is within these intervals. In general, the 95% intervals for
years from 1993-97 are much wider, due to the less consistent setline survey coverage prior to
the implementation of the modern annual setline survey design in 1998. In the case of
Regulatory Areas 4A and 4CDE, there were no longline data prior to 1997, and the estimates
are therefore highly influenced by the NMFS trawl survey data in those years. The trawl survey
fishes waters shallower than the setline survey, and its stations have lower WPUE on average
than setline survey stations set along the Bering Sea shelf edge. In years with no setline
survey, the trawl data influences estimates at unsurveyed locations along the edge through
spatial dependence, leading to lower estimates as time prior to the setline surveys increases.
This is likely a factor in the low estimates of WPUE in Areas 4A and 4CDE from 1993-96.

Figure 2 compares the estimated mean 032 WPUE time series from the 2016 space-time
modelling with this year’s estimates. Some differences between the two sets of estimates can
be expected, due to changes to the data inputs leading influencing predictions at unsurveyed
locations in particular through revision of model parameter estimates. The two sets of
estimated time series, however, are extremely consistent, with any differences well within the
levels of uncertainty shown by the 95% intervals. Notable differences are at the terminal years
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of the 2016 time series (1998 and 2016), where new data (from 1997 and prior years, and
2017) influence the new estimates from those terminal years. This is due to temporal
dependence in the data, and accounting for such dependence has the effect of smoothing out
the time series. Another important change from 2016 is the much narrower 95% intervals for
Regulatory Area 4B’s 032 WPUE estimates. The 2017 expansion more than doubled setline
survey coverage in that area, leading to more precise estimates not only in 2017, but in all
other years because of improved predictions at unsurveyed locations.

Results from space-time modelling of total NPUE are presented in Figure 3, and a comparison
with the 2016 estimates is shown in Figure 4. As with the O32 WPUE results, the 2017
estimates are generally very similar to those obtained in 2016. We have already noted the
change in Regulatory Area 4B estimates above, with the data from the expanded setline
survey leading to higher mean NPUE model estimates than those obtained in 2016 prior to the
expansion. The other noteworthy difference from 2016 is the much greater estimates of
uncertainty in the 2017 NPUE estimates in Regulatory Area 3A. This is due to high estimates
of variance at unsurveyed locations, particularly within Cook Inlet which contains a large
number of potential future expansion stations. This increased uncertainty appears due to the
addition of 1993-1997 data affecting the estimates of the degree of spatial dependence, which
was estimated to be stronger in the 2016 modelling than the 2017 modelling that included the
earlier data. The greater uncertainty in the 2017 estimates in Regulatory Area 3A also leads to
wider 95% intervals for the coastwide time series.

The times series of mean Total (all sizes) WPUE and O32 WPUE are compared in Figure 5.
Although direct observations of Total WPUE will always exceed those of 032 WPUE, this is
not necessarily true of model estimates. In Regulatory Areas 4A and 4CDE there are regions
with large gaps in survey coverage, particularly in the early part of the 1993-2017 time series,
and therefore the estimates depend to a large degree on the model predictions in unsurveyed
regions. In years without IPHC setline survey coverage, data from the annual NMFS trawl
survey strongly influence these predictions. Both spatial and temporal dependence were
estimated to be stronger for the Total WPUE data than the O32 data, which means that the
influence of trawl survey data on predictions at unsurveyed locations for Total WPUE is greater
than it is for 032 WPUE data.

Results of setline survey expansions in Regulatory Areas 4B and 2A

Figure 6 shows a map of O32 WPUE at each fished station in Area 4B. The station catch
rates varied greatly among the regions covered by expansion stations. Eastern stations had
the highest WPUE, with several stations having values close to or above 180 kg/skate (400
Ib/skate). Elsewhere, new stations had relatively low catch rates on average, with the majority
catching no Pacific halibut. Average WPUE at the new expansion stations was 26.4 kg/skate
(58.2 Ib/skate), while at annually fished stations, it was 20.5 kg/skate (45.2 Ib/skate). These
results imply that at current Pacific halibut densities, the annual Area 4B setline survey was
undersampling high-density habitat relative to low-density habitat. Prior to the use of the
space-time model, this would have led to a negative bias in estimates of mean WPUE in Area
4B. Instead, the time series of estimated mean 032 WPUE from the 2017 modelling was very
similar to the one estimated in 2016 prior to the expansion (Figure 7). This implies that, at
least on average, the model predictions of WPUE in previously unsurveyed parts of Area 4B
had little bias. This was not the case for total NPUE, which was underestimated in last year’s
modelling (Figure 8), and therefore the setline survey expansion has led to a correction in the
bias of previous estimates of NPUE in Regulatory Area 4B.
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The 032 WPUE at each station in Area 2A in 2017 is shown in Figures 9-11. The California
expansion south of 39°N captured a single Pacific halibut on a station outside of San Francisco
Bay (Figure 9). This confirms that while Pacific halibut are present in this region, densities are
very low.

Central Oregon stations had the highest 032 WPUE in Area 2A during 2017 (Figure 10), but
catch rates north of there, particularly off Washington (Figure 11), appear to have been greatly
affected by an extensive area of low dissolved oxygen centred off the Washington coast
(Figure 12). WPUE was zero at almost all stations within the area that had dissolved oxygen
less than 0.9 ml/l, and lower than in recent years on average elsewhere off the Washington
coast. The area of low dissolved oxygen encompassed the region covered by the dense grid
expansion, and so likely affected catches on the new expansion stations, along with
neighbouring stations on the annual grid. In 2016, mean 032 WPUE at stations off the north
Washington coast was 15.0 kg/skate (33.0 Ib/skate). The same annually fished stations in
2017 had mean WPUE of 4.5 kg/skate (9.9 Ib/skate), and the new dense grid expansion
stations had mean of 7.4 kg/skate (16.3 Ib/skate). We made no adjustment for the effect of the
hypoxic zone on catches in the modelling, which assumes that Pacific halibut were able to
avoid areas of extremely low oxygen and therefore became available to the setline survey
elsewhere.

The effect the inclusion of data from the dense grid expansion stations on average 032 WPUE
was small (Figure 13). Estimated mean WPUE for Regulatory 2A in 2017 was 2.8% higher with
the dense grid data included in the modelling than it was without, a difference that is well within
the uncertainly in the estimates shown by the 95% intervals in Figure 13. Note that the model
output used for stock assessment and stock distribution estimation comes from fitting models
that include the dense grid data, along with all other setline survey expansion data.

Evaluation of the need for future setline survey expansions
Methods: Regulatory Area 2A

This Regulatory Area is unique in having already had a full expansion of the setline survey grid
down to 42°N in two years, 2011 and 2014 (prior to this year’s setline survey). A comparison of
model output including and excluding the 2014 expansion data allows us to assess what is
gained by having the expansion repeated after a three-year interval. The 2014 expansion also
included additional stations between the latitudes of 39°N and 42°N (northern California),
which are considered separately as described below.

For our comparisons, the setline survey expansion stations were split into three geographic
regions: coastal deep expansion (DE) and shallow expansion (SE) stations in Oregon and
Washington (fished in 2011 and 2014); Salish Sea stations (2011 and 2014); and northern
California stations (2014). In this way, we are able to examine the relative contribution of each
component of the full expansion to improving estimates of density. Note that a subset of the full
2014 California expansion stations was fished in 2013. As this excluded deep and shallow
FISS stations, and stations between 39° and 40°, this is perhaps best considered as a pilot
expansion into California and is not an expansion design that is likely to be repeated.

We fitted models to the full data set, along with seven subsets in the following order:

e Annually fished stations only (96 since 2011)
e Annually fished stations, plus 2011 DE/SE stations in OR and WA coastal waters
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e Annually fished stations, plus 2011 and 2014 DE/SE stations in OR and WA coastal
waters

e Annually fished stations, plus 2011 and 2014 DE/SE stations in OR and WA coastal
waters, and 2011 Salish Sea stations

e Annually fished stations, plus 2011 and 2014 DE/SE stations in OR and WA coastal
waters, and 2011 and 2014 Salish Sea stations

e Annually fished stations, plus 2011 and 2014 DE/SE stations in OR and WA coastal
waters, 2011 and 2014 Salish Sea stations, and 2014 California stations

e All available data (also includes 2013 California expansion stations)

All model runs included data from 1998 to 2016, using the methods discussed in Webster
(2017).

Methods: Regulatory Area 4A

The FISS expansion in 2014 in Regulatory Area 4A included additional stations along the Area
4A shelf edge, and the Aleutian Islands. The bulk of the shelf edge setline survey expansion
stations are in relatively flat habitat that is likely more homogenous than the areas of
incomplete annual setline survey coverage in the Aleutian component of Regulatory Area 4A. It
is also surrounded by annually fished setline survey stations and NMFS trawl stations, with
some of the latter actually located within the region that does not have annual setline survey
coverage. Thus, we may expect that omitting shelf edge expansion stations to have a less
significant effect on WPUE estimates than omitting stations along the Aleutian Islands. For this
reason, we considered these regions separately in evaluating the effect of the 2014 setline
survey expansion of estimates of WPUE. Thus, we fitted models to the following subsets of
data and compared the output to that from the model with all setline survey stations:

Annually fished stations

Annually fished stations + 2014 shelf edge expansion stations
Annually fished stations + 2014 Aleutian Islands expansion stations
All available data

As with Regulatory Area 2A above, model runs included data from 1998 to 2016, using the
methods described in Webster (2017).

Results: Regulatory Area 2A

Figure 14 shows the absolute relative difference in estimated mean WPUE (hence called the
“relative error”) for Regulatory Area 2A between models using subset of the data and a model
fit with all available data.

The model fitted to the smallest subset of data, the 96 annually fished stations off the WA and
OR coasts, has very high relative error, being greater than 40% in all years. Areas like the
Salish Sea, and particularly California, are distant from the annually fished stations, and
estimated WPUE in these regions approaches the Regulatory Area 2A mean, which is likely
unrealistically high in most years in these regions. Also, the lack of data from deep and shallow
waters means that WPUE estimates at these depths is informed by spatial proximity to setline
survey stations in 37-503 m (20-275 fm) waters through the spatial dependence model, leading
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again to over-estimates of WPUE (since the data generally show below-average WPUE
outside of 37-503 m, 20-275 fm).

Adding the 2011 deep and shallow setline survey stations to the annually fished stations
provided a substantial improvement, with relative error reducing to below 30% in most years.
There is only a small further improvement in relative error from inclusion of the 2014 deep and
shallow data. A similar improvement is observed when the 2011 Salish Sea data are included,
with inclusion of the 2014 data having a minimal further effect on relative error. The remaining
improvement comes from including the 2014 California data, which brings the relative error
close to zero (showing that the 2013 California data have little effect on relative error).

Also of interest is the effect of the setline survey expansions on the precision of the mean
WPUE estimate for Area 2A. Figure 15 shows the estimated sample coefficients of variation for
the subset models listed above, along with the model that uses all available data. Inclusion of
the data from deep and shallow stations has, at best, modest effects on relative precision. A
greater improvement is found when Salish Sea stations are added, but the greatest decrease
comes with the addition of the California stations in 2014. Without the direct observations in
California, estimates of WPUE in this region were very imprecise, and this imprecision
contributed significantly to the variability in the overall estimates for Regulatory Area 2A. We
note that even with the full data set, CVs have been increasing since 2014, as time since the
most recent FISS expansion increases. Nevertheless, CVs remain at low levels, and it is not
clear from the data in this figure what setline survey expansion frequency would be required to
maintain precise estimates of mean WPUE. CVs came down after 2010, but this was only in
part due to the expansions, as the distribution of Pacific halibut also became less patchy
during this time.

These results show that the 2011 setline survey expansion was on its own sufficient in
reducing relative error due to lack of coverage in deep and shallow waters and the Salish Sea
up to and including 2016, while the 2014 California expansion was also important for
minimising relative error. Thus, the reduction in relative error from an expansion is maintained
for several years after the expansion. Based on these results, the expansions in Regulatory
Area 2A may not need to be repeated more frequently than every six years. With increasing
time, and in the absence of new model covariates (say, for region or latitude), we would still
expect estimates in unsurveyed regions to approach the Regulatory Area 2A mean, but it is
clear from these results that this is something that occurs relatively slowly.

Results: Regulatory Area 4A

The relative error in models fitted to subsets of the Regulatory Area 4A data is shown in
Figure 16. Compared to a model fitted to the annually fished setline survey stations only,
addition of expansion stations along the Regulatory Area 4A shelf edge in 2014 leads to small
to modest reductions in relative error. A much larger gain comes from the setline survey
expansion along the Aleutian Islands, which reduces relative error to below 10% in all years.
There is some further benefit from including both components of the 2014 expansion
(difference between green line and zero), but the Aleutian setline survey expansion was clearly
the more important. Note also that the benefit from including setline survey expansion stations
diminishes going back in time, due to the decreasing influence of the 2014 setline survey
expansion data on estimates in coverages gaps as time from 2014 increases.
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As with relative error, the expansion into the Aleutian Islands had a much greater impact on
the CV of mean WPUE than the shelf edge setline survey expansion (Figure 17). Since 2014,
the CV has increased quickly, although based on years prior to 2014, we may expect the CV to
again stabilise at around 12-13% in the absence of repeats of the setline survey expansion
stations in Regulatory Area 4.

In conclusion, due to the presence of NMFS trawl stations near to and within the region of the
Regulatory Area 4A shelf edge without annual coverage, this region need only be surveyed
infrequently by the setline survey. Regarding the Aleutian Islands, the largest coverage gap is
in the western part of this region, where many stations have high WPUE, and includes stations
in deep water and standard depths somewhat distant from annually fished stations. An
argument could be made for fishing these stations frequently, while (to maintain costs if
necessary) reducing coverage in the low-density part of Regulatory Area 4A south-east of the
Aleutian Islands.

Implications for stock distribution estimates and the stock assessment

Currently, a Regulatory Area’s portion of the coastwide stock distribution is estimated as its
biomass index divided by the coastwide biomass index, where an area’s biomass index is its
mean estimated 032 WPUE (at all stations in the IPHC’s setline survey design) multiplied by
bottom area. As the examples in Regulatory Areas 2A and 4A show, the first time a setline
survey expansion occurs in an area leads to improvements in the relative accuracy of the
indices, and more accurate estimates of biomass shares result. The results presented in this
report show those gains in accuracy persist with time, with the 2014 setline survey in
Regulatory Area 2A having a small effect on the WPUE index relative to the 2011 setline
survey. Based on those results, we can expect improvements in stock distribution estimates to
also persist for several years after the initial setline survey expansion. With the setline survey
expansion being fished only once in Regulatory Area 4A, it is less clear how soon this area, in
particular its western portion, should be revisited. The setline survey expansion there had a
clear effect on the estimates of biomass distribution, but as time passes since 2014, we can
expect model estimates to become driven by a combination of area-wide changes in density,
and observed WPUE at the small number of stations that are fished annually there. This
increases the chance of bias in the overall estimates of WPUE and biomass distribution for
Regulatory Area 4A. It would be prudent, therefore, to re-survey western Regulatory Area 4A
in the near future to get a direct measure of its temporal variability and the effect the lack of full
annual setline survey coverage in has on the quality of estimates for Regulatory Area 4A as a
whole.

Regarding the effect of expansions on the stock assessment, their primary contribution is in
improving the coastwise index of total NPUE, a key input into the assessment modelling. This
index, like coastwide WPUE, is constructed as a weighted average of Regulatory Area NPUE
indices, where bottom areas are used as weights. Thus, data from the largest areas,
specifically Regulatory Areas 2B, 3A, 3B and 4CDE, along with Regulatory Area 2C (currently
the area with highest density) have the most influence on the coastwide NPUE index. The
setline survey expansions in Regulatory Areas 2A and 4A may have led to an index that is
slightly higher or lower than it would have been in the absence of data from the expansions,
but the effect on trend in the index can only be minor. Nevertheless, the expansion stations
over all Regulatory Areas combined represent around 35% of all setline survey stations
(Webster et al. 2015), and if the trend for expansion stations differs on average from the trend
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in annually surveyed stations, there will be bias in the estimates of coastwide NPUE trends in
the absence of regular surveys of those stations. The potential scale of this bias can only be
assessed once the full series of setline survey expansions have been completed in 2019.

Recommendations for FISS expansion frequency

Table 1 provides a summary of the information we have gained from setline survey expansions
to date in Regulatory Areas 2A and 4A. Based on the assessment of the data presented in this
paper, we have given a recommendation of the future setline survey frequency in expansion
regions. This recommendation is based on a region’s influence on the overall density indices
for its Regulatory Area, which is affected by its density, variability and size (number of
stations). Northern California (north of 40°N), represents the southern limit of Pacific halibut at
densities significantly above zero, and as such a case can be made for relatively frequent
setline surveys here in order to monitor whether the Pacific halibut range is increasing or
retracting. Data here also influence estimates in the low density regions further south, which
after 2017 will only have been surveyed once or twice, something that is not the case with
regions adjacent to the Salish Sea. No recommendation is currently made for the setline
survey frequency from 39-40°N. This low-density region will be included in a future evaluation
of all low density habitat south of 40°N, along with the setline stations surveyed within 37.75-
39°N for the first time in 2017.

Table 1 also includes a qualitative measure of the relative cost of each expansion region.
While the recommended frequency is based on a scientific evaluation, managers will also
consider the cost of adding setline survey stations when determining if their addition is feasible
in a given setline survey year. The Regulatory Area 2A expansion stations in deep and shallow
coastal waters of Washington and Oregon and in the Salish Sea are relatively low cost, as they
can be fished along with nearby annual stations thereby reducing fuel costs, and do not require
an additional sampler. Those in California have somewhat more complicated logistics and
permitting requirements, and so can be considered as medium cost relatively to annually
fished parts of Regulatory Area 2A. In Regulatory Area 4A, the Aleutian Islands expansion
stations are high cost due to logistics, travel, bait shipping and fishing difficulty (strong tides).
The Shelf edge stations are less expensive and the tidal problems encountered when fishing
the islands are not a factor there, and so we categorise these stations as medium cost.
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Table 1. Summary of IPHC fishery-independent setline survey expansion data and
recommendations for future survey frequency.

Reg. | Expansion Densityt Variability | Recommend setline Costt
Area | region (spatial/ survey frequency
temporal)
2A | Deep and shallow | Low Low =10 years Low
waters
2A | Salish Sea Low-average High 5 years Low
2A | Northern Average above 40°N; | Average 3-5 years north of 40°N | Medium
California low south of 40°N
4A | Aleutian Islands High High 3-5 years High
4A | Shelf edge Average Low =10 years Medium

T Density relative to annually surveyed parts of the regulatory area
I Cost relative to annually surveyed parts of the Regulatory Area
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Figure 1. Posterior means (points) and 95% posterior credible intervals (shaded regions) for mean 032
WPUE from the space-time modelling, by Regulatory Area and year from 1993-2017.
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Figure 2. Posterior means (black points) and 95% posterior credible intervals (gray shaded regions) for
mean 032 WPUE from the space-time modelling in 2017, compared with modelling output from the
2016 space-time modelling (red points and shaded regions).
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Figure 3. Posterior means (points) and 95% posterior credible intervals (shaded regions) for mean total
NPUE from the space-time modelling, by Regulatory Area and year from 1993-2017.
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Figure 4. Posterior means (black points) and 95% posterior credible intervals (gray shaded regions) for
mean total NPUE from the space-time modelling in 2017, compared with modelling output from the
2016 space-time modelling (red points and shaded regions).
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Figure 5. Posterior means (blue points) and 95% posterior credible intervals (blue shaded regions) for
mean total WPUE compared with 032 WPUE (black points and gray shaded regions) from the space-

time modelling in 2017.
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Figure 6. Map of O32 Pacific halibut WPUE by station in Regulatory Area 4B in 2017.
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Figure 7. Comparison of the time series of estimated mean 032 Pacific halibut WPUE in Regulatory
Area 4B from the 2017 modelling with the output from the 2016 modelling.
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Figure 8. Comparison of the time series of estimated mean total Pacific halibut NPUE in Regulatory
Area 4B from the 2017 modelling with the output from the 2016 modelling.
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Figure 9. Map of 032 Pacific halibut WPUE by station in northern Regulatory Area 2A in 2017.
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Figure 10. Map of O32 Pacific halibut WPUE by station in central Regulatory Area 2A in 2017.
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Figure 11. Map of O32 Pacific halibut WPUE by station in southern Regulatory Area 2A (California) in

2017.
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Figure 12. Estimated dissolved oxygen in northern Regulatory Area 2A in 2017. Values are model
predictions from a spatial model fitted to the 2017 IPHC water column profiler data. 032 WPUE values
from the setline survey are overlaid with black symbols.
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Figure 13. Posterior means (points) and 95% posterior credible intervals (shaded regions) for mean
032 WPUE from the space-time modelling for Regulatory Area 2A from models fitted with data from the
dense grid stations (black) and without those data (red).
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Figure 14. Absolute relative difference in estimated mean WPUE between models fitted to subsets of
the Regulatory Area 2A data, and the model using all available data. The vertical lines show the 2011
and 2014 setline survey expansion years in Regulatory Area 2A.
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Figure 15. Coefficient of variation of estimated mean WPUE for models fitted to subsets of the
Regulatory Area 2A data and the model using all available data. The vertical lines show the 2011 and
2014 setline survey expansion years in Regulatory Area 2A.
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Figure 16. Absolute relative difference in estimated mean WPUE between models fitted to subsets of
the Regulatory Area 4A data, and the model using all available data. The vertical line shows 2014, the
year of the Regulatory Area 4A setline survey expansion.
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Figure 17. Coefficient of variation of estimated mean WPUE for models fitted to subsets of the
Regulatory Area 4A data and the model using all available data. The vertical line shows 2014, the year
of the Regulatory Area 4A setline survey expansion.
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Summary of the data, stock assessment, and harvest decision table for Pacific halibut
(Hippoglossus stenolepis) at the end of 2017

PREPARED BY: IPHC SECRETARIAT (I. STEWART, A. HICKS, R. WEBSTER, AND D. WILSON; 19 DECEMBER 2017)

PURPOSE

To provide the Commission with a summary of the data, stock assessment, and harvest decision
table at the end of 2017.

INTRODUCTION

In 2017 the International Pacific Halibut Commission (IPHC) undertook its annual coastwide
stock assessment of Pacific halibut (Hippoglossus stenolepis) using a range of updated data
sources. This summary provides an overview of the data sources available for the Pacific halibut
stock assessment and related analyses including the population trends and distribution among
Regulatory Areas based on the IPHC fishery-independent setline survey, the 2017 stock
assessment methodology, and results of the stock assessment. Catch tables detailing
Regulatory Area-specific projections are provided separately in paper IPHC-2018-AM094-11.

STOCK AND MANAGEMENT

The stock assessment reports the status of the Pacific halibut (Hippoglossus stenolepis)
resource in the IPHC Convention Area. As in recent stock assessments, the resource is
modelled as a single stock extending from northern California to the Aleutian Islands and Bering
Sea, including all inside waters of the St rait of Georgia and Puget Sound, but excludes known
extremities in the western Bering Sea within the Russian Exclusive Economic Zone (Figure 1).
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FIGURE 1. IPHC Regulatory Areas and the Pacific halibut geographical range within the
territorial waters of Canada and the United States of America.
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The Pacific halibut fishery has been managed by the IPHC since 1923. Catch limits for each of
eight management Regulatory Areas! are set each year by the Commission. The stock
assessment provides a summary of recently collected data, and model estimates of stock size
and trend. Specific management information is summarized via a decision table reporting the
estimated risks associated with alternative management actions and catch tables projecting the
level of mortality for fisheries in each Regulatory Area indicated by the IPHC's interim
management procedure, as well as other alternatives.

DATA
Historical removals

Known Pacific halibut removals (mortality) consist of target fishery landings and discard mortality
(including research), recreational fisheries, subsistence, and bycatch mortality in fisheries
targeting other species (where Pacific halibut retention is prohibited). Over the period 1918-2017
removals have totaled 7.2 billion pounds (~3.2 million metric tons, t), ranging annually from 34
to 100 million pounds (16,000-45,000 t) with an annual average of 63 million pounds (~29,000 t;
Figure 2). Annual removals were above this long-term average from 1985 through 2010 and
have been relatively stable near 42 million pounds (~19,000 t) since 2014.
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FIGURE 2. Summary of estimated historical mortality by source (colors), 1888-2017.

2017 Fishery and IPHC fishery-independent setline survey statistics

Coastwide commercial Pacific halibut fishery landings in 2017 were approximately 26.2 million
pounds (~11,900 t), up from a low of 23.7 million pounds (~10,700 t) in 2014. Bycatch mortality
was estimated to be 6.0 million pounds in 2017 (~2,720 t)?, the lowest level in the estimated time
series, beginning with the arrival of foreign fishing fleets in 1962, and just over one million pounds
(~450 t) less than estimated for 2016. The total recreational removals was estimated to be 8.1

1 The IPHC recognizes sub-Areas 4C, 4D, 4E and the Closed Area for use in domestic catch agreements but
manages the combined Area 4CDE.

2 The IPHC receives a preliminary estimate of the current year's bycatch mortality from the National Marine
Fisheries Service Alaska Regional Office in early November.
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million pounds (~3,675 t), up 10% from 2016. Removals from all sources in 2017 were estimated
to be 42.4 million pounds (~19,200 t), up slightly from 41.8 million pounds in 2015 (~18,960 t).

Data are initially compiled by IPHC Regulatory Area and then aggregated to the coastwide level
and to four biological Regions: Region 2 (Areas 2A, 2B, and 2C), Region 3 (Areas 3A, 3B),
Region 4 (4A, 4CDE) and Region 4B (Figure 1). In addition to the removals (including all sizes
of Pacific halibut), the assessment includes data from both fishery dependent and fishery
independent sources as well as auxiliary biological information collected over the last 10 years,
with the most spatially complete data available since the late-1990s. Primary sources of
information for this assessment include indices of abundance from the IPHC’s annual fishery-
independent setline survey (numbers and weight) and commercial Catch-Per-Unit-Effort
(weight), and biological summaries (length-, weight-, and age-composition data).

Efforts to improve the data sources included in the assessment have been ongoing since 2013,
with a complete reprocessing of all inputs completed for 2015. Further improvements in 2016
included the transition to model-based setline survey indices (Webster 2017b). For 2017,
additional data was included in the form of age data from setline survey expansions and
additional stations sampled historically, individual Pacific halibut weights collected during port
sampling of commercial fishery landings as well as an extended time-series (1993-2017) from
the setline survey modelling (Webster 2017a) making use of 6 additional years of data (1993-
1997 and 2017). As is standard practice, all mortality estimates and existing time-series were
updated for 2016 and extended to include 2017 observations. All available information was
finalized on 9 November 2017 in order to provide adequate time for analysis and modeling. As
has been the case in all years, some data are incomplete, or include projections for the
remainder of 2017. These include commercial fishery WPUE, commercial fishery age-
composition data, and 2017 removals for all fisheries still operating after late-October 2016.

The 2017 IPHC's fishery-independent setline survey detailed a coastwide aggregate legal (032)
WPUE which was 10% lower than the value observed in 2016, with individual IPHC Regulatory
Areas varying from a 1% increase (Regulatory Area 2C) to a 32% decrease (Regulatory Area
3B; Figure 3). Setline survey NPUE showed a more pronounced decrease from 2016 to 2017
(24% coastwide), with individual Regulatory Areas ranging from a 1% increase (Regulatory Area
4A) to a 44% decrease (Area 2A; Figure 4). Commercial fishery WPUE (based on extensive, but
still incomplete logbook records available for this assessment) was slightly increased (5%) at the
coastwide level with mixed trends among Regulatory Areas (Figure 5). Based on review by the
IPHC’s Scientific Review Board (SRB), a bias correction for each Regulatory Area was
developed using the last five years of post-assessment revisions resulting from additional
logbooks available after the assessment deadline in early November. Applying these corrections
reduced the increase in coastwide commercial fishery WPUE to only 3% and negative trends
were predicted for all Regulatory Areas except Area 4D (+71%), Area 4C (+20%) and Regulatory
Area 3A (+6%). Tribal and non-tribal commercial fishery trends in Regulatory Area 2A are
reported separately this year in response to important differences in the timing and spatial extent
of the two components. Tribal fishery WPUE has been increasing since 2014 in that Area, and
non-tribal WPUE has been declining over the same period, although a small increase (5%) from
2016 to 2017 was observed. The very large increase in WPUE observed in Regulatory Area 4D
appears to be a function of much higher catch-rates around St. Matthew Island (also observed
in the setline survey) and a shift of 25% of the catch previously occurring along the shelf-edge
to the waters around that island in 2017. Age distributions in 2017 show a 2005 cohort somewhat
stronger than those in adjacent years, and weak recruitments from 2006 onward. At the
coastwide level, individual size-at-age continues to be very low relative to the rest of the time-
series, although there has been little change over the last several years.
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FIGURE 3. Trends in setline survey legal (032) WPUE by IPHC Regulatory Area, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate approximate 95%
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FIGURE 4. Trends in setline survey all-sizes NPUE by IPHC Regulatory Area, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate approximate 95%
credibility intervals.
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FIGURE 5. Trends in commercial fishery WPUE by Regulatory Area, 1984-2017. Percentages
indicate the uncorrected change from 2016 to 2017 (see text above). Vertical lines indicate
approximate 95% confidence intervals.

Stock distribution

During 2017, there was extensive consideration by the IPHC Secretariat of what constitutes a
biologically-based stock distribution estimate (Hicks and Stewart 2017). Although IPHC
Regulatory Areas have been used for distributional summary historically, there is no biological
basis for that level of resolution. Instead, population-level information suggests that broader
regions (with the exception of Regulatory Area 4B) are more biologically meaningful (Seitz et al.
2017).

Trends over the last five years indicate that population distribution, measured either via the 032
component of the setline survey catch or all sizes has been relatively stable (Figure 1, Table 2).
However, over a decadal time-period (setline survey data prior to 1993 is insufficient to provide
stock distribution estimates) there has been an increasing proportion of the coastwide stock
occurring in Region 2 and a decreasing proportion occurring in Region 3. It is unknown to what
degree either of these periods corresponds to historical distributions from the mid-1900s or to
the average distribution likely to occur in the absence of fishing mortality.

Page 5 of 16



IPHC-2018-AM094-08

Region 2 Region 3

70
30 60
25 504

T ‘ ‘ y ‘ ‘ ‘ ‘ y y
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
Region 4 Region 4B

—e— 032 WPUE
—e— Total WPUE

Estimated biomass percentage

1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

FIGURE 6. Estimated stock distribution (1993-2017) based on setline survey catch of 032 (black
series) and all sizes (blue series) of Pacific halibut. Shaded zones indicate approximate 95%
credibility intervals.

TABLE 1. 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%

STOCK ASSESSMENT

This stock assessment is implemented using the generalized software stock synthesis (Methot
Jr and Wetzel 2013), and consists of an ensemble of four equally-weighted models; the basic
approach remains unchanged since 2014.The ensemble is comprised of two long time-series
models, reconstructing historical dynamics back to the beginning of the modern fishery, and two
short time-series models incorporating data only from 1996 to the present when all sources of
removals and surveys are available for all regions. For each time-series length there are two
models: one fitting to coastwide aggregate data, and one to data disaggregated into the four
geographic regions. This combination of models also includes uncertainty in natural mortality
rates (estimated in the long time-series models, fixed in the short time-series models),
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environmental effects on recruitment (estimated in the long time-series models), and other model
parameters.

As has been the case since 2012, this stock assessment is based on the approximate probability
distributions derived from the ensemble of models, thereby incorporating the uncertainty within
each model as well as the uncertainty among models. This approach reduces the potential for
abrupt changes in management quantities as improvements and additional data are added to
individual models, and provides a more realistic perception of uncertainty than any single model,
and therefore a stronger basis for risk assessment. For 2017, the four models were equally
weighted, as work-to-date on retrospective and predictive performance continues to suggest that
each can be considered approximately equally plausible. Within-model uncertainty from each
model was propagated through to the ensemble results via an asymptotic approximation. Point
estimates reported in this stock assessment correspond to median values from the ensemble,
and can therefore be described probabilistically.

BIOMASS AND RECRUITMENT TRENDS

The results of the 2017 stock assessment indicate that the Pacific halibut stock declined
continuously from the late 1990s to around 2010 (Figure 7). That trend is estimated to have been
largely a result of decreasing size-at-age, as well as somewhat weaker recruitment strengths
than those observed during the 1980s. Since the estimated female spawning biomass (SB)
stabilized near 200 million pounds (~90,100 t) in 2010, the stock is estimated to have increased
gradually to 2017. The SB at the beginning of 2018 is estimated to be 202 million pounds
(~91,600 t), with an approximate 95% confidence interval ranging from 148 to 256 million pounds
(~67,100-116,100 t; Figure 8). Comparison with previous stock assessments indicates that the
2017 results are very consistent (although slightly lower) with estimates from 2012 through 2016,
all of which lie inside the 50% interval (Figure 9.). The 2017 SB estimate from the 2017 stock
assessment is only 2% below the estimate from the 2016 stock assessment.
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FIGURE 7. Estimated spawning biomass trends (1996-2018) based on the four individual
models included in the 2017 stock assessment ensemble. Series indicate the maximum
likelihood estimates; shaded intervals indicate approximate 95% confidence intervals.
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FIGURE 8. Cumulative distribution of the estimated spawning biomass at the beginning of 2018.
Curve represents the estimated probability that the biomass is less than or equal to the value on
the x-axis; vertical line represents the median (202 million pounds; ~91,600 t).
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FIGURE 9. Retrospective comparison among recent IPHC stock assessments. Black lines
indicate estimates of spawning biomass from assessments conducted from 2012-2016 with the
terminal estimate shown as a point, the shaded distribution denotes the 2017 ensemble: the
dark blue line indicates the median (or “50:50 line”) with an equal probability of the estimate
falling above or below that level; colored bands moving away from the median indicate the

intervals containing 50/100, 75/100, and 95/100 estimates; dashed lines indicating the 99/100
interval.

Based on the two long time-series models, average Pacific halibut recruitment is estimated to
be higher (41 and 76% for the coastwide and AAF models respectively) during favorable Pacific
Decadal Oscillation (PDO) regimes, a widely used indicator of productivity in the north Pacific.
Historically, these regimes included positive conditions prior to 1947, poor conditions from 1947-
77, positive conditions from 1978-2006, and poor conditions from 2007-13. Annual averages
from 2014 through October 2016 have been positive; however, many other environmental
indicators, current and temperature patterns have been anomalous relative to historical periods.
Further, observed declines in Pacific cod (Gadus macrocephalus) in the Gulf of Alaska, seabird
mortality events and other conditions suggest that historical patterns of productivity related to
the PDO may not be relevant to the most recent few years. Pacific halibut recruitment estimates
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show the largest recent cohorts in 1999 and 2005. Cohorts from 2006 through 2013 are
estimated to be smaller than those from 1999-2005 (Figure 10). This indicates a high probability
of decline in both the stock and fishery yield as recent recruitments become increasingly
important to the age range over which much of the harvest and spawning takes place.

150 Short Areas-As-Fleels

Short Coastwide
Long Coastwide

Age-0 recruits (milions)

N
:

T T T T
2000 2005 2010 ms3

FIGURE 10. Estimated age-0 recruitment trends (1996-2013) based on the four individual
models included in the 2017 stock assessment ensemble. Series indicate the maximum
likelihood estimates; vertical lines indicate approximate 95% confidence intervals.

HARVEST PoLICY AND OTHER REFERENCE POINTS

A comparison of the median 2018 ensemble SB to reference levels specified by the interim
management procedure suggests that the stock is currently at 40% (approximate 95% credible
range = 26-60%) of specified unfished levels (relative to the SB specified by the current
management procedure). The probability that the stock is below the SBso% level is estimated to
be 6%, with less than a 1% chance that the stock is below SB20% (Table 2). Consistent with the
interim management procedure (while improvements are ongoing), estimates of spawning
biomass are compared to equilibrium values representing poor recruitment regimes and
relatively large size-at-age. Alternative reference points include the spawning biomass estimated
to have occurred at the lowest point in the historical time-series (1977-78), as well as the
spawning biomass that would be estimated to occur at present (given recent recruitment and
biology) in the absence of fishing (dynamic SBO; Hicks and Stewart 2017). The two long time-
series models provide a comparison with SB levels estimated to have occurred during the
historically low stock sizes of the 1970s: the AAF model suggests that recent stock sizes are at
96% of those levels, and the coastwide model at 215%. The estimates of current spawning
biomass relative to the dynamic reference point range from 26-43% among the four stock
assessment models, with an average value of 33%. Relatively large differences among models
reflect both the uncertainty in historical dynamics as well as the importance of spatial patterns in
the data and population processes, for which all of the models represent only simple
approximations.
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MAJOR SOURCES OF UNCERTAINTY

This stock assessment includes uncertainty associated with estimation of model parameters,
treatment of the data sources (e.g., short and long time-series), natural mortality (fixed vs.
estimated), approach to spatial structure in the data, and other differences among the models
included in the ensemble. Although this is an improvement over the use of a single assessment
model, there are important sources of uncertainty that are not included.

Two uncertainties in our current understanding of the Pacific halibut resource are:

1) The sex-ratio of the commercial catch (not sampled due to the dressing of fish at sea),
which serves to set the scale of the estimated female abundance in tandem with
assumptions regarding natural mortality. Voluntary marking in tandem with genetic
sampling of all Pacific halibut sampled from the commercial landings will allow an
estimate of the 2017 landings to be available for the next stock assessment. It will take
several years to generate enough information on the sex ratio of the landings to begin to
meaningfully inform the stock assessment models; however, this represents a crucial
step toward addressing this source of uncertainty for future stock assessments. The
uncertainty in the historical time-series will remain.

2) The treatment of spatial dynamics and movement rates among Regulatory Areas, which
are represented via the coastwide and AAF approaches, and have large implications for
the current stock trend. In addition, movement rates for adult and younger
Pacific halibut (roughly ages 0-6, which were not well-represented in the PIT-tagging
study), particularly to and from Area 4, are necessary for parameterizing a spatially
explicit stock assessment. Current understanding of these rates has now been
summarized, but remains problematic for tactical stock assessment modelling.

Other important contributors to assessment uncertainty and potential bias include recruitment,
size-at-age, and fishery removals. The link between Pacific halibut recruitment strengths and
environmental conditions remains poorly understood, and there is no guarantee that observed
correlations will continue in the future. Therefore, recruitment variability remains a substantial
source of uncertainty in current stock estimates due to the lag between birth year and direct
observation in the fishery and survey data (6-10 years). Reduced size-at-age relative to levels
observed in the 1970s is the most important driver of recent stock trends, but its cause also
remains unknown. The historical record suggests that size-at-age changes relatively slowly;
therefore, although projection of future values is highly uncertain, near-term values are unlikely
to be substantially different than those currently observed. Data suggest that the decreasing
trend in size-at-age has slowed and coastwide values have been relatively stable over the last
decade. Like most stock assessments, estimated removals from the stock are assumed to be
accurate. Therefore uncertainty due to bycatch mortality estimation (observer sampling and
representativeness), discard mortality rates, and any other unreported sources of removals in
either directed or non-directed fisheries could create bias in this assessment. Ongoing research
on these topics may help to inform our understanding of these processes in the long-term, but
in the near-future it appears likely that a high degree of uncertainty in both stock scale and trend
will continue to be an integral part of the annual management process.

This stock assessment contains a broader representation of uncertainty in stock levels relative
to analyses for many other species. Although the data available for this stock assessment has
narrowed both the historical and projected confidence intervals for stock size and trend relative
to last year's assessment and projections, the considerable remaining uncertainty can be seen
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in the distribution for spawning biomass estimated at the beginning of 2017 (Figure 8), such that
the small differences between the estimate from the 2017 and recent assessments (Figure 9)
are not statistically significant.

OuUTLOOK

Stock projections were conducted using the integrated results from the stock assessment
ensemble, summaries of the 2017 directed fisheries and other sources of mortality. The harvest
decision table (Table 3) provides a comparison of the relative risk (in times out of 100), using
stock and fishery metrics (rows), against a range of alternative harvest levels for 2018 (columns).
The orientation of this table has changed from previous analyses in order to make the
comparison of additional metrics easier (the second year of projection is now explicitly included),
and to increase consistency with the results produced from the Management Strategy Evaluation
(Hicks & Stewart 2017). The block of rows entitled “Stock Trend” provides for evaluation of the
risks to short-term trend in spawning biomass, independent of all harvest policy calculations.
The remaining rows portray risks relative to the spawning biomass reference points (“Stock
Status”) and fishery performance identified in the interim management procedure. The
alternatives (columns) provided include several coarsely spaced levels of mortality intended to
provide for evaluation of stock dynamics including:

e No mortality (useful to evaluate the stock trend due solely to population processes),
e A 10 million pound (~4,500 t) 2018 Total Constant Exploitation Yield (TCEY?)

e A 50 million pound (~22,700 t) 2018 TCEY

e A 60 million pound (~27,200 t) 2018 TCEY

e The removals consistent with the reference SPR (Fas%) level.

A finer grid of alternative TCEY values is provided around the column corresponding to the
reference level of fishing intensity (SPR=46%; for 2018 a TCEY of 31 million pounds, ~14,060 t).

For each row of the decision table, the total mortality of all sizes and from all sources, the
coastwide TCEY and the associated level of fishing intensity (median value with the 95% credible
range below; measured via the Spawning Potential Ratio) are reported. Fishing intensity reflects
the relative reduction in equilibrium (long-term) spawning biomass per recruit from all sources
and sizes of removals, reported as Fx%, (where x = the SPR) for comparison to other
management processes in both nations where harvest rate targets and limits are commonly
reported in these units. As in previous years, it is expected that additional alternatives will be
produced during the IPHCs annual process such that all management alternatives considered
for 2018 can be directly evaluated in terms projected total mortality and risk.

The stock is projected to decrease gradually over the period from 2018-20 for removals around
the reference SPR level (Figure 11). The risk of stock declines begins to increase rapidly for
TCEYs above 31 million pounds (~14,060 t), becoming more pronounced by 2020 (Table 3).
The reference SPR corresponds to a 78/100 (78%) chance of stock decline through 2019, and
a 46% chance of at least a 5% decline through 2021 at that constant level of TCEY. TCEYs

3 The TCEY corresponds approximately to the mortality comprised of Pacific halibut greater than 26 inches (66
cm) in length.
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corresponding to recent levels of fishing mortality correspond to probabilities of stock decline
over the next one to three years greater than 95%. There is a relatively small chance (<21/100;
21%) that the stock will decline below the threshold reference point (SB30%) in projections for
all the levels of TCEY up to 40 million pounds (~18,100 t) evaluated over three years; for TCEYs
exceeding that level, the probability begins to increase rapidly.

TABLE 3. Harvest decision table for 2018. Columns correspond to yield alternatives and rows
to risk metrics. Values in the table represent the probability, in “times out of 100” (or percent
chance) of a particular risk.

2018 Alternative rem’:,als ’:::’::;;:

Total removals (M 1b)| 0.0 11.8| | 21.8| 28.8| 29.8| 30.8 | 31.8 32.8 33.8| 34.8 | 35.8 [ 37.3(41.8| | 51.8|61.9

TCEY (M1b)| 0.0 10.0| | 20.0 | 27.0 | 28.0 | 29.0 | 30.0 31.0 32.0| 33.0 | 34.0 (35.5(40.0( | 50.0 | 60.0

Fishing intensity| Fy00% | F73% | | Fs8% | Fso% | Fasw | Fas% | Faz% Fas% Fasv | Faaw | Fasw | Fazo | Faeo | | Fa2e | F27%

Fishing intensity interval| -~  |61-84%| |45.73%|37-67% |36-66% | 36-65% |3565%| 34-64%  |33-63% | 32-63% | 32-62% |31-61% [28-58% | [23-53% [19-48%
in 2019 is less than 2018 3 24|59 (64| 69 | 74 78 81 | 85| 87 |91 | 98 | |>99|>99]| a
is 5% less than 2018 <1 <1| 2 2 3 4 5 7 9 11 |14 |29 || 69 | 96 | b
Stock Trend in 2020 is less than 2018 1 14 | 46 | 52 | 57 | 62 67 71| 76 | 80 | 85 | 95 ||>99(>99| ¢
(spawning biomass) is 5% less than 2018 <1 1 9 (11| 14 | 18 21 25| 29 | 34 |41 | 61 94 |>99| d
in 2021 is less than 2018 2 23 |59 (63| 68 | 72 76 79 | 83 | 86 | 90 | 97 | |>99|>99]| e
is 5% less than 2018 <1 5 (27|32 | 36 | 41 46 50| 55 | 59 | 66 | 83 || 99 (>99| ¢
n 2019 |12 than 30% 6 6 7 7 7 7 7 7 8 9 11 (15 |9
is less than 20% <1|<1|<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 h
Stock Status n 2020 is less than 30% 4 6 6 6 7 7 8 8 9 9 (12 (|21 (32|
(Spawning biomass) is less than 20% <1 | <1|<1|<1 <1 <1 <1 (<1 | <1 |<1|<1 1 111
n 2021 is less than 30% 4 7 8 8 9 10 11|12 | 13 |15 | 21 37 | 54 |k
is less than 20% <1 (<111 |1 <1 <1 <1|({<1 <11 2 7 |1
is less than 2018 <1 7 |33 38|43 | 49 55 60 64 68 |71 |78 || 89 | 97 |m

in 2019
is 10% less than 2018 <1 3 23|26 | 30 | 34 38 43 | 48 | 53 |59 |72 || 82 |92 |n
Fishery Trend n 2020 is less than 2018 <1 10 ( 38 | 43 | 49 | 54 59 63 | 67 |70 |73 |79 || 91 |98 |
(TCEY) is 10% less than 2018 <1 6 |27 | 31| 36 | 40 45 50| 54 | 59 (64|74 ||84 95|
is less than 2018 <1 14 | 44 | 50 | 55 | 59 63 67 | 69 | 72 | 74 | 81 93 |>99| a
in 2021
is 10% less than 2018 <1 9 (34 (38| 43 | 48 52 56 | 60 | 63 67 | 75|/ 86 |99 |r
Fishery Status . 018 | i above Fuex n 4 |29|33|38|43| 50 |54 |60 |64 69|77 | 87|95]|s
(Fishing intensity)
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FIGURE 11. Three-year projections of stock trend under alternative levels of mortality: no
removals (upper panel), Reference SPR=46% (32.8 million pounds, ~14,900 t; middle panel)
and a TCEY of 60 million pounds (~27,200 t; lower panel).

SCIENTIFIC ADVICE

Sources of mortality: In 2017, total removals were below the 100-year average, and have been
stable near 42 million pounds (19,050 t) from 2014-17 (Figure 2). In 2017, 83% of the total
removals from the stock were retained compared to 80% in 2016.

Fishing intensity: The 2017 mortality from all sources corresponds to a point estimate of SPR
= 40% (there is a 75% chance that fishing intensity exceeded the IPHC's reference level of 46%;
Table 2). In order to reach the interim reference level, catch limits would need to be reduced for
2018. The Commission does not currently have a coastwide limit fishing intensity reference
point.

Stock status (spawning biomass): Current female spawning biomass is estimated to be just
above 200 million pounds (90,700 t), which corresponds to only a 6% chance of being below the
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IPHC threshold (trigger) reference point of SBaso%, and less than a 1% chance of being below the
IPHC limit reference point of SB2ow. Therefore, no adjustment to the target fishing intensity is
required, and the stock is not considered to be ‘overfished’. Projections indicate that the target
fishing intensity is likely to result in similar, but declining biomass levels in the near future
(Figure 11).

Stock distribution: Regional stock distribution has been stable within estimated credibility

intervals over the last five years (Figure 6). Region 2 currently represents a greater proportion,
and Region 3 a lesser proportion of the coastwide stock than observed in previous decades.

TABLE 2. Status summary of Pacific halibut in the IPHC Convention Area at the end of 2017.

Indicators Values Trends Status
Total mortality 2017: | 42.44 Mlbs, 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 Mlbs, 19,659 t 2014-17 AVERAGE
Fishing
SPR,;.7: | 40% (29-58%)2 intensity | FISHING INTENSITY
P(SPR<46%): | 79% increased HIGHER THAN
P(SPR<Ilimit): | Limit not specified from 2016 | REFERENCE LEVEL3
to 2017
SB,15 (MIb): | 202 Mibs (148-256) B
5Bz SBo’ | 40% (26-60%) decreased NOT OVERFISHED*
P(882018<SB30)Z 6% from 2017
P(SB,,,5<SB,): | <1% to 2018
Distribution REGION 2 ABOVE,
032 stock distribution: | See Table 1 and REGION 3 BELOW
All stock distribution: | Figure 6 stable HISTORICAL
| 2013-17
VALUES

1 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 SB2ov.

RESEARCH PRIORITIES

Research priorities for the stock assessment and related analyses can be delineated into
two broad categories: gaps in biological understanding and technical development.

Biological understanding: During the last several years, the IPHC Secretariat has
developed a comprehensive five-year research program (Planas 2017). The development of the
research priorities has been closely tied to the needs of the stock assessment and harvest
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strategy policy analyses, such that each of the IPHC’s ongoing projects (e.g., determining the
sex-ratio of the commercial landings, updating estimates of the maturity schedule for Pacific
halibut, better understanding of recruitment processes and stock structure, etc.) will provide
data, and hopefully knowledge, about key biological and ecosystem processes that can then be
incorporated directly into analyses supporting the management of Pacific halibut.

Technical development: The IPHC'’s stock assessment, Management Strategy Evaluation
(MSE), and harvest strategy policy methods is ongoing, and responds to new developments in
the data or analyses necessary each year. New approaches are tested, reported to the IPHC’s
SRB (generally in June), refined (and reviewed again in October, as needed), and ultimately
incorporated in the development of the best scientific information available for the annual
management process. Current technical research priorities include:

1) Maintaining consistency and coordination between MSE, and stock assessment data,
modelling and methodology.

2) Continued refinement of the ensemble of models used in the stock assessment.

3) Continued development of weighting approaches for models included in the ensemble,
potentially including fit to the survey index of abundance, retrospective, and predictive
performance.

4) Exploration of methods for better including uncertainty in discard mortality and bycatch
estimates in the assessment (now evaluated only via alternative catch tables or model
sensitivity tests) in order to better include these sources uncertainty in the decision table.

5) Bayesian methods for fully integrating parameter uncertainty may provide improved
uncertainty estimates within the models contributing to the assessment, and a more
natural approach for combining the individual models in the ensemble.

RECOMMENDATION/S
That the Commission:

a) NOTE paper IPHC-2018-AM094-08 which provides a summary of data, the stock
assessment and the harvest decision table for 2018.
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Overview of data sources for the Pacific halibut stock assessment, harvest strategy
policy, and related analyses

PREPARED BY: IPHC SECRETARIAT (I. STEWART AND R. WEBSTER; 21 DECEMBER 2017)

PURPOSE

To provide the Commission with an overview of the data sources available for the Pacific
halibut (Hippoglossus stenolepis) stock assessment, harvest policy, Management Strategy
Evaluation (MSE) and other related analyses.

INTRODUCTION

This document began as background for the 2013 stock assessment (Stewart 2014), and
serves as an annually updated source for direct evaluation of the data and processing
methods employed. For each data source, a brief narrative is provided which includes the
source, steps taken to filter and analyze the data, and the key quantities available for
subsequent analysis. Data sources are described within the categories of: fishery-independent,
fishery-dependent, and auxiliary sources of information. The level of detail is adjusted annually
to allow for additional description of new sources or changes in analysis methods; final detalil
presented in previous versions is not repeated annually if there has been no change to the
methods or results.

Also provided in this document is a brief synopsis of important changes made in the current
year, as well as a list of data sources or analyses that are currently not directly used, but are
available for comparison and/or future analysis. The latter includes some comment on avenues
for additional data collection and/or analysis. The stock assessment is provided separately as
document IPHC-2018-AM094-10. Catch tables detailing Regulatory Area-specific harvest
projections are also provided separately in IPHC-2018-AM094-11.

FISHERY-INDEPENDENT DATA

Fishery-independent data are generated each year by the IPHC’s setline survey, covering
most of the range of Pacific halibut habitat from the northern Bering Sea and Aleutian Islands
to California, and depths of 20-275 fathoms (Soderlund et al. 2012; Figure 1). The setline
survey generates catch rate information, as well as biological samples from individual fish
sampled randomly from the catch including: sex, length, age, maturity, the presence of prior
hooking injury, and recently a small subsample of individual fish weights. Data are initially
compiled by IPHC Regulatory Area, and then aggregated to the coastwide level, and into four
biological Regions: Region 2 (Areas 2A, 2B, and 2C), Region 3 (Areas 3A, 3B), Region 4 (4A,
4CDE) and Region 4B. During 2017, there was extensive consideration by the IPHC
Secretariat of what constitutes a biologically-based stock distribution estimate (Hicks and
Stewart 2017). Although IPHC Regulatory Areas have been used for distributional summary
historically, there is no biological basis for that level of resolution. Instead, population-level
information suggests that the broader regions (with the exception of Area 4B) are more
biologically meaningful (Seitz et al. 2017).

These data are reprocessed each year for use in the stock assessment as new observations
become available. In 2017, setline survey expansions included Regulatory Areas 4B and 2A.
This expansion represents the fourth in a six-year planned effort to sample all Pacific halibut
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habitat logistically possible within the 10-400 fathom (fm; 18-732 m) depth range. Beginning in
2016, all setline survey data reported here are the result of the IPHC’s space-time model
initially described in Webster (2017). That model was extended during 2017 to include
additional data from the period 1993-1997 (Webster 2017).
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FIGURE 1. IPHC Regulatory Areas and the Pacific halibut geographical range within the
territorial waters of the United States of America and Canada.

In addition to its use in supplementing the IPHC setline survey data, the NMFS trawl surveys in
Alaska (particularly the Bering Sea) provide valuable information on the size and abundance of
Pacific halibut in the Eastern Bering Sea. Beginning in 2015, these data have been used to
estimate size-at-age for young Pacific halibut not frequently encountered in the IPHC setline
survey, as well as trends in abundance and age structure of that demographic component of
the overall Pacific halibut stock.

Setline survey WPUE (Weight-Per-Unit-Effort) and NPUE (Numbers-Per-Unit-Effort)

The catch-rate information from the setline survey serves as the primary source of relative
trend information (along with commercial catch-rates) for the stock assessment as well as the
understanding of current stock distribution.

The setline survey trends reported here reflect the output of the space-time model documented
in Webster (2017). For 2017 WPUE was modelled for both legal-size (above the 32 inch (81.3
cm) minimum size limit, or O32) and total biomass. The coastwide O32 setline survey WPUE
index is estimated to have decreased by 10% from 2016 to 2017 (Appendix A, Figures 2-3).
This follows slight increases in the three previous years, and results in a relatively flat
coastwide trend in WPUE since 2010. Decreases ranged from 4% to 13% among Regions,
with Region 2 decreasing by 11% after 7 years of increase, and all other Regions near
historical lows. The three largest decreases from 2016 to 2017 by Regulatory Area occurred in
Areas 2A (-22%), 2B (-23%), and 3B (-32%); Area 2C showed the sole increase at +1%. The
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patterns were similar, but the magnitude larger for the WPUE for all sizes of Pacific halibut,
which was down 17% at the coastwide level and ranged among Regulatory Areas from +1%
(4A) to -36% (3B; Figures 4-5).
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FIGURE 2. Trends in setline survey legal (032) WPUE by biological Region, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate 95% credible

intervals.
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FIGURE 4. Trends in setline survey all-sizes WPUE by biological Region, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate 95% credible
intervals.
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FIGURE 5. Trends in setline survey all-sizes WPUE by IPHC Regulatory Area, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate 95% credible
intervals.

The stock assessment models fit directly to the observed Numbers-Per-Unit-Effort (NPUE)
from the setline survey, in order to avoid converting observed lengths to weights based on the
length-weight relationship, and to provide a delineation between changes in the number of fish
and changes in the size of those fish (included in the models via the mean weight-at-age; see
below). Setline survey NPUE showed a more pronounced decrease from 2016 to 2017 (-24%
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coastwide), with the most pronounced decrease in Region 2 (-27%; Figure 6). Region four
decreased by only 10%; however, that decrease follows a seven year period of overall
declines. Individual Regulatory Areas ranged from a 1% increase (Area 4A), to a 44%
decrease (Area 2A), with Areas 2A, 2B, and 3B showing the largest one year declines, all of
which were equal or greater than the largest single year changes observed in the estimated
time-series; Figure 7).
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FIGURE 6. Trends in setline survey all-sizes NPUE by biological Region, 1993-2017.
Percentages indicate the change from 2016 to 2017. Shaded zones indicate 95% credible
intervals.
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Stock distribution

Setline survey WPUE (a proxy for density) estimated from the space-time model, and the
geographical extent of Pacific halibut habitat, are used to estimate how the coastwide stock is
distributed each year. Beginning in 2016, summaries of this information were provided both by
biological Region as well as individual Regulatory Area (for use in the interim management
procedure calculations). For 2017, this reporting is further expanded to include the stock
distribution of all sizes, in addition to the distribution of O32 Pacific halibut considered in
previous years.

Trends over the last five years indicate that population distribution, measured either via either
the 032 component of the setline survey catch or all sizes has been relatively stable (Figure 8,
Tables A4-A6). However, over a decadal time-period (setline survey data prior to 1993 is
insufficient to provide stock distribution estimates) there has been an increasing proportion of
the coastwide stock occurring in Region 2 and a decreasing proportion occurring in Region 3.
It is unknown to what degree either of these periods corresponds to historical distributions from
the mid-1900s or to the average distribution likely to occur in the absence of fishing mortality.

Region 2 Region 3

35

70
30 60
25 504

20 404

T T T T T T T T T T
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
Region 4 Region 4B

—e— 032 WPUE
—e— Total WPUE

Estimated biomass percentage

1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

FIGURE 8. Estimated stock distribution (1993-2017) based on setline survey catch of 032
(black series) and all sizes (blue series) of Pacific halibut. Shaded zones indicate 95% credible
intervals.

Regulatory Area-specific estimates using data through 2017 indicate that our understanding of
the distribution of the stock has changed somewhat from last year, with a smaller percentage
of the coastwide biomass estimated to occur in Regulatory Areas 2A, 2B, and 3B, and a larger
percentage in all other Areas (Figure 9, Tables A4-A5). This change incorporates two factors:
1) the updated data available for 2017 added to the space-time model, and 2) the change in
actual stock distribution from 2016 to 2017. As has been observed in previous years, the
degree of variability is much higher among individual Regulatory Areas than among biological
Regions; however, the credible intervals are overlapping between all 2016 and 2017 estimates
(Figure 9).
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Setline survey age distributions

Otoliths are collected randomly from Pacific halibut captured by the setline survey, with
sampling rates adjusted by Regulatory Area to achieve a similar number of samples from each
area in each year. All otoliths collected during setline survey activities are read each year by
IPHC age-readers. Because the setline survey catch is sampled randomly at the same rate for
all stations within a given regulatory area and year, the raw frequency of ages is an
appropriate estimate of the aggregate for the area. Age distributions differ between male and
female Pacific halibut and among Regulatory Areas, with older fish comprised primarily of
males, and with males occurring in much greater numbers in the western Regulatory Areas
(3B-4B, Figure 10). Twelve-year-old Pacific halibut, corresponding to the 2005 cohort, were the
most abundant in the 2017 data, following 2015 and 2016, which also showed the strength of
this year-class.

In order to weight these area-specific distributions, an estimate of the number of Pacific halibut
in each area is required. This is obtained via the setline survey NPUE, as the relative numbers
in each Regulatory Area provide a weighting for combining the age-frequency distributions into
a coastwide aggregate (Figure 11). From the late 1990s through the mid-2000s, the strength of
the 1987 year class is particularly evident in these data. The age frequencies over the last five
years are relatively constant, dominated by ages 8-16, with an increasing importance the 2005
year-class, consistent with observations in NMFS trawl surveys (see below), observed to be
age-12 in 2017.
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Ages have been aggregated at age-25 for all observations using the break-and-bake ageing
method. This method was adopted for all Pacific halibut age-reading by the IPHC (see section
on ageing bias and imprecision below) in 2002. Ages have been aggregated at age-20 (all
ages-20 and older combined) for all data (setline survey and fishery) collected prior to 2002
when Most ages read prior to 2002 used surface ageing methods, except for 1998, where a
randomly selected subsample of otoliths were re-aged (during 2013) and ages can now be
more reliably interpreted out to age-25 (see Forsberg and Stewart 2015, Stewart 2014 for

more information on these samples).

Similar to the setline survey catch-rate data, there are some sparse age data available prior to
1997. These age data represent only Areas 2B, 2C, and 3A for the years 1982-96, and only
Areas 2B and 3A for the years 1980-81. These earlier data do not reveal any particularly
strong cohorts, nor do the cohort strengths appear appreciably different for male and female
Pacific halibut. The age data were also aggregated into biological Regions, revealing important
differences in age structure (Figures 12-13). Specifically, there have been very few Pacific
halibut greater than age 20 of either sex observed in Region 2, but fish of those ages, and
particularly males, become more common in the western and northern portions of the stock.
Region 4B shows the highest proportion of age 25+ Pacific halibut for both males and females

(Figure 13).
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FIGURE 13. Recent proportions-at-age for female (red circles) and male (blue circles) Pacific
halibut captured by the setline survey by biological Region: Region 4 (upper panel) and Region
4B (lower panel) Pacific halibut captured by the setline survey. Proportions sum to 1 across
both sexes within each year.

Sublegal (U32) Setline survey age distributions

Beginning in 2015, the age-distribution of sublegal (U32) Pacific halibut captured by the setline
survey was used as a means to approximate the Pacific halibut comprising commercial discard
mortality associated with fish captured as part of the commercial fishery, discarded due to the
minimum size limit, of which a portion are assumed to subsequently die (Stewart and Martell
2016). These data show a protracted age-distribution, particularly for males in Area 3A
(Figures 14-15). The age-distribution for the two sexes also differs importantly, with sublegal
females present in appreciable numbers from roughly age 7 to 11, and sublegal males from 7

Page 11 of 83



IPHC-2018-AM094-09

to well beyond age 15 in some years. The protracted age structure of fish below the 32"
minimum size-limit illustrates the effects of variability in size-at-age: some fish from each
cohort reaching the minimum size limit by age-6, and others (particularly males) many years
later.
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FIGURE 14. Sub-legal age distributions from the 2017 setline survey by Regulatory Area.
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FIGURE 15. Recent coastwide proportions-at-age for sublegal females (red circles) and males
(blue circles) from the setline survey. Proportions sum to 1 across both sexes within each year.

Setline survey weight-at-age

The setline survey collects individual length observations on all Pacific halibut captured, which
are then converted to estimated weights via the length-weight relationship (see section below).
Age estimates are also available for a random subsample of these lengths.

Ages consist of primarily surface ages prior to 2002, and exclusively break-and-bake ages
from 2002 to the present. Prior analyses of weight-at-age attempted to correct for the potential
bias of surface ages by converting the weights corresponding to surface ages to the ‘true’
weight at age given an estimated level of bias (and some assumption of the underlying age
structure). Investigation of the data prior to 2002 revealed that many of the surface ages also
had corresponding break-and-bake ages that were not being included in the analysis (see
summary of ageing bias and precision below). Replacing all surface ages with break-and-bake
ages (where available) in the weight-at-age calculations appears to adequately address the
differences in the ageing methods for the recent data.

Because the sampling of ages is random within the setline survey catches for an area each
year, the average weight-at-age by area, sex, and year can be calculated directly. Where there
are very few individuals in the population of a particular age, the number of setline survey age
samples is also small (the age samples are not length-stratified). This pattern, in combination
with incomplete setline survey sampling for some areas and years, results in a small number of
missing weights-at-age within area and year combinations. These are simply interpolated from
adjacent years. Because the setline survey captures few fish younger than age 7 or older than
age 25, all fish outside this range are aggregated to these ‘minus’ and ‘plus’ groups (but see
NMFES trawl survey section below). Although there has been a very strong trend of declining
weight-at-age in recent decades, there are marked differences in the magnitude of this decline
among Regulatory Areas (Appendix B). There also appear to be some patterns associated
with specific cohorts; e.g., females in Area 2C born in the late-1990s and mid-2000s (Figure
B3, upper panel). These different trends among areas require appropriate weighting of the

Page 13 of 83



IPHC-2018-AM094-09

areas to create a coastwide time-series that represents the entire stock. The estimates of
numbers of fish generated from setline survey NPUE are used to weight the individual
regulatory areas. At the coastwide level, there appear to be small increases in size-at-age for
both males and females over many ages in the raw data (Figure B9); however, this is also
consistent with year-to-year variability observed in the past and when the observations are
smoothed across years there appears to be little consistent change from 2016 to 2017 (Figure
16). A broader comparison of historical observations predicted from a mix of fishery and setline
survey data (See Fishery weight-at-age section below) indicates that the declines in size-at-
age for female Pacific halibut were even more pronounced from the mid-1970s to the mid-
1990s than in the recent period covered by the setline survey, and that they differ by biological
Region. Current size-at-age (represented by an ‘average’ age-12 female Pacific halibut) is
estimated to be at or near historical lows for all areas and coastwide (Figure 17).
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FIGURE 16. Weighted and smoothed recent coastwide trends in weight-at-age for female
(upper panel), and male (lower panel) Pacific halibut from all Regulatory Areas captured by the
setline survey. The size (area) of the points is proportional to the number of fish contributing to
each observation; ages 18 and greater have been aggregated.
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FIGURE 17. Coastwide and region-specific estimated female average weight-at-age 12 trends
from setline survey and fishery data since 1935.

Spawning output-at-age

Setline survey data are also used to define the population-level weight-at-age and spawning
biomass. Unlike the setline survey index calculation, where interannual sampling variability is
logically included, the true population level quantities should be smoother than the raw
observations. Applying a smoother across years within each age produces results more
consistent with those expected for population level values; these summaries most clearly show
the population-level decline in weight-at-age observed for both male and female Pacific halibut
over the recent time-series available from the setline survey (Figure 16). Setline survey
observations of weight-at-age might include some bias relative to the population if size-based
selectivity is operating on the distribution of lengths within each age. However, the matrix of
population-level weight-at-age is most important in the assessment for those ages that are
mature, for Pacific halibut mainly ages 11 and higher (see Maturity section below) which are
less likely to experience significant bias.

NMFS Trawl surveys in Alaska

Pacific halibut stock analyses have used various extrapolation and smoothing methods to
assign weight-at-age to fish that are younger than those observed in the IPHC’s setline survey,
which provides the most detailed source of sex-length-age information. These calculations are
not critically important to the treatment of commercial fishery or survey information, as few very
young fish are observed in those data sets; however, accurate depiction of the removals from
other sources, such as recreational fisheries and bycatch in non-target fisheries requires
representative weight-at-age for all fish captured, particularly ages 2-6.

Otoliths are collected by IPHC samplers on board NMFS trawl surveys in Alaska each year.
The average weight-at-age by year and sex was summarized from the NMFS trawl surveys;
age and length data were available for all years since 1998, although mean values were
somewhat variable for ages greater than 10 due to limited sample sizes (Figure 18). To reduce
the effect of sampling variability (there is no easy way to account for observation error in the
treatment of weight-at-age), raw values were smoothed across years within age (Figure 19).
These trawl survey weights-at-age were used to augment the weight-at-age inputs calculated
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from ages 7+ in the setline survey and commercial fishery. For the plus group in the stock
assessment input data (25+), the average age is calculated; this average age is then used to
extrapolate the weight-at-age for ages 25-30. This is necessary because the average weight-
at-age for all 25+ Pacific halibut combined should not be attributed to exactly age 25: the
average age must be >25 unless all fish are exactly 25.

Weight (netb)
30
1

Weight (net Ib)

T T T
2000 2005 2010 2015
Year

FIGURE 18. Raw trends in weight-at-age for female (upper panel), and male (lower panel)
Pacific halibut from the NMFS Bering Sea trawl survey. Ages 15 and greater have been
aggregated.
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FIGURE 19. Smoothed trends in weight-at-age for female (upper panel), and male (lower
panel) Pacific halibut from the NMFS Bering Sea trawl survey. Ages 15 and greater have been
aggregated.

The ages observed on the NMFS trawl surveys provide year-specific information with which to
estimate age distributions from that trawl survey as well as other sources that report only
length frequency information, but encounter Pacific halibut of similar ages, such as bycatch.
However, there are no age data available from the NMFS trawl surveys before 1998, so a
global (all-years) relationship (Figure 20) must be used to interpret lengths collected in earlier
years and other sources of length data (see age distribution of bycatch removals below). When
this key is applied to the earlier years of the NMFS Bering Sea Trawl survey, several strong
cohorts emerge (Figure 21). The 1987 year class is prominent in the age distributions
observed by this survey through the late 1990s. Strong 2004 and 2005 Bering Sea cohorts can
also be observed graduating through the age distribution. These year classes are consistent
with the catch rates of numbers of Pacific halibut observed in that survey (Figure 22), although
the relative magnitude of the 1987 and 2005 cohorts differ more appreciably in the index than
in the age data. There appears to be a large proportion of 3-5 year old Pacific halibut present
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in the 2015-2017 data; however, these fish have yet to be observed in any other source and
therefore the absolute magnitude of the year-classes remains unknown.
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FIGURE 20. Global age-length key created from NMFS trawl surveys in Alaska. Proportions-
at-age that sum to 1.0 within each length.
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FIGURE 21. Proportions-at-age from the NMFS Bering Sea trawl survey. Ages 15 and greater
have been aggregated; proportions sum to 1.0 within each year.
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FIGURE 22. Index of abundance (millions of Pacific halibut) of Pacific halibut from the NMFS
Bering Sea trawl survey.

FISHERY-INDEPENDENT DATA
Commercial fishery landings

An annual estimate of total mortality of Pacific halibut from all sources is required for all stock
assessment and related analyses. Removals can be categorized into five major components:
commercial fishery landings, commercial fishery discard (a combination of sub-legal and legal-
sized fish), recreational, subsistence, and bycatch mortality of Pacific halibut in fisheries
targeting other species (Figure 23).
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FIGURE 23. Relationships among estimates Pacific halibut mortality by source.
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Landings of Pacific halibut from the directed fishery are documented through the use of
commercial fish tickets, reported to the IPHC. From 1981 to the present, these landings are
fully delineated by Regulatory Area (including all of the portions of Area 4; Figure 24). Notably,
coastwide fishery landings increased from 2014-17, the first increases since 2003. Prior to
1981, landings are available only in aggregated form for all of Regulatory Area 4. Landings
from 1935-80 are not currently included in the IPHC’s database; however, previous analysts
have left a number of ‘flat files’ which appear to correspond well with tables published in
technical reports, and other IPHC documents. Because the raw data are not able to be
reprocessed directly, the landings estimates prior to 1981 are more uncertain than those after
1981. Historical landings prior to 1935 were reconstructed within current regulatory areas from
summaries by historical statistical areas (Bell et al. 1952). Reported landings of Pacific halibut
begin in 1888; however, already over one million pounds were being landed per year at that
time. The reconstruction by regulatory area of total landings included some use of ratios
between Areas 2A and 2B among adjacent years for ambiguous records, therefore the area-
specific distributions are therefore more uncertain than the total landings. Several patterns
emerge from the longer time series of landings including: the period of substantially reduced
fishing in the 1970s in all areas, and the sequential exploitation of biological Regions 2, 3, and
4 over the entire time series (Appendix C, Figure 25).

Total landings

Fishery landings (M net Ib)

Fishery landings (M net Ib)

1980 1990 2000 2010

FIGURE 24. Recent landings of Pacific halibut by the directed commercial fishery by
Regulatory Area (upper panel), and within Areas 4A to 4E for better resolution of the trends
(lower panel).
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FIGURE 25. Historical landings of Pacific halibut by the directed commercial fishery by
Regulatory Area (upper panel) and biological Region (lower panel).

Recreational mortality

Recreational removals are reported to the IPHC by the various agencies in charge of
managing these fisheries, including Alaska Department of Fish and Game, the Department of
Fisheries and Oceans Canada, and the states of Washington, Oregon, and California. The
scientific basis for data collection programs, analyses, and the quality of the subsequent
estimates vary considerably by year and source. In 2014, the IPHC began including estimates
of the mortality of released fish in the total recreational removals. It is generally assumed that
there was little recreational fishing for Pacific halibut prior to the mid-1970s. Recreational
removals have grown rapidly since that time, with peak harvests estimated at over 10 million
pounds annually during the mid-2000s. They were reduced after that peak, along with other
sources of mortality, but have been increasing since 2012 (Figure 26). Catch sharing plans tie
the removals in Areas 2A and 2B, and the charter removals in 2C and 3A to fishery catch limits
set by the IPHC. Among Regulatory Areas, Area 3A represents over half of the total removals,
with Areas 2C, 2B, and 2A each contributing somewhat less (in declining order).
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FIGURE 26. Recreational mortality of Pacific halibut by Regulatory Area.

Subsistence mortality

Subsistence harvest estimates are provided to the IPHC by the DFO and NMFS. Estimates are
not generated annually in all cases, and therefore some values are applied through intervening
years until the next estimate is made available. This has frequently been the case for the most
recent several years. There are currently no estimates available prior to 1991. The time-series
created from these estimates is relatively noisy, but occurs on a scale much smaller (< 2
million lbs; ~900 t) than other critical inputs to the analyses (Figure 27).
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FIGURE 27. Reported subsistence mortality by Regulatory Area.

Commercial fishery discard mortality

Discard mortality includes all Pacific halibut that are captured, and subsequently estimated to
die, during the directed commercial fishery but that do not become part of the landed catch.
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There are three main sources of discard mortality: 1) fish that are estimated to have been
captured by fishing gear that was subsequently lost during fishing operations, 2) fish that are
discarded for regulatory reasons (e.g., the vessel’s trip limit or harvester’s IFQ limit have been
exceeded), and 3) fish that are captured and discarded because they are below the legal size
limit of 32 inches (81.3 cm). The methods applied to produce each of these estimates differ
due to the amount and quality of information available. Based on these methods, discard
mortality in the commercial fishery is estimated to have been highest in the late 1980s,
subsequently declining (particularly in Area 3A in 1995 when the derby fishery was converted
to a quota system), and then increasing from 1995 to 2010 as the size-at-age of Pacific halibut
declined and more fish at older ages remained below the minimum size limit (Figure 28, upper
panel). The estimates of discard mortality cannot be delineated within Regulatory Area 4 prior
to 1981, but there is very little wastage estimated prior to that time (Figure 28, lower panel).
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FIGURE 28. Discard mortality in the commercial fishery by Regulatory Area, 1981+ (upper
panel), and 1974+, with all of Area 4 combined (lower panel).
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Bycatch in non-Pacific halibut-target fisheries

The estimated bycatch from non-target fisheries where the retention of Pacific halibut is
prohibited by regulatory area is reported to the IPHC by the NMFS and DFO on an annual
basis. These estimates vary greatly in quality and precision depending upon year, fishery, type
of estimation method, and many other factors. Bycatch has been delineated among Areas 4A,
4B, and 4CDE only from 1990 to the present, during which time it has declined from a peak of
over 20 million lbs (~9,070 t) to a projected value of approximately 6.0 million Ibs (~2,700 t) in
2017 (Figure 29, upper panel). This total in 2017 represents the smallest estimate since the
beginning of foreign industrial fishing in Alaska in the early 1960s. Bycatch in Regulatory Areas
4CDE and 3A (the two largest sources coastwide) has decreased during both 2016 and 2017.
Prior to 1991, available bycatch estimates are aggregated for all of Area 4. From the 1960s to
1990s, annual values were variable with a peak in the early 1960s corresponding to the peak
of foreign fishing in (currently) Alaska waters, primarily Areas 3A and 3B. There was likely less
bycatch prior to the development of the foreign fishery in U.S. waters in the early 1960s;
however, bycatch estimates are only available from 1962 to the present.

| - 2A —— 3B
20 —&— 2B —— 4A
=2 —=— 3A —— 4CDE
C 15 -
=
£
g
5 10
£
L
2
S
S5
o
0
1990 1995 2000 2005 2010 2015
50 Total bycatch - 2A = 3A
- —e— 2B —4— 3B
o —&— 26— 4
2
s
£
©
510
£
L
2
S
> 5
[aa]

1960 1970 1980 1990 2000 2010 2020

FIGURE 29. Pacific halibut bycatch estimates by Regulatory Area, 1990+ (upper panel), and
1962+, with all of Area 4 combined (lower panel).
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Summary of Pacific halibut mortality from all sources

Recent aggregate total removals from all sources show that the directed commercial fishery
represents the majority of the anthropogenic mortality (Figures 30-31). Removals from all
sources in 2017 were estimated to be 42.4 million pounds (~19,200 t), up slightly from 41.8
million pounds in 2016 (~18,960 t). Over the period 1918-2017 removals have totaled 7.2
billion pounds (~3.2 million t), ranging annually from 34 to 100 million pounds (16,000-45,000 t)
with an annual average of 63 million pounds (~29,000 t; Appendix C, Figure 32). Annual
removals were above this long-term average from 1985 through 2010 and have been relatively
stable near 42 million pounds (~19,000 t) since 2014. Recent total removals from all sources
by regulatory area reveal that Area 3A has been the dominant contributor to total mortality
throughout the last five decades, but that Area 3A and 3B represent a smaller fraction of the
total in recent years than in previous decades (Appendix C, Figure 33). When the removals by
source are compared among regulatory areas, there are a number of differing patterns in
magnitude and distribution (Figures 34-36).
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FIGURE 30. Pacific halibut mortality from all sources since 1961.

Bycatch

14%

Subsistence
3%

Commercial

Landings
62%

Recreational
19%

Discard mortality
3%

FIGURE 31. Distribution of Pacific halibut mortality by source in 2017.
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FIGURE 32. Summary of estimated historical mortality by source (colors), 1888-2017.
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FIGURE 33. Pacific halibut mortality from all sources by Regulatory Area since 1962.
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FIGURE 34. Estimated Pacific halibut mortality by source in Regulatory Areas 2A, 2B, and 2C
since 1888. Note that the y-axes differ in scale.
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FIGURE 35. Estimated Pacific halibut mortality by source in Regulatory Areas 3A, and 3B
since 1888. Note that the y-axes differ in scale.
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FIGURE 36. Estimated Pacific halibut mortality by source in Regulatory Areas 4A, 4B, 4CDE,
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Commercial Pacific halibut fishery WPUE and biological data

A relatively simple approach is employed to calculate the annual index of fishery WPUE and to
summarize fishery-dependent biological information (Figure 37), with the most important
missing component being the lack of sex-specific biological observations due to the dressing of
Pacific halibut at sea. This information will be available for the 2017 and future fisheries via
port sampling of genetic material.

Commercial Gl;‘oegi;a‘::m
fish:ry WPUE (0-400 fm) by
y area
area
“ - Commercial Commercial
Commercial " -
. fishery fishery
fishery e
landings average individual
Coastwide 9 weight ages
HruE G4 ¥

Commercial
fishery
numbers by
area

Commercial
fishery
coastwide
numbers at age

2
'S

Observed data Commercial Survey
External input fishery average
coastwide weight by
Prediction/summary | average weight area, sex,
at age age
Product for assessment |

FIGURE 37. Relationships among fishery-dependent catch-rate and biological data sources.

Commercial Pacific halibut fishery WPUE

Commercial fishery logbook data is collected by port samplers, and reported directly to the
IPHC by fishermen. This dataset represents a valuable source of information about many
aspects of the commercial fishery, including seasonal and spatial patterns, gear usage, and
other details. The data that are included in the current fishery WPUE standardization are: the
Regulatory Area of fishing (regardless of the port of delivery), the type of fishing gear used
(only fixed-hook data are used in Areas 2C, 3A, 3B, 4A, 4B, 4C, 4D; both fixed-hook and snap
gear are used in Areas 2A and 2B), the year of fishing (some logbooks are not obtained by
port samplers until the following year), the number of skates fished (excluding any gear that
was lost), the spacing of the hooks, the number of hooks on each skate, and the pounds of
legal-sized Pacific halibut captured and landed. Only sets specifically targeting Pacific halibut
are included in the analysis and all sets with hook-spacing of less than four feet are assumed
to be non-Pacific halibut targeting, except in Area 2A.

The fishery catch-rates are calculated based on the catch (in weight) relative to the amount of
gear deployed at each station. Effort for each set is standardized to an effective skate (ES) that
is 1,800 feet long, with 100 hooks (and therefore an 18-foot average spacing), based on the
number of skates fished (S), the average number of hooks fished per skate (Nn), and the hook-
spacing (Hs; Figure 38) based on the relationship given by Hamley and Skud (1978):
_ Nn —0.06°H.
ES=S (10()) 1.52-(1—e )
This effective skate relationship has recently been reevaluated (Monnahan and Stewart 2017)
and the results of that investigation suggest a slightly different relationship than that estimated
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historically. The IPHC will be considering an update to its data processing methods in the near
future. The sum of the catch weight (C) for all sets (s) reported from a Regulatory Area (a)
each year (y) is divided by the sum of the effective skates to obtain the total WPUE, or index

(1):
- le\lgits Cs,a,y

I = "'
ay Nsets
Zszl ESS.a,y

Due to the small number of fixed-hook sets in regulatory Areas 2A and 2B, snap gear is
included in the calculation for these areas. This is done by dividing the snap gear effort by a
factor of 1.35 (Clark 2002). A detailed exploratory analysis of the logbook standardization data
and methods was completed during 2014 (Monnahan and Stewart 2015), which suggested
future analyses may be able to include all logbook records in all Regulatory Areas regardless
of gear type; this research is ongoing. There are too few logs available on an annual basis
from Area 4E to include that regulatory area in the WPUE calculations.

These annual area-specific mean catch-rates are then weighted by the geographic extent of
suitable depths occupied by Pacific halibut within each Regulatory Area (ga, 0-400 fathoms; O-
732 m) relative to the entire coast (Figure 39). The weighted values are then summed to
generate a coast-wide index of abundance:

Areas
< Ya
Iy = Z lay *Sveas 5

~ a=1 Ya
This approach is consistent with the concept that the commercial WPUE is also a ‘survey’ of
the stock and therefore the estimates are a proxy for density, but diverges from the common
approach of weighting the commercial WPUE from each area by the catch in that area relative
to the total. It may be preferable in the future to explore the use of catch- instead of
geographic-weighting.
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FIGURE 38. Relationship between hook spacing and the number of effective skates for setline
survey and commercial fishery WPUE calculations (From: Hamley and Skud 1978).
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FIGURE 39. Relative spatial extent of each regulatory area.

All available information was finalized on 9 November 2017 in order to provide adequate time
for analysis and modeling. As has been the case in all years, commercial fishery WPUE for
2017 remains incomplete. The final verified record of logbooks available approximately 10-12
months after the end of the annual fishing season differs from the preliminary data available in
November and used in the stock assessment each year. Differences reflect the inclusion of
logbooks that were not collected by port samplers during the year of fishing (and subsequently
mailed in to the IPHC, or collected by port samplers during the following fishing season), as
well as logbooks that had been collected but were not available for analysis (the fishing season
extends until early November; the stock assessment data are shortly after). In previous years,
these changes almost always led to a reduction in the index from preliminary values. Because
the data are always incomplete at the time of the assessment, the variance of the terminal year
of the WPUE series is inflated for use in the stock assessment by a factor of two. Based on
review by the IPHC’s Scientific Review Board (SRB), a bias correction for each Regulatory
Area was developed using the last five years (2012-2016) of post-assessment revisions
resulting from additional logbooks available after the assessment deadline in early November.
By calculating the average revision to the terminal year’s value, a prediction of the corrected
trend is provided along with the currently observed trend (Figure 40).

Uncorrected commercial fishery WPUE in 2017 was slightly increased from 2016 (5%) at the
coastwide level with mixed trends among Regulatory Areas. Applying the bias correction
reduced the increase in coastwide commercial fishery WPUE to only 3% and negative trends
were predicted for all Areas except Area 4D (+71%), Area 4C (+20%) and Area 3A (+6%).
Tribal and non-tribal commercial fishery trends in Area 2A are reported separately this year in
response to important differences in the timing and spatial extent of the two components.
Tribal fishery WPUE has been increasing since 2014 in that Area, and non-tribal WPUE has
been declining over the same period, although a small increase (5%) from 2016 to 2017 was
observed. The very large increase in WPUE observed in Area 4D appears to be a function of
much higher catch-rates around St. Matthew Island (also observed in the setline survey) and a
shift of 25% of the catch previously occurring along the shelf-edge to the waters around that
island in 2017.
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FIGURE 40. Trends in commercial fishery WPUE by Regulatory Area, 1984-2017.
Percentages reported below the Regulatory Area label indicate the uncorrected change from
2016 to 2017 (see text above). Larger font percentages in each panel reflect the bias corrected
percentage change anticipated when the remainder of the available logbook information is
included. Vertical lines indicate approximate 95% confidence intervals.

Effort data for years prior to 1981 do not currently exist in the IPHC’s database. For historical
data, as is the case for other sources of information, there exist flat files from previous analysts
that include effort and landed catch by regulatory area. These data have been used for other
analyses, and date back to 1907. Prior to 1935, records of effort are reported in various
technical and other IPHC reports, and there are a number of differing time-series available.
Total catch and total effort were tabulated from Chapman et al. (1962) for the years 1921-
1934, and from Thompson et al. (1931), although there are differing series in at least Skud
(1975) and several others. The oldest historical records do include even earlier years, but have
not been included here pending more detailed investigation. It would be preferable to access
and process the historical log data directly from data stored in a database with meta-data, but
this is not currently possible.

The most dramatic change in the commercial WPUE time series corresponds to the transition
from “J” to circle hooks in 1984 (Appendix D; Figure 41), although there have been many other
changes in the definition of effort over the time series (see synopsis in Leaman et al. 2012).
Changes in catch rates prior to the 1980s also reflect the historical progression of the fishery
from south to north over much of the time-series (Figure 25). Despite these caveats, it is clear
that catch rates were quite low around the time of the formation of the IPHC (in fact, this was
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the motivation for the original convention), and again in the late 1970s (Appendix D; Figure
41). Additional uncertainty throughout the historical series is reflected by increased coefficients
of variation (fixed at 0.1) for all years prior to 1984.
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FIGURE 41. Coastwide commercial WPUE from historical records of effort and catch, as well
as more recent direct logbook processing. The large change between 1982 and 1984
coincides with the adoption of circle hooks.

Commercial fishery age distributions

Recent fishery ages are created from otoliths collected by port samplers in proportion to the
landings in the ports that are annually staffed by the IPHC. Because of this method, the raw
ages can be directly aggregated within each area and year to estimate the age composition of
the catch. Port samplers also collect individual lengths, and the average weight within each
area can be estimated via the length-weight relationship. Beginning with a pilot project in 2015
and expanding to include all port samples in 2017, individual weights are now measured for
each fish sampled for length and age from the commercial fishery. These measured weights
were included in the data analysis for the stock assessment for the first time in 2017. Dividing
the total commercial catch for each regulatory area and year by the average fish weight gives
an estimate of the number of fish captured. To aggregate the proportions-at-age from each
area into a coastwide or regional total, each regulatory area is weighted by the numbers of fish
in the catch relative to the total number of fish captured over all areas. For the period included
in recent stock assessments, the coastwide age distribution displays a very similar pattern to
that of the setline survey ages: a very strong 1987 cohort moving through the stock (Figure
42), followed by catches comprised primarily of 9 to 18 year-old Pacific halibut (that age range
has comprised 86% of the landed catch since 1996). Age distributions in 2017 show a 2005
cohort somewhat stronger than those in adjacent years, and weak recruitments from 2006
onward.
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FIGURE 42. Estimates of recent commercial fishery numbers-at-age. Circles represent
proportions that sum to 1.0 within each year.

Commercial fishery ages prior to 1991 have been summarized by several previous analysts, in
some cases processed originally by one analyst and then subsequently by another (Clark et al.
2000). For this summary, a file produced for the analysis by Clark et al. (2000) was obtained,
which included proportions at age by regulatory area from 1935 to 1990. Additional work could
be done to verify which of these proportions can and can’t be recreated from the current IPHC
database. Weighting of the area-specific proportions followed the method applied to the more
recent data, first obtaining an average individual weight (in this case by multiplying the
proportions at age by the estimated average weight at age from the historical records), and
then dividing the total landings by that weight to get an estimate of the number of fish in the
landings by year and area. Again following the setline survey analysis methodology, the
numbers in the landings by area were used to weight the proportions-at-age for a coastwide
total.

The resultant fishery age-frequency distributions reveal that Pacific halibut in the commercial
landings from the 1930s to 1973 (when the current minimum size limit was implemented) have
been predominantly age 6 to 15 (Figure 43). Several strong cohorts can be observed in the
data, but none more conspicuous or persisting longer than the 1987 cohort. When the fishery
age data are aggregated by biological Region, a similar pattern emerges to that seen in the
setline survey data: a greater proportion of older Pacific halibut in Region 4 and Region 4B
than in Regions 2 and 3, but a similar overall age over which much of the catch has been
taken and clear evidence that the 1987 cohort was very strong across the entire range of the
population (Figures 44-46).
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FIGURE 43. Coastwide commercial fishery proportions-at-age from the retained catch (male
and female Pacific halibut combined). Note that the current 32 inch minimum size limit was
implemented in 1973. Circles represent proportions that sum to 1.0 within each year.
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FIGURE 44. Commercial fishery proportions-at-age in the retained catch (male and female
Pacific halibut combined) by biological Region: Region 2 (top panel), and Region 3 (bottom
panel). Circles represent proportions that sum to 1.0 within each year.
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FIGURE 45. Commercial fishery proportions-at-age in the retained catch (male and female
Pacific halibut combined) for biological Region 4. Circles represent proportions that sum to 1.0
within each year.
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FIGURE 46. Commercial fishery proportions-at-age in the retained catch (male and female
Pacific halibut combined) for biological Region 4B. Circles represent proportions that sum to
1.0 within each year.

Commercial fishery weight-at-age

Lengths, weights, and otoliths are collected from the landed catch by port samplers each year.
At present, no sex-specific information is available from port samples; however, progress
toward a marking program is ongoing. The recent average weight of a landed Pacific halibut
has been the highest (around 30+ Ibs, 13.6 kg) in Area 2C, has been reasonably flat since
2011 in Area 3A and increasing in the last three years in Area 3B (Figure 47). The coastwide
trend remains lower than the last several decades. These observations accurately reflect the
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fishery landings, but combine the relative influences of weight-at-age, age- and sex-structure,
as well as selectivity relative to the underlying population.

[\ w w P
[} o [} o
| | | |

Average weight (net Ib)

[ae]
o
|

15

T I T I I T
1990 1995 2000 2005 2010 2015

FIGURE 47. Recent average Pacific halibut weight by regulatory area in the directed fishery
landings; thick black line indicates the coastwide average.

Historical observations of average weight are more problematic. Specifically, from 1963-1990
the IPHC did not collect individual lengths from the commercial landings. It was thought at the
time that otoliths measurements could be used to adequately estimate the body size of the fish
(Southward 1962), and therefore the weight. Subsequent investigation of the relationship
between otolith measurements and individual length (Clark 1992) resulted in the resumption of
length sampling in 1991. For this reason, the weights-at-age for most of the historical period
should be considered much more uncertain than recent observations. Despite these
considerations, there is a clear pattern of increasing fish size in the landings estimated from
the 1930s through the 1970s, followed by a subsequent decline to the present (Figure 48).
Also clearly visible is the effect of the implementation of the 32 inch minimum size limit in 1973.
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FIGURE 48. Historical trends in average individual Pacific halibut weight in the commercial
fishery landings; thick black line indicates the coastwide average. The current 32 inch (81.3
cm) minimum size limit went into effect in 1974.
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Following the same method applied to the age-composition data (weighting the historical
weight-at-age for each regulatory area by the number of fish in the landings for that area), a
coastwide weight-at-age can be constructed for the entire time-series. Unfortunately, this
series is not sex-specific due to the dressing of fish at sea prior to sampling by port samplers.
However, there are similar trends for the best represented ages (8-16) over the historical
period. One way to investigate these patterns is to divide the time series of weight-at-age for
each age relative to the first year in which we have a coastwide estimate from setline survey
data (1997). Only legal-sized fish from the setline survey catch are included in these weights-
at-age in order to make them comparable to fishery landings. These deviations show very
similar temporal patterns, despite expected differences on an absolute scale (Figure 49). As a
proxy for sex-specific weights-at-age for the entire time-series, the setline survey weights-at-
age from 1997 are scaled by the time series of annual deviations calculated from the fishery
data. This implicitly assumes that male and female Pacific halibut have experienced similar
trends in size-at-age, and recent data that are available by sex support this assumption. The
resulting reconstructed coastwide mean weights-at-age clearly show an increase in the late
1970s and subsequent decrease toward present estimates (Figure 50).
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FIGURE 49. Trends in coastwide average individual Pacific halibut weight as deviations from
1997 in the commercial fishery landings for Pacific halibut aged 8-16 years old (red lines). The
black line represents the average trend among the nine ages included.
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FIGURE 50. Time series of coastwide weight-at-age (net Ib) for female (upper panel), and
male (lower panel) Pacific halibut from all regulatory areas (note that the scale differs between
panels).

The same methods were also used to estimate trends in weight-at-age separated by biological
Regions. The results indicate that changes in Region 2 have been less pronounced than the
very large decrease in fish size observed for Region 3 from the 1950s through the 1990s and
that Region 4 has shown a much more muted historical pattern (Figure 51). The relative scalar
for Region 4 is only slightly above a value of one for most of the historical period, and the
smallest values occur in the most recent years. No historical data predating the setline survey
were available from the commercial fishery in Region 4B. The Region 4 weight-at-age arrays
were therefore used as input for both Region 4 and Region 4B.
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FIGURE 51. Trends in specific average individual Pacific halibut weight as deviations from
1997 in the commercial fishery landings for Pacific halibut aged 8-16 years old (red lines) from
Region 2 (upper panel), Region 3 (middle panel), and Region 4 (lower panel). The black lines
represent the average trend among the nine ages included.
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Recreational fishery age distributions

Age distributions sampled from the recreational catch were included in the stock assessment
models for the first time in 2015. Otoliths from recreationally caught Pacific halibut in regulatory
Area 3A have been routinely collected by ADF&G, and the ages read by IPHC staff. Estimated
numbers-at-age for the years 1994-2013 were weighted by port within Area 3A, and
summarized by Scott Meyer (ADFG, pers. comm.). These data showed a variable but
generally larger proportion at ages younger than age 5, and smaller proportion greater than
age 15 (Figure 52) compared to the coastwide setline survey over a similar time-period (Figure
11). The recreational data also contained a few Pacific halibut at ages 2-3, younger than any
observed in the setline survey. The observation of extremely young Pacific halibut differs from
the setline survey, as trends in size-at-age indicate that some of the smallest fish for their age
across the coast are currently observed in Area 3A, so that area might be expected to have
fewer very young fish in the recreational harvest if selectivity were similar to that of the setline
survey. These data are not geographically comprehensive; however, recreational removals
from Area 3A represent around half of the coastwide recreational total in recent years.
Currently, there are no additional age data from the recreational fisheries in other Regulatory
Areas, but such data could be included with those from Area 3A if they become available (or
are created via age-length keys from creel sampling) in the future.
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FIGURE 52. Proportions-at-age from the recreational fishery in Area 3A (male and female
Pacific halibut combined). Circles represent proportions that sum to 1.0 within each year.

Age distributions from Pacific halibut bycatch

The length-distribution of Pacific halibut caught as bycatch in fisheries targeting other species
is reported to the IPHC each year by the National Marine Fisheries Service (NMFS; for Alaska
and Washington-Oregon-California) and Fisheries and Oceans Canada (DFO; for British
Columbia). Historically, the raw length frequencies are summarized by target fishery within
gear type (i.e., trawl, hook-and-line, and pot), then aggregated in order to better represent the
differing contributions and sampling rates for each fishery. Weighted length-frequencies of the
estimated bycatch are used in the annual harvest policy calculations and catch tables
specifically to delineate 026 and U26 removals. In order to evaluate these data directly in the
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context of the stock assessment, they first need to be converted to age-distributions. Annual
age-length keys were produced from the NMFS survey data for the years 1998-2016, and the
global key used for prior years and 2017. Coastwide aggregate bycatch lengths were
summarized into predicted ages via these annual age-length keys. Estimated bycatch ages
showed a mode (or modes) between age-3 and age-10, with up to one-third of the total age
distributions represented by Pacific halibut age-4 or less in some years (Figure 53). Consistent
with the NMFS Bering Sea trawl survey data, both the 1987 year-class and the strong 2004-05
year classes are also present in the estimated distributions for the coastwide bycatch.
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FIGURE 53. Coastwide proportions-at-age from the aggregate bycatch fisheries (male and
female Pacific halibut combined). Circles represent proportions that sum to 1.0 within each
year.

AUXILIARY SOURCES OF INFORMATION

Several additional sources of information are evaluated directly, included in the stock
assessment or related analyses and treated as data, even though they represent the products
of analyses themselves. These are briefly summarized here but considerable additional
background material exists.

Weight-length relationship

The weight-length relationship for Pacific halibut was developed in 1926, re-evaluated in 1991
(Clark), and has been applied as standard practice for al years of IPHC management. The
relationship between fork length (Lf), and individual net (headed and gutted) weights (W) is
given by:

W, = 0.00000692 - L;***

This relationship reflects the slightly greater than cubic increase in weight with increasing
length (Figure 54). In 2013, the IPHC staff initiated a program to begin sampling individual
weights during port sampling. Since 2015 this program has included data collection on survey
vessels and during routine port sampling in almost all ports; recent results are reported in
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Webster and Erikson (2017). Over the next several years these data should allow for a
reanalysis of the length-weight relationship, as well as an improved understanding of the
differences in measurements collected on freshly dead fish, fish that have been stored on ice,
as well as the relative contributions of head-weights, ice and slime on standardization to net
weight.
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FIGURE 54. The conversion relationship for length in centimeters to net weight in pounds.

Maturity schedule

The maturity schedule for Pacific halibut has been investigated several times historically, and
maturity-at-age found to be very stable despite long-term changes in length- and weight-at-age
(Clark and Hare 2006). Estimates of the age at which 50% of female Pacific halibut are
sexually mature average 11.6 years among regulatory areas, with very few fish mature at ages
less than five and nearly all fish mature by about age 17. The maturity schedule used for stock
assessment has not been updated in recent years, and it is represented by a logistic fit that is
truncated below age 8 (Figure 55). A research program to evaluate the current maturity
schedule is ongoing in 2017.
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FIGURE 55. The maturity ogive used in recent Pacific halibut assessments. Note that this is a
logistic curve, trimmed to be equal to zero below age-8.

Ageing bias and imprecision

Ages are often treated and referred to as ‘data’, however they represent estimates of age
based (most commonly) on the counting the rings formed annually on otoliths. These
estimates are therefore subject to both bias and imprecision depending on the method
employed to obtain them. Pacific halibut tend to be relatively easy to age (compared to longer-
lived groundfish), and historical estimates of the imprecision of the standard method of ‘break-
and-bake’ ageing showed that the method was very precise (Clark 2004a, b, Clark and Hare
2006). Validation of the method relative to actual age has been performed via analysis of
radiocarbon levels observed in known-age otoliths, and the relationship has since been used
as the standard for North Pacific groundfish species (Piner and Wischnioski 2004).

Prior to 2002, surface ageing was employed as the primary tool for ageing Pacific halibut, and
this method is known to be biased for older individuals and less precise than other methods
when applied to many marine species. Estimates of bias and imprecision for break-and-bake
and surface ages were updated in 2013 based on re-aging of setline survey samples from
1998 (Stewart 2014). Analysis of surface ages from each decade back to the 1920s also
corroborated those results (Forsberg and Stewart 2015).

Movement rates among biological Regions

Development of spatially explicit stock assessment and Management Strategy Evaluation
(MSE) operating models requires an understanding of the rates of movement among
geographic regions. Current understanding of adult movement rates for most areas is
reasonably well understood, based on extensive historical and more recent PIT tagging studies
(Valero and Webster 2012). However, previous summary of these data has been conducted by
specific regulatory area, and detailed analysis of these data was originally based on the length
of the tagged Pacific halibut (Webster et al. 2013). Webster (2015a; and extended analysis)
has provided these rates as a function of age and by geographic region. For Pacific halibut
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less than age-5, most of the available data come from historical studies that used trawl gear
(rather than longline gear) to capture fish for tagging (Valero and Webster 2012). Hilborn et al.
(1995) used data from studies conducted in the 1980s to estimate movement parameters for
juveniles among specific regulatory areas within biological Regions 2 and 3. These data
suggest relatively high rates of ‘downstream’ movement to the east and south. Similar results
are unavailable for Regions 4 or 4B, although raw recovery rates from juvenile Pacific halibut
tagged in the Bering Sea and Aleutians suggest appreciable movement to all other regulatory
areas over 5-10 years of life (Webster 2015b). The lack of data from Region 4 is particularly
problematic, given that this is the area where the greatest abundance of 2-4 year old Pacific
halibut are observed, and therefore assumptions about movement rates will be most important.

In 2015, this varied information was assembled into a single framework representing the
IPHC’s current working hypothesis regarding movement-at-age among regions. Key
assumptions in constructing this hypothesis included: ages 0-1 do not move, most of the young
Pacific halibut reported in Hilborn et al. (1995) were aged 2-4, movement generally increases
from ages 2-4, age 2 Pacific halibut cannot move from Region 4 to Region 2 in a single year,
and that relative movement rates of Pacific halibut age 2-4 to/from Region 4 are similar to
those observed for 2-4 year-old Pacific halibut compared to older Pacific halibut in Region 3.
Based on these assumptions, appreciable emigration is estimated to occur from Region 4,
decreasing with age. Pacific halibut age-2 to age-4 move from Region 3 to Region 2 and from
Region 4B to Regions 3 and 2, and some movement of older Pacific halibut is estimated to
occur from Region 2 back to Region 3 (Figure 56).

100% 100% —
90% 20% .
80% 80%
o
£ 70% £ 70%
E 60% g 60%
- 50% ~ Area2z - 50% Area 3
8 40% —to Area 2 8 a0%
14 i o
E 30% to Area 3 E 30%
20 {1 | to Area 4 20%
10% to Area 4B 10%
0% fmrmmrmrmmsanarapsanesonsn 0% |t i
0 2 4 6 B 10121416 18 20 22 24 26 28 30 0 2 4 6 B 10121416 18 20 22 24 26 28 30
Age Age
100% ———— — 100%
90% {1 e 20%
80% 4 80%
-] -1
£ 70% £ 70%
3 6o% 3 eo%
E Area 4 E Area 4B
« 50% - 50%
= [
@ 40% @ 40%
g [
§ 30% | i § 30%
o g o
20% | 4 B 20%
] S=a
qoa o S 10%
M ________ -
0% e - - - =T T 0% Srerimrens e
0 2 4 6 810121416 18 20 22 24 26 28 30 0 2 4 6 B 10121416 18 20 22 24 26 28 30
Age Age

FIGURE 56. Hypothesized annual movement rates by age among biological Regions.

Ecosystem conditions

Previous research identified a strong correlation between the environmental conditions in the
northeast Pacific Ocean, specifically the Pacific Decadal Oscillation (PDO; Mantua et al. 1997)
and recruitment of Pacific halibut to the commercial fishery during the 1900s. A description of
ongoing PDO research as well as access to the time-series of estimates can be found at:
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http://jisao.washington.edu/pdo/. For Pacific halibut, the positive ‘phase’ of the PDO (years up
to and including 1947 and 1977-2006) and subsequent recruitment of juveniles into the
commercial fishery appears to be correlated (Clark and Hare 2002, Clark et al. 1999). Recent
reinvestigation of this analysis revealed that the correlation still appears strong using all
available data (Stewart and Martell 2016). It is therefore worthwhile to monitor the recent
trends in the PDO time series for qualitative purposes, as this represents some of the only
information available related to juvenile Pacific halibut abundance prior to their entry into the
survey and fishery around age-8-10. Inspection of the most recent PDO values indicates that
deviations from 2006-2013 were negative, representing the longest period of negative annual
values observed since the late 1970s. Highly positive values were observed over 2014-17
(Figure 57); however, these values should be interpreted cautiously, as many other
environmental indicators were highly anomalous, and it is very unclear whether these years
represent comparable conditions to previous PDO observations.
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FIGURE 57. Time series of annual average PDO conditions (deviations from the long-term
mean). Monthly means were obtained from (http://jisao.washington.edu/pdo/).

Broadly, across the Gulf of Alaska, anomalous conditions during 2014-2016 have led to
several relevant ecosystem observations. Warmer than normal water temperatures (even over
deeper shelf depths) appear to be correlated with seabird and marine mammal mortality
events (Zador and Yasumiishi 2017) and other conditions that suggest historical patterns of
productivity related to the PDO may not be relevant to the most recent few years. Of particular
concern was the apparently large mortality event observed in the Pacific cod (Gadus
macrocephalus) stock in the Gulf of Alaska, and associated declines in biomass (Barbeaux et
al. 2017). However, this same time period also appears to have produced a very large 2014
year class for the sablefish (Anoplopoma fimbria) stock (Hanselman et al. 2017). The effects of
these ecosystem conditions on Pacific halibut in the Gulf of Alaska may take several years to
become apparent, as the primary sources of comprehensive data used for stock assessment
contain few Pacific halibut less than 5-7 years of age.
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Empirical harvest rates

Given that the interim management procedure is under development via the MSE process, an
option for evaluating relative harvest rates based solely on data (rather than stock assessment
output) is presented here, similar to that provided last year (Stewart 2017). Consider that we
are interested in an empirical measure of exploitation (U) in each year (y) and area (a). A

desirable metric is proportional to the O26 catch (C) and some measure of the biomass (B):

Cy,a

U ~—
y.a By,a

The measure biomass is a function of the observed survey index (I) and an unknown
catchability parameter (q):

Byo=0aya1lya

Finally, the survey index is a function of the observed WPUE of all sizes of Pacific halibut, and
the geographic extent (A) of each Area:
Iy, =WPUE, ;- A,

In this calculation it is assumed that the catchability parameter is constant (or at least non-
trending) across years and constant among areas (note that the survey timing and hook
competition are already accounted for in the space-time modelling of WPUE). Given this
approximation, and an unknown constant value for catchability, the absolute scale of the
exploitation intensity is unknown. Therefore, to compare across years all Us were scaled
relative to the average over the period 2014-2016, providing a relative metric of exploitation
rates.

Much higher Us are estimated historically for Region 2, than in other biological regions;
however, all Regions experienced peak harvest rates between 2003 and 2009 (Figure 58). The
harvest rates in all Regions were generally lower than most historical values over the period
2012 -2014, but increased in all Regions during 2017.
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FIGURE 58. Empirical harvest rates from 1993-2017. Horizontal line indicates the average
coastwide harvest rate over the period 2014-2016.
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CONCLUSIONS

Despite the heterogeneous nature of the various datasets, there is a considerable quantity of
historical data available for Pacific halibut, perhaps more than for any other single groundfish
species in the region. The IPHC has the benefit of an extremely long time-series of data
collection, a high degree of cooperation from the commercial fleet, and therefore a unique
resource for historical fishery and biological patterns in the northeast Pacific Ocean. The data
themselves, after accounting for important known changes in fishery and survey activities, are
remarkably coherent and potentially highly informative for stock assessment, harvest policy,
and MSE analyses.

Summary of improvements for 2017

This document does not attempt to describe all relevant detail in processing data for use in the
stock assessment, MSE and harvest policy analyses. It is intended to provide an overview of
what might be considered current ‘best practices’, relying on previous documents to identify
the development of sources and methods. Important changes are noted each year; for 2017
these were reviewed by the SRB during the June meeting (except where noted):

e Addition of age data collected during setline survey expansions 2014-2017.

e Incorporation of logbooks describing historical fishing activity prior to 2016 (previously
this data source was ‘closed’ in the spring of each following year).

e Use of directly measured individual fish weights collected from port samples for 2015-
2017.

e Extension of the setline survey time-series analyzed in the space-time model to include
1993-1997 (available in October, so the results not reviewed in June).

e Standard updating of preliminary values from 2016 and available information at the
beginning of November 2017.

Data sources for potential future analyses and relevant research projects

Research priorities for technical development of the stock assessment are reported in that
document. The IPHC’s research program (Planas 2017) is actively addressing the most
important gaps in current biological understanding of Pacific halibut. This section represents a
list of potential projects relating specifically to existing and new data sources that could benefit
the Pacific halibut stock assessment and related analyses in the future. It is not a prioritized
list, nor is it fully comprehensive; there are other datasets not listed here but available for
analysis that may be added in the future.

e The work of Monnahan and Stewart (2015) modelling commercial fishery catch rates
has been extended to include spatial effects, and will be reevaluated in the future for
comparison with the WPUE calculations currently used in the stock assessment models.
A revised hook spacing relationship (Monnahan and Stewart 2017) will be investigated
for inclusion into IPHC database processing algorithms.

e Reevaluation of the historical length-weight relationship to determine whether recent
changes in length-at-age are also accompanied by changes in weight-at-length and how
this may change estimates of removals over time is ongoing.

e A historical investigation on the factors influencing observed size-at-age, and ageing of
additional samples from key periods and areas to support this analysis is ongoing at the
IPHC.
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e There is the potential that trawl surveys, particularly the Bering Sea trawl survey, could
provide information on recruitment strengths for Pacific halibut several years prior to
currently available sources of data. Analyses of these data are ongoing in the context of
spatially explicit models.

e There is a vast quantity of archived historical data that is currently inaccessible until
organized, keypunched and formatted into the IPHC’s database with appropriate meta-
data. Information on historical fishery landings, effort, and age samples would provide a
much clearer (and more reproducible) perception of the historical period.

e Additional efforts could be made to reconstruct estimates of subsistence harvest prior to
1991.

e NMFS observer data from the directed Pacific halibut fleet in Alaska could be evaluated
for use in updating DMRs and the age-distributions for discard mortality.

e Historical bycatch length frequencies and mortality estimates need to be reanalyzed
accounting for sampling rates in target fisheries and evaluating data quality over the
historical period. This work is ongoing at the IPHC.

RECOMMENDATION/S
That the Commission:

NOTE paper IPHC-2018-AM094-09 which provides an overview of the data sources available
for the Pacific halibut (Hippoglossus stenolepis) stock assessment, harvest policy,
Management Strategy Evaluation (MSE) and other related analyses.
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Appendix A: Time series’ of setline survey trend and distribution information.

Appendix B: Detailed weight-at-age estimates by Regulatory Area.

Appendix C: Time series’ of removals information.

Appendix D: Time series of fishery catch-rates.
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APPENDIX A
Time series’ of setline survey trend and distribution information

TABLE Al. Time-series of O32 setline survey WPUE by regulatory Area (net Ib/skate). Years
prior to 1984 are based on surveys conducted with “J” hooks, years prior to 1993 on mean
catch-rate, and years 1993+ on the space-time model.

Year 2A 2B 2C 3A 3B 4A 4B 4CDE  Total
1977 NA 13.7 NA 58.4 NA NA NA NA NA
1978 NA 19.1 NA 26.9 NA NA NA NA NA
1979 NA NA NA 41.0 NA NA NA NA NA
1980 NA 255 NA 76.2 NA NA NA NA NA
1981 NA 16.5 NA 1314 NA NA NA NA NA
1982 NA 20.6 113.7 130.3 NA NA NA NA NA
1983 NA 18.0 1422 119.0 NA NA NA NA NA
1984 NA 57.4 259.6 361.2 NA NA NA NA NA
1985 NA 41.7 260.5 3775 NA NA NA NA NA
1986 NA 37.8 282.6 305.1 NA NA NA NA NA
1987 NA NA NA NA NA NA NA NA NA
1988 NA NA NA NA NA NA NA NA NA
1989 NA NA NA NA NA NA NA NA NA
1990 NA NA NA NA NA NA NA NA NA
1991 NA NA NA NA NA NA NA NA NA
1992 NA NA NA NA NA NA NA NA NA
1993 452 1346 293.3 409.7 4705 259.9 280.1 143 143.0
1994 43.1 168.6 341.8 371.0 4750 2751 2828 139 1434
1995 413 208.0 3951 390.0 506.7 276.8 283.8 143 1533
1996 41.7 167.4 3425 3795 559.6 307.8 2823 17.2 1541
1997 415 128.2 350.1 4209 5069 334.2 282.6 18.0 154.4
1998 40.6 100.7 2759 318.1 568.7 391.0 2542 20.2 1443
1999 39.1 80.9 2175 287.7 601.3 358.7 208.8 20.2 135.6
2000 38.2 97.4 233.8 3456 5157 3545 1865 21.7 137.5
2001 36.4 1112 257.8 3345 4201 276.3 1376 209 124.0
2002 275 109.2 281.6 380.2 341.2 2464 1054 182 1194
2003 244 779 2275 323.0 3420 209.7 85.8 16.8 104.4
2004 25.8 704 1585 366.5 2818 181.9 78.0 151 99.6
2005 27.2 73.0 1747 3359 218.7 160.0 742 123 89.1
2006 21.3 68.0 158.8 284.0 2204 134.2 819 136 81.4
2007 184 714 156.8 267.4 2139 1191 96.0 118 77.8
2008 18.7 75.0 149.1 228.2 1714 128.0 98.2 118 70.4
2009 144 845 131.7 1828 161.2 118.0 819 125 63.0
2010 18.8 87.8 1344 171.0 1295 99.8 718 121 58.1
2011 234 89.3 1659 169.6 1124 92.7 727 114 57.4
2012 221 1024 2117 1956 111.0 91.9 60.1 121 62.7
2013 214 100.7 217.0 148.0 95.1 74.6 64.7 120 55.1
2014 23.0 98.3 219.7 158.6 92.5 79.2 56.3 134 56.7
2015 285 1101 2239 147.2 100.8 78.7 58.3 14.6 58.0
2016 25.3 1095 2535 168.3 108.3 73.5 57.0 14.2 61.5
2017 19.6 84.0 255.5 160.2 73.3 72.6 53.5 135 55.1
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TABLE A2. Time-series of all-sizes setline survey WPUE by regulatory Area (net Ib/skate)

based on the space-time model.

Year 2A 2B 2C 3A 3B 4A 4B ACDE Total
1993 56.5 1484 308.2 4764 5352 1858 303.8 19.6 1585
1994 53.8 190.1 3555 4399 5426 210.7 3029 193 160.3
1995 51.2 237.3 407.6 4725 5775 2289 3026 17.6 1722
1996 50.3 194.1 382.8 456.7 638.8 2894 3026 179 173.9
1997 484 147.1 393.7 508.7 5869 379.9 3015 169 1771
1998 456 116.7 311.8 371.0 656.6 431.7 2727 18,6 162.3
1999 42.2 94.0 250.1 3309 6862 376.6 2178 18.0 149.8
2000 41.0 112.3 2709 4089 586.8 378.2 199.3 19.6 153.9
2001 38.7 127.3 299.0 3876 4778 316.2 1454 19.1 139.1
2002 30.0 127.1 328.7 453.6 406.6 284.2 109.1 179 138.3
2003 26.7 929 269.7 388.3 4425 2432 88.9 18.0 1253
2004 28.2 87.4 199.2 450.2 390.7 218.9 80.3 17.2 124.0
2005 30.6 93.9 217.8 4123 296.8 200.6 76.2 173 1125
2006 23.7 89.1 206.3 3594 3052 1722 87.2 203 106.2
2007 20.9 99.0 2104 3484 3115 163.3 107.0 188 105.8
2008 22.7 102.8 200.9 304.0 276.9 189.3 107.7 19.0 99.2
2009 16.0 114.3 185.1 259.1 261.2 184.2 88.9 193 915
2010 20.8 114.8 186.2 257.8 231.1 1575 76.8 19.7 87.7
2011 26.6 1104 2123 266.4 211.1 139.9 79.9 19.0 87.0
2012 258 127.6 262.8 297.3 201.7 139.3 66.7 18.9 92.4
2013 251 1274 2649 223.0 167.2 108.7 80.1 187 79.7
2014 26.8 127.7 2727 2615 1704 1145 68.8 19.2 85.0
2015 33.8 1424 2829 2585 1749 1153 711 19.6 87.2
2016 30.3 1424 308.1 267.0 1915 1023 719 191 89.3
2017 21.0 99.4 301.6 231.2 123.3 102.9 63.0 16.7 74.2

Page 57 of 83



IPHC-2018-AM094-09

TABLE A3. Time-series of O32 setline survey NPUE by regulatory Area (net Ib/skate). Years
prior to 1984 are based on surveys conducted with “J” hooks, years prior to 1993 on mean
catch-rate, and years 1993+ on the space-time model.

Year 2A 2B 2C 3A 3B 4A 4B 4A4CDE Total
1977 NA 0.60 NA 2.00 NA NA NA NA NA
1978 NA 0.80 NA 1.30 NA NA NA NA NA
1979 NA NA NA 1.90 NA NA NA NA NA
1980 NA 1.20 NA 2.50 NA NA NA NA NA
1981 NA 0.80 NA 3.80 NA NA NA NA NA
1982 NA 1.00 3.60 3.80 NA NA NA NA NA
1983 NA 1.30 4.40 3.40 NA NA NA NA NA
1984 NA 470 11.00 11.60 NA NA NA NA NA
1985 NA 3.80 9.50 11.90 NA NA NA NA NA
1986 NA 2.40 9.00 7.80 NA NA NA NA NA
1987 NA NA NA NA NA NA NA NA NA
1988 NA NA NA NA NA NA NA NA NA
1989 NA NA NA NA NA NA NA NA NA
1990 NA NA NA NA NA NA NA NA NA
1991 NA NA NA NA NA NA NA NA NA
1992 NA NA NA NA NA NA NA NA NA
1993 3.25 6.87 11.84 21.68 28.41 8.96 9.51 1.36 7.55
1994 3.09 9.00 13.89 2151 28.40 10.32 9.83 1.32 7.82
1995 292 11.76 16.34 24.04 2942 1126 1025 1.21 8.49
1996 2.79 9.30 15.10 2342 3220 13.68 1057 1.25 8.55
1997 261 7.37 16.18 2750 3158 16.72 10.85 1.14 9.00
1998 2.38 6.13 13.67 1920 33.69 17.65 11.08 1.22 8.05
1999 212 494 1083 17.05 35.60 15.00 9.46 1.09 7.44
2000 2.02 556 1220 22.09 3195 15.78 8.69 1.17 7.92
2001 1.87 6.73 14.00 20.84 26.86 14.03 6.75 1.16 7.34
2002 157 6.44 1494 2593 2462 13.83 491 1.05 7.64
2003 1.47 511 1312 2261 29.11 11.88 4.04 1.07 7.27
2004 1.56 5.15 1092 2844 2856 11.68 3.76  1.02 7.82
2005 1.76 578 11.86 2583 21.38 11.43 3.64 1.04 7.04
2006 1.42 580 11.96 23.34 2287 10.29 420 1.25 6.92
2007 1.29 6.71 13.26 24.63 24.87 1041 528 1.16 7.35
2008 1.48 6.77 1286 21.63 24.35 13.16 506 1.23 7.10
2009 0.99 7.60 1253 2042 2277 13.55 432 1.27 6.87
2010 1.23 745 1237 2151 2149 1143 413 1.33 6.82
2011 1.52 6.83 1280 23.16 20.31 10.26 411 133 6.85
2012 154 799 1588 25.17 19.30 10.49 3.66 1.36 7.23
2013 1.47 792 1537 1892 16.11 7.90 496 1.37 6.13
2014 1.49 8.15 15.88 23.47 16.60 8.22 437 1.40 6.77
2015 1.99 9.61 16.68 23.43 16.54 8.10 443 1.38 6.90
2016 1.80 9.42 18.16 22.88 18.69 6.90 480 1.29 6.94
2017 1.02 578 15.98 18.53 11.06 6.94 3.73 1.10 5.29
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TABLE A4. Time-series of stock distribution based on O32 setline survey WPUE by regulatory

Area (net Ib/skate).

Year 2A 2B 2C 3A 3B 4A 4B ACDE Total
1993 16% 7.0% 7.4% 351% 247% 9.1% 95% 5.5% 100.0%
1994 15% 88% 8.6% 31.7% 25.0% 9.6% 9.6% 5.3% 100.0%
1995 13% 10.1% 9.3% 31.2% 249% 9.1% 9.0% 5.1% 100.0%
1996 1.3% 8.1% 8.0% 30.2% 27.4% 10.0% 9.0% 6.1% 100.0%
1997 13% 6.2% 8.1% 33.4% 24.8% 10.9% 9.0% 6.3% 100.0%
1998 1.4% 52% 6.9% 27.0% 29.7% 13.6% 8.6% 7.6% 100.0%
1999 14% 44% 58% 26.0% 33.4% 13.3% 7.5% 8.1% 100.0%
2000 14% 53% 6.1% 30.8% 28.3% 13.0% 6.6% 8.6% 100.0%
2001 14% 6.7% 7.5% 33.0% 25.6% 11.2% 54% 9.2% 100.0%
2002 1.1% 6.8% 85% 39.0% 21.6% 104% 4.3% 8.3% 100.0%
2003 1.1% 55% 7.8% 37.9% 247% 10.1% 4.0% 8.8% 100.0%
2004 13% 53% 57% 45.0% 21.4% 92% 3.8% 8.3% 100.0%
2005 15% 6.1% 7.1% 46.1% 186% 9.0% 4.1% 7.5% 100.0%
2006 1.3% 6.2% 7.0% 42.7% 205% 83% 4.9% 9.1% 100.0%
2007 1.2% 6.8% 7.2% 42.0% 208% 7.7% 6.0% 8.2% 100.0%
2008 1.3% 7.9% 7.6% 39.6% 184% 9.1% 6.8% 9.2% 100.0%
2009 1.1% 10.0% 7.5% 355% 19.3% 9.4% 6.4% 10.8% 100.0%
2010 1.6% 11.2% 83% 36.0% 16.8% 8.6% 6.1% 11.3% 100.0%
2011 2.0% 11.6% 10.4% 36.1% 14.8% 8.1% 6.2% 10.8% 100.0%
2012 1.7% 121% 12.1% 38.1% 13.4% 7.4% 4.7% 10.5% 100.0%
2013 19% 13.6% 142% 32.9% 13.0% 6.8% 5.8% 11.9% 100.0%
2014 2.0% 12.9% 13.9% 34.2% 123% 7.0% 4.9% 12.8% 100.0%
2015 24% 141% 13.9% 31.1% 13.1% 6.8% 4.9% 13.7% 100.0%
2016 2.0% 13.2% 14.8% 33.5% 13.3% 6.0% 4.5% 12.6% 100.0%
2017 1.7% 11.3% 16.6% 35.6% 10.0% 6.6% 4.8% 13.3% 100.0%
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TABLE A5. Time-series of stock distribution based on all-sizes setline survey WPUE by
regulatory Area (net Ib/skate).

Year 2A 2B 2C 3A 3B 4A 4B ACDE Total
1993 1.7% 7.0% 7.0% 36.9% 254% 59% 9.3% 6.8% 100.0%
1994 16% 88% 8.0% 33.7% 255% 6.6% 9.2% 6.6% 100.0%
1995 15% 10.3% 85% 33.7% 253% 6.7% 8.6% 5.6% 100.0%
1996 1.4% 83% 7.9% 322% 27.7% 83% 85% 5.6% 100.0%
1997 13% 6.2% 8.0% 352% 25.0% 10.8% 8.3% 5.2% 100.0%
1998 14% 53% 6.9% 28.0% 30.5% 13.4% 8.2% 6.3% 100.0%
1999 14% 4.7% 6.0% 27.1% 345% 126% 7.1% 6.5% 100.0%
2000 1.3% 54% 6.3% 32.6% 28.7% 123% 6.3% 6.9% 100.0%
2001 14% 68% 7.7% 342% 259% 11.4% 51% 7.5% 100.0%
2002 1.1% 6.8% 85% 40.2% 222% 10.3% 3.9% 7.0% 100.0%
2003 1.0% 55% 7.7% 38.0% 26.6% 98% 3.5% 7.8% 100.0%
2004 1.1% 52% 58% 445% 238% 89% 3.2% 7.5% 100.0%
2005 13% 6.2% 7.0% 449% 199% 9.0% 3.3% 8.4% 100.0%
2006 1.1% 6.2% 7.0% 41.4% 21.7% 8.1% 4.0% 10.4% 100.0%
2007 1.0% 7.0% 7.1% 40.3% 222% 7.8% 5.0% 9.7% 100.0%
2008 1.1% 7.7% 7.3% 37.5% 21.1% 9.6% 5.3% 10.4% 100.0%
2009 09% 93% 7.3% 34.7% 21.5% 10.1% 4.8% 11.5% 100.0%
2010 1.2% 9.7% 7.6% 36.0% 19.9% 9.0% 4.3% 12.3% 100.0%
2011 15% 94% 88% 37.5% 183% 8.1% 4.5% 11.9% 100.0%
2012 14% 10.3% 10.2% 39.4% 165% 7.6% 3.5% 11.1% 100.0%
2013 1.5% 11.9% 11.9% 343% 158% 6.9% 4.9% 12.8% 100.0%
2014 15% 11.2% 115% 37.6% 15.1% 6.8% 4.0% 12.3% 100.0%
2015 19% 121% 11.7% 36.3% 151% 6.6% 4.0% 12.2% 100.0%
2016 1.7% 11.8% 12.4% 36.6% 16.2% 58% 3.9% 11.6% 100.0%
2017 1.4% 9.9% 14.6% 38.1% 12.6% 7.0% 4.2% 12.3% 100.0%
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TABLE AG6. Regional stock distribution estimates based on modelling of the fishery
independent setline survey.

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 20) (3A, 3B) 4CDE) 4B 2C) (3A, 3B) 4CDE) 4B

1993 16.0% 59.9% 14.6% 9.5% 15.8% 62.3% 12.7% 9.3%
1994 18.8% 56.7% 14.9% 9.6% 18.4% 59.2% 13.2% 9.2%
1995 20.7% 56.1% 14.2% 9.0% 20.2% 58.9% 12.3% 8.6%
1996 17.4% 57.6% 16.1% 9.0% 17.6% 59.9% 14.0% 8.5%
1997 15.6% 58.2% 17.2% 9.0% 15.5% 60.2% 16.0% 8.3%
1998 13.4% 56.7% 21.2% 8.6% 13.6% 58.5% 19.6% 8.2%
1999 11.6% 59.4% 21.4% 7.5% 12.0% 61.6% 19.2% 7.1%
2000 12.7% 59.1% 21.6% 6.6% 13.0% 61.3% 19.3% 6.3%
2001 15.6% 58.6% 20.4% 5.4% 15.9% 60.1% 18.9% 5.1%
2002 16.4% 60.6% 18.7% 4.3% 16.4% 62.4% 17.4% 3.9%
2003 14.5% 62.6% 18.9% 4.0% 14.3% 64.6% 17.6% 3.5%
2004 12.3% 66.4% 17.5% 3.8% 12.1% 68.3% 16.4% 3.2%
2005 14.6% 64.7% 16.6% 4.1% 14.5% 64.8% 17.4% 3.3%
2006 14.5% 63.2% 17.4% 4.9% 14.3% 63.1% 18.6% 4.0%
2007 15.2% 62.8% 15.9% 6.0% 15.1% 62.5% 17.4% 5.0%
2008 16.8% 58.0% 18.3% 6.8% 16.1% 58.6% 20.0% 5.3%
2009 18.6% 54.8% 20.2% 6.4% 17.4% 56.2% 21.6% 4.8%
2010 21.1% 52.9% 20.0% 6.1% 18.5% 55.9% 21.3% 4.3%
2011 23.9% 50.9% 18.9% 6.2% 19.7% 55.8% 20.0% 4.5%
2012 26.0% 51.5% 17.8% 4.7% 21.9% 55.9% 18.7% 3.5%
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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APPENDIX B

Detailed weight-at-age estimates by Regulatory Area
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FIGURE B1. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 2A captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have

been aggregated for clarity.
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FIGURE B2. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 2B captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B3. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 2C captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B4. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 3A captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B5. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 3B captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B6. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 4A captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B7. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 4B captured by the setline survey. The size (area) of the points is
proportional to the number of fish contributing to each observation; ages 18 and greater have
been aggregated for clarity.
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FIGURE B8. Trends in weight-at-age for female (upper panel), and male (lower panel) Pacific
halibut from Regulatory Area 4CDE captured by the setline survey. The size (area) of the
points is proportional to the number of fish contributing to each observation; ages 18 and
greater have been aggregated for clarity.
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FIGURE B9. Weighted coastwide trends in weight-at-age for female (upper panel), and male
(lower panel) Pacific halibut from all Regulatory Areas captured by the setline survey. The size
(area) of the points is proportional to the number of fish contributing to each observation; ages
18 and greater have been aggregated for clarity.
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Time series’ of removals information
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TABLE C1. Time-series of fishery landings by regulatory Area (million Ib, net wt.).

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

1888 0.07 0.89 0.50 0.00 0.00 0.00 NA NA NA 1.47
1889 0.07 0.79 0.44 0.00 0.00 0.00 NA NA NA 1.29
1890 0.07 0.84 0.47 0.00 0.00 0.00 NA NA NA 1.37
1891 0.11 1.30 0.73 0.00 0.00 0.00 NA NA NA 2.13
1892 0.14 1.69 0.94 0.00 0.00 0.00 NA NA NA 2.77
1893 0.16 1.96 1.09 0.00 0.00 0.00 NA NA NA 3.22
1894 0.19 2.29 1.28 0.00 0.00 0.00 NA NA NA 3.76
1895 0.21 2.59 1.45 0.00 0.00 0.00 NA NA NA 4.25
1896 0.27 3.31 1.84 0.00 0.00 0.00 NA NA NA 5.42
1897 0.33 4.02 2.24 0.00 0.00 0.00 NA NA NA 6.59
1898 0.39 4.73 2.64 0.00 0.00 0.00 NA NA NA 7.77
1899 0.45 5.45 3.04 0.00 0.00 0.00 NA NA NA 8.94
1900 0.68 8.17 4.56 0.00 0.00 0.00 NA NA NA 1341
1901 0.90 10.90 6.08 0.00 0.00 0.00 NA NA NA 17.87
1902 1.13 13.62 7.60 0.00 0.00 0.00 NA NA NA 2234
1903 1.27 15.37 8.57 0.00 0.00 0.00 NA NA NA 2521
1904 141 17.12 9.55 0.00 0.00 0.00 NA NA NA  28.08
1905 1.11 1341 7.48 0.00 0.00 0.00 NA NA NA  22.00
1906 1.81 2195 12.24 0.00 0.00 0.00 NA NA NA  36.00
1907 2.52 30.48 17.00 0.00 0.00 0.00 NA NA NA  50.00
1908 2.55 30.86 17.21 0.00 0.00 0.00 NA NA NA 50.62
1909 2.58 31.23 17.42 0.00 0.00 0.00 NA NA NA 51.23
1910 261 31.61 17.63 0.00 0.00 0.00 NA NA NA 51.85
1911 287 3471 19.36 0.00 0.00 0.00 NA NA NA  56.93
1912 3.00 36.29 20.24 0.86 0.04 0.00 NA NA NA 60.43
1913 279 33.80 1885 10.58 052 0.00 NA NA NA 66.54
1914 224 27.11 1512 21.87 1.08 0.00 NA NA NA 67.43
1915 222 26.84 1497 2331 115 000 NA NA NA 68.48
1916 1.53 18.46 10.30 18.56 092 0.00 NA NA NA  49.76
1917 155 18.78 10.47 16.96 084 0.00 NA NA NA  48.60
1918 1.32 16.02 8.93 10.88 054 0.00 NA NA NA 37.69
1919 1.34 16.22 9.05 1290 064 0.00 NA NA NA 40.14
1920 1.62 19.73 11.01 13.59 0.67 0.00 NA NA NA  46.62
1921 339 2337 10.22 14.75 073 0.00 NA NA NA 52.46
1922 261 19.02 9.22 11.68 0.02 0.00 NA NA NA 42.49
1923 262 16.71 9.72 21.60 0.67 0.00 NA NA NA 51.32
1924 182 15.14 9.86 24.82 150 0.00 NA NA NA 53.14
1925 220 13.65 7.99 22.16 466 0.00 NA NA NA 50.66
1926 232 16.12 7.17 21.01 585 0.00 NA NA NA  52.47
1927 2.62 14.09 742 22.62 820 0.00 NA NA NA 5495
1928 2.27 16.63 7.58 2254 525 0.00 NA NA NA 54.26
1929 218 13.77 9.85 22.27 886 0.00 NA NA NA 56.92
1930 1.58 12.12 8.53 18.19 9.09 000 NA NA NA 4951
1931 1.63 13.583 7.39 1461 7.06 000 NA NA NA  44.22
1932 190 13.25 7.74 16.71 489 0.00 NA NA NA 44.49
1933 1.75 13.37 8.15 19.67 397 0.00 NA NA NA 46.91
1934 245 14.12 7.68 15.88 458 0.00 NA NA NA 4472
1935 1.77 14.21 7.58 19.96 3.82 0.00 NA NA NA 47.34
1936 0.90 13.67 8.75 20.09 552 0.00 NA NA NA  48.92
1937 0.92 15.29 7.87 20.47 500 0.00 NA NA NA 49.54
1938 0.95 16.00 7.15 20.66 479 0.00 NA NA NA  49.55
1939 136 17.67 6.56 21.16 415 0.00 NA NA NA 50.90
1940 0.98 17.81 7.62 22.50 448 0.00 NA NA NA  53.38
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TABLE C1. Continued.

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

1941 0.51 16.583 7.25 2184 6.10 0.00 NA NA NA 52.23
1942 0.72 14.37 8.35 21.50 546 0.00 NA NA NA 50.39
1943 1.24 15.97 8.15 20.51 783 0.00 NA NA NA 53.70
1944 090 15.07 10.38 20.36 6.73 0.00 NA NA NA 53.44
1945 0.73 14.58 8.49 20.07 952 001 NA NA NA 53.40
1946 0.90 18.37 9.90 2240 850 020 NA NA NA 60.27
1947 0.57 17.67 9.50 20.44 733 019 NA NA NA 55.70
1948 041 17.67 9.75 19.93 750 030 NA NA NA 55.56
1949 0.62 16.34 9.45 21.12 738 012 NA NA NA 55.03
1950 0.70 17.46 8.84 23.86 6.30 0.08 NA NA NA 57.23
1951 0.59 20.04 9.97 20.86 454 0.05 NA NA NA  56.05
1952 0.62 20.63 9.56 27.27 362 056 NA NA NA 62.26
1953 0.50 23.80 8.41 2284 381 048 NA NA NA 59.84
1954 0.85 2490 11.04 29.46 421 013 NA NA NA  70.58
1955 0.61 18.65 8.54 23.06 6.57 0.09 NA NA NA 57.52
1956 0.53 20.06 1451 2211 9.12 026 NA NA NA  66.59
1957 0.60 17.69 1225 22.85 743 004 NA NA NA 60.85
1958 0.52 18.49 11.20 24.52 760 218 NA NA NA 64.51
1959 0.67 16.83 13.08 2536 11.00 431 NA NA NA 71.20
1960 0.89 18.16 1272 21.05 1290 590 NA NA NA 7161
1961 0.50 16.08 1229 23.07 1328 4.07 NA NA NA  69.27
1962 045 15.03 1324 24.04 1348 862 NA NA NA 74.86
1963 041 1552 10.24 2231 1398 877 NA NA NA 71.24
1964 0.28 11.86 743 2256 1504 262 NA NA NA 59.78
1965 0.21 1197 12.07 2298 14.07 188 NA NA NA 63.18
1966 0.18 11.04 12.04 2577 11.05 194 NA NA NA  62.02
1967 0.20 10.11 941 19.66 1326 258 NA NA NA 55.22
1968 0.14 10.15 6.11 14.77 1583 160 NA NA NA  48.59
1969 0.23 12.82 9.33 20.08 1392 190 NA NA NA 58.27
1970 0.16 10.26 9.37 1991 1337 178 NA NA NA 54.84
1971 0.32 9.85 6.61 17.76 11.04 1.08 NA NA NA  46.65
1972 0.37 10.13 5.78 16.30 928 102 NA NA NA  42.88
1973 0.28 6.73 598 13.50 479 052 NA NA NA 31.74
1974 0.52 4.62 5.60 8.19 167 071 NA NA NA 2131
1975 0.46 7.13 6.24 10.60 256 0.63 NA NA NA 27.62
1976 0.24 7.28 553 11.04 273 072 NA NA NA 27.54
1977 0.21 5.43 3.19 8.64 319 122 NA NA NA 21.88
1978 0.10 4.61 4.32 10.30 132 135 NA NA NA 22.00
1979 0.05 4.86 453 11.34 039 137 NA NA NA 22.54
1980 0.02 5.65 3.24 11.97 028 071 NA NA NA 21.87

1981 0.20 5.66 401 14.23 0.45 NA 0.49 0.39 031 25.74
1982 0.21 5.54 3.50 13.52 4.80 NA 1.17 0.01 0.25 29.01
1983 0.27 5.44 6.38 14.13 7.76 NA 250 1.34 0.58 38.39
1984 0.43 9.05 5.87 19.77 6.69 NA 1.05 1.10 1.01 4497
1985 0.49 10.39 9.21 20.84 10.89 NA 172 1.24 1.33 56.10
1986 0.58 11.23 10.61 32.80 8.82 NA 3.38 0.26 195 69.63
1987 0.59 1225 10.69 3131 7.76 NA 3.69 1.50 1.69 69.47
1988 0.49 1286 11.36 37.91 7.08 NA 1.93 1.59 117 74.39
1989 0.47 1043 9.53 33.74 7.84 NA 1.03 2.65 126 66.95
1990 0.33 8.57 9.73 28.85 8.69 NA 250 1.33 159 61.60
1991 0.36 7.19 8.69 2293 1193 NA 226 151 2.22 57.08
1992 0.44 7.63 9.82 26.78 8.62 NA 270 2.32 159 59.89
1993 0.50 10.63 11.29 22.74 7.86 NA 2.56 1.96 1.73 59.27
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TABLE C1. Continued.

Year 2A 2B 2C 3A 3B 4 4A 4B ACDE Total
1994 0.37 9.91 10.38 24.84 3.86 NA 1.80 2.02 155 54.73
1995 0.30 9.62 7.77 1834 3.13 NA 1.62 1.68 1.44 43.88
1996 0.30 9.55 8.87 19.69 3.66 NA 1.70 2.07 151 47.34
1997 041 1242 9.92 24.64 9.06 NA 291 3.32 252 65.20
1998 046 13.17 10.20 25.70 11.16 NA 3.42 2.90 2.75 69.76
1999 045 1271 10.14 2532 13.84 NA 437 3.57 3.92 7431
2000 0.48 10.81 8.45 19.27 15.41 NA 516 4.69 4.02 68.29
2001 0.68 10.29 8.40 21.54 16.34 NA 5.02 4.47 3.97 70.70
2002 0.85 12.07 8.60 23.13 17.31 NA 5.09 4.08 3.52 74.66
2003 0.82 11.79 8.41 2275 17.22 NA 5.02 3.86 3.26 73.14
2004 0.88 12.16 10.23 25.17 15.46 NA 356 2.72 292 7311
2005 0.80 12.33 10.63 26.03 13.17 NA 3.40 1.98 3.48 71.82
2006 0.83 12.01 1049 25.71 10.79 NA 3.33 1.59 3.23 67.98
2007 0.79 9.77 8.47 26.49 9.25 NA 2.83 1.42 3.85 62.87
2008 0.68 7.76 6.21 24.52 10.75 NA 3.02 1.76 3.88 58.57
2009 0.49 6.64 496 21.76 10.78 NA 253 1.59 3.31 52.05
2010 0.42 6.73 449 2050 10.11 NA 2.33 1.83 3.32 49.72
2011 0.54 6.69 245 14.67 7.32 NA 235 2.05 3.43 39.51
2012 0.57 5.98 2.69 12.08 5.05 NA 158 1.74 2.34 31.99
2013 0.54 6.04 3.03 11.08 4.09 NA 1.23 1.25 1.77 29.04
2014 0.53 5.88 3.42 7.66 2.92 NA 091 112 126 23.70
2015 0.57 5.99 3.77 7.97 2.70 NA 137 111 119 24.67
2016 0.65 6.14 4.00 7.57 2.72 NA 138 1.11 148 25.05
2017 0.75 6.26 4.23 7.79 3.09 NA 1.30 1.09 1.64 26.16
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TABLE C2. Time-series of removals from all sources by regulatory Area (million Ib, net wt.).

Year 2A 2B 2C 3A 3B 4  Total
1888 0.07 0.89 0.50 0.00 0.00 0.00 1.47
1889 0.07 0.79 0.44 0.00 0.00 0.00 1.29
1890 0.07 0.84 0.47 0.00 0.00 0.00 1.37
1891 0.11 1.30 0.73 0.00 0.00 0.00 2.13
1892 0.14 1.69 0.94 0.00 0.00 0.00 2.77
1893 0.16 1.96 1.09 0.00 0.00 0.00 3.22
1894 0.19 2.29 1.28 0.00 0.00 0.00 3.76
1895 0.21 2.59 1.45 0.00 0.00 0.00 4.25
1896 0.27 3.31 1.84 0.00 0.00 0.00 5.42
1897 0.33 4.02 2.24 0.00 0.00 0.00 6.59
1898 0.39 4.73 2.64 0.00 0.00 0.00 17.77
1899 0.45 5.45 3.04 0.00 0.00 0.00 8.94
1900 0.68 8.17 4.56 0.00 000 0.00 1341
1901 0.90 10.90 6.08 0.00 000 0.00 17.87
1902 1.13 13.62 7.60 0.00 000 0.00 2234
1903 1.27 15.37 8.57 0.00 000 0.00 2521
1904 141 17.12 9.55 0.00 000 0.00 28.08
1905 111 1341 7.48 0.00 0.00 0.00 22.00
1906 1.81 2195 1224 0.00 0.00 0.00 36.00
1907 252 30.48 17.00 0.00 0.00 0.00 50.00
1908 255 30.86 17.21 0.00 0.00 0.00 50.62
1909 258 31.23 17.42 0.00 000 0.00 51.23
1910 2.61 31.61 17.63 0.00 0.00 0.00 51.85
1911 2.87 34.71 19.36 0.00 0.00 0.00 56.93
1912 3.00 36.29 20.24 086 004 0.00 60.43
1913 2.79 3380 1885 1058 052 0.00 66.54
1914 224 2711 1512 21.87 1.08 0.00 67.43
1915 222 26.84 1497 2331 115 0.00 68.48
1916 153 1846 1030 1856 092 0.00 49.76
1917 155 18.78 1047 1696 084 0.00 48.60
1918 1.32 16.02 893 1088 054 0.00 37.69
1919 1.34 16.22 9.05 1290 0.64 0.00 40.14
1920 1.62 19.73 11.01 1359 0.67 0.00 46.62
1921 3.39 2337 1022 1475 0.73 0.00 52.46
1922 2.61 19.02 9.22 1163 0.02 0.00 4250
1923 2.62 16.71 9.72 2160 0.67 0.00 51.32
1924 182 15.14 9.86 24.82 150 0.00 53.14
1925 220 13.65 799 2216 466 0.00 50.66
1926 2.32 16.12 7.17 21.01 585 0.00 5247
1927 2.62 14.09 742 22.62 8.20 0.00 54.95
1928 2.27 16.63 758 2254 525 0.00 54.26
1929 218 13.77 9.85 22.27 8.86 0.00 56.93
1930 158 12.12 8.53 18.19 9.09 0.00 4951
1931 1.63 13.53 7.39 1461 7.06 0.00 44.22
1932 190 13.25 7.74 16.71 4.89 0.00 44.49
1933 1.75 13.37 8.15 19.67 3.97 0.00 46.91
1934 245 1412 7.68 1588 458 0.00 44.72
1935 1.77 14.21 758 1996 3.82 0.00 47.34
1936 0.90 13.67 8.75 20.09 552 0.00 48.92
1937 0.92 15.29 7.87 20.47 500 0.00 49.54
1938 0.95 16.00 715 2066 479 0.00 49.55
1939 1.36 17.67 6.56 21.16 4.15 0.00 50.90
1940 0.98 17.81 7.62 2250 448 0.00 53.38
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TABLE C2. Continued.

Year 2A 2B 2C 3A 3B 4  Total
1941 051 16.53 7.25 21.84 6.10 0.00 52.23
1942 0.72 14.37 8.35 21.50 546 0.00 50.39
1943 1.24 15.97 8.15 20.51 7.83 0.00 53.70
1944 0.90 15.07 10.38 20.36 6.73 0.00 53.44
1945 0.73 14.58 8.49 20.07 9.52 0.01 53.40
1946 0.90 18.37 9.90 22.40 850 0.20 60.27
1947 0.57 17.67 9.50 20.44 733 019 55.70
1948 0.41 17.67 9.75 19.93 750 030 5556
1949 0.62 16.34 9.45 21.12 7.38 0.12 55.03
1950 0.70 17.46 8.84 23.86 6.30 0.08 57.23
1951 0.59 20.04 9.97 20.86 454 0.05 56.05
1952 0.62 20.63 9.56 27.27 3.62 056 62.26
1953 0.50 23.80 8.41 2284 3.81 0.48 59.84
1954 0.85 2490 11.04 29.46 421 0.13 70.58
1955 0.61 18.65 8.54 23.06 6.57 0.09 57.52
1956 0.53 20.06 1451 2211 9.12 0.26 66.59
1957 0.60 17.69 12.25 22.85 743 0.04 60.85
1958 0.52 1849 11.20 24.52 7.60 218 64.51
1959 0.67 16.83 13.03 25.36 11.00 4.31 71.20
1960 0.89 18.16 12.72 21.05 1290 590 71.61
1961 0.50 16.08 12.29 23.07 13.28 4.07 69.27
1962 0.45 16.21 1345 2596 14.65 12.76 83.47
1963 0.41 16.60 1045 25.62 16.77 10.81 80.66
1964 0.28 12.96 764 3193 1730 559 7570
1965 0.21 1340 1227 29.08 2451 506 8454
1966 0.18 12.70 12.25 30.28 19.03 534 79.79
1967 0.20 11.76 9.85 2429 1816 7.30 7156
1968 0.14 1211 6.63 20.25 1741 7.28 6381
1969 0.23 15.00 9.79 2389 1509 950 73.50
1970 0.16 11.73 9.93 2330 16.21 980 71.13
1971 0.32 11.59 7.15 20.74 1240 14.18 ©66.37
1972 0.37 11.88 6.54 21.71 1098 10.69 62.16
1973 0.23 8.24 6.82 17.95 749 855 49.27
1974 1.00 6.43 6.17 13.50 5.10 8.33 4054
1975 0.94 9.18 6.93 13.85 465 4.28 39.84
1976 0.72 9.51 6.28 14.64 520 529 4163
1977 0.70 7.39 3.87 13.02 512 414 3424
1978 0.59 6.20 4.82 13.75 3.17 6.38 34.90
1979 0.54 6.84 5.56 17.62 133 6.79 38.68
1980 0.52 7.16 412 18.44 153 995 41.72
1981 0.70 7.01 4.87 19.85 202 7.62 42.06
1982 0.74 6.60 433 18.16 7.04 6.21 43.08
1983 0.81 6.63 7.30 18.15 9.80 872 5141
1984 1.03 10.55 6.86 23.10 830 7.89 57.73
1985 1.17 1233 1053 2426 1186 870 68.86
1986 1.41 13.27 12.25 37.92 9.82 11.56 86.23
1987 153 1485 1231 37.64 9.14 13.00 88.47
1988 1.22 1528 13.13 46.69 7.40 13.70 97.42
1989 130 12,69 11.75 4211 9.03 1243 89.29
1990 0.97 11.07 1242 38.29 11.15 1436 88.27
1991 0.94 9.76 12.31 3455 14.48 16.69 88.74
1992 1.16 9.98 12.83 37.11 1112 17.78 89.98
1993 124 13.24 14.36 33.48 9.24 14.39 85.95
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TABLE C2. Continued.

Year 2A 2B 2C 3A 3B 4  Total
1994 1.02 12.03 13.46 35.04 546 15.18 82.19
1995 117 1256 10.02 26.33 5.00 13.67 68.75
1996 1.16 11.24 1152 27.81 576 14.09 7159
1997 141 1412 12,67 33.74 10.82 1697 89.72
1998 195 1490 13.18 33.81 12.88 17.23 93.96
1999 180 14.38 1245 33.05 1593 20.01 97.62
2000 1.69 1255 1119 28.02 17.34 21.74 9253
2001 2.00 12.03 10.78 29.75 1853 21.04 94.14
2002 193 14.08 1110 30.25 19.79 20.35 97.49
2003 155 1390 1156 32.32 19.64 19.29 98.26
2004 172 1464 1429 3561 17.49 16.23 99.96
2005 191 1515 1442 36.08 1493 16.93 9941
2006 2.01 1496 14.09 3490 12.68 16.00 94.64
2007 1.76 1258 1249 36.71 10.84 1535 89.73
2008 1.68 10.29 10.29 34.00 1280 15.15 84.21
2009 1.58 8.71 8.15 30.50 12.88 13.82 75.63
2010 1.22 8.77 7.20 2885 1216 13.52 71.72
2011 1.09 8.83 400 22.76 9.26 12.74  58.68
2012 1.22 7.85 481 18.23 6.75 11.93 50.79
2013 1.17 7.75 577 17.53 541 1045 48.07
2014 1.16 7.75 6.06 13.87 424 923 4231
2015 1.17 8.01 6.53 14.58 359 823 4210
2016 1.32 8.13 6.73 13.57 3.84 819 41.79
2017 1.43 8.32 7.17 13.71 4.24 758 42.44
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TABLE C3. Time-series of removals from by sources (million Ib, net wt.).

Commercial Commercial

Year landings discards Recreational Subsistence Bycatch Total
1888 1.47 0.00 0.00 0.00 0.00 147
1889 1.29 0.00 0.00 0.00 0.00 1.29
1890 1.37 0.00 0.00 0.00 0.00 1.37
1891 2.13 0.00 0.00 0.00 0.00 213
1892 2.77 0.00 0.00 0.00 0.00 2.77
1893 3.22 0.00 0.00 0.00 0.00 3.22
1894 3.76 0.00 0.00 0.00 0.00 3.76
1895 4.25 0.00 0.00 0.00 0.00 4.25
1896 5.42 0.00 0.00 0.00 0.00 5.42
1897 6.59 0.00 0.00 0.00 0.00 6.59
1898 7.77 0.00 0.00 0.00 0.00 7.77
1899 8.94 0.00 0.00 0.00 0.00 8.94
1900 13.41 0.00 0.00 0.00 0.00 1341
1901 17.87 0.00 0.00 0.00 0.00 17.87
1902 22.34 0.00 0.00 0.00 0.00 22.34
1903 25.21 0.00 0.00 0.00 0.00 25.21
1904 28.08 0.00 0.00 0.00 0.00 28.08
1905 22.00 0.00 0.00 0.00 0.00 22.00
1906 36.00 0.00 0.00 0.00 0.00 36.00
1907 50.00 0.00 0.00 0.00 0.00 50.00
1908 50.62 0.00 0.00 0.00 0.00 50.62
1909 51.23 0.00 0.00 0.00 0.00 51.23
1910 51.85 0.00 0.00 0.00 0.00 51.85
1911 56.93 0.00 0.00 0.00 0.00 56.93
1912 60.43 0.00 0.00 0.00 0.00 60.43
1913 66.54 0.00 0.00 0.00 0.00 66.54
1914 67.43 0.00 0.00 0.00 0.00 67.43
1915 68.48 0.00 0.00 0.00 0.00 68.48
1916 49.76 0.00 0.00 0.00 0.00 49.76
1917 48.60 0.00 0.00 0.00 0.00 48.60
1918 37.69 0.00 0.00 0.00 0.00 37.69
1919 40.14 0.00 0.00 0.00 0.00 40.14
1920 46.62 0.00 0.00 0.00 0.00 46.62
1921 52.46 0.00 0.00 0.00 0.00 52.46
1922 42.49 0.00 0.00 0.00 0.00 42.49
1923 51.32 0.00 0.00 0.00 0.00 51.32
1924 53.14 0.00 0.00 0.00 0.00 53.14
1925 50.66 0.00 0.00 0.00 0.00 50.66
1926 52.47 0.00 0.00 0.00 0.00 52.47
1927 54.95 0.00 0.00 0.00 0.00 54.95
1928 54.26 0.00 0.00 0.00 0.00 54.26
1929 56.92 0.00 0.00 0.00 0.00 56.92
1930 49.51 0.00 0.00 0.00 0.00 4951
1931 44.22 0.00 0.00 0.00 0.00 44.22
1932 44.49 0.00 0.00 0.00 0.00 44.49
1933 46.91 0.00 0.00 0.00 0.00 46.91
1934 44,72 0.00 0.00 0.00 0.00 44.72
1935 47.34 0.00 0.00 0.00 0.00 47.34
1936 48.92 0.00 0.00 0.00 0.00 48.92
1937 49.54 0.00 0.00 0.00 0.00 49.54
1938 49.55 0.00 0.00 0.00 0.00 49.55
1939 50.90 0.00 0.00 0.00 0.00 50.90
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TABLE C3. Continued.

Commercial Commercial

Year landings discards Recreational Subsistence Bycatch Total
1940 53.38 0.00 0.00 0.00 0.00 53.38
1941 52.23 0.00 0.00 0.00 0.00 52.23
1942 50.39 0.00 0.00 0.00 0.00 50.39
1943 53.70 0.00 0.00 0.00 0.00 53.70
1944 53.44 0.00 0.00 0.00 0.00 53.44
1945 53.40 0.00 0.00 0.00 0.00 53.40
1946 60.27 0.00 0.00 0.00 0.00 60.27
1947 55.70 0.00 0.00 0.00 0.00 55.70
1948 55.56 0.00 0.00 0.00 0.00 55.56
1949 55.03 0.00 0.00 0.00 0.00 55.03
1950 57.23 0.00 0.00 0.00 0.00 57.23
1951 56.05 0.00 0.00 0.00 0.00 56.05
1952 62.26 0.00 0.00 0.00 0.00 62.26
1953 59.84 0.00 0.00 0.00 0.00 59.84
1954 70.58 0.00 0.00 0.00 0.00 70.58
1955 57.52 0.00 0.00 0.00 0.00 57.52
1956 66.59 0.00 0.00 0.00 0.00 66.59
1957 60.85 0.00 0.00 0.00 0.00 60.85
1958 64.51 0.00 0.00 0.00 0.00 64.51
1959 71.20 0.00 0.00 0.00 0.00 71.20
1960 71.61 0.00 0.00 0.00 0.00 71.61
1961 69.27 0.00 0.00 0.00 0.00 69.27
1962 74.86 0.00 0.00 0.00 8.61 83.47
1963 71.24 0.00 0.00 0.00 9.42 80.66
1964 59.78 0.00 0.00 0.00 1591 75.70
1965 63.18 0.00 0.00 0.00 21.36 84.54
1966 62.02 0.00 0.00 0.00 17.77 79.79
1967 55.22 0.00 0.00 0.00 16.34 71.56
1968 48.59 0.00 0.00 0.00 15.22 63.81
1969 58.27 0.00 0.00 0.00 15.23 73.50
1970 54.84 0.00 0.00 0.00 16.29 71.13
1971 46.65 0.00 0.00 0.00 19.72 66.37
1972 42.88 0.00 0.00 0.00 19.28 62.16
1973 31.74 0.00 0.00 0.00 17.53 49.27
1974 2131 0.20 0.00 0.00 19.03 40.54
1975 27.62 0.31 0.00 0.00 1191 39.84
1976 27.54 0.34 0.00 0.00 13.75 41.63
1977 21.88 0.29 0.29 0.00 11.78 34.24
1978 22.00 0.28 0.38 0.00 12.24 34.90
1979 22.54 0.30 0.56 0.00 15.28 38.68
1980 21.87 0.30 0.85 0.00 18.70 41.72
1981 25.74 0.35 1.11 0.00 14.86 42.06
1982 29.01 0.40 1.30 0.00 12.37 43.08
1983 38.39 0.53 1.62 0.00 10.88 5141
1984 44.97 0.72 1.84 0.00 10.19 57.73
1985 56.10 2.70 2.36 0.00 7.70 68.86
1986 69.63 4.65 3.18 0.00 8.76 86.22
1987 69.47 4.20 3.51 0.00 11.28 88.46
1988 74.39 3.49 4.88 0.00 14.66 97.42
1989 66.95 3.46 5.23 0.00 13.65 89.29
1990 61.60 3.40 5.59 0.00 17.68 88.27
1991 57.08 3.47 6.51 2.01 19.67 88.74
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TABLE C3. Continued.

Commercial Commercial

Year landings discards Recreational Subsistence Bycatch Total
1992 59.89 2.50 6.18 111 20.29 89.98
1993 59.27 2.06 7.73 0.93 15.96 85.95
1994 54.73 251 7.07 0.93 16.95 82.19
1995 43.88 0.93 7.46 0.54 15.93 68.75
1996 47.34 1.15 8.08 0.54 14.46 71.59
1997 65.20 1.45 9.03 0.54 13.51 89.72
1998 69.76 1.72 8.59 0.74 13.16 93.96
1999 74.31 1.64 7.38 0.75 13.54 97.62
2000 68.29 1.45 9.01 0.76 13.02 92.53
2001 70.70 1.69 8.10 0.77 12.88 94.14
2002 74.66 1.72 8.01 0.77 12.33 97.49
2003 73.14 2.09 9.35 1.38 12.31 98.26
2004 73.11 231 10.71 1.55 12.29 99.97
2005 71.82 2.22 10.86 1.54 12.97 99.42
2006 67.98 2.49 10.20 1.48 12.49 94.64
2007 62.87 2.60 11.47 1.49 11.31 89.73
2008 58.57 2.76 10.68 1.34 10.86 84.21
2009 52.05 2.95 8.79 131 10.54 75.63
2010 49.72 3.21 7.85 1.24 9.70 71.72
2011 39.51 2.47 7.10 1.15 8.45 158.68
2012 31.99 1.67 6.78 1.15 9.20 50.79
2013 29.04 1.43 7.63 1.13 8.83 48.07
2014 23.70 1.30 7.18 1.20 8.93 4231
2015 24.67 1.29 7.46 1.20 747 42.10
2016 25.05 1.18 7.38 1.17 7.02 41.79
2017 26.16 0.989 8.13 1.17 6.00 42.44
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Appendix D

Time series’ of fishery catch-rates

TABLE D1. Time-series of commercial fishery WPUE by Regulatory Area (net Ib/skate). Years
prior to 1984 are based on fishing conducted with “J” hooks.

Year 2A 2B 2C 3A 3B 4A 4B 4C 4D 4E  Total
1907 NA NA NA NA NA NA NA NA NA NA 280
1910 NA NA NA NA NA NA NA NA NA NA 271
1911 NA NA NA NA NA NA NA NA NA NA 237
1912 NA NA NA NA NA NA NA NA NA NA 176
1913 NA NA NA NA NA NA NA NA NA NA 129
1914 NA NA NA NA NA NA NA NA NA NA 124
1915 NA NA NA NA NA NA NA NA NA NA 118
1916 NA NA NA NA NA NA NA NA NA NA 137
1917 NA NA NA NA NA NA NA NA NA NA 98
1918 NA NA NA NA NA NA NA NA NA NA 96
1919 NA NA NA NA NA NA NA NA NA NA 93
1920 NA NA NA NA NA NA NA NA NA NA 96
1921 NA NA NA NA NA NA NA NA NA NA 88
1922 NA NA NA NA NA NA NA NA NA NA 73
1923 NA NA NA NA NA NA NA NA NA NA 78
1924 NA NA NA NA NA NA NA NA NA NA 74
1925 NA NA NA NA NA NA NA NA NA NA 68
1926 NA NA NA NA NA NA NA NA NA NA 67
1927 NA NA NA NA NA NA NA NA NA NA 65
1928 NA NA NA NA NA NA NA NA NA NA 58
1929 NA NA NA NA NA NA NA NA NA NA 51
1930 NA NA NA NA NA NA NA NA NA NA 46
1931 NA NA NA NA NA NA NA NA NA NA 50
1932 NA NA NA NA NA NA NA NA NA NA 60
1933 NA NA NA NA NA NA NA NA NA NA 63
1934 NA NA NA NA NA NA NA NA NA NA 62
1935 NA NA NA NA NA NA NA NA NA NA 76
1936 NA NA NA NA NA NA NA NA NA NA 71
1937 NA NA NA NA NA NA NA NA NA NA 80
1938 NA NA NA NA NA NA NA NA NA NA 88
1939 NA NA NA NA NA NA NA NA NA NA 80
1940 NA NA NA NA NA NA NA NA NA NA 81
1941 NA NA NA NA NA NA NA NA NA NA 85
1942 NA NA NA NA NA NA NA NA NA NA 90
1943 NA NA NA NA NA NA NA NA NA NA 95
1944 NA NA NA NA NA NA NA NA NA NA 110
1945 NA NA NA NA NA NA NA NA NA NA 102
1946 NA NA NA NA NA NA NA NA NA NA 101
1947 NA NA NA NA NA NA NA NA NA NA 99
1948 NA NA NA NA NA NA NA NA NA NA 99
1949 NA NA NA NA NA NA NA NA NA NA 95
1950 NA NA NA NA NA NA NA NA NA NA 95
1950 NA NA NA NA NA NA NA NA NA NA 95
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TABLE D1. Continued.

Year 2A 2B 2C 3A 3B 4A 4B 4C 4D 4E  Total
1951 NA NA NA NA NA NA NA NA NA NA 96
1952 NA NA NA NA NA NA NA NA NA NA 110
1953 NA NA NA NA NA NA NA NA NA NA 131
1954 NA NA NA NA NA NA NA NA NA NA 133
1955 NA NA NA NA NA NA NA NA NA NA 119
1956 NA NA NA NA NA NA NA NA NA NA 129
1957 NA NA NA NA NA NA NA NA NA NA 110
1958 NA NA NA NA NA NA NA NA NA NA 121
1959 NA NA NA NA NA NA NA NA NA NA 129
1960 NA NA NA NA NA NA NA NA NA NA 132
1961 NA NA NA NA NA NA NA NA NA NA 127
1962 NA NA NA NA NA NA NA NA NA NA 115
1963 NA NA NA NA NA NA NA NA NA NA 105
1964 NA NA NA NA NA NA NA NA NA NA 100
1965 NA NA NA NA NA NA NA NA NA NA 99
1966 NA NA NA NA NA NA NA NA NA NA 100
1967 NA NA NA NA NA NA NA NA NA NA 101
1968 NA NA NA NA NA NA NA NA NA NA 103
1969 NA NA NA NA NA NA NA NA NA NA 95
1970 NA NA NA NA NA NA NA NA NA NA 91
1971 NA NA NA NA NA NA NA NA NA NA 89
1972 NA NA NA NA NA NA NA NA NA NA 78
1973 NA NA NA NA NA NA NA NA NA NA 63
1974 59 64 57 65 57 NA NA NA NA NA 61
1975 59 68 53 66 68 NA NA NA NA NA 61
1976 33 53 42 60 65 NA NA NA NA NA 55
1977 83 61 45 61 73 NA NA NA NA NA 63
1978 39 63 56 78 53 NA NA NA NA NA 71
1979 50 48 80 86 37 NA NA NA NA NA 75
1980 37 65 79 118 113 NA NA NA NA NA 94
1981 33 67 144 142 160 158 99 110 NA NA 111
1982 22 69 146 168 203 103 NA 91 NA NA 127
1983 NA NA NA NA NA NA NA NA NA NA NA
1984 63 147 284 502 474 366 161 NA 197 NA 291
1985 62 139 345 500 592 337 234 594 330 NA 351
1986 55 118 290 506 506 260 238 427 218 NA 315
1987 53 130 260 498 478 342 220 384 241 NA 316
1988 134 137 281 503 654 453 224 371 201 NA 363
1989 113 133 258 457 590 409 268 333 432 NA 353
1990 168 176 270 354 484 418 209 288 381 NA 315
1991 158 149 233 319 466 471 329 223 399 NA 314
1992 117 171 230 397 440 372 280 249 412 NA 315
1993 147 208 256 393 514 463 218 257 851 NA 369
1994 93 215 207 354 377 463 197 167 480 NA 302
1995 116 219 234 417 476 349 189 286 475 NA 326
1996 159 227 239 473 557 515 269 297 543 NA 387
1997 226 241 246 458 563 483 275 335 671 NA 400
1998 194 232 236 452 611 525 287 287 627 NA 403
1999 342 213 199 437 538 497 310 271 535 NA 390
2000 263 229 187 443 579 548 320 223 556 NA 399
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TABLE D1. Continued.

Year 2A 2B 2C 3A 3B 4A 4B 4C 4D 4E  Total
2001 171 227 196 469 431 474 270 203 511 NA 358
2002 181 223 244 508 399 402 245 148 503 NA 356
2003 173 221 233 485 365 355 196 105 388 NA 325
2004 143 203 240 486 328 315 202 120 445 NA 315
2005 137 195 203 446 293 301 238 91 379 NA 293
2006 156 201 170 403 292 241 218 72 280 NA 267
2007 96 198 160 398 257 206 230 65 237 NA 249
2008 69 174 161 370 234 206 193 94 247 NA 229
2009 98 188 155 318 211 234 189 88 249 NA 220
2010 149 222 158 285 173 182 142 82 188 NA 202
2011 92 240 175 280 140 189 165 75 166 NA 196
2012 102 248 207 263 133 194 149 60 155 108 193
2013 110 246 195 238 112 160 127 56 157 NA 178
2014 106 282 204 234 100 136 146 60 196 NA 183
2015 109 291 212 274 144 156 149 98 164 NA 202
2016 88 288 226 257 150 162 123 73 180 NA 196
2017 95 301 231 273 142 123 118 87 301 NA 206

Page 83 of 83



INTERMATIOMNAL PACIFIC
HaLiguT COMMISSION

IPHC-2018-AM094-10
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PURPOSE
To provide the Commission with a detailed report of the 2017 stock assessment analysis.

ABSTRACT

This stock assessment reports the status of the Pacific halibut (Hippoglossus stenolepis)
resource in the International Pacific Halibut Commission (IPHC) Convention Area at the end of
2017. Coastwide mortality (removals; including all sizes of Pacific halibut) from all sources in
2017 were estimated to be 42.4 million pounds? (~19,200 t), up slightly from 41.8 million pounds
(~18,960 t) in 2016. In addition to the removals, the assessment includes data from both fishery
dependent and fishery independent sources, as well as auxiliary biological information. The
IPHC’s 2017 fishery-independent setline survey (FISS or setline survey) detailed a coastwide
aggregate legal (032) Weight-Per-Unit-Effort (WPUE) which was 10% lower than the value
observed in 2016. Numbers-Per-Unit-Effort (NPUE) showed a 24% decrease from 2016 to 2017.
Coastwide commercial fishery WPUE was up 5% (projected to be only 3% when logbook data
are complete) over the same period. Age distributions in 2017 from both the setline survey and
fishery remained similar to those observed in 2011-16, but with somewhat fewer fish younger
than the 2005 cohort (age-12), indicating that subsequent coastwide recent recruitment events
have been lower than those in previous years. At the coastwide level, individual size-at-age
continues to be very low relative to the rest of the time-series, and there has been little clear
change over the last several years.

This stock assessment consists of four equally-weighted models, two long time-series models,
and two short time-series models either using data sets by geographical region, or aggregating
all data series into coastwide summaries; these models are structurally unchanged since the
most recent detailed scientific review in 2015. Results are based on the approximate probability
distributions derived from the ensemble of models, thereby incorporating the uncertainty within
each model as well as the uncertainty among models. The results at the end of 2017 indicate
that the Pacific halibut stock declined continuously from the late 1990s to around 2010, as a
result of decreasing size-at-age, as well as somewhat weaker recruitment strengths than those
observed during the 1980s. Since the estimated female spawning biomass (SB) stabilized near
200 million pounds (~90,100 t) in 2010, the stock is estimated to have been increasing gradually
to 2017. The SB at the beginning of 2018 is estimated to be 202 million pounds (~91,600 t), with
an approximate 95% confidence interval ranging from 148 to 256 million pounds (~67,100-
116,100 t). Pacific halibut recruitment estimates show the largest recent cohorts in 1999 and
2005; cohorts from 2006 through 2013 are estimated to be smaller than any recruitment from
1999-2005. This indicates a high probability of decline in both the stock and fishery yield as
recent recruitments become increasingly important to the age range over which much of the
harvest and spawning takes place.

A comparison of the median 2018 ensemble SB to reference levels specified by the interim
management procedure suggests that the stock is currently at 40% (approximate 95% credible
range = 26-60%) of specified unfished levels (relative to the SB specified by the current

1 All weights in the document are ‘net’ weights; head-off and entrails removed approximately 75% of round weight.
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management procedure). However, the probability distribution indicates considerable
uncertainty, with a 6/100 (6%) probability the stock is below the SBso% level. Stock projections
were conducted using the integrated results from the stock assessment ensemble, details of
Regulatory Area-specific catch sharing plans and estimates of removals from the 2017 directed
fisheries and other sources of mortality where these values are projected for 2018. A more
detailed harvest decision table including a finer grid of management alternatives and additional
risk metrics is reported. The stock is projected to decrease gradually over the period from 2018-
20 for removals around the reference SPR (46%) level (31 million pounds, ~14,060 t). There is
a relatively small chance (<21/100; 21%) that the stock will decline below the threshold reference
point (SB30%) in projections for all the levels of TCEY up to 40 million pounds (~18,100 t)
evaluated over three years; for TCEYs exceeding that level, the probability begins to increase
rapidly. Major sources of uncertainty, retrospective analyses and sensitivity analyses exploring
current research avenues are included in this document.

INTRODUCTION

This stock assessment reports the status of the Pacific halibut (Hippoglossus stenolepis)
resource in the International Pacific Halibut Commission (IPHC) Convention Area at the end of
2017. As in recent stock assessments, the resource is modelled as a single stock extending
from northern California to the Aleutian Islands and Bering Sea, including all inside waters of the
Strait of Georgia and Puget Sound, but excludes known extremities in the western Bering Sea
within the Russian Exclusive Economic Zone. The stock assessment provides a brief summary
of recently collected data; a more detailed treatment of data sources included in the assessment
and used for other analyses supporting harvest policy calculations is provided in document
IPHC-2018-AM094-09. Results include current model estimates of stock size and trend
reflecting all available data. Specific management information is summarized via a decision table
reporting the estimated risks associated with alternative management actions. A concise
summary of the assessment and management information is provided in document IPHC-2018-
AMO094-08. Catch tables detailing Regulatory Area-specific projections are provided separately
in IPHC-2018-AM094-11.

DATA SOURCES

Each year, the data sources used to support this assessment are updated to include newly
available information, and refined to reflect the most current and accurate information available
to the IPHC. Major reprocessing and development of supplementary data sources was
conducted in 2013 and 2015 (Stewart 2014, 2016, Stewart and Martell 2016). In 2016, a model-
based estimator was introduced for the IPHC fishery-independent setline survey (Stewart 2017b,
Webster 2017). For 2017, the model-based estimator was extended to include fishery-
independent setline survey data from 1993-97, and survey age data collected at expansion
stations from 2014-2017 were added to existing samples from the annually surveyed stations.
All available information was finalized on 11 November 2017 in order to provide adequate time
for analysis and modeling. As has been the case in all years, some data are incomplete, or
include projections for the remainder of the year. These include commercial fishery WPUE,
commercial fishery age composition data, and 2017 removals for all fisheries still operating after
11 November 2017. All preliminary data series in the assessment will be fully updated in 2018.
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Data are initially compiled by management area and then aggregated to the coastwide level and
to four geographical regions: Region 2 (2A, 2B, and 2C), Region 3 (3A, 3B), Region 4 (4A, 4CDE)
and Region 4B. In addition to the removals (including all sizes of Pacific halibut), the assessment
includes data from both fishery dependent and fishery independent sources as well as auxiliary
biological information. Primary sources of information for this assessment include indices of
abundance from the annual setline survey and commercial Catch-Per-Unit-Effort (numbers and
weight), and biological summaries (length-, weight-, and age-composition data). In aggregate,
the historical time series of data available for this assessment represents a considerable
resource for analysis. The range of relative data quality and geographical scope are also
considerable, with the most complete information available only in recent years (Figure 1). A
detailed summary of input data used in this stock assessment can be found in IPHC-2018-
AMO094-09.
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FIGURE 1. Overview of data sources. Circle areas are proportional to magnitude (catches) or
the relative precision of the data (indices of abundance and age composition data).

Briefly, known Pacific halibut removals (mortality) consist of target fishery landings and discard
mortality (including research), recreational fisheries, subsistence, and bycatch mortality in
fisheries targeting other species (where Pacific halibut retention is prohibited). Over the period
1918-2017 removals have totaled 7.2 billion pounds (~3.2 million t), ranging annually from 34 to
100 million pounds (16,000-45,000 t) with an annual average of 63 million pounds (~29,000 t).
Annual removals were above this long-term average from 1985 through 2010 and have been
relatively stable near 42 million pounds (~19,000 t) since 2014. Coastwide commercial Pacific
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halibut fishery landings in 2017 were approximately 26.2 million pounds (~11,900 t), up from a
low of 23.7 million pounds (~10,700 t) in 2014. Bycatch mortality was estimated to be 6.0 million
pounds in 2017 (~2,720 t)?, the lowest level in the estimated time series, beginning with the
arrival of foreign fishing fleets in 1962, and just over one million pounds (~450 t) less than
estimated for 2016. The total recreational removals was estimated to be 8.1 million pounds
(~3,675 t), up 10% from 2016. Removals from all sources in 2017 were estimated to be 42.4
million pounds (~19,200 t), up slightly from 41.8 million pounds in 2016 (~18,960 t).

The 2017 IPHC's fishery-independent setline survey detailed a coastwide aggregate legal (032)
WPUE which was 10% lower than the value observed in 2016, with individual Regulatory Areas
varying from a 1% increase (Area 2C) to a 32% decrease (Area 3B). Setline survey NPUE
showed a more pronounced decrease from 2016 to 2017 (24% coastwide), with individual
Regulatory Areas ranging from a 1% increase (Area 4A) to a 44% decrease (Area 2A).
Commercial fishery WPUE (based on extensive, but still incomplete logbook records available
for this assessment) was slightly increased (5%) at the coastwide level with mixed trends among
Regulatory Areas. Based on review by the IPHC’s Scientific Review Board (SRB), a bias
correction for each Regulatory Area was developed using the last five years of post-assessment
revisions resulting from additional logbooks available after the assessment deadline in early
November. Applying these corrections reduced the increase in coastwide commercial fishery
WPUE to only 3% and negative trends were predicted for all Areas except Area 4D (+71%), Area
4C (+20%) and Area 3A (+6%). Tribal and non-tribal commercial fishery trends in Area 2A are
reported separately this year in response to important differences in the timing and spatial extent
of the two components. Tribal fishery WPUE has been increasing since 2014 in that Area, and
non-tribal WPUE has been declining over the same period, although a small increase (5%) from
2016 to 2017 was observed. The very large increase in WPUE observed in Area 4D appears to
be a function of much higher catch-rates around St. Matthew Island (also observed in the setline
survey) and a shift of 25% of the catch previously occurring along the shelf-edge to the waters
around that island in 2017. Age distributions in 2017 show a 2005 cohort somewhat stronger
than those in adjacent years, and weak recruitments from 2006 onward. At the coastwide level,
individual size-at-age continues to be very low relative to the rest of the time-series, and there
has been little change over the last several years.

STOCK ASSESSMENT

Creating robust, stable, and well-performing stock assessment models for the Pacific halibut
stock has historically proven to be problematic due to the highly dynamic nature of the biology,
distribution, and fisheries (Stewart and Martell 2014). The stock assessment for Pacific halibut
has evolved through many different modeling approaches over the last 30 years (Clark 2003).
These changes have reflected improvements in fisheries analysis methods, changes in model
assumptions, and responses to recurrent retrospective biases and other lack-of-fit metrics
(Stewart and Martell 2014). Although recent modelling efforts have created some new
alternatives, no single model satisfactorily approximates all aspects of the available data and
scientific understanding. Building on simpler approaches in 2012 and 2013, in 2014, an
ensemble of four stock assessment models representing a two-way cross of short vs. long time
series’, and aggregated coastwide vs. Areas-As-Fleets (AAF) models was used to explore the
range of plausible current stock estimates. AAF models are commonly applied when biological
differences among areas or sampling programs make coastwide summary of data sources

2 The IPHC receives a preliminary estimate of the current year’s bycatch mortality from the National Marine
Fisheries Service Alaska Regional Office in early November.

Page 4 of 25



IPHC-2018-AM094-10

problematic (Waterhouse et al. 2014). AAF models continue to treat the population dynamics as
a single aggregate stock, but fit to each of the spatial datasets individually, allowing for
differences in selectivity and catchability of the fishery and survey among regions. In addition,
the AAF models more easily accommodate temporal and spatial trends in where and how data
have been collected, and fishery catches have occurred. This is achieved through explicitly,
accounting for missing information in some years, rather than making assumptions to expand
incomplete observations to the coastwide level. These four models are structurally unchanged
since the most recent detailed scientific review in 2015 (Stewart and Martell 2016). Each of these
models (and many alternatives explored during development) has shown a similar historical
pattern: a stock declining from the late 1990s, with several years of relative stability at the end
of the time-series.

The ensemble approach recognizes that there is no “perfect” assessment model, and that a
robust risk assessment can be best achieved via the inclusion of multiple models in the
estimation of management quantities and the uncertainty about these quantities (Stewart and
Martell 2015a). This stock assessment is based on the approximate probability distributions
derived from an ensemble of models, thereby incorporating the uncertainty within each model
as well as the uncertainty among models. This approach reduces potential for abrupt changes
in management quantities as improvements and additional data are added to individual models,
and provides a more realistic perception of uncertainty than any single model, and therefore a
stronger basis for risk assessment.

This stock assessment is implemented using the generalized software stock synthesis, a widely
used modeling platform developed at the National Marine Fisheries Service (Methot and Wetzel
2013). This combination of models included a broad suite of structural and parameter
uncertainty, including natural mortality rates (estimated in the long time-series models, fixed in
the short time-series models), environmental effects on recruitment (estimated in the long time-
series models), fishery and survey selectivity (by region in the AAF models) and other model
parameters. These sources of uncertainty have historically been very important to the
understanding of the stock, as well as the annual assessment results (Clark and Parma 1999,
Clark and Hare 2006, Stewart and Martell 2016). The benefits of the long time-series models
include historical perspective on recent trends and biomass levels; however, these benefits
come at a computational and complexity cost. The short time-series models make fewer
assumptions about the properties of less comprehensive historical data, but they suffer from
much less information in the short data series as well as little context for current dynamics.

Each of the models in the ensemble was equally weighted, and differences in uncertainty within
models propagated in the integration of results. In the future, it may be desirable to develop a
method for weighting models based on the lack-of-fit to key data sources, retrospective patterns
within models, as well as consistency of the results with biological understanding. Evaluation of
alternative weighting approaches was presented to the IPHC Scientific Review Board (SRB) in
2015, 2016 and 2017 (Stewart 2017), but did not suggest a change to the equal weights that
have been applied; therefore, that assumption is retained. It is also anticipated that additional
models or variations of existing models will be evaluated for potential inclusion into the ensemble
in future years. In this manner, the ensemble approach can be transparently improved in the
future as additional approaches and refinements become available.
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COMPARISON WITH PREVIOUS ASSESSMENTS

Comparison of this year’s results with previous stock assessments indicates that the estimates
of spawning biomass from the 2017 ensemble remain consistent with those from 2012-16. Each
of the previous assessment values lie inside the predicted 50% interval of the ensemble in recent
years (Figure 2). Models prior to 2012, which had shown a problematic retrospective pattern,
suggested terminal stock trends and sizes in the mid-2000s that are no longer considered
plausible. The estimates from these models for the late 1990s now occur at the lower edge of
the plausible range: all four of the current models suggest a larger spawning biomass during that
period. Point estimates for the 2017 SB from the 2016 ensemble (Stewart and Hicks 2017) were
slightly higher than the current results, but statistically very similar given the degree of
uncertainty (Table 1). The level of fishing intensity (measured via the Spawning Potential Ratio,
SPR) projected for 2017 was Fas%; however, in retrospect (based on revised recent year-class
strengths) a higher level of fishing intensity (Faox) is estimated in this year's assessment (Table
1).
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FIGURE 2. Retrospective comparison among recent IPHC stock assessments. Black lines
indicate estimates of spawning biomass from assessments conducted from 2012-2016 with the
terminal estimate shown as a point, the shaded distribution denotes the 2017 ensemble: the
dark blue line indicates the median (or “50:50 line”) with an equal probability of the estimate
falling above or below that level; colored bands moving away from the median indicate the
intervals containing 50/100, 75/100, and 95/100 estimates; dashed lines indicating the 99/100
interval.

TABLE 1. Comparison of 2017 median ensemble beginning-of-year spawning biomass (Mib,
with relative 95% confidence intervals) and Spawning Potential Ratio estimates from the 2016
and current assessments.

Quantity 2016 Assessment 2017 Assessment
2017 Spawning biomass 212 (153-286) 208 (156-261)
2017 SPR 45% 40%

Page 6 of 25



IPHC-2018-AM094-10

BIOMASS, RECRUITMENT, AND REFERENCE POINT RESULTS
Ensemble

The results of the 2016 stock assessment indicate that the Pacific halibut stock declined
continuously from the late 1990s to 2011(Figure 2, Table 2). The differences among the
individual models contributing to the ensemble are most pronounced prior to the early 2000s
(Figure 3). However, current stock size estimates (at the beginning of 2018) also differ
substantially among the four models (Figure 4). The differences in both scale and recent trend
reflect the structural assumptions, e.g., higher natural mortality estimated in the long coastwide
model and dome-shaped selectivity for Regions 2 and 3 in the AAF models. Differences are also
apparent in the recent recruitment estimates, which suggest larger recruitments in 1999 and
2005 than in other recent years (Figure 5, Table 2). These recent recruitments are much lower
than the 1987 cohort, and in the coastwide long model below those in the late 1970s and early
1980s (Figure 6). Recruitments from 2006-13 are all estimated to be below those from 1999-
2005. This is particularly important for near-term trends in fishery yield as well as spawning
biomass, as Pacific halibut born in 2006 will be 50% mature in 2018, and will be fully available
to the directed fisheries. The differing effects of these reduced recruitments on fishery yield are
illustrated in the estimated declines in age-8+ biomass, which start earlier and are more
pronounced than those seen for spawning biomass (Figure 7, Table 2). Recruitment estimates
after 2010 remain poorly informed by information from the fishery and survey data, and are
therefore highly uncertain.
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FIGURE 3. Estimated spawning biomass trends (1996-2018) based on the four individual
models included in the 2017 stock assessment ensemble. Solid lines indicate the maximum
likelihood estimates; shaded intervals indicate approximate 95% confidence intervals.

In addition to recruitment trends, observed decreases in size-at-age have also been an important
contributor to recent stock declines. The results of the 2017 stock assessment indicate that the
Pacific halibut stock declined continuously from the late 1990s to around 2010 (Figure 3). That
trend is estimated to have been largely a result of decreasing size-at-age, as well as somewhat
weaker recruitment strengths than those observed during the 1980s. Since the estimated female
spawning biomass (SB) stabilized near 180 million pounds (~81,600 t) in 2011 the stock is
estimated to have increased gradually to 2017. The SB at the beginning of 2018 is estimated to
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be 202 million pounds (~91,600 t), with an approximate 95% confidence interval ranging from
148 to 256 million pounds (~67,100-116,100 t; Figure 8, Table 2).

T T T T T
100 150 200 250 300

2018 Spawning biomass (M |b)

FIGURE 4. Distribution of individual model estimates for the 2017 spawning biomass. Vertical
lines indicate the median values.
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FIGURE 5. Estimated age-0 recruitment trends (1996-2013) based on the four individual models
included in the 2017 stock assessment ensemble. Series indicate the maximum likelihood
estimates; vertical lines indicate approximate 95% confidence intervals.
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FIGURE 6. Trend in historical recruitment strengths (by birth year) estimated by the two long
time-series models, including the effects of the Pacific Decadal Oscillation (PDO) regimes.
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FIGURE 7. Estimated age-8+ biomass trends (1996-2013) based on the four individual models
included in the 2017 stock assessment ensemble. Note that confidence intervals for these
estimates are not currently available but are likely larger than those observed for spawning
biomass.
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TABLE 2. Recent median spawning biomass (millions Ibs) and fishing intensity (based on
median Spawning Potential Ratio, where smaller values indicate higher fishing intensity) from
the 2017 stock assessment ensemble, and Age-0 recruitment (millions) and age-8+ biomass
(millions 1bs) estimates from the individual models (CW=coastwide, AAF=Areas-As-Fleets)
comprising the ensemble.

Fishing Recruitment Age-8+ biomass

Spawning intensity = CW CW AAF AAF CW CwW AAF AAF
Year  biomass (Fxxo) Long Short Long Short Long Short Long Short

1996 475 48% 54.7 25.4 24.6 242 1,763 1,253 1,440 1,680
1997 514 43% 48.1 21.7 23.6 234 1814 1321 1508 1,732
1998 509 41% 79.2 37.0 39.2 389 1,735 1265 1,452 1,643
1999 495 39% 104.8 524 53.9 550 1601 1,176 1,354 1,510
2000 467 39% 77.4 39.1 40.2 41.0 1,454 1,075 1,244 1,378
2001 433 36% 56.7 27.0 28.9 29.0 1,287 957 1,118 1,227
2002 392 32% 76.3 40.1 41.0 426 1,227 907 1,057 1,154
2003 347 29% 58.2 29.0 27.2 271 1,166 855 999 1,082
2004 309 26% 81.0 40.1 42.3 443 1,062 782 911 983
2005 274 24% 105.1  57.2 59.4 63.2 953 701 823 884
2006 245 24% 38.4 16.1 18.1 16.6 900 661 774 827
2007 223 24% 35.1 15.7 18.1 18.1 896 658 767 816
2008 208 24% 50.8 21.3 28.8 27.6 854 634 737 786
2009 190 25% 225 4.8 9.2 6.0 776 578 675 721
2010 182 25% 35.7 10.5 18.0 14.6 745 565 655 700
2011 179 29% 56.4 14.5 28.2 22.3 705 541 619 663
2012 180 34% 56.2 13.1 25.3 18.6 706 549 623 668
2013 186 36% 45.8 7.8 19.5 11.8 749 596 669 718
2014 192 41% NA NA NA NA 706 571 641 686
2015 198 42% NA NA NA NA 665 548 618 662
2016 207 42% NA NA NA NA 654 541 625 666
2017 208 40% NA NA NA NA 599 494 584 617
2018 202 NA NA NA NA NA 562 454 556 579

Long time-series models

The two long time-series models provided different perceptions of current vs. historical stock
sizes (Figure 9). The AAF model suggests that the stock is at 35% of the equilibrium unfished
stock size used in the interim management procedure; however, the model estimates that
current spawning biomass is at only 96% of the historically low levels estimated for the 1970s.
The coastwide model suggests that the stock is at 48% of the equilibrium unfished stock size;
however, the current spawning biomass is estimated to be at 216% of the minimum values
estimated for the 1970s. These differences represent considerable uncertainty in both the
current stock size and trend. Recent differences are likely attributable to the separation of signals
from each region (particularly Region 2, with the longest time-series of data), and allowance for
different properties in each region’s fishery and survey. Historical differences appear to be due
to the differing assumptions regarding connectivity between Regions 2 and 3 and Regions 4
during the early part of the 1900s when there are no data available from Area 4 (Stewart and
Martell 2016).
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FIGURE 8. Cumulative distribution of the estimated spawning biomass from the ensemble at the
beginning of 2018. Curve represents the estimated probability that the biomass is less than or
equal to the value on the x-axis; vertical line represents the median (202 million pounds; ~91,600

1).

fig bumass (k]

Gpaw

1500 1530 T fogn 1580 2000 ]

FIGURE 9. Spawning biomass estimates from the two long time-series models. Shaded region
indicates the approximate 95% within-model interval. The red (upper) series is the AAF model
and the blue (lower) series is the coastwide model.

Ecosystem conditions

Based on the two long time-series models, average Pacific halibut recruitment is estimated to
be higher (41 and 76% for the coastwide and AAF models respectively) during favorable Pacific
Decadal Oscillation (PDO) regimes, a widely used indicator of productivity in the north Pacific.
Historically, these regimes included positive conditions prior to 1947, poor conditions from 1947-
77, positive conditions from 1978-2006, and poor conditions from 2007-13. Annual average PDO
values from 2014 through October 2016 have been positive; however, many other environmental
indicators, current and temperature patterns have been anomalous relative to historical periods.
Further, observed declines in Pacific cod (Gadus macrocephalus) in the Gulf of Alaska, seabird
mortality events and other conditions suggest that historical patterns of productivity related to
the PDO may not be relevant to the most recent few years.

Page 11 of 25



IPHC-2018-AM094-10

Reference points

A comparison of the median 2018 ensemble SB to reference levels specified by the interim
management procedure suggests that the stock is currently at 40% (approximate 95% credible
range = 26-60%) of specified unfished levels (relative to the SB specified by the interim
management procedure; Figure 10). The probability that the stock is below the SBso% level is
estimated to be 6%, with less than a 1% chance that the stock is below SB2o%. Consistent with
the interim management procedure (while improvements are ongoing), estimates of spawning
biomass are compared to equilibrium values representing poor recruitment regimes and
relatively large size-at-age. Alternative reference points include the spawning biomass estimated
to have occurred at the lowest point in the historical time-series (1977-78), as well as the
spawning biomass that would be estimated to occur at present (given recent recruitment and
biology) in the absence of fishing (dynamic SBO; Hicks and Stewart 2017). The estimates of
current spawning biomass relative to the dynamic reference point range from 26-43% among
the four stock assessment models, with an average value of 33%. Relatively large differences
among models reflect both the uncertainty in historical dynamics as well as the importance of
spatial patterns in the data and population processes, for which all of the models represent only
simple approximations. All sources of estimated removals for 2017 correspond to a fishing
intensity point estimate of Faoy% (Table 2, Figure 11). The 95% interval of this distribution is
considerable (Fss%-F20%), and slightly irregular, reflecting the different distributions estimated
within each of the individual models. Harvest levels of this magnitude are generally at or below
target rates for many similar stocks. The recent time-series shows that the 2017 estimate
corresponds to slightly higher fishing intensity than 2014-2016, but below values from 2000-
2013 (Figure 12).
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FIGURE 10. Cumulative distribution of 2018 ensemble spawning biomass estimates relative to
the SB30% reference point. Curve represents the estimated probability that the biomass is less
than or equal to the value on the x-axis. Vertical lines indicate the median value (40%), and the
value corresponding to the IPHC’s harvest policy threshold.
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FIGURE 11. Cumulative distribution of the estimated relative fishing intensity (based on the
Spawning Potential Ratio) estimated to have occurred in 2017. Curve represents the estimated
probability that the fishing intensity is less than or equal to the value on the x-axis. Vertical line
indicates the median value (F40%).
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