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1. Migration and Population Dynamics

Larval connectivity

Larval catch and -

Climate effects on larval
connectivity
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Jasonowicz et al. (2022) Mol. Ecol. Res. 22: 2685

»
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» Generate potential recruitment covariates

» Define management targets for minimum
spawning biomass by Biological Region

.

Improved estimates of productivity

» Determine the need for separate assessments
for certain components of the stock

)

Potential revision of structure of
future stock assessments



https://doi.org/10.1111/fog.12512
https://doi.org/10.1111/1755-0998.13641

1. Migration and Populatlon Dynamlcs
Population Genomics

Objective: Resolve the genetic structure of the Pacific halibut
stock in IPHC Convention Waters
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V(" * Low-coverage whole-genome resequencing )

(ICWGR)

* Allows for screening genomic variation at
very high resolution

« Conducted one additional sequencing run:

» NovaSeq X Plus 25B — additional 384
samples.

» Toincrease and balance sample sizes
for the baseline set of sample
collections.

» To add summer collected samples near

T
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\_ the latitudinal extremes of the range. )




1. Migration and Population Dynamics

Population Structure — Additional samples

Methods: Winter Collections (baseline samples)
Bioinformatic processing described in IPHC-2023- 1999 2004 2007 2018 2020
SRB022-09 with the following modifications: British Columbia (winter )= AR X BRI Y
« Removed individuals if average sequencing depth BCisdy) 61 61 61 60
< 1x Bering Sea (winter) 61 61
was ' _ _ _ Central Al (winter) 61 61
e Used ngsParalog (v1.3.3) to identify genomic 61

regions that are problematic for sequence read

alignment. :
Summer Collections

Results: 2013 2016 2019 2022 2024
« Average coverage of 2.4x MORLE C [EUmlner) - 46
: 5 L : Southern OR (FISS) 45
* Included 161 additional baseline samples (731 total) GOA (NMFS Trawl) o
* Included 327 summer collected samples Bering Sea (NMFS Trawl) 20 75 48

* ~3.7 M SNPs retained for downstream analyses Northern Bering Sea (FISS) 48
4



https://www.iphc.int/uploads/pdf/srb/srb022/iphc-2023-srb022-09.pdf
https://www.iphc.int/uploads/pdf/srb/srb022/iphc-2023-srb022-09.pdf
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1. Migration and Population Dynamics

Population Structure — PCA & K-means clustering
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Area

—— British Columbia (winter)
—— GOA (winter)

—— Bering Sea (winter)

—— Central Al (winter)

—— Western Al (winter)

p
* Principal components analysis (PCA) (~3.7 M SNPs)

» Estimate covariance matrix (PCAngsd)
» Eigendecomposition (R)
» lterative outlier removal procedure (> |60]|
along one of the top 3 PCs, up to 10 iterations)
v" 22 individuals removed (n=709 in final PCA)

e K-means clustering (top 3 PCs)
-

~

K-means clustering (top 3 PCs)
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1. Migration and Population Dynamics

Assignment Testing — Methods

/Assign ment Testing - WGSassign

* Reference populations defined by

geographic area

e Simple Training Holdout procedure
e Recommended approach by Anderson
(2010) when selecting SNPs based on allele

frequency

» Referred to as the "gold standard" by
Anderson (2010) and Waples (2010)

Anderson, E.C. 2010. Assessing the power of informative subsets of loci for population

assignment: Standard methods are upwardly biased. Mol. Ecol. Resour. 10(4): 701-710
Waples, R.S. 2010. High-grading bias: Subtle problems with assessing power of selected
K subsets of loci for population assignment. Mol. Ecol. 19(13): 2599-2601.

~

)
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50-50 train/test split

Equal number per area in training set (n=45)

Training Set

Test Set

\_

SNP Selection
* Pairwise F; among collection
areas
* Top 1,000 SNPs per
comparison
* At least 10 Kbp apart
* Remove any duplicates
* 8,575 SNPs — 50-50 split
* 9,078 SNPs — 45 per area
Define reference
populations/reporting groups
* Estimate allele frequencies

Assignment testing
Assign individuals back to
the reference populations
Evaluate assignment
accuracy with a set of
“new” samples




1. Migration and Population Dynamics

Assignment Testing — Results

A)

B)

Test Set Assignments Training Set Self Assignment
4 50-50 train/test split A Freen coumee) 8 L [— wncomsn Rl 00 0 o ount
e 33.14% assignment accuracy i TS e ° © o . NS el e O 0
* All samples assign back to Gulf of Alaska g oo e o L o § eeiio o o ”
; . Central Al 0 - 0 0 0 30 Central AI{ 0 0 0 - 0 30
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A) Test Set Assignments B) Training Set Self Assignment

British Columbia 4 ﬂ.ﬂ 1 0 10 British Columbia 4 0 0 0 0
Equal number per area (n=45) O o condl 0 R "
 27.27% assignment accuracy S teringsea 5 0 3 §  cemosesd 0 0 o o 2
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1. Migration and Population Dynamics

g .
Conclusions

* Improved quality of the baseline dataset by increasing and balancing sample sizes.
* Results were very similar to those reported in IPHC-2024-SRB024-09 and continue
to support the concept of a single genetic group in IPHC Convention Waters:
» Unsupervised clustering methods failed to identify discrete genetic groups of
Pacific halibut.
» Limited ability to assign individuals back to the location in which they were
sampled.

Next Steps

* Incorporate summer samples into existing analyses to examine and compare
\_

patterns of population structure over a larger spatial scale.

~



https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf

2. Reproduction

Seasonal characterization of reproductive development
2017-2018 . . . . P : N | Histology-based r
Field sample Histological Characterization Classification > Classmcatlgn N Appropnate Maturity schedule - Direct input into stock assessment for
llecti samples of oocyte stages of female of reproductive timing of gonad timati f the stock it t
coflection — — developmental phases collection in FISS Fecundity estimation ol the stock-recruiimen
(central o @ O @ @ ‘ t » — relationship
GOA) 4 o p @ @ € stages assessment
Research outcomes: + Group synchronous ¢ Annual cycle + June-August * Estimate annual reproductive output
. gzg‘ n?;:]z\;v:;eécundit E{za\:o "Jgt;‘\'/r;‘zela . - Revise time-series of historical and future
y P y maturity
Macroscopic vs microscopic maturity staging& "
309/ month ||| Macroscopic (f®1 - PEEESD ECINEDY o Revise Scale of female spawning biomass
maturity scores ) Histology-based female B current field maturity | macroscopic d ref int estimat
£>90 cm FL — I developmental stages and classification criteria staging criteria and reference point esumates
Ovary images reproductive phases
Research outcomes: * In progress

2017-2022 :

Ccl’mg?erc'a' Development and application of genetic tests for sex identification 5 r:s:i'tgar?:g ® - Annual sex-ratio at age for the commercial
andings fishery fit by the stock assessment
Publications: Fish et al. (2020) J. Fish Biol. 97: 1880—-1885 .

Fish et al. (2022) Frontiers in Mar. Sci. 9: 801759 Reduce uncertainty in stock size
Simchick et al. (2024) Gen. Comp. Endocrinol. 347: 114425 and fishing intensity
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https://doi.org/10.1111/jfb.14551
https://doi.org/10.3389/fmars.2022.801759
https://doi.org/10.1016/j.ygcen.2023.114425

2. Reproduction

2022-2024 FISS
Collection for Histological
Assessment

INTERNATIONAL PACIFIC

Bmlu?,ltﬂl 2022 2023 2024 J
Region
© 2024 :
2 440 403 411
3 351 708 336

* 2023 tand
e 2022 1,395
4 181 - 371 552

48 51 - - 51
Total 1,023 1,111 1,118 3,252




2. Reproduction 2023

Histology-based ogives by _fegen? e
biological region and year
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2. Reproduction

Histology-based ogives by
biological region and year
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2. Reproduction

Histology-based ogives f '
by biological region E 2
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e GAM s(log(Age) * Region) : ) , : .
»  AIC=2414.87 1P S R Y £ B
. k _ 5 10 z;o\ge years) 30 40 10 2,298 ears) 30 40
- EDF - R Tl
Region 2 =3.17 E 50
Region 3 =2.27 e 8=
Region 4 =1.00 e 5
Region 4B = 1.00 S Y . Al

T T T T T T
20 30 10 20 30

Age (years) Age (years)




2. Reproduction

Histology-based coastwide ogive

1.0

* GAM s(log(Age) * Region)

0.8

— Histology
A, =11.6 | — Assessment

 Coastwide ogive calculated from
weighted regional ogives using
average FISS space-time model
abundance estimates from 2022-
2024

0.6

Proportion mature
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 Coastwide ogive falls between
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2. Reproduction
Female Developmental Stages: 2022-2024

Region 2 Region 3 Region 4 Region 4B
o n=483 n=525 n=567 n=74 n=0 o n==8 n=664 n=485 n=188 n=25 o n=0 n=205 n=258 n=>59 n=0 o n=0 n=49 n=0 n=0 n=0
— | — - - - — —
a I @ l a @ - GVM
o o o L]
Ml Vig3
O Vig2
fo o fo o
o @ o = o @ o =
g3 g3 g3 g3 O Vig1
8 8 8 8 = CA
= = = =
= (=] = =
| ) I I I I I | |
= (=] = =
o = | = =
= (=] = =
May Jun Jul u Sep May Jun Jul Aug Sep May un u Aug Sep May Jun Jul Aug Sep
Month Month Month Month

* Earlier maturation in Regions 4 and 4B
 QOocyte development progressively faster from east (Region 2) to west (Region 4B)

A
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2. Reproduction

170°E 180° 170°W 160°W 150°W 140°W 130°W 120°W

65°N

Histology-based ogive  [FEaaes

IN'l'ERNA’l‘lAL PACIFIC | 65°N

NS
HALIBUT COMMISSION

= 60°N

2025 FISS Collection

Biological

55°N = = 55°N

Region

2 400 I
50°N = = 50°N
3 400 I
4 188
4B 414 45°N - - 45°N
| AK - Alaska -
Tota 1,402 BC - British Columbi
EEZs of Canada and the United States of America ; 1} 1571 Sotubla |
with IPHC Regulatory Areas WA - Washington
40°N gulatory OR - Oregon - 40°N
- —-- Maritime Boundary ® 2025 FISS Station A 2025 Alternate FISS Station CA - California AN [
T | L A | I A I L | L A T -
170°E 180° 170°W 160°W 150°W 140°W 130°W 120°W

INTERNATIONAL PACIFIC

HALIBUT COMMISSION




2. Reproduction

Region 2 Region 3
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2. Reproduction

Visual (macroscopic)-based

coastwide ogive
(2022-2024)
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2. Reproduction

Histology-visual ogive calibration

 Calibration between visual and
histology estimates from 2022-2024

 The calibration factor at age, 6(a), is
estimated as the difference between
the histological and visual model
estimates of maturity at age a on the
logit scale.

* Estimated for each Biological Region

* Positive = shifted up for a given age
Negative = shifted down

INTERNATIONAL PACIFIC
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Calibration factor

Calibration factor
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2. Reproduction

Calibrated historical visual-based Coastwide average 2002-24

coastwide ogive
(2002-2024)

 Coastwide fitted visual maturity ogives
by year estimated using three-year
rolling data windows

1.0

--- Mean fitted visual
—— Mean calibrated visual

0.8

Proportion mature
0.6

0.4

 Applied calibration factor to obtain
coastwide calibrated visual ogives

0.2

 Averaged across all three-year rolling
data windows to obtain final coastwide

0.0
\

o — e e o = ==
———— - =

calibrated visual maturity ogive (i.e. 10 20 30
2003-2005, 2004-2006, etc.)
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2. Reproduction

Visual (macroscopic)-based estimates

1.0

 Comparison of new coastwide
calibrated visual ogive (2002-2024) vs.
current assessment ogive (2002-2003)

0.8

— Calibrated

e Visual maturity estimates from the % ) A, =116 _ Xéiliiﬁ‘e’m
average 2002-2024 calibrated £ °
coastwide ogive are slightly to the left g
of current assessment ogive g e
Ay =11.0yrs

* Truncated to zero < Age 7

0.2

0.0

T T T T T T
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2. Reproduction

g N
Conclusions

* Histology-based maturity estimates:
» Region 3 continues to show higher proportion of mature females at younger ages
» Regional and coastwide ogives have shifted to the left from 2022-2024

* Visual-based maturity estimates:
» Maturity estimates have shifted back and forth from 2002-2024 (not consistent)
» Calibrated coastwide ogive has shifted slightly to left of current assessment ogive

e Fecundity (next step in reproductive journey):
» Samples collected in 2023 and 2024 (continue in 2025+)

» Question: Is female Pacific halibut fecundity proportional to body weight?

N /




3. Mortality and Survival Assessment

5-Yr Research Plan (2017-2021)

(GOA)

handling conditions

+ Careful shake
» Gangion cut
* Hook strip

* assessment

t Analysis of

Physiological condition
assessment

capture-related
L2 variables

Fall 2017 Discard mortality rate estimation: longline fishery
field
experiment Capture and Injury and viability Survival assessment

by tagging

Best handling practices
in longline fishery

Research outcomes:

* Injury and viability profiles of hook release methods

* Longline DMR

» Physiological profile of fish under different capture and

handling conditions

Summer
2021 field
experiments
(Sitka, AK
Seward, AK)

Discard mortality rate estimation: charter recreational fishery

Capture and
handling conditions

« 12/0 and 16/0 hooks

»

Injury, viability and
physiological
assessment

P Survival assessment by tagging

» Analysis of capture-related variables

Best handling practices
in recreational fishery

»

Research outcomes:

* Recreational DMR

External funding: Saltonstall-Kennedy NOAA (2017-2020); NFWF (2019-2021); NPRB#2009 (2021-2022)
Publications: Kroska et al. (2021) Conservation Physiology 9: coab001

Loher et al. (2022) North American Journal of Fisheries Management 42: 37-49

Dykstra et al. (2024) Ocean & Coastal Management. 249: 107018.

Dykstra et al. In Preparation } Recreational fishery

Longline fishery

* Improved estimates of discard
mortality

* Reduce potential bias in stock
assessment results and
management of mortality limits

.

Reduce unobserved mortality and
its effect on stock assessment

INTERNATIONAL PACIFIC
HALIBUT COMMISSION
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https://doi.org/10.1093/conphys/coab001
https://doi.org/10.1002/nafm.10711
https://www.sciencedirect.com/journal/ocean-and-coastal-management

4. Fishing technology

Summer Investigate new methods for whale avoidance/deterrence to reduce whale depredation

2023 R0t N jn the longline fishery
International Catch protection Catch Field testing in presence
Workshop on device selection ; protection .
- - : Pilot . of whales: . . .
Protecting Fishery ~ W | and production: [ i device » Killer whal * Increasing available yield for
Catches from Whale « Shuttle refinement and . SI :rrrrvlvwizlst;a éorcas) directed fishery.
Depredation « Slinky pot-Shroud improvement P . .
* Reduce potential bias and
Research outcomes:  + New tools for fishery avoidance and/or deterrence uncertainty in the stock
» Improved estimation of depredation mortality assessment.
Collaboration Investigate behavioral and physiological responses to fishing gear to reduce bycatch
with PSMFC Use of artificial illumination ‘
[ to reduce bycatch I}/_Iethod ¢
re '“erge” | Improve mortality accounting
Circle hook modifications to ) an "
reduce rockfish bycatch Improvemen
Research outcomes: * New methods for reducing bycatch

+ Improved estimation of bycatch mortality

External funding: Bycatch Reduction Engineering Program NOAA NA21NMF4720534 (2021-2023), NA23NMF4720414 (2023-2025)
Publications: Lomeli et al. (2021) Fisheries Research 233: 105737

Lomeli et al. (2023) Ocean & Coastal Management 241: 106664

7@ INTERNATIONAL PACIFIC

)

HALIBUT COMMISSION



https://doi.org/10.1016/j.fishres.2020.105737
https://doi.org/10.1016/j.ocecoaman.2023.106664
https://www.iphc.int/venues/details/1st-international-workshop-on-protecting-fishery-catches-from-whale-depredation-ws001
https://www.iphc.int/venues/details/1st-international-workshop-on-protecting-fishery-catches-from-whale-depredation-ws001
https://www.iphc.int/venues/details/1st-international-workshop-on-protecting-fishery-catches-from-whale-depredation-ws001
https://www.iphc.int/venues/details/1st-international-workshop-on-protecting-fishery-catches-from-whale-depredation-ws001
https://www.iphc.int/venues/details/1st-international-workshop-on-protecting-fishery-catches-from-whale-depredation-ws001

4. Fishing technology

Reducing whale depredation by protecting longline catches

Next phase: Testing shuttle in the presence of depredators
Secured funding from NOAA BREP 2023 NA23NMF4720414

* Objectives:
» 8 days of fishing in the presence of Orcas on the F/V Oracle.
* Further refinements (attachment protocols, gangion/hook strength).
e Catch rate comparisons with and without shuttle device.
e Catch composition details (size ranges, species, catch volume).

e Field study scheduled for May 2025 in IPHC Regulatory Area 4A.

INTERNATIONAL PACIFIC
HALIBUT COMMISSION

'S) NOAAFISHERIES

Bycatch Reduction Engineering Program
(BREP) NA23NMF4720414

Slide 25




Summary of awarded research grants to IPHC

Project# Grant agency Project name Partners I_Vlana_xger_nent Grant period
implications
Bycatch Full scale testing of devices to minimize Mortality
1 Reduction whale depredation in longline fisheries IPHC Alaska Fisheries $199.870 estimations due  November 2023 —
Engineering (NOAA Award Number Science Center-NOAA ’ to whale April 2026
Program-NOAA NA23NMF4720414) depredation
Alaska Sea Development of a non-lethal genetic- ,IOT:SCI:(a Alaska Fisheries January 2025-
2 based method for aging Pacific halibut " Science Center-NOAA  $60,374 Stock structure
Grant (RI2024-05) Pacific U. (Juneau) December 2026
(APU)
Total awarded ($) $260,244
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