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5 Yr —Program of Integrated Research and Monitoring (2022-2026)

Research Areas: > Migration and Population Dynamics
» Reproduction
» Growth
» Mortality and Survival Assessment
» Fishing Technology




1. Migration and Population Dynamics

Larval connectivity

Larval catch and -

Climate effects on larval
connectivity

IN

Jasonowicz et al. (2022) Mol. Ecol. Res. 22: 2685

»

Multlple life- effort data
stage - Connectivity with Western
connectivity Individual-based Lanval | Inter-basin and Pacific Ocean region
A 3 dlsEl)ersa » intra-basin larval » :
Bering Sea pathways connectivity 1 Mapping of
Hydrographic settlement/nursery areas
Gulf of Alaska ROMS model Sadorus et al. (2021) Fish. Oceanog. 30: 174
Juvenile connectivity
NMFS trawl survey data Characterization of genetic
Ontogenetic » » composition/mixture of
Spatiotemporal model migration settlement areas
Establishment of a baseline
Genetic samples || Development and application of genomic approaches of genetic diversity
of spawplng Genome sequence Delineation of fi |
aggregations DO mmmmm)  Population structure analyses elineation otfine-scale
stock structure
B | Stock composition: mixed

stock analyses
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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 Population Dynamics

* Previous genetic studies — results suggest
potential genetic differences between
Pacific halibut in Aleutian Islands other areas

. : Gulf of Alaska
P it
\ M %
o =M. \-—' Unimak Pass
( Samalga Pass

" Use genomic methods to resolve -
the genetic structure of the Pacific

halibut stock in IPHC Convention
\_ Waters )

* Oceanographic features in the Aleutian
Islands & Bering Sea may restrict geneflow

Nielsen, J. L., S. L. Graziano, and A. C. Seitz. 2010. Fine-scale population genetic structure in Alaskan Pacific halibut
(Hippoglossus stenolepis). Conservation Genetics 11(3):999-1012.

Drinan, D. P, H. M. Galindo, T. Loher, and L. Hauser. 2016. Subtle genetic population structure
in Pacific halibut Hippoglossus stenolepis. Journal of Fish Biology 89(6):2571-2594.
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1. Migration and Population Dynamics

Population Genomics

Objective: Resolve the genetic structure of the Pacific halibut
stock in IPHC Convention Waters
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NPRB Project 2110 (2022-2024)

Low-coverage whole-genome resequencing
(IcWGR)

Allows for screening genomic variation at very
high resolution

Establish Genetic Baseline

|dentify potential local and/or environmental
adaptations.

570 individuals (~ 50/collection)
3 sequencing runs - lllumina NovaSeq S4

~ 10.3 million autosomal SNPs
~ 4.8 million SNPs (minor allele frequency = 0.05)




1. Migration and Population Dynamics

® ® British Columbia
® Central GOA

* Principal components analysis (PCA)
© Bering Sea * Dimensionality reduction technique

o Central Al

| * Westem A * Unsupervised clustering - test for the presence

of discrete groups

% ] :‘~'.: Y 7 . — 4 Assignment Testing D
& -°"..° maq:’ ":;.g, > e Can we assign individuals back to the population
) SRR R, ¥ 1;:—:.;:;::}3%‘3 : ‘-5 e - - they were sampled from?
...;.4 . a,;‘.. ¢ 52 ° e Assignment accuracy was validated using cross-
J { 2 o validation (training/test split)
N * 34.7 % assignment accuracy
© * All samples assign back to Gulf of Alaska with >

0 | \ 95% probability /




1. Migration and Population Dynamics

Conclusion:
* Unable to detect discrete genetic groups of Pacific halibut in IPHC

Convention Waters.

* Limited ability to assign individuals back to the location in which they
were sampled.

* Considerable geneflow among areas: lack of structure

» Capable of long-distance movements throughout life history.

e Results are consistent with current IPHC assessment practices: modeled
as a single coastwide stock




2. Reproduction

Seasonal characterization of reproductive development
2017-2018 [T — —— —— : > I Histology-based |_
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
Pacific halibut: current maturity estimates

* Visual assessment (macroscopic)

1.0

* Fishery-Independent Setline Survey (FISS)
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2. Reproduction

acific halibut: histological maturity classification

Immature

Female oocyte

stages

Mature
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Qocyte
Pacific halibut oocyte histology diameters (um)
Growth Developmental Range
phase stage Sample Mean (min-
(acronym) (acronym) Deseription Photo size +8SD  max)
™ Primary One nucleolus Ooeytes arc smell, angolar, and = 51 116 36-
Growth PGon compact with a single large . w‘ +89 381
G ( ) nueleolus, Cytoplasm gramiles stain ‘\I‘ouuﬁ °
dark puuple.
Perinucleolar Coeyles are larger and rounder than . 55 235 103 -
- PGon Nueler develop und Mallen \
(PGpn) t L +92 479
around the nueleus. Cytoplasm B
granules stain light purple. 1
Cortical alveolar  First cortical alveoll appear as white "'\_ i) 445 105 -
stain in the periphery of the oocyie. e
(CA) periphen, s £80 664
Secondary Primary Yolk glotules first appear at the : N 663 544 362 -
Growth vitellogenesis Pcrlmmﬂ stamn pink, a‘ndligl — +60 750
0 . inwards occupving up to 173 of the gy
(&’ (-') (VTg 1) eyloplasm. ; i
Secondary Yolk plobules ransition from only s 341 686 465 -
vitellogenesis the periphery of the ooplasm and N1l *‘ / + 9] 910
: inwards to the nueleus. LTI
(Vig2) =
Tertjary Yolk globules completely [111 the 200 1171 706 -
vitel]ogenesis voplasm o the cenlral nucleus and 1216 1644
(Vig3) codlesce int Jarger yolk globules
Oacyte Germinal vesicle The nucleus begins lo migraie 302 1271 811 -
Maturation migration through & cyloplasm fully filled & +257 1769
(OM) (GVM) with large volk globules. e
Periovulatory MNucleus no longer visible and the N 54 2037 1600 -
(PO) volk globules cn.ﬂesce .i nto a central | X +270 2811
volk mass, Oocyte is still within the (1000
follicle wall. i
Postovulatory Collapsed empty folliele wall A
follicle remaining after a periovulatory W
ooy e 1s expelled. ﬁﬂw
_ (POF) ==

Females are assigned to a
developmental stage based on
the most advanced oocyte
stage present

Fish et al. (2020) J Fish Biol. 97:1880-1885




2. Reproduction

2022/2023 FISS
Collection for Histological
Assessment

Biological
Region

2023 2 440 403 843 &
3 351 708 1,059 -
2022
4 181 - 181
4B 51 - 51
Total 1023 1,111 2,134
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2. Reproduction

Female Developmental Stages: 2022

Region 2 Region 3 Region 4 Region 4B
= n=13 n=213 n=199 n=11 n=0 o n=4 n=231 n=>54 o n=0 n=0 n=110 n=70 n=0 o n=0 n=>51 n=0 n=0 n=0
- | e— - [ - -~
- « = = B GVM
= = = =
M Vig3
O Vig2
[ C C C
o = O O o =
gs £s £s g3 @ Vig1
8 8 8 8 m CA
o o o o || PGpn
= = = =+
= = = =
o o ™ ™
= = = =
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= = = =i
May Jun Jul Aug Sep May Jun Jul Aug Sep May Jun Jul Aug Sep May Jun Jul Aug Sep
Month Month Maonth Month

* Earlier maturation in Regions 3 and 4B
 QOocyte development progressively faster from east (Region 2) to west (Region 4B)

INTERNATIONAL PACIFIC
¢

HALIBUT COMMISSION




2. Reproduction

GAM
s(log(Age) * Region) +
Year * Region

 AIC=1778.9

 Extra year of data
smoothed out model in
Region 3

* EDF
Region2 =34
Region 3 =2.82
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2. Reproduction

Female Developmental Stages: 2023

Region 2 Region 3 Region 4
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 Similar trends to 2022
* Biological Region 3 shows earlier maturation and development
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2. Reproduction

Coastwide Ogive using GAM

2022/2023 data pooled by region

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

Coastwide ogive falls between
Biological Regions 2 and 3
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2. Reproduction

2024 FISS Sample
Collection

‘:.' L)

Biological
Region
* 2023 2 440 403 411
. 2022 3 351 708 336
4 181 = 371
4B 51 = =
Total 1,023 1,111 1,118
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1,254

1,395
552
51

3,252

.,




2. Reproduction

Conclusions
» Spatial differences among Biological Regions for maturity-at-age

* Earlier oocyte development from west to east

e Coastwide ogive: lower A50 than visual (field) maturity-at-age

* Process 2024 samples for use in 2025 full stock assessment




3. Mortality and Survival Assessment

5-Yr Research Plan (2017-2021)

Fall 2017 Discard mortality rate estimation: longline fishery
field
ex?ggn'&?nt Capture and Injury and viability Survival assessment Best handling practices
S — handling conditions » assessment ) by tagging » in longline fishery ]
— . Careful shak Analysis of
gLy e . Gare_u N ate — — capture-related
Hsglglgt?i;u Physiological cor;dltlon P variables
. assessmen . .
* Improved estimates of discard
Research outcomes: * Injury and viability profiles of hook release methods * Longline DMR » mortality
» Physiological profile of fish under different capture and - Reduce potential bias in stock
handling conditions
assessment results and
S Discard mortality rate estimation: charter recreational fishery management of mortality limits
ummer
eioezgirzglr?ts Capture and Injury, viability and #I Survival assessment by tagging I Best handling practices v‘
(gitka, AK handling conditions B physiological - 1 > in recreational fishery | i
Seward, AK)|| * 12/0 and 16/0 hooks assessment #I Analysis of capture-related variables I Reduce unobserved mortality and
its effect on stock assessment
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.
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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

3. Mortality and Survival Assessment
DMRs in the guided recreational fishery

Results: 1. Hook size and relation to fish size and viabilities

Length distributions by hook size Viabilities by Hook Size
N
© * © Hook Size
140 8 5 = 120
8 8 - = 16/0
8
120 8 3 ©
£ - .
S 8 | S -
S 100 ; i £ o
| = § S
x H o
L =)
60 | N
: o
40 T T = = —
12/0 16/0 Excellent Moderate Poor

Hook Size Viability




3. Mortality and Survival Assessment
DMRs in the guided recreational fishery

Results: 2. Physiological stress profiles

Plasma levels by release viability Plasma levels by fight time Plasma levels at time of release
A e . _ g .
Glucose - - ‘ Glucose £ . Gl £ = |
I+ — PO ucose o s S
Lactate [ .. H Lactate : Lactate :.] : °
= s I
Cortisol ~ fw| ¢ Cortisol Cortisol




3. Mortality and Survival Assessment
DMRs in the guided recreational fishery

Results: 3. Quantify and characterize su

« Wire tags = 281 (all viabilities) |
— 38 recovered to date

« sPATs = 80 (only on Excellent
viability) — 76 provided data

* Mortality rate estimate:
1.35% (95% CI of 0.00-3.95%
for Excellent viability)

T T T T
°°°°°°°°°°°°°°°°°°°°°°°°

Conclusions
 Overall survival from recreational capture and release is very high




4. Fishing technology

ZSOUZn?"IrSi%t Investigate new methods for whale avoidance/deterrence to reduce whale depredation

test in the longline fishery
International Catgh protect.ion Catcr_m Field testing in presence
Workshop on device selection ; protection .
. : i Pilot . of whales: . . .
Protecting Fishery ~ ® | 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| | /Mvestigate behavioral and physiological responses to fishing gear to reduce bycatch
with PSMFC Use of artificial illumination ‘
(P\ to reduce bycatch I}/_Iethod i
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
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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

. . &) NOAAFISHERIES
4 ] F I S h I n g te C h n O I Og y B\g’\ Rleducti(‘)n.El.'lgfl;leering.Program

(BREP) NA21NMF4720534

Reducing whale depredation by protecting longline catches
Phase 1: International Workshop - 2022

Phase 2: Field testing of catch protection devices - 2023

Tested branch line gear with shrouds, and enclosing shuttles for:
« Deployment / Retrieval logistics.
« Optimal configurations (weighting, attachments).
» Basic performance (species/sizes).

Shuttle Shroud




4. Fishing technology

Reducing whale depredation by protecting longline catches

Phase 2: Shuttle field testing

-
.
3 -

L

il

90 100 110

80

Number per skate
Fork Length (cm)

70

Control Shuttle Control Shuttle

Pacific Halibut Metrics - Shuttle
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4. Fishing technology

Reducing whale depredation by protecting longline catches

Phase 3a: Testing in presence of Orcas - 2025
Secured additional funding from NOAA BREP

i

* Putto tenderin 2024 — no bids @\ NOAA FISHERIES
« Secured grant extension to conduct field work in 2025: Bycatch Reduction Engineering Program

« 10 days of fishing in areas with known depredation by Orcas. (BREP) NA23NMF4720414

« Catch rate comparisons with and without shuttle device.
« Test further refinements (attachment protocols, gangion/hook strength).
« Record catch composition details (size ranges, species, catch volume).

Phase 3b: Testing in presence of Sperm whales

Pending funding




4. Fishing technology

Circle hook modifications to reduce bycatch

Ongoing collaboration with Dr. Mark Lomeli - PSMFC

- Various BREP funding sources
- Circle hooks with a stiff steel appendage attached to hook shank
- Catchability differences due to physical mouth orientation/morphology

- 45° non - offset reduce YE bycatch while maintaining P. halibut catch
- 90° no effect

- 45° offset reduce dogfish bycatch, no effect on rockfish

- 22° non-offset reduce dogfish bycatch, no effect on rockfish

- 33° non-offset possibly effective for both rockfish and dogfish?

- Hook timer — no significant species differences on capture timing
- Most fish caught in less than 2.5 hours.

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

AAAAAA



https://doi.org/10.1016/j.ocecoaman.2023.106664

Summary of current competitive research
grants awarded to IPHC

IPHC
M t
Project# Grant agency Project name Partners Budget . ana_xger_nen Grant period
implications
($US)
Bycatch Full scale testing of devices to minimize : : Mortality
Reduction whale depredation in longline fisheries Alaska Fisheries estimations due  November 2023
1 HEHor > 2 IPHC  Science Center-NOAA ~ $199,870 _
Engineering (NOAA Award Number (Seattle) to whale April 2026
Program-NOAA NA23NMF4720414) depredation
Development of a non-lethal genetic- IPHC, Alaska Fisheries
Alask 2025 -
2 Graasn ta Sea based method for aging Pacific halibut Alaska  Science Center-NOAA  $60,374  Stock structure l;:cr:uejranrgerOZ 052 5
(R/2024-05) Pacific U. (Juneau)
Total awarded ($) $260,244
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