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1. Migration and Population Dynamics
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Multiple life-
stage 

connectivity

Bering Sea

Gulf of Alaska

Larval catch and 
effort data

Individual-based 
biophysical model

Larval connectivity

Larval 
dispersal 
pathways

Inter-basin and 
intra-basin larval 

connectivity

5-Yr Research Plan (2017-2021)

Hydrographic 
ROMS model

Juvenile connectivity

Spatiotemporal model

NMFS trawl survey data
Ontogenetic 

migration

Characterization of genetic 
composition/mixture of 

settlement areas

Mapping of 
settlement/nursery areas

Climate effects on larval 
connectivity

PIRM 2022-2026

Connectivity with Western 
Pacific Ocean region

Development and application of genomic approaches
Genome sequence

Population structure analyses

Genetic samples 
of spawning 
aggregations

Establishment of a baseline 
of genetic diversity

Stock composition: mixed 
stock analyses

Delineation of fine-scale 
stock structure

Sadorus et al. (2021) Fish. Oceanog. 30: 174

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

Relevance for stock assessment

• 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
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Population Genomics

Samples Collected from 
Spawning Groups

NPRB Project 2110 (2022-2024)
Objective: Resolve the genetic structure of the Pacific halibut 

stock in IPHC Convention Waters

• Low-coverage whole-genome resequencing 
(lcWGR)

• Allows for screening genomic variation at very 
high resolution

• 570 individuals (⁓ 50/collection)
• 3 sequencing runs - Illumina NovaSeq S4
• Mean coverage - 3.5x
• 10,371,343 autosomal SNPs
• 4,793,014 SNPs(minor allele frequency ≥ 0.05)
• Discrete genetic groups not detected

1. Migration and Population Dynamics



1. Migration and Population Dynamics

Slide 4

The SRB NOTED the Secretariat’s studies of Pacific halibut stock structure based on genomics are nearing completion and 
suggest very limited genetic differentiation among individuals across the northeast Pacific and RECOMMENDED that:

a) the Secretariat test for stock structure using only male Pacific halibut;
b) the Secretariat prepare a manuscript for submission to a peer-reviewed scientific journal;
c) subject to the results from recommendation a (above), revise the 5-Year Program of Integrated Research and 

Monitoring to deprioritize stock structure studies as well as consideration of separate assessments of different stock 
components.

• Conducted PCA and k-means clustering separately for each sex (males n=289, females n=281)
• The same procedure was used for the entire dataset

‒ Estimate covariance matrix from genotype likelihoods (PCAngsd)
‒ Minor allele frequency ≥ 0.05

‒ Eigendecomposition (R)
‒ K-means clustering (R) – tested K=1-20 



1. Migration and Population Dynamics
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Population structure: sex–specific PCAs

K-means clustering – top 3 PCs for both sexes
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1. Migration and Population Dynamics
Conclusions
• We failed to detect discrete groups when each sex was analyzed 

individually (similar to previous results).
 Considerable degree of geneflow among areas.



2. Reproduction
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2017-2018 
Field sample 

collection
(central 
GOA)

Histological 
samples

Characterization 
of oocyte stages

Seasonal characterization of reproductive development
Appropriate 

timing of gonad 
collection in FISS

• Group synchronous
• Batch spawner
• Determinate fecundity

• June-AugustResearch outcomes:

5-Yr Research Plan (2017-2021)

Publications: Fish et al. (2020) J. Fish Biol. 97: 1880–1885
                     Fish et al. (2022) Frontiers in Mar. Sci. 9: 801759
 Simchick et al. (2024) Gen. Comp. Endocrinol. 347: 114425 

30 / month

>90 cm FL

 
 

 
 

 
 

 
  

 

 
 

 
 

 
 

 
 

 
 

 
 

 

    
   

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
  

   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   

 
  

 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
 

 

 
 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

   

 
 

2017-2022 
Commercial 

landings
Development and application of genetic tests for sex identification

Macroscopic vs microscopic maturity staging
Macroscopic 

maturity scores

Ovary images

Histology-based female 
developmental stages and 

reproductive phases

Assess accuracy of 
current field maturity 
classification criteria

• In progressResearch outcomes:

G1

Classification 
of female 

developmental 
stages

Classification 
of reproductive 

phases

Histology-based 
Maturity schedule

PIRM 2022-2026

Fecundity 
assessment

• Annual cycle
• Spawning time
• Reproductive delays

Sex-ratio 
monitoring

Relevance for stock assessment

• Direct input into stock assessment for 
estimation of the stock-recruitment 
relationship

• Estimate annual reproductive output
• Revise time-series of historical and future 

maturity

Scale of female spawning biomass 
and reference point estimates

Revise 
macroscopic 

staging criteria

• Annual sex-ratio at age for the commercial 
fishery fit by the stock assessment

Reduce uncertainty in stock size 
and fishing intensity

https://doi.org/10.1111/jfb.14551
https://doi.org/10.3389/fmars.2022.801759
https://doi.org/10.1016/j.ygcen.2023.114425


2022/2023 FISS 
Collection for Histological

Assessment

z €Œ≥�� ѕ

Biological 
Region

2022 2023 Total

2 440 403 843

3 351 708 1,059

4 181 - 181

4B 51 - 51

Total 1023 1,111 2,134

2. Reproduction
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2. Reproduction
2022 GLM 
log(age)*Region

• AIC = 874.1

• log() transform improves 
fit 
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2. Reproduction
2022 GAM 
s(log(age) by Region)

• AIC = 869.4

• k = 14 

• EDF
Region 2 = 1.03
Region 3 = 5.01
Region 4 = 1.58
Region 4B = 1.1



2023 Histological maturity 
assessment 

n = 422 n = 346

2022

z €Œ≥�� ээ

n = 393 n = 689

2023

2. Reproduction

• Raw data for 
Biological Regions 

 2 and 3

• Each bubble 
represents an age
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2. Reproduction
2023 GLM 
log(age)*Region

• AIC = 935.1

• Similar model trends to 
2022
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2. Reproduction
2023 GAM 
s(log(age) by Region)

• AIC = 913.9

• k = 14 

• EDF
Region 2 = 2.74
Region 3 = 2.48



GLM or GAM Model # Model AIC
GLM 1 log(Age) * Region 1858.7

GLM 2 log(Age) * Region + Year 1811.7

GLM 3 log(Age) * Region + log(Age) * Year 1812

GLM 4 log(Age) * Region + Year * Region 1807

GLM 5 log(Age) * Region + log(Age) * Year + Year * Region 1808.2

GLM 6 log(Age) * Region * Year 1809.2

GAM 1 s(log(Age) * Region) 1832.4

GAM 2 s(log(Age) * Region) + s(log(Age) * Year) 1778.9

GAM 3 s(log(Age) * Region) + Year * Region 1778.9

z €Œ≥�� эё

2. Reproduction
Maturity Model Comparisons with Year



• AIC = 1807

• Estimating higher 
proportion mature at 
younger and older ages

z €Œ≥�� эђ

GLM
log(Age) * Region +
Year * Region

2. Reproduction 2022 2022

20232023



• AIC = 1778.9

• Extra year of data 
smoothed out model in 
Region 3

• EDF
Region 2 = 3.4
Region 3 = 2.82

z €Œ≥�� эѓ

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

2. Reproduction
2022

20232023

2022
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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

A50 = 10.3 yrs

2. Reproduction
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2. Reproduction
Coastwide Ogive Comparison

• GAM vs GLM vs Assessment

• GAM better represents 
 maturity at younger ages 
 and lower proportion 
 mature for older individuals

 



2024 FISS Sample 
Collection

z €Œ≥�� эі

2. Reproduction

Biological 
Region

2022 2023 2024 Total

2 440 403 411 1,254

3 351 708 336 1,395

4 181 - 371 552

4B 51 - - 51

Total 1,023 1,111 1,118 3,252
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2. Reproduction
Conclusions
• General modeling approach

• GAM is the best fit model
• Coastwide ogive

• Using pooled data from 2022/2023
• Observed reduction in A50 from 2022 to 2023

• 2024 samples sent for histological processing
• Use in 2025 full stock assessment



3. Mortality and Survival Assessment
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Fall 2017 
field 

experiment
(GOA)

Discard mortality rate estimation: longline fishery

• Longline DMR

5-Yr Research Plan (2017-2021)

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.

Capture and 
handling conditions

Physiological condition 
assessment

Research outcomes:

Injury and viability 
assessment

Survival assessment 
by tagging

• Injury and viability profiles of hook release methods
• Physiological profile of fish under different capture and 

handling conditions

Best handling practices 
in longline fishery

• Careful shake
• Gangion cut
• Hook strip

Analysis of 
capture-related 

variables

PIRM 2022-2026

Environmental influences on growth patterns

• Recreational DMRResearch outcomes:

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

Survival assessment by tagging

Analysis of capture-related variables

Best handling practices 
in recreational fishery

Relevance for stock assessment

• 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

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
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Characterization of discards: stress indicators in the blood

Glucose

Lactate

Fight time Viability category Injury type

Cortisol

Recovery Status

At-Large Recaptured



3. Mortality and Survival Assessment

z €Œ≥�� юя

Characterization of discards: size and condition by viability

Fish Length Fat (%)Fulton’s K

*

At-Large Recaptured At-Large Recaptured At-Large Recaptured



4. Fishing technology
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Summer  
2023 pilot 

test

Investigate new methods for whale avoidance/deterrence to reduce whale depredation 
in the longline fishery

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

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

International 
Workshop on 

Protecting Fishery 
Catches from Whale 

Depredation

Research outcomes:

Catch protection 
device selection 
and production:

Field testing in presence 
of whales:

• New tools for fishery avoidance and/or deterrence
• Improved estimation of depredation mortality

• Shuttle
• Slinky pot-Shroud

Pilot 
testing

Environmental influences on growth patterns

• New methods for reducing bycatch
• Improved estimation of bycatch mortality

Research outcomes:

Investigate behavioral and physiological responses to fishing gear to reduce bycatch
Use of artificial illumination 

to reduce bycatch Method 
refinement 

and 
improvement

• Killer whales (orcas)
• Sperm whales

Catch 
protection 

device 
refinement and 
improvement

Circle hook modifications to 
reduce rockfish bycatch

Collaboration 
with PSMFC

Relevance for stock assessment

• Increasing available yield for 
directed fishery.

• Reduce potential bias and 
uncertainty in the stock 
assessment.

Improve mortality accounting

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


Reducing whale depredation by protecting longline catches

Slide 25

4. Fishing technology Bycatch Reduction Engineering Program 
(BREP) NA23NMF4720414

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

• Permit and vessel selection permitting:
• 10 days of fishing in presence of Orcas / Sperm whales.
• Further refinements (attachment protocols, gangion/hook strength).
• Catch rate comparisons with and without shuttle device.
• Catch composition details (size ranges, species, catch volume).

• Actively seeking vessels interested / available for the project in spring/summer of 2025.
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Summary of awarded research grants to IPHC

Project # Grant agency Project name PI Partners
IPHC 

Budget 
($US)

Management 
implications Grant period

1

Bycatch 
Reduction 
Engineering 
Program-NOAA

Full scale testing of devices to minimize 
whale depredation in longline fisheries 
(NOAA Award Number 
NA23NMF4720414)

IPHC
Alaska Fisheries 
Science Center-NOAA

$199,870

Mortality 
estimations due 

to whale 
depredation

November 2023 – 
April 2026

2 Alaska Sea 
Grant

Development of a non-lethal genetic-
based method for aging Pacific halibut 
(R/2024-05)

IPHC, 
Alaska 
Pacific U. 
(APU)

Alaska Fisheries 
Science Center-NOAA 
(Juneau)

$60,374 Stock structure
January 2025-
December 2026

Total awarded ($) $260,244
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https://www.iphc.int/ 

https://www.iphc.int/
https://www.iphc.int/
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