Science for salmon conservation and management
across multiple scales: A summary of research and
preliminary findings from the Pacific Salmon Strategy
Initiative

Cory R. Lagasse, Joe Enns, Nicholas Brown, Isobel Pearsall,
Ann-Marie Huang, Diana Dobson (editors)

Fisheries and Oceans Canada
Pacific Biological Station

3190 Hammond Bay Rd
Nanaimo, BC VOT 6N7

2026

Canadian Technical Report of
Fisheries and Aquatic Sciences 3768

I*I Fisheries and Oceans Péches et Océans
Canada Canada Ll

(Canada



Canadian Technical Report of Fisheries and Aquatic Sciences

Technical reports contain scientific and technical information that contributes to existing
knowledge but which is not normally appropriate for primary literature. Technical reports are
directed primarily toward a worldwide audience and have an international distribution. No
restriction is placed on subject matter and the series reflects the broad interests and policies of
Fisheries and Oceans Canada, namely, fisheries and aquatic sciences.

Technical reports may be cited as full publications. The correct citation appears above the
abstract of each report. Each report is abstracted in the data base Aquatic Sciences and Fisheries
Abstracts.

Technical reports are produced regionally but are numbered nationally. Requests for
individual reports will be filled by the issuing establishment listed on the front cover and title page.

Numbers 1-456 in this series were issued as Technical Reports of the Fisheries Research
Board of Canada. Numbers 457-714 were issued as Department of the Environment, Fisheries and
Marine Service, Research and Development Directorate Technical Reports. Numbers 715-924
were issued as Department of Fisheries and Environment, Fisheries and Marine Service Technical
Reports. The current series name was changed with report number 925.

Rapport technique canadien des sciences halieutiques et aquatiques

Les rapports techniques contiennent des renseignements scientifiques et techniques qui
constituent une contribution aux connaissances actuelles, mais qui ne sont pas normalement
appropriés pour la publication dans un journal scientifique. Les rapports techniques sont destinés
essentiellement a un public international et ils sont distribués a cet échelon. II n'y a aucune
restriction quant au sujet; de fait, la série refléte la vaste gamme des intéréts et des politiques de
Péches et Océans Canada, c'est-a-dire les sciences halieutiques et aquatiques.

Les rapports techniques peuvent étre cités comme des publications a part entiere. Le titre
exact figure au-dessus du résumé de chaque rapport. Les rapports techniques sont résumés dans la
base de données Résumés des sciences aquatiques et halieutiques.

Les rapports techniques sont produits a I'échelon régional, mais numérotés a 1'échelon
national. Les demandes de rapports seront satisfaites par I'établissement auteur dont le nom figure
sur la couverture et la page du titre.

Les numéros 1 a 456 de cette série ont été publiés a titre de Rapports techniques de 1'Office
des recherches sur les pécheries du Canada. Les numéros 457 a 714 sont parus a titre de Rapports
techniques de la Direction générale de la recherche et du développement, Service des péches et de
la mer, ministére de I'Environnement. Les numéros 715 a 924 ont été publiés a titre de Rapports
techniques du Service des péches et de la mer, ministére des Péches et de I'Environnement. Le
nom actuel de la série a été établi lors de la parution du numéro 925.



Canadian Technical Report of
Fisheries and Aquatic Sciences 3768

2026

Science for salmon conservation and management across multiple scales:
A summary of research and preliminary findings from the Pacific Salmon
Strategy Initiative

Cory R. Lagasse, Joe Enns, Nicholas Brown, Isobel Pearsall,
Ann-Marie Huang, Diana Dobson (editors)

Fisheries and Oceans Canada
Pacific Biological Station
3190 Hammond Bay Rd

Nanaimo, BC VIT 6N7



© His Majesty the King in Right of Canada, as represented by the Minister of the
Department of Fisheries and Oceans, 2026

This work is licensed under the Open Government Licence
Cat. No. Fs 97-6/3768E-PDF ISBN 978-0-660-99355-3 ISSN 1488-5379
https://doi.org/10.60825/9rf0-z464

Correct Citation for this publication:

Lagasse, C.R., Enns, J., Brown, N., Pearsall, |, Huang, A.-M., Dobson, D. (eds.). 2026.
Science for salmon conservation and management across multiple scales: A summary
of research and preliminary findings from the Pacific Salmon Strategy Initiative. Can.
Tech. Rep. Fish. Aquat. Sci. 3768: vii + 414 p. https://doi.org/10.60825/9rf0-z464



https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fopen.canada.ca%2Fen%2Fopen-government-licence-canada&data=05%7C02%7CJanet.Lucas-Cantwell%40dfo-mpo.gc.ca%7C5c365c3a959b4cfe218b08de6fdceba2%7C1594fdaea1d94405915d011467234338%7C0%7C0%7C639071191805132018%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=SG5RWq7X74ma7%2BbHkopVxKrb0ZOKlT4WPufZwEwDOgQ%3D&reserved=0
https://doi.org/10.60825/9rf0-z464
https://doi.org/10.60825/9rf0-z464

TABLE OF CONTENTS

FN =S I AN O PSRRI vi
RESUME ...ttt et e e ee et e et e e et e et e s et e e et e en et e s et e e eae s eae e eeenn e vii
EXECUTIVE SUMMARY ...ttt ettt e e et e e e e sttt e e e e s st e e e e e ansaeaaeaanseeaaeaannneeas 1
INTRODUGCTION ...ttt et e e ettt e e e sttt e e e e e meteeeeaamseeeaeaansaeaaeaanneeaaeannneeeas 6
UNDERSTANDING SALMON ECOSYSTEMS.......oooiiiiiiiii et 10
FRESHWATER ECOSYSTEMS ...ttt et 10
MARINE ECOSYSTEMS ... .ttt ettt ettt e e e et e e e e e st e e e e e anees 15
CLIMATE CHANGE VULNERABILITY ittt 23
LIFE CYCLE APPROACHES FOR SALMON ASSESSMENTS .......ccuiiiiiiiieeiiee e 27
EXPANDED SALMON POPULATION MONITORING........c.cuiiiiiiiiieeeiiee e 27
FOLLOW THE FISH PROGRAM ......ccoiiiiiie ettt e e s entee e e e nneeea e e e nnneeeas 29
BOTTLENECKS TO SURVIVAL ... .ottt et a e e a e e e 33
STANDARDIZING SALMON STOCK ASSESSMENTS.......ooiiiiiiiiieaeiiie e 34
SCIENCE TO SUPPORT HATCHERY MODERNIZATION ......cciiiiiiiiiiiiie e 36
GEINETICS ...ttt ettt e e oottt e e e ekttt e e e ekttt e e e e nte e e e e ante e e e e anreeeeeanees 37
FISH HEALTH ..ttt ekttt e e e e a et e e e e st e e e e neb e e e e e nee e e e e e nneeeas 39
FISHERY MONITORING AND HARVEST TECHNIQUES..........cooiiiiiieiiieee e 43
IMPROVING SALMON DATA STEWARDSHIP .......ooiiiiiii e 47
TOOLS AND MODELS TO SUPPORT DECISION MAKING .......cccuiiieiiiiiee e 51
CONCLUSIONS AND RECOMMENDATIONS ...ttt 53
ACKNOWLEDGEMENTS ...ttt e e et e e e et e e e e e nee e e e e e ansseaaeaanseeeaeeannneeas 56
REFERENGCES ... .ttt e e ettt e e e ekt e e e e mb et e e e e nbe e e e e e neeeeeeanneee 57
PROJECT REPORTS ...ttt ettt e ettt e e e et e e e e e e e e e e e enneeeeeanees 65
FRESHWATER ECOSYSTEMS ...ttt et a e e nneeeas 65
PACISIS Il ST=To [o IS Toto 10T g1V (ol o1 1 (o] 4 1o T SRR 65
2410 - Assessing AlS Threats to Freshwater Habitats...............ccoooooo 68
2414 — WCVI Freshwater INdiCators. ........ccooiiiiiiiieeeeeeee e 78
2424 - Modelling Hydrology and Juvenile Salmon Productivity............cccoooeeiiiii. 80
2425 - Geospatial Threat Indicators in the Fraser River Basin ............ccccoeeiiiii. 84
2442 - Habitat Use and Predation on Okanagan Juvenile ChinooK ..............cccccoeeeiieneeen. 92
2443 - Assessing Smallmouth Bass Control Impacts in Cultus Lake ............ccccooiiiiinennen. 97
2493 — Freshwater cumulative impacts mechanistic assessments.................oooovviiiinnnnnn. 103



2504 - Identifying Toxic 6PPD-Quinone Hotspots in Salmon Habitat................................ 108

MARINE ECOSYSTEMS ... .ottt et e e et e e e e et e e e e nnees 116
2404 - Environmental Conditions and Hypoxia in Vancouver Island Fjords ...................... 116
2406 - Using Sediment Cores To Study Changing Coastal Productivity ...............cc........ 123
2409 - Tagging Study of Sea Lion Predation on Salmon ..., 128
2412 - Climate Stressors and Nutritional Quality of Pteropods............ccooooeiiiiiiii. 139
2413 - Krill Monitoring in Barkley and Clayoquot Sounds............cooooiiiiiiiiii, 147
2416 - Predicting Salmon Exposure to Harmful Algal BiotoXins.............ccoooevieiiiiiiininneen. 155
2427 - Salish Sea Plankton and Oceanography Monitoring ...........ccccooeviiieiiieeeiieeii. 163
2433 - Integrated Salish Sea Acoustic Monitoring ...........c.oooiiiiiiiiiiiicce e, 170
2513 - Monitoring Key Contaminants in WCVI Juvenile Salmon .............cccceeeeiiiiiiiiinnnnnn.. 173

CLIMATE CHANGE VULNERABILITY ittt nnnnee e 181
2405 - Biological Models of Salmon Under Future Climates............cccoooviieeeiiiiiiiiiiiinnnn. 181
2437 - Adaptive Genetic Variation and Salmon Climate Resilience .........c.....ccoeeeiiinnnnn... 190
9001 — Climate Vulnerability Indicators for Salmon (CVIS)........ccoooiiiiiiiiii, 197

LIFE CYCLE APPROACHES ... ittt e et e a e e et eae e nees 208
2403 - San Juan River Adult and Juvenile Assessment Program .............ccccoeeeeieieeeeeeeenn. 208
2407 - Juvenile Chinook Distribution, Diet, and Health on WCVI........coouvimiiiiiiieiieenn 211
2422 - LA-ICP-MS for Estuary Entry Size and Habitat Use .............ccccciiiii . 223
2432 - Barkley Sound Acoustic Monitoring of Salmon and Prey ..., 227
2447 — Cumulative Stressors Identification Using Fit-Chips and eDNA........................... 231

SALMON POPULATION MONITORING.......coiiiiiiiieeiiiie e 243
2402 - Yukon Chinook Migration Mortality ...........ccoooioiiiiii 243
2426 - Sakinaw Sockeye Marine SUrvival ... 251
2430 - Estimating Chilko Smolt Abundance with SONAR Methods ..........cccoovveiviiiiiinnnnnn. 258

GEINETICS ...ttt e ookttt e e e e m bttt e e e e a bttt e e et b e e e e e nteeeeeaanneeeeeannes 263
2434 - Rapid Genotyping Using SHERLOCK ASSAY ......cccoeeeiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 263
2435/2453 - Epigenetic Variation between Hatchery and Wild Salmon ............................ 266
2436 - Chum Whole Genome Sequencing for Stock Delineation ............ccccccoiiiiiiinnnnnn. 273
2451 - Relative Reproductive Success of Hatchery Vs Wild Salmon............cccoociiieeenn. 279
2452 - Genetic Associations with Chinook Male Return Age ..., 284
2545 - Genetic Stock ID and Parentage-Based Tagging of Salmon...............ccooooeeeie. 291

FISH HEALTH ...ttt ettt e e e ettt e e e e st e e e e e st e e e e e nteeaeeannseeeeeenees 295



2400 - Modeling Chinook and Coho Broodstock Disease Screening.........ccccoeeevvveevvinnnnnn. 295

2401 - IHNV Epidemiological Modeling in Sockeye Salmon..............ccovvvieeiiiiiiiiceiiiinnnn. 302
2408 - Modernizing Salmonid Health Diagnostic Services .............cccovvvviiiciiiiieiccein, 307
2417 - Optimizing Hatchery Feeds for Pacific Salmon Production...............ccccooeeeei. 314
2418 — Thiamine Influence On Chinook Reproductive Success ............cccceeeeiiieeviieiiinnnnnn. 324
2421 — Testing Scale Hormones to Assess Chronic Stress ..., 335
2448 — Proactive, Holistic Salmon Health Management ..., 345
FISHERY MONITORING AND HARVEST TECHNIQUES ..ot 354
9000 - Enhanced MSF Monitoring and Chinook Reference Fishery ...........ccc.ooooviiiiinnnnnnn. 354
2394 - Trawl Fishery Enhanced Salmon Bycatch Monitoring................cvveeeeiiiiiiiiiiiinnnnn. 361
NEW TOOLS AND MODELS TO SUPPORT DECISION-MAKING.........ccccoiiiiiieeiiieeeeeee 366
2439 - Modernizing Fish Age Estimation with FT-NIR and Al.............cccooo 366
2449 - SalImonMSE Decision-Support TOOI .........oovvuiiiiiieiiieeceie e 373
3682 - Legislation Applicable to Pacific Salmon and Ecosystems ............cccccceeeiiiiiinnnenes 379
APPENDIX A. OVERVIEW OF PHASE TWO BCSRIF PROJECTS ......cccciiieeiiiiee e 387
APPENDIX B. SUMMARY OF FISHERIES AND ASSESSMENTS DATA SECTION PROJECTS
............................................................................................................................................... 406



ABSTRACT

Lagasse, C.R., Enns, J., Brown, N., Pearsall, I, Huang, A.-M., Dobson, D. (eds.). 2026. Science
for salmon conservation and management across multiple scales: A summary of research and
preliminary findings from the Pacific Salmon Strategy Initiative. Can. Tech. Rep. Fish. Aquat.
Sci. 3768: vii + 414 p. https://doi.org/10.60825/9rf0-z464

Beginning in 2021, the Pacific Salmon Strategy Initiative (PSSI) was a five-year, $647 million
investment by the Government of Canada to restore and sustain Pacific salmon and their
habitats. This report summarizes scientific research and preliminary findings from 47 PSSI-
funded projects led by Fisheries and Oceans Canada’s Pacific Region Science branch,
complemented by 72 external agreements for phase two of the BC Salmon Restoration and
Innovation Fund (BCSRIF). Research spanned a range of disciplines and addressed major
themes relevant to salmon conservation and management, including freshwater and marine
ecosystems, climate change vulnerability, life-cycle approaches to assessment, hatchery
modernization, fisheries monitoring, stock assessment, and data stewardship. Across these
themes, PSSI expanded scientific capacity, advanced new analytic and monitoring tools, and
improved our understanding of individual and cumulative pressures affecting salmon abundance
and their survival across life stages. The initiative also supported more standardized
assessment processes, improved data systems, and scientific partnerships. Together these
advances will continue to inform salmon conservation, rebuilding, and sustainable fisheries
management beyond the life of the initiative.
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RESUME

Lagasse, C.R., Enns, J., Brown, N., Pearsall, I, Huang, A.-M., Dobson, D. (eds.). 2026. Science
for salmon conservation and management across multiple scales: A summary of research and
preliminary findings from the Pacific Salmon Strategy Initiative. Can. Tech. Rep. Fish. Aquat.
Sci. 3768: vii + 414 p. https://doi.org/10.60825/9rf0-z464

Commencer en 2021, I'Initiative de la Stratégie relative au saumon du Pacifique (ISSP) était un
investissement de 647 millions de dollars sur cinq ans du gouvernement du Canada visant a
restaurer et a maintenir le saumon du Pacifique et ses habitats. Ce rapport résume les
recherches scientifiques et les conclusions préliminaires de 47 projets financés par I'|SSP et
dirigés par la direction des sciences de la région du Pacifique de Péches et Océans Canada,
complétés par 72 ententes externes pour la deuxiéme phase du Fonds de restauration et
d'innovation pour le saumon de la Colombie-Britannique (BCSRIF). Les recherches ont porté
sur un éventail de disciplines et ont abordé des thémes majeurs pertinents pour la conservation
et la gestion du saumon, notamment les écosystémes d'eau douce et marins, la vulnérabilité au
changement climatique, les approches d'évaluation basées sur le cycle de vie, la modernisation
des écloseries, la surveillance des péches, I'évaluation des stocks et la gérance des données. A
travers ces thémes, I'|SSP a accru la capacité scientifique, fait progresser de nouveaux outils
d'analyse et de surveillance, et amélioré notre compréhension des pressions individuelles et
cumulatives affectant I'abondance du saumon et sa survie aux différentes étapes de sa vie.
L'initiative a également soutenu des processus d'évaluation plus normalisés, I'amélioration des
systémes de données et des partenariats scientifiques. Ensemble, ces progrés continueront
d'éclairer la conservation du saumon, le rétablissement des stocks et la gestion durable des
péches au-dela de la durée de l'initiative.
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EXECUTIVE SUMMARY

Beginning in 2021, the Pacific Salmon Strategy Initiative (PSSI) was a five-year, $647 million
investment by the Government of Canada to restore and sustain Pacific salmon populations and
their habitats. This report summarizes scientific research and preliminary findings from PSSI-
funded projects led by Fisheries and Oceans Canada’s (DFO) Pacific Region Science branch.
This research was complemented by a major expansion of the BC Salmon Restoration and
Innovation Fund (BCSRIF), which supported 72 new collaborative agreements with First
Nations, academic institutions, non-governmental organizations, and industry.

DFO-led research under PSSI was organized primarily through two initiatives: Improved
Understanding of Salmon Ecosystems and Science to Support Hatchery Modernization. The
overarching aim of Improved Understanding of Salmon Ecosystems was to enable effective
conservation management for wild salmon and their ecosystems by developing a
comprehensive understanding of habitat, ecosystem, and climate change impacts on salmon
productivity, while Science to Support Hatchery Modernization aimed to provide scientific advice
and information to inform hatchery planning and operations, including the expansion of hatchery
programs under PSSI. These initiatives supported multi-disciplinary work across freshwater,
estuarine, and marine environments, while also targeting research on genetics, fish health,
fisheries monitoring, and data stewardship. This report summarizes scientific advances and
preliminary findings across eleven thematic areas (Figure 1), with more detailed information
provided within 47 project reports that highlight findings from individual projects. Key findings
and outcomes will be refined in the near future as researchers complete and publish analyses.

Freshwater Ecosystems

PSSI-funded freshwater research advanced our understanding of the habitat conditions that
influence spawning, incubation, juvenile rearing, and migration. Studies examined the influence
of streamflow, temperature, dissolved oxygen, sediment dynamics, and habitat connectivity on
freshwater productivity and habitat condition. New geospatial and mechanistic modelling
approaches improved the ability to assess cumulative effects from land use and climate change,
identify vulnerable watersheds and conservation units, and support habitat planning and
recovery actions.

This work also highlighted several emerging threats. In urban and agricultural systems,
monitoring showed that temperatures and oxygen can regularly attain levels considered
stressful for salmon. Contaminant studies identified areas exposed to 6PPD-quinone, a tire-
derived chemical now recognized as a source of mortality for coho salmon in some watersheds.
Research on invasive species and predators showed that non-native fishes such as smallmouth
bass can impose substantial mortality on juvenile salmon from at-risk populations. Together,
these studies reinforce the need to evaluate freshwater habitats through a cumulative effects
lens rather than focusing on single stressors in isolation.

Marine Ecosystems
Research addressed both bottom-up processes—including food availability, coastal productivity,
and environmental drivers of prey quantity and quality—and top-down processes—including



predation, competition, and disease. This work spanned from estuaries of the Fraser river to the
Strait of Georgia to the West Coast of Vancouver Island and into the open North Pacific.
Additional research investigated compounding anthropogenic stressors including habitat
degradation in nearshore juvenile Chinook rearing areas, toxic contaminants, and biotoxins, as
well as behavioral and life history variation within and among salmon species that shapes their
vulnerability to these pressures. Climate change is exerting pervasive effects on these
processes, further complicating the interactions affecting prey availability, water quality, and
salmon susceptibility to disease and contaminants.

Collectively, these studies are revealing new aspects of ecosystem structure and highlighting
emerging threats to salmon survival. Examples include shifts in pteropod nutritional quality
under ocean acidification, evidence of high sockeye salmon mortality associated with salmon
sharks and other predators, and observations that some early marine habitats are increasingly
experiencing thermal and hypoxic conditions near or beyond salmon tolerances. Looking across
BC'’s coastal regions, studies reveal considerable variation in water quality, productivity, and
prey availability during the critical early marine rearing period. The degree of variation suggests
that place-based management strategies tailored to local conditions will increasingly be needed.

Climate Change Vulnerability

Climate change emerged as a cross-cutting theme throughout the report and is increasingly
central to understanding salmon status and future risk. New research is applying downscaled
climate modelling, genomics, life-cycle models, and vulnerability assessments to examine how
climate-related changes may affect different species, regions, and conservation units.
Downscaled hydrologic and stream-temperature models show that by 2100 Pacific salmon in
BC will on average face freshwater temperatures about 3°C warmer than the previous century.
Vulnerability assessments then linked these changing conditions to salmon responses: life-cycle
models for sockeye quantified how productivity in different populations responds to freshwater
and marine covariates, revealing especially high sensitivity in southern systems and during early
marine stages, while genomic offset analyses identified populations spawning in the lower
Fraser and Thompson River regions as requiring the most genetic change to adapt to future
climates. Within the Fraser Basin, quantitative exposure and vulnerability assessments showed
that vulnerability varies markedly among species and conservation units, with many sockeye
and Chinook CUs, especially summer migrants and those already in poor condition, projected to
face the highest risks. This research provides an improved foundation for climate-informed
planning, but also highlights uncertainty about life-cycle effects, non-stationary relationships,
and adaptation potential.

Life Cycle Approaches for Assessment

PSSI enabled advances in life cycle assessments, tracking salmon from eggs to mature adults
in order to identify mortality bottlenecks and limiting factors. The Follow the Fish program was
developed to identify and assess anthropogenic, biological, and environmental factors limiting
the productivity of West Coast Vancouver Island natural-origin Chinook salmon, while the
Bottlenecks to Survival Project aimed to identify survival bottlenecks and their causes for
Chinook, coho, and steelhead in the Strait of Georgia. Synthesis of results from these programs
is ongoing and will ultimately serve a range of management applications from informing



recovery and rebuilding programs, to identifying measures to improve salmon productivity
across freshwater and marine ecosystems, to guiding optimal hatchery release timing and
enhancement strategies.

Throughout this work, researchers have deployed an array of advanced monitoring
technologies. These include eDNA analysis to characterize marine ecosystems; autonomous
echosounders to identify prey hotspots and juvenile salmon abundances; scat analysis,
biochemical diet tracers, and acoustic and satellite tagging to assess predator diets and spatial
overlap with salmon; advanced molecular tools such as Fit-Chips to evaluate an array of
environmental and physiological stressors on juvenile salmon; and passive integrated
transponder (PIT) tags combined with detection array networks to identify stage-specific survival
rates and pinpoint mortality bottlenecks.

One notable outcome was the establishment of the first Laser Ablation-Inductively Coupled
Plasma-Mass Spectrometry facility at DFO’s Institute of Ocean Sciences, providing the
Department with in-house analytical capability for otolith microchemistry and salmon life history
research. In addition, a life-cycle simulation model (SalmonMSE) was developed to support
decision making and to evaluate trade-offs among harvest regulation, hatchery enhancement,
and habitat restoration.

Hatchery Modernization: Genetics and Fish Health

Research under the Science to Support Hatchery Modernization initiative focused primarily on
genetics and fish health. Genetics research investigated the fundamental differences between
hatchery and natural-origin salmon, and the mechanisms driving those differences. Using
advanced techniques including whole-genome sequencing, methylation sequencing, and
parentage-based tagging (PBT), researchers found that hatchery fish exhibit distinct epigenetic
signatures relative to natural-origin fish that vary by population, rearing strategy, and life stage,
and that can in some cases be inherited by offspring. A complementary study on relative
reproductive success highlighted the methodological challenges of estimating hatchery-wild
fitness differences, and identified grand-parentage-based tagging as a tractable pathway
forward. On the operational side, whole-genome sequencing of chum salmon across southern
BC yielded an improved genetics panel with greater stock identification accuracy, while a new
rapid genotyping assay to distinguish among conservation units based on run-timing genotypes
was tested for field deployment.

Fish health projects focused on improving how hatcheries assess, prevent, and manage
disease and stress, while clarifying the environmental drivers of health outcomes for both
hatchery and wild salmon. Long-term analyses of broodstock screening and disease records
showed that for key pathogens such as BKD and IHNV, environmental factors often play a
larger role than direct parent-to-offspring transmission. PSSI investments modernized diagnostic
capacity by developing and validating gPCR assays for multiple endemic pathogens, testing
new approaches such as pre-fertilization egg disinfection, and building non-lethal screening
protocols. Novel tools, including salmon Fit-Chips and environmental RNA sampling,
demonstrated the ability to track pathogen exposure, physiological stress, and smoltification
status in near real time. Other work on stress physiology, hatchery nutrition, thiamine deficiency,
and vateritic otolith formation clarified when proposed biomarkers or diet changes are (and are



not) useful, and showed that relatively simple adjustments to rearing practices can reduce some
health-related abnormalities.

Fisheries Monitoring and Harvest Techniques

Work focused on fisheries monitoring and harvest techniques advanced tools and approaches
for more selective and precautionary fisheries management. In recreational fisheries, an
expanded creel survey led by the Central Coast Indigenous Resource Alliance improved spatial
coverage and genetic sampling of salmon catches, while a DFO-led mark-selective fishery
(MSF) reference fishery collected fishery-independent data on hatchery mark rates, stock
composition, and sizes of Chinook encountered. A five-year study by UBC's Pacific Salmon
Ecology and Conservation Laboratory evaluated post-release mortality in recreational fisheries,
finding that outcomes vary with fish condition, species, size, and water temperature, and yielded
evidence-based best practices to reduce injury and stress from catch-and-release angling. In
commercial fisheries, an enhanced bycatch monitoring program in the groundfish trawl fishery
tracked a large increase in Chinook bycatch and directly informed the development of a new
bycatch management plan. Other work on commercial gilinet vessels piloted electronic
monitoring as a cost-effective alternative to at-sea observers and explored selective salmon trap
technologies for First Nations terminal fisheries.

Standardizing Salmon Stock Assessments

PSSI coincided with a transition in Pacific salmon stock assessment and legislative
requirements following implementation of the Fish Stocks Provisions of the Fisheries Act and
standardized national science advice templates. Additional capacity enabled input into the
design and more widespread application of a standardized national template for assessment of
salmon stock management units (SMUs) that includes hatchery, harvest, and habitat
considerations unique to Pacific salmon. During the latter years of PSSI, stock assessments for
eleven Pacific salmon SMUs underwent review through a Canadian Science Advisory
Secretariat (CSAS) Salmon Sprint Week and individual peer review processes. This work
advanced a regular and structured assessment model for Pacific salmon stocks, although
sustaining this progress will require continued analytical capacity and population monitoring.

Improving Salmon Data Stewardship

Progress was also made in improving data stewardship and the infrastructure underpinning
Pacific salmon research. Key outcomes included the modernization of some legacy databases,
the development of centralized platforms to link field sampling with analytical results, and the
establishment of data standards to ensure information is findable, accessible, interoperable, and
reusable (FAIR) across programs and jurisdictions. While these advancements represent an
important step toward more integrated data systems, ongoing investment is required to fully
modernize remaining legacy systems and migrate historical datasets into managed databases.

Recommendations

The research summarized in this report represents a substantial expansion of the science
available to support Pacific salmon management and conservation. Overall recommendations
emphasize the continued advancement of life-cycle assessment approaches that account for
interacting stressors across freshwater, estuarine, and marine ecosystems. As climate change
creates a shifting baseline, it is increasingly important to understand its current and future



effects and consider them in the design of monitoring programs, assessments, and decision-
making. Furthermore, the report highlights the needs to adopt a cumulative effects perspective
to address overlapping pressures rather than assessing and managing stressors in isolation.
Across many populations and areas, there remains considerable potential for research and
assessments to identify critical limiting factors and support development of mitigation measures.

A significant outcome of the PSSI was the development of numerous tools, monitoring methods,
and assessment frameworks; the critical next step is to move toward applying these innovations
to inform assessments, management decisions, and operational activities. This includes
integrating modern genomic and fish-health diagnostics into hatchery practices and building
upon the solid foundation established for data management and standardized stock
assessments. Throughout these efforts, the importance of collaboration remains a recurring
theme that was emphasized across research efforts. Ultimately, long-term success will depend
on fostering cross-jurisdictional partnerships with other governments and Indigenous groups to
co-develop research and implement evidence-based recovery strategies that support resilient
Pacific salmon populations.

Hatchery
Modernizati ~ . Climate Change ..
\ﬁ Vulnerability

X
—_——= y Life Cycle
. / Approaches

Modelling & Decision
Management Support

Figure 1. Thematic research areas included in this report to summarize research and monitoring funded by PSSI.



INTRODUCTION

Pacific Salmon Strategy Initiative Overview

The Pacific Salmon Strategy Initiative (PSSI) was a generational investment of $647 million in
habitat restoration, hatchery enhancement, fisheries management, scientific research, and other
activities related to Pacific salmon. PSSI was initiated in 2021 in response to long-standing
concerns about declines in salmon populations, increasing pressures from climate change, and
the need for more integrated approaches to management and recovery. Over its five year span,
the multi-faceted initiative sought to restore vulnerable populations of Pacific salmon and their
habitats, support sustainable fishing opportunities while reducing impacts on at-risk stocks, and
build capacity among partners to achieve better outcomes for Pacific salmon.

PSSI brought significant new capacity and resources to Fisheries and Oceans Canada (DFO),
the lead federal agency for the initiative, enabling expanded scientific research, enhanced
stewardship and restoration activities, additional capacity for enhancement and monitoring, and
new collaborative approaches with Indigenous and non-Indigenous partners. The initiative was
initially designed and managed across four pillars intended to provide a framework for aligning
and coordinating actions across habitat, hatcheries, fisheries, and governance. The four pillars
(Conservation and Stewardship, Salmon Enhancement, Harvest Transformation, and Integration
and Collaboration) each involved multiple sectors within DFO and were composed of several
“initiatives”, which were distinct elements for funding and reporting (Table 1).

The conservation and stewardship pillar focused on new activities and investments supporting
the long-term persistence and rebuilding of Pacific salmon populations. Key components
included a doubling of the British Columbia Salmon Restoration and Innovation Fund (BCSRIF),
investing in research to improve our understanding of salmon and their ecosystems, advancing
integrated planning for salmon ecosystems to mitigate pressures on freshwater habitats,
developing integrated rebuilding plans for vulnerable salmon populations, improving supports for
salmon stewardship activities through engagement, and capacity-building with First Nations and
community partners.

The salmon enhancement pillar aimed to modernize hatchery programs to more effectively
support the conservation, recovery, and sustainable use of Pacific salmon. A key objective
under this pillar was to invest in new hatchery infrastructure and capacity, including retrofitting
existing facilities and building new facilities in the Upper Fraser area. The pillar also aimed to
strengthen collaboration and enhancement partnerships, including with First Nations and other
stakeholders, while investing in hatchery science related to genetics, fish health, and
operational monitoring. In addition, this pillar supported development of a modernized
enhancement policy intended to guide decision-making in a way that better supports the overall
enhancement vision, including the targeted use of conservation-based hatchery production to
help recover, stabilize, and restore vulnerable salmon stocks.

The harvest transformation pillar was intended to change how Pacific salmon fisheries were
managed in response to long-term stock declines and ongoing conservation concerns. Its key
objectives included adopting more precautionary and selective fishing approaches, including
exploring mark-selective fisheries, and developing new tools to better monitor harvest impacts



across sectors. The pillar also included commitments to update the Salmon Allocation Policy
and to update licensing, regulatory, and management frameworks, including measures such as
licence buyback programs and long-term commercial fishery closures in times and areas
transited by stocks of concern. In addition, it aimed to improve the timeliness and accuracy of
fishery monitoring and catch reporting programs to inform decision-making.

Finally, the integration and collaboration pillar focused on strengthening collective capacity to
address Pacific salmon declines by improving how DFO worked both internally and with external
partners. Key objectives were to provide capacity support to various internal and external
groups involved in salmon conservation and management, to improve collaboration among
federal, provincial, territorial, Indigenous, and other governments, to develop new infrastructure
and tools for sharing data, and to prioritize salmon stocks for recovery through coordinated,
cross-jurisdictional planning and decision-making processes.

Table 1. The 24 major components of the PSSI (known as initiatives) and their associated pillar. Initiatives that were
led by or included DFO Science branch are shown in bold text.

Pillar Initiative Name

Improved Understanding Of Salmon Ecosystems

High Seas Monitoring And Enforcement

Integrated Salmon Ecosystem Planning

Salmon Stewardship And Restoration

BC Salmon Restoration And Innovation Fund Phase Two
New Upper Fraser DFO Hatcheries

Retrofitting DFO Hatcheries

New And Retrofitted Community-Based Hatcheries
Modernized Hatchery Management (Harvest)

Expansion Of Mass Marking

Pacific Salmon Allocation Policy Review Process

Transition To Selective Harvesting Methods For FSC

New And Innovative Harvest Opportunities (First Nations)
Modernized Management Approach For First Nations Fisheries

Harvest Transformation Long Term Conservation Closures On Non-Selective Fishing, And Mitigation
Measures

Modernized Licensing And Management Approach (Commercial)

New Recreational Harvest Opportunities (Mark Selective Fisheries)
Modernized Licensing And Management Approaches (Recreational)
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Scientific Research Supported By PSSI
The PSSI pillars were underpinned by a dual-track investment in scientific research, combining
internal DFO expertise with external grants and partnerships. This new scientific capacity



supported a diverse range of projects intended to inform rebuilding plans, identify factors driving
population declines, better understand the impacts of climate change, and pilot new approaches
for monitoring, enhancement, fisheries harvest, and restoration. By supporting research within
DFO and externally, the initiative aimed to leverage and build on existing capacity within the
federal government and across academic institutions, Indigenous organizations, non-
governmental organizations, and industry.

While the first phase of BCSRIF was already underway with 97 agreements, PSSI significantly
expanded this reach by funding a second phase. This resulted in 72 new collaborative
agreements (Appendix A), with many focused on scientific research in areas such as climate
change modelling, habitat restoration effectiveness, and monitoring innovation. These
investments enabled First Nations, academic researchers, industry, and community
organizations to work alongside DFO scientists, strengthening the evidence base for
management decisions while incorporating Indigenous knowledge, local observations, and
novel technologies into the broader PSSI research portfolio.

Within DFO Science, PSSI resources were primarily concentrated into two initiatives: Improved
Understanding of Salmon Ecosystems and Science to Support Hatchery Modernization.
Targeted funding also bolstered research in support of the Habitat Restoration Centre of
Expertise, improving the management and accessibility of salmon-related data, increasing the
capacity of the molecular genetics lab, and expanding monitoring of recreational fisheries. This
work was implemented across the Pacific Region’s four Science divisions (Stock Assessment,
Ecosystem Science, Ocean Science, and Aquatic Diagnostics) enabling multi-disciplinary
approaches to research and monitoring.

The largest PSSl initiative led by DFO Science was Improved Understanding of Salmon
Ecosystems. The overarching aim of this initiative was to enable effective conservation
management for wild salmon and their ecosystems by developing a comprehensive
understanding of habitat, ecosystem, and climate change impacts on salmon productivity.
Research planning and prioritization began in 2022 with a DFO workshop that identified
knowledge gaps and research themes (Lagasse 2024). Subsequently, research proposals
underwent a peer-review process and steering committee evaluation. Beginning in 2023,
dozens of multi-year projects were funded, including the establishment of new research
programs and the expansion or continuation of existing long-term programs.

The second major DFO Science initiative, Science to Support Hatchery Modernization, was a
part of the Salmon Enhancement pillar. This initiative was designed to provide scientific advice
and information to inform hatchery planning and operations, including the expansion of hatchery
programs under PSSI. Research plans were co-developed by a steering committee
representing the Salmonid Enhancement Program (SEP) and DFO Science.

In this report, we summarize the outcomes and findings of research projects funded through the
PSSI, with a focus on work led by DFO Science in the Pacific Region. We synthesize results
across several research themes aligned with the major PSSI initiatives (Figure 1), providing an
overview of findings from a diverse set of multi-disciplinary projects. For the Improved
Understanding of Salmon Ecosystems initiative, we review research within five thematic areas:



salmon population monitoring, life-cycle assessment approaches, freshwater ecosystems,
marine ecosystems, and climate change vulnerability. For the Science to Support Hatchery
Modernization initiative, we outline research focused on genetics and fish health. In addition, we
describe broader research and scientific priorities supported by PSSI, including work related to
fisheries monitoring and new harvest techniques, stock assessment advice, data stewardship
and new tools and models to support decision making. We provide project summaries for 47
DFO-led research projects, offering a snapshot of the current state of Pacific salmon science
under PSSI. Although some results are preliminary and the synthesis is not comprehensive of
all research conducted under PSSI, this review highlights the insights, knowledge gaps, and
future priorities identified during the five years of the initiative.



UNDERSTANDING SALMON ECOSYSTEMS

Deteriorating freshwater and marine ecosystem conditions, arising from climate change and
human pressures, are a leading threat to salmon populations. Broadening the focus of research
and assessment from salmon to salmon ecosystems is therefore crucial for future conservation
and management. Recognizing this need, DFO has committed to pursue an Ecosystem
Approach to Fisheries Management (EAFM), which includes bolstering foundational scientific
knowledge:

“Incorporating ecosystem information into fisheries management decision making has long been
a goal of the department. Continuing research in ecosystem and fisheries science, and with
considerations gathered from Indigenous groups and stakeholders, we aim to fully utilize
existing ecosystem information, as well as collect new information, to improve the advice
informing fisheries management decisions. This will result in a more holistic fisheries
management approach.”

Improved Understanding of Salmon Ecosystems was thus a forefront initiative under PSSI that
supported major research efforts from DFO Science. This work was also complemented by
many projects led by other organizations and supported by BCSRIF. In this section, we attempt
to thematically summarize and synthesize this substantial body of work.

FRESHWATER ECOSYSTEMS

Freshwater ecosystems that support Pacific salmon are experiencing incremental and
accumulating pressures due to human activity and exacerbated by climate change (Ulaski
2025). Research supported by PSSI within freshwater ecosystems monitored and modelled
habitat conditions to better understand the combined impacts of cumulative stressors and
climate change (Figure 2), as well as specific emerging stressors, such as toxic tire-derived
contaminants and invasive smallmouth bass. Research included physiological and hydrological
modelling to provide fine-scale observations and predictions, as well as high-resolution
geospatial models that provide comprehensive information on individual and cumulative
stressors to freshwater habitats at broad spatial scales. Data collected and project results
support decisions on habitat management such as regulatory authorizations, watershed
planning, water governance, and species recovery efforts.

Stream temperature and hydrology

Streamflow and temperature are critical determinants of freshwater habitat quantity and quality
for Pacific salmon. As climate change intensifies, shifts in precipitation patterns and reduced
winter snowpack are predicted to increase summer droughts (Ruzzante and Gleeson 2025,
Moore et al. 2025), while increased winter flows can scour streambeds leading to reduced egg-
to-fry survival (Shanley and Albert 2014). To support our ability anticipate and manage these
changes to freshwater ecosystems, PSSI-funded research expanded upon stream monitoring,
conducted in-situ experiments, and developed improved hydrologic models.
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Table 2. DFO and BCSRIF projects associated with the freshwater ecosystems theme.

ID

DFO Science

2504

BCSRIF

-

- BCSRIF

2020

217

2022

334

f) BCSRIF

2022

361

N~ BCSRIF

BCSRIF

2022

368

BCSRIF

2022

389

BCSRIF

2022

426

BCSRIF

2022

435

BCSRIF

2022

449

Project Title

WCVI sediment transport and redd scour assessment

Improved decision making for salmon by understanding the threats of freshwater Aquatic
Invasive Species both now and in the future

South Coast freshwater ecological indicator pilot

Mechanistic modelling to link hydrology to juvenile salmon habitat quality and
productivity

Geospatial indicators and metrics for threats to fish habitat in the Fraser River Basin with
Thompson-Nicola as a case study

Habitat use and predation on juvenile Chinook salmon in the Canadian Okanagan River
and Lake system

Quantitative assessment of the impact of smallmouth bass suppression efforts in Cultus
Lake and SMB emigration from Cultus Lake

Improved understanding of cumulative impacts on salmon survival across freshwater
life-stages; tools and approaches for mechanistic assessments

Identifying and characterizing tire-related chemical (6PPD-quinone) toxic hotspots in
salmon habitat

Developing a cumulative effects modelling framework for the recovery of aquatic
salmonid populations

First Nations led salmon habitat and population monitoring, research and cumulative
effects assessment in the Lower Fraser River and Boundary Bay

Identifying and mitigating hot spots of salmon exposure to toxic road runoff

Thompson-Shuswap Salmon Habitat Assessment, Monitoring & Restoration Program
(2023-26)

Mitigating Inputs of Tire Wear Toxins to Protect Salmonid Habitat on Vancouver Island

Investigation of water acidification and habitat on imprinting and homing in Pacific
salmon

Colquitz River Salmonid Restoration and Monitoring Project

Analysis of forestry effects on Pacific salmon in Musgamagw Dzawada’enuxw territory
and across coastal BC

Naman et al. (2424) developed and applied models to estimate instream flow needs for juvenile
salmonids in relation to warming climates using habitat simulations for 17 coho-rearing
tributaries across the North Thompson watershed. This modelling can support real-time flow and
temperature monitoring or be linked to flow and temperature projections under different
scenarios. Initial model outputs have been shared with Secwépemc Fisheries Commission to
support drought monitoring in several priority systems. The Secwépemc Fisheries Commission
(on behalf of the Thompson-Shuswap Salmon Collaborative) also expanded monitoring in the
Thompson-Shuswap sub-region (BCSRIF 2022 368), establishing hydrometric networks in
drought-sensitive streams, and identifying and mapping cold-water refugia.
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In the Lower Fraser River and Boundary Bay, the Salish Sea Indigenous Guardians Association
(Kwantlen and Semiahmoo First Nations; BCSRIF 2022 334) began a program to monitor
salmon populations and habitat, measuring temperature, flow, dissolved oxygen, and juvenile
abundance in overlooked streams. Findings showed that summer temperatures regularly
exceeded 20°C and that seasonal stream drying occurs in coho-bearing reaches of the Tatalu
(Little Campbell) River. This work provides baseline data and demonstrates an Indigenous
perspective on cumulative effects.

Increased winter run-off can jeopardize salmon redds by displacing eggs or smothering them
with fine sediment (Montgomery et al. 1996). On the West Coast of Vancouver Island (WCVI), a
freshwater risk assessment for Chinook salmon identified redd scour as a knowledge gap and
potential limiting factor. McHugh, in collaboration with the Tla-o-qui-aht First Nation and Redd
Fish Restoration, (2398) installed hydrometric stations along with accelerometer scour monitors
(ASMs) at surveyed spawning locations in hitsyagAis (Tranquil Creek). A 2D hydraulic model will
estimate the spatial extent of bed disturbance in key Chinook and chum spawning areas.
Pending analysis will link the 2D hydraulic model to bed disturbance observations, integrate
egg-to-fry survival data from rotary screw traps, and compare results with companion projects in
the Sarita and San Juan rivers.

Water quality and temperature was also measured across a collection of WCVI streams as part
of an ecological indicator pilot project (2414, McHugh). As part of the project periodic water
quality observations were collected in 13 watersheds providing improved coverage throughout
WCVI streams and addressing a knowledge gap surrounding water quality as a potential limiting
factor for juvenile WCVI Chinook.

v
o
O
-
(S)
i
—
<
w
O
o
0.
o
o
=
-
r
<

Figure 2. Stressors and characteristics of freshwater ecosystems investigated by PSSI-funded research projects.
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Cumulative effects

Research into cumulative effects and stressor-responses provides a framework for
understanding the complex interactions that influence the freshwater survival and productivity of
Pacific salmon. Salmon populations face simultaneous and incremental habitat threats that
interact in ways that may not be taken into account during conventional impact assessments or
watershed planning (Ulaski et al 2025; Dakin Kuiper et al. 2026). Research related to this theme
addressed these challenges using multiple approaches including geospatial modelling,
population stressor-response models, and mechanistic studies.

At the landscape scale, lacarella et al. (2425) developed geospatial estimates of individual and
cumulative threats for salmon and Species At Risk habitat for streams within the Fraser River
Basin. This research identified which conservation units (CUs) face the greatest cumulative
stress from eight different threats that were individually modelled: aquatic invasive species,
riparian disturbance, in-stream habitat destruction, flow alteration, latitudinal fragmentation,
sedimentation, pollutant loading, and nutrient loading (Weller et al. 2024; lacarella 2025). For
climate change threats, model projections were used to estimate threats of flood-risk, low and
high stream flow, and high summer stream temperature from 2040-2060. This work showed
that the highest cumulative threat scores are around the lower Fraser River and within the
interior plateau of the Fraser River Basin for threats from both human activity and climate
change. Riparian disturbance, nutrients, and sedimentation were the largest contributors to
human activity threats, while high stream temperatures were the most prevalent among climate
change threats.

To support salmon rebuilding, researchers from the BC Ministry of Environment and Climate
Change Strategy, Alberta Environment and Parks, and Simon Fraser University (BCSRIF 2020
217) developed the Cumulative Effects Model for Prioritizing Recovery Actions (CEMPRA)
platform, a modelling framework with a user-friendly application that integrates stressor-
response functions with spatially-explicit stressor magnitudes to estimate habitat carrying
capacity and simulate the outcomes of competing recovery actions (Bayly et al. 2024; Rosenfeld
et al. 2022). CEMPRA has been applied to salmon populations such as Interior Fraser coho and
Nicola Chinook, as well as species-at-risk including Nooksack dace and Salish suckers. By
providing evidence-based stressor response relationships, the application allows managers to
evaluate the expected population-level outcomes of competing management actions without
requiring decades of before-after studies or in-situ assessments.

At the mechanistic level, Patterson et al. (2493) developed and validated bioindicators related to
multiple stressors (e.g. thermal stress, hypoxia, starvation, indicators of cardiac stress) for use
in field and laboratory studies. This consists of methods to evaluate physiological and
behavioural responses to environmental stressors such as: insulin-like growth factor as a
marker of somatic growth, troponin as an indicator of cardiac stress under hypoxia, and
triglycerides for nutritional status. Life-stage specific relationships were examined using samples
from three large-scale field programs (Lakes, E-Watch, North Thompson Salmon Ecosystem
Program). This mechanistic approach allows for increased understanding of the relationship
between juvenile fish conditions and freshwater habitat factors, which can inform assessments
of habitat quality and carrying capacity.
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6PPD-quinone

Tire-wear toxins such as 6PPD-quinone (6PPD-Q) enter streams in repeated pulses during rain
events and expose coho and other salmonids to potentially lethal concentrations (Scholz et al.
2011). While this non-point source pollution has previously been studied in Puget Sound,
Washington State, few measurements had been collected in BC. Through PSSI, Loseto et al.
(2504), the University of British Columbia’s (UBC) Department of Civil Engineering (BCSRIF
2022 361), and the British Columbia Conservation Foundation (BCSRIF 2022 389) measured
6PPD-Q concentrations and temporal dynamics in salmon-bearing streams across
southwestern BC and Vancouver Island, identifying hotspots associated with road runoff, and
evaluating green infrastructure solutions to protect aquatic habitat.

Initial results show that 78% of monitored sites in Metro Vancouver, Squamish, and Vancouver
Island exceeded lethal 6PPD-Q concentration (LC50) thresholds for coho during wet weather
events. Concentrations were positively associated with residential and commercial land cover,
turbidity, and the number of dry days preceding rainfall. At baseflow, concentrations did not
exceed water quality guidelines, but any sustained rainfall caused streams to surpass published
toxicity thresholds. A predictive hotspot map for salmon-bearing streams in the Lower Mainland,
Squamish, and Vancouver Island is in final development and will direct green infrastructure
investment to the highest-priority locations. Project findings are also informing the reassessment
of 6PPD-Q as a toxic substance under the Canadian Environmental Protection Act.

Aquatic invasive species

Aquatic invasive species (AlS) pose a serious threat to biological diversity and associated
salmon habitat across the Pacific Region (Dextrase and Mandrak 2006; Sanderson et al. 2009).
Therriault and colleagues (2410) adapted and expanded a Non-Indigenous Species Screening
Tool (NISST, Wilcox et al. 2025) to fill gaps and address common limitations in previous tools for
screening potentially invasive species. NISST uses a three-module scoring system that explicitly
incorporates uncertainty and accounts for changes in invasion risk under climate change
projections. The NISST resulted in a ranked list of AIS by freshwater ecoregion that shows the
taxonomic identity of the invader (fish, invertebrate, or plant), its invasion status (present versus
not yet detected), the effect of climate change, and uncertainty. Southern ecoregions were found
to have more established invaders, including brown bullhead, goldfish, common carp, and rosy
red minnow, as well as invasive plants and invertebrates. The ranked AlS lists by ecoregion may
inform AIS monitoring programs within DFO, the Province of BC, and Yukon, and can support
future amendments to the AIS Regulation under the Fisheries Act.

Recovery Potential Assessments for endangered salmon populations, specifically Okanagan
Chinook and Cultus Lake sockeye, have identified invasive predators as either an unknown
threat risk, or a high risk with “unknown ecological effects” (DFO 2020; Mahoney 2019).
Smallmouth bass (Micropterus dolomieui) are common in both systems and represent a
knowledge gap with regards to predation on juvenile salmonids (DFO 2020).

Research in the Okanagan Basin (2442, Weir and Pontbriand) investigated habitat use and
survival of endangered juvenile Chinook salmon through acoustic tagging, in partnership with
Thompson Rivers University and the Okanagan Nation Alliance (ONA). Sub-yearling Chinook
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raised at the ONA's ki cpalk stim hatchery were tagged and released in two groups in the
Okanagan River then tracked as they migrated downstream. Results showed sharp declines in
detection rates and low survival with significant mortality concentrated at Vaseux Lake, Osoyoos
Lake, and vertical drop structures within the Okanagan River. Smallmouth bass were the
dominant species caught in targeted angling efforts in the Okanagan River, Vaseux Lake, and
Osoyoos Lake. While DNA barcoding of bass stomach contents only detected Chinook in one
sample, a sample acoustic tag was recovered from stomach contents, which shows a direct
observation of predation. Proposed management actions include reconnecting side channels, re-
naturalizing riparian zones, adding pools and woody debris, managing macrophyte growth,
adjusting dam operations for cold-water protection, and targeted smallmouth bass removal at
vertical drop structure sites.

In Cultus Lake, Doutaz et al. (2443) assessed the impact of smallmouth bass suppression
efforts to protect endangered sockeye, as well as, the endemic Cultus pygmy sculpin (Coftus
aleuticus). Electrofishing and angling operations removed smallmouth bass over three years,
with electrofishing accounting for 95% of removals. Mark-recapture data from PIT tags suggest
the population was approximately 16,000 individuals in 2024, though this estimate is likely
biased low because a substantial portion of the population may occupy depths beyond
electrofishing capture. Approximately 10% of stomach samples contained juvenile salmonids
(fry and smolts), and 2% contained sculpins. Meanwhile, pumpkinseed bycatch rose from 2
individuals in 2023 to 2,553 in 2025, a drastic increase that signals a rapidly expanding
secondary invasion. The findings across projects suggest that invasive species monitoring and
suppression should be sustained and adaptive in order to be effective.

MARINE ECOSYSTEMS

Pacific salmon productivity and survival depend on complex interactions between bottom-up
and top-down forces that vary across regions and life stages. PSSI research addressed both
bottom-up and top-down processes across a broad spatial range from BC estuaries and the
Strait of Georgia to the West Coast of Vancouver Island and the North Pacific (Figure 3).
Bottom-up studies examined coastal productivity, environmental drivers of the salmon food web,
and prey availability, quantity, and quality. Top-down studies investigated competitors and
predators. Additional research explored compounding stressors including nearshore habitat
degradation, toxic contaminants, diseases, and harmful algae blooms. Because life history
variation among salmon populations affects their exposure and resilience to these stressors,
deciphering life history diversity, particularly during the early marine phase, was also a research
priority.

Bottom-up studies: relationships between coastal productivity and environmental factors

on salmon and the salmon food web

Juvenile salmon spend a short but critical period of their lives rearing in nearshore coastal
habitats after emigrating from their natal watersheds. This early marine life stage has long been
understood as a period of elevated mortality, whose variations strongly determine subsequent
adult cohort size (Parker 1962). Various physical and biological factors in coastal salmon
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habitats are gradually being linked to juvenile mortality through dedicated research, and
numerous PSSI-funded studies contributed to these efforts.

Table 3. DFO and BCSRIF projects associated with the marine ecosystems theme.

ID

DFO Science

2404

2406

2409

BCSRIF
BCSRIF

2022

341

BCSRIF

2022

358

BCSRIF

2022

379

BCSRIF

2022

397

BCSRIF

2022

404

BCSRIF

2022

425

BCSRIF

2022

430

BCSRIF

2022

436

BCSRIF

2022

444

Project Title

Improving baseline knowledge of environmental conditions in Vancouver Islands fjords
through observations and modelling, with a focus on hypoxia dynamics, climate change,
and the potential implications for Pacific salmon

Changing coastal productivity: using sediment cores, water properties and archived
plankton data to identify changes at the bottom of the food web in BC's coastal waters

Convergent tracks: a tagging study to quantify salmon predation by sea lions

Investigation of the impacts of singular and coinciding acute climate stressors on the
nutritional quality of the pteropod Limacina helicina, a juvenile Pacific salmon dietary
species

Barkley Sound and Clayoquot Sound krill monitoring
Monitoring and predicting the exposure of Pacific salmon to harmful algal biotoxins

Development and application of laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) to determine estuary entry size of juvenile salmonids and
track habitat usage

Salish Sea plankton and oceanography
Integrated Salish Sea acoustic monitoring of salmon and salmon prey

Innovative ecosystem based approaches to identify cumulative stressors: Salmon Fit-
Chips and eDNA

Characterizing and monitoring priority contaminants of concern in WCVI juvenile salmon

?aayaaqga (Herring) Herring Spawn Dynamics

Determining the mechanisms of impacts of a changing climate on zooplankton in the
Salish Sea using models and observations

Strait of Georgia Herring: Restoring the Salmon Food Web

Mapping, monitoring and restoring important forage fish habitats in Coastal British
Columbia to support salmon conservation efforts.

Oolichan From Estuary to Offshore: Assessment of Early Marine Populations and
Limiting Factors of Central Coast Oolichan (Eulachon: Thaleichthys pacificus) in Douglas
Channel and Gardner Canal

Empirically resolving interspecific competition experienced by North Pacific salmon in
the open ocean

Resilient Estuaries in the Salish Sea: Phase Two (Baseline Assessments and Ground-
truthing)

Establishing baselines, risks, and mechanisms of thiamine deficiency in British Columbia
Chinook salmon

Enhancing Estuary Resilience: A Collaborative Approach to the Monitoring and
Restoration of Estuaries with Coastal First Nations
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A few PSSI studies applied oceanographic modelling to characterize coastal environmental
factors across time and space and to forecast conditions under future climate change. Bianucci
and colleagues developed a model to analyze ocean conditions in the fjord areas of Clayoquot
Sound, BC, representing temperature and oxygen levels that salmon may encounter during
nearshore migration and rearing (2404; Foreman et al. 2024). Analyses of model results and
observations indicate that although environmental conditions are generally heterogeneous
among Clayoquot Sound inlets, suboptimal dissolved oxygen concentrations and supraoptimal
surface water temperatures for salmon are common among all inlets during certain seasons
(Rosen et al. 2022; Geng et al., in prep). Modelled future climate scenarios suggest that the
magnitude and duration of these physical stressors is likely to increase (Geng et al., in prep). At
a broader scale, researchers from UBC’s Allen Lab harnessed the “SalishSeaCast” biophysical
model to investigate how climate change is reshaping prey availability for juvenile salmon and
resident adults in the Salish Sea (BCSRIF_ 2022 358, Allen et al.). Their work has unpacked the
key drivers of zooplankton grazing, mapped seasonal and regional variability, and assessed
how shifting winds, marine heatwaves, and ocean acidification affect food availability throughout
the system.

A consistent finding across the modeling work is that zooplankton biomass is highest near
zones of strong tidal mixing, areas where phytoplankton are advected in from more productive
neighboring waters and provide enhanced grazing opportunities. These insights offer a window
into bottom-up food web dynamics at spatial and temporal scales that traditional field sampling
cannot achieve, helping to clarify what drives lower trophic level production across the Salish
Sea.
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Figure 3. Bottom-up, top-down and other factors investigated by projects within the Marine Ecosystems theme.
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Building on this foundation, ongoing research is investigating how the changing climate may
influence salmon by exploring connections between climate stressors and plankton biomass, as
well as examining how phytoplankton and zooplankton communities respond to warming
temperatures and elevated CO,. For example, Johannessen and team at the Institute of Ocean
Sciences (I0S) used sediment core records from a number of BC coastal fjords to test for
recent climate-driven changes in phytoplankton productivity (2406). While fisheries models for
the Salish Sea attributed salmon declines to 30% reduced primary productivity since the 1970s,
sediment core geochemistry showed total productivity remained constant over the past century
(Johannessen et al. 2021); however, it is possible that a change in the type of productivity could
have affected salmon by changing the nutritional value of available food. Results to date
indicate a change toward a less nutritious food web in some inlets but not others, which would
suggest that some inlets provide a more consistently productive salmon food web. Ongoing
work aims to determine environmental drivers of phytoplankton productivity and predicted
climate change effects.

Sastri and colleagues at I0S conducted a series of studies that also focused on linking plankton
productivity to ocean climate variables (2413). They examined availability and quality of
zooplankton prey, particularly euphausiids (krill), for juvenile Chinook along the West Coast of
Vancouver Island (WCVI). Their work revealed that prey availability differs on a local scale
among sounds (e.g. lower in Barkley than Clayoquot), and that developmental timing of the key
euphausiid prey, Thysanoessa spinifera, varies among years in accordance with ocean climate
forces, creating potential phenological mismatches with salmon outmigration. In the Strait of
Georgia, Sastri’'s team characterized prey availability and developed novel ‘rapid ecosystem’
assessment methods to measure productivity and estimate energy available to zooplankton
consumers (2433), metrics that can be directly applied to juvenile salmon survival models (Perry
et al. 2021) and biophysical models (Pefa et al. 2016; Olson et al. 2020).

Another project took a closer look at whether climate stressors are degrading the nutritional
quality of pteropods, specifically Limacina helicina, a pelagic sea-snail commonly preyed on by
juvenile Pacific salmon (2412, Pearce et al.). The concern is that changes in pteropod nutritional
value could ripple up the food web, affecting salmon growth, condition, and ultimately survival.
The study focused on the Strait of Georgia, where both mean seasonal temperatures and pCO,
levels are climbing, and acute disturbances such as marine heatwaves and low-pH upwelling
events are becoming more frequent. Findings reveal that ocean acidification can alter the fatty
acid composition of pteropods, with potential consequences for nutritional quality and the
efficiency of energy transfer through the food web.

Thiamine deficiency complex—a condition stemming from insufficient levels of vitamin B1—is
an emerging concern for BC salmon that has been linked to climate change effects on the
marine food web (Mantua et al. 2025; Lerner et al. 2026). Thiamine deficiency complex offers a
striking example of how shifts in the marine ecosystem can directly affect Chinook salmon.
Thiamine is an essential nutrient that all organisms rely on to convert food into energy, and
when salmon eggs contain low thiamine levels, the consequences can be severe: fry mortality
can exceed 90%, and deficiencies can produce harmful effects across multiple life stages (Balk
et al. 2016). Because salmon obtain thiamine through their marine diet, thiamine levels in
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individual fish fluctuate in response to changing ocean conditions and prey composition. A
BCSRIF-funded project led by UBC’s Hunt Lab has begun filling critical knowledge gaps by
establishing baseline thiamine levels in BC Chinook salmon populations (BCSRIF 2022 436,
Hunt et al.). The findings have shown that across populations, a sometimes large and highly
variable proportion of female Chinook exhibit egg thiamine concentrations low enough to be
considered deficient. The authors note that there are effective treatment strategies that can be
applied to mitigate effects on fry mortality, some of which are already being implemented at
hatcheries and were investigated as part of a study under the Fish Health theme (2418; Eliason
et al.).

Bottom-up studies: forage fish as critical salmon prey

As juvenile salmon grow and begin to migrate offshore, forage fish constitute an increasingly
dominant portion of their diets. Changes and fluctuations in the abundance, distribution, and
composition of this critical prey base therefore carry important consequences for salmon
survival. Considerable efforts under PSSI and BCSRIF were dedicated to investigating these
linkages.

Pacific herring are a dominant forage fish and crucial prey for many salmon populations in the
Salish Sea. The Salish Sea Marine Survival Project provided substantial evidence linking
herring availability to salmon growth and survival (Pearsall et al. 2021). Comparing recent and
historical diet data suggests juvenile herring are currently less available to juvenile salmon
compared to earlier periods of higher salmon survival (pre-1990s). Understanding factors
controlling juvenile salmon access to herring is key to understanding salmon productivity and
developing recovery strategies for both herring and salmon.

The Pacific Salmon Foundation, with academic and First Nations partners, used BCSRIF
funding to address critical knowledge gaps related to herring availability to salmon, spawn
habitat quality, and health and structure of Strait of Georgia herring populations

(BCSRIF 2022 379, PSF). Preliminary results suggest differences in herring availability across
the Strait of Georgia and new estimates through otolith stable isotope analysis indicate that
about 30% of the Strait of Georgia spawning stock may be made up of non-migratory herring.
These non-migratory herring are likely important to salmon rearing within the Strait, which may
be competing directly with the Strait of Georgia commercial herring fishery for this important
food resource. These findings are a significant departure from the current management
assumption of an entirely migratory herring population, and suggest a need to consider this life-
history diversity when setting conservation priorities for both herring and salmon.

Another BCSRIF herring program, led by the Nuu-chah-nulth Tribal Council, aims to develop a
Nuu-chah-nulth approach to ecosystem-based fisheries management by integrating life-history-
driven differences in population responses to environmental changes and fishing into models of
WCVI Pacific Herring spawning populations (BCSRIF 2022 341, NTC). This work addresses
the topics of resilience and biodiversity, and is the first project to address these topics with an
aim to developing Indigenous management models and frameworks that could be implemented
in real-world fisheries.
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Ecofish Research, in partnership with the Haisla Nation, received BCSRIF funding to address
knowledge gaps in eulachon (oolichan) productivity and limiting factors in estuarine and marine
environments (BCSRIF 2022 404, Ecofish). Eulachon are culturally vital to the Haisla Nation,
serve as key forage fish for Pacific salmon, and have been assessed as threatened by
COSEWIC in the nearby Nass and Skeena River. The program aims to provide data to inform
conservation and recovery efforts for the Kitimat River population.

Top-down studies: predation and competition

Pacific salmon occupy middle trophic levels throughout their marine life phases, and can
therefore be influenced by competitors at similar trophic levels and predators at higher trophic
levels. PSSI and BCSRIF supported deployment of advanced monitoring technologies, including
satellite tags, autonomous moored echosounders, and environmental DNA (eDNA) analysis to
characterize marine ecosystems, identify predation hotspots, and track temporal changes in the
food web.

For example, Gauthier’s team at I0S deployed autonomous echosounder moorings across the
Strait of Georgia and WCVI to examine juvenile salmon habitat use, prey availability, and
predation and competition pressures (2427 and 2432). Moorings in Barkley Sound detected
juvenile salmon year-round, primarily in the upper 15—-20 meters, with peak abundance in late
summer to early fall, coinciding with euphausiid presence. The studies identified persistent
euphausiid hotspots along the BC coast and documented year-round presence of competitors
(Pacific herring) and fish predators (Walleye pollock or Pacific hake) that migrate vertically,
mixing with juvenile salmon in surface waters at night. In the Strait of Georgia, large-scale
acoustic surveys revealed increasing Pacific hake biomass throughout the Strait, likely
intensifying predation pressure on juvenile salmon—a sharp contrast to WCVI where hake
biomass has declined dramatically in recent years. Nearshore moorings detected year-round
juvenile salmon presence at relatively low abundance in habitats dominated by Pacific herring,
suggesting that juveniles face competition for prey in these inside waters.

Other PSSI and BCSRIF research addressed critical knowledge gaps in predation and
competition affecting Pacific salmon. While most studies have focused on cetacean and
Harbour seal predation on salmonids (Chasco et al. 2017a & b; Walters et al. 2020; Nelson et
al. 2024), the dramatic increase in Steller sea lion abundance beginning in the 1990s and
coinciding with Fraser River sockeye declines prompted investigation. Freshwater and Tucker’s
DFO teams jointly investigated Stellar sea lion predation using scat analysis and biochemical
diet tracers, and employed acoustic and satellite tagging to assess spatial overlap between
sockeye and sea lions (2409). High sockeye mortality was documented, but salmon sharks,
rather than sea lions, were inferred to cause the most mortality. Results suggest sockeye are
vulnerable to a broader predator suite than previously thought, with predation risk varying
across space and time.

Understanding competition has become critical due to an emerging consensus that limited prey
resources can impose a carrying capacity for salmon in the North Pacific (Connors et al. 2024).
Many Pacific salmon mature in the Gulf of Alaska with dietary overlap that insinuates
interspecific competition, especially among chum, pink, and sockeye (Graham et al. 2021).
While competition severity across the North Pacific is debated (Northern Hemisphere Pink
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Salmon Expert Group 2023), it has been suggested that there is minimal competition in the
western Pacific due to high prey abundance (Naydenko and Somov 2022), while the extent of
competition in the less productive northeastern Pacific was a critical knowledge gap. A BCSRIF-
funded study from UBC's Hunt Lab used International Year of the Salmon samples to shed new
light on winter resource competition among meso-predators in the North Pacific

(BCSRIF 2022 425, Hunt et al.). They found substantial dietary overlap between Pacific
salmon and several squid and myctophid species—a significant concern given that the
combined biomass of non-salmonid competitors may exceed that of salmon. As the first study to
analyze pelagic food webs in the North Pacific high seas during winter, the authors make a
compelling case for how improved knowledge of salmon overwintering locations could enhance
production estimates.

Exacerbating factors: habitat, disease, biotoxins, and contaminants

Additional factors compound bottom-up and top-down pressures on Pacific salmon: habitat
degradation limits primary productivity while toxins and disease influence salmon health and
resilience. Research under PSSI and BCSRIF focused on knowledge gaps related to these
factors.

Harmful algal biotoxins cause illness and mortality in marine animals including juvenile fish
(Lefebvre et al. 2005). Since 2020, BC coastal monitoring has revealed significant correlations
between climate variables (e.g., water temperature) and biotoxin concentrations in Pacific
salmon habitats (Ross et al. 2025). Harmful algae were identified as an emerging threat to
critical status WCVI Chinook salmon during a Marine Risk Assessment process (Irvine et al.
2024), yet biotoxin exposure levels in rearing habitats like Barkley and Clayoquot sounds
remained unknown. Ross and colleagues at I0S used liquid chromatography and mass
spectrometry to demonstrate that juvenile WCVI Chinook in Barkley Sound during late summer
are exposed to biotoxins at levels sufficient to accumulate in tissues and that these levels vary
between Robertson and Sarita stocks (2416). The team is developing predictive tools linking
biotoxin levels to environmental conditions, enabling DFO to forecast exposure and consider
mitigation strategies, such as attuning hatchery release timing to mitigate biotoxin exposure
(Ross et al. 2025).

Anthropogenic contaminants in rivers and estuaries impair juvenile Chinook salmon growth and
survival (Lundin et al. 2023; Meador et al. 2014). The Loseto lab at IOS examined contaminants
in WCVI Chinook from Barkley Sound, finding heavy metals, polycyclic aromatic hydrocarbons
(PAHSs), and polychlorinated biphenyls (PCBs) as the top three classes with highest tissue
concentrations (2513). However, contaminant levels were generally much lower than those
reported from more urbanized coastlines, such as Puget Sound and Oregon (O’Neil et al. 2020;
Anzalone et al. 2022; Lundin et al. 2021), consistent with the remoteness of WCVI populations
from major urban and industrial centers. WCVI juvenile Chinook showed contaminant
concentrations 3—100 times lower than Fraser River juveniles.

Several BCSRIF-funded studies have focused on estuary monitoring, restoration, and mapping
of critical forage fish habitats. Comox Valley Project Watershed created a predictive model
identifying Pacific sand lance and surf smelt pelagic hotspots and spawning beaches

(BCSRIF 2022 397, Comox Valley Project Watershed). Once validated, the model will support
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marine spatial planning by highlighting forage fish aggregations critical for juvenile salmon,
seabirds, and marine mammals, while spawning beach mapping informs conservation priorities.
SeaChange Marine Conservation Society assessed critical salmonid habitats in resilient
estuaries, with the aim of identifying and restoring estuaries that will provide crucial ecological
hotspots as oceans are altered as a result of climate change (BCSRIF 2022 430, SeaChange
Marine Conservation Society). Nature Trust of BC applied the marsh resilience to sea-level rise
(MARS; Raposa et al. 2016) tool to evaluate estuary resilience to climate impacts coastwide
(BCSRIF 2022 444, Nature Trust BC). This collaborative program united 16 First Nation
communities, non-governmental organizations, academics, and government to collect
monitoring data, establishing partnerships ensuring adaptive management of restoration sites
for ecosystem function goals. These studies provide vital information on current and predicted
future health and status of BC estuaries, can guide prioritization of conservation and protection
actions, and inform ecosystem-based fisheries planning.

Bass, Miller, and Deeg employed advanced molecular tools to assess cumulative environmental
and physiological effects on juvenile Chinook during their ocean-entry year along the WCVI
(2447, Saunders et al.). The team evaluated stress and infectious agents at the individual level
using salmon Fit-Chips from minimally-invasive gill biopsies, while concurrent eDNA sampling
assessed ecosystem-level community composition from pathogens to predators. This dataset
constitutes one of the largest and most comprehensive surveys of stress and infectious agents
in Chinook salmon in their first marine year. Multiple factors—thermal stress, hypoxia, and
infectious agents—were associated with Chinook survival impacts. Thermal stress and hypoxia
impacts will likely intensify with climate change, and net pen aquaculture was associated with
elevated pathogen levels. eDNA revealed Chinook association with aquaculture sites, potentially
due to attraction to high biomass or feeding opportunities, which could increase pathogen
exposure for juvenile Chinook in WCVI inlets. These findings inform policy and planning for
aquaculture and hatchery operations, particularly regarding animal welfare and biosecurity, and
can guide recreational fishery management to minimize catch-and-release mortality during
critical periods.

Early marine life history variation

The degree to which any of the environmental factors discussed above can affect salmon
depends on spatiotemporal overlap as well as salmon resilience. It is therefore necessary to
derive a detailed understanding of salmon early life histories so that we can anticipate their
exposure and responses to such stressors.

Research from the Salish Sea Marine Survival Project revealed remarkable diversity in Chinook
salmon rearing strategies within the Salish Sea, including variation in outmigration size and
timing, estuary residence duration, habitat use patterns, and survival rates across life history
types. However, understanding the prevalence and relative success of these different life history
strategies along the West Coast of Vancouver Island remained a critical knowledge gap.

To that end, Liao’s team at 10S established the first Laser Ablation-Inductively Coupled Plasma-
Mass Spectrometry (LA-ICP-MS) facility within DFO for otolith microchemistry analysis (2422).
By analyzing the concentration and location of different elements within rings deposited in
salmon otoliths over their lifespan, this analytic method can determine the transition timing
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among freshwater, estuarine, and marine habitats, thereby revealing the prevalence of different
life history strategies across WCVI Chinook populations. These included variation in
outmigration life stage (fry versus parr), estuary residence duration (extended rearing versus
rapid transit), and subsequent habitat use (continuous marine residence versus temporary
returns to estuaries). Natural-origin Chinook migrating later as larger parr exhibited higher
survival rates than those leaving earlier as smaller fry, and also survived better than similarly-
sized hatchery fish released in the same areas. However, the largest and oldest returning
spawners were disproportionately fish that had migrated early at small sizes. Hatchery releases
of large, late-migrating juveniles appear to favor the return of younger, smaller adults, potentially
reducing population productivity through lower fecundity, fewer eggs per female, smaller egg
sizes, and intensified competition for spawning sites. These findings underscore the life history
diversity of WCVI Chinook and highlight critical trade-offs that must be considered when
intervening in populations with complex life histories.

Marine ecosystems summary

Taken together, these studies paint a consistent picture: habitat quality, productivity, and food
web structures vary considerably across BC’s coastal regions during the critical early marine
rearing period, and these differences have real consequences for salmon growth and survival.
The degree of variation between inlets and regions suggests that a one-size-fits-all
management approach may fall short, and that place-based strategies tailored to local
conditions will increasingly be needed. Also apparent is a clear signal of escalating climate-
related risk to the marine ecosystem and the salmon food webs that depend on it. Researching
these effects thus aids salmon management by strengthening stock assessment forecasts,
informing hatchery release timing, and advancing the shift toward ecosystem-based fisheries
management along the BC coast.

CLIMATE CHANGE VULNERABILITY

The significance of climate change for Pacific salmon is well-established and has been
highlighted by many studies across their range in the North Pacific (Mantua et al. 2010;

Grant 2019; Crozier et al. 2019; McClure et al. 2023). Climate change emerged as a key theme
during the PSSI Science planning workshop (Lagasse 2024) and was a central element of the
Improved Understanding of Salmon Ecosystems initiative. Discussion papers, ministerial
mandate letters, funding initiatives, and national adaptation plans have recognized the need to
make climate change considerations central to decision-making and planning (MacDonald and
Grant 2023). This need follows from the understanding that climate change introduces
additional risk and uncertainty into plans and decisions because expectations based on past
climate relationships may not hold true.

Yet there is still much that is uncertain about how climate changes will unfold for Pacific salmon,
such as which species and stocks will be most affected, when physiological thresholds or
ecological tipping points will be reached, the relative influence of various environmental changes
on productivity, and the degree to which populations will be able to evolve and adapt to
changing conditions and increasing temperatures (Chittenden et al. 2009; Schoen et al. 2017;
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Crozier and Siegel 2025). Research within this theme sought to better understand and resolve
these uncertainties through a variety of approaches including downscaled climate modelling,
whole genome sequencing, life-cycle modelling, and vulnerability risk assessments.

Table 4. DFO and BCSRIF projects associated with the climate change vulnerability theme.

ID Project Title

DFO Science

2405 Biological models to support prioritizing salmon stocks under future climates

2437 Adaptive genetic variation and climate change resilience in Canadian Pacific salmon
9001 Climate Vulnerability Indicators for Salmon (CVIS)

BCSRIF
BCSRIF_2022 360 Basin-scale Events to Coastal Impacts (BECI)

BCSRIF 2022 362 Watershed Futures Initiative: Towards climate resilience of salmon watersheds
BCSRIF_2022 384 Development of High-resolution Climate Change Freshwater Hazard Data for BC

m }“ BCSRIF 2022 399 Evaluating cllmate_ change scenarios for the Quesnel Watershed to determine flood, fire
and temperature risks posed to Upper Fraser salmon stocks.

————3
“ BCSRIF 2022 401 Supporting and connecting community-based monitoring for climate-resilient salmon
ecosystems

Downscaled climate modelling

Global climate modelling—the simulation of earth systems into the future under different
greenhouse gas emission scenarios—is the basis for much of our understanding about future
climate change as reported on by the intergovernmental panel on climate change (IPCC).
However, these global models lack the necessary detail to tease out fine-scale environmental
changes to aquatic habitats that will strongly influence the responses of Pacific salmon over the
coming decades. Recent work is addressing these gaps through downscaling of global climate
models to marine and freshwater environments of British Columbia.

Within freshwater habitats, the Pacific Climate Impacts Consortium (PCIC) has developed a
gridded hydrologic model for gauged watersheds in British Columbia, with projections at a daily
resolution spanning from 1950 to 2100. This model allows for detailed investigations into
changes in stream temperatures and flow over time, and is accompanied by an online Salmon
Climate Impacts Portal providing visualizations of changes in freshwater conditions over time.
This model is being improved upon under phase two of BCSRIF to provide higher resolution
projections at the stream level with expanded coverage of watersheds throughout British
Columbia (BCSRIF 2022 384). Statistically downscaled models of August stream temperature
have also recently been developed for streams throughout British Columbia, providing an
alternative method for evaluating how temperatures will change during one of the hottest
months of the year (Weller et al. 2024). Both models reveal gradients of temperature changes
throughout British Columbia influenced not only by global climate patterns and latitude, but by
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topology, glacial influence, and stream order. However, the overall trend of warming stream
temperatures is unequivocal, and by the year 2100 Pacific salmon in British Columbia are
expected to experience temperatures that are on average around 3°C warmer than the previous
century.

Within marine areas, regional oceanographic models developed by DFO’s Ocean Science
division project changes in salinity, temperature, and biogeochemistry for waters across the
continental shelf of British Columbia (Holdsworth et al. 2021; Pefia and Fine 2024). While these
models have recently been applied to understand how climate change will affect habitat
availability for groundfish (Thompson et al. 2023), applying them towards the assessment of
climate change vulnerability for Pacific salmon is more challenging because of their
anadromous life cycle and our limited information on their marine distributions. The Basin-Scale
Events and Coastal Impacts initiative, a part of BCSRIF phase two, aimed to bring together
research and advance modelling efforts across the Northeast Pacific, including the development
of a knowledge network to connect and synthesize information about changing ocean conditions
(BCSRIF 2022 360). Further developing and applying oceanographic models to understand
how climate change will influence marine stressors and Pacific salmon survival is an important
area for future research given the complex oceanographic dynamics along the BC continental
shelf.

Vulnerability assessments

For the purposes of Pacific salmon management, projecting future environmental conditions is
only helpful if we can predict how Pacific salmon will respond to those changes. Climate change
vulnerability assessments apply a diverse range of methods to consider how the combined
exposure and sensitivity of a species or population determines the risks they face from climate
change (Foden et al. 2019). While such assessments have been applied to thousands of
different species at regional and global scales, including to Pacific salmon in the continental US
(Crozier et al. 2019), it is only in recent years that studies have modelled the implications of
environmental changes for climate vulnerability across CUs of Pacific Salmon in Canada.
Vulnerability assessments undertaken as part of PSSI used distinct but complementary methods
for evaluating the complex mechanisms of climate change vulnerability and the various risks to
Pacific salmon CUs. Collectively, these studies sharpen our outlook on what the future for
Pacific salmon looks like across BC, revealing the challenges they will face and where
mitigation actions would be most effective.

Finke and colleagues used a Bayesian inference approach with age-structured life cycle models
to examine the influence of environmental variables on the productivity of 13 sockeye salmon
populations spanning across BC from the Columbia to the Taku watersheds (2405). The
application of these sophisticated models to data-rich populations of sockeye allows for a
scientifically robust, quantitative evaluation of the influence of environmental covariates on
historic productivity, which can then inform predictions of how productivity will change under
future projections. The study looked at a comprehensive suite of environmental covariates
including freshwater summer and winter rearing temperatures, discharge during return
migrations, coastal sea surface temperatures, and offshore sea surface temperatures.
Preliminary findings highlight the variation in sensitivity to future impacts across populations,
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with impacts most severe in southern regions where populations were particularly sensitive to
changes in the early marine stage.

A separate line of inference regarding climate vulnerability comes from genomic techniques that
can shed light on adaptation potential in particular. Healy and colleagues used low-coverage,
whole-genome resequencing to assess patterns of genetic variation among populations of
Pacific salmon from the southern US to Alaska (2437). The study identified thousands of
genomic regions associated with environmental variation and adaptation among archived tissue
samples. By analyzing patterns in this variation relative to climate model projections, they
evaluate relative differences in genetic variation required to track climate changes, a trait known
as genomic offset (Tigano et al. 2023). Preliminary findings suggest that changes in maximum
temperature are consistently important in predicting genetic change requirements, meaning that
genetic adaptation would require greater change within the Fraser and Thompson Rivers in
particular. Further analysis and application of these genome-wide datasets is planned and
related work is described under the Genetics theme within the Science to Support Hatchery
Modernization initiative.

Two other projects looking at climate vulnerability were focused on the Fraser Basin, the largest
and most diverse river basin for Pacific salmon in Canada. Peacock and colleagues developed
a model to quantify life-stage specific exposure of Pacific salmon CUs to environmental
conditions above optimal thresholds, including high temperature and low flow thresholds
(BCSRIF 2022 401). Lagasse et al. developed a climate vulnerability indicators framework that
incorporates various downscaled climate models, conservation status, cumulative habitat
impacts, and genetic diversity to characterize key mechanisms of vulnerability. Together, these
studies reveal significant differences among climate change risks across species and CUs.
Pink, chum, and coho salmon within the Fraser basin are expected to have lower overall
vulnerability and exposure to harmful temperatures compared to many CUs of sockeye and
Chinook salmon. Sockeye and Chinook salmon, both represented by a high diversity of CUs
and life history types in the Fraser Basin, showed variable levels of exposure and vulnerability
with those that migrate during the summer and rear in the Thompson and lower Fraser
particularly at risk. CUs already with a poor conservation status also tended to have lower
genetic diversity and are projected to face even greater risk as climate change intensifies.

Vulnerability to climate change is influenced not only by intrinsic characteristics of CUs, but by
the cumulative effects from multiple anthropogenic stressors that reduce resilience. Thus,
managing for resilient salmon populations and watersheds requires consideration of the
interaction between climate stressors and cumulative effects, which was the focus of the
Watershed Futures Initiative led by Moore and colleagues (BCSRIF 2022 362). This program
has led to many insights and advice related to salmon stewardship and managing cumulative
effects, including identifying barriers and opportunities to cumulative effects management in BC
(Ulaski et al. 2025), a conceptual framework of safe operating spaces for salmon watersheds
under climate change (Moore et al. 2025), and identifying salmon watershed archetypes using
cumulative pressures and climate changes (Dakin Kuiper et al. 2026).
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LIFE CYCLE APPROACHES FOR SALMON ASSESSMENTS

Multiple interacting stressors affect salmon productivity and habitat capacity in ways that can be
difficult to predict. While most restoration and mitigation for salmon habitat typically occurs in
freshwater ecosystems, recent evidence highlights the importance of marine factors as drivers
of salmon declines (e.g. Welch et al. 2020; Pearsall et al. 2021; Elliott et al. 2026). Life cycle
approaches aim to improve on stock assessments by tracking salmon from egg to spawning
adult, integrating environmental factors (temperature, flows, habitat quality), biological
parameters (mortality, growth, maturation, fecundity), and stressor impacts (habitat loss,
predation, competition, fishing, disease, climate change, water quality) to elucidate mortality
drivers across all life stages. This holistic perspective identifies critical bottlenecks, recognizes
how conditions at one stage can have ‘carry-over’ effects on subsequent performance, and
determines which habitat factors most impede recovery and how much survival improvement is
needed and at what scale.

Comprehensive population monitoring is required for salmon life cycle assessments. PSSI and
BCSRIF funded development of novel and expanded population monitoring programs and two
major life cycle initiatives, the Follow the Fish Program and the Bottlenecks to Survival Program.
DFO’s Risk Assessment Method for Salmon (RAMS) provides a life-cycle risk assessment tool
for data-limited stocks of conservation concern (Irvine et al. 2024), supporting Rebuilding Plans
under the Fish Stocks Provisions of the Fisheries Act by ranking limiting factors and identifying
research gaps. The Follow the Fish program arose from the application of RAMS to WCVI
Chinook, which highlighted the need for research focused on presumed high-risk factors during
the early marine life stage. The Bottlenecks to Survival program was developed to assess life-
stage-specific survival rates and limiting factors impacting Strait of Georgia Chinook, coho and
steelhead. Identifying survival bottlenecks and their causes is necessary to evaluate strategies
aimed at improving overall survival, including decisions around hatchery rearing and release
strategies.

The development of these approaches represent a paradigm shift from single-stage (adult
return) to ecosystem-based fisheries management, recognizing that salmon traverse multiple
jurisdictions, habitats, and food webs while facing stage-specific stressors. Below we describe
these monitoring efforts and life cycle initiatives and key findings to date.

EXPANDED SALMON POPULATION MONITORING

PSSI and BCSRIF projects developed numerous salmon monitoring programs, many employing
novel methods to assess populations and understand factors affecting freshwater, estuarine,
and marine survival. In nearly all cases, these programs were led by or developed in partnership
with local First Nations.

Davidson (DFO) and Pacheedaht First Nation created an integrated San Juan Chinook life
history monitoring program within the Follow the Fish initiative (2403). Methods include rotary
screw trapping to enumerate and sample emigrating juveniles (collecting otoliths and stomach
contents for size-specific survival and diet analysis); estuary beach seining to compare diet and
residency between hatchery and natural-origin fish; Port San Juan purse seining through late
spring to fall for mixed-stock data; and carcass sampling to assess adult age-at-return, PNI, and
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spawner stock composition. Results will guide improvements to natural-origin juvenile survival
while ensuring hatchery fish complement rather than compete with wild populations.

Table 5. DFO and BCSRIF projects associated with the salmon population monitoring theme.

[») Project Title
,ﬁ,?:;-’ DFO Science
Hia
f:ﬁ?f 2402 Quantifying Yukon Chinook migration mortality and its implications for fisheries
\"g'\i‘ e management and rebuilding under the Fish Stock Provisions of the Fisheries Act

2403 San Juan River adult and juvenile assessment program
2426 Sakinaw sockeye juvenile research on measures to increase marine survival

Feasibility of estimating Chilko River smolt abundance using upward- and side-Looking
SONAR methods

oo
118

LY 2430

BCSRIF
)) BCSRIF 2022 329 Meziadin River Up-looking Hydroacoustic Sockeye Smolt Enumeration Project
BCSRIF 2022 345 Digital Imaging of Wild Coho Returns to the Lillooet River Conservation Unit

Genetic monitoring of Kokanee-sockeye salmon (Oncorhynchus nerka) hybrid fitness

BCSRIF 2022 346 and long term outcomes associated with an experimental re-introduction program

BCSRIF 2022 351 Estimating aggregate Coho salmon escapement to the Lower Fraser Management Unit

BCSRIF 2022 451 Boundary Bay Chinook salmon restoration in the TATALU watershed

In the Yukon River basin, an international collaboration between DFO Science, Yukon First
Nations, and the Alaska Department of Fish and Game investigated the critical decline of Yukon
River Chinook salmon by quantifying mortality during their extensive freshwater spawning
migration (2402, Connors et al). Historically, fisheries management assumed that all fish
crossing the Alaska-Canada border reached their Canadian spawning grounds; however, recent
"missing" fish have rendered this assumption increasingly tenuous. By deploying a network of
20 remote tracking stations within the Canadian portion of the Yukon River basin and utilizing
aerial telemetry to track tagged adults, researchers found that approximately 85% of tagged fish
reached their spawning grounds from the Yukon/Alaska border in 2024. These insights,
supported by the development of a hierarchical Bayesian mark-recapture model, will allow
managers to establish evidence-based precautionary buffers for border-passage goals and
adjust in-season management to account for environmental stressors. Just as importantly, the
project has established the scientific infrastructure and a collaborative framework that will
support further monitoring and research for Yukon Chinook recovery.

Sakinaw sockeye, assessed as endangered by COSEWIC since 2003, face perpetually low
marine survival and have failed to recover despite a captive brood program. The 2017 Recovery
Potential Assessment identified marine survival as the greatest limiting factor, with seal
predation on smolts and adults ranked as high-risk (Ramshaw et al. 2019). Pellett’'s DFO team,
collaborating with shishalh Nation, used PIT tagging to study marine survival and test whether
releasing smolts past pinniped haul-outs would improve survival (2426). Preliminary results led
to recommendations against operationalizing smolt transport for Sakinaw recovery.
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Doutaz and colleagues from DFO (2430), partnering with Aquacoustics Inc. and TSilhgot'in
National Government, assessed upward- and side-looking SONAR methods to estimate Chilko
River sockeye smolt abundance. Chilko represents the only wild Fraser sockeye indicator stock,
with the annual smolt assessment, ongoing since 1951, comprising the sole long-term time
series for juvenile recruitment. In some years, unusually early freshets prohibit the use of
traditional fish counting weirs and photographic methods. Results from three years of
comparisons showed high correspondence between hydroacoustic and weir counts, suggesting
there is the potential to use SONAR methods as a replacement or complement to fish counting
weirs in the Chilko system.

Similarly, Gitanyow Fisheries Authority, partnering with Skeena Fisheries Commission through
BCSRIF funding, employed upward-looking hydroacoustics to collect Meziadin Lake sockeye
data including emigrating smolt abundance, size, age composition, and origin

(BCSRIF 2022 329). This method supports understanding of productivity, identification of
survival bottlenecks, and development of restoration priorities and management approaches.

Innovative solutions emerged to overcome challenges in operating monitoring programs at
remote locations. Lil'wat Nation’s digital imaging of wild coho returns to the remote Lillooet River
Conservation Unit required Adaptive Resolution Imaging Sonar (ARIS) but lacked grid power
access. The solution was a battery system using six golf cart batteries that powers the
underwater sonar camera for coho enumeration, demonstrating a simple and effective approach
for running ARIS at remote locations, such as the Lillooet River and tributaries.

Common methodologies across BCSRIF and PSSI monitoring programs that led to improved
population monitoring included SONAR, hydroacoustics, PIT tagging, genetic methods (Genetic
Stock Identification and Parental-Based Tagging), and eDNA. Numerous projects, in addition to
those discussed above, availed of these methods. PIT tagging applications included Lower
Fraser Fisheries Alliance Society’s mark-recapture program for Chilliwack River Hatchery coho,
and Pacific Salmon Foundation projects assessing stage-specific survival and bottlenecks along
WCVI and in the Strait of Georgia. eDNA was employed by A Rocha Canada with Semiahmoo
First Nation to study Boundary Bay Chinook in the Tatalu watershed, and by Deeg’s DFO lab to
characterize WCVI salmon ecosystems. GS| and PBT were used throughout the PSSI-funded
Follow the Fish program (see below) to identify Pacific salmon stocks rearing in WCVI sounds,
while UBC, collaborating with Okanagan First Nation, applied genetic, morphological, and
microchemistry analyses to investigate behavior, fithess, and hybridization between
anadromous sockeye and resident kokanee in Skaha Lake.

FOLLOW THE FISH PROGRAM

The Follow the Fish (FtF) Program was developed to identify the key biological and
environmental factors across freshwater, estuarine, and nearshore marine environments that
are limiting survival of WCVI natural-origin Chinook salmon. WCVI Chinook are a priority stock
for rebuilding. Their status is poor—particularly in Clayoquot Sound—due to low natural
spawner abundance, high hatchery introgression, and demographic shifts toward fewer, smaller
females. The Risk Assessment Methodology for Salmon (RAMS; Irvine et al. 2024) identified
and prioritized factors limiting WCVI Chinook recovery currently and under anticipated