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The Second NPAFC-IYS Workshop on 

Salmon Ocean Ecology in  
a Changing Climate 

 

May 18‒20, 2019 

 

The Embassy Suite by Hilton Portland Downtown, Portland, Oregon, USA 
 

 

 

The North Pacific Anadromous Fish Commission (NPAFC; https://npafc.org) is pleased to invite you to the 

Second International Year of the Salmon  (IYS) Workshop on “Salmon Ocean Ecology in a Changing Climate” to 

be held on May 18‒20, 2019, at the Embassy Suite by Hilton Portland Downtown, Portland, Oregon, USA. The 

IYS Workshop will bring together scientists, managers and other stakeholders to consider the current and future 

status of salmon and their habitats for the conservation of anadromous populations in a changing world.  

 

International Year of the Salmon (IYS) 

 
The International Year of the Salmon (IYS) is a multiyear initiative launched by the North Pacific Anadromous 

Fish Commission (NPAFC) and North Atlantic Salmon Conservation Organization (NASCO). The IYS provides 

an international framework for collaborative outreach and research focusing on “Salmon and People in a Changing 

World”. Through outreach efforts the IYS will raise awareness of what humans can do to better ensure salmon and 

their varied habitats are conserved and restored against increasing environmental variability. The IYS has six 

primary themes: (1) status of salmon; (2) salmon in a changing salmosphere; (3) new frontiers; (4) human 

dimension; (5) information systems; and (6) outreach and communication. The IYS will encourage research and 

leave a legacy of knowledge, information systems, research/analytical tools, and a new generation of scientists 

better equipped to provide timely advice to inform rational management of salmon. Please visit the IYS website 

(https://yearofthesalmon.org) for more information. 

 

Workshop Objectives  

 
Workshop objectives are to:  

 Improve current knowledge of the migration, distribution, growth and survival of salmon and their 

environment in the ocean;  

 Increase understanding of the causes of variations in salmon production in a changing climate;  

 Anticipate future changes in the distribution and abundance of salmon and their marine ecosystems;  

 Develop and apply new technologies and analytical methods to research and management of salmon; and 

 Invent integrated information/management systems to support research, sustainable management, and public 

understanding for the conservation of salmon. 
 

https://yearofthesalmon.org/
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Topic Sessions 

 
Topic 1. Current status of salmon and their environments 

Moderators: Jim Irvine, Michael Schmidt, and Ju Kyoung Kim 

 

Time series of regional salmon production and biological and physical characteristics of key salmon populations 

and their ocean habitat provide broad scale perspectives necessary to examine the underpinnings of ocean salmon 

production and marine ecosystem conditions. The purpose of this session is to understand and report: (1) the 

present status of Pacific salmon and their habitats, and (2) the factors influencing biological traits such as seasonal 

migration, distribution, abundance, growth, and survival. 
 

1-1. Biological traits of key salmon populations  

There is a continuing need to maintain and improve monitoring of spawning escapement, catch, smolt production, 

demographics, and other biological information for potential use in the forecasting of salmon return strength or 

ocean survival. Long-term time series are particularly valuable in understanding linkages between climate and 

Pacific salmon production. 

(Keywords: key populations, spawning escapement, catch, body size, fecundity, smolt production, and other 

biological/habitat traits) 

 

1-2.  Migration and distribution  

Anadromous salmon migrate in the ocean to maximize their growth and survival. Their seasonal migration and 

distribution are stock specific, and fundamental migration routes may be genetically fixed. Increasing information 

on seasonal ocean migration and distribution of key salmon populations contributes to planning effective ocean 

monitoring surveys, better climate modelling and forecasting, better management to avoid incidental salmon 

bycatch, and efficient enforcement activities to protect salmon in the ocean. 

(Keywords: seasonal migration model, migration mechanism, migration capacity, physical condition, bycatch, and 

others) 
 

1-3.  Growth and survival  

Variation in the early marine survival of Pacific salmon has been hypothesized to have a major role in determining 

the numbers of adults that return to spawn. However, there has been limited evidence to support this hypothesis. 

We need to understand the causes of mortality at each stage of the salmon life cycle and evaluate whether any 

particular life history period is critical. With the potential of limited food resources in the ocean, it is important to 

understand the implications of habitat use by Pacific salmon populations at various levels of abundance, the 

productive capacity of habitats for each life stage, and the potential implications of density dependent effects. 

(Keywords: ocean entry, critical period, feeding, growth, density dependence, fish health, predators, prey 

organisms, SST, ocean habitat conditions, and others) 

 

Topic 2. Salmon in changing ocean conditions 

Moderators: Ed Farley, Ric Brodeur, and Svetlana Naydenko 

 

Climate change may result in significant variability in the carrying capacity and usable habitat (distribution) of 

salmon in the ocean, potentially leading to expanded use of the Arctic Ocean, at least seasonally. An improved 

understanding of linkages between environmental changes and salmon production will help to anticipate the 

economic consequences of these changes. The objectives of this session are to: (1) understand and quantify the 

effects of environmental variability and anthropogenic factors affecting salmon distribution and abundance, and (2) 

project future changes with efficient models. 
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2-1. Linkage between salmon production, climate and ocean changes 

In recent years, there have been increases in the abundance as well as shifts in the distribution of salmon in 

northern regions, but some decreases at the southern edges of distribution along the Asian and North American 

continents. This sub-session aims to examine how geographical shifts in salmon distribution and abundance are 

related to climate-induced changes in habitat/environments operating at regional and local scales. 

(Keywords: climate impact, marine survival mechanism, mismatch, carrying capacity, linkage between salmon, 

climate and ocean changes, and others) 

 

2-2. Modeling the future for salmon 

Reliable forecasting of salmon distribution, abundance and survival is important for sustainable resource 

management and for projecting future variations in production due to changing climate. Modelers are encouraged 

to develop statistical models as well as ecosystem models coupled with biophysical models to estimate the impact 

of climate change on salmon populations, and to create future scenarios for salmon distribution and abundance. 

(Keywords: short-term and long-term forecast models, energy budget models, biophysical models, salmon runs, 

shift of distribution and abundance, and others) 

 

Topic 3. New technologies/integrated information systems for salmon research and management 

Moderators: Brian Wells, Mark Saunders, and Shigehiko Urawa 

 

With recent advancements in technology and analytical methods, new tools are available to better study and 

manage salmon. The IYS aims to further advance in the development of new and emerging technologies and 

analytical methods that are immediately available for salmon research and management. In addition, the IYS seeks 

to create open-access information systems for salmon research and management, and to develop management 

systems for the sustainable conservation of salmon in a changing climate. 

 

3-1. New technologies 

Novel stock and fish identification methods including molecular analyses, genomics, environmental DNA (eDNA), 

hatchery mass marking, intelligent tags, and remote sensing, continue to be developed, and these tools are integral 

to the formulation of effective models predicting the distribution and abundance of salmon populations. 

(Keywords: genomics, environmental DNA, molecular identification, mass marking, intelligent tags, salmon 

observation systems, remote sensing, microchemistry, and others) 

 

3-2. Integrated information and management systems 

The IYS seeks to develop integrated information/management systems using new and existing data sets to increase 

the resiliency of salmon and people in a changing world, and support research and management as well as public 

understanding the role of salmon in ocean ecosystems. For the sustainable conservation of uncertain salmon 

populations, we need to develop the integrated management systems including the ecosystem-based management, 

the management strategy of harvest and escapements, the conservation of genetic units and diversity, the 

restoration and protection of habitat, the control of diseases and pollutions, and the renovation of 

enhancement/hatchery technologies. 

(Keywords: integrated information system, ecosystem-based management, management strategy of harvest and 

escapements, genetic conservation, habitat restoration and protection, control of diseases and pollutions, renovation 

of enhancement/hatchery technologies, and others) 
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May 17 (Friday) 
16:00–18:00 Pre-Registration (Colonel Lindbergh Ballroom) 
 

May 18 (Saturday) 

08:15–08:45 Registration (Colonel Lindbergh Ballroom) 

09:00–14:40 Oral Presentations (Colonel Lindbergh Ballroom) 

14:40–15:30 Poster Presentations (Fireside Room) 

15:30–17:30 Oral Presentations (Colonel Lindbergh Ballroom) 

18:30–20:30 Reception (TBA) 
 

May 19 (Sunday) 

09:00–14:40 Oral Presentations (Colonel Lindbergh Ballroom) 

14:40–15:30 Poster Presentations (Fireside Room) 

15:30–17:00 Oral Presentations (Colonel Lindbergh Ballroom) 

17:00–17:30 Special Session on High Seas Expedition (Colonel Lindbergh Ballroom) 
 

May 19 (Monday) 

09:00–14:35 Oral Presentations (Colonel Lindbergh Ballroom) 

14:35–15:25 Poster Presentations (Fireside Room) 

15:25–16:10 Oral Presentations (Colonel Lindbergh Ballroom) 

16:10–17:10 Summary and Discussion (Colonel Lindbergh Ballroom) 

 

Oral Presenters 
 

Please have your presentation saved on a USB memory stick and give it to the Secretariat when you 

arrive to pre-register or register at the workshop. Please see the following schedule so the Secretariat can 

have your presentation saved on the computer well in advance of the session. 

If you have not submitted your presentation when you pick up your registration materials at the 

registration desk at the workshop, the latest time to submit your oral presentation to the Secretariat 

is the following.  

If your presentation time is Bring your presentation to the Secretariat by 

May 18 (Saturday) a.m. (morning) 
May 17 (Friday) during pre-registration 16:00‒18:00 or 

May 18 (Saturday) between 8:15‒8:45 a.m. 

May 18 (Saturday) p.m. (afternoon) May 18 (Saturday) by 11:00 a.m. 

May 19 (Sunday) a.m. (morning) May 18 (Saturday) by 17:30 

May 19 (Sunday) p.m. (afternoon) May 19 (Sunday) by 11:00 a.m. 

May 20 (Monday) a.m. (morning) May 19 (Sunday) by 17:30 

May 20 (Monday) p.m. (afternoon) May 20 (Monday) by 11:00 a.m. 
 

Poster Presenters 
 

Posters should be set up at pre-registration on Friday, May 17, 16:00‒18:00, or at registration on 

Saturday, May 18, 08:15‒08:45 a.m.  Poster should be removed on Sunday afternoon May 20 by 17:30. 

Posters not removed by 17:30 may be discarded. 
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TENTATIVE Program 

(Subject to change without notice) 

*Presenter 

May 18 (Saturday) Oral Presentations (Colonel Lindbergh Ballroom) 
 

09:00–09:15 Welcoming and Opening Remarks 

Vladimir I. Radchenko (Executive Director of NPAFC) and Ed Farley (Workshop Chairperson)      

 

09:15–09:30 Introduction of the IYS 

Mark Saunders (Chair of the IYS North Pacific Director and IYS WG Chairperson)      

 

Topic 1.  Current Status of Salmon and Their Environments   

(Moderators: Jim Irvine, Michael Schmidt, and Ju Kyoung Kim) 
 

09:30–09:55 Keynote Presentation (1): Status of Salmon in a Changing Environment: A Perspective from 

Alaska 

Andrew R. Munro*, Richard E. Brenner, and William D. Templin...................................................1 

 

09:55–10:20 Keynote Presentation (2): Changes in Stability and Productivity of Pacific Salmon 

Populations  

Cameron Freshwater*, Sean Anderson, Kendra Holt, Ann-Marie Huang, and Carrie Holt ...........2 

 

10:20–10:45 Keynote Presentation (3): Unprecedented Far East Salmon Catches in 2018: What Should 

We Expect in Future? 

Andrey Krovnin* and Nataliya Klovach............................................................................................3 
 

10:45–11:05  Coffee Break (Posters)  

 

Topic 1-1.  Biological traits of key salmon populations  

 
11:05–11:20 Evidence of Declining Age of Maturation in Chinook Stocks from Southeast Alaska to 

Oregon, Possible Causes and Implications under Climate Change Projections 

Gayle Brown*, Mary Thiess, and Chuck Parken................................................................................4 

11:20–11:35 Characterizing Juvenile Chinook Salmon Residency and Early Growth in the Lower Fraser 

River Estuary 

 Lia Chalifour*, David Scott, Misty MacDuffee, John Dower, and Julia Baum.................................5 

 

11:35–11:50 Linking Freshwater Environmental Factors to Up-river Migration Timing of Fraser River 

Chinook Salmon 

 Kaitlyn Dionne*, Chuck Parken, and Brittany Jenewein...................................................................6 

11:50–12:05 Temporal Forms of Pink Salmon in Sakhalin-Kuril Region and their Abundance Dynamics 

 Alexander M. Kaev*...........................................................................................................................7 

 

12:05–13:25  Lunch 
 

13:25–13:40 Current Status of Chum Salmon Populations in the Rivers with and without Hatchery Stock 

Enhancement on the Sanriku Coast, Japan 

 Yuki Minegishi*, Tatsuya Kawakami, and Jun Aoyama....................................................................8 
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13:40–13:55 Variation in Out-migration Timing and Estuary Reliance of “ocean-type” Chinook Salmon 

in the Fraser River Estuary, BC 

 David Scott*, Lia Chalifour, Misty MacDuffee, and Julia Baum......................................................9 

Topic 1-2.  Migration and distribution  

 
13:55–14:10 A New Interpretation of the Early Marine Residence of Juvenile Chinook Salmon in the 

Strait of Georgia 

 Richard J. Beamish* and Chrys M. Neville.....................................................................................10 

14:10–14:25 Status and Trends of Eel River Chinook Salmon in Northwestern California–Signs of 

Resilience 

 Patrick Higgins*..............................................................................................................................11 

14:25–14:40 Early Marine Migration and Survival Patterns of Fraser River Sockeye Salmon 

(Onchorhynchus nerka) Smolts through a Complex Archipelago Corridor 

 Stephen D. Johnston*, Scott G. Hinch, Andrew G. Lotto, Nathan B. Furey, Christine F. Stevenson, 

Brian J. Hendriks, Brian P.V. Hunt, David W. Welch, Erin L. Rechinsky, and Aswea D. Porter...12 

14:40–15:30  Poster Session (Coffee Break)  

 

15:30–15:45 Salmon Passage and Reintroduction Above Chief Joseph and Grand Coulee Dams on the 

Upper Columbia River 

Keith Kutchins* and John Sirois ………….......................................................................................13 

 

15:45–16:00 What Can We Learn About Marine Distribution of Fraser River Sockeye Salmon from 

Fraser Sockeye Caught in Alaska? 

Pasan Samarasin*, Stephen J Latham, Charles M Guthrie III, and H Andres Araujo....................14 

 

Topic 1-3.  Growth and survival  

 
16:00–16:15 A Model of Smolt-to-adult Survival in Terms of Salmon Growth Through the Size 

Distribution of Gape-limited Predators 

 James J. Anderson*..........................................................................................................................15 

16:15–16:30 Indigenous Community Partnerships Towards Foundational Understanding of Wild Salmon 

Survival on British Columbia’s Central Coast 

 William I. Atlas*, William G. Housty, and Jonathan W. Moore......................................................16 

16:30–16:45 The PDO, The Blob and Juvenile Coho Salmon Growth in the Northern California Current 

2000–2017 

 Brian Beckman*, Cheryl Morgan, and Meredith Journey...............................................................17 

16:45–17:00 Recent Changes in the Available Ichthyoplankton Prey Biomass in the Northern California 

Current (NCC) and How These Changes are Reflected in the Trophic Habits of Juvenile 

Spring Chinook Salmon and Their Survival to Return as Adults  

Elizabeth A. Daly*, Toby D. Auth, and Richard D. Brodeur...........................................................18 
 

17:00–17:15 Growth and Harvest Forecast Models for Southeast Alaska Pink Salmon 

 James M. Murphy*, Emily A. Fergusson, Andrew Piston, and Andrew Gray.................................19 

17:15–17:30 Regional and Seasonal Variation in Adult Chinook Salmon Diets in British Columbia 

 Will Duguid*, Jessica Qualley, Katie Innes, Micah Quindazzi, and Francis Juanes......................20 
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May 19 (Sunday) Oral Presentations (Colonel Lindbergh Ballroom)  
 

Topic 1-3.  Growth and survival (Continue) 

 
09:00–09:15 Empirical Model Predicting Recruitment of Chilko Lake Sockeye Salmon from 

Oceanographic and Biological Variables, including Early Marine Growth 

 Lyse Godbout*, Carrie Holt, Marc Trudel, Cameron Freshwater, Michael. O’Brien, Chrys. 

Neville, Maxine Reichardt, Moira. Galbraith, and Ian Perry..........................................................21 

09:15–09:30 Effect of Temperature and Amount of Food on the Growth Rate/ Aerobic Scope of Juvenile 

Chum Salmon 

 Yuki Iino*, Takashi Kitagawa, Takaaki Abe, Tsuyoshi Nagasaka, Yuichi Shimizu, Katsuhiko Ota, 

Takuya Kawashima, and Tomohiko Kawamura..............................................................................22 

09:30–09:45 Spatial and Temporal Trends in Juvenile Sockeye Salmon Diets Across Oceanographic 

Regimes on the Coast of British Columbia 

 Samantha E. James*, Evgeny A. Pakhomov, and Brian P. V. Hunt................................................23 

09:45–10:00 The Role of Environmental Conditions in Various Types of Estuaries for the Productivity of 

Pacific Salmon Populations of Kamchatka 

 Maksim Koval* and Sergey Gorin...................................................................................................24 

10:00–10:15 Nonstationary Effects of Ocean Temperature on Early Marine Survival of Salmon 

 Michael A. Litzow*, Lorenzo Ciannelli, Patricia Puerta, Bethany Johnson, Ryan R. Rykaczewski, 

Justin J. Wettstein, and Michael Opiekun........................................................................................25 

10:15–10:30 Profiling the Behaviour, Biology and Distinct Characteristics of a Survivor as an Approach 

to Understanding Factors Regulating Marine Survival of Chinook Salmon 

 Chrys-Ellen M. Neville*, Richard J. Beamish, Yeongha Jung, Lana Fitzpatrick, and Colleen 

Haddad.............................................................................................................................................26 

10:30–10:50  Coffee Break (Posters)  

 

10:50–11:05 Fine-scale Taxonomic and Spatiotemporal Variability in the Energy Density of Prey for 

Juvenile Chinook Salmon (Oncorhynchus tshawytscha) 

 Jacob Weil, Francis Juanes, and Will Duguid*...............................................................................27 

11:05–11:20 The Coast-wide Collapse in Northeast Pacific Chinook and Steelhead Survival—Where is 

Marine Survival Determined? 

 David W. Welch, Erin L. Rechisky*, and Aswea D. Porter.............................................................28 

 

Topic 2.  Salmon in Changing Ocean Conditions 

(Moderators: Ed Farley, Ric Brodeur, and Svetlana Naydenko) 
 

11:20–11:45 Keynote Presentation (4): How Will Columbia River Salmonids Respond to Changing Ocean 

Conditions? 

 Richard W. Zabel*, Lisa Crozier, Brian Burke, Brandon Chasco, Chris Jordan, Jeff Jorgensen, 

and Tom Cooney...............................................................................................................................29 

 

11:45–12:10 Keynote Presentation (5): Sustainable Conservation and Use of Chum Salmon Under 

Warming Climate and Changing Ocean Conditions 

 Masahide Kaeriyama*.....................................................................................................................30 
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12:10–13:30  Lunch 
 

13:30–13:55 Keynote Presentation (6): Recent Extremes in North Pacific Salmon Habitat Through the 

Lens of Fast and Slow Changes 

 Nathan Mantua*...............................................................................................................................31 

Topic 2-1.  Linkage between salmon production, climate and ocean changes 

 
13:55–14:10 Potential Effects of Changing Ocean Conditions on Juvenile Salmon Feeding and 

Subsequent Survival in Coastal Waters Based on Several Decades of Sampling 

 Richard D. Brodeur* and Elizabeth A. Daly...................................................................................32 

14:10–14:25 Is a Warming Bering Sea Leading to Smaller Chinook Salmon? 

 Megan V. McPhee*, Jared E. Siegel, and Milo D. Adkison.............................................................33 

14:25–14:40 Competitive Interactions Between Natural Populations of Pink and Chum Salmon from 

Puget Sound and Coastal Washington, USA 

 Marisa N. C. Litz*, Aaron M. Dufault, Andrew M. Claiborne, James P. Losee, and Tyler J. 

Garber..............................................................................................................................................34 

14:40–15:30  Poster Session (Coffee Break)  

 

15:30–15:45 Ecosystem Indicators Development for Steelhead Trout and Coho and Chinook Salmon 

 Kathryn Sobocinski*, Correigh Greene, Neala Kendall, Joe Anderson, Mara Zimmerman, and 

Michael Schmidt...............................................................................................................................35 

15:45–16:00 Mechanisms for Shifts in the Distribution and Abundance of Juvenile Sockeye Salmon in the 

Eastern Bering Sea During Late Summer, 2002–2016 

 Ellen Yasumiishi*, Kristin Cieciel, Ed Farley, Alexander Andrews, and Jeanette Gann................36 

16:00–16:15 Detecting Regime Shifts in Dynamic Environments Using Multi-population State-space 

Models of Oregon Coastal Coho 

 Matthew R. Falcy* and Erik Suring.................................................................................................37 

 

Topic 2-2.  Modeling the future for salmon 

 
16:15–16:30 Informing Quantitative Salmon Survival Predictions Through Life-cycle Observations: 

Fraser Sockeye Case Study 

 Sue Grant*, Bronwyn MacDonald, David Patterson, Kendra Robinson, Jennifer Boldt, Keri 

Benner, Chrys Neville, Lucas Pon, Joe Tadey, Jackie King, Mike Hawkshaw, and Dan Selbie.....38 

16:30–16:45 Evaluating Time-varying Productivity in Stock-recruit Relationships for Biological 

Benchmarks 

 Carrie A. Holt* and Catherine G.J. Michielsens.............................................................................39 

16:45–17:00 Improving Terminal Abundance Estimates of Spring- and Summer-run Age 52 Fraser River 

Chinook Salmon by Incorporating a Second CPUE Dataset from the Albion Test Fishery 

 Brittany Jenewein* and Karen Rickards..........................................................................................40 

17:00–17:30 Special Session (on Gulf of Alaska Expedition) 

 Dick Beamish and GOA scientists 
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May 20 (Sunday) Oral Presentations (Colonel Lindbergh Ballroom)  
 

Topic 3. New Technologies/Integrated Information Systems for Salmon Research and Management 

(Moderators: Brian Wells, Mark Saunders, and Shigehiko Urawa) 

09:00–09:25 Keynote Presentation (7): Evaluation of an Environmental DNA Method as a Potential Tool 

for Monitoring Salmonid Fishes in the Wild 

 Hitoshi Araki*, Hiroki Mizumoto, Takashi Kanbe, and Shunpei Sato.............................................41 

 

09:25–09:50 Keynote Presentation (8): The RAFOS Ocean Acoustic Monitoring (ROAM) Tag: A highly 

Accurate Fish Tag for At-sea Movement Studies 

 Camrin D. Braun*, Godi Fischer, H. Thomas Rossby, and Simon R. Thorrold..............................42 

09:50–10:15 Keynote Presentation (9): Genomic Science Advances Changing the Face of Salmon Science 

 Kristina M. Miller*..........................................................................................................................43 

 

10:15–10:40 Keynote Presentation (10): Interactive Mapping and Dynamic Data Visualization—Eye 

Candy or Useful Tool for Fisheries Research? 

 Dion Oxman* and Sabrina Larsen...................................................................................................44 
 

10:40–11:00  Coffee Break (Posters)  

 

Topic 3-1.  New technologies 

 

11:00–11:15 Comparison of Coded-wire Tagging with Parentage-based Tagging and Genetic Stock 

Identification in large-scale Coho Salmon Fisheries Applications in British Columbia, 

Canada 

 Terry D. Beacham*, Colin Wallace, Kim Jonsen, Brenda McIntosh, John R. Candy, David Willis, 

Cheryl Lynch, Jean-Sébastien Moore, Louis Bernatchez, and Ruth E. Withler..............................45 

11:15–11:30 Using Telemetry to Map the Spatial and Temporal Distribution of Atlantic Salmon in the 

Ocean 

 Jonathan Carr, Jason Daniels*, Gerald Chaput, Graham Chafe, Eric Brunsdon, John Strom, 

Martha Robertson, and Timothy Sheehan........................................................................................46 

11:30–11:45 Developing an Inter-individual Communication Biotelemetry System and Application to 

Chum Salmon Returned to Off Japanese Waters 

 Takashi Kitagawa*, Nobuhiko Sato, Shigenori Nobata, Hiromichi Mitamura, Yoshinori 

Miyamoto, Nobuaki Arai, Keiichi Uchida, Hokuto Shirakawa, and Kazushi Miyashita.................47 

11:45–12:00 A PIT Tag Based Method for Investigating the Survival of Cowichan River Chinook During 

Their First Year of Life 

 Kevin A. Pellett*, Jeramy Damborg, Jamieson Atkinson, and Will Duguid....................................48 

12:00–13:20  Lunch 

 

13:20–13:35 Integrated Research on Geomagnetic Imprinting and Homing in Pacific Salmon Across the 

Pacific Ocean 

 Nathan F. Putman*, Hiroshi Ueda, and David L.G. Noakes..........................................................49 

 

13:35–13:50 Survival, Migration, and Partial Residency in the Salish Sea of Cowichan River Chinook 

Salmon: The First Fall and Winter 

 Erin L. Rechisky*, Aswea D. Porter, William D. P. Duguid, Kevin Pellett, Kristina M. Miller, and 

David W. Welch................................................................................................................................50 
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13:50–14:05 Integrating Multiple Intrinsic Markers to Infer Habitat Use of Sockeye Salmon Stocks 

(Oncorhynchus nerka) in the North Pacific Ocean 

 Wade D. Smith*, Boris Espinasse, Evgeny A. Pakhomov, and Brian P.V. Hunt.............................51 

 

14:05–14:20 Linking Genotype, Phenotype, and Environment: Identifying the Genomic Basis of Fitness 

Traits in Salmon and its Potential for Understanding Responses to a Changing Climate 

 Charles D. Waters*, Jeffrey J. Hard, David E. Fast, Kenneth I. Warheit, Curtis M. Knudsen, 

William J. Bosch, and Kerry A. Naish..............................................................................................52 

14:20–14:35 The Use of Environmental DNA for the Enumeration of Sockeye and Coho Salmon at Auke 

Creek Research Station 

 Scott C. Vulstek*, Joshua R. Russell, and Taal Levi........................................................................53 

14:35–15:25  Poster Session (Coffee Break)  

 

Topic 3-2.  Integrated information and management systems 

 

15:25–15:40 Supplementation of Atlantic Salmon in the Southern Extent of Their Range: Evaluation of 

age-1 Hatchery Smolt Stocking in a Small Coastal Watershed 

 James Hawkes*, Graham Goullete, Alejandro Moctezuma, Ernie Atkinson, and Oliver Cox........54 

15:40–15:55 The Pacific Salmon Explorer: A Novel Tool for Tracking the Status of Salmon Populations 

and Their Habitats 

 Christine Stevenson*, Katrina Connors, Eileen Jones, Eric Hertz, Katy Kellock, Leah Honka, and 

Brian Riddell....................................................................................................................................55 

15:55–16:10 Dynamic Ocean Management for Salmon: Integrating Spatially-explicit Environmental and 

Fishery Datasets to Describe and Predict Fish Distributions 

 Jordan T. Watson*, Rob Ames, Camille Kohler, Robert Nigh, Robert Ryznar, and Jenny Suter....56 

16:10–17:10 Summary and Discussion 

     Mark Saunders (IYS WG Chair) 

 Topic sessions moderators 

 

17:10–17:00 Closing Remarks                     Richard Brodeur and Brian Wells (Workshop Vice-Chairpersons) 

 

--------------------- 
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May 18 (Saturday, 14:40–15:30) Poster Presentations (Fireside Room)  
* Presenter 

Topic 1.  Current Status of Salmon and their Environments 
 

Topic 1-1.  Biological traits of key salmon populations 

 
Poster-1 Direct and Carryover Effects of Freshwater, Marine and Fish Conditions on Juvenile, 

Ocean, and Adult Survival of Snake River Chinook Salmon 

 Jennifer L. Gosselin*, Eric Buhle, Chris Van Homes, Susannah Iltis, and James J. Anderson......57 

Poster-2 Juvenile Salmon Migration Observations in the Discovery Islands and Johnstone Strait in 

2018 compared to 2015–2017 

 Brett T. Johnson*, Julian C.L. Gan, Carly V. Janusson, and Brian P.V. Hunt...............................58 

Poster-3 Analysis of Population Dynamics Pacific Salmon on Northern Coast of the Okhotsk Sea 

 Alexey V. Yamborko*, Igor S. Golovanov, and Vladimir V. Volobuev............................................59 

 

Topic 1-2.  Biological traits of key salmon populations 

 
Poster-4 Inter-annual, Stock-specific Distribution and Migration of Juvenile Sockeye Salmon 

(Oncorhynchus nerka) from 1997–2017 

 Erika D. Anderson*, Jackie R. King, Chrys Neville, Strahan Tucker, and Terry D. Beacham.......60 

Poster-5 Trends of Distribution and Reginal Composition of Juvenile Pink and Chum Salmon in the 

Okhotsk Sea During the Fall of 2011–2017  

A.V. Bugaev*, A.I. Chistyakova, and S. Urawa................................................................................61 

 

Poster-6 Timing of Spawning of Wild Chum Salmon in a Non-enhanced River and Their Seaward 

Migration in Northern Honshu, Japan 

 Masaya Iida*, Yuta Yagi, and Tomoaki Iseki...................................................................................62 

Poster-7 Genetic Characterization of Juvenile Chum Salmon (Oncorhynchus keta) Migrating Out of 

the Yukon River Delta 

 Genevieve M. Johnson, Christine M. Kondzela*, Jacqueline A. Whittle, Katharine Miller, and 
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Keynote Presentation-1 

 

Topic 1. Current Status of Salmon and their Environments 

Status of Salmon in a Changing Environment: A Perspective from Alaska 

Andrew R. Munro*1, Richard E. Brenner2, and William D. Templin1 

1Alaska Department of Fish and Game Division of Commercial Fisheries 333 Raspberry Road Anchorage, Alaska 99518-1599 

(*Email: andrew.munro@alaska.gov; Tel: 1-907-267-2260) 

 
2Alaska Department of Fish and Game Division of Commercial Fisheries P.O. Box 115526 Juneau, Alaska 99811-5526 

 

Salmon are an important natural, economic, and cultural resource for many people across the northern 

Pacific Rim, including all five NPAFC member nations. Monitoring and understanding the status of 

salmon stocks is critical to the management and conservation of this shared resource, especially in the 

face of a changing and increasingly variable environment. Across Alaska salmon returns have displayed 

variations in characteristics such as size, age at return, timing, and abundance for all species native to 

Alaska; these changes have not manifested themselves uniformly within or among species. The causes 

and mechanisms of these changes are not well understood, and hypotheses are currently being debated 

and tested with available information. For example, some of the discussion centers around the unusual 

characteristics of recent salmon returns in the Gulf of Alaska and whether they may be related to the 

anomalous pool of warm water prevalent in the northeast Pacific Ocean from 2015 to 2017. Although 

there are many indications that salmon production in the ocean is changing, the challenges we all face, as 

salmon nations, are to 1) take careful and consistent measurements of the system, 2) investigate 

mechanisms that drive changes in the system, 3) consider what changes may mean to the present and 

future status of salmon stocks, and 4) predict how various stocks may respond to the changing “pasture” 

they all share in the North Pacific. Ultimately, we must all thoughtfully and collaboratively address these 

challenges if we are to adapt our efforts to effectively manage salmon stocks in a changing environment. 

The challenge can best be met with sound hypothesis-driven science that moves beyond discovering 

correlations to establishing causation. To do so, we must pose crucial questions and match them with 

well-designed studies that recognize the limitations in quality and quantity of current data and identify 

future needs. While modeling existing data will provide a useful framework for understanding the current 

and past states, refining questions, and identifying potential mechanisms and drivers, we must also ensure 

that we supply information for agencies to develop robust and flexible management tools to both 

conserve salmon and afford harvest opportunities in an uncertain environmental future. 
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Keynote Presentation-2 

 

Topic 1. Current Status of Salmon and their Environments 

Changes in Stability and Productivity of Pacific Salmon Populations 

Cameron Freshwater*, Sean Anderson, Kendra Holt, Ann-Marie Huang, and Carrie Holt 

 
Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Rd., Nanaimo, B.C., V9T 6N7, Canada 

(*Email: cameron.freshwater@dfo-mpo.gc.ca; Tel: 1-778-350-1767) 

 

Pacific salmon stocks exhibit recruitment variability that result in large interannual changes in 

abundance. Population diversity can reduce temporal variability in abundance at the scale of stock 

aggregates via portfolio effects, resulting in greater stability in catches from mixed-stock fisheries. The 

strength of portfolio effects, however, is not static and may decline due to reductions in diversity, 

increased variability within individual stocks (component variability), and greater synchrony among 

stocks. Recently many Pacific salmon stocks have exhibited declines in productivity, increased 

variability, and increased synchrony, resulting in fishery closures and reduced catch. Here, we 

demonstrate how changes in population productivity, component variability, and synchrony, interact to 

influence the probability of achieving an array of management objectives for Fraser River Sockeye 

Salmon—a stock aggregate of high economic, ecological, and cultural value. We first present evidence 

that component variability and synchrony have increased in this stock aggregate, consistent with a 

weakening portfolio effect. We then parameterize a stochastic, closed-loop model that simulates the 

population dynamics of each stock, the fishery that harvests the stock aggregate, and the management 

framework used to establish mixed-stock exploitation rates. We demonstrate that greater synchrony is 

associated with modest declines in median recruit abundance, as well as greater uncertainty in achieving 

conservation targets. The impacts of greater component variability and synchrony on catch-based 

objectives were relatively more severe with both the proportion of years minimum catch targets were met 

and interannual catch stability declining strongly. Finally, changes in component variability and 

synchrony magnified the negative effects of productivity declines across several performance metrics. 

Thus, even precautionary management strategies that account for declines in productivity may 

underestimate risk if they fail to integrate changes in variability and synchrony. Adequately incorporating 

changes in portfolio-effect strength may be particularly relevant when developing recovery strategies that 

are robust to environmental processes such as climate change, which will likely increase component 

variability and synchrony in many systems. 
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Keynote Presentation-3 

 

Topic 1. Current Status of Salmon and their Environments 

Unprecedented Far East Salmon Catches in 2018: What Should We Expect in Future? 

Andrey Krovnin* and Nataliya Klovach 

 

Russian Federal Research Institute of Fisheries and Oceanography, Russian Federation, 17 V. Krasnoselskaya, Moscow, 

Russia (*Email: akrovnin@vniro.ru, klovachn@vniro.ru; Tel: +7-499-264-6583; Fax: +7-499-264-9187) 

 

In 2018, salmon fishing season in the Far East was very successful. The total catch reached almost 

680,000 metric tons (t), including 511,000 t of pink salmon. This volume was maximal over the whole 

history of observations. The most share of the pink salmon catch (almost 81%), as it was observed during 

the last several years, was captured in the Kamchatka area. This was associated with prominent warming 

in the Northeast Pacific due to formation of the Blob and further spread of warm surface water to the 

western Bering Sea and northeastern Sea of Okhotsk. During nearly all of the 2017/2018 Bering Sea ice 

season, the ice extent was at record low. Its effect on ocean primary productivity was profound, and 

according to Arctic Report Card 2018, productivity levels in the Bering Sea region were 500% higher 

than normal levels. It favors development of rich food base for pink salmon and, as a consequence, their 

high survival in winter and spring. In our opinion, this became the main reason for the record growth of 

Kamchatka pink salmon stocks, considering that climatic conditions of early marine period were almost 

the same as in two previous years. The climatic tendencies in winter of 2018/2019 show a continuation of 

warm regime in the northern North Pacific. We suppose that this situation will continue up to the yearly 

2020’s. But, as a whole, the chaotic character of environmental variations in the Northwest Pacific during 

the last decade increases the uncertainty of estimation of changes in pink salmon stocks for the next 5–10 

years 

 

 

 

 



  The Second NPAFC-IYS Workshop (2019) on Salmon Ocean Ecology in a Changing Climate 

4 

 

Oral Presentation-1 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Evidence of Declining Age of Maturation in Chinook Stocks from Southeast Alaska to Oregon, 

Possible Causes and Implications under Climate Change Projections 

Gayle Brown1*, Mary Thiess1, and Chuck Parken2  

1Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Rd., Nanaimo, B.C., V9T 6N7, Canada 

2Kamloops Regional Office, 985 McGill Place, Kamloops B.C., V2C 6X6 (*Email: gayle.brown@dfo-mpo.ca; Tel: 1-250-756-

7296; Fax: 1-250-756-7053) 

Fishing pressure, predation, hatchery production and increased water temperature have been linked to 

changes in important life history characteristics in fish such as decreased size at age, decreased frequency 

of older, larger individuals and a younger maturity schedule. All of these factors could be simultaneously 

operating on Chinook salmon populations of the eastern Pacific coast. Recent published studies have, in 

fact, demonstrated decreased size at age and decreased frequency of older, larger individuals in many 

populations along the pacific coast of North America. In this study, we investigated temporal trends in 

mean age of maturation (MAM). This metric was calculated from stock, brood and age-specific 

maturation rates produced annually by the Pacific Salmon Commission’s Chinook Technical Committee 

through application of a cohort analysis procedure to coded wire tag (CWT) recovery data. MAM was 

calculated for 49 Chinook CWT indicator stocks for broods completed from 1971 through 2012 although 

the broods available for analysis differed among stocks. A declining trend in MAM was detected for most 

stocks which occur throughout the geographic region from southeast Alaska to Oregon and includes 

stocks of both hatchery and natural origin. The changes in life history characteristics that have been 

demonstrated for Chinook stocks, along with evidence of decreasing fecundity, survival and productivity, 

are hypothesized to reduce the capacity of fish stocks to adapt, persist and to be self-sustaining under 

projected climate change effects.   
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Oral Presentation-2 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Characterizing Juvenile Chinook Salmon Residency and Early Growth in the Lower Fraser River 

Estuary 

Lia Chalifour*1, David Scott2, Misty MacDuffee2, John Dower1, Julia Baum1  

1University of Victoria, 2800 Finnerty Rd., Victoria, BC, Canada, V8P 5C2, (*Email: lia.chalifour@gmail.com) 

2Raincoast Conservation Foundation, 2238 Harbour Rd., Sidney, BC, Canada, V8L 2P6 

The Harrison River is a tributary of the lower Fraser River system which produces the highest proportion 

of fall-run, subyearling migrant Chinook salmon (Oncorhynchus tshawytscha) in the Salish Sea. 

Subyearling migrant Chinook, which emigrate to estuarine and marine waters within the first year, may 

be more dependent on nearshore habitats than yearling migrants during their first year of ocean residency. 

Using a combination of genetic and otolith analyses, we assessed the stock-specific utilization of three 

habitat types in the lower Fraser estuary by emigrating Chinook. In 2016 and 2017 we surveyed 20 sites 

across the lower estuary, sampling 3,240 juvenile Chinook salmon and collecting 838 tissue samples for 

genetic stock identification. We caught the majority of all salmon in brackish marsh habitat in both years, 

despite large differences in seasonal flows, temperatures and previous escapement. Overall, we captured 

juvenile Chinook from 18 different populations, with stream-type populations generally captured in very 

low numbers. The dominant stock in our catch was identified as Harrison and were subyearling migrants, 

arriving the earliest near the end of March, and present the longest until mid-July in 2016 and mid-June 

in 2017. We retained a subsample of Harrison stock juveniles from 2016 and assessed entry timing and 

estuarine growth prior to capture using visual and chemical analyses of the otoliths via LA-ICP-MS. This 

talk will highlight our finalized results for growth between cohorts in the estuary. Our results will 

improve our understanding of the importance of estuarine habitats to the early marine survival of these 

Chinook populations and provide some insight into life history trade-offs for early entry migrants.  
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Oral Presentation-3 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Linking Freshwater Environmental Factors to Up-river Migration Timing of Fraser River 

Chinook Salmon  

Kaitlyn Dionne1*, Chuck Parken1, and Brittany Jenewein2 

1Fisheries and Oceans Canada, 1Kamloops Regional Office, 985 McGill Place, Kamloops BC, Canada, V2C 6X6 (*Email: 

Kaitlyn.Dionne@dfo-mpo.gc.ca; Tel: Tel: 250- 851-7706) 

2Annacis Island Office, 100 Annacis Pkwy Unit 3, Delta BC, Canada, V3M 6A2 

Fraser River Chinook salmon (Oncorhynchus tshawytscha) exhibit a large range in their adult migration 

timing from the ocean and into freshwater, with some populations returning as early as April and others 

as late as September, despite relatively similar timing for the onset of spawning. Run-timing is largely 

genetically controlled and has been theorized to be an adaptation to environmental conditions up river.  

Previous research linking genetic stock identification data with migration timing through the Albion test 

fishery allows for a unique opportunity to examine population specific environmental factors associated 

with the freshwater migration of adult Chinook returning to spawn. Principal components analysis was 

used to compare the average timing of the spring freshet, average timing when spawning tributaries are 

warmest, average timing when temperatures coincide with the onset of spawning (12 degrees Celsius), 

distance travelled, total time in freshwater prior to spawning, and the average maximum historical 

temperature in the spawning tributary for 22 populations of Fraser River Chinook among five stock 

aggregates. Four components explained 92% of the variance and were loaded on distance to tributary and 

travel time (PC1), total time in freshwater prior to spawning (PC2), timing and value of maximum 

average stream temperature (PC3), and the timing of the spring freshet in the spawning tributaries (PC4).  

The distinct clustering of the Fraser Chinook stock aggregates across these components provides insight 

into which freshwater environmental factors these populations have most closely adapted their freshwater 

migration timing. In the Fraser River watershed, climate change projections suggest that precipitation 

will decrease in the summer but increase in other seasons. This change in precipitation patterns in 

conjunction with a predicted increase in air temperatures will both affect the timing of the spring freshet 

and stream temperatures during the migratory period for adult Fraser River Chinook. Additionally, many 

of the snow dominated watersheds are expected to have shifts in runoff where snow accumulation is 

reduced, resulting in earlier peak flows and a subsequent rise in stream temperatures. The migration 

timing of Chinook salmon may be an important biological trait to monitor for climate change adaptation, 

and for planning ocean and freshwater fisheries along their migration routes. 

 

 

mailto:Kaitlyn.Dionne@dfo-mpo.gc.ca
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Oral Presentation-4 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Temporal Forms of Pink Salmon in Sakhalin-Kuril Region and their Abundance Dynamics 

Alexander M. Kaev*  

Sakhalin Research Institute of Fisheries and Oceanography (SakhNIRO), 196, Komsomolskaya Str., Yuzhno-Sakhalinsk, 

693016, Russia. (*E-mail: kaev@outlook.com; Tel: 4242-456-779; Fax: 4242-456-778) 

Pink salmon on Sakhalin and south Kuril Islands is represented by two temporal forms. The early and the 

late forms differ by time and spawning areas in the same rivers, by fish biological indicators (male and 

female body length, relative fertility of females, degree of maturity on approaching the rivers) and 

downstream migration dates. These differences create preconditions for appearing of dynamics and 

abundance features of each form. The increases and decreases of these forms occur simultaneously, but 

the length of the periods of high abundance is shorter for the early form. The sharp decline in abundance 

for each temporal form was often a result of extreme environment factors (spawning grounds soil erosion 

with heavy floods, seashore storms during juvenile downstream migrations). In some cases, the causes of 

sharp declines in abundance are still unknown. The tendencies to abundance decline for the early form 

manifest either more intense or 1–2 generations earlier than the late form, so the signs of depressive 

conditions for the early form can be indicators of the upcoming overall pink salmon abundance decrease 

in the area. 

mailto:kaev@outlook.com
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Oral Presentation-5 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Current Status of Chum Salmon Populations in the Rivers with and without Hatchery Stock 

Enhancement on the Sanriku Coast, Japan 

Yuki Minegishi*, Tatsuya Kawakami, and Jun Aoyama 

International Coastal Research Center, Atmosphere and Ocean Research Institute, The University of Tokyo, Akahama 1-19-8, 

Otsuchi, Iwate 028-1102, Japan (*Email: y.minegishi@aori.u-tokyo.ac.jp; Tel: +81 193 42 5611) 

To evaluate the current status of chum salmon populations in rivers with and without hatchery stock 

enhancement program, adult fish, their spawning redds and carcasses were assessed during the whole 

spawning season in 2017–2018 in the Otsuchi and Koduchi Rivers on the Sanriku coast, Japan. For the 

former, a large-scaled hatchery stock enhancement program has long been implemented with releasing 

about 20 million juveniles annually whereas for the latter, it has been suspended since the 2011 off the 

Pacific coast of Tohoku Earthquake and the following tsunami. A quantitative survey was performed 

from September 1, 2017 to February 21, 2018, once every ten days in the Otsuchi River and one to three 

times a week in the Koduchi River to collect tissues and scales from fresh carcasses. The study area was 

0.5 to 1.0 km upstream from the hatchery weir in the Otsuchi River and 1.0 to 4.0 km upstream from the 

river mouth in the Koduchi River. Adults, their spawning redds and carcasses were visually counted 

while walking gently and slowly along or in the survey reaches. In the Otsuchi River, a total of 106 

spawning redds were found from November 10, 2017 to January 31, 2018, and a total number of adults 

and carcasses were 170 and 214, respectively, suggesting that the hatchery weir unexpectedly allowed 

some fish to pass upstream to spawn. In the Koduchi River, at least 363 spawning redds were counted 

from October 10, 2017 to January 31, 2018, and returning adults and carcasses were 2,044 and 1,764, 

respectively. The present study suggested that most of the returning adults to the Otsuchi River were 

caught by the hatchery weir for the stock enhancement and then natural spawning was less abundant than 

the Koduchi River. This indicated that the population in the Otsuchi River consisted of mostly the 

hatchery-origin fish whereas those in the Koduchi River should be wild. As the hatchery weir catch in the 

Otsuchi River in this season was officially reported to be 2,787, the stock of the Otsuchi River was 

obviously larger than that of the Koduchi River. It is, however, noteworthy that the difference in the 

numbers of returning adults between these two rivers was considerably smaller compared to that in the 

numbers of juveniles with and without hatchery release. 
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Oral Presentation-6 

Topic 1. Current Status of Salmon and their Environments (1-1. Biological traits of key salmon 

populations) 

Variation in Out-migration Timing and Estuary Reliance of “ocean-type” Chinook Salmon in the 

Fraser River Estuary, BC 

David Scott*, Lia Chalifour, Misty MacDuffee, and Julia Baum  

Faculty of Forestry, University of British Columbia, 2424 Main Mall, Vancouver, BC V6T 1Z4, Canada (*Email: 

dcscott@mail.ubc.ca; Tel: 1-604-817-6700) 

Estuaries connect freshwater and ocean environments for Pacific salmon, providing important habitats 

during a crucial transition period for juveniles where feeding opportunities are abundant, and the risk of 

predation is relatively low. Juvenile salmon from multiple populations migrate through the Fraser River 

estuary, British Columbia, annually, but little is known about variability in out-migration timing, estuary 

residence, or habitat preferences of different populations. We conducted a spatio-temporally extensive 

juvenile salmon monitoring program throughout the Fraser River delta over the last three years (2016-

18), surveying salmon at 36 sites that span Roberts and Sturgeon Banks and encompass three habitat 

types using beach and purse seine, and fyke net methods. Our objective was to determine the 

outmigration timing, size, residency time, and population origin of juvenile Chinook across the estuary 

and the outmigration season. Over three seasons we have captured 5,242 juvenile Chinook, the majority 

in brackish marsh habitats, and have collected 1,696 tissue samples for genetic stock identification. Our 

initial results from 2016 and 2017 demonstrate that ocean-type Chinook originating from the Harrison 

River arrive I the estuary the earliest, near the end of March, and are present the longest until mid-July in 

2016 and mid-June in 2017. Harrison Chinook also arrive the smallest, with individuals increasing in 

mean fork length over the season, and otolith microchemistry indicating estuarine growth. Conversely, 

ocean-type Chinook from the South Thompson were not captured until late June in both years, arriving in 

the estuary in the 60–80 mm fork length range and were last detected in mid-July in 2016 and 2017 and 

mid-August in 2018. Overall, we have captured juvenile Chinook from 18 different populations with 

stream-type populations generally captured in very low numbers. We discuss how this research provides 

insight into the relatively higher marine survival of South Thompson Chinook in recent years relative to 

the Harrison Chinook population.    
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Oral Presentation-7 

Topic 1. Current Status of Salmon and their Environments (1-2. Migration and distribution) 

A New Interpretation of the Early Marine Residence of Juvenile Chinook Salmon in the Strait of 

Georgia 

Richard J. Beamish* and Chrys M. Neville  

Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Rd., Nanaimo, BC. V9T 6N7, Canada (*Email: 

Richard.beamish@dfo-mpo.gc.ca; Tel: 1-250-756-7029) 

There is a published interpretation that yearling Chinook salmon smolts enter the Strait of Georgia early 

and leave relatively quickly through Johnstone Strait. It is also reported that the sub-yearling smolts enter 

the Strait of Georgia later and represent most of the juvenile Chinook salmon in the summer and fall.  We 

find little evidence that yearling smolts leave the Strait of Georgia early and the yearling smolts that 

remain as juveniles appear to have poor survival. Major populations of subyearling smolts generally rear 

as juveniles in specific areas of the Strait of Georgia. The information available indicates that most 

juvenile Chinook salmon leave the Strait of Georgia through Juan de Fuca Strait in the late fall. 

Abundances of juvenile Chinook salmon are very small in the Strait of Georgia in the winter. Of those 

that remain about half originate from Puget Sound and Cowichan River populations. 
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Oral Presentation-8 

Topic 1. Current Status of Salmon and their Environments (1-2. Migration and distribution) 

Status and Trends of Eel River Chinook Salmon in Northwestern California–Signs of Resilience 
 

Patrick Higgins* 
 

Eel River Recovery Project, P.O. Box 214, Loleta, CA 95551 (*Email: phiggins@humboldt1.com; Tel: 1-707 839-4987) 

 

The Eel River Recovery Project (ERRP) is a grassroots non-profit organization that operates throughout 

the 3600 square mile Eel River watershed in northwestern California. ERRP utilized volunteers for dives 

and direct observation of migrating and spawning Chinook salmon throughout the watershed to assess 

annual escapement since 2012. The previous estimates of Eel River Chinook salmon runs were conducted 

by the U.S. Fish and Wildlife Service from 1955–1958, and 2012–2017 estimates by ERRP fell within a 

similar range of 10,000 to 50,000 fish annually.  

Redd maps created by USFWS (1960) were used to compare historic use to 2012–2017 use, and many of 

the same areas highly utilized then have high Chinook spawning in the more recent period. Post-World 

War II logging and the 1955 and 1964 floods profoundly altered habitat and caused a huge drop in all Eel 

River Pacific salmon populations. Prolonged high flows during winter and into spring from 1995-2012 

flushed fine sediment from past floods and allowed recovery of Chinook salmon spawning gravel in 

hundreds of miles of main Eel River channels. However, some tributaries and main river reaches are not 

showing signs of recovery because intensive land use is causing excess sediment yield that compromises 

spawning success. Current impacts are at least in part owing to expanding cannabis cultivation, which 

experienced a dramatic rise after legalization in 1995.  

Eel River Chinook salmon are wild with minimal genetic effects from historic hatchery operation. The 

key to their survival is their “ocean-type” life history, where emerging fry begin their journey 

downstream immediately and do not rely on cold summer freshwater rearing habitat. Chinook juveniles 

rear in the estuary and good growth there prior to ocean entry is key to their subsequent ocean survival. 

The Eel River estuary is in recovery due to natural flushing of silt from past floods and active restoration, 

which is a major factor in the species recent resurgence.  

Extremely aggraded conditions in the lower Eel River prevent entry by Chinook salmon during late 

August, their historic run-timing, and passage upstream is often delayed until October. This intensive 

selective pressure may be skewing run timing later. The peak of the run is now in November with adult 

spawning as late as March in recent severe droughts. ERRP is working with citizens throughout the 

watershed to conserve water and to reduce pollution, and also with agencies to improve lower Eel River 

adult Chinook salmon holding habitat. 
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Telemetry tracking of Fraser River Sockeye salmon (Oncorhynchus nerka) smolts from Chilko Lake to 

the open ocean has revealed relatively high mortality through some coastal areas of British Columbia, 

and that coastal migratory routes can influence survival. In 2018, new acoustic arrays were strategically 

deployed, in addition to existing ones, through the Discovery Islands region to track all possible 

migratory routes, including the three major entrances Discovery Passage (DP), Sutil Channel (SC), 

Desolation Sound (DS) and various sub routes associated with each. One hundred and fifty smolts were 

captured in the Discovery Island area, tagged with either VEMCO V5 (n = 100) or V7 (n = 50) tags and 

released a short distance south of where smolts would utilize one of three entrances to the major routes. 

Smolts were observed using all three routes with SC (n = 81), the most central, having the greatest 

proportion of use, followed by DP (n = 27) and DS (n = 9). Survival was modelled using a CJS 

framework and found variability among the major migratory routes, with the highest observed in DS (Phi 

= 81% (39–97%)), followed by DP (Phi = 79% (52–93%)), and lastly SC (Phi = 42% (31–54%)). 

Migratory travel time (tt) and travel rate (tr) varied among routes with DP (tt = 2.4 ± 0.95 days, tr = 33 ± 

12.3 km.d-1 ) smolts being fastest with concurrent shortest travel times, followed by SC (tt = 7.2 ± 4.2 d, 

tr = 20 ± 6.5 km.d-1 ) and DS (tt = 10.8 ± 7.5 d, tr = 15 ± 12.3 km.d-1 ). This study provides the most 

detailed picture of behaviour and mortality of sockeye smolt migrations in the Discovery Islands to date 

and highlights the potential of route use to have large impacts on survival in early marine migrations of 

smolts. 
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Anadromous fish have been blocked from at least 30% of their native habitat due to the construction of 

Grand Coulee and Chief Joseph dams that block the runs from returning to Canada. The Upper Columbia 

United Tribes (UCUT) have taken the lead on finalizing the reconnaissance-level report addressing 

anadromous fish passage and reintroduction above these blockages into the upper Columbia River. The 

report summarizes and synthesizes fish passage technologies at high-head dams, life cycle modeling 

specific to the upper Columbia River, and risk, donor stock, and multiple habitat assessments; all of 

which will guide the reintroduction decision-making process. Work to date integrates the Northwest 

Power and Conservation Council’s 2014 Columbia River Basin Fish and Wildlife Program with the 

Basin tribes and First Nations objectives; and is consistent with the United States Regional 

Recommendation for renegotiation of the Columbia River Treaty. The UCUT intend to move forward 

with cultural and educational releases of salmon while continuing to work on a permanent approach to 

fish passage and reintroduction. The exact timeline and locations of the donor stocks and release sites 

have not been finalized and is subject to discussions with fish co-managers, funding agencies, and tribal 

leadership. The number and species of adult salmon to be relocated above the dams will depend on the 

number returning to the upper Columbia River each year as well as other logistical and fish management 

considerations. Initial cultural/educational releases are expected to occur primarily with Chinook but may 

include Sockeye or Coho, dependent on availability. Salmon reintroduction above Chief Joseph and 

Grand Coulee dams is also expected to make meaningful contributions to ocean and lower river fisheries; 

enhance the limited food supplies for threatened orcas; and provide adaptation and mitigation to climate 

change by taking full advantage of cold water refugia in the upper Columbia River basin. Future salmon 

management and harvests above the dams will depend on the results of future investigations that are 

expected to take many years. In the meantime, cultural and educational releases are a way to achieve 

some short-term objectives for tribal culture, ceremony, outreach and spirituality. 

mailto:keith@ucut-nsn.org
mailto:keith@ucut-nsn.org
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We have limited knowledge of the distribution of sockeye salmon in the Pacific Ocean and their 

migration routes to reach their freshwater spawning grounds. Based on the relationships between sea 

surface temperatures in various gridded areas and return timings of different stocks across years, 

Blackbourn (1987) hypothesized that different Fraser River sockeye stocks reside in different areas in the 

eastern North Pacific. Here we utilize Fraser River sockeye salmon caught in southeast Alaska (over 700 

km from the mouth of the Fraser River), caught near the northern tip of Vancouver Island, and caught 

near the southern tip of Vancouver Island from 2007–2017 to test hypotheses and make inferences about 

stock-specific marine distributions. We created a stock composition-based timing index to compare 

southeast Alaskan catches against catches from near Vancouver Island during equivalent time periods. 

We found similar general trends in the timing index across multiple years suggesting some consistency in 

stock-specific residency or migratory route across the examined time period. We also found that certain 

stocks, such as Harrison River sockeye, are more frequently caught in southern locations than in northern 

locations. Overall, these results are consistent with the hypothesis that different Fraser sockeye stocks 

reside in different areas in the North Pacific. Preliminary analysis of the data suggests very early-timed 

and very late-timed Fraser stocks are less prevalent in Alaskan waters. Changes in the marine distribution 

of Fraser sockeye stocks caused by climate change may be detected through the continued collection and 

investigation of these kinds of data.    
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Salmon smolt-to-adult survival (SAR) is explained by a model that reduces the predation rate according 

to the rate at which fish escape gape-limited predators through growth. The model characterizes SAR as a 

function of fish length with four parameters: the mean and standard deviation of the predator population 

gape sizes, the mean ratio of mortality and growth rates and a compensatory growth index. The ability of 

the model to reconcile adult returns with high early ocean mortality is demonstrated using SAR, and fish 

early ocean length, growth and mortality data. The model illustrates a new quantitative paradigm in 

which to view the effects of size-dependent mortality on population control.  
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Among populations of anadromous salmon survival in the ocean is a key driver population size and 

productivity. Currently, estimates of marine survival for wild salmon are lacking for many areas of 

coastal British Columbia. With ongoing changes in climate and ocean conditions, and critical gaps in our 

understanding of smolt-to-adult survival, there is an urgent need for long-term research and monitoring 

tracking marine survival in wild salmon populations. Indigenous communities in Canada are increasingly 

exercising leadership in the monitoring and management of culturally important species and ecosystems. 

In a unique and powerful partnership between the Heiltsuk Nation, the Hakai Institute, and the Salmon 

Watersheds Lab at Simon Fraser University we created a long-term research initiative tracking 

abundance and survival among wild sockeye and coho salmon in the Koeye River watershed on the 

Central Coast of British Columbia.  We report on methods and insights gained from five years of 

collaborative research, as well as the magnitude and variation of preliminary estimates of survival for 

both species.  

mailto:watlas@sfu.ca
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Since 2000, the Northern California Current Ecosystem (NCCE) has experienced positive (warm) and 

negative (cool) phases of the Pacific Decadal Oscillation (PDO), with characteristic biological responses 

to each phase shift. An unexpected ecosystem disturbance resulted from the formation of “The Blob”, a 

large area of anomalously warm water in the Northeast Pacific Ocean (2014–2015).   

We have assessed growth of juvenile coho salmon in the NCCE since 2000. Growth was indexed by 

measuring the hormone insulin-like growth factor 1 (IGF1), a primary component of the endocrine 

system in all vertebrates.  IGF1 exhibits a strong correlation with growth rate of juvenile salmon in 

controlled laboratory conditions. 

IGF1 was correlated with abundance of salmon prey in this time series, suggesting that variations in 

growth are directly tied to variation in feeding opportunity. The prey field index consists of total biomass 

(mg C) of prey items commonly found in the stomachs of juvenile salmon (crab larvae, amphipods, 

euphausiids, copepods, juvenile fish). IGF1 and the prey field index were each negatively correlated with 

the PDO (higher growth with negative PDO). However, during The Blob, a period of strongly positive 

PDO, we measured the highest IGF1 and prey field indices in the time series. These results show that The 

Blob generated a disruption of the relationship between the PDO and juvenile salmon ecology, with high 

growth rates found during a period of anomalously warm water. Thus, biological responses to unexpected 

environmental change may not always be predicted based on previously established relationships.   

mailto:Brian.Beckman@NOAA.gov
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In the northern California Current, the marine heat wave and El Niño of 2014–2016 coincided with 

dramatic increases in SST (+2.5° C) and changes in the winter ichthyoplankton biomass and community 

not observed in the 21-year time series. Since 2015, the biomass of offshore ocean taxa has increased 

significantly in the environment and was also increasingly consumed by juvenile spring Chinook salmon. 

Spring Chinook salmon have returned as adults to the Columbia River since outmigration year 2015 in 

much reduced numbers, even with higher biomass potential food in the ocean environment. From 1998 to 

2014, increases in winter ichthyoplankton biomass generally occurred during cold, productive ocean 

conditions, and consisted of nearshore fish taxa such as Pacific sandlance, smelt, and various sculpins, 

and salmon returned at higher rates. Starting in 2015, this has not been the case, as the biomass of 

ichthyoplankton has been high, but consisted of offshore ocean taxa such as rockfish and winter-spawned 

northern anchovy and sardine. During this time salmon consumed these fish but did not survive to adults 

in high numbers. We recommend making changes to how the winter ichthyoplankton biomass has been 

calculated to reflect what we have learned during these recent anomalous ocean conditions. The primary 

change would be to modify the index to one that reflects the interannual biomass of coastal taxa and 

show that when salmon have higher amounts of coastal taxa available in the environment and also their 

diets, that their survival to return as adults is higher.  

mailto:Elizabeth.daly@oregonstate.edu
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2Alaska Department of Fish and Game, Commercial Fisheries Division, 2030 Sea Level Dr. Ste 205, Ketchikan, AK 99901, 

USA 

Growth and harvest forecast models provide insight into the juvenile ecology of Southeast Alaska pink 

salmon.  Approximately 74% of the annual variation in the size of juvenile pink salmon in Icy Strait can 

be explained by a simple model of spring (May) chlorophyll levels and water temperature (average upper 

20m, May-July). Temperature is a positive covariate in the model, with warmer temperatures 

contributing to improved growth and condition of juveniles. Temperature is also a significant factor in 

harvest forecast models, with approximately 77% of the annual variation in harvest explained by juvenile 

catch rates in Icy Strait and water temperature (Icy Strait Temperature Index). However, temperature 

enters into the harvest model as a negative covariate and its significance has been attributed to reduced 

survival of juveniles in warm years. Reconciling the opposite effect of temperature on growth and harvest 

models leads to the inference that growth and survival of pink salmon are not linked, or that ecological 

processes other than survival are contributing to the significance of temperature in the harvest model.  

With multiple case studies linking growth and survival, it is important to consider ecological processes 

other than survival that could be contributing to the significance of temperature in the harvest forecast 

model. Temperature may be influencing the migratory behavior of juveniles, leading to an increased 

proportion of juveniles migrating through Icy Strait (norther corridor) during warm years.  

mailto:jim.murphy@noaa.gov
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Adult Chinook Salmon are an important component of coastal ecosystems in the Northeast Pacific. 

Surprisingly, data on the diets of adult Chinook Salmon in British Columbia are sparse, with no 

published data since the 1960s and a total lack of information on winter diets. Since 2017 we have been 

developing a low-cost, citizen science-based program to sample Chinook Salmon diets throughout the 

year in British Columbia, with a focus on Canadian waters of the Salish Sea. In the short term we are 

seeking to characterize spatial and seasonal variation in adult Chinook Salmon diets. In the long term we 

hope to develop this program as a method to monitor changes in the ecosystem from the perspective of 

the salmon themselves. Size data (including otolith dimensions) for individual prey items are allowing us 

to infer the seasonal importance of different life-history stages of important prey species. Our results to 

date suggest spatial and seasonal variation in diet within the Canadian Salish Sea. The mechanisms 

underlying this variation may have implications not only for growth and fecundity of adult Chinook 

Salmon, but also for growth and survival of juvenile Pacific Salmon and other species.  Adult salmon diet 

monitoring has the potential to complement existing and future fishery-independent surveys in 

elucidating natural and anthropogenic changes in the coastal ocean of British Columbia. 
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Smolt-to-adult survival of sockeye salmon returning to Chilko Lake was lower than average for the 77.1 

million smolts that entered marine waters in 2007 (<0.25%), and higher than average for the 71.9 million 

that entered the ocean in 2008 (6.7%). As recruitment dynamics of Pacific salmon is generally expected 

to be determined by growth during their early marine life, we tested the hypothesis that early marine 

growth of Chilko Lake sockeye salmon was higher in 2007 than in 2008. We used daily growth 

increment from otoliths to determine how the early marine growth rate of juvenile Chilko Lake sockeye 

salmon differed between years of low and high survival after 30–60 days at sea, the period hypothesized 

to be critical for survival. Juveniles that entered the ocean in 2008 grew at a significantly faster rate than 

those in 2007. The 2008 juveniles spent on average the same number of days at sea as the 2007 juveniles, 

but were significantly larger than those caught in 2007, despite the fact that they entered the ocean at a 

smaller size. Somatic growth rates of the smolts that entered the ocean in 2008 were on average 20% 

faster than the smolts that entered the ocean in 2007, suggesting that the higher survival observed in 2008 

may be related to ocean conditions that were favorable to growth. To test this hypothesis further, we 

examined the relationships between recruitment and early marine growth rate during the first 30-60 days 

at sea andoceanographic and biological variables, using 13 years of data (2004–2016). We then used the 

best model to predict the adult recruitment from the smolts that entered the ocean in 2017. These analyses 

provide promising new approach for explaining large deviations in survival and possibly improving 

forecast accuracy of annual returns. 

mailto:Lyse.Godbout@dfo-mpo.gc.ca
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The return rates of chum salmon (Oncorhynchus keta) have declined recently, in Japan. The decline 

appears to be influenced by high juvenile mortality due to low growth rates during northward migration 

to the Sea of Okhotsk. Coastal environmental conditions such as water temperature and prey abundance 

could affect their growth, but the details of multiple factors are unknown. Due to low food intake and 

high energy expenditures on respiration and locomotion, the salmon probably allocate less energy to their 

growth. Therefore, it is necessary to accurately evaluate the metabolic performance of juvenile chum 

salmon, but few studies have considered their energetics. The aim of this study was to determine how the 

metabolic performance of juvenile chum salmon under different food levels and temperatures affects 

their growth rates.  

In 2018, juveniles were put into 100–200- liter tanks supplied with filtered natural seawater (100 ind/ 

tank) in the Iwate Fisheries Technology Center, Iwate, Japan, and reared at 4 temperature conditions 

(6.0–8.1, 10, 12, 14°C within ± 0.5°C) and two food levels (1%, 4% of body mass) for 15 days. Body 

weight was measured at the 1st and 15th day and mean specific growth rate (% day-1) over the two-week 

growth period was calculated. On the 15th day, resting (RMR) and maximum metabolic rates (MMR) of 

the individuals were measured with a Blazka-type swim tunnel respirometer (0.28 liter, Loligo Systems, 

Denmark). Aerobic scope (AS, mg O2 kg-1 min-1) for each fish was calculated as the difference between 

MMR and RMR (n = 2–3 per temperature per fool level).  

At the high food level (fed 4% of body mass), the growth rate and AS were the highest at 14°C (5.8% 

day-1, 8.5 ± 1.5 mg O2 kg-1 min-1). At the low food level (fed 1% of body mass), the growth rate was the 

highest at 8°C (2.3% day-1) and AS was the highest at 10°C (6.3 mg O2 kg-1 min-1). These results suggest 

that higher temperature allowed juveniles to allocate more energy to their growth during high food levels, 

while lower temperature could allow them to allocate more energy in low food levels. In the Sanriku 

coastal waters off Honshu Island, Japan, recent increases in the amount of warm and low-nutrient water, 

such as from the Kuroshio Extension may have caused low growth and survival of the juveniles and low 

return rates of adults.     
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The Fraser River watershed is one of the world’s largest sockeye salmon producers. However, 

productivity in several populations has declined since the early 1990’s. It is believed that bottom-up 

environmental conditions and trophic interactions during the juvenile salmon early marine migration are 

contributing factors. Johnstone Strait, an area with strong winds and intense tidal mixing, is a section of 

the migration where juvenile salmon are thought to experience an ‘energy deficit’, a hypothesis known as 

the ‘trophic gauntlet’. This area is characterized by cooler, denser, and less productive water than in the 

Discovery Islands and Strait of Georgia to the south. To date, very little is known of the juvenile diets in 

the Discovery Islands and Johnstone Strait. This research looks to test the trophic gauntlet hypothesis and 

shed light on the factors influencing juvenile salmon diets during this critical section of their marine 

migration. Juvenile sockeye salmon were collected throughout the Discovery Islands and Johnstone Strait 

from May to June in 2015 and 2016. Stomach contents were analysed to the lowest taxonomic level 

possible and a gut fullness index was calculated. Fullness indices were low throughout the study region, 

providing support for the trophic gauntlet hypothesis, however they were high at the sites nearest the 

stratified waters to the north and south. This indicates that biological ‘hot spots’ may be present at the 

interface between mixed and stratified waters. Analysis of the stomach contents revealed two unique diet 

types, one dominated by larvaceans in the warmer, fresher water of the Discovery Islands and the other 

dominated by large calanoid copepods in the cooler, saltier water of Johnstone Strait. This differentiation 

agrees with recent research that identifies unique zooplankton communities across the different ocean 

regimes in this region. The different diet types persisted throughout the migratory period and between 

years. Stomach fullness indices measured in the Discovery Islands increased to ‘healthier’ levels later in 

the migratory period in 2015 but remained low throughout the 2016 migration. In Johnstone Strait, 

stomach fullness appeared to be more variable across the migration in both years but showed a slight 

decrease across the season. In summary, juvenile sockeye can experience low foraging success in this 

region which may limit growth and affect their survival in years when they experience poor feeding 

conditions north or south of the region. This research demonstrates how bottom-up factors can influence 

the foraging success of juvenile salmon.  
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Since 2002, we have carried out the integrated research program for study of Kamchatka estuaries. The 

main purpose of our studies is to assess the impact of abiotic, biotic and anthropogenic factors in various 

types of estuaries for the reproduction of anadromous fish populations (primarily Pacific salmon). The 

result of our research showed that the composition of aquatic communities and the ecology of fish 

habitats in various types of Kamchatka estuaries directly related by their morphology and hydrological 

conditions. For example, in the lagoon-channel estuaries a main abiotic environmental factor is a strong 

variability of water salinity. In the lagoon-lacustrine estuaries it is a low content of dissolved oxygen and 

the presence of hydrogen sulfide. In the channel estuaries with mouth widening it is significant tidal 

fluctuations of water level and as a result—periodically dries out of some part of the estuary. The greatest 

variety of environmental conditions are observed in the different lagoon-channel estuaries which may 

include both water channels and basins with different salinity. The most extreme habitats of aquatic 

animals are observed in the lagoon-lacustrine estuaries and the channel estuaries with mouth widening: in 

the first case, due to the periodic appearance of hydrogen sulfide, and in the second case, due to the 

stressful influence of tides (permanent variability of water level, salinity, temperature, turbidity, speed 

and direction of water flow, etc.). Our results also showed that the survival of Kamchatkan Pacific 

salmon during the early marine period of life is directly related by specifics of hydrology-morphological 

conditions in the various types of estuaries. These conditions also could determine the distribution, 

biological particularities, reproduction level of Pacific salmon populations and specific of salmon 

fisheries in the different areas of Kamchatka peninsula. 
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Ocean climate effects on early marine survival of salmon are often studied under the assumption that 

climate-salmon relationships are stationary over time. However, perspectives from paleoecology suggest 

that this assumption may not be valid in situations of changing relationships among environmental 

variables. Here, we test the hypothesis that relationships between sea surface temperature (SST) at ocean 

entry and early marine survival of northeast Pacific salmon changed around the late 1980s. This timing is 

selected based on a change in the relative importance of leading climate patterns in the North Pacific 

Ocean: The Pacific Decadal Oscillation (PDO) apparently became less important after the late 1980s, and 

the North Pacific Gyre Oscillation (NPGO) became more important, relative to the situation in earlier 

decades. We show that temporal variance in the Aleutian Low atmospheric pattern declined along with 

this change in PDO-NPGO relative importance. We also show how nonstationary Aleutian Low variance 

may have affected relationships among a suite of atmosphere and ocean environmental variables thought 

to affect early marine survival for Gulf of Alaska salmon. These variables were strongly correlated with 

SST prior to the late 1980s but lost this intercorrelation after the 1980s. This is potentially an important 

observation, as inverse effects of SST on northern and southern salmon populations are thought to arise 

from intercorrelation between SST and other environmental variables affecting early marine survival. 

Using spawner-recruit time series for pink, sockeye, and chum salmon from the California Current, Gulf 

of Alaska, and Bering Sea, we show that SST effects on productivity (recruits per spawner) were widely 

nonstationary across the late 1980s. Temperature-productivity relationships were generally positive prior 

to the late 1980s and generally weakened or became more negative afterwards. Nonstationarity in SST 

effects was generally more pronounced in the Gulf of Alaska and California Current than in the Bering 

Sea. Nonstationary temperature effects were apparent for all three species, though sockeye showed more 

variability in nonstationary patterns among ecosystems. These results show how assumptions of 

stationary climate effects on early marine survival may produce systematic errors in inference. We 

conclude that understanding of ocean climate effects on early marine survival may be advanced through 

approaches that account for nonstationary relationships among environmental variables. 
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Chinook salmon populations are declining in abundance throughout their distribution in North America.  

A decrease in survival during the early marine period has been associated with this declining trend.  

However, the specific mechanisms regulating this survival have not been identified. This is in part due to 

the complexity of environments the juveniles encounter. Instead of studying large numbers of 

populations with declining abundances, we examine one population of Chinook salmon that is increasing 

in abundance to identify specific behaviour, biology and characteristics of the fish that survive. Our study 

focuses on Chinook salmon from the Cowichan River on the east coast of Vancouver Island.  

Escapements to this river began to increase in 2009 and in the last two years have been the largest in over 

two decades. We hypothesize that the wild fish are surviving better because they are healthy when they 

enter the ocean, they enter over a broader period of time and they grow faster and quicker in the first few 

months in the ocean. We are testing this hypothesis by examining the daily growth of the survivors and 

relating this growth to these fast growing, high energy density wild fish that were collected in the fall of 

their first marine year.  If this hypothesis is supported we suggest that this is the common mechanism that 

regulates Chinook salmon productivity. 
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Growth and the survival of juvenile Chinook salmon (Oncorhynchus tshawytscha) are determined in part 

by biotic and abiotic conditions experienced during early marine residence. Specifically, variability in the 

quantity and quality of available prey can have significant consequences for growth. Diet quality is 

typically assessed by calculating the energy density (ED) of prey groups, however these values are often 

time-consuming to collect and thus literature values are often used in place of direct observation. This 

approach groups similar taxa together and may introduce error by ignoring fine-scale taxonomic as well 

as spatial and temporal differences in prey quality. To address these possible sources of error, monthly 

zooplankton tows were performed off the coast of Vancouver Island, British Columbia, Canada in the 

summer of 2017. Prey species were targeted based on their occurrence in the diet of juvenile Chinook 

Salmon in this region. Individuals were separated to the species level and wet, dry and ash weights were 

measured for each zooplankter. ED was calculated from an established model, which relates the ash-free 

dry weight of individuals to ED values. Species level variability in ED was observed for several groups. 

Significant differences in ED were found between species of hyperiid amphipods, decapod zoea and 

megalope, which represent a large proportion of O. tshawytscha diet in some regions. ED values also 

varied temporally with several invertebrates having higher ED values in certain months. These temporal 

patterns varied by species and were likely driven by food availability and feeding mode. No fine-scale 

spatial differences were observed between invertebrate prey captured within 35km of one another. These 

results suggest that fine-scale taxonomic variability in ED exists and that species-specific ED may vary 

across time but not space, at least not locally. Studies that draw conclusions from literature values of 

energy density without direct measurement should be cautious in extrapolating with these data in relation 

to their study system. 
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Accelerating decreases in survival are evident for northern Hemisphere salmon populations. We collated 

smolt survival during downstream migration and smolt-to-adult (marine) survival data for all regions of 

the Pacific coast of North America excluding California to examine the forces determining salmon 

returns. A total of 3,055 years of annual survival estimates were available for Chinook (Oncorhynchus 

tshawytscha) and steelhead (O. mykiss).  We found that over the past half century marine survival 

collapsed by a factor of at least 4-5 fold to similar low levels (~1%) for most regions of the west coast.  

The size of the decline is too large to be compensated by freshwater habitat remediation or cessation of 

harvest, and too large-scale to be attributable to specific anthropogenic impacts such as dams in the 

Columbia River or salmon farming in British Columbia. Within the Columbia River, both smolt survivals 

during downstream migration in freshwater and adult return rates (SARs) of Snake River populations, 

often singled out as exemplars of poor survival, appear unexceptional and are in fact higher than 

estimates reported from other regions of the west coast lacking dams. We also present new results 

applying concepts from information theory to formally define the importance of different segments of the 

life history to determining overall survival. We conclude that no one life history phase is likely to 

primarily determine recruitment in Pacific salmon, but that the freshwater phase is of surprisingly little 

importance. Using this new formalism, we also quantify the low statistical power of analyses looking to 

identify environmental drivers occurring in some part of the migratory life history. The failure of 

management to, so far, correctly identify the drivers of salmon collapse and respond appropriately 

suggest that the future of most west coast salmon populations is bleak.   

mailto:david.welch@kintama.com
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How will Columbia River salmonids respond to changing ocean conditions? We first present a model that 

relates ocean survival to ocean indicators and day of entry into the Columbia River estuary. Ocean 

survival is based on individual PIT-tagged fish detected at Bonneville Dam as juveniles and adults.  We 

find that both date of entry and sea-surface temperature are strong predictors. We compare across 

Evolutionarily Significant Units (ESUs) to look for similarities and differences in their response to ocean 

conditions. For Snake River spring/summer Chinook salmon, we then incorporate the ocean survival 

component into a stage-specific life-cycle model to understand how patterns of survival in the ocean 

shape population dynamics for several populations. Finally, based on models of change in ocean 

temperatures under a range of assumptions, we estimate how populations of Snake River spring/summer 

Chinook will respond to future ocean conditions. We finish with a discussion of possible mitigation 

actions that could partially alleviate the expected decrease in life-cycle survival under climate change. 

mailto:rich.zabel@noaa.gov
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The abundance in southern populations of chum salmon (Oncorhynchus keta) has shown a decreasing 

trend in the current century. I examined influences of warming climate and changing ocean conditions on 

migration, growth, and survival for southern populations, especially for Japanese chum salmon, in order 

to document the effects of the potential global warming impacts on chum salmon. I analyzed the sea 

surface temperature (SST) in the North Pacific Ocean using the objective analysis data of the Japan 

Meteorological Agency and NOAA on the growth and the trophic level of chum salmon by scale back-

calculation methodology and stable isotope analysis, respectively. In the 2010s, the area of adaptable (AT: 

5–7 ºC) and optimum (OT: 8–12 ºC) temperatures for chum salmon markedly decreased in the Okhotsk 

Sea and the Gulf of Alaska. Moreover, the area of OT has departed from Hokkaido Island in July when 

juvenile migrate to the Okhotsk Sea. The area of OT in August has gradually decreased since the 1990s 

and became less than half the baseline in the 2010s. The estimated fork length of chum salmon at age 1 

was well synchronized with the survival rate and has decreased since the early 2010s. The relationship 

between SST of the southern Okhotsk Sea in July and survival rate of Hokkaido chum salmon showed a 

significant positive correlation within the OT, but a negative correlation over the OT. These results 

suggest that the global warming has profound effects on the migration route, growth, and survival of 

southern chum salmon populations in the North Pacific Ocean and in the Okhotsk Sea. Stable isotope 

analysis demonstrated that wild populations had higher trophic level and were distributed in higher-

productive areas than those of hatchery populations for chum salmon in the Yurappu River, southern 

Hokkaido Island. In addition, the wild population showed higher genetic-endemism than the hatchery 

population. In the near future, both wild and hatchery juvenile chum salmon are expected to have both 

intra- and inter-specific interactions and a population density-dependent effect under the limited carrying 

capacity of the Okhotsk Sea. Therefore, we should think that (1) the conservation of wild salmon is of 

primary importance, and (2) biological interaction between wild and hatchery populations of chum 

salmon under projected changing climate conditions. Future research should aim to establish sustainable 

salmon conservation and use management based on the back-casting and ecosystem approach.  

mailto:salmon@fish.hokudai.ac.jp
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The NE Pacific experienced a record setting marine heat wave from 2013–2016 that impacted salmon 

habitat in the Bering and Chukchi Seas, the subarctic North Pacific, and California Current System. At 

time scales of one to a few seasons, a small number of unusually persistent weather patterns were the 

proximate driver for these ocean extremes. At time scales of decades, studies suggest that anthropogenic 

climate change added to the exceptional warmth of the 2013–2016 NE Pacific Marine Heat Wave. 

Connections between relatively slow anthropogenic warming and relatively fast persistent weather 

patterns have been hypothesized but are still under investigation. These recent ocean extremes have been 

linked with widespread impacts on marine life, including salmon predators, competitors, and prey. They 

have also been linked to widespread and diverse impacts on Pacific salmon and salmon fisheries. It is 

important to recognize other changes in marine habitats for Pacific salmon at slow (decadal) time scales 

include the historically high abundance of Pacific salmon in total, substantial increases in a number of 

marine mammal populations, and substantial increases in the number of hatchery-origin salmon released 

each year. Projections for the future trajectory for North Pacific salmon should include scenarios 

encompassing climate change and its impacts on salmon habitats, salmon hatchery production, and future 

trajectories for salmon predators, competitors, and prey. There is a need to develop a basin-scale 

modeling framework for integrating these various dimensions of Pacific salmon food-webs and habitats.  

mailto:nate.mantua@noaa.gov
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The early marine juvenile stages of Pacific salmon (Oncorhynchus spp.) occur in coastal waters off the 

west coast of USA, during what has been termed a critical life history phase. The dominant salmon 

species represented in this region are juvenile coho O. kisutch and Chinook O. tshawytscha salmon, but 

chum O. keta, pink O. gorbuscha, and sockeye O. nerka salmon, and steelhead O. mykiss and cutthroat 

O. clarkia are found in lower abundances. The general feeding habits of many of these species has been 

resolved based on over 25 years of sampling beginning in 1979. Chinook, followed by steelhead, 

cutthroat and coho tend to be most piscivorous, with generally increasing reliance on fish prey through 

ontogeny. The remaining species are generally smaller at ocean entry and utilize a more varied diet of 

euphausiids, copepods and other invertebrate taxa and rarely fishes. The period of sampling has 

witnessed some very cool and productive summers (e.g., 1982, 1985, 1999, 2008) but increasingly more 

warm and low production years due to strong El Nino (1983, 1998, 2010, 2016)  or low upwelling (2005, 

1015, 2017) conditions resulting in dramatic shifts in diets sometimes in sequential summers. During 

cool ocean conditions, diets are dominated by cold water fish taxa and euphausiids, whereas during warm 

conditions, these taxa are replaced by offshore or southern species such as juvenile northern anchovies, 

rockfishes, hyperiid amphipods, and pteropods of lower trophic value. Strong relationships exist between 

the fish composition of juvenile salmon in a given summer and the body condition and survival of that 

cohort in the ocean. In addition to changing coastal preyscapes for juvenile salmon based on ocean 

temperature changes, we also observed declining utilization of some shelled molluscs (pteropods), 

potentially due to increased ocean acidification. We encourage continual monitoring of salmon feeding in 

coastal waters with a view toward understanding links between feeding success and survival in a rapidly 

changing ocean.    
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The past 50 years have seen declines in size and age of adult Chinook salmon from Alaska. The Bering 

Sea, where western Alaskan Chinook salmon rear, demonstrates high interannual variability in sea-

surface temperature, but over the past 50 years the general trend has been warming, and this trend is 

expected to continue with anthropogenic climate change. We investigated relationships of sea-surface 

temperature (SST) with growth and maturation in two populations of Chinook salmon from western 

Alaska subject to long-term biological monitoring. We found strong correlations between SST and early 

marine growth in both female and male Chinook salmon. Warmer SSTs were also correlated with 

younger age at maturity, largely through enhanced growth. However, we also found a correlation 

between temperature and the threshold for early male maturation, suggesting that warming seas could 

lead to earlier maturity beyond the effects of temperature on growth alone. These results suggest that 

while near-term warming of the Bering Sea represents good conditions for rearing and growth of 

Chinook salmon, we might also expect the trend towards younger, smaller adult salmon to continue. 

mailto:mvmcphee@alaska.edu
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Pink (Oncorhynchus gorbuscha) and chum (O. keta) salmon make up the highest returns of Pacific 

salmon to Washington, USA. Pink salmon predominantly return in odd years and have been implicated in 

reducing survival across a variety of trophic levels during overlapping periods. In this study, we 

investigated the effects of competition between natural populations of Puget Sound and coastal 

Washington pink and chum salmon over five decades. Specifically, we used time series analyses of run 

sizes and standardized Ricker residuals to quantify temporal trends in abundance and productivity. For 

pink salmon, we did not find any trends in productivity, but there was evidence of regional covariance at 

fine spatial scales, with populations fluctuating between historic highs and historic lows in recent years, 

concurrent with dramatic shifts in ocean conditions. Previous studies documented widespread declines in 

productivity of natural chum stocks throughout Washington beginning in brood year 1996. Contrary to 

this result, we found that productivity in some chum populations increased over the time series. However, 

overall chum run sizes were <50% lower in pink years compared to non-pink years and productivity was 

more likely to be negative in pink brood years, especially along the coast and in Northern Puget Sound, 

where competition between pink and chum is likely greatest. Our results suggest that while competition 

can drive productivity patterns in natural populations of pink and chum salmon, other factors such as 

environmental variability may be equally important for survival. 

mailto:marisa.litz@dfw.wa.gov
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2Long Live the Kings, 1326 5th Ave, #450, Seattle, WA, 98101 

3Washington Department of Fish and Wildlife, 1111 Washington St. SE, Olympia, WA 98501 
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Abstract: Recent work on marine survival in Chinook and coho salmon and steelhead trout has shown a 

decline in in the Salish Sea that was not evident in coastal regions. Previous work showed that for 

Chinook, the decline was not explained well by oceanographic patterns, and for coho, regional-scale 

indicators were important in understanding survival. Recent work on the development of indicators of 

Puget Sound steelhead survival showed that predator abundance, patterns in hatchery releases, and timing 

of freshwater input, as well as oceanographic conditions, are informative in predicting marine survival. 

While the three species of focus for the Salish Sea Marine Survival Project have different life-histories, 

and are therefore subjected to variable pressures at multiple scales, we used a combination of dynamic 

factor analysis and generalized additive modeling to describe variation in survival with multiple 

covariates at ocean, regional, and locals scales. We used hypotheses related to predation, competition, 

environmental variation, and anthropogenic impacts to frame our analysis and to identify which suite of 

factors was best at explaining variation in survival time series. While several factors appeared repeatedly 

in the best fitting models, our analysis shows that multiple factors explain some variation in survival. 

Additionally, lack of data for some potentially important ecological variables may limit the explanatory 

power of our models related to marine survival. 

mailto:kathryn.sobocinski@noaa.gov
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Climate change is expected to alter the distribution and abundance of marine species in Arctic and sub-

Arctic oceans. We examined shifts in the distribution and abundance of juvenile sockeye salmon 

(Oncorhynchus nerka) in the eastern Bering Sea in relation to spatio-temporal changes in: 1) sea 

temperature, 2) prey fields (age-0 pollock, large zooplankton), and 3) competitors (juvenile pink salmon) 

during late summer for a 15 year period (2002–2016). We implemented a spatial delta-generalized linear 

mixed model for multiple categories using the vector autoregressive spatio-temporal (VAST) package in 

R (Thorson 2015). Understanding how the distribution and abundance of Pacific salmon has changed in 

response to past and present ecosystem change will help us understand how Pacific salmon will respond 

to future ecosystem change. 
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The complexity of ecological systems can make it difficult to identify important factors causing change 

in population abundance. This difficulty extends from detecting naturally-caused ecosystem regime shifts 

to management-induced regime shifts and the attendant change in population dynamics parameters. The 

adult abundance of naturally-produced coho salmon (Oncorhynchus kisutch) on the Oregon Coast 

generally declined until these fish were listed as threatened under the Endangered Species Act in 1998. 

The subsequent rebuilding of Oregon coastal coho adult abundance is coincident with increased habitat 

restoration, reduced hatchery production, and reduced harvest. Importantly, ocean survival also 

improved, thereby complicating the assessment of management effectiveness at the adult life stage. Our 

objective was to assess change in the freshwater production of juveniles (smolts) through time in order to 

determine if recent increases in adult abundance could be related to management affecting the freshwater 

juvenile production. We combined 46 years of data associated with 18 populations of Oregon coastal 

coho. Spawner-to-smolt relationships were modeled with Bayesian hierarchical state-space 

implementations of the logistic hockey stick recruitment function. We also develop a method of 

estimating the relative reproductive success of hatchery spawners. We found more evidence for decline 

than increase in productivity in the spawner-to-smolt life stage, suggesting that changes in physical 

oceanographic conditions are responsible for recent increases in adult abundance. The reproductive 

success of hatchery-origin fish relative to natural-origin fish was 0.51 with a 95% credible interval from 

0.19 to 0.89. While some management effects may unfold on longer time-scales than we observed, we 

nonetheless contend that carefully tailored models of non-stationary population dynamics are needed to 

understand, and the effectiveness of management actions intended to recover populations. 
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Reliance on historical salmon and environmental time series to quantitatively predict future salmon 

returns has been challenged in recent years by unprecedented changes observed in salmon behaviour, 

survival, and their ecosystems. Temperatures in British Columbia’s coastal marine waters have recently 

hit record highs, and unusual observations of invertebrate and fish species have been reported. These 

marine observations are coupled with changes in freshwater that include warmer than average river 

temperatures during summer months, early ice-off lakes, and early river freshets in the spring. Although 

Fraser Sockeye are among the most well studied group of salmon globally, unusual observations in 

salmon and their ecosystems indicate that past data is no longer reflective of recent conditions. In such 

instances, integrating qualitative information with quantitative forecasts can be instrumental for 

informing future survival. Life-stage observations of salmon that include information on abundance, 

migration, and physiology and their freshwater and marine ecosystems are used in an expert-driven 

process to reduce uncertainty in quantitative return forecasts that rely on historical time series. This 

approach may become increasingly important as global temperatures are projected to increase in the 

coming decades, based on the latest Intergovernmental Panel on Climate Change (IPCC) report titled 

‘Global warming of 1.5°C’. 
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Time-varying models that account for changes in productivity are increasingly being applied to assess 

fish stocks, including Pacific salmon, but their reliability under different harvest and productivity 

scenarios has not been thoroughly evaluated. In addition, the implications of time-varying productivity on 

the derivation of biological reference points or benchmarks have not been  quantified for Pacific salmon. 

Here, we evaluated stock-recruitment models with and without time-varying productivity parameters in a 

closed-loop simulation model of Sockeye Salmon (Oncorhynchus nerka) in the Fraser River, Canada. 

This modelling approach allowed us to evaluate biases and precision of parameter estimates under 

various hypotheses about trajectories in productivity and harvest rates, and their implications on 

biological benchmarks. Results indicated that time-varying models performed as well as or outperformed 

standard stock-recruitment models that did not account for time-varying productivity. Ignoring trends in 

productivity within the model led to significant over-estimates of productivity and underestimates of 

capacity when both harvest rates and productivity declined over time, as has been observed for Fraser 

River Sockeye Salmon, whereas time-varying models tended to be unbiased on average. Although 

models that incorporate time-varying productivity will provide biological benchmarks that are less 

biased, some biological benchmarks trend downwards (i.e., become less precautionary) when 

productivity declines. We further compared results of the simulation model to empirical analyses of stock 

recruitment parameters and biological benchmarks for 12 stocks of Fraser River Sockeye Salmon. We 

suggest best practices when adapting biological benchmarks to account for time-varying productivity.  
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Fraser River Chinook salmon (Oncorhynchus tshawytscha) are currently managed as five stock 

aggregates that share similar ages and return timing. An in-season Bayesian model has been used since 

2012 to estimate the total abundance of two of these aggregates: spring- and summer-run age 52 Chinook. 

This model predicts the terminal aggregate abundance to the mouth of the Fraser River using cumulative 

weekly catch-per-unit-effort (CPUE) from the Albion test fishery and reconstructed annual run size. 

These predictions are used as an in-season tool to manage Fraser River fisheries in line with the expected 

abundance of the aggregated spring- and summer-run age 52 Chinook. The abundance of these aggregates 

has been declining in recent years, and it is critical to improve the precision of the in-season model for 

sustainable fishery management. This model uses CPUE data obtained from the single-panel (8 inch 

mesh) net fished every other day. However, since 2004 the Albion test fishery has also fished a multi-

panel net between the single-panel net days, which consists of eight panels ranging in size from 6 inch to 

9 inch mesh. Our objective was to incorporate the multi-panel net data into the in-season run size model 

to determine its effect on the precision of the weekly estimates. We compared predicted run sizes from 

three versions of the model that incorporated three datasets (single-panel only, multi-panel only, and a 

combination of these datasets) across 10 statistical weeks (May through mid-July) over six years (2012–

2017). Retrospective performance was examined by comparing median run size estimates and 95% 

prediction intervals to the reconstructed annual run size estimate using mean average percent error 

(MAPE). MAPE for the model incorporating only single-panel net data increased since the model was 

developed in 2012. Generally, the model that incorporated both datasets had lower MAPE and smaller 

prediction intervals than the model that incorporated only either single- or multi-panel net data. However, 

model performance varied depending on the statistical week and year, which may be the result of a 

hyperstable relationship developing between CPUE and terminal abundance. Future model development 

would benefit from exploration of whether incorporating environmental variables may allow for more 

accurate estimation of terminal abundance of these aggregates, particularly given the potential impact of 

future climate change on Chinook abundance and return timing. 

mailto:Brittany.Jenewein@dfo-mpo.gc.ca
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Environmental DNA (eDNA) is increasingly recognized as a new molecular tool for detecting organisms 

in the wild. However, how efficiently it can be applied for monitoring migratory salmonid species is 

largely unknown. In this study, we conducted eDNA surveys on salmonid species at various 

environments. Experimental settings in salmonid aquarium tanks allowed us to evaluate associations 

between biomass and the eDNA concentration, suggesting a potential of this method for indirectly 

estimating salmonid biomass. In the wild, on the other hand, the relationship between biomass and the 

eDNA concentration is seemingly much more complex. Nevertheless, we were able to trace the migration 

patterns of salmonid fish in freshwater environments when an appropriate spatio-temporal scale for their 

distributions was adjusted. We also discuss a potential of eDNA as the next-generation monitoring tool 

for salmonid species in the open ocean.     
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4050) 

The logistic challenges of tracking fish in a vast, largely opaque ocean have plagued marine ecologists 

for decades. Although recent advances in satellite telemetry techniques have yielded remarkable insight 

into vertical behavior and large-scale movements of marine species, including salmonids, our 

understanding of nearly every aspect of fish ecology remains constrained by our inability to accurately 

geolocate and track individuals. Current light-level geolocation techniques generally exhibit poor 

accuracy (±100-200 km; ~10,000 km2) even under best-case situations when movements are confined to 

surface waters (< 100 m) during daytime hours. Poor accuracy has, in turn, led to a paucity of 

mechanistic studies addressing the influence of mesoscale oceanographic features on at-sea habitat use by 

salmonids.  Similarly, identifying the location and cause of at-sea mortality remains a critical question for 

improving salmon management and conservation efforts. We are developing a new satellite archival tag 

that will provide accurate geolocations of fish throughout the water column across ocean basins. The 

RAFOS Ocean Acoustic Monitoring (ROAM) tag miniaturizes and re-purposes a proven oceanographic 

technology used to track subsurface drifters into a small animal-borne tag. The ROAM tag promises ±5 

km accuracy using an onboard hydrophone and an array of moored low-frequency sound sources. 

Archival and satellite-enabled tags are currently being designed in collaboration with commercial tag 

companies. We hope that ROAM tags will provide new understanding of the links between open ocean 

features and fish movements, connections between the surface and deep ocean, and data needed for 

dynamic fisheries management in the future.    
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Genomic science has evolved from a field focused on genome sequencing and human medicine to 

applications supporting population genomics, environmental monitoring, and species and ecosystem 

health. This talk will highlight some of the substantive breakthroughs supporting salmon science and 

management and provide a potential roadmap for the future. Advances in high throughput sequencing 

(HTS) has made it possible to cheaply and rapidly sequence the complex genomes of all salmonids, and 

to explore the genetic and epigenetic underpinnings of adaptation. HTS has also shifted our approach to 

genetic stock identification (GSI) from genotyping of a dozen markers to hundreds or even thousands of 

markers at once, enabling fine-scale population differentiation in even the most challenging species, and 

supporting the development of parentage-based tagging to identify hatchery fish back to their family and 

year of origin.  We are currently adapting this technology to run on a new hand held sequencer 

(Nanopore MinIon) for remote field GSI applications (e.g. on ships) and real-time analysis of a 100 to 

1000 samples at once. High throughput microfluidics platforms are a second advancement that has been 

adapted for applications from salmon health assessment to environmental monitoring of keystone species 

in the ecosystems salmon occupy. Our laboratory has applied microfluidics quantitative PCR technology 

to simultaneously detect and quantify dozens of infective agents in 80+ fish at once and applied it on over 

28,000 BC salmon to resolve pathogens that may undermine salmon survival and productivity. This same 

approach can also quantitate pathogens in the water column, important in understanding routes of 

transmission. We have developed a second microfluidics application, the salmon Fit-Chip, that utilizes 

the activity of the genes to identify specific stressors and diseases impacting salmon in their natural 

environments. Fit-Chips contain curated molecular biomarker panels developed and validated to 

specifically identify the presence of temperature, hypoxia, osmotic and general stress responses, viral 

disease, inflammation, different pathways of immune stimulation, and a signature we discovered 

predictive of eminent mortality (death within 24–48 hours), all based on tiny non-destructive gill biopsy 

samples. Fit Chips are a powerful means to study and understand the role of cumulative stressors and to 

identify the environments that pose the greatest threat to salmon survival.  Finally, environmental 

(e)DNA is a field that is currently exploding in new applications, from diet analysis to ecosystem 

monitoring to species quantitation in support of stock assessment. HTS has been applied to eDNA to 

monitor ecosystem biodiversity in freshwater and marine habitats and to identify the proportion of 

salmon in the diets marine mammals. Microfluidics applications are being developed as an integrative 

tool in quantitative multi-species stock assessments. We are excited to employ many of these genomic 

advancements in the international year of the salmon expeditions to identify the salmon stocks utilizing 

the mid-Pacific ecosystem overwinter (perhaps even on board the ship), to identify the health and 

condition of the salmon, and to resolve the species of salmon and their predators and prey that co-occupy 

the mid-Pacific ecosystem vital to the overwinter survival of salmon in their first winter at sea. 
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As researchers, we are constantly reminded that the scientific method begins and ends in observation. 

The ability to examine information to develop testable hypotheses can become problematic when dealing 

with large amounts of evolving data that exist across large temporal and geographic scales. The addition 

of potential correlates only complicates the issue. This is especially true for salmon. For example, the 

North Pacific Anadromous Fish Commission has over 60 years of disk and archival tag recovery data 

from salmon and steelhead collected on the high seas of the North Pacific. As of 2018, this dataset 

contains information from over 18,000 tag releases and recoveries. Similarly, temporal and spatial data 

associated with decades of coded-wire tag and marked otolith recoveries from salmon fisheries exist 

throughout the Pacific Rim. How can all this information be combined with variables such as sea surface 

temperature, current regimes, and chlorophyll concentrations within a temporal context over broad 

geographic scales in a way that helps to formulate questions, develop hypotheses, and address 

management concerns? By presenting large complex data sets in a dynamic format, such as an interactive 

map, users can easily visualize and manipulate large amounts relational data to look for patterns and 

correlations. Displaying data with potential correlates in a temporal context can be used to determine how 

patterns and relationships change over time. For salmon, decades of tag recovery information can be 

combined with a variety of potential environmental correlates and mapped together to create customized 

time-enabled dynamic displays of movement. Such mapping can provide insight into their ocean 

distribution and migration patterns relative to seasonal and long-term environmental change. Interactive 

maps help to visualize almost any kind of data while also fostering data sharing and collaborative 

research, providing tools to support future research and analyses, and promoting public outreach. 

Although these analyses are descriptive in nature, they can be used to develop hypotheses and questions 

to which more quantitative and statistical approaches can be applied. 
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Wild Pacific salmon, including Coho salmon Onchorynchus kisutch, have been supplemented with 

hatchery propagation for over 50 years in support of increased ocean harvest and conservation of 

threatened populations. In Canada, the Wild Salmon Policy for Pacific salmon was established with the 

goal of maintaining and restoring healthy and diverse Pacific salmon populations, making conservation 

of wild salmon and their habitats the highest priority for resource management decision-making.  A new 

approach to assessment and management of wild coho salmon, and the associated hatchery production 

and fishery management is needed.  Implementation of parentage-based tagging (PBT) may overcome 

problems associated with coded-wire tag-based assessment and management of coho salmon fisheries.  

PBT provides a means of improved hatchery broodstock management and assessment of hatchery-wild 

interactions in salmonids. PBT and genetic stock identification (GSI) were used to identify coho salmon 

sampled in fisheries and escapements in British Columbia to specific conservation units (CU), 

populations, and broodyears. Individuals were genotyped at 304 single nucleotide polymorphisms (SNPs) 

via direct sequencing of amplicons. Very high accuracy of assignment to population (100%) via PBT for 

known-origin individuals was observed. Application of a PBT-GSI system of identification to individuals 

in 2017 and 2018 fishery samples and escapements provided high-resolution estimates of stock 

composition, catch, and exploitation rate by CU or population, providing an alternate and more effective 

method in the assessment and management of Canadian-origin coho salmon relative to CWTs, and thus 

an opportunity for a genetic-based system to replace the current CWT system for coho salmon 

assessment.   
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Atlantic salmon populations have precipitously declined since the 1980s, and poor marine survival is 

thought to be the primary driver. Complex broad scale climatic oceanographic changes are likely 

influencing salmon distribution, but the causal mechanisms are poorly understood. To understand and 

identify reasons for mortality, we need an in-depth investigation of Atlantic salmon from the time they 

enter the sea as smolts to their return to freshwater as mature adults. Telemetry is a tool that can be used 

to address these knowledge gaps. Since 2003 we have tracked more than 4,000 smolts (acoustic) and 580 

kelts (acoustic and satellite) from several Gulf of St. Lawrence rivers through estuaries, bays, the gulf and 

into Labrador Sea. In 2018, we tagged 14 pre-adults in coastal waters at west Greenland (two acoustic 

and 12 satellite) to begin mapping their routes back towards home rivers. Our goal is to gain insight into 

each phase of the salmon’s life at sea to map their spatial and temporal distribution and determine annual 

variation. Also, we aim to address knowledge gaps on mortality and predation rates, and migration 

dynamic linkages with oceanographic conditions. This is the largest telemetry program for Atlantic 

salmon on an international scale and it involves many partnerships both in North America and Europe. 

This presentation will highlight key results, lessons learned to date, and next steps in this ambitious 

program. 

mailto:jcarr@asf.ca
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Recently, bio-logging techniques involving electronic data-storage tags and acoustic transmitters have 

been increasingly used to understand migratory fish movements and behaviors. The number of tags used, 

however, is normally limited due to the costs, and the tag recovery rate is usually low. In this study, to 

increase the data recovery rate, we developed an inter-individual communication biotelemetry system 

based on hydro-acoustic methods and ran a field test of this new bio-logging system on wild chum 

salmon Oncorhynchus keta.  

This newly developed inter-individual communication logger, named “InterFish” (AquaSound Inc., 

Japan), is 100 mm in length and 22 mm in diameter, and uses a Gold code system, which is a kind of 

pseudo noise sequence known to have low interference of cross correlation which make a large number 

of highly distinguishable ID codes. It is capable to record logger ID, ambient temperature and swimming 

depth. The loggers can share the data among themselves so that we can collect all the data by retrieving 

only one of the loggers. InterFish was set to repeat 20 s recording and transceiving and 40 s sleep. In 

December of 2017 and 2018, 22 fish attached with InterFish were released in Otsuch Bay located on the 

coast of Sanriku in the northern part of Honshu Island, Japan (10 fish of 59–77 cm in fork length in 2017 

and 12 with 62–87 cm in 2018). Fish attached with transmitters (AQPX-1030P, AquaSound Inc.) were 

also released in the bay (20 fish in 2017 and 16 in 2018). Ten acoustic monitoring receivers (AQRM-

1000, AquaSound Inc.) were moored in the bay. 

Of the released 22 fish attached with InterFish, 15 in total were recovered after one to 10 days after the 

release (seven fish in 2017 and eight in 2018). Depth and temperature records for the other fish (three in 

2017 and four in 2018) were sporadically recorded in the recovered InterFish. Total recording time was 

38.7–134.2 min in 2017 and 1.1–13.4 min in 2018. As for the transmitters, 11 and 12 were recovered in 

2017 and 2018, respectively. In both years, depth and temperature records for four non-recovered fish 

were recorded in the recovered InterFish. As a result, it was found that this new bio-logging technique 

increased data recovery rate rapidly. 
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Juvenile Chinook survival has proven difficult to study during their first year of life with traditional 

methods.  Here we describe a new methodology using PIT tags to investigate survival to return from 

various stages including freshwater and marine habitats. A comparison of survivors to tagging cohorts 

was possible due to the unique tag ID’s allowing a first glimpse into a critical time period.  Genetic Stock 

Identification (GSI) was employed to isolate Cowichan fish captured into early fall in mixed stock areas. 

Returns of both hatchery and natural origin Chinook were used to construct preliminary survival curves 

revealing a potential bottleneck to production. 
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From a human’s perspective, the navigational task of ocean migrants is daunting: the open sea is vast, 

featureless, and in constant motion. Yet, numerous species’ transit ocean basins with seeming ease. The 

common migratory life-cycle often includes use of spatially-restricted reproductive sites, dispersal of 

offspring, and eventual homing to the natal site to reproduce. The life-history strategy is remarkably 

effective. Indeed, many of the world’s most important fisheries take advantage of the large numerical 

abundance and biomass that results. The sensory basis of animal navigation, homing in particular, is 

subject to considerable debate. An enduring hypothesis is that of “geomagnetic imprinting”: animals 

remember the magnetic field values at their natal site and use the predictable gradients of Earth’s 

magnetic field as a kind of “map” to return upon reaching maturity. This hypothesis has been proposed 

for many taxa undertaking oceanic migrations, including Pacific salmon. Pacific salmon hatch in 

freshwater streams, but juveniles swim to sea, travelling to distant foraging areas before returning to their 

natal river to spawn. At swim-up, the movement of salmon is sensitive to changes in the magnetic field. 

Before the outset of smoltification salmon appear to possess a magnetic map (orientation to spatial 

information in the magnetic field), but this ability appears to be disrupted if salmon are reared in a 

strongly variable magnetic field. Finally, long-term spatiotemporal variability in the homing routes of 

salmon can be better predicted by gradual drift of the geomagnetic field than other environmental 

conditions (e.g., river outflow, ocean temperature, and currents). These findings are consistent with 

geomagnetic imprinting as the mechanism by which salmon complete their long-distance migration, but 

other explanations are possible. In conjunction with the International Year of the Salmon, we believe it 

fitting to definitively test the geomagnetic imprinting hypothesis in Pacific salmon. This can be achieved 

through careful manipulation of the magnetic field during the embryonic development and early rearing 

stages of salmon, thus allowing different groups to be “programmed” to return to specific locations along 

the coast. Differential marking of groups and coordination with fishers allows for a clear test of 

predictions. Electronic tagging a subset of smolts and stable isotope analyses of returning fish would 

allow further inferences into the aspects oceanic ecology influenced by magnetic navigation. This 

experiment is needed to continue moving salmon research towards process-based models to 

mechanistically understand and predict spatiotemporal variability in salmon returns. 

mailto:nathan.putman@gmail.com
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Marine survival for Cowichan River, British Columbia, fall Chinook salmon has declined precipitously 

since the 1990s from >6% to <0.5% in the 2000s. Early marine survival is thought to be critical to salmon 

productivity but direct evidence supporting this hypothesis is lacking. In the current study, we captured 

and acoustic-tagged wild and hatchery Chinook salmon in the southern Gulf Islands (SGI) adjacent to 

Cowichan Bay in late summer and tracked their movements and fate until the end of winter (late 

February). We used a novel capture technique (microtrolling) to capture juvenile Chinook salmon, 

genetic stock identification (GSI) to determine stock, high throughput genomic profiling to reveal 

whether select infectious agents were present in tagged fish using a small biopsy sample taken at the time 

of tagging, a specially-deployed receiver array to estimate survival and residency in the SGI area, and 

mobile acoustic tracking to investigate fine-scale habitat occupancy and to help quantify time and 

location of death for individual tagged fish. Ocean Tracking Network (OTN) arrays and several Ocean 

Networks Canada receivers were used to determine residency in the broader Salish Sea region. Fish were 

also double-tagged with a PIT tag so that we may ultimately estimate adult survival back to the Cowichan 

River. Our data indicate that some lower Strait of Georgia Chinook salmon reside in the Southern Gulf 

Islands and/or greater Salish Sea at least into the spring of their second ocean year. Eight of the 80 tagged 

fish (10%; or 12% after handling mortality was removed) were detected alive in the new year (2018) in 

the SGI or Salish Sea but higher levels of residency (and survival) are suspected. The last detection was 

in mid-May- a year after ocean entry. Of the fish that died in the SGI area, the lower limit of seal 

predation was estimated to be 18%, and of 47 infectious agents screened, 13 agents were detected; 

however, the prevalence of these agents across the population sampled was generally very low. This 

study forms one of the most comprehensive salmon studies within the Salish Sea Marine Survival Project 

and relies on cooperation and collaboration with numerous organizations. 
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Pacific salmon (Oncorhynchus spp.) are renowned for their high mobility, complex population structure, 

and homing to natal spawning grounds. Following a year or more in freshwater and estuarine habitats, 

Sockeye salmon (O. nerka) in British Columbia, Canada typically move north and north-west along the 

coast and potentially occupy a vast range between the Aleutian Islands and the Washington and Oregon 

coasts before returning to their home rivers and spawning grounds 2–6 years later. Though a growing 

number of studies have investigated the timing of out-migration and habitat use in young sockeye 

salmon, much less is known of their habitat use during the rest of their marine phase—a period that 

comprises the majority of their lives. We apply microstructural and microchemical analyses of otoliths to 

compare and contrast growth and chemical profiles of sockeye salmon during their marine phase. 

Returning salmon were collected from Fraser River and Rivers Inlet fisheries in the summer of 2015. 

Specimens were assigned to genetic stocks of origin. Otoliths were thin-sectioned, imaged, measured, 

and aged prior to elemental analyses. Age- and season-specific (i.e., winter, summer) chemical profiles 

were constructed following laser ablation inductively coupled plasma mass spectrometry for trace 

elements and isotope ratio mass spectrometry for stable carbon and oxygen isotopes. Additionally, bulk 

stable carbon and nitrogen isotopic analyses of muscle tissue were assayed from a subset of fish. Intrinsic 

chemical markers revealed variation in environmental history and habitat use among individuals and 

stocks. Integrating microstructural growth increment information with chemical chronologies can provide 

new insight into growth variation, movement patterns, and habitat use at large multi-regional scales. 
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Predicting fluctuations in the abundance and distribution of salmon populations, particularly in a 

changing climate, requires a comprehensive understanding of how both genomic and environmental 

variation affects fitness. Recent improvements in DNA sequencing technology and the increased 

availability of genomic resources now permit such research. Specifically, genetic markers associated with 

phenotypic and environmental variation can now be identified, and their integration has significant 

potential to provide insights into how populations may respond under different climate change scenarios. 

To illustrate this potential, we highlight one example from the literature but focus on results from our 

recent study. We used genomic and phenotypic data collected from two hatchery lines of Chinook 

salmon (Oncorhynchus tshawytscha) across four generations to identify genetic markers associated with 

six fitness-related traits: date of return to freshwater (return timing), length and weight at return, age at 

maturity, spawn timing, and daily growth coefficient. Genomic mapping of trait-associated markers, gene 

annotations, and integration of results across multiple studies revealed candidate regions involved in 

adult fitness. Data were then compared between the two hatchery populations, which were derived from 

the same source but are now managed as separate lines, to identify signatures of genetic and phenotypic 

change likely caused by hatchery rearing. While our study focused on change in hatchery populations, the 

methods and genomic tools may be applied to wild salmon populations to better understand mechanisms 

of population change, including how they might respond to future environmental conditions. 
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The Auke Creek Research Station, located in Juneau, Alaska, is an experimental hatchery and permanent 

fish counting structure run by NOAA Fisheries, but involving collaboration with numerous universities, 

states, and federal partners. The fish weir at the Auke Creek Research Station has been in operation in its 

current configuration since 1980 and allows for near complete sampling of downstream and upstream 

migrating Pacific salmon species. The unique capabilities of the weir make it an ideal platform for new 

methodologies and technologies, such as using environmental DNA (eDNA) to estimate salmon 

abundance. The ability to detect organisms by shed tissue promises a more efficient counting method. 

However, although eDNA correlates generally with local fish abundances, we do not know if eDNA can 

accurately enumerate salmon. Here we show that daily, and near-daily, flow-corrected eDNA rate at 

Auke Creek closely tracks daily numbers of returning sockeye and coho spawners and outmigrating 

sockeye smolts. eDNA thus promises accurate and efficient enumeration, but to deliver the most robust 

numbers will need higher-resolution stream-flow data, at-least-daily sampling, and a focus on species 

with simple life histories, since shedding rate varies amongst jacks, juveniles, and adults. 
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Species restoration often requires intervention or supplementation in order to maintain abundance or 

prevent extirpation with hopes that conditions will change, and populations will respond. Atlantic salmon 

(Salmo salar) populations at the southern extent of their range have experienced precipitous declines over 

several decades and abundance is critically low. The Narraguagus River, a small coastal Maine Atlantic 

salmon river, has experienced low (10–40) but persistent spawners from natural production of 

approximately 1,200 smolts. In an effort to enhance adult returns, an annual stocking of 40,000 age-1 

hatchery reared smolts took place from 2008–2012. This effort had limited success, with 154 two sea-

winter adult returns (5.6 two sea-winter adults/10,000 smolts). These rates are much lower than 

extrapolated numbers of 63.2 two sea-winter adults per 10,000 smolts for their wild counterpart. 

Hatchery inputs have been described as inferior, but it is unclear why a ten-fold difference exists between 

these groups. In 2016, smolt stocking was reinitiated, with plans for nearly 100,000 smolts stocked 

annually over a four-year period. In collaboration with hatchery managers and regional biologists, we 

initiated a two-year telemetry study with hopes of pinpointing constraints in stocking effectiveness as 

well as describing the migration dynamics of these tagged fish. Smolt stockings were spatially and 

temporally spread during this two-year effort to span the emigration period. We observed significant 

differences in behavior and survival between groups within and across years, illustrating comparable or 

significantly higher estimates of survival to previous studies within this system. These results suggest that 

successfully employed stocking prescriptions increased post-smolt recruitment. Yet, further evaluation is 

necessary to identify migratory challenges within the Gulf of Maine and points beyond.   

mailto:james.hawkes@noaa.gov
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Salmon play an important role in the economy, ecology, and cultures of western North America. 

However, the lack of centralized, standardized, and easily accessible data on the state of Pacific salmon 

populations, and threats to them, impedes efforts to make informed, transparent, and evidence-based 

management and conservation decisions. In an effort to provide broader public understanding of salmon 

data in British Columbia (BC), the Pacific Salmon Foundation is leading a major initiative to synthesize, 

and make openly accessible, the best available information on salmon populations and their freshwater 

habitats in BC. We illustrate how freely available government datasets can be used to develop current 

snapshots of the present status of salmon populations and their freshwater habitats. Using an interactive 

data visualization platform called the Pacific Salmon Explorer (www.salmonexplorer.ca), we provide 

standardized, reproducible, and open-access information on a suite of indicators of salmon population 

condition including estimates of freshwater production, spawner abundance, harvest, trends in 

abundance, run-timing, population productivity, and assessments of current biological status. This 

biological information is coupled with habitat assessments that quantify the geographic extent and 

intensity of both individual and cumulative pressures on freshwater salmon habitats. Our novel approach 

provides a timely synoptic overview of the current status of salmon populations and their habitats in BC, 

while highlighting areas where data gaps exist and where more research is needed. We provide an 

example from BC’s Central Coast illustrating how this information can inform conservation planning 

efforts for Pacific salmon and support identifying the most cost-effective strategies for recovering salmon 

populations and habitat. Evidence-based decision-making relies on continuous, reliable, and informative 

data. The Pacific Salmon Explorer provides a relevant example for demonstrating how the synthesis, 

analysis, and sharing of decision-relevant information can be brought to bear on complex environmental 

problems. 
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Big data are everywhere and recent improvements in the accessibility of satellite data have enabled more 

comprehensive linkages between environmental and fisheries information. Increasingly, such linkages are 

complemented by machine learning and other statistical techniques (e.g., boosted regression trees, 

random forests, generalized additive models) to predict fish presence and abundance based on 

environmental signals that create “habitats” in pelagic zones. However, combining datasets and building 

models is often complicated by disparate data sources, as well as spatial and temporal scales. For 

example, fishery landings in Alaskan waters are reported by the 2,000 statistical management areas that 

divide the region, while nearly 9 million sea surface temperature records are available daily for the same 

spatial extent. Not surprisingly, onerous data download and integration steps can serve as barriers to the 

application of these data for dynamic ocean management. Working with partners at the Alaska and 

Pacific Fisheries Information Networks (AKFIN and PacFIN, respectively), we implemented automated 

data integration protocols that provide NOAA scientists with near real-time environmental data and 

connections to fisheries landings and observer data across fisheries in the eastern Pacific Ocean. 

Additionally, we are expanding this effort to link vessel monitoring system (VMS) data nationwide with 

similar environmental and operational variables to improve the efficiency and consistency of spatially-

explicit fishery and environmental information. One ultimate goal is to develop a real-time predictive tool 

akin to other approaches (e.g., the NOAA Ecocast Project) that are being used to help fishers and fishery 

managers to mitigate bycatch risks and to assist enforcement efforts focused on illegal, unreported, and 

unregulated salmon fishing in the high seas. In this talk, I will illustrate existing examples in this nascent 

field of dynamic ocean management and the data integration steps undertaken thus far. Finally, I will 

present steps towards a predictive tool for salmon ocean distribution and salmon bycatch mitigation. The 

success of this tool depends greatly on the data used to develop it, so additional sources and suggestions 

for data and collaborations that can link salmon ocean distributions with satellite information are 

welcome.  

mailto:jordan.watson@noaa.gov
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Ocean survival depends, in part, on previous freshwater experiences. Understanding freshwater-marine 

carryover effects can help inform management of river conditions and their effects on salmon survival. In 

this study, we examine how freshwater and marine environmental conditions, smolt migration timing, 

and fork length can affect survival in three life stages: 1) downstream-migrating smolt, 2) ocean, and 3) 

upstream-migrating adult. A number of explanatory variables (including snow-water-equivalent index, 

river temperature, river flow, fork length, migration timing, sea surface temperature, and NPGO) are 

tested for “direct” effects occurring in the same life stage as the survival response variable. The 

explanatory variables in the smolt life stage are also tested for “carryover” effects on ocean survival. We 

examine these relationships in a Bayesian framework of a Cormack-Jolly-Seber mark-recapture model of 

survival and detection probabilities, with a logit link function to the explanatory variables. We utilize 

passive integrated transponder (PIT) tagged (ptagis.org) wild spring/summer Snake River Chinook 

salmon (Idaho, Washington and Oregon, USA). Thus, we could relate explanatory variables associated 

with each individually tagged fish to its survival. In our data set spanning smolt migration years 2001–

2015, yearly random effects were included for each reach’s probability of survival and each site’s 

probability of detection. Overall, across the three life stages, we found that river and sea surface 

temperature indices had negative direct and carryover effects on survival. Smolt migration timing was 

correlated with river temperatures, and thus these variables were interchangeable in their effects on 

survival. Smolt fork length was also a key biological trait with positive effects on smolt survival, and 

positive carryover effects on ocean survival. With changing river and ocean conditions, it is important to 

continue these long-term time series of PIT-tagged fishes and biological fish condition indices.  
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The majority of out-migrating juvenile Fraser River sockeye (Oncorhynchus nerka), pink (O. gorbuscha), 

and chum (O. keta) salmon pass northwest through the Strait of Georgia, the Discovery Islands, and 

Johnstone Strait—a region of poor survival for juvenile salmon relative to the Strait of Georgia. To better 

understand the factors that are driving early marine survival through this region the Hakai Institute 

Juvenile Salmon Program monitors key aspects of this migration by capturing migrating salmon between 

May and July each year using a purse seine. Here we report on the 2018 migration in comparison to 

averages from our 2015–2018 time series. In 2018 sockeye, pink, and chum migration timing was not 

significantly different than time series averages. The median capture date in the Discovery Islands was 

May 23rd for sockeye, and June 12th for pink and chum. Pink salmon had the highest catch proportion 

and the highest average catch intensity in 2018 followed by chum and sockeye. Sockeye were longer than 

average in 2018 whereas pink and chum were smaller than average (all p < 0.001). In the Discovery 

Islands sea lice abundance was lower than average for sockeye, pink, and chum. In Johnstone Strait sea 

lice abundance was lower for chum but higher than average for sockeye and pink. Notably, there were no 

Lepeophtheirus salmonis sea lice observed in Johnstone Strait in 2018. Sea surface temperatures in the 

northern Strait of Georgia during the smolt migration period of 2018 were the warmest on record in the 

study period. 
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On the northern coast of the Okhotsk Sea the first place in abundance and commercial importance is Pink 

salmon, the second place belongs to Chum salmon, followed by Coho salmon, and the least of Sockeye 

salmon. The paper analyzes data of fishing statistics on catch of pink salmon (1926–2018) and chum 

salmon (1935–2018) in the region. To detect cyclical changes in the time series of salmon catch, the 

autocorrelation function and Fourier spectral analysis were used. For Pink salmon, the most pronounced 

period of fluctuations of 2 years, characteristic of this species and associated with the alternation of 

spawning to the dominant and recessive generations. Moreover, during the observed period, Pink salmon 

have repeatedly noted the change of dominant generations. Significant periods of short cyclicity for 

Chum salmon were not detected. For two species of Pacific salmon, spectral analysis established long 

periods of quasi-cyclicity, close to the 22-year “Hale cycles” and 44-year “half-century” cycles of solar 

activity. The cyclicity of helioclimate oscillation is rhythmic and predictable, so a trend assessment of 

salmon abundance changes in the long term is possible with some degree of accuracy. 
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Juvenile sockeye salmon have marine distributions and migration patterns that vary between stocks and 

may be influenced differently by changing ocean conditions and food supplies. Tissue was collected from 

juvenile sockeye salmon, Oncorhynchus nerka, from 6,179 surface tows from 1997–2017, primarily 

within coastal waters off British Columbia. Sampling was most intensive during the summer (2,158 tows) 

and fall (2,483 tows) seasons, and the majority of juvenile sockeye salmon (7,120 out of 9,266 

individuals) were caught in the summer. Variation at 14 microsatellite loci was used to allocate juvenile 

sockeye salmon to their stock of origin. In order of abundance, allocated juvenile sockeye salmon were 

Chilko (12.4%), Harrison (11.8%), Great Central (8.1%), Sproat (5.5%), Lower Adams (5.0%), 

Okanagan (3.9%), Lower Shuswap (3.6%), Lake Washington (2.4%), Birkenhead (2.2%), Stellako 

(2.2%), as well as 148 less abundant stocks. Spatial analysis was used to interpret the distribution and 

migration patterns of the ten most abundant juvenile sockeye salmon stocks. The highest catches per unit 

effort for juvenile Chilko sockeye salmon were measured in the summer along the East Coast of 

Vancouver Island from the Strait of Georgia to Queen Charlotte Strait. Unlike many cyclic juvenile 

sockeye salmon stocks, Chilko stock was present in measurable catch numbers every year from 1997–

2016. This makes the stock ideal for investigating the influence of changing ocean conditions. The sea-

type or river-type stock, Harrison River, is found at high catch per unit effort in the Strait of Georgia and 

Juan de Fuca Strait in the summer and fall. This confirms that Harrison juvenile sockeye salmon remain 

in coastal BC waters for longer than the larger, lake-type Fraser River stocks. This delay in migration 

may be related to attaining adequate body size for migration. Spatial analysis on specific stocks with this 

long-term dataset allows better resolution of migration and distribution of juvenile sockeye salmon. 



  The Second NPAFC-IYS Workshop (2019) on Salmon Ocean Ecology in a Changing Climate 

 

61 

 

Poster Presentation-5 

Topic 1. Current Status of Salmon and their Environments (1-2. Migration and distribution) 

Trends of Distribution and Reginal Composition of Juvenile Pink and Chum Salmon in the 

Okhotsk Sea During the Fall of 2011–2017 

A.V. Bugaev*1, A.I. Chistyakova1, and S. Urawa2 

1Kamchatka Research Institute of Fisheries and Oceanography 683000 Petropavlovsk-Kamchatsky, Naberejnaya Str., 18, 

Russia (*Email: bugaev.a.v@kamniro.ru; Tel: 4152-41-27-01) 

2Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency, 2-2 Nakanoshima, 

Toyohira-ku, Sapporo 062-0922, Japan 

 

The Okhotsk Sea is most important feeding area for juvenile pink and chum salmon of Asian origin. A 

long-term trawl survey has been conducted by Russian research vessels to estimate the abundance of pink 

and chum salmon in the Okhotsk Sea basin during every fall season (mainly October). Trends of 

distribution and regional stock composition of hatchery juvenile pink and chum salmon in the Okhotsk 

Sea during the fall of 2011–2017 are estimated based on the otolith marking data. Percent ratio and 

intraspecific structure of hatchery pink and chum salmon stocks is demonstrated in connection to 

interannual fluctuation in forming rich and poor generations of pink salmon. The distribution of hatchery 

fish mostly depends on the level of regional hatchery releases and the ratio of otolith-marked juvenile 

fish in releases of particular salmon hatcheries. The most significant contribution to the intraspecific 

structure of hatchery pink and chum salmon stocks is provided by hatchery releases from Sakhalin, 

Kurile Islands and Hokkaido. However, the frequency of hatchery juvenile salmon in trawl juvenile 

catches is relatively low, suggesting wild pink and chum salmon are dominant in the Sea of Okhotsk. It is 

noted that hatchery juvenile pink salmon of Russia and Japan origins are abundant in the central and 

eastern Okhotsk Sea in odd years of trawl surveying, i.e. in the years of higher frequency of rich pink 

salmon generations of the cluster of stocks of Western Kamchatka. Provided analysis made it possible to 

see that the abundance of Russian and Japan hatchery juvenile chum salmon in the eastern Okhotsk Sea is 

higher in even years of trawl survey. Along that presence of active part of representatives of the cluster of 

Sakhalin-Kurile and Hokkaido chum salmon stocks migrating in the northeast direction in the Okhotsk 

Sea basin is more obvious. We estimate that the main reason may be relatively low abundance of 

generations (in odd years of spawning) of pink salmon on Western Kamchatka during fall migration in 

even years. 
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Information on the ecology of wild chum salmon is needed for their sustainable management in Japan, as 

it enables the development and application of effective conservation measures. We investigated the 

timing of spawning of wild chum salmon in a non-enhanced river and their seaward migration in northern 

Honshu, Japan. The survey area was 1,050 m and was established in Funato River where hatchery chum 

salmon fry had never been stocked. Spawning redds were counted visually once every ten days from 

early October to early January, from 2015 to 2018. The river temperature was recorded using a 

temperature logger. Chum salmon fry were collected at 0.4–0.8 m depth by using a small seine net, in 

Fujitsuka Beach close to the mouth of Funato River. Sea surface water temperature (SST) and salinity 

(SSS) were measured on each sampling date. A generalized linear model (GLM) with a binominal 

distribution was performed to evaluate the influence of SST and SSS on the presence–absence of the 

chum salmon fry. Spawning redds were observed mainly from the middle of October to the middle of 

December. Chum salmon fry were collected mainly from early March to early May when SST and SSS 

ranged from 7.4 to 17.5 °C and 3.9 to 32.7, respectively. Most samples were under 40 mm in fork length 

(38.0 ± 3.7 mm, N = 2038). The period that chum salmon fry were present mostly matched the timing of 

the emergence of the wild fry, which was estimated by the cumulative water temperature of Funato River. 

The GLM predicted that the probability of the occurrence of chum salmon fry decreased as the SST and 

SSS increased, and the probability ranged 30.2%–62.5% even when the SST was 15 °C and the SSS 

ranged from 10 to 30. Stocking of hatchery chum salmon fry ends by late March every year in northern 

Honshu. The results suggest that the seaward migration of wild chum salmon fry repeats about two 

months after the end of the stocking, and they are present in the surf zone of the sandy beach with 

relatively high SST (over 15 °C). 
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To identify critical life history stages for salmon survival, it may be informative to compare adult returns 

with abundances at various life-history stages. Past genetic studies demonstrated that relative abundances 

of Yukon summer-run and fall-run juvenile chum salmon (Oncorhynchus keta) caught on the eastern 

Bering Sea shelf during late summer/early fall are correlated with adult returns for their respective year-

classes. We are interested in testing whether earlier life history stages are also correlated with adult 

returns. Our project aims to estimate the relative proportions of summer-run and fall-run juvenile chum 

salmon as they out-migrate from the Yukon River. To estimate the seasonal run proportions, we 

genotyped 1,783 juvenile chum salmon collected in 2016 from 9 field sites on the Yukon River mouth. 

Genotypes at 13 microsatellite loci were compared with a chum salmon genetic baseline. About three-

quarters of the juvenile chum salmon were from summer-run populations and one-quarter from fall-run 

populations. At finer spatial and temporal scales, differences were observed in the seasonal run 

proportions. Higher proportions of fall-run fish were present in the latter part of the outmigration and in 

the southern channel of the river mouth. Seasonal proportions also differed by fish length. Although the 

majority of small and large fish, separated by median size, were from the summer-run, the proportion of 

fall-run was nearly four times higher for large fish than small fish. Future analyses will compare the 

seasonal run proportions of out-migrating juveniles with those of juveniles collected on the eastern 

Bering Sea shelf during the 2016 summer/fall surveys, as well as the returning adults to the Yukon River. 
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Sockeye salmon is characterized by extremely complex population structure: populations reproducing in 

different river watersheds (metapopulations) are subdivided into seasonal races, ecotypes, and 

subpopulations of isolated spawning grounds. Because of genetic and morphological differentiation of 

the intraspecies forms samples collected in downstream reach of a river are normally heterogeneous. This 

includes both mixed samples from an estuary and samples collected during sockeye salmon spawning run 

in lower river flow. The objective of the paper was to analyze subdivision of sockeye salmon samples 

from the low course of East and West Kamchatka rivers where (in tributaries and lakes) the most 

commercially important Asian stocks are reproduced. 

Samples for the analysis were collected during mass spawning run of sockeye salmon in the lower 

courses of Ozernaya River (n = 95), Bol’shaya River (n = 91), and Palana River (n = 87), in 2003, and in 

Bol’shaya River (n = 90) and Kamchatka River (n = 95) in 2004. In addition, juvenile fish 

(underyearlings) were caught during downstream migration in the upper reach of Plotnikov River (n = 

39), 10 km from Nachikinskoe Lake, and in the lower course of Bystraya River (n = 33), at its flow into 

the main course of Bolshaya River, 10 km from of Karymay settlement. Polymorphism of 45 previously 

described SNP loci was investigated. The SNP genotyping was performed using TaqMan PCR. Statistical 

analysis included clustering of the samples in the STRUCTURE 2.3.4. 

Morphological and genetic heterogeneities of sockeye salmon samples collected in different periods of its 

spawning run as well as in mixed samples from outfalls of West and East Kamchatka rivers were studied. 

There wasn’t any periodicity in estimations of biological characteristics and alleles frequencies of 45 

SNP loci during mass spawning migration of sockeye salmon in the rivers of west coast of Kamchatka. 

Analysis of mixed West Kamchatka samples in STRUCTURE allowed us to reveal in the Bol’shaya 

River sample a group of individuals hypothetically related to lake ecotype. In the samples from Ozernaya 

River and Palana River there was not any heterogeneity phenotypic or genetic. The subdivision of the 

Kamchatka River sample reflects a complex spatial-genetic structure of sockeye salmon in the lake-river 

system. Differences between the samples collected during mass spawning run in the main course of the 

river indicate a successive character of migration of different spawning groups reproducing in distinct 

parts of the watershed. 



  The Second NPAFC-IYS Workshop (2019) on Salmon Ocean Ecology in a Changing Climate 

 

65 

 

Poster Presentation-9 

Topic 1. Current Status of Salmon and their Environments (1-2. Migration and distribution) 

Trace Elements Content in the Pink Salmon (Oncorhynchus gorbuscha, Walbaum), 1792 from 

Sakhalin-Kuril Region 
 

Nadezhda K. Khristoforova, Anna V. Litvinenko*, Vasily Yu. Tsygankov, Maxim V. Kovalchuk, and Natalia I. 

Erofeeva 

 
School of Natural Sciences, Far Eastern Federal University, Vladivostok 690091; Pacific Institute of Geography, Far Eastern 

Branch, Russian Academy of Sciences, Vladivostok 690041 (*Email: vesna271@rambler.ru; Tel: +7-924-439-09-01) 

 

The content of trace elements, Hg, As, Pb, Cd, Zn, and Cu, in the common species of Pacific salmons, 

pink salmon, come to the hachuring in the rivers Reydovaya and Firsovka of Sakhalin-Kuril region in 

October 2018 was examined. It was found that the content of toxic elements, Cd, Pb, As and Hg, in the 

salmon is below than sanitary standards of the Russian Federation for seafood. At the same time, the 

content of all the elements (except Zn) in pink salmon from the rivers was higher than that in pink salmon 

from the Sea of Japan. The greatest difference was recorded for lead, which concentration in muscle, 

liver, and caviar of the fishes from the rivers of Sakhalin-Kuril region was higher than that of pink 

salmon from the Sea of Japan in 50, 40, and 60 times correspondingly. 
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Chum salmon is an important species for the commercial fishery in Hokkaido. Recently, the coastal sea 

water temperatures in the fall have been higher than the historic mean. In years where coastal sea water 

temperatures are high, the timing of chum salmon return is delayed. To elucidate the influence of sea 

water temperature on the migration behavior of chum salmon in the coastal area, we visually counted the 

number of swimming chum salmon from the research vessel, captured individuals by angling, and 

released the fish once they were tagged with archival tags into the Okhotsk Sea, in late August or early 

September from 2016 to 2018. After release, the tagged fish were recaptured in coastal areas or rivers. 

The sea water temperature of the sites where individuals were counted was 15–18°C at the surface layer, 

5–15°C at a 15m depth, and below 2°C at depths greater than 50 m. In the years 2016, 2017 and 2018, 

14, 14 and 10 chum salmon were tagged and released, respectively, with 6, 2 and 1 fish recaptured in 

each year, respectively. Many tagged individuals were recaptured at the Okhotsk coast, Hokkaido, except 

the fish that was tagged in 2018, which was recaptured in the southwestern region of Sakhalin Island, 

Russia. Migration also occurred diurnally between the surface layer and a depth of 200 m. Our results 

from tagged chum salmon show that individuals preferred sea water at 1°C at a 200 m depth in the 

daytime. The results of the present study suggest that sea water temperatures affect salmon behavior in 

coastal areas. 
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Salmon’s juvenile phase includes their transition from freshwater to the ocean, and there is evidence 

pointing to the importance of nutritional condition during these early life stages as being critical for the 

success of the adults’ return. The study of the food quality and plankton-based energy sources for Pacific 

salmon during the fish’s early ocean phase offers information on how salmon condition relates to the 

environment. We analyzed the fatty acid composition of zooplankton and particulate organic matter 

(POM) in the Strait of Georgia, British Columbia. We used fatty acid-based proxies for food sources and 

salmon condition to describe the trophic links between plankton and the nutritional status of juvenile 

salmon. In particular, higher DHA:EPA values have been linked to relatively higher abundance of 

dinoflagellates compared to diatoms and better fish condition. We found that, for the period 2015-2018, 

DHA:EPA in POM was higher between May-August. Therefore, the highest food source quality at the 

base of the trophic chain overlapped with the salmon outmigration period. This suggests that variations in 

zooplankton quality, rather than the trophic baseline quality, likely determine salmon condition. In fact, 

large zooplankton showed lower DHA:EPA between April-September than in the other months during 

the period 2015-2018. We also showed that fish larvae, chaetognaths, most amphipod species and the 

carnivorous copepod Paraeuchaeta elongata, among other groups, have higher DHA:EPA than POM, 

whereas other copepod species, decapods and euphausiids have lower DHA:EPA. This suggests that a 

diet based on species from the former group might translate to a better salmon juvenile nutritional 

condition compared to salmon that feed mostly on decapods and euphausiids. We hypothesize that the 

decrease in the juvenile salmon condition might be explained by a disruption in the food-web pathways 

to juvenile salmon between POM and zooplankton. 
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Marine growth and survival of juvenile Pacific salmon (Oncorhynchus spp.) has been linked to marine 

temperatures and feeding conditions during their first few months at sea. Evidence from the Bering Sea, 

Prince William Sound, and Southeast Alaska (SEAK) suggest that the juvenile salmon prey community is 

responsive to environmental change, and that these changes are reflected in their species richness, 

abundance, and nutritional quality. Therefore, understanding what salmon consume under varying 

environmental conditions is important to understanding how their growth and survival is affected by 

climate change. For over 20 years the Alaska Fisheries Science Center has been monitoring seawater 

temperatures and the diets of juvenile pink (O. gorbuscha), chum (O. keta), sockeye (O. nerka), coho (O. 

kisutch) and Chinook (O. tshawytscha) salmon in Icy Strait, Alaska, a major fish migration corridor in 

northern SEAK. Here, we used multivariate statistical methods to examine differences in diet 

composition among species and in relation to shifts in seawater temperature during the summer months 

of 1997–2018. Using the seawater temperature (°C, average upper 20-m), each sampling year was 

classified as warm (11 years) or cool (11 years). Overall, the diet composition varied within and between 

zooplanktivorous (pink, chum, and sockeye) and piscivorous (coho and Chinook) juvenile salmon species 

and between warm and cool years. Diets of pink salmon were similar to both chum and sockeye diets in 

both warm and cool years with a higher degree of overlap occurring in warm years. Diets of chum and 

sockeye salmon differed in both warm and cool years. Chum salmon consumed high proportions of 

gelatinous prey and amphipods whereas sockeye salmon consumed a variety of prey including copeopds, 

amphipods, euphausiids, and gelatinous prey. Pink and sockeye salmon increased consumption of 

euphausiids and fish larvae in warm years and amphipods and copepods in cool years. Coho and Chinook 

salmon consumed similar prey (fish and decapod larvae and euphausiids), however their diets differed 

based on the proportion of prey type consumed. Coho salmon diets consisted of decapod larvae and 

euphausiids with small proportions of fish larvae. In contrast, Chinook salmon diets consisted of fish 

larvae with small proportions of euphausiids and decapods. Neither coho nor Chinook salmon diets 

differed between cool and warm periods. The results of this study underscore the importance of 

incorporating trophic measures into long-term monitoring of pelagic ecosystems. 
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Understanding how threatened or endangered species interact and influence the population dynamics of 

each other is an essential part of ecosystem-based management and recovery of the species. Chinook 

salmon (Oncorhynchus tshawytscha) are a crucial prey of endangered southern resident orcas (Orcinus 

orca), and increased releases of hatchery Chinook salmon have been proposed in order to support these 

whales. We documented density-dependent survival of hatchery Chinook salmon released into the Salish 

Sea of Washington, USA, and British Columbia, Canada associated with the abundance of naturally-

produced pink salmon (O. gorbuscha), whose juveniles are present in large numbers in the Salish Sea 

only in even-numbered years. We first modeled hatchery Chinook salmon marine survival related to the 

numbers of juvenile Chinook released and the abundance of pink salmon. Second, we associated the 

reconstructed numbers of adult hatchery Chinook salmon returning to Puget Sound with the abundance of 

juvenile Chinook that were released in even- vs. odd-numbered years. We found that in most regions of 

the Salish Sea, pink salmon abundance appeared to influence the relationships between 1) Chinook 

marine survival and hatchery release abundance and 2) adult Chinook returns and the numbers of 

hatchery fish released. In five of eight regions, marine survival rates of hatchery Chinook released in 

even years were much lower than survival rates of Chinook released in odd years, and a point of 

diminishing returns was seen; increased releases were associated with fewer Chinook recruits in the 

ocean. Our study suggests that scientists and managers should consider density-dependent survival of 

Salish Sea hatchery Chinook salmon when formulating release numbers, especially in even years when 

numerous juvenile pink salmon are also emigrating through the Sea. 
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Over the past several years, the Northeast Pacific has experienced a broad range of conditions ranging 

from “normal” to unprecedented warm temperature anomalies. Such extreme climate variability had clear 

impacts on the biology and provided the opportunity to explore the mechanisms through which large-

scale climate change influences salmon through bottom-up processes. We used data from several 

monitoring programs in the Strait of Juan de Fuca and Puget Sound to explore spatial and interannual 

variability in ecosystem response to environmental change over 2014–2017. We focus on changes in 

temperature and zooplankton relationships to juvenile salmon growth and survival. The large interannual 

differences in temperature had strong effects on plankton phenology, biomass, and community structure 

with responses differing among local sub-basins of Puget Sound. In contrast to expectations, during the 

warm years, zooplankton biomass and juvenile salmon growth were strongly elevated, and returns of 

2015 coho salmon outmigrants indicated relatively high survival. This contrasts with reports from the 

Washington and Oregon coast and demonstrates the need for monitoring and indicator development 

within Puget Sound to better forecast salmon returns. 
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Masu salmon (Oncorhynchus masou) exhibits typical fixed male alternative reproductive tactics (ARTs). 

Small precocious parr males which are resident and sexually mature in river for a 1- or 2- year period and 

large anadromous males which migrate to sea and return to their natal stream to spawn after 1.5 year 

period at sea. The large anadromous males fight before spawning to achieve dominant access to the 

females, whereas the small parr males adopt a sneaker tactic to dart into spawning events and furtively 

position themselves under ovipositing females to release milt near the female as she releases her eggs and 

ovarian fluid. As just described, eggs released from female fertilize in mixed milt both two types of 

males. Sperm competition theory predicts that milt from multiple males enhance the fertilization 

competition because serum included in milt affect the swimming speed of sperm, which is one of the 

important factors to determine the success of fertilization. The objective of this study is to investigate 

effect mixture of milt from parr males and anadromous males on hatching rate of eggs. Spawning masu 

salmon were collected from September 4 to September 14, 2016 from Tawaramappu River Hokkaido 

Japan. Collected fish, parr males (N = 27), anadromous males (N = 27) and gravid females (N = 9) were 

anesthetized with 1.0mL/L concentration of 2-phenoxyethanol. Milt was collected from both types of 

males. Ovarian fluid was collected from females. Samples were placed in coolers (4℃) until an artificial 

fertilization experiment. Eggs were collected from female individually and were divided into 300 ml 

plastic containers with each container of eggs representing different groups. To fertilize eggs, totally 100 

μl milt and 10 % ovarian fluid solution were used. Nine groups were made as below; single parr (P1), 

single anadromous (A1), two parr (P1×P2), two anadromous (A1×A2), single parr and anadromous 

(P1×A1), three parr (P1×P2×P3), three anadromous (A1×A2×A3), two parr and single anadromous 

(P1×P2×A1) and single parr and two anadromous (A1×P1×P2). After fertilization, eggs were then placed 

into an incubation system held at 9 ℃ and incubated for 71 days before hatching. For single male groups, 

hatching rate was higher in parr than in anadromous male. For three male groups, hatching rate was 

higher in mixture of parr and anadromous males than in same tactics group. Our results indicated that 

mixture of milt from parr and anadromous males improve the quality of hatching eggs. 
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Prey composition and quality are critically important to the growth and of juvenile salmon and their 

survival to adult. Juvenile fish need more than just sufficient caloric intake—they also need to have a 

balanced composition of essential nutrients to achieve high growth rates. The goal of this project was to 

determine dietary quality of juvenile salmon prey in Puget Sound and spatio-temporal patterns in 

availability of essential fatty acids (EFAs) to gain insight into the lower trophic level food web that 

supports salmon growth. We evaluated patterns in zooplankton fatty acid content from samples collected 

in March through September 2017 from multiple regions of Puget Sound. Taxa that are prey items—crab 

and other decapod larvae, gammarid and hyperiid amphipods, euphausiids, ichthyoplankton, copepods, 

and pteropods—differed in their EFA composition. An integrated measure of food quantity and quality, 

created by combining data on juvenile salmon prey biomass distribution (measured by quantitative net 

tows) with EFA content of the taxa, revealed variation in both the timing and magnitude of peak 

availability of important EFAs among different regions. Notably, availability of two important EFAs, 

EPA+DHA, was highest in the northern regions and lowest in South Sound, indicating better feeding 

conditions in the north. These data will be useful in monitoring and modeling studies to determine drivers 

of juvenile salmon survival in Puget Sound. 
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Long-term change in the summer distribution area of chum salmon (Oncorhynchus keta) in the North 

Pacific and the Arctic Ocean was estimated using gridded (1/4°x1/4°) sea surface temperature (gSST) 

from 1982 to 2017. The area enclosed by the upper (15.6°C) and the lower thermal limit (2.7°C) was 

assumed as the acceptable habitat of chum salmon (Azumaya et al. 2007). The gSST data were cited from 

NOAA high-resolution blended analysis of daily SST data set 

(https://www.esrl.noaa.gov/psd/data/gridded/). Long term trends of gSST in the North Pacific and the 

Arctic Ocean in summer were positive except for the North American west coast area and the part of the 

Arctic Ocean. The southern and northern limits of chum salmon distribution have shifted northward. The 

interannual change in the area of chum salmon distribution in summer had a statistically significant 

negative trend (P<0.01), which was approximately -12000 km2 /year to -27000 km2 /year. The area of 

chum salmon distribution in the North Pacific in summer has decreased approximately 1180000 km2 

(10%) during the last 36 years. On the other hand, in the Arctic Ocean, the area of chum salmon 

distribution has increased approximately 450000 km2 (2 times). 
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Pacific salmon in the eastern Pacific enter the ocean from several main watersheds, most notably the 

Columbia River between Oregon and Washington, the Puget Sound and Fraser River basins of the Salish 

Sea, the Nass and Skeena Rivers in northern British Columbia, and the Kenai and Yukon Rivers in 

Alaska. Eight long-term (20+ years) coastal juvenile salmon surveys for mixed stocks originating from 

several of these large watersheds offer a unique opportunity to evaluate broad-scale patterns in salmon 

production throughout their migratory corridor. We collated time-series on relative abundance anomalies 

for juvenile salmon from surveys conducted in the coastal waters of Oregon-Washington, the west coast 

of Vancouver Island, Skagit Bay in Puget Sound, the inland waters of the Strait of Georgia, coastal 

waters in southeast Alaska, in the Gulf of Alaska, the southeastern Bering Sea and the Northern Bering 

Sea. Although temporal and spatial variability among stocks or populations exists, large-scale similarities 

in dynamics can help identify early marine mechanistic drivers of survival.  In recent years, juvenile 

salmon abundance anomalies have varied among the regional surveys. For example, abundance 

anomalies were most similar in 2015 and most dissimilar in 2017, consistent with the large-scale nature 

of the marine heat wave in 2015, and the highly variable responses of Pacific Salmon species among 

regions after the heat wave in 2017. We relate these observed trends to climate-induced environmental 

variability in the northeast Pacific Ocean.   
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Chinook salmon are an integral part of the British Columbia coastal ecosystem and support significant 

commercial, recreational and indigenous fisheries. Within this region, two threatened marine mammal 

populations, the Northern Resident Killer Whales (NRKW) and the Southern Resident Killer Whales 

(SRKW), rely on Chinook salmon as their major food source. These populations are currently 

experiencing divergent trends in health and population size, with the SRKW population in decline. Two 

hypotheses for the SRKW decline are decreasing Chinook populations and conditions (quality as prey) in 

the SRKW’s foraging region. Chinook population fluctuations are often attributed to survival in their 

marine life stage, and changes in the North Pacific food web could cause a decline in survivorship. In this 

study we examine the stock composition of Chinook salmon from both the NRKW and the SRKW 

foraging regions collected from trawl surveys and sport fishers in 2018. We performed compound 

specific stable isotope (CSIA) analysis on a subset of fish representative of the two regions and main 

stocks, to examine their trophic and movement ecology. Analysis of amino acid δ15N values was used to 

determine the trophic level of the Chinook while analysis of amino acid δ13C values was used to 

determine the primary producer source materials underpinning the food web. Finally, fatty acid analysis 

was used to assess the condition of the fish. This research will provide insight into differences in the 

trophic ecology of BC coastal Chinook populations, including those that intersect with the critical habitat 

of the NRKW and SRKW. Furthermore, our study will explore how stock specific trophic ecology may 

affect the condition of the fish. Finally, this research will allow us to examine how Chinook move and 

interact with their marine ecosystem. Chinook population level patterns of movement and distribution are 

generally described and considered robust to environmental change, yet few isotopic studies have been 

performed to allow for a chemical analysis of how Chinook are utilizing their coastal and oceanic habitat 

spatially and ecologically. 
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Yukon River Chinook salmon run size dramatically declined since the late 1990s, leading to 

unprecedented uncertainty for subsistence, commercial and recreational fisheries dependent on these 

stocks. Since 2003, juvenile Yukon River Chinook salmon have been monitored after their first summer 

at sea in the northeastern Bering Sea using pelagic trawl gear. Size, condition, diet and abundance data 

were collected annually through these surveys. Stock composition from genetic mixed stock analysis and 

juvenile catch per unit effort data were used to estimate stock-specific abundance of juvenile Yukon 

River Chinook salmon. A linear regression model of juvenile abundance to adult returns was used to 

predict the number of adult survivors returning from each juvenile cohort, and maturity schedules based 

on established brood tables were used to apportion those returns to run year. Juvenile Chinook salmon 

data coupled with adult spawner and return data, and inriver smolt data revealed important changes that 

have occurred for these stocks with warming river and ocean conditions. Particularly warm conditions in 

recent years were correlated with changes to life history characteristics: earlier outmigration timing, 

younger age at maturity, and increased prevalence of juveniles exhibiting minority subyearling life 

history type. Rearing juvenile Yukon River Chinook salmon and other Bering Sea species were also 

distributed more northerly in warmer years, potentially affecting their early marine ecology and food web 

dynamics. Despite these changes, later marine survival (after the first summer at sea) appeared to be 

relatively stable. Cohort strength appeared to be defined by September of the first year in the ocean, 

highlighting the importance of survival during freshwater and/or early marine life stages in stock 

productivity patterns. Juvenile abundance-based forecasts predicting up to three years into the future, 

have provided managers and stakeholders with some perspective on longer term stock trends. Based on 

recent juvenile Yukon River Chinook salmon abundance, it is expected that adult run size will decline 

over the next three years. Managers and fishermen are being cautioned that while Yukon River adult 

Chinook salmon run abundance will likely provide for spawning escapement needs, substantial fishery 

restrictions may be warranted through the near future. 
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We examined trends, synchrony, and linear or nonlinear effects of environmental drivers on forecast 

performance (defined as the logged ratio between postseason observed versus preseason forecast 

abundance) for 21 Chinook and 15 coho salmon stocks on the U.S. West Coast. Overall synchrony in 

forecast performance was low (mean pairwise correlation of r=0.10) but slightly higher within species 

(r=0.14 for Chinook, r=0.23 for coho). Most strong positive correlations were between geographically 

proximate stocks. Dynamic Factor Analysis (DFA) applied to all stocks revealed a single shared trend, 

seen most strongly among southern coho stocks. However, the best-supported DFA model explained only 

13% of the variance and loading on the single shared trend often low. Mean loadings varied by species, 

but there were not significant differences in mean loadings for hatchery versus wild nor for stocks using 

different forecast types (i.e. sibling regression versus production indices like spawner or smolt counts), 

although there was weak support for a latitudinal gradient within each species. The best-supported DFA 

model for Chinook again consisted of only one shared trend, explaining 18% of the variance. For coho, 

the best-supported DFA model consisted of two shared trends, explaining 32% of the variance. Loadings 

by coho stock tended to cluster geographically but not with respect to hatchery versus wild nor by 

forecast type. Given the low synchrony in forecast performance, we explored the relationship between 

putative environmental drivers (freshwater conditions during spawning and rearing, localized ocean 

conditions at ocean entry, and intermediate to basin-scale ocean conditions throughout ocean residency), 

comparing linear models and GAMs to test for nonlinearities and thresholds. Multiple significant 

relationships, some with evidence for thresholds, were identified but are best viewed as hypotheses 

meriting further exploration due to the large number of candidate variables and lags considered. Based on 

a preliminary set of environmental covariates, out of 54 stock-driver-lag combinations with p<0.05 and 

R2>0.33, nonlinear models were preferred in 34 cases. For 45% of supported stock-driver-lag 

combinations for stocks using sibling-based forecasts, the driver measured conditions during the year of 

return, versus 23% for stocks using production-based forecasts. This difference in proportions was not 

statistically significant, providing little support to the prediction that sibling-based forecasts would be 

more affected by recent conditions experienced after the younger age class from a cohort had already 

returned, and suggesting that carryover effects or effects of early environment on maturation schedules 

may be important drivers of sibling-based forecast model performance. 
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Determining how ocean distributions of highly migratory species like Chinook salmon will shift in a 

changing ocean is a fundamental question for maintaining sustainable management practices. Here we 

present an integrated spatio-temporal model for understanding Chinook salmon in a changing ocean. We 

extend a spatially explicit, seasonal state-space modeling framework for Chinook to estimate how ocean 

distributions of major Chinook salmon runs have varied over the past 35 years (brood years 1977–2010) 

in response to changes in ocean temperature. We jointly model thousands of coded wire tagged (CWT) 

fall Chinook salmon releases originating between California and British Columbia representing hundreds 

of millions of CWT released fish and over a million ocean recoveries to estimate how changes in sea 

surface temperature (SST) affect fall Chinook salmon distribution. We focus on fall Chinook salmon 

stocks from California's Central Valley, the Klamath-Trinity system, and the Columbia-Snake system. 

All of these systems have both abundant release and recovery information and occur primarily in ocean 

areas in which fisheries are active -if variable among years - and coded wire tags are likely to be detected. 

We estimate relatively small but discernible shifts in ocean distribution in response to SST with fish 

arising from all regions. Interestingly, warmer ocean years are not necessarily associated with northward 

shifts in abundance; this is particularly true for fall Chinook from California's Central Valley whose 

distribution appear to become nearly bimodal with some fish shifting south and others shifting north in 

particularly warm years. We will also discuss ongoing work to extend the our model to include spring 

Chinook stocks, incorporate information from Chinook salmon bycatch, and the potential to link CWT 

recoveries and genetic stock identification information. 
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Columbia River juvenile Steelhead (Oncorhynchus mykiss) enter the northern California Current (NCC) 

in spring and include several populations listed under the U.S. Endangered Species Act. In recent years, 

the NCC has experienced extreme warming (up to 2.5°C increases in sea surface temperature) in 

association with anomalously warm phases of the El Niño and the marine heatwave (warm ‘Blob’) of 

2014-2016.  Columbia River Steelhead have demonstrated larger sizes and decreased survival in these 

warm ocean years, and development of these size differences can be further explored through the use of 

bioenergetics models. Temperature-parameterized bioenergetics models can provide insight into how 

thermal regimes impact Steelhead growth as they transition from freshwater to the marine environment. 

We used an extensive time-series (2001–2016) of juvenile Steelhead diet composition and body condition 

to simulate growth conditions in the early marine residence using the program Fish Bioenergetics 4.0. 

Steelhead from years with larger-than-average fish were simulated to feed at the maximum theoretical 

rate and Steelhead from years with smaller-than-average fish fed at 20% of the maximum rate. Our 

results suggest that juvenile Steelhead growth is influenced by temperature regime and feeding conditions 

in the early marine residence. The use of bioenergetics models to capture variability in juvenile Steelhead 

growth represents an innovative approach to investigate vital rates and climate resiliency for a 

commercially and ecologically important species and may help determine appropriate management of 

Steelhead in future warming scenarios.  
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Although the freshwater phase of the salmon life cycle has been studied in depth, there is much less 

information available on the marine phase, even though Pacific salmon can spend anywhere from one to 

seven years of their life in the ocean. With rapidly changing ocean conditions, it is important to 

understand this phase of the salmon life cycle. One of the most significant factors for the survival of 

salmon is the presence and abundance of nutritious prey. Although it is difficult to measure prey 

occurrence across the scale of the Pacific Ocean basin, information on prey presence and abundance can 

be obtained by studying salmon diets. Diet data can give insight into food webs, niche overlap between 

species/stocks, potential competition, health, and changing ocean conditions. Over the past century, there 

has been sporadic research on salmon diets in the ocean, and inconsistent methods have been used to 

quantify this information. There is an urgent need to consolidate available data in a useful way to 

understand salmon habitat, identify knowledge gaps, and project future changes. We are constructing a 

database that will include all historic salmon diet information for salmon in the North Pacific Ocean, 

starting with stomach content data, in order to characterize the feeding biology of Pacific salmon and to 

model salmon diet based on historic data and environmental conditions. A product of this research will be 

a comprehensive, open-access database, containing available diet information that can be used as a 

research tool to address a variety of questions related to salmon marine survival. As changes in salmon 

abundance become increasingly unpredictable, it is critical to further our understanding of the ocean 

phase of the salmon life cycle. 
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Given that salmon ecologists wish to improve the resilience (survive surprise) of salmon to unmitigated, 

anthropic, climate change, a paradigm shift is required—from monitoring, passive conservation, optimal 

harvesting, and enhancement (spawning channels and hatcheries) to predicting how salmon will respond 

to habitat changes that exceed the range of historical observations. To be useful, that new prediction 

ability must be translated into effective actions (knowledge mobilized): salmon fisheries managers and 

habitat managers need to be fully informed and able to react quickly to surprising events. The 

International Year of the Salmon (IYS) has presented this as a challenge to world.  

ISDL is a response to that challenge. After salmon ecologists say what they need in terms of data 

processing, ISDL describes how that can be delivered with 2019 technology. A suite of “data 

experiments” by a “data laboratory” are planned. 

Prediction ability requires mechanistic models as opposed to correlations. Developing and applying those 

models requires: 

1. A new perspective on what drives salmon population dynamics from comparing the success and 

failure of many salmon populations, with many life-history strategies in many different habitat 

situations, across all salmon species, across the northern hemisphere. In turn, that requires 

assembling and integrating an unprecedented breadth and depth of information about salmon and 

the habitats they encounter—ISDL is applying neo4j graph database (Neo4j Inc. Graphs For 

Good) and associated libraries and tools as the basis for a breakthrough in data integration and 

maintenance. 

2. Modernization of salmon data processing: field collections, integration, analysis, and updates—

ISDL experiments involve GeoOptix (GeoOptix.com) for data capture directly to cloud servers, 

circumventing many existing problems. Automating data updates via StreamSets 

(streamsets.com) and automating analysis workflows via WorkSpace 

(https://research.csiro.au/workspace/) will deliver radical efficiency.  
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