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Abstract 
Pacific and Atlantic salmon, as well as other diadromous species in the North Pacific and North Atlantic 
basins, are of great social, economic, and ecological importance. They face a number of major threats, 
most notably, the impacts of climate change, which are increasing in intensity and frequency in both the 
North Pacific and North Atlantic regions. Cross basin sharing of knowledge, and collaboration shows 
promise as an approach to enhance the effectiveness of resource management climate adaptation practices 
and ultimately the resilience of socio-ecological systems. 

As part of the 2021 International Council for the Exploration of the Seas (ICES) Working Group on 
Science to Support Conservation, Restoration and Management of Diadromous Species (WGDIAD) 
Annual Meeting, scientists associated with ICES WGDIAD and the North Pacific Anadromous Fish 
Commission (NPAFC) International Year of the Salmon (IYS) Working Group (WG) met virtually on 
September 1st, 2021, to discuss shared challenges and areas of joint interest related to salmon and other 
diadromous species. The meeting took place in the context of the development of a memorandum of 
understanding (MOU) between ICES and NPAFC to establish a connection between the two 
organizations that will support work on areas of joint interest related to the study and conservation of 
salmon and other diadromous fishes. A total of 68 people, representing 13 countries and 38 organizations 
participated in the meeting. A full list of participants is available in Appendix 1. Under each of the 
meeting discussion topics, there were a significant number of areas identified for ongoing or future 
collaboration between North Pacific and North Atlantic scientists that speak to the benefit of increased 
connection between the two organizations and the continued development of the MOU. The meeting 
topics and areas of collaboration are summarized here: 

Topic Areas of ongoing or future collaboration 
Status of Pacific and Atlantic 
salmon 

• Exchange of knowledge and collaboration related to research 
efforts to better understand the threats faced by Pacific and 
Atlantic salmon and potential solutions. 

• Coordinating salmon status reporting efforts between Pacific and 
Atlantic basins. 

Life history modelling • Investigating similarities in historical Pacific and Atlantic salmon 
trends and the factors influencing these trends. 

 

1Editors: Aidan Schubert, Mark Saunders, Hugo Maxwell, and Dennis Ensing 
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Topic Areas of ongoing or future collaboration 
• Investigating similarities between Atlantic salmon and steelhead 

trout life histories and historical trends. 

Range redistribution and 
interspecific competition 

• Investigating the drivers influencing northward range shifts of 
salmon. 

• Investigating the origins of Pacific salmon in the Arctic. 
• Investigating the interactions between salmon and Arctic fishes in 

freshwater and marine environments. 

Techniques and technologies • The application of genomic technologies to better understand the 
factors affecting salmon marine survival. 

• Utilizing bony salmon structures to reconstruct salmon life 
histories. 

High seas surveys • Exchange of knowledge related to high seas survey techniques and 
findings. 

Data mobilization • Exchange of knowledge related to increasing data holders’ 
awareness of the benefits of data mobilization and their willingness 
to share data. 

• Collaboration between data mobilization efforts in both basins to 
better connect scientists working on similar issues, such as graph 
databases. 

A more detailed description of the meeting presentations and areas of collaboration follows in the 
‘Summary of presentations and discussions’ section below. 
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Background information 
ICES is an intergovernmental marine science organization, with 20 member countries from across the 
North Atlantic region. It aims to advance and share scientific understanding of marine ecosystems and the 
services they provide and to use this knowledge to generate state-of-the-art advice for meeting 
conservation, management, and sustainability goals. The ICES WGDIAD provides a forum for the 
coordination on diadromous species in the North Atlantic. The group considers progress and requirements 
in the field, coordinates with expert groups, organizes symposia and theme sessions, and helps to deliver 
the ICES Science Plan. 

NPAFC is an inter-governmental organization established by the Convention for the Conservation of 
Anadromous Stocks in the North Pacific Ocean and is governed by five member countries from across the 
North Pacific. The objective of the Commission is to promote the conservation of anadromous stocks 
(Pacific salmon and steelhead trout) in the Convention Area. NPAFC IYS WG has the primary goal of 
coordinating the planning and implementation of the North Pacific elements of the IYS initiative. The 
IYS is a five-year initiative (2018-2022) that aspires to establish the conditions necessary to ensure the 
resilience of salmon and people throughout the Northern Hemisphere. The initiative is governed by 
NPAFC in the Pacific and the North Atlantic Conservation Organization (NASCO) in the Atlantic. 

Summary of presentations and discussions 
 

Status of Pacific and Atlantic salmon 
Presentations by Laurie Weitkamp (Pacific) and Hugo Maxwell (Atlantic) 
 
Overview of presentations 
Salmon populations in the Pacific and Atlantic have experienced declines over the past three decades. 
Atlantic populations have seen consistent declining trends since the 1980’s, while Pacific salmon 
populations have seen greater variability between populations and between years. In both the North 
Atlantic and North Pacific, there is evidence of some more northern populations experiencing stronger 
returns in recent years than their southern counterparts. Increasing ocean and atmospheric temperatures 
have been and are expected to continue in both basins, with several marine major heatwaves in the North 
Pacific over the past decade that have had major ecosystem impacts. Other climate change related issues 
present in both basins, include reduced precipitation and higher temperatures that have resulted in altered 
freshwater flow regimes salmon-bearing streams. 
 
Areas of ongoing or future collaboration 
Due to limited time during the Roundtable, there was no active discussion on areas of collaboration 
related to the status of Pacific and Atlantic salmon. However, given the range of threats faced by salmon 
populations in both basins, future collaboration on efforts to address these threats would be of great 
benefit to both basins. Additionally, coordinating efforts between basins on the reporting of the status of 
salmon could help improve inter-basin collaboration and communication. The 2022 IYS Symposium: 
‘Salmon in a Rapidly Changing World: Synthesis of the International Year of the Salmon and a Roadmap 
to 2030,’ has been identified as a suitable forum to present a joint Atlantic-Pacific status of salmon report. 
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Life history modelling 
Presentations by Brian Wells (Pacific), Catherine Michielsens (Pacific), and Etienne Rivot (Atlantic) 
 
Overview of presentations 
Life history modelling efforts in both the North Pacific and North Atlantic basins have been centred 
around testing hypothesis related to the mechanisms and drivers of salmon productivity considering 
recent decreases in marine survival in both basins. The utility of integrated life history modelling is 
evidenced by improvements to the accuracy of forecasting model outputs for Fraser River (British 
Columbia) sockeye after record-low returns in the late 2000’s. The integration of information from all life 
history stages into the selection of models enabled more accurate forecasting through the 2010’s. 
 
In the Atlantic, stage-based population models have been developed that track cohort dynamics from 
eggs-to-eggs with the aim of assessing variations in first year marine survival and the proportion of fish 
maturing as one-sea-winter fish. These models have revealed evidence of basin-scale synchronicity in 
marine mortality rates which have been partially explained by variations in sea surface temperature and 
primary productivity. Modelling efforts focused on Californian salmon populations have identified marine 
predation, temperature, and freshwater flow as key factors influencing salmon survival, with marine 
predation having the greatest effect. Modellers in both basins noted the importance of viewing salmon 
within the broader scope of the entire marine ecosystem with regards to modelling and the need for 
collaboration with other scientific communities outside of salmon, such as oceanography, fisheries, and 
ecology.  
 
Areas of ongoing or future collaboration 
Participants noted the similarities in Atlantic and Pacific salmon trends over the past half-century, 
particularly the declines in productivity in the 1990’s, and there was shared interest among scientists from 
both basins in further investigating this. Historical scale archives were identified as a data source that 
could inform these efforts. The similarities between steelhead trout and Atlantic salmon, and the potential 
benefits of comparing historical trends between these were also highlighted as potential areas of future 
cross-basin collaboration. 
 

Range redistribution and interspecific competition 
Presentations by Karen Dunmall (Pacific), Jim Irvine (Pacific), and Panu Orell (Atlantic) and Jaakko 
Erkinaro (Atlantic) 
 
Overview of presentations 
A changing climate and the introduction of non-native species have resulted in major changes in the 
distributions and ranges of salmon species in both basins. Throughout the Canadian Arctic, Atlantic 
salmon and Pacific salmon species have been caught more frequently and in greater numbers by 
communities in the last decade than has been historically recorded, with variability in the number of 
species and total number of fish caught between years. After being introduced into the Russian Arctic in 
the 1950’s, pink salmon populations in the northeast Atlantic have seen major increases in abundance and 
southward range shifts, particularly in the past five years. The North Pacific has also experienced major 
increases in pink salmon abundances over the past half-century. Several studies have provided evidence 
to suggest that pink salmon in the North Pacific can cause trophic cascades and affect the productivity of 
other salmon species. The adaptability of pink salmon and the predicted benefits to pink salmon 
populations from climate change suggests that the observed competition impacts could be exacerbated. 
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The influence of competition between Atlantic salmon and non-salmon species, as well as pink salmon 
and Atlantic salmon were identified as areas of potential future study that could help better understand 
variations in salmon productivity in the marine environment.  
 
Areas of ongoing or future collaboration  
It was highlighted that concern shared by communities throughout the Canadian Arctic revolved around 
the origins of Pacific salmon in the Arctic and the interactions between salmon and Arctic fishes in the 
freshwater and marine environments. Several key knowledge gaps exist related to these areas that could 
benefit from inter-basin collaboration: 

- The environmental drivers influencing the northward range shifts 
- The origins of Pacific salmon in the Arctic, whether they are coming from Arctic, Pacific, or 

Atlantic populations 
- The ecology of cold-adapted populations of Atlantic salmon 
- A comprehensive genetic baseline of salmon from across the Arctic 
- The minimum temperature tolerances and winter ecology of salmon in freshwater 
- Salmon habitat use in the Arctic marine environment 
- Current interactions between salmon and Arctic species 

 
Atlantic participants noted that limited research had been undertaken on the origins of pink salmon in the 
Northeast Atlantic and that further work with genetic stock identification techniques, as has been done in 
the North Pacific, would be a useful avenue of future research to better understand the origins of pink 
salmon throughout the North Atlantic and Arctic. The potential for the Northeast Atlantic being prey-
limited was raised, with past genomics work in the Pacific suggesting that in prey-limited areas, salmon 
show signs of immunosuppression and increased infection agent burdens. Another issue associated with 
pink salmon range expansions raised that could benefit from inter-basin collaboration was the potential 
for the introduction of novel pathogens to areas where they do not normally occur. It was noted that the 
Alaska Department of Fish and Game has developed a panel of genetic markers that can help identify the 
origins of pink salmon caught in the Canadian Arctic. The idea of a joint Pacific-Atlantic pink salmon 
workshop was also raised with positive responses from Atlantic and Pacific participants  
 

Techniques and technologies 
Presentations by Dion Oxman (Pacific), Christoph Deeg (Pacific), and Dennis Ensing (Atlantic) 
 
Overview of presentations 
In the North Atlantic, there are a large number of acoustic telemetry projects that aim to improve 
knowledge of freshwater, estuarine, and in-shore salmon mortality and migration. Efforts to expand the 
use of acoustic telemetry to better understand salmon migration and mortality in offshore areas have been 
in development in recent years, specifically utilizing RAFOS Ocean Acoustic Monitoring (ROAM) 
technology. In the North Pacific, the study of incrementally grown structures, such as otoliths and 
opercula, has been used to produce age-specific reconstructions of salmon life histories, including 
responses to temperature, trophic ecology and movements, as well as stock structures. By extracting 
information on both hormones and isotopes from these structures, reconstructed life histories of the 
physiological responses of salmon to physical parameters such as temperature have also been created. It 
was also noted that the large historical collections of hard structures held by many governments and 
institutions hold invaluable information about the historical responses of salmon to changes in their 
environments, and these require greater research attention. During the 2019 and 2020 IYS Gulf of Alaska 
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High Seas Expeditions, genomic technologies such as the Fluidigm BioMark, Fit-Chip, and Nanopore 
minION sequencing, were successfully utilized to extract pathogen diversity, infectious burden, at-sea 
genetic stock ID, and gene expression from salmon tissue samples. COI metabarcoding was also utilized 
to analyze Environmental DNA (eDNA) from water samples which provided information about salmon, 
prey, and cryptic predator presence/absence. 
 
Areas of ongoing or future collaboration  
Current collaboration between Pacific and Atlantic scientist is occurring through the application of Fit-
Chip genetic technology to historical post-smolt samples from Norway to extract information on the 
factors affecting marine survival, particularly for stocks of conservation concern. Interest was also 
expressed from both Pacific and Atlantic attendees in further collaboration in the area of genomics and 
the potential uses of existing inventories of bony structures including the use of hormones from 
incrementally grown structures to reconstruct salmon life histories. It was noted that the extraction of 
hormones from scales is in the early stages of development in the Pacific as it was also noted that scales 
are widely available structure present in certain Atlantic-salmon related archives. 
  
 

High seas surveys 
Presentations by Aidan Schubert (Pacific) and Kjell Utne Rong (Atlantic) 
 
Overview of presentations 
In the North Atlantic, high seas surveys have been conducted regularly over the past three decades in both 
May and July/August, with the primary objective of better understanding species such as herring and 
mackerel, however, they have also collected valuable data on Atlantic and pink salmon. Results from 
these surveys have helped to improve understanding of the early marine distributions of and prey 
availability for Atlantic salmon, as well as the distribution and life histories of pink salmon in the 
Northeast Atlantic. In the North Pacific, a series of international winter high seas expeditions took place 
in the Gulf of Alaska in 2019 and 2020, as part of IYS activities, to test the key hypothesis that factors 
affecting salmon return abundance mostly occur by the end of the first ocean winter. The IYS 2022 Pan-
Pacific Winter High Seas Expedition will involve up to five research vessels and scientists from up to five 
countries and will set out that will utilize emerging technologies such as eDNA and gliders to build on the 
work of the 2019 and 2020 Gulf of Alaska Expeditions.  

 
Areas of ongoing or future collaboration  
Due to limited time during the Roundtable, there was no active discussion on areas of collaboration 
related to high seas surveys. However, given the similarities in the scale and techniques used in both 
Atlantic and Pacific high seas expeditions, and their importance for helping to improve knowledge of the 
marine phase of the salmon lifecycle, sharing of knowledge about high seas surveys between basins has 
great potential to be beneficial. 
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Data mobilization 
Presentations by Brett Johnson (Pacific) and Colin Bull (Atlantic) 
 
Overview of presentations 
Data mobilization efforts in both the Pacific and Atlantic basins have strived to ensure data adheres to the 
FAIR data principles (Findable, Accessible, Interoperable, and Reusable). Data mobilization efforts in the 
North Atlantic have focused on placing data in a user-friendly framework for scientists to use to answer 
questions related to salmon mortality. A major project that this data mobilization work is enabling is 
lifecycle modelling for southern European Atlantic salmon, utilizing freshwater, estuarine, and marine 
ecological, physical, and biological data. In the North Pacific, there have been significant efforts to 
mobilize data from the 2019 and 2020 IYS Winter High Seas Expeditions, ensuring that the data are 
organized under the United Nation’s Global Ocean Observing System (GOOS) and published to the 
Environmental Research Division's Data Access Program (ERDDAP) and the Ocean Biodiversity 
Observing Information System (OBIS).  
 
Areas of ongoing or future collaboration  
A major challenge to data mobilization that was expressed from both the Atlantic and Pacific speakers 
was the lack of willingness of data holders to share data due to the multitude of stakeholders and agencies 
involved in data collection and funding, with various expectations around data publishing, and 
insufficient incentive to publish data. Collaboration between Pacific and Atlantic basins exists around 
salmon data mobilization, with regular discussions on data mobilization challenges and successes 
occurring, however, there remains room for this shared work to continue and grow. The importance of 
separate data mobilization efforts connecting to each other was highlighted by participants as well as the 
need to ensure that data mobilization efforts move beyond simple inventories of project titles and 
information, and work toward better connecting scientists working on similar issues. The idea of 
coordinated data mobilization efforts between both basins as a key element of the NPAFC-ICES 
connection going forward as well as the United Nations Decade of Ocean Science was highlighted, 
particularly the utilization of graph databases. 
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Appendices 
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Antanas Kontautas Klaipėda University, Lithuania 

Atso Romakkaniemi  Natural Resources Institute Finland (Luke), Finland 

Brett Johnson Hakai Institute, Canada 

Brian Hunt University of British Columbia, Canada 
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Nation Oceanographic and Atmospheric Administration (NOAA), 
USA 
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Catherine Michielsens Pacific Salmon Commission, Canada 
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David Meerburg  Atlantic Salmon Federation, Canada 
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Dion Oxman Alaska Department of Fish and Game, USA 

Dustin Raab Fisheries and Oceans Canada (DFO), Canada 

Elvira de Eyto  Marine Institute, Ireland 

Emma Hatfield North Atlantic Salmon Conservation Organization, UK 
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Swedish University of Agricultural Sciences, Sweden 
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James Irvine Fisheries and Oceans Canada (DFO), Canada 

Jan-Dag Pohlmann  Thünen Institute, Germany 

Johan Dannewitz  Swedish University of Agricultural Sciences, Sweden 

Johan Höjesjö  University of Gothenburg, Sweden 
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Jorn Gessner 
IGB Leibniz Institute of Freshwater Ecology and Inland Fisheries, 
Germany 

Karen Dunmall Fisheries and Oceans Canada (DFO), Canada 

Karen Wilson University of South Maine, USA 

Katherine Howard Alaska Department of Fish and Game, USA 

Kathy Mills  Gulf of Maine Research Institute, USA 

Kjell Utne Rong  The Institute of Marine Research (IMR), Norway 

Kristi Miller-Saunders Fisheries and Oceans Canada, Canada 

Laurent Beaulaton  
National Research Institute for Agriculture, Food, and the 
Environment (INRAE), France 

Laurie Weitkamp 
Nation Oceanographic and Atmospheric Administration (NOAA), 
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