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REPORT OF THE PROCEEDINGS FOR THE IYS WORSKHOP – TOWARD
EFFECTIVE COUPLING OF THE SCIENCE OF A CHANGING CLIMATE
WITH SALMON AND PEOPLE
June 27–29, 2018 | Santa Barbara, CA
Location: National Center for Ecological Analysis and Synthesis, 735 State St. #300
Sponsors: Pacific States Marine Fisheries Commission/National Oceanographic and Atmospheric
Administration, North Pacific Anadromous Fish Commission (Tel: 604-775-5550, Email:
secretariat@npafc.org) and National Center for Ecological Analysis and Synthesis (Tel: 805-893-2500)
Convenors: Mark Saunders (Pacific) and Ben Halpern (NCEAS)

BACKGROUND
The International Year of the Salmon (IYS) is a five-year outreach and research initiative of the North
Pacific Anadromous Fish Commission (NPAFC) and the North Atlantic Salmon Conservation Organization
(NASCO). The IYS goal is to inspire/motivate/activate a new hemispheric-wide partnership of government,
academia, NGOs, Indigenous Peoples, and industry that will drive an intense burst of outreach and research
to create a well-informed community of decision-makers who can establish the conditions necessary for the
resilience of salmon and people in an uncertain future.
Through outreach efforts the IYS will raise awareness of what people can do to better ensure salmon and
their varied habitats are conserved and restored against the backdrop of a rapidly changing climate and its
impacts on freshwater, estuary, and ocean habitats. Concurrently, the IYS will stimulate an investment in
research and leave a legacy of knowledge, data/information systems, tools, and a new generation of
scientists better equipped to provide timely advice to inform the hundreds of decisions made daily by private
individuals, conservation organizations, businesses, fisheries, and environmental managers that affect
salmon.
The IYS consists of a focal year in 2019 with outreach and research continuing through the end of 2022.
Governance arrangements have been instituted to connect organizations across the Pacific and Atlantic
basins and across Northern Hemisphere to collaborate in planning and implementation of the IYS.
The approach to planning has been to conduct small workshops of experts to scope projects that can have
a high impact with respect to IYS research themes/outcomes (Table 1). When reached, the outcomes should
establish the conditions necessary to achieve the overarching vision: salmon and people are resilient in a
rapidly changing world. The goal of the workshop reported on here was to bring a small number of
representatives from major partner institutions together with select experts in salmon ecology and climate
science to consider collaborative mechanisms for developing a deeper understanding of the link between
climate change and the increasing uncertainty regarding salmon productivity.
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Despite numerous conservation measures (constraining fisheries and restoring freshwater habitat), many
salmon populations in both the Pacific and Atlantic basins, particularly at the southern extremes of their
ranges, have experienced an ongoing decline in productivity since at least the 1990s. While low marine
survival is generally accepted as a cause of decline for many populations, the mechanisms involved are
poorly understood. If there are common causes for the declines, whether within basins or across oceans, the
large geographic scale of the declines leads to hypotheses that involve climate. For instance, the increasing
frequency and duration of extreme environmental conditions associated with climate change are resulting
in increased uncertainty in fisheries and management systems.
Table 1. IYS Outcomes.
IYS Outcomes
Status of salmon

The present status of salmon and their environments is understood.

Salmon in a changing
salmosphere

The effects of environmental variability and human factors affecting
salmon distribution and abundance are understood and quantified.

New frontiers

New technologies and analytical methods are advanced and applied to salmon
research. Research is carried out to fill gaps in poorly studied regions of the
salmosphere.

Human dimensions

Communities, Indigenous Peoples, youth, harvesters, scientists and resource
managers across the Northern Hemisphere share knowledge and collaborate
in the development of new tools and approaches to restoring, managing and
sustaining salmon.

Information systems

Freely available information systems contain historic and current data about
salmon and their environment.

Salmon outreach and
communication

People understand the value of healthy salmon populations and engage to
ensure salmon and their varied habitats are conserved and restored against the
backdrop of increasing environmental change.

The Workshop “Toward Effective Coupling of the Science of a Changing Climate with Salmon and People”
(hereafter, the workshop) was held from June 27–29 at the National Center for Ecological Analysis and
Synthesis (NCEAS) in Santa Barbara, CA. The report that follows documents the proceedings of the
workshop, including the preliminary recommendations for research programmes and projects that will
advance our ability to link climate and salmon productivity.

WORKSHOP
Welcome and Introductions
Session objective: Participants have a clear understanding of the workshop objectives and
deliverables and begin to learn about fellow participants in order to gain trust in the capacity and
dynamic of the team.
The workshop was facilitated by Mark Saunders, IYS Director for the Pacific Region (NPAFC), who began
Day One by reviewing the workshop objectives and agenda (below and Appendix A, respectively). A
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roundtable of introductions followed (see participant list and biographies in Appendix B and C,
respectively).
During the introductory roundtable, participants were asked to provide the top three climate concerns they
had for salmon (Appendix C). Some common themes emerged during these discussions, including:
• Concern over the increasing frequency of anomalous environmental events
• Changing salmon distributions and potential loss of migration routes
• Productivity declines for southern populations (with increases elsewhere)
• Effects of temperature variation on growth rates, metabolic rates, energy assimilation, and the
resulting phenotypic responses
• A lack of understanding of salmon food webs and where adult salmon forage
• Ecosystem changes (e.g., decreases in prey availability and caloric content of prey)
• Emerging evidence that ocean carrying capacity may be limiting in areas like the eastern North
Pacific
• Cumulative impacts of slow and fast changes of climate and other major drivers
• Chronic degradation in freshwater habitat quality and quantity in some production basins
• Multi-decade increases in predator abundances
• The ability of salmon to adapt to changing conditions and the need to understand causal linkages
between climate forcing, trait expression, plasticity, and adaptive evolution
• The need to move from correlation to causation to isolate mechanisms and life history bottlenecks
most important to sustaining salmon in a changing climate
• The need to increase flexibility within fisheries science and management to determine how human
actions, management decisions, or values can be used to buffer climate impacts on and confer
resilience to salmon populations
Workshop problem statement: We require a deeper understanding of the mechanisms of climate change
(and variability) and their effect on salmon productivity as well as tools to effectively communicate this
deeper understanding to decision-makers. To do so, effective collaborative processes are required to engage
institutions at basin and hemispheric scales.
Workshop objectives: To design a collaborative, multi-year, inter-agency approach to:
• Understanding the current state of knowledge with respect to mechanisms linking changes in
climate to changes in the salmosphere, ultimately aimed at understanding climate drivers of
variations in salmon abundance and productivity.
• Determining hypotheses and high-impact research projects that could be undertaken to test these
hypotheses and significantly improve our understanding of climate/salmon interactions and their
consequences for salmon management. The activities might include: retrospective studies,
numerical modelling, model/data comparisons, laboratory studies, or field work.
• Developing suitable model structure(s) that will allow for the design, construction and application
of a model or models that are capable of re-creating historical patterns of abundance and, based on
IPCC climate scenarios, extending future climate scenarios into future salmosphere scenarios.

Session 1: Overview of the International Year of the Salmon
A description of the International Year of the Salmon (IYS) was given by Mark Saunders. The material can
be found in the “Background” section of this report.
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Session 2: Understanding the convening partners
Session Objective: All participants understand the convening partners and the potential
mechanisms for engaging in collaborative research.
Vladimir Radchenko, Executive Director of the North Pacific Anadromous Fish Commission (NPAFC),
began this session with an overview of NPAFC. The Convention for the Conservation of Anadromous
Stocks in the North Pacific Ocean is the international agreement that established the NPAFC. The
Convention was signed by Canada, Japan, the Russian Federation, and the United States of America on
February 11, 1992, and it took effect on February 16, 1993 (the Republic of Korea later joined in 2003).
The primary objective of the Commission is to provide a mechanism for international cooperation
promoting the conservation of anadromous stocks in the NPAFC Convention Area, which includes the
North Pacific Ocean and adjacent waters north of 33⁰N. NPAFC convention measures are to prohibit
directed fishing for anadromous fish, minimize incidental catch and prohibit retention of anadromous fish
caught in fishing operations directed on other species, and to coordinate and review research programs
conducted by the Parties involving directed fishing for or incidental takes of significant levels of
anadromous fish in the Convention Area. Moreover, the overall goal of the current NPAFC Science Plan is
to understand changes in Pacific salmon productivity in a changing climate, which aligns with the
timeframe and scientific objectives of the IYS.
Dr. Hal Batchelder, Deputy Executive Secretary of the North Pacific Marine Science Organization (PICES),
gave an overview of PICES. PICES is an intergovernmental scientific organization established in 1992 to
promote and coordinate marine scientific research in the North Pacific Ocean and adjacent seas to advance
scientific knowledge of the area concerned and its living resources. PICES has six member countries:
Canada, Japan, People's Republic of China, the Republic of Korea, the Russian Federation, and the United
States of America. PICES has a very complex network of collaborations with other organizations and may
carry out projects to deliver specific advice to governments or agencies. Although it is an intergovernmental
organization, the PICES science network includes both government and academic scientists, with a vision
to engage scientists in trans-disciplinary multi-national collaborations to further our collective
understanding of the North Pacific’s natural systems and enhance ecological and social resilience of our
coasts and oceans. PICES has a broad subject area plan including climate science, ocean chemistry, lower
trophic levels, fish, marine mammals and birds, contaminants, and now the human dimension component.
Dr. Martha Robertson (DFO, Newfoundland and Labrador) and Gérald Chaput (DFO, Gulf Region) gave
an overview of the management framework for Atlantic Salmon in the North Atlantic, covering the North
Atlantic Salmon Conservation Organization (NASCO) and the International Council for the Exploration
of the Sea (ICES). NASCO is an international inter-governmental organization that was established to
conserve, restore, enhance, and rationally manage Atlantic salmon. NASCO consists of three commission
areas: North American (NAC), North-East Atlantic (NEAC), and West Greenland (WGC). The
International Council for the Exploration of the Sea (ICES) Working Group on North Atlantic Salmon
(WGNAS) meets annually to consider questions posed to ICES by NASCO. The ICES WGNAS reports
are published online
(http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2018/WGNAS/
wgnas_2018.pdf). Despite major changes and increasingly more restrictive fisheries management
measures, many Atlantic salmon populations remain near historically low levels. Pre-fishery abundance of
salmon (i.e., prior to the commencement of distant-water fisheries) have declined over the data time series
in all stock complexes (early 1970s North America and Southern NEAC, mid-1980s Northern NEAC). In
North America, all salmon stocks within the United States and the Scotia-Fundy regions have been or are
being considered for listing under country specific species at risk legislation. The continued low
abundance of many salmon stocks across the North Atlantic, despite significant fishery reductions,
strengthens the conclusions that factors acting on survival in the first and second years at sea, at both local

4

NPAFC Technical Report No. 12

and broad ocean scales are constraining abundance of Atlantic salmon. Changing climate has been
proposed as both a direct and indirect (predator/prey) factor in reduced survival. Additionally, at a global
scale the time of sea entry is getting earlier, and the timing of adult returns show a similar trend. Changing
phenology and distribution of salmon and other species are important research gaps that can be best
supported through an integrated approach across the salmosphere.
Lastly, Dr. Ben Halpern introduced the National Center for Ecological Analysis and Synthesis (NCEAS),
which is an independent research affiliate of the University of California, Santa Barbara, which primarily
focuses on analyzing and integrating disparate data, theories, and methods to provide new insight. As a
synthesis center, NCEAS does not collect new data, but discovers new understandings from existing data,
thereby generating big-picture knowledge and solutions. NCEAS focuses on team science to enable
productive scientific collaborations, recognizing that environmental challenges are complex, and their
solutions require diverse perspectives and sets of expertise. NCEAS works towards data transparency and
reproducibility and utilizes a working group model for projects, whereby research does not rely on
permanent research faculty, but on a global network of researchers.
The session was successful in introducing the convening partners. The success of the IYS in linking climate
and salmon will depend heavily on the ability of these institutions to effectively engage the capacity of
broad scientific and management communities at local, basin, and hemispheric scales.

Session 3: State of knowledge of climate drivers and linkages between climate and salmon in
the Atlantic and Pacific basins
Session objective: Participants gain an understanding of 1) the current state of knowledge of the
known and hypothesized processes driving climate changes at the hemispheric and basin scales 2)
the trends and anomalies in salmon distribution, abundance and productivity that we seek to
explain, and 3) the ocean/freshwater mechanisms that we know or suspect or are linked.
Presentation 3.1: Climate drivers, Atlantic perspective (Kathy Mills)
Kathy Mills (Gulf of Maine Research Institute) began Session Three with a presentation on climate change
and drivers in the North Atlantic. Changing physical conditions in the Northwest Atlantic have been
documented in a variety of forms and linked to several climate indices. First, the region has experienced a
strong warming trend since the early 1990s. In the decade spanning 2002–2013, the Northeast US shelf
region (extending up into the Canadian Scotian Shelf) was among the most rapidly warming ocean regions
on the planet (Pershing et al. 2015). Drivers of this strong decadal warming trend included the Gulf Stream
Index (an index of the latitudinal position of the Gulf Stream based on temperature at 200 m depth (Joyce
et al. 2000), the Pacific Decadal Oscillation (particularly in spring and summer) (Mantua and Hare 2002),
and the Atlantic Multidecadal Oscillation in summer (Kerr 2000). A strong warming trend is expected to
persist in this area (Northeast US Shelf to Newfoundland) in the future based on results of a high-resolution
climate model (Saba et al. 2016).
Warming has been strongest during the summer months and the duration of summer-like sea surface
temperatures has expanded due to shifts in the timing of spring warming and fall cooling (Thomas et al.
2017). For an analysis spanning from Cape Hatteras, North Carolina, to south of Newfoundland, the
lengthening of the summer-like period has been strongest in the Gulf of Maine, where summer length has
been extended by two days per year since 1982 (Thomas et al. 2017). In this region, the lengthening of
summer was due largely to later fall cooling, whereas in the mid-Atlantic region, summer lengthened more
slowly (about 1 day per year), primarily due to earlier spring warming (Thomas et al. 2017). These changes
in summer start, end, and length were associated with the North Atlantic Oscillation, Gulf Stream position,
and spring and summer air temperatures (Thomas et al. 2017). This analysis is now being extended to the
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North Atlantic and North Pacific basins.
The North Atlantic region was also affected by a marine heat wave in 2012. During this event, sea surface
temperatures rose 1–3°C above the 1982–2011 average, a departure from normal that is similar in
magnitude to the changes projected for the end of the century under the higher radiative-forcing scenario
(RCP8.5) implemented with the CMIP5 climate model ensemble. This heat wave extended from Cape
Hatteras in the south, to Iceland in the east, and northward through the full extent of the Labrador Sea. It
represented the largest, most intense warm water event ever observed in the Northwest Atlantic Ocean
(Mills et al. 2013a). The warm water anomalies also extended through the water column to at least 50 m
depth (Chen et al. 2014). The heat wave was driven by anomalous air-sea heat flux due to a northward shift
of the jet stream that reduced cooling in autumn and winter 2011 and contributed to increased warming
during the spring of 2012 (Chen et al. 2014, Chen et al. 2015).
Another major event shaped the Northwest Atlantic’s regional ecosystems in the late 1980s/early 1990s.
This event was driven by a shift in the Arctic Oscillation and Arctic Ocean Oscillation that resulted in the
release of a pulse of freshwater export from the Arctic Ocean, resulting in a low salinity anomaly
propagating throughout the North Atlantic in the early 1990s and another one a few years later (MERCINA
2012). These low salinity waters moved through and downstream of the Labrador Sea, resulting in changes
in phytoplankton abundance and zooplankton size structure and community composition (MERCINA
2012). This cascade of effects has also been associated with changes in North American Atlantic salmon
population (Mills et al. 2013b) and a variety of other ecosystem shifts.
Presentation 3.2: Climate drivers, Pacific perspective #1 (Jim Christian)
Dr. Jim Christian (DFO, Canadian Centre for Climate Modelling and Analysis), provided a Canadian
(Pacific) perspective on climate variability and climate change. In the North Pacific, climate variability is
large relative to anthropogenic trends, and climate model projections have no predictive skill on the 10year time scale. Trends based on less than 20–30 years of data cannot be assumed to represent long-term
trends. Trends get more asymmetric over longer periods, but the Pacific Decadal Oscillation (PDO) pattern
is still apparent even in 30-year trends. Three hypotheses were presented about climate change and
variability: (1) approximately uniform anthropogenic warming superimposed on unchanging ‘background’
natural variability (Ho); (2) anthropogenic warming ‘projects’ onto existing modes (e.g., shift of PDO
towards permanent ‘warm phase’); (3) generation of novel modes (e.g., El Niño Modoki). Anthropogenic
forcing is the ‘elephant in the room’ and unless radiative forcing (e.g., pCO2 (atm)) stabilizes, rates of
change get larger every year. Differences among the various modes of natural variability are small by
comparison; hypothesis (1) provides a clear framework to assess departures from past conditions.
Presentation 3.3: Climate driver, Pacific perspective #2 (Nate Mantua)
Nate Mantua (NMFS, SWFSC) concluded the climate presentations with a second perspective on Pacific
climate drivers as they relate to Pacific salmon habitat. His presentation was framed around the dominant
patterns of seasonal, interannual, and decadal variations in North Pacific climate documented from
historical observations collected in the past century. North Pacific climate and ocean conditions undergo
strong seasonal variations. In the cold half of the year (October–March), a dominant pattern of low
atmospheric pressure called the Aleutian Low (centred over the Aleutian Island chain) brings a basin-scale
pattern of counter-clockwise wind forcing over the sub-arctic North Pacific and Bering Sea. There is also
typically a smaller, weaker area of high atmospheric pressure that brings clockwise winds in the region
between Hawaii and the mainland of western North America from Central California to Baja, Mexico. In
the warm half of the year (April–September), the subtropical high-pressure area expands and intensifies off
western North America all the way to southern British Columbia, while the Aleutian low-pressure cell
weakens considerably and migrates northward to the Bering Sea. The alongshore winds off the West Coast
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of North America associated with these patterns drive intense summertime upwelling from Vancouver
Island south to Baja, Mexico, and open ocean downwelling in waters beyond a few hundred kilometres
from shore. In winter, the climatological mean winds drive intense offshore mixing and open ocean
upwelling in the sub-arctic North Pacific (including the Gulf of Alaska), and intense coastal downwelling
from Oregon to Southcentral Alaska. These regular patterns in atmospheric forcing cause regular spatialtemporal seasonal patterns in ocean mixing, nutrient enrichment, and food-web productivity that are critical
drivers for the sub-arctic waters occupied by Pacific salmon.
The two leading patterns of interannual to interdecadal variability in North Pacific climate are the Pacific
Decadal Oscillation (PDO) and North Pacific Gyre Oscillation (NPGO). At the basin scale, there is also
clear evidence for interactions between these extratropical climate patterns and tropical El Niño Southern
Oscillation variability (Di Lorenzo et al. 2013). Both the PDO and NPGO have been empirically linked
with a variety of changes in the biogeochemistry of the North Pacific Ocean (reviewed by DiLorenzo et al.
2013), as well as patterns of North Pacific salmon abundance, productivity, and smolt-to-adult return rates
(see the commentary by Mantua 2015).
Consistent with Dr. Christian’s null hypothesis, one can interpret the recent climate history of the North
Pacific as reflecting a superposition of natural climate variations and anthropogenic climate change. The
record Northeast Pacific Marine Heatwave of 2014–2016 has been interpreted in this way (e.g., Di Lorenzo
and Mantua 2016; Jacox et al. 2018). An important prediction from this null hypothesis is that in the next
few years and perhaps even next few decades might see the effects of anthropogenic climate warming either
masked or amplified by natural climate variations. However, state of the art climate models under the RCP
8.5 radiative forcing scenario show that anthropogenic warming completely swamps the envelope of natural
variations in North Pacific SSTs by the late 21st century (Alexander et al. 2018).
Panel discussion 3.1: Do we have a common understanding of climate drivers and gaps in knowledge? Are
basins linked, i.e., teleconnection?
Following the presentations on Atlantic and Pacific climate drivers, participants considered the current state
of knowledge and possible teleconnections between the Pacific and Atlantic. It was acknowledged that
climate change will not be a smooth transition, but a rocky road with an increase in frequency and
magnitude of extremes, making fisheries projections increasingly unreliable. The elements of
anthropogenic change that may be causing these extremes are largely unknown. Stronger coupling between
warming oceans and the maximum amount of water vapour the atmosphere can hold might be created
through intensified feedback mechanisms between the ocean and atmosphere. Some atmospheric patterns
span both basins, such as the Arctic Oscillation, which is closely related to the North Atlantic Oscillation
(NAO). The “warm blob” in the Pacific also has obvious atmospheric components. Moreover, low latitude
Atlantic circulation patterns and the El Niño in the Pacific are connected through the atmosphere. For
example, El Niño causes weaker winds and warmer sea surface temperatures in the Atlantic, which affect
the frequency of hurricanes. Another question raised was the melting of polar ice caps and what this will
mean for mid-latitudes (e.g., jet stream behaviour). Conversation then shifted to the current reactive mode
that management systems are operating under with the hopes that short-term extremes will go away. It was
noted that the future will not look like the past, and management systems need to move from reactive to
proactive.
Panel discussion 3.2: What are the trends or anomalies in salmon abundance, productivity and biology that
we seek to explain and what are the potential linkages to climate/ocean/freshwater conditions in the Western
North Pacific? Panellists: Shigehiko Urawa, Masahide Kaeriyama, Vladimir Radchenko and Elena
Ustinova.
Dr. Shigehiko Urawa (Hokkaido National Fisheries Research Institute, Fisheries Research and Education
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Agency, Japan) began the panel discussion with a presentation on trends of salmon production in Japan and
other regions. The total commercial catch of chum salmon in Pacific Rim countries has increased since the
mid-1970s, peaked in 1996 (401,516 metric tonnes), and then became almost stable at around 300 thousand
tonnes since the late 1990s. Catch trends differ by region (Fig. 1). In Japan, the annual coastal catch of
chum salmon was over the average (160,153 tonnes) between 1985 and 2010, but it has been decreasing
since 2004, and was only 67,645 tonnes in 2017. In contrast, Russian catch has rapidly increased since
2006, and reached 97,699 tonnes in 2017. In Alaska, chum salmon catch has been higher than average
(49,186 tonnes) since 1994 and was 88,023 tonnes in 2017. In Canada, chum salmon catch has been below
the average (12,524 tonnes) since the mid-1990s. In Washington, Oregon, and California, catch has been
variable with no clear trend. Thus, the current status of chum salmon populations alludes to superior
conditions in northern areas, while conditions are variable or depressing in the southern areas.
Japanese chum salmon migrate globally in various ocean ecosystems by season and life stage, such as the
coastal waters around northern Japan and the Okhotsk Sea in summer and fall, the western North Pacific
during the winter, the Bering Sea during summer and fall, and the Gulf of Alaska during other winters (Fig.
2; Urawa et al. 2018). The ocean migration route of Japanese chum salmon might be genetically fixed after
the long-term adaptation to maximize production. Thus, Japanese chum salmon may have a high risk of
poor survival in rapidly-changing ocean conditions as they need a set of all ocean habitats to complete their
life cycle. It is of concern how they can adapt their migration route and distribution in changing ocean
environments.
More than 80% of Asian chum salmon juveniles inhabit the Okhotsk Sea during their first summer and fall.
The abundance of juvenile chum salmon was recorded at high levels (480–553 million fish) in 2012, 2013,
and 2015 (Fig. 3; Chistyakova and Bugaev 2016). The abundance of Japanese hatchery-origin juveniles
was 120 million fish (survival rate: 6.9%) for the 2010 brood year stock and 240 million (survival rate:
14.9%) for the 2011 brood year stock, but less than 75 million (survival rate: 2.8-4.2%) for the following
brood year stocks (2012, 2013, and 2014). There is a significant positive relationship between abundance
of Japanese hatchery chum salmon juveniles in the Okhotsk Sea and adult returns by brood year (Fig. 4;
Sato et al. 2018). This indicates that the year class strength of Japanese chum salmon is determined during
the early ocean life of juveniles migrating toward the Okhotsk Sea (Urawa et al. 2018). A cause for the low
survival of brood year 2012–2014 chum salmon might be relatively cold SST during the early coastal life
in spring and following a rapid increase of SST in early summer, which could have disturbed their growth
and migration.
It is important to understand the survival mechanism of juvenile salmon in southern areas associated with
climate change. Swimming performance (migration speed and endurance) of juvenile salmon is a key factor
in understanding their oceanic migration and survival (Fig. 5; Urawa et al. 2018). Juvenile salmon require
a strong swimming performance to migrate quickly to avoid lethal water temperatures in coastal waters of
northern Japan. Strong swimming performance may also increase the ability of juvenile salmon to search
for prey organisms, avoid predators, and successfully migrate to their offshore destination, such as the
Okhotsk Sea.
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Fig. 1. Chum salmon catch (weight in metric tonnes) anomalies by region, 1972–2017.

Fig. 2. Seasonal migration model of Japanese chum salmon (Urawa et al. 2018).

Fig. 3. Abundance of juvenile chum salmon in the Okhotsk Sea, estimated by Russian R/V surveys in the fall of
2011–2015 (Urawa et al. 2018). BY = brood year.
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Fig. 4. A positive correlation between abundance of Japanese hatchery chum salmon juveniles in the Okhotsk Sea
and adult returns by brood year (BY) (Sato et al. 2018).

Fig. 5. A conceptual scheme for understanding the survival mechanism of juvenile chum salmon during the early
ocean life (Urawa et al. 2018).

Dr. Masahide Kaeriyama (Arctic Research Center, Hokkaido University, Japan) continued the discussion
on Japanese chum salmon. In the 2010s, the temperature of coastal waters around Hokkaido began gradually
increasing beyond the area of optimal temperature (OT) for chum salmon. The relationship between SST
of the southern Okhotsk Sea in July and survival rate of Hokkaido chum salmon has a significant positive
correlation within the OT, but a negative correlation over the OT. Thus, Japanese juvenile chum salmon
would lose a migration route to the Okhotsk Sea with the progress of warming climate. In addition, intraspecific interaction/competition will occur between wild and hatchery populations in the Okhotsk Sea.
Dr. Vladimir Radchenko (Executive Director, NPAFC), was the next panel speaker, leading to a discussion
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on correlation between chum salmon catches and climate indices. Presentations during the Panel 3.2 showed
significant deterioration of environmental conditions for juvenile chum salmon as a consequence of
continuing water warming at southern boundaries of their distributional area. As a result, chum salmon
demonstrate opposite trends of abundance in northern and southern regions. In 2017, total chum salmon
harvest in Japan did not exceed 20 million fish. Stock identification studies in the Sea of Okhotsk show that
juvenile chum salmon originating from Japanese rivers are already small in numbers at this early stage of
marine life, which suggests significant mortality rates in inshore waters. Trawl survey and stock ID results
demonstrate a good correlation with chum salmon run magnitude.
Seasonal SST distribution dynamics show that the domain of favourable water temperature is disconnected
from the Hokkaido coasts at the time of chum salmon entering the marine environment. Scale growth
studies reveal a decrease in chum salmon growth rate during the first marine year that closely correlates
with marine survival. The conclusion is that marine waters around Hokkaido became too warm for
successful juvenile salmon migration.
Proceeding from dynamics of large-scale, North Pacific-wide physical processes and phenomena, it was
shown that trends of Asian and American salmon stocks are different. While thermal conditions of the
northwestern Pacific are determined by cooled water flowing from the northern regions, the thermal
conditions of the northeastern Pacific are determined by heated waters flowing from southern latitudes that,
for example, led to the “warm blob” formation in late 2013. Solar activity dynamics and physical processes
regulating the heat budget of the upper water layer seem to be the major drivers of Pacific salmon
productivity in the North Pacific Ocean.
In the high seas, there are no drastic changes in the thermal conditions of salmon habitat. The position of
main isotherms did not change notably in 2015 and 2018 in comparison to the1970s, except for an area near
the northwestern North America. It may be useful to perform correlation analyses across stocks and species
and domains to identify scale of potential climate interactions.
Dr. Elena Ustinova (Pacific Scientific Research Fisheries Center (TINRO-Center), Russia), concluded
panel discussion 3.2 with a presentation on the main components of the structure of climate variability for
SST anomalies in the northern Japan Sea and mean winter ice cover in the Bering and Okhotsk seas. The
main components of the climate variability structure are trends (changes), regime shifts, quasi-periodical
components (as an example decadal and quasi-pentadecadal oscillations), and extreme events. For example,
warming is accompanied by decreasing sea ice cover that is the most significant in the Okhotsk Sea (4.3%
per decade) where the ice cover tendency agrees well with the changes of air temperature in the Northern
Hemisphere. Reduction of mean winter ice extent in the Bering Sea is not statistically significant during
the period of 1960–2018, but in 2018 unprecedented low ice cover was observed here as the new absolute
extremum. The total variance of the many “thermal variables” has increased over the last 25 years in the
northwest Pacific, including Far-Eastern Seas. Frequency of extreme event occurrence has also increased.
In the winter and spring, the location of the 12°C surface isotherms (“southern salmon isotherms“) is more
stable in the northwest Pacific than in the Northeast Pacific. The location of the 2°C surface isotherm
(“northern salmon isotherms”) changes significantly both in the northwest, and in the northeast Pacific. By
climatic projections, the features will persist into the next decades. Thus, the habitable zone for salmon will
be reduced.
There are certain seasonal and regional features of the climate variability structure. In the winter, a
northward shift of the spectral maximum toward low frequencies occurs. Shorter cycles prevail in the
northwest Pacific Subarctic frontal zone and in the northern Japan Sea. Quasi-periodical components of the
regional climatic variability have a self-oscillating nature of hemispheric and basin scale, as well as a
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geophysical nature (for example, "lunar tide" with an 18.6 year cyclicity). There is low predictability of
year-to-year variability associating essentially with instability of quasi-biennially oscillations and with
mesoscale processes affecting the salmon spatial distribution, especially in the western Subarctic frontal
zone. Pink salmon distribution is determined by shape of the landscape zone favourable for its dwelling in
winter-spring, which depends on the mode of the western Subarctic gyre in the Northwest Pacific, on the
mode of the Subarctic Front, and on intensity of the ocean branches of the East-Kamchatka Current and
Aleutian Current (Figurkin and Naydenko 2014).
For salmon, all types of variability are important. However, regime shifts, and extreme events have played
a more "dramatic" role in comparison with long-term trends and low-frequency quasi-periodical oscillations
because of limited adaptive capacity to high rates of change.
A short, open discussion followed the panellist’s presentations. It was noted that although temperature
changes are not that extreme, we are seeing big production extremes, indicating that thermal extremes are
not the only indicator for adequate salmon habitat. It was noted that temperature itself may not be an
indicator but may be an indicator of other processes at work, such as changing structures of prey species
and predators, as well as new fisheries and bycatch. Other trends noted were declining size of chum in
Russia and decreased performance of wild chum versus hatchery chum in Japan.
Panel Discussion 3.3: What are the trends in salmon abundance, productivity and biology that we seek to
explain and what are the potential linkages to climate/ocean/freshwater conditions in the Eastern North
Pacific – Matt Baker, Ed Farley, Peter Westley, Kim Hyatt, Rick Brodeur, Nate Mantua, Dion Oxman.
Matt Baker (North Pacific Research Board) began the Panel Discussion 3.3 with a discussion on the effects
of climate on life history. In Alaska, sockeye salmon are generally spending less time in freshwater due to
a warming climate and more time in the ocean, which may be leading to carry-over and competition with
hatchery fish. Fish are also returning larger but there is no change in average age. For Chinook salmon in
Alaska, older fish are disappearing, average age is declining, and older fish are smaller at age, which is
consistent with size-selective mortality. A pink salmon forecast model was discussed in which ecosystem
variables are included if they significantly reduce prediction error (MAPE). Ecosystem variables include:
juvenile pink salmon condition, size, and seasonality; Icy Strait Temperature Index and mixed layer depth;
and PDO winter and summer; multivariate ENSO Index winter. There are several ways that temperature
(ISTI) could be important to the forecast model, specifically survival (e.g., reduced survival during warm
years) and migration (e.g., increased migration of southern stocks through Icy Strait during warm years).
Ed Farley (NMFS, Alaska Fisheries Science Center) was the next panelist, continuing the discussion on
trends in Alaska. The Alaska Fisheries Science Center monitors the large marine ecosystems in Alaska
including the Gulf of Alaska, Bering Sea, and Arctic. Strong correlations are found between juvenile
southeast Alaska pink salmon abundance and adult returns the following year, suggesting that brood year
strength is set within inside waters of southeast Alaska. There are exceptions; abundance indices for 2014
to 2016 over-forecast adult returns during 2015 to 2017. It is believed that there was higher mortality after
their first summer at sea as these juveniles entered the shelf region of the eastern Gulf of Alaska during the
extreme warm sea conditions that also had reduced prey resources.
There is also good correlation between the juvenile Yukon River Chinook salmon index and adult returns
to the Yukon 2 to 4 years later. The ecosystem that these juvenile Chinook salmon enter (northeastern
Bering Sea) is driven by sea ice during winter and sea ice in this region has been stable during the period
of these surveys. Again, it is believed that brood year strength for Yukon River Chinook salmon is set prior
to the September survey.
A good correlation is not seen between juvenile Bristol Bay sockeye salmon and adult returns. Mortality of
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these juveniles varies after our survey and is driven by the amount of lipid these fish attain during their first
summer at sea.
Dr. Peter Westley (University of Alaska Fairbanks) continued the panel discussion on trends in Alaska,
particularly regarding associations of climate drivers and Yukon River Chinook salmon survival, reduced
size at age in Alaska salmon, and phenological mis-matches in freshwater or nearshore environments. The
primary points Dr. Westley sought to make in his presentation were: 1) there is a need to move from
correlative linkages to mechanistic understanding of ecosystem interactions, 2) there is a power to synthesis
science, and 3) we need to need to move from traits to fates (phenotypic management in the face of change).
Fig.6 is from a recent paper by Cunningham et al. 2018 that uses a sophisticated stage-based life cycle
model and Bayesian estimation and model selection to understand drivers of Yukon River Chinook salmon
survival. The work revealed several important findings that support a relatively large role of marine
mortality compared to freshwater mortality on population dynamics, showed linkages to several large-scale
climate indices, and that survival was associated with chum salmon production from Japan. The issue is
that this sophisticated model at its core is still correlative. Some of the relationships may not be causal but
confounded with other unknown (and potentially unknowable!) drivers. For example, ocean conditions
(e.g., sea surface temperature) that may favour Chinook salmon may reduce chum salmon survival resulting
in a spurious correlation between species consistent with interspecific competition.
Fig. 7 represents over 9 million salmon size and age records from the Alaska Department of Fish & Game.
By bringing these data together as part of the State of Alaska Salmon and People Project, they have revealed
consistency and site-specific variation in size and age changes. A knowledge gap on our understanding of
pink salmon size change was also identified as they have not been systematically sampled. By bringing
together disparate datasets we can glean new insights that lead to new knowledge at unprecedented scales.
Finally, the survival and fitness of salmon is inextricably linked to phenotypic traits (e.g., size, age, and
timing of key life history events) that are selected on through ecological processes. We need to understand
how traits (both genetically determined and those shaped by the environment through plasticity) link to
fitness, and by doing so, move from traits to fates. This would move us towards a better understanding of
the potential for adaptation in a rapidly changing world and elevates the importance of understanding
linkages between ecology and evolution (and vice versa).
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Fig. 6. Cunningham et al. 2018.
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Fig. 7. Oke et al. in prep.

The next panellist, Dr. Kim Hyatt (DFO, Pacific Biological Station), gave a presentation explaining salmon
return variations induced by climate variation and change events or regimes He noted that research into the
specific influence of major CVC “drivers” (e.g. El Niño and La Niña) of salmon life history events can lead
to significant improvements in salmon-return forecasting skill (e.g., Barkley and Okanagan sockeye; Hyatt
et al, 2011, 2016). By contrast, the current focus of most research effort on single, life-stage management
(adults) and simple models (R/S) results in loss of insight into multiple processes affecting productivity
patterns of single Conservation Units (CUs) (i.e., many-to-one effects as shown later in Fig. 14). This leads
to weak science, unpleasant surprises, “faith-based” management, and lost restoration and fisheries
opportunities. A focus on area-based management and the absence of cumulative spatial-effects assessments
(i.e., “landscape”) approach results in loss of insight into cumulative impacts of potent single factors on
spatially distributed sets of CUs (e.g. “one-to-many” effect of exposure to thermal-regime stress on Chinook
and sockeye migration and production, Figure 8). For example, analysis of the average number of days per
decade that adult Chinook Salmon are exposed to during their main riverine migration period in major
rivers from southern to northern British Columbia clearly indicates that southern system populations are
not only exposed to greater stress than those in Central Coast rivers but also that the frequency of stressful
conditions have been especially acute within the most recent decades.
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Fig. 8. Average number of days by decade (1920–2000s) of peak-over-threshold temperatures of 18 degrees Celsius
during the main migration interval for adult Chinook Salmon in several major rivers of British Columbia (Hyatt and
Stiff, in prep).

Dr. Ric Brodeur (NMFS, Northwest Fisheries Science Center) followed with a presentation describing some
unusual salmon observations in 2015 and 2016 that were likely related to the unusually warm ocean
conditions starting in 2014 (Warm Blob). There were many extreme anomalies in salmon run size or body
size from different regions of the Northeast Pacific during both 2015 and 2016. Different salmon species
showed generally anomalously low run sizes in many systems, along with smaller body sizes and low
fecundity in some regions, although there were also some positive anomalies such as chum salmon in the
southern part of their range and Chinook salmon on the Oregon Coast. These impacts on multiple successive
years are likely to have carryover effects for some time after the ocean temperatures return to normal.
Another documented effect of the warming temperatures is changing phenology such as downstream
migration timing (Fig. 9). The cumulative run timing at Bonneville Dam on the Columbia River for various
species (hatchery and wild combined) exhibits dramatic earlier shifts especially in 2016, which had the
earliest run timing of any year, although 2015 was also early. This phenological shift may be due to warmer
river conditions leading to faster development and possibly earlier snowmelt increasing spring flows. It is
unknown what the implications of this timing shift may be for salmon feeding in the estuary or ocean, but
some recent data suggest that timing of plankton blooms and prey fish spawning may have also shifted to
earlier dates, so it may not be totally bad for salmon.
The Northwest Fisheries Science Center (NWFSC) has annually published a stoplight chart categorizing
ocean conditions over the past 20 years with respect to salmon survival (Fig. 10). The colour patterns on
the chart are based on regressions of each variable on salmon returns or ocean survival. Values in red are
classified in the lowest third and those in green are in the upper third relative to salmon survival. This shows
that conditions were almost uniformly bad during the 1998 and 2004–2005 ENSO events, which resulted
in poor returns of salmon in the California Current. Conditions in the last three years have been also poor
due the “warm blob” of 2015 and ENSO of 2016. Conditions for some of the variables in 2017 continue to
be poor but others show signs of returning to near normal.
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Fig. 9. 2016 Columbia salmon outmigration timing was extremely early for all yearling migrants indicating a
Phenological Shift to earlier outmigration in recent years.

Fig. 10. Ocean ecosystem indicators based on positive (green), moderate (yellow), or poor (red) effects on juvenile
salmon. http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/g-forecast.cfm.
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Dr. Nate Mantua (NMFS, Southwest Fisheries Science Center) was the next panellist, with a presentation
on west coast Chinook salmon troll catch, models of salmon recruitment, and fisheries disasters. The west
coast Chinook salmon troll fishery has seen high variability between years and a 40-year downward trend.
The current conceptual model of salmon recruitment can be seen in Fig. 11. Federal fisheries disasters
presented were as follows:
•
1984: coastwide catch/escapement declines in 1983 due to El Niño-related warm/poor ocean
conditions in the CCS in 1982–1983; catch declines in 1984 also due to harvest limits
•
1994: poor catches in 1993 related to CA drought from 1987–1992, very low snowpack westwide in 1992, Washington State flooding in 1992–93, CCS warm ocean conditions related to
El Niño in 1992-93; $16M aid package
•
1995: requested and received another $12M relief
•
1998: record flooding in Washington State in winters 1995–1996 and 1996–1997
•
2005: unprecedented restrictions on commercial ocean and in-river fisheries in northern
CA/OR due to poor salmon returns to the Klamath River; multi-year drought and poor stream
conditions in 2001–2015
•
2006: severely restricted or closed fisheries from Cape Falcon, Oregon to Point Sur, California
(700 miles of coastline); “recent decline in ocean conditions and 2001-2015 Klamath drought”
•
2008-2009: extremely poor California fisheries and escapements in 2007, closed fisheries in
2008, collapse of Sacramento River fall Chinook salmon;
•
2011: no fishery and record low escapement of Sacramento R. Fall Chinook in 2009; NMFS
report concludes “poor ocean conditions in 2005-2006 in conjunction with degradation of FW
and estuary habitat, reliance on 4 hatcheries” were the proximate and underlying factors
•
2016-7 (2 granted, more pending): Klamath Tribes, California/Oregon Governors – very poor
catch in 2016, severe fishery restrictions or closures for 2017; caused by warm blob/poor ocean
conditions (2014–16), 2015 western snow drought, California “hot drought” (2012–2015), poor
water quality and related parasites and fish disease in the Klamath River.
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Fig. 11. Current conceptual model of salmon recruitment (Wells et al. 2016).

Dr. Dion Oxman (Alaska Department of Fish and Game) closed the 3.3 panel presentations with another
presentation on salmon in Alaska. Production of Alaskan Chinook salmon across 21 key stocks has been
below average since 2007. Although stocks in Western Alaska are improving, southeastern stocks have

18

NPAFC Technical Report No. 12

shown recent declines. Recent research shows correlations between the first year of marine growth and
anomalous SST. Age proportions of Chinook have changed, with a shift to younger age at return, as well as
a commensurate decline in average length at maturity. The decline of age at return has been greater for
males between 1964 and 2015 in the Kuskokwim River, Alaska. Alaskan pink salmon had low returns in
2016 (40% below average), normal returns in 2017, but projected low returns for 2018. In Alaska, odd year
runs of pink salmon are more abundant that even year runs. Alaskan chum salmon are doing comparatively
well: in 2017 harvests exceeded the 5 and 10-year averages and all escapement goals were either met or
exceeded. It is difficult to assess the status of Alaskan coho because of their fall return times, but most
(>80%) escapement goals were met. In Southeast Alaska, however, declines in spawner size and weight
have been observed. Also, recent increase in coho numbers occurred concurrently with the “warm blob” in
the Pacific. Most stocks of Alaskan sockeye are doing well. Recent returns to Bristol Bay have been high,
though weights were 7 – 10% below average. The weights of sockeye in the Copper River between 2015–
2017 were 10 –15% below average, though escapement goals were met.
Panel Discussion 3.4: What are the trends in salmon abundance, productivity and biology that we seek to
explain and what are the potential linkages to climate/ocean conditions/freshwater conditions in the
Atlantic – Gérald Chaput, Martha Robertson, Kathy Mills and John Kocik.
Mr. Gérald Chaput (DFO, Gulf Region) began the next panel discussion with a presentation on abundance
and relative productivity of Atlantic salmon in the North Atlantic, which is considered at continental,
regional, and river specific scales. Run-reconstructions at continental (eastern North America, southern
Northeast Atlantic, northern Northeast Atlantic) scales indicate that the total abundance of Atlantic salmon
at sea as of January 1 of their first winter (recruitment or pre-fishery abundance) was in the range of 10
million fish in the early 1970s, while it is presently in the range of 3.5 million fish. Productivity, expressed
as the ratio of the estimated recruitment abundance per spawner abundance, declined rapidly over the 1989
to 1991 year for both North American and southern European stock complexes, and have remained at
annually variable but consistent levels since that time. A similar step change in plankton indices over that
time period has been reported for Norwegian Sea indices in the Northeast Atlantic and in the Gulf of Maine
in the western Atlantic.
Life cycle modelling approaches that decompose the dynamics at regional scales within the continents
indicate a common and correlated decline in both the post-smolt survival rates and an increase in the
proportions of the recruitment that subsequently return as one-sea-winter salmon and two-sea-winter
salmon, for North American and southern Northeast Atlantic stocks, suggesting that large scale drivers of
productivity may well be overriding regionally specific factors acting at nearshore areas or in freshwater.
When considering river-specific estimates of return rates from smolts to maiden salmon returns, declines
in return rates are consistent in the North Atlantic confirming the life cycle modelling results of declines in
estimated post-smolt survival.
Much of the Atlantic salmon literature speaks to bottom-up effects as the drivers of Atlantic salmon survival
and abundance, with consequences to growth rates and subsequently predation rates, or maturation
schedules at sea. Evidence of bottom-up effects are noted in the annual variations in standard weights of
salmon sampled at Greenland in their second summer at sea, and notably with a strong synchronous
variation in standard weights of salmon from North America and southern Europe. There are patterns of
reduced size-at-age in salmon populations in France and a few other Northeast Atlantic populations but
increases in size-at-age over time have been more consistent in the Northwest Atlantic. However, as lengths
have increased, abundances have declined and size-dependent survival mechanisms should likely be
considered in that only the faster growing fish survive when conditions (prey quality, metabolic stress) are
less favourable, resulting in fewer but larger fish returning to rivers. The choice of spatial scales is an
important consideration in understanding the factors affecting Atlantic salmon abundance and population
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dynamics in the North Atlantic.
Dr. Martha Robertson (DFO, Newfoundland and Labrador and Chair of ICES Working Group on North
Atlantic Salmon) and Dr. John Kocik (NMFS, NEFSC) continued the discussion on stock status of Atlantic
salmon in North America. Despite major changes and increasingly more restrictive fisheries management
measures, many Atlantic salmon populations remain near historically low levels. Pre-fishery abundance of
salmon (i.e., prior to the commencement of distant-water fisheries) have declined over the data time series
in all stock complexes (early 1970s North America and Southern NEAC, mid-1980s Northern NEAC). In
North America, all salmon stocks within the USA and the Scotia-Fundy regions have been or are being
considered for listing under country specific species at risk legislation. The continued low abundance of
many salmon stocks across the North Atlantic, despite significant fishery reductions, strengthens the
conclusions that factors acting on survival in the first and second years at sea, at both local and broad ocean
scales are constraining abundance of Atlantic salmon. Changing climate has been proposed as both a direct
and indirect (predator/prey) factor in reduced survival. Additionally, at a global scale the time of sea entry
is getting earlier, and the timing of adult returns show a similar trend. Changing phenology and distribution
of salmon and other species are an important research gap that can be best supported through an integrated
approach across the salmosphere.
Dr. Kathy Mills (Gulf of Maine Research Institute; in collaboration with Tim Sheehan, Northeast Fisheries
Science Center), the next panellist, gave a presentation on linking climate to Atlantic salmon. In North
America, declines in the abundance and productivity of regional population complexes of Atlantic salmon
have occurred coherently from the Gulf of Maine to Labrador (Mills et al. 2013b). Similarly, salmon
populations in Europe exhibited common patterns of decline across many countries (Beaugrand and Reid
2012). In addition, the timing of declines for both North American and European stock complexes was
tightly aligned (Beaugrand and Reid 2012, Mills et al. 2013b).
The spatial and temporal coherence of Atlantic salmon population declines across the North Atlantic basin
points towards marine conditions as critically important for determining survival and population dynamics
since marine changes can affect salmon from widely distributed areas when they are aggregated on
overwintering and feeding grounds. Declines have been more severe among population cohorts that spend
two winters at sea (2SW fish) versus those that remain at sea for only one winter (1SW) (Potter et al. 2004,
Chaput 2012, ICES 2014). This observation reinforces the potential importance of marine conditions in
determining Atlantic salmon survival, as longer marine exposure is associated with greater declines in
abundance.
A number of studies have demonstrated changes in food webs of North Atlantic marine ecosystems that can
be attributed to climate drivers (Beaugrand et al. 2008, MERCINA Working Group 2012), and other studies
have linked these climate drivers and ecosystem changes to Atlantic salmon marine productivity
(Beaugrand and Reid 2003, Friedland and Todd 2012, Mills et al. 2013b). Mills et al. (2013b) found
particularly strong correlations between changes in North American Atlantic salmon abundance and
productivity with changes in capelin, zooplankton community composition, sea surface temperature, and
the Atlantic Multidecadal Oscillation. Weaker correlations with the North Atlantic Oscillation, sea surface
salinity, and phytoplankton were also detected (Mills et al. 2013b).
In addition to declines in a capelin, a large-scale shift in the prey composition consumed by Atlantic salmon
in the Northwest Atlantic has been documented between 1965–1970 and 2006–2011 (Renkawitz et al.
2015). Many of the prey items consumed in recent years have lower energy content than capelin, the
historically-dominant prey species. In addition, energy content of capelin itself has declined by
approximately 34% since 1968. The cumulative result of these changes is that estimates of energy
consumption by Atlantic salmon have dropped substantially over time, both due to changes in prey
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composition and declining energetic value of capelin (Renkawitz et al. 2015).
Previous research has largely described population and ecosystem changes, but current research is
investigating growth as a potential mechanism that links climate and ecosystem change to Atlantic salmon
population features. This effort will analyze data from salmon that (1) return to the Penobscot River, ME,
(2) feed at West Greenland during the summer, and (3) are part of other populations as growth data are
collected. Research will determine relationships between growth and ecosystem conditions during different
marine life phases, assess how energetic needs have changed over time, and integrate climate-related growth
changes into population dynamic models.
A short discussion followed the 3.2, 3.3, and 3.4 panel presentations. A point was raised on the importance
of relationships—in addition to what the conditions are, it is necessary to think about when and how fish
are exposed to those conditions. There is evidence of an increasing proportion of younger sea ages at
maturity in the returns of Atlantic salmon in the North Atlantic and declines of one-sea-winter maturing
fish have been less severe than for multi-sea-winter salmon. There is also a great diversity of run-timing
among and within populations over time and this may have consequences on size of fish returning to rivers
as fish returning later may have more time to feed and grow relative to fish returning earlier. There is also
diverse and latitudinal relationship in the age structure in outmigrating smolts, with younger smolt ages in
the southern range. Temporal changes in smolt age distributions have also been noted with some evidence
in some populations of a shift to younger age distributions in some rivers of Europe but this has not been
extensively examined. Combinations of changes in age at smoltification and sea ages at maturity may have
consequences to population viability as described by the Portfolio Effect. Steelhead in the Pacific basin
were brought up as a good analogue to Atlantic salmon, but unfortunately, few steelhead populations are
tracked in detail. In contrast to Atlantic salmon, declining size at age has gone back decades in the Pacific.
In the Atlantic, however, there are not enough salmon to compete against themselves, so this observation is
not likely caused by the same mechanism. For Pacific salmon, selective pressure appears to favour earlier
age at a maturity, in addition to density affects. There are also exceptions and spatial differences, making it
difficult to apply one sweeping denominator to be causing these shifts. It was noted that the exceptions may
tell you as much as the other data, although data is not well assembled to put to this use. The Atlantic decline
in productivity in the 1990s is similar to the Pacific decline. It was suggested that the Atlantic decline may
have been due to a salinity anomality caused by the Arctic Oscillation. In the Pacific, the Arctic Oscillation
is not the dominant signal. Although something happened in the 1980s/1990s in both basins, the driver
might not be the same. Arctic circulation patterns have a big impact on outflow in the North Atlantic, but
not as much in the Pacific. Therefore, changes in sea ice may not have as much of an influence in Pacific.
It was suggested that connections in weather patterns, particularly the Arctic Oscillation, must be explored
in greater detail.
Group Discussion: Synthesis of linkages between climate and salmon and framing of hypotheses to test.
The panel discussions from Day One were concluded with a group discussion, guided by the following
discussion questions:
1. Are the hypotheses linking climate to the salmosphere different, or similar, in different parts of the
North Atlantic and North Pacific?
2. Are there multiple spatial scales at work (e.g. hemispheric, basin, and regional)? To what extent
might we see inter-basin covariation in climate forcing of the salmosphere?
3. Can we prioritize research aimed at testing hypotheses at the different spatial scales?
The need for a common approach to climate issues between both the Atlantic and Pacific basins was a
common theme throughout the discussion. The relationship between the North Pacific and the North
Atlantic is currently poorly understood. Climate changes are impacting ecosystems on a large scale, with
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many common drivers and understanding the relationship between the two basins may provide key insights
into changes that could affect salmonid species. Climate indicators are evolving from correlative to unique
drivers, allowing for more refined hypothesis testing as outlined above. “It would be valuable to explore
potential hypotheses common to both basins. This hypothesis needs to involve a physical process, which
affects fish, ecosystems, productivity, and beyond, not just a statistical description. The next step after this
is to determine how climate links to all marine ecosystems, which will help determine how different climate
drivers impact juvenile salmon when they enter different ecosystems.
To determine the impact of climate drivers on salmon, models need to be created. These models need to
focus on the physical and biological processes which will occur under different climate scenarios. To start,
models should be created for temperature and productivity. Then models can be built to focus on climate
drivers which will reveal the causes of different climate conditions. It was noted that to achieve this, earth
system models may be required. Models can start using previously collected data.
Moving forward, it may be beneficial to develop a common approach to determine climate impacts between
both the Atlantic and Pacific basins that would include a set of testable hypotheses. To achieve this, focus
needs to remain on meetings and getting leadership together to take tangible steps forward. Concurrently,
models to test the hypotheses need to be created. A meeting between post-docs and principle investigators
working on related models should be organized. At this meeting, participants will be encouraged to share
code and data, and move forward in the direction they feel is best to obtain the final models. Emphasis was
placed on allowing meeting participants freedom to create organically.

Session 4: Linking salmon to the environment
Session objective: Participants consider new and existing technology and a conceptual research
framework that could be used to link salmon to their environment in place and time.
Presentation 4.1. Likely Suspects Framework – Kim Hyatt/Gerald Chaput. Could the Likely Suspects
Framework be used as the conceptual and modelling framework to link salmon and the environment?
Kim Hyatt (DFO, Pacific Biological Station) presented the Likely Suspects concept to the group. The Likely
Suspects Framework is an accounting approach to identify likely bottlenecks across life history stages of
salmon. The concept is under development by the Atlantic Salmon Trust and places candidate mortality
factors within an overall spatio/temporal framework of Atlantic salmon throughout the smolt migration
phase, both freshwater and marine, with a view to quantifying the potential of each factor to influence
survival. The principle objective is to quantify the number of salmon that are dying on their initial migration
and at sea, in comparison to earlier periods of higher marine survival, and to allocate these “lost” fish to the
various known or hypothesized sources of mortality. A workshop was conducted in November 2017 to
discuss further development and refinement of the Likely Suspects concept, taking account of previous and
on-going related research in the North Atlantic and the wider salmosphere, including the Pacific Basin.
Common themes emerging from the Likely Suspects Workshop and the climate workshop include:
• similar motivation to engage salmon research community in deeper analysis and synthesis work to
explain/predict salmon productivity patterns;
• common theme of executing geographically broad compare and contrast approach among salmon
populations for associations among salmon life history traits, productivity patterns and associated
environmental variables;
• growing evidence in northeast Atlantic that smolt age and size are declining (similar to results
reported by Dion Oxman and Peter Westley);
• smolt run timing appears to be advancing (phenology of life history events is important);
• important observation that large-scale drivers of survival (e.g. PDO, ADO-phase) may be common
among species and large areas but outcomes may be mediated by different biophysical mechanisms;
• recognize the need for interdisciplinary research by population ecologists, oceanographers,
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•

quantitative modellers, climate scientists to tackle big questions; and
the potential value of investigating common and divergent productivity patterns at a hemispheric
scale (i.e. engage research community in both the Atlantic and Pacific).

Panel Discussion 4.1 Methods/tools to determine salmon distribution by life history stage/domain. Evgeny
Pakhomov (Isoscape technology), Ed Farley (Research at sea – linking coastal and freshwater surveys,
eDNA, GSI), Dion Oxman (microchemistry/ageing), and John Kocik (ROAM technology).
Dr. Evgeny Pakhomov (UBC) began panel discussion 4.1 with a presentation on work his lab is doing on
North Pacific isoscapes (i.e., spatially explicit predictions of elemental isotope ratios). The high seas phase
of Pacific salmon life history remains particularly data limited, and the potential implications of climate
impacts on ocean productivity for salmon condition and reproductive success is poorly understood. UBC’s
Institute of Oceans and Fisheries is researching ways of utilizing the information foraging salmon record
in their body muscle as well as in another “body archives”, including otoliths and scales. As a pilot study,
they have used Carbon and Nitrogen stable isotopes (SI) from salmon muscles and scales to reconstruct
Rivers Inlet sockeye salmon experience on the high seas over the last century (1915–2016). Scale SI time
series showed enhanced variability post-1950, which is most likely linked to more dynamic high seas
environmental conditions. However, climate indices did not explain the SI variability. They assessed the
time series with respect to changes in food web dynamics, including shifting trophic baselines, changes in
prey/salmon diet, and changes in salmon foraging location. A strong correlation between SST and δ13C
enabled the group to define the area of potential salmon distribution in the open ocean for approximately
nine months prior to sampling. This method shows high potential for stock specific high seas distribution
mapping that could be combined with prey isoscapes to inform stock specific foraging experience.
This approach requires creating North Pacific wide Carbon and Nitrogen stable isotope isoscapes. This has
been initiated through several collaborations between the UBC group and DFO (Line P zooplankton data)
as well as the North Pacific CPR (Dr. Sonia Batten) zooplankton sampling programs. Both programs
provide long-term, high resolution, year around information on surface zooplankton that can be coupled
with satellite derived data and used to predict North Pacific isoscapes of the trophic baseline for foraging
salmonids. This information than can be used to predict stock specific foraging experience.
Currently, the UBC group is collecting information on sockeye stocks in various parts of the North Pacific
Rim, from Columbia River to Kamchatka Peninsula through multiple, multinational collaborations. We
intend to use predictive relationships between temperature and carbon isotope signatures of salmon to map
the distributions of these different stocks in the North Pacific. These analyses will inform the degree of
overlap of stocks, and potential competition between them. More importantly, however, this information
will enable mapping of salmon distributions for direct comparison with ocean productivity, which could
inform stock specific feeding conditions and the health of salmon on return to their spawning rivers.
During the workshop, several potential future collaborations were identified with colleagues from Korea,
Japan, and the US in both potential joint isoscape work and foraging habitat predictions. There is a great
potential to first improve our understanding of high seas competition, expand this approach to other
salmonid species and combe this approach with other methods (oxygen and trace metal isotopes) to map
better high seas salmon experiences and eventually improve pre-season management of returning Pacific
salmon.
Dr. Ed Farley (NMFS, AFSC) was the next panel speaker with a presentation on genetic stock identification
baselines kept by the NPAFC. Parties to the NPAFC maintain a baseline for genetic stock identification for
Pacific salmon. These baselines are used in analyses of salmon captured during high sea surveys and help
define stock specific distribution and inform seasonal migration models for salmon in the North Pacific
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Ocean. The stock-id analyses are also used in management of salmon stocks in Alaska where they can
predict the numbers of Canadian Chinook salmon returning to the Yukon and this information is used in
inseason management of Chinook.
Dr. Dion Oxman (Alaska Department of Fish and Game) continued the panel presentations with a
discussion on otolith microchemistry and ageing. Age data are needed for stock assessment, population
demography, growth studies, and estimates of longevity and survival. Age is usually estimated by counting
annually formed growth increments in hard parts such as otoliths, scales, fin rays, vertebrae, and bones.
Otoliths are frequently used for age estimations and life history reconstructions because their incremental
growth is biologically inert (permanent) and it is developmentally sensitive to biological and environmental
change. Analyses of otolith microstructure has a variety of applications: 1) unique growth increments that
occur because of hatching, exogenous feeding, and smoltification can be used for size-at-age life history
reconstructions; 2) comparisons in variation of growth increments and overall otolith shape can be used for
stock differentiation; and 3) differential development of growth increments can be used to reconstruct
environmental conditions, disturbance events, and community dynamics. Chemical analyses of otoliths and
other incrementally grown hard parts can help determine stock structure and natal origins. More specifically,
oxygen isotopes, Sr:Ca, and Ba:Ca ratios can be used for thermal reconstruction and movement patterns.
Ratios of strontium isotopes can identify natal origins and provide insight into movement patterns. Sr:Ca
ratios provide insight regarding freshwater and marine residence times. Measures of O, C, N, and fatty acids
can be used to make trophic inferences. Recently, hormone concentrations (progesterone and cortisol) have
been measured in the annual growth increments of opercula and used to reconstruct reproductive life
histories and lifetime stress.
Dr. John Kocik (NMFS, Northeast Fisheries Science Center), was the last panellist under this topic and
introduced the group to ROAM (RAFOS Ocean Acoustic Monitoring)—a new approach to track salmon
on the high seas: Telemetry has changed the ways fish movement is studied in oceans. Salmon have been
at the forefront of these changing methods and the exponential increases in our understanding of ocean
migration (Hussey et al. 2015). For salmon studies, acoustic telemetry is generally used on
smolts/postsmolts and satellite tags on larger maturing salmon or kelts. These tools have changed our
understanding of migration routes and timing and provided glimpses into survival and critical bottleneck
areas. However, the methods have some limitations with limited detection range and battery life (acoustic)
and weak resolution for geo positioning and large tag size (satellite). Additionally, managers need
information across larger salmoscapes than currently monitored and on more animals. Emerging
technology such as the ROAM tag have the potential to lower tracking costs and monitor the open oceans
at very large scales with fine-scale resolution (km). This emerging technology will help but the real potential
of “whole-ocean” tracking lies with multi-platform systems that utilize the best of each technology and
improved study designs, open data accessibility, and shared infrastructure (Lennox et al. 2017). IYS can
support new integrated modeling/syntheses work in telemetry that will improve and advance use of salmon
tracking for management.
Panel Discussion 4.2 Modelling approaches – survival/life history, forecasting. Participants: Gérald
Chaput, Jim Christian, Ed Farley, Kim Hyatt, and Nate Mantua.
Dr. Gérald Chaput (DFO, Gulf Region) began the panel 4.2 discussion with a presentation on data
requirements and unknowns. Most, if not all, of the marine mortality metrics for salmon are integrations
over the entire life at sea, and in some species, which entails several years of ocean life before returning to
spawn. To better understand how mortality may vary at different periods of time while at sea, approaches
to temporally partition mortality need to be considered. Ricker (1976) reviewed approaches for estimating
mortality and included maturity schedule modelling to partition mortality at different points of the life cycle
using estimated abundances of different ages of returning salmon. An example using Atlantic salmon index
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river data of smolt production and returns of one-sea-winter and two-sea-winter salmon by sex was shown.
Outputs confirmed that mortality in the first year at sea is very high and variable whereas mortality in the
second year at sea, when fish are larger, is much lower, although highly variable and may well have
increased in the recent decade. Maturity schedule approaches are applicable to any fish species and
population for which abundance at different ages at maturity by sex are available and could be used
retrospectively to estimate survival rates at different ages, leading to the development of hypotheses and
testing of factors that may be conditioning survival at different stages and time periods at sea.
Dr. Jim Christian (DFO, CCCma) was the next panelist. He showed results from ocean seasonal forecast
systems that show that Pacific SSTs,e.g., for the California Current region, are predictable up to a year in
advance He also showed zooplankton abundance data from the northern California Current, and showed
that major taxa such as copepods and euphausiids dominate the biomass, so that a statistically robust
predictions of total biomass may be derived from these groups alone. Predicting biomass from seasonal
forecast systems, however, is difficult due to the coarse resolution of the ocean models used. He also showed
results of a high-resolution downscaling model of the BC coast that may resolve this problem and provide
better understanding of the physical processes that contribute to the small scale variability of plankton
biomass.
Dr. Ed Farley (NMFS, AFSC) continued the modelling discussion with a presentation on integrated
ecosystem models, which have been developed for the eastern Bering Sea and Gulf of Alaska. The challenge
is to connect the output from these models to biological response of salmon (bioenergetic models). There
is the data to do this; Farley and Trudel (2009) illustrate how survey data were used to estimate growth rate
potential of juvenile Bristol Bay sockeye. Juvenile Bristol Bay sockeye salmon prey on age 0 walleye
pollock during warm SST years and more variety of higher lipid rich prey during cool SST years. It was
found that GRP was higher during years with warm sea temperatures than during years with cool sea
temperatures.
Kim Hyatt (DFO, Pacific Biological Station), was the next presenter, leading a discussion on cumulative
impact assessments of salmon. Dr. Hyatt presented preliminary results from a research project focused first
on identifying and then on modelling the impacts of naturally induced events and regimes (NIDER) or
human induced events and regimes (HIDER) on survival outcomes and production variations of Okanagan
sockeye salmon (Fig. 12).
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Fig. 12. Time series of freshwater survival (egg-to-smolt) and “marine” survival (smolt-to-adult) observations for
Okanagan Sockeye Salmon. Numbers and arrows identify individual brood-years for which current investigations
indicate survival of specific freshwater or marine life stages have been influenced by natural or human-origin events.

To date, this investigation has revealed the potential role of single and repeated events on survival rates
influencing several life stages in either freshwater or marine environments. Key events driving survival
variations (egg-to-smolt) in freshwater include (1) the 1997 flood of record in the Okanagan River, (2) an
earthen dam failure in a tributary stream, (3) spawning ground “over-seeding” and (4) a compensatory
survival response to a low spawner abundance extreme. Key “events” occurring principally, but not
exclusively< in the marine environment (smolt-to-adult) include (5 & 6) repeat occurrences of survival
favourable La Nina and survival unfavourable El Nino events, (7) an extremely anomalous thermal event
occurring in the Columbia River that induced high mortality in adult salmon derived from the 2011 brood
year and (8) a likely influence of the “thermal-blob” event in the Gulf of Alaska in 2014 on ocean survival
rates of progeny of 2012 brood-year adults. Biophysical models of multiple effect interactions acting across
several life stages in freshwater and marine ecosystems will lead to greater insight into the potential range
of cumulative effect outcomes controlling the trajectory of a given salmon population than continued
reliance on simple recruit-per-spawner models that reveal the range of variation for cumulative effect
outcomes but fail to identify underlying causal drivers.
The last presentation of this session was from Brian Wells (NMFS, SWFSC), who reported on the current
state of salmon-related biophysical modelling. In the central California coastal ocean system they have
developed, in collaboration with UCSC and others, individual-based modelling approaches for modelling
growth, distribution, and survival of salmon during their first year at sea; a critical period setting
recruitment. Namely, the availability of krill in relaxed areas at points of entry (river mouths) is correlated
positively to growth and survival of salmon. We are extending these models to include predators.
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Discussion: Reflection on what we learned on Day One regarding understanding of the link between climate
science and salmon. Break out groups to propose potential high impact projects to address gaps in
understanding and test hypotheses.
The discussions on the second day of the workshop reflected on what was learned in Day One regarding
the understanding of the link between climate science and salmon. Participants proposed potential high
impact projects to address gaps in understanding and test hypotheses. The summary of these discussions is
outlined here.
Various model types were suggested as key tools for projects when moving forward. One suggested topic
of study was the importance of the thermal habitat of salmon and how it is projected to change under current
global models. This could be extended into growth potential models for a particular species of salmon,
provided the food web components are known. Another proposed study would be to use life history models
to determine survival and change in salmon under different climate scenarios. Another suggestion was to
develop a conceptual model of density-dependent interactions of abundance in the early ocean phase. Ocean
modelling could also be used to isolate regions and domains where bottlenecks occur, especially using food
and physiology as drivers. To create successful models, information on the broad geography of salmon
habitats is required.
Salmon production in the North Pacific is at an all-time high, however; the carrying capacity is currently
unknown. Therefore, it is unclear whether high levels of salmon production is an issue. To determine ocean
carrying capacity, a high-resolution Regional Ocean Modelling System (ROMS) for the entire Pacific basin
should be created. ROMS currently exist for the Gulf of Alaska covering the entire gulf and offshore,
organized by PICES. Determining carrying capacity will have big implications for future management
actions. Currently 40% of salmon migrating to sea are coming from hatcheries; however, with salmon
production at an all-time high, food availability is questionable. Until this can be resolved, it is unclear
whether hatchery production is at the appropriate level. The basin-wide ROM could help resolve some of
these issues.
As was discussed on Day One, further information is required to understand the connection between the
basins. There are some known connections through the Arctic, but these are not dominant connections. The
two basins need to be compared using size at age, retrospective studies, and scale patterns. Participants
also noted that recent studies have indicated that females may be maturing earlier; however, further research
is necessary to confirm and to determine whether this is a plastic shift to the maturation cycle, an
evolutionary shift, or a combination of both. Shifts in the maturation cycle are especially apparent in
Chinook salmon, where the oldest fish are predominantly female and are falling out of the population,
effectively shifting the demographics of the population. Another suggested series of studies was to focus
on the specific impact of different salmon species on each other. For example, a correlation analysis could
be completed to confirm the hypothesis that pink salmon are having a negative impact on Chinook salmon.
Both the Atlantic and Pacific basins need to work together on methods to approach climate change at
hemispheric and basin scales. Moving forward, communication regarding specific life history patterns that
are at great risk from climate impacts needs to take place between relevant management bodies. Soon, tough
advice may have to be given regarding the likelihood that salmon in some regions will not be restored.
Discussions and future investments will have to be made in areas that are of the most benefit to human
societies and any research needs to be grounded in the human dimension, as this is what drives projects
forward.
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Session 5: Approaches to project(s) implementation
Session objective: Consider models for project(s) implementation.
Presentation 5.1. NCEAS Working Group approach to generating new knowledge with State of Alaska
Salmon and People as a case study – Ben Halpern, Ian Dutton, Peter Westley and Jeanette Clark.
To begin session 5, Ben Halpern (NCEAS), Ian Dutton (Nautilus Impact Investing), Peter Westley
(University of Alaska Fairbanks), and Jeanette Clark (NCEAS) presented insights from the State of Alaska
Salmon and People Project (SASAP) relevant to the IYS. SASAP is a collaboration of researchers, cultural
leaders, and others working to bring together integrated, accurate, and up-to-date information and research
that will help support better salmon decision-making. SASAP’s mission is to create an equitable decisionmaking platform for all stakeholders by addressing data gaps in Alaska’s salmon system through
information synthesis, collaboration and stakeholder engagement. It was apparent that the SASAP
experience has much that can be passed on to inform the direction that the IYS takes. The most obvious
area would be to focus on collation of salmon data related to natural and social systems and using processes
that engage people affected by decisions in the formulation of research.
Panel Discussion 5.1. Consider the human dimension – linking the knowledge to people and management
systems. Kathy Mills and Peter Westley to provide human dimension context.
Panel discussion 5.1 was incorporated into presentation 5.1 above.
Discussion 5.2. Adopting a process to bring people and data together to address gaps in understanding,
and to identify and test hypotheses through field and modelling approaches.
Items listed above were considered concurrently with development of research project ideas (see below).

Session 6: Development of a research prospectus that may include one or more linked
projects including details of the following: rationale, objectives, approach, participants,
data/information systems, funding, and risks.
The following are a series of three strategies and related projects that consider the needs for addressing the
Salmon in a Changing Salmosphere outcome. Time or knowledge of the participants was too limited to
complete some aspects of the strategies/projects during workshop. Some items were considered further via
email correspondence.
STRATEGY 1: Salmon – Data
Issue: Emerging research disciplines (e.g. genomics, freshwater and ocean climate change modelling,
satellite-based tracking etc.) within integrated multidisciplinary research initiatives are engines of
innovation from research and development through to technology transfer and application. At the core of
their success is the integration of expertise and knowledge from a wide variety of disciplines, which helps
move data to decisions. The continued fragmentation among data suppliers, data users, knowledge
providers, decision makers and resource users is clearly symptomatic of the challenging problem we face
in accelerating salmon research and innovative management actions to keep pace with a rapidly changing
salmosphere. A project is proposed to provide incentive and capacity to facilitate development of shared
standards and data sets for salmon-related data from both the natural and social disciplines.
Project: Integrating Salmon Data.
Brief Description: An incentivized initiative will gain access to disparate salmon data sets across the
salmosphere and make them freely accessible through the web in forms required for researchers, decision
makers, and the public. Data will include catch, escapement, rates of productivity/survival, population
traits and ocean/climate data associated with domains, social and economic values.
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Scale: Hemispheric – Common data standards will be required to speak a common language in
communicating the status of salmon.
Cost: requires further scoping.
Potential Principal investigators/partners: Government agencies, academia, industry and NGO’s with data
holdings and funders prepared to catalyze change.
Deliverable: Data standards and tools for data integration.
Development Strategy: Option 1. Fund raising from multiple sources to support an RFP process to select a
contractor to build the system under the direction of an Oversight Committee. Committee could be drawn
from the IYS North Pacific Steering Committee and Theme Council Group for Status of Salmon/Salmon
in a Changing Salmosphere. Option 2. Fund raising to support an NCEAS Study Group to synthesize data
and develop the system.
Legacy Strategy: System is maintained by NPAFC and/or NASCO with support from agencies and
partners.
STRATEGY 2: Changing salmon distributions – from impact to adaptation
Issue: As a result of climate change and extensive habitat loss and degradation, salmon are increasingly
threatened or lost at the southern end of their ranges, while range extensions are occurring to the north. The
change that salmon and people are experiencing is characterized by a slow and steady increase in
temperature coupled with increasingly extreme variability in environmental conditions from year to year.
It is not known if the pace of the relatively slow warming trend is greater than the capacity for salmon to
adapt. Of equal concern is whether salmon populations can survive the extreme conditions now observed
with increased frequency. For example, extreme conditions such as multi-year drought or heat waves
impacting one or several life history stages or multiple generations could seriously threaten the viability of
a population even though the long-term increase in average temperature remains seemingly tolerable. The
observation of the increasing movement of salmon into the Arctic is also important because salmon range
extensions may bring significant ecological and social change to coastal communities.
Across this spatial and temporal continuum of change, individuals, communities and regulators are faced
with a host of issues with tremendous ecological, economic and social implications. The current approach
is for regional agencies to provide periodic analyses of trends and projections with an associated assessment
of risk to infrastructure and resources. Decision makers at all levels need timely access to the most up to
date information possible regarding near-term and future scenarios for salmon. These scenarios will be
important to identify populations that will be threatened and to inform decisions related to recovery and
adaptation measures that could be taken for both salmon and people. An example, which has already
occurred on the east coast of the United States, is that a stream or basin may not sustain salmon under future
flow and temperature conditions without measures to store and release water to manage freshwater habitat
in support of critical salmon life stages. Habitat restoration investments may not be well placed in systems
where conditions will be unable to sustain salmon. Hatcheries may be required to sustain salmon in systems
where freshwater habitat is no longer viable.
The IYS seeks to establish tools and collaborative processes necessary to monitor and predict both near and
long-term impacts of changing climate on salmon distribution to maximize the potential for successful
adaptation in the face of rapid change. The positive news is that our knowledge of climate variability and
change, salmon habitat, and salmon life cycle models are rapidly improving and have the potential to be
integrated into decision support tools.
Project: Salmon Now
Brief Description: Development of a web-based atlas that accesses and displays data that defines the current
freshwater, coastal, and high-seas distributions of salmon populations and has the capacity to add real time
scientific, Indigenous and lay observations that are subject to verification using a Wiki-style process.
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Scale: At the present time the project could be basin-specific given there is no overlap in Pacific and
Atlantic ranges. Given the rapidly closing gap a hemispheric atlas should be the goal.
Cost: $300K.
Potential Principal investigators/partners: All of the current partners in the IYS North Pacific Steering
Committee have supported the concept of an atlas. NGOs such as the Wild Salmon Center and the Pacific
Salmon Foundation support in-house tools of this type. This tool is of potential use by marine and land-use
planning, fisheries and conservation groups.
Deliverable: Functioning web-based salmon atlas
Development Strategy: Option 1. Fund raising from multiple sources to support RFP process to select
contractor to build the system under direction of an Oversight Committee drawn from the Steering
Committee and Theme Council Group for Status of Salmon/Salmon in a changing Salmosphere. Option 2.
Fund raising to support an NCEAS Study Group to synthesize data and develop the system.
Legacy Strategy: System is maintained by NPAFC and/or NASCO with support from partners. Wiki
supported by in-kind engagement of experts from government, academia, Indigenous Peoples and others.
Note NASCO Atlantic Rivers database could be linked to this.
Project: Salmon Future – navigating an uphill and rocky road ahead
Brief description: Develop a collection of modeling tools for decision-support that will provide longer term
(5–50 year) scenarios for the future viability of salmon populations across their range through integrated
analyses of freshwater, coastal, and high-seas environments. Data from down-scaled climate models will
be used to inform long term projections of the ocean and freshwater conditions that will be linked to known
physiological limits for specific life stages of various salmon species throughout their geographic range.
This will allow identification of potential mis-matches in timing of critical salmon life history and
ecosystem events. Initial models could be driven by ocean surface temperature and stream temperature in
a bioclimatic envelope and salmon life history modeling framework.
Models may be focused on identifying long-term scenarios that address the response of salmon populations
to the gradual change in average conditions which permit projections of alterations to broad-scale
distributions of salmon species (e.g. address questions such as will the Columbia River still be part of the
range of Sockeye Salmon populations in the year 2100?). However a second approach will use simulation
modelling focused on specific life history stages to assess the potential impact of the increasing frequency,
magnitude and duration of extreme events that may affect population viability much sooner than anticipated
by changes in environmental means (e.g. 20 days of record breaking temperatures in June-July of 2015,
coincident with the peak of adult Sockeye Salmon returns to the Columbia River, induced greater than a
95% pre-spawn mortality of adults).
Potential Principle Investigators/Partners: Government science agencies, academic and NGOs.
Scale/Collaboration: Basin/Regional and Hemispheric for methods
Cost: $1M
Deliverable: Development of new decision support tools, along with a web-based platform for hosting and
supporting the use of those tools by interested stakeholders.
Development strategy: Engage ICES/PICES and IYS Theme Counsel Groups to establish teams of salmon
and climate specialists as well as social scientists to consider impacts on human systems and the usefulness
of the tool. Consider NCEAS Study Group to develop the decision support tool.
Legacy strategy: Tool to be supported by the Parties and partners.
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Human Dimension/outreach: Linked to impacts to fisheries, coastal communities, Indigenous Peoples,
management systems, IUU fishing, etc.
STRATEGY 3: From Correlation to Cause: Biophysical modeling to advance the understanding of
climate and ecosystem drivers for North Pacific and North Atlantic salmon.
Issue: In order to improve the effectiveness of salmon fishery management and conservation efforts, we
need to better understand the mechanisms underlying relationships between salmon dynamics and changes
in the salmosphere. Climate forcing on freshwater and marine habitat appears to be a major driver of Pacific
and Atlantic salmon productivity. Numerous studies demonstrate statistically significant correlations
between salmon productivity and abundance indices with climate indices. Field data also document
protracted trends in growth and survival rates that have been linked to physical habitat and food-web
conditions. Some studies also indicate increasing predator populations may be important drivers for trends
in salmon traits (like size at age, and age of maturity), or smolt to adult survival rates. A key science
challenge for improving decision-support tools is to advance our understanding for the way these various
drivers impact salmon traits, productivity, and abundance across an individual’s lifecycle, and then how
these impacts cascade up from individuals to populations and regional stock complexes (ESUs/SHRUs etc.,
ecologically-significant regional-scale management units). A number of project concepts are identified
below that require further scoping.
Project Concept 3.1: Understanding patterns of growth, weight at age, and salmon abundance using salmon
bioenergetic models informed by field data and coupled bio-physical models of freshwater and ocean
ecosystems. The coupled bio-physical models can provide physically consistent, spatially-explicit, and time
evolving temperature and food-web information across broader regions and time periods than are available
for field data. This project can include evaluating the consequences of food-web and physical ocean change
on individual growth and maturation rates using Individual Based Models (e.g. Dynamic Energy Budget
models, the Wisconsin Bioenergetics model).
Project Concept 3.2: Extend the IBM’s described above into models aimed at investigating freshwater and
ocean carrying capacity for salmon across various production domains. Here, use historical information
about salmon freshwater and ocean migration and residence patterns, trophic ecology, abundance/biomass
and feeding rates for different stocks of interest, and compare this information with field data and simulated
information about bioenergetic conditions (food and temperature) across the North Pacific and North
Atlantic basins.
Project: Wintertime high seas salmon ecosystem survey in the North Pacific – multinational effort to fill
critical data gaps in wintertime Pacific salmon ocean ecology.
• Potential for improved stock status/assessment information to inform fishery decisions (by
harvest managers, fishers, conservation interests)
• Standard salmon trawl surveys on grids including biological and physical oceanography, gut
contents, stock composition/distribution to inform ocean migration models and potential for
competitive interactions
Project Concept 3.4 Apply Likely Suspects Framework https://www.atlanticsalmontrust.org/wpcontent/uploads/2018/08/Blue-Journal-June-2018.pdf to develop an approach to linking freshwater,
coastal and high seas. The development of a holistic approach to understanding and informing the
management of factors affecting salmon across their life history including freshwater, coastal and high
seas ecosystems and to predict future salmon biodiversity responses to a changing climate.
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Additional areas of interest potentially important for this theme:
•
•
•
•
•

Salmon adaptation/evolution in the face of various selective forces (fishing, predation, climate
change)
Use of compound-specific isotopes/isoscapes/microchemistry to determine otherwise difficult to
obtain information on salmon ocean ecology (e.g. food web change)
High seas surveys to fill data gaps related to high seas distribution and food habits
eDNA for sampling distribution and abundance of different species/stocks
Tool development – 1-year projections of down-scaled climate models are now available based on
the current state of the ocean/climate system that have the potential to provide an early warning
system for conditions that will impact salmon and management systems into the near future.
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APPENDIX A
Workshop Agenda
Wednesday, June 27, 2018
9:00 am – 5:30 pm
Lunch not provided
Coffee available
Thursday, June 28, 2018
8:30 am – 5:30 p
Lunch not provided
Coffee available
Friday, June 29, 2018
9:00 am – 12:00 pm
Coffee available
DAY ONE – Wed, June 27
8:30 – 9:00

Morning coffee and tea

9:00 – 10:30

Session title: Welcome and introductions
Session objective: Participants have a clear understanding of the workshop
objectives and deliverables and begin to learn about fellow participants in order to
gain trust in the capacity and dynamic of the team.
Welcome and site logistics – Ben Halpern and Mark Saunders (10 minutes)
Review of the agenda including workshop objectives (20 minutes)
Round table introductions (60 minutes)
Preparation: Participants are asked to provide a short bio in advance. In the
roundtable please be prepared to briefly introduce yourself and your link to
salmon/climate work as well as the top 3 climate concerns you have for salmon.

10:30 – 10:45

Session title: Overview of the International Year of the Salmon (IYS)
Session Objective: Participants gain an understanding of the IYS and the context
for the contribution the workshop products will make to the IYS.
Presentation 1.1 Overview of the IYS – Mark Saunders (10-minute presentation
and 5 minutes questions)

10:45 – 11:00

Break

11:00 – 12:00

Session title: Understanding the convening partners
Session Objective: All participants understand the convening partners and the
potential mechanisms for engaging in collaborative research.
Presentation 2.1 Overview of NPAFC – Vladimir Radchenko
Presentation 2.2 Overview of PICES – Hal Batchelder
Presentation 2.3 Overview of NASCO/ICES – Martha Robertson/Gerald Chaput
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Presentation 2.4 Overview of NCEAS – Ben Halpern
Preparation: Talks are to be 10 minutes or less using 10 slides or less. Please
describe the mandate, organizational structure, current research priorities and
relevant processes to engage in research related to climate change/salmon.
12:00 – 1:15

Lunch offsite

1:15 – 3:15

Session Title: State of knowledge of climate drivers and linkages between climate
and salmon in the Atlantic and Pacific basins
Session Objective: Participants gain an understanding of 1) the current state of
knowledge of the known and hypothesized processes driving climate changes at
the hemispheric and basin scales 2) the trends and anomalies in salmon distribution,
abundance and productivity that we seek to explain and 3) the ocean/freshwater
mechanisms that we know or suspect or are linked.
Presentation 3.1.
minutes)

Climate drivers – Atlantic perspective – Kathy Mills (10

Presentation 3.2. Climate drivers – Pacific perspective #1 – Jim Christian (10
minutes
Presentation 3.3 Climate drivers – Pacific perspective #2 – Nate Mantua (10
minutes)
Panel Discussion 3.1: (30 minutes) – Do we have a common understanding of
climate drivers and gaps in knowledge? Are the basins linked – teleconnection?
Panel Discussion 3.2 What are the trends or anomalies in salmon abundance,
productivity and biology that we seek to explain and what are the potential linkages
to climate/ocean/freshwater conditions in the Western North Pacific? Panellists:
Shigehiko Urawa, Masahide Kaeriyama, Vladimir Radchenko and Elena Ustinova
(30 minutes – panellists each to provide a maximum of 3 slides)
Panel Discussion 3.3 What are the trends in salmon abundance, productivity and
biology that we seek to explain and what are the potential linkages to
climate/ocean/freshwater conditions in the Eastern North Pacific – Matt Baker,
Ed Farley, Peter Westley, Kim Hyatt, Rick Brodeur, Nate Mantua, Dion Oxman (30
minutes – panellists each to provide a maximum of 3 slides)
3:15 – 3:45

Break

3:45-5:30

Panel Discussion 3.4 What are the trends in salmon abundance, productivity and
biology that we seek to explain and what are the potential linkages to climate/ocean
conditions/freshwater conditions in the Atlantic – Gerald Chaput, Martha
Robertson, Kathy Mills and John Kocik (30 minutes – panellists each to provide a
maximum of 3 slides)
Group Discussion: Synthesis of linkages between climate and salmon and
framing of hypotheses to test. (60 minutes). Discussion questions:
Are the hypotheses linking climate to the salmonsphere different, or similar,
in different parts of the North Atlantic and North Pacific?
Are there multiple spatial scales at work (e.g. hemispheric, basin, and
regional)? To what extent might we see interbasin covariation in climate
forcing of the salmonsphere?
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Can we prioritize research aimed at testing hypotheses at the different spatial
scales?
630 pm –

Dinner – location TBD

DAY TWO
8:00 – 8:30

Morning coffee and tea

8:30 – 8:45

Welcome, Brief highlights of day 1 and agenda review – Mark Saunders

8:45 – 10:00

Session Title: Linking salmon to the environment
Session Objective: Participants consider new and existing technology and a
conceptual research framework that could be used to link salmon to their
environment in place and time.
Presentation 4.1. Likely Suspects Framework – Kim Hyatt/Gerald Chaput (10
minutes) Questions and Discussion (15 minutes). Could the LS be used as the
conceptual and modelling framework to link salmon and the environment?
Panel Discussion 4.1 Methods/tools to determine salmon distribution by life
history stage/domain. (25 minutes). Participants to provide 3 slides on the
following topics:
•

Evgeny Pakhomov -Isoscape technology,

•

Ed Farley – Research at sea – linking coastal and freshwater surveys,
eDNA, GSI

•

Dion Oxman -Use of microchemistry/ageing

•

John Kocik -telemetry – ROAM technology

Panel Discussion 4.2 Modelling approaches – survival/life history, forecasting.
Participants: Gerald Chaput, Jim Christian, Ed Farley, Kim Hyatt, Nate Mantua (25
minutes)
10:00 – 10:15

Break

10:15 – 11:15

Discussion: Reflection on what we learned in day 1 regarding understanding of the
link between climate science and salmon. Break out groups to propose potential
high impact projects to address gaps in understanding and test hypotheses.

11:15 – 12:15

Session Title: Approaches to project(s) implementation
Session objectives: Consider models for project(s) implementation
Presentation 5.1. NCEAS Working Group approach to generating new knowledge
with State of Alaska Salmon and People as a case study – Ben Halpern, Ian Dutton,
Peter Westley and Jeanette Clark (60 minutes)

12:15 – 1:15

Lunch offsite

1:15 – 1:45

Panel Discussion 5.1. Consider the human dimension – linking the knowledge to
people and management systems. Kathy Mills and Peter Westley to provide human
dimension context. (30 minutes)
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1:45 – 2:45

Discussion 5.2. Adopting a process to bring people and data together to address
gaps in understanding, identify and test hypotheses through field and modelling
approaches. Breakout groups to consider approaches (25 minutes) return to
plenary to report out and generate consensus on an approach (35 minutes)

2:45 – 3:15

Break

3:15 – 4:45

Development of a research prospectus that may include one or more linked projects
including details of...
•

Rationale

•

Objectives

•

Approach

•

Participants

•

Data/information systems

•

Funding

•

Risks

4:45 – 5:30

Close and wrap-up of Day Two

6:30 pm -

Dinner location TBD

DAY THREE
8:30 – 9:00

Morning coffee and tea

9:00 – 9:15

Welcome, agenda review – Mark Saunders

9:15 – 10:30

Completion of development of research prospectus

10:30 – 10:45

Break

10:45 – 11:15

Next steps

11:15 – 12:00

Closing roundtable and wrap-up of workshop
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APPENDIX B
Workshop Participants List
Last Name

First Name

Country

Organization

Title

1

Baker*

Matthew

USA

Chief Scientist

2

Batchelder

Hal

Canada

North Pacific Research
Board (NPRB)
PICES

3

Brodeur

Richard

USA

NMFS - NWFSC

4

Chaput*

Gérald

Canada

DFO - Gulf

5

Christian

Jim

Canada

DFO - CCCma

Research Scientist

6

Dickson*

Danielle

USA

NPRB

Senior Program
Manager

7

Clark

Jeanette

USA

NCEAS

Projects Data
Coordinator

8

Dutton

Ian

USA

Nautilus Impact
Investing

Principal

9

Farley

Ed

USA

NMFS - AFSC

10

Halpern

Ben

USA

NCEAS

EMA Program
Manager
Director of NCEAS

11

Hyatt

Kim

Canada

DFO - Pacific

Research Scientist

12

Kaeriyama

Masahide

Japan

Emeritus Professor

13

Kocik

John

USA

Arctic Research
Center, Hokkaido
University
NMFS - NEFSC

14

Mantua

Nate

USA

NMFS - SWFSC

15

Mills*

Kathy

USA

Gulf of Maine
Research Institute

16

Oxman

Dion

USA

ADFG/NPAFC

17

Pakhomov

Evgeny

Canada

UBC

39

Deputy Executive
Secretary
Research Fishery
Biologist
Coordinator, Centre
for Science Advice

Supervisory
Research Fishery
Biologist
Landscape Ecology
Team Leader
Research Scientist
Fishery
Scientist/Chair,
NPAFC Working
Group on Salmon
Marking
Professor, Earth,
Ocean and
Atmospheric
Sciences
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18

Radchenko

Vladimir

Canada

NPAFC

Executive Director

19

Robertson

Martha

Canada

DFO - Newfoundland
and Labrador/ICES

20

Saunders

Mark

Canada

NPAFC

21

Urawa

Shigehiko

Japan

Hokkaido National
Fisheries Research
Institute/NPAFC

Research
Scientist/Chair ICES
Working Group on
Atlantic Salmon
North Pacific IYS
Director
Research
Specialist/Chair,
NPAFC Science
Sub-Committee

22

Ustinova

Elena

Russia

Lead Researcher

23

Wells

Brian

USA

Pacific Scientific
Research Fisheries
Center (TINROCenter)
NMFS - SWFSC

24

Westley

Peter

USA

University of Alaska Fairbanks/SASAP

Assistant Professor

25

Young

Madeline

Canada

NPAFC

North Pacific IYS
Coordinator

*Participated remotely
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APPENDIX C
Workshop Participants: Biographies and Concerns Related to Climate and Salmon
Matthew Baker
Bio: Matthew Baker, PhD is the Science Director for the North Pacific Research Board in Anchorage,
Alaska www.nprb.org. Previous to NPRB, Matt worked at the NOAA Alaska Fishery Science Center in
Seattle in the Resource Assessment and Conservation Engineering and Resource Ecology and Fishery
Management divisions. Research at NOAA included development of maps and models for survey design
in the Gulf of Alaska and the Aleutian Islands, analyses of community dynamics and interactions between
diet-based guilds, species distribution models, and synthesis of physical and biological models to
conceptualize biogeography for groundfish. Matt is affiliate faculty at Alaska Pacific University where he
advises graduate students on analyses of trawl effects and Pacific halibut discard mortality. Since 2010,
Matt has worked as affiliate faculty at the University of Washington Friday Harbor Labs and leads studies
on Pacific sand lance and forage fishes, related to population dynamics, age and growth, energetics,
distribution, habitat association, and response to environmental drivers. Matt received his Masters from
Columbia University and PhD from the University of Washington School of Fisheries (Alaska Salmon
Program). Research focused on how to optimize harvest and inform salmon stock assessment and
management, given uncertainties in population dynamics and non-retention mortality. Publications related
to salmon include mark-recapture estimates of fishery-related non-harvest mortality, analysis of fishery
selection, run reconstruction methods, physiological studies, analyses of contaminant transport, and
analyses on stock productivity, optimal harvest, reference points and in-season management. Matt also
worked as a commercial fisherman in the salmon fishery in Bristol Bay, Alaska.
Hal Batchelder
Bio: I grew up on the East Coast of the US. Obtained both Master’s and PhD in Oceanography at Oregon
State University—one in Intertidal Ecology (sea anemones), and one in Oceanic Pelagic Ecology
(population dynamics and rates of copepods). After postdoctoral and marine scientist positions on the US
East coast (with research programs and cruises in the Sargasso Sea and subarctic North Atlantic), I returned
to the Pacific coast, specifically California, to become the first scientific director of the National U.S.
GLOBEC Steering Committee Office. In my spare time I hiked the Sierra’s and sailed San Francisco Bay.
I became administrator of the US GLOBEC Northeast Pacific Regional Coordinating Office in Berkeley,
and later at Oregon State University, where I was also a Professor of Oceanography. It was during my time
with GLOBEC that PICES was founded; I attended PICES-1993 (Seattle, USA) and PICES-1998
(Fairbanks, USA), but was not involved in expert groups of PICES prior to 2001. Since 2001 (the 10th
Anniversary Meeting of PICES), I have served on many PICES groups, including as the Co-Chairman of
the Climate Change and Carrying Capacity program and member of the Science Board (2001–2009), and
more recently as U.S. delegate to the Governing Council (2012–2013). I have contributed to many other
PICES expert groups, most importantly on the first North Pacific Ecosystem Status Report Working Group,
the Fisheries and Ecosystem Responses to Recent Regime Shifts (FERRRS) Study Group, the Study Group
on Future Integrative Scientific Programs (SG-FISP), and as a member of the FUTURE Advisory Panel on
Status, Outlooks, Forecasting and Engagement (SOFE). In 2014, I retired from Oregon State Univ, and
assumed a new position as the Deputy Executive Secretary of PICES, where I do technical editing, meeting
planning, coordination of expert groups, am the lead on PICES science issues, and as needed fill in for the
Executive Secretary. I was impressed with the beauty of the Saanich Peninsula region of Vancouver Island,
the home of the PICES office, when I first visited this region in 1980. It was a pleasure to obtain a position
in the Secretariat, which has an outstanding staff.
Three concerns:
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1. Upon reflection, I thought back to unfinished business from the first PICES Integrative Science
program--the Climate Change and Carrying Capacity (CCCC), which ran from about 1994 to 2009.
At the conclusion we had done well overall on Climate Change, but we had not investigated the
climate change effects on oceanic pathways for species (salmon and otherwise) that have well
defined natal locations that they need to return to. Some of these species will be challenged by the
increasing warmer ocean conditions and the reduced food availability that might ensue along their
desired trajectory. Investigation of these effects would be one useful outcome of the IYS activities.
2. Unlike the climate change theme, the carrying capacity theme of PICES was much less
investigated, and in my opinion, CCCC did not learn much about the carrying capacity of the North
Pacific Ocean. Thus, I recommend that the warming impacts on the carrying capacity of the North
Pacific for salmon and other species be an important element of the IYS.
Ric Brodeur
Bio: Dr. Richard Brodeur is a Research Fisheries Oceanographer working in the Fish Ecology Division of
the Northwest Fisheries Science Center, NOAA Fisheries, and is based in Newport, OR. Ric received his
B.S. in Fishery Science from the University of Massachusetts, his M.S. in Oceanography from Oregon State
University, and his Ph.D. in Fisheries from the University of Washington. He is also an adjunct professor
at Oregon State University. His dissertation work was involved with looking at the feeding ecology of
juvenile salmon and the carrying capacity of the California Current for juvenile salmon. Following a
postdoctoral position at Pacific Biological Laboratory in Nanaimo, B.C. Canada, he began his career
working on early life history and recruitment dynamics of walleye pollock in the Gulf of Alaska and Bering
Sea for the Alaska Fisheries Science Center. He returned to Oregon in 1999 to work on habitat preferences
and trophic ecology of juvenile salmon and other pelagic fishes as well as recruitment processes in marine
fishes. Ric has been heavily involved with the North Pacific Marine Science Organization (PICES) serving
on several committees and working groups and organizing a number of special sessions at past meetings.
He is a US representative on the International Year of the Salmon Steering Committee. He has published
around 200 papers on a variety of topics ranging from plankton and fisheries oceanography to fish
bioenergetics to fisheries acoustics but has focused much of his research on feeding and food web
interactions centering on salmon. He has had a longstanding interest in jellyfish and particularly in how
they interact with both exploited and non-exploited fishes.
Three concerns:
1. Ocean Warming (Extreme Events) tends to decrease available prey resources but increases
metabolic demand for more prey leading to poor survival.
2. Northern shift in subarctic boundary and changes in prey and predators interacting with salmon.
Salmon populations are linked to a geographic position in freshwater, but prey resources and
predator populations are shifting northward resulting in a prey-scape and predator-scape that
salmon populations have not coevolved with.
3. Ocean acidification decreases available prey (mostly molluscan and crustacean taxa) for salmon in
coastal waters during critical period of marine migration.
Gérald Chaput
Bio: Major focus of work on stock assessment methods and population dynamics of diadromous species
with emphasis on stock and recruitment, population modelling, and management frameworks. Involved in
the monitoring and assessment of Atlantic salmon from the Miramichi River, the largest salmon producing
river in eastern North America with annual returns ranging from 30 thousand to 100 thousand salmon over
the time series beginning in 1971. Involved in an international working group for provision of advice for
international fisheries management including modelling and risk analysis frameworks.

42

NPAFC Technical Report No. 12

Three concerns:
1. How will adult salmon will respond to increasing temperatures and variations in discharge in
freshwater that modify freshwater habitat including presence and distribution of cold water refugia,
metabolic stress, spawning success.
2. Understanding the multiple dimensions of temperature variation on growth rates, metabolic rates,
energy assimilation, and the resulting phenotypic responses that can be monitored (how to deal
with survivor bias).
3. Other changes in the ecosystem linked to climate change including changes in fish communities
(predator fields of native and non-native fish, seabirds, marine mammals), and what should be
monitored to inform on these interactions.
James Christian
Bio: Dr. James Christian is an oceanographer with Fisheries and Oceans Canada (DFO) in Victoria, BC,
and the principal developer of ocean biogeochemistry modules for the Canadian Earth System Model. He
chairs the Section on Carbon and Climate of the North Pacific Marine Science Organization (PICES) and
represents Canada on PICES' Physical Oceanography and Climate Committee. He also chairs the national
Trends and Projections team for the DFO climate change adaptation program ACCASP. His primary
research interests are the effects of climate variability, climate change and anthropogenic CO2 on ocean
biogeochemical cycles, and separating the anthropogenic signal from natural variability. He has
publications on North Pacific climate variability and its effects on pelagic ecosystems going back to 1995.
Danielle Dickson
Bio: Danielle Dickson is a Senior Program Manager for North Pacific Research Board based in Anchorage,
Alaska. Her background is in marine science with an emphasis in marine mammal research. She has been
with NPRB since 2011 and manages Integrated Ecosystem Research Programs (IERPs) and a Long-Term
Monitoring Program. IERPs are multi-disciplinary marine science programs that aim to understand the
mechanistic processes driving ecosystem dynamics and trophic linkages. Danielle is currently working on
an ecological forecasting project for NOAA that involves forecasting salmon run timing for Cook Inlet,
among other things. She is collaborating with individuals at NOAA and the Alaska Department of Fish &
Game to develop a model that draws on products produced by a Gulf of Alaska IERP that recently
concluded.
Three concerns:
1. Recent anomalies exceed the range of variability we have observed in the past. How will models
deal with this?
2. In the Gulf of Alaska, we have seen that local and regional-scale drivers have more influence on
groundfish recruitment patterns than climate-scale drivers. Assuming this may also hold true for
salmon, climate-scale models might not be the best approach for this region. However, local and
regional-scale data may not be available to create robust models.
3. Need to coordinate to leverage existing resources and articulate needs for additional investments to
make forecast models possible.
Ian Dutton
Bio: Ian founded Nautilus Impact Investing (www.nautilusii.com) in 2015 to improve returns from social
investments. Nautilus partners with private investors, philanthropists, government and international
development organizations on economic development, fisheries research and management, climate
adaptation, agriculture, biodiversity and indigenous community conservation and development projects.
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Ian previously served in executive leadership roles with Rasmuson Foundation, the Alaska SeaLife Center,
The Nature Conservancy and the University of Rhode Island. He has designed and led high impact natural
resources management and social development programs throughout the United States, Australia and AsiaPacific countries.
Ian holds a Ph.D. in geographical sciences from the University of Queensland. He is a co-PI of the State of
Alaska Salmon and People synthesis at NCEAS, a business mentor and judge for the Fish 2.0 competition
and is former chair of the North Pacific Research Board. Ian serves on five non-profit boards in Alaska and
enjoys hiking, fishing and camping in wild places.
Three concerns:
1. Funding for climate related salmon research and monitoring – big declines in US extramural
funding in areas related to climate change and fish.
2. Salmon literacy – highly variable understanding of what climate change means for salmon equals
under-informed constituency for salmon.
3. Salmon data integration – we lack the ability to adequately integrate/analyze and share salmon (and
related human systems) data at all scales – our data systems no longer match our technological
capacity and social inquiry needs.
Ed Farley
Bio: Ed Farley is the Program Manager for the Ecosystem Monitoring and Assessment (EMA) Program at
the Alaska Fisheries Science Center, Auke Bay Laboratories in Juneau, AK. The EMA program conducts
integrated ecosystem research (oceanography to fish) in Alaska’s large marine ecosystems (Gulf of Alaska,
Bering Sea, and Chukchi Sea) to examine the impact of climate change and variability on
recruitment/survival of commercially important groundfish and salmon populations. Ed’s interest in
fisheries began during the 1980s to 1990s, when he commercial fished for sockeye salmon in Bristol Bay.
Since that time, Ed completed a BS in Mathematics at the University of Washington and a MS and PhD in
Fisheries from the University of Alaska Fairbanks. Ed’s current research examines how reductions in Arctic
sea ice and associated changes in the physical environment influence the flow of energy through the
ecosystem in the Chukchi Sea.
Three concerns:
1. Loss of Sea Ice in the Arctic – loss of sea ice and warming in the eastern Bering Sea and Arctic is
currently favoring sockeye, pink, and chum salmon production and allowing pathways for
movement of pink and chum salmon into the Arctic.
2. Anomalous events – more frequent anomalous events increase uncertainty for management of
salmon populations (i.e., recent “warm blog” event in the Gulf of Alaska negatively impacted the
food web that likely increased marine mortality of juvenile salmon for populations entering the
GOA).
3. Ocean carrying capacity and competition – Ruggerone and Irvine (2018) illustrate that Pacific
salmon biomass in the North Pacific Ocean is at an all-time high; 40% of the biomass is made up
of hatchery salmon. There are several publications that use correlation analyses to estimate impact
of competition among salmon species in the ocean and many suggest that pink salmon production
is negatively impacting growth and survival of other salmon species and, more recently,
shearwaters.
Kim Hyatt
Bio: Dr. Hyatt completed a BSc at University of Windsor in 1970 and a PhD in Aquatic Ecology at the
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University of British Columbia in 1980. He has worked as a teacher (Okanagan University College 19761978), environmental consultant (1978-1980) and fisheries research scientist (DFO-Science, 1981-present).
Dr. Hyatt has held adjunct faculty positions at Simon Fraser University, the University of British Columbia,
Royal Roads University and the University of New Brunswick. He served (1992-1995) as the National
Fisheries Sector representative to the Canadian Climate Impact and Adaptation Research Network (CCIARN) and on Fisheries and Oceans Canada’s (DFO) National Aquatic Climate Change and Adaptation
Services Program (ACCASP, 2010-2016).
Dr. Hyatt is leads DFO’s Regional Ecosystems Effects on Fish and Fisheries Section at the Pacific
Biological Station in Nanaimo where his research focus includes: (1) the status of salmon populations in
the Pacific Region, (2) climate variation and change effects on the life history and population dynamics of
salmon, and (3) the development of new “tools” to support fisheries management.
Three concerns:
1. Productivity declines for some/many (?) southern salmon populations such that they become
marginal relict populations or extinct.
2. Increased production and life history variability everywhere else within the range of anadromous
salmon.
3. Reduced effectiveness in salmon conservation and fisheries management systems.
Masahide Kaeriyama
Bio: My research expertise includes 1) Long-term climate change and Pacific salmon dynamics, including
the global warming effect; 2) Life history of Pacific salmon, 3) Material cycle by salmon as the key to
upstream transport of marine-derived nutrients onto land ecosystems; 4) Biological interaction between
wild and hatchery salmon; and 5) Sustainability science on Pacific salmon conservation based on the
ecosystem-approach. I am author or co-author of more than 130 scientific papers and books relating to
Pacific salmon. I actively contributed to members of the FUTURE Advisory Panel in the PICES, the SSC
Salmon Specialist Group in the IUCN, and the TAB in the Marine Stewardship Council. I also worked at
the Cohen Commission of Inquiry into the Decline of Sockeye Salmon in the Fraser River, Canada FED.
Three concerns:
1. Change in resilience of ecosystem and salmon production in North Pacific ecosystems with
progressing the global warming.
2. Japanese chum salmon would miss a migration route to the Okhotsk Sea.
3. Growing tendency on intra-specific interaction/competition (e.g., trophic level, distribution, and
survival strategy) between wild and hatchery-origin salmon in the North Pacific Ocean.
John Kocik
Bio: John F. Kocik grew up in the southern Adirondack Mountains, a native of Gloversville, NY. Kocik
earned a B.Sc. in Biology at SUNY Plattsburgh (1984) and a M.Sc. (1988) and Ph.D. (1992) in Fisheries
and Wildlife Science at Michigan State University. He started his NOAA career in 1992 at the Woods Hole
Lab. He has worked on salmonid population dynamics since 1984 in the Great Lakes and New England.
He is a Supervisory Fishery Research Biologist and Chief of Atlantic Salmon Ecosystems Research Team
(ASERT) of the Northeast Fisheries Science Center. He is also Station Director of the NOAAs Maine Field
Station and serves as Research Faculty at University of Maine. His primary research interests are
investigating the relationship between anadromous salmon ecosystems and their population dynamics using
telemetry and other remote sensing tools combined with modelling.
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Three concerns:
1. Salmon thrived through glacial scale and pace changes in environment – can the different species
thrive at the current rate of change? Particularly at southern edge of range and most rapidly warming
seascape at a global scale is Gulf of Maine.
2. Different rates of change and processes in marine and freshwater – research groups do not always
span the boundary and estuaries are often a monitoring gap.
3. For endangered populations – demographics have limited population size and genetic diversity.
Many southern stocks extirpated – diversity lost. Do these stocks and now overall species have
genetic scope to deal with changing environments?
Nate Mantua
Bio: Nate Mantua is team leader for the Landscape and Seascape Ecology Team at NOAA’s Southwest
Fisheries Science Center in Santa Cruz, California. This interdisciplinary group of scientists works to
understand links between habitat and anadromous fish that spawn in California’s watersheds but migrate to
the ocean for growth and maturation. Nate was at the University of Washington in Seattle from 1995–2012
where he co-directed the Climate Impacts Group and was an associate professor in the School of Aquatic
and Fishery Sciences. His research interests include climate variability and predictability, climate impacts
on natural resources, and the use of climate information in resource management. He is currently the co
Editor-in-Chief for the journal Progress in Oceanography.
Three concerns:
1. The superposition of slow and fast changes in the salmosphere, inclusive of climate and other major
drivers. Here, I think of slow as including relatively gradual climate change trends, chronic
degradation in freshwater habitat quality and quantity in some production basins, and multidecade
increases in predator abundances (sea birds, whales, seals and sea lions); fast includes short term
extreme climate events.
2. The coupling between freshwater production systems and salmon sensitivity, exposure, and
vulnerability to changes in the ocean.
3. Thresholds and tipping points in the salmosphere (inclusive of human systems). For instance,
thresholds from which fisheries and fishing communities, individual salmon populations, or
population complexes undergo non-linear changes.
Kathy Mills
Bio: Dr. Katherine Mills is a research scientist at the Gulf of Maine Research Institute. Kathy has studied
ecosystem change and fish-ecosystem relationships in the Gulf of Maine and Northeast U.S. Shelf regions
for over a decade. She uses statistical analysis and modeling to understand (1) how physical and ecosystem
conditions are changing; (2) how these changes affect fish populations, biological communities, and marine
fisheries; and (3) how different adaptation strategies may buffer climate impacts on fisheries and fishing
communities. Kathy’s research spans a range of topics to investigate how physical changes affect ecological
patterns and processes, such as the productivity, distribution, phenology, growth, and size structure of
different species. She is also interested in how species-specific changes shape multispecies interactions and
community-level dynamics. Much of her work is interdisciplinary, seeking to understand and inform
management of fisheries and protected resources as part of broader ecological or coupled social-ecological
systems. This research integrates physical, biological, social and economic information to link changes in
the ecosystem and management system to species and societal outcomes. Climate adaptation within marine
fisheries is a major focus, with emphases on assessing climate vulnerabilities, evaluating adaptation
strategies, and providing information to support planning by fishery participants, fishing communities and
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fishery managers.
Three concerns:
1. How can we use patterns of coherence in biological change to identify ecosystem correlations and
then go beyond correlations to isolate mechanisms and life history bottlenecks of most importance
to sustaining salmon in a changing climate?
2. What are mechanisms by which salmon populations may be resilient and adapt to current and
expected future rates of climate change?
3. How can human actions, management decisions, or values be used to buffer climate impacts on and
confer resilience to salmon populations (from streams to ocean)?
Dion Oxman
Bio: Dion Oxman is a Fishery Scientist that serves as the Director of the Alaska Department of Fish and
Game’s Mark, Tag, and Age (MTA) Laboratory in Juneau, Alaska. He began his career in Southern
California where he studied zoology and chemistry, then moved on to focus on marine mammal – fishery
interactions in Monterey Bay, CA. He received his doctorate in Fisheries Science from the University of
Alaska, Fairbanks and has worked with ADF&G for over 15 years where he oversees the collection of data
essential for fisheries management, including age estimates, fish marking activities, and mark recovery
programs. Dion has more than 25 years of experience analyzing the physical, elemental, and chemical
structure incrementally grown hard parts in fish and invertebrates for age estimation and life history
reconstructions. He is currently working in conjunction with Baylor University developing methods to
recover hormones from bony structures in fish to reconstruct reproductive life histories.
Three concerns:
1. Identify drivers of marine growth, survival, and distribution during the first year at sea within the
context of a changing background (climate).
2. Determine how and why salmon production within and among species varies so much among
locations.
3. Because salmon life history may change as a result of environmental change, how can we make
sure our approach to fishery science is flexible enough to include new range possibilities?
Evgeny Pakhomov
Bio: Evgeny A. Pakhomov is presently a professor at the Department of Earth, Ocean and Atmospheric
Sciences as well as a director of the Institute for the Oceans and Fisheries of the University of British
Columbia, Vancouver, British Columbia, Canada. He obtained his BS and MS from the Kazan State
University, Russia. A PhD graduate of the Shirshov Institute of Oceanology, Russian Academy of Sciences,
he has more than 35 years of research experience as a biological oceanographer. His research focuses on
understanding physical-biological interactions and ecosystem response to climate change or global
warming, from the Antarctic to coastal British Columbia and from coastal realms to high seas. His research
interests span species ecology (from plankton to micronekton), ecosystem structure and function, and
biochemical coupling. He has strong links to several laboratories and institutions worldwide, including the
Alfred Wegener Institute for Polar and Marine Research in Germany, the British Antarctic Survey, NIWA
in New Zealand, the University of Hawaii, and the University of New South Wales and University of
Technology, Australia.
Three concerns:
1. Little understanding in the salmon diet change and food structure change form the past to present.
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2. How well do we understand food web structure in the North Pacific high seas?
3. Lack of understanding where adult salmon forage and what oceanographic processes drive/affect
foraging habitats.
4. How carrying capacity of the North Pacific changed in the past 100 years and how we can project
those changes into the future?
Vladimir Radchenko
Bio: Vladimir Radchenko was born in Ukraine (USSR Republic) and educated at the Kharkov State
University at the faculty of Biology. He started his career as a chief researcher at Pacific Research Fleet
Base in 1983 and participated in 19 research expeditions; in 8 of them – as a Head of expedition. Then,
Vladimir worked up through several scientific and managerial positions in fisheries research institutes in
Vladivostok and Yuzhno-Sakhalinsk, Russian Federation. His research interests include North Pacific
marine ecosystems, Pacific salmon, conservation biology, and fisheries management. In 1991-2012,
Vladimir was deeply involved in international scientific cooperation in the North Pacific Marine Science
Organization (PICES) framework. In 2010, he became the Deputy Head at the Science & Education
Department in the Federal Agency on Fisheries in Moscow. He moved to Vancouver in June 2013 to
become NPAFC Executive Director.
Three concerns:
1. Dynamics of solar activity and physical processes regulating heat budget of upper water layer and
seem to be the major drivers of Pacific salmon productivity in the North Pacific Ocean. However,
we need to understand exact mechanisms of influence.
2. Trends of Asian and American salmon stocks are different since thermal conditions of the
northwestern Pacific are determined by cooled water flowing from the northern regions while
thermal conditions of the northeastern Pacific are determined by heated waters flowing from
southern latitudes (“blob” is a bright example).
3. Salmon species at the high-seas differ by the basic ecological traits, i.e., by the habitat and feeding
habits; therefore, they distinctly react on climate and environmental changes. These distinct
habitats and feeding habits require further studies.
Martha Robertson
Three concerns:
1. Increased marine mortality and population declines of Atlantic salmon resulting in the assessment
of populations at risk. Initial impacts within southern range but dramatic declines recently observed
in more northerly populations. Atlantic salmon may not be able to adapt to climate induced changes
in marine trophic food webs (prey community structure, abundance, timing and geographical
distribution).
2. Climate change will also affect freshwater ecosystems and the production of juvenile salmon. Most
likely through direct impacts of increased summer and winter temperatures. Geographic range
expansion into Arctic river systems will not compensate for population losses.
3. Climate change impacts are increasing the need to improve, or in some cases develop, forecast
models for Atlantic salmon production that are necessary for the provision of both domestic and
mixed stock international fisheries management advice.
Mark Saunders
Bio: Mark Saunders currently works for the NPAFC Secretariat as the Director for the North Pacific Region
of the International Year of the Salmon initiative. He recently retired from the Canadian Department of
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Fisheries and Oceans where he headed up a Salmon, Aquaculture and Freshwater Ecology Division at the
Pacific Biological Station in Nanaimo, B.C. with staff working on salmon stock assessment, freshwater
habitat, molecular genetics, fish health, and marine ecology. The first half of Mark’s career focused on stock
assessment of marine fish including Pacific hake, pollock, sablefish, and spiny dogfish as well as research
related to hydroacoustic surveys and fisheries oceanography of the California current system. From 20032009 Mark worked with the Department’s Policy Branch assisting with the development and
implementation of Canada’s Wild Salmon Policy. Mark has been active at NPAFC since 2009, serving as
CSRS Chairperson from 2011– 2014, and he is currently the Chairperson of the International Year of the
Salmon Working Group. Mark and his wife live in the small town of Chemainus on Vancouver Island. He
has two grown daughters in their 20s who are way smarter, funnier and better looking than him. He also
has a new bernadoodle pup named Willow who might be smarter than him too. In his spare time, Mark
enjoys sailing, kayaking, cycling, skiing, and sport fishing.
Three concerns:
1. Are salmon resilient enough to adapt to the rate of climate change?
2. Can our institutions become effectively connected and nimble to provide regulators with the
knowledge they need in this changing world?
3. Can we agree to a goal of having salmon in our local watersheds as something we need?
Shigehiko Urawa
Bio: Dr. Urawa is working for the Hokkaido National Fisheries Research Institute, Japan Fisheries Research
& Education Agency (FRA) in Sapporo, Japan. The current research target is “the control of parasitic
diseases of salmon”, while his survey has also concentrated on the stock identification and conservation of
Pacific salmon. His researches made significant contributions to clarify the distribution and migration route
of Japanese chum salmon throughout their entire ocean life by using genetic and otolith mark techniques.
He worked as the deputy director of NPAFC office for 2006-2010. Now he is serving as the chair of NPAFC
CSRS Science Sub-Committee (SSC), whose roles include the review of NPAFC Science Plan and the
coordination of international workshops/symposia. The Second NPAFC-IYS Workshop on “Salmon Ocean
Ecology in a Changing Climate” is scheduled in Portland, Oregon on May 18-20, 2019, and a workshop
partner is the Salmon Ocean Ecology Meeting (SOEM). The topics will include climate/salmon issues such
as 1) salmon in changing environments; and 2) modeling the future for salmon.
Three concerns:
1. Is the stock-specific ocean migration route of salmon genetically fixed or can salmon adapt their
main migration route to changing ocean conditions?
2. Survival strategy of juvenile salmon especially in southern areas, which is associated with global
warming. Swimming performance (migration speed and endurance) of salmon may be a key factor
in understanding their oceanic migration and survival. Juvenile salmon need a strong swimming
performance to migrate quickly to avoid lethal coastal water temperatures in southern areas. Strong
swimming performance may also facilitate juvenile salmon to search prey organisms, avoid from
predators, and successfully migrate to their destination such as the Okhotsk Sea.
3. How the diversity of salmon is important to adapt to a changing climate?
Elena Ustinova
Bio: Dr. Elena Ustinova is a leading scientist of Fisheries Oceanography Laboratory at the Pacific Fisheries
Research Centre (TINRO-Centre), Vladivostok, Russia. She holds the professional title of Oceanographer
from the Far-Eastern State University (Vladivostok, Russia) in 1987. Elena received her PhD in
Oceanography from Russian Academy of Science in 1995. Her scientific interests include multi-scale
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climate variability and climate changes in the Far-Eastern Seas and Northwest Pacific and their influence
on fishery resources, mid-altitude air-sea interaction, mesoscale processes, statistical analysis of
observation and simulation data sets and environmental long-term forecasting. Although Elena is a physical
oceanographer, she is interested in the interdisciplinary studies, collaborating with biologists to research
the influence of the physical environment on the marine ecosystem, fishery resource dynamics and fisheries.
She was recently a contributing author for the Second Assessment Report on Climate Change and its
Consequences in the Russian Federation and co-author of the book “Pacific Saury. Scientific Information
Guidance of Fisheries Expedition”. Elena contributed to the scientific cruises on the R/Vs of TINRO-Center
to the Far-Eastern Seas and Northwest Pacific and to the several fisheries expeditions as a member of
scientific groups. She is a member of the PICES Physical Oceanography and Climate Committee of PICES.
Elena also served as a member of the PICES WG-20 on Evaluations of Climate Change Projections and
WG27 "North Pacific Climate Variability and Change". She is now working on a new PICES working group
WG38 "Mesoscale and Submesoscale Processes".
Three concerns:
1. Key issues are understanding the influence of different types of climatic variability and changes
such as long-term trends, quasiperiodic components, climatic regime shifts and extreme events on
salmon.
2. The important issues are the impact of the extremes since the short-term impact of unfavourable
factors lead to long-continued consequences. Regime shifts played "dramatic" role too, because of
abrupt change. There are certain seasonal and regional features of the interannual variability
structure. In winter and northward the shift of the spectral maximum toward low frequencies
occurs. Shorter cycles prevailed in the northwest Pacific Subarctic frontal zone and in the northern
Japan Sea.
3. Another important aspect concerns low predictability of year-to-year variability associating
essentially with instability of quasi-biennially oscillations and with mesoscale processes affecting
the spatial distribution, especially in the Subarctic frontal zone.
Peter Westley
Three concerns:
1. To move from correlation to causation. What/who are the ecological agents of selection
underpinning associations between climate and survival/productivity?
2. Is mortality in the ocean the ‘ultimate’ or ‘proximate’? Meaning, do freshwater conditions really
have little effect on population dynamics and the ocean is really the master variable ecosystem
driving population dynamics, OR does timing of ocean entry from freshwater (that is set from
conditions therein) lead to mis-matches. Fish might be actually dying in the ocean, but they are
dying because they are set on a trajectory shaped by conditions in freshwater. As a parallel, fish
may be consumed by a predator (the proximate agent) but the ultimate cause was poor body
condition or disease.
3. Movement towards phenotypic-based management-live in era of contemporary trait change and
traits (like body size or age at maturity) have population level consequences (though in salmon the
relationship between traits and productivity not well understood). Need to understand causal
linkages between climate forcing, trait expression, plasticity, and adaptive evolution. Evolution has
profound ecological consequences and occurs in ‘ecological’ timescales and thus must not be
ignored.
Brian Wells
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Three concerns:
1. In addition to secular trends in climate there is substantially increased variability; every year is a
new thing. Proximately though, trends and variability in environment lead to changes in the forage
assemblages (changes which forage taxa are available in a given area) and intraspecies condition
(lower caloric content).
2. The success of protected species management (top-predators) has placed an impact on the whole
ecosystem when appropriate forage is not available to them. Concomitant with trends in climate,
forage is becoming poorer quality and predators incidentally, or intentionally, feed on salmon. Interannual variability in environment can reduce forage availability and lead to ‘ecological surprises’
such as entanglements (predators coming shore to feed), salmon collapse (due to changing foraging
behavior of predators), and unusual mortality events (seabird wrecks, sea lions).
3. While ocean conditions are largely out of our managerial control, freshwater conditions may be
somewhat in our control. Temperature, flow, turbidity, etc. determine, in part, the size, timing,
abundance, and diversity of salmon going to sea and therefore correspond to survival in the ocean.
As climate change trends become more variable, we may lose some control of freshwater condition
(e.g., droughts).
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