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Abstract

Trzcinski, M.K. 2020. Synthesizing scientific knowledge about population dynamics and diet
preferences of harbour seals, Steller sea lions and California sea lions, and their impacts on
salmon in the Salish Sea Workshop 2: November 20-21, 2019, Bellingham, WA. Can. Tech.
Rep. Fish. Aquat. Sci. 3403: x + 50 p.

In 2019, two bilateral Canada-U.S. workshops were held to outline the scientific knowledge
about population dynamics and diet preferences of harbour seals, Steller sea lions and California
sea lions, and their impacts on salmon in the Salish Sea. The 2" was convened in Bellingham,
Washington between 20-21 November. The 75 participants included representatives of First
Nations, Tribes, stakeholders in the fishing industry and non-profit organizations, as well as
scientists from local and federal regulatory agencies and universities. The workshop aimed to 1)
provide concise summaries of the current state of scientific knowledge and uncertainties, 2)
incorporate other relevant technical knowledge, outline management implications, and
recommend possible next steps for science activities necessary to inform management
considerations, and 3) asked participants to critique and provide feedback on four areas of action
thought to possibly mitigate the impacts of pinnipeds on salmon: variation in hatchery
production, enhanced fish survival, non-lethal removal of pinnipeds, and lethal removal of
pinnipeds. There was wide variation among attendees on the interpretation of scientific results,
the potential efficacy of proposed actions, the degree of risk of a given action, and the level of
acceptable risk. This report summarizes the key points from the group discussions to provide
focus for future science, management, and policy regarding the impacts of pinnipeds on salmon.



Résumé

Trzcinski, M.K. 2020. Synthesizing scientific knowledge about population dynamics and diet
preferences of harbour seals, Steller sea lions and California sea lions, and their impacts on
salmon in the Salish Sea Workshop 2: November 20-21, 2019, Bellingham, WA. Can. Tech.
Rep. Fish. Aquat. Sci. 3403: x + 50 p.

En 2019, deux ateliers bilatéraux canado-américains ont été organisés afin d’exposer les
connaissances scientifiques sur la dynamique des populations et les préférences alimentaires des
phoques communs, des otaries de Steller et des otaries de Californie, ainsi que leurs
répercussions sur le saumon de la mer des Salish. Le deuxiéme atelier, organisé a Bellingham,
Washington, les 20 et 21 novembre, a accueilli 75 participants. Parmi ceux-ci se trouvaient des
représentants des Premiéres Nations, de tribus, de parties prenantes de 1’industrie de la péche et
d’organisations a but non lucratif, ainsi que des scientifiques provenant d’organismes de
réglementation locaux et fédéraux, et d’universités. L’atelier visait a 1) présenter des résumés
concis de 1’état actuel des connaissances scientifiques et des incertitudes, 2) intégrer d’autres
connaissances techniques pertinentes, décrire les répercussions sur la gestion et recommander les
prochaines étapes possibles des activités scientifiques nécessaires pour éclairer les éléments a
considérer en matiere de gestion, et 3) demander aux participants de donner leur opinion et de
fournir des commentaires sur quatre domaines d’action envisagés pour atténuer éventuellement
les effets des pinnipedes sur le saumon, notamment : la variation de la production des écloseries,
I’amélioration de la survie des poissons, le retrait non 1étal des pinnipédes et I’abattage des
pinnipedes. Les avis des participants étaient trés partagés en ce qui concerne ’interprétation des
résultats scientifiques, 1’efficacité potentielle des mesures proposées, le degré de risque d’une
mesure donnée ainsi que le niveau de risque acceptable. Ce rapport résume les points clés issus
des discussions de groupe afin de fournir une orientation future pour les activités scientifiques, la
gestion et 1’élaboration de politiques concernant les répercussions des pinnipedes sur le saumon.



Workshop Summary
In 2019, two bilateral Canada-U.S. workshops were held to understand the scientific knowledge
about population dynamics and diet preferences of harbour seals, Steller sea lions and California

sea lions, and their impacts on salmon in the Salish Sea.

The first workshop, held in May 2019, focused on the current state of knowledge of pinniped
impacts, and attendance was limited to scientists. A summary of the findings and discussion was
documented by Trites and Rosen (2019). Readers looking for more detailed explanations of the

current state of knowledge are referred to this document.

The second workshop on the potential impacts of pinnipeds (harbour seals, Steller and California
sea lions) on salmon in the Salish Sea was convened in Bellingham, Washington on 20-21
November, 2019. The goals of this second workshop were to engage a broader science audience
along with managers and stakeholders with technical expertise to 1) share current knowledge
about pinniped population sizes, population dynamics and diet composition, 2) identify current
scientific knowledge gaps and uncertainties, particularly as they relate to pinniped predation on
salmonids, salmon population drivers, and broader ecosystem factors, 3) discuss direction for

future science activities that can inform potential management considerations.

This second workshop differed from the first in the following manner: i) it included a wider
audience representing First Nations, Tribes, stakeholders in the fishing industry, and non-profit
organizations, as well as scientists from local and federal regulatory agencies and universities, ii)

it provided concise summaries of the current state of scientific knowledge, and iii) it asked

Vi



participants to critique and provide feedback on four areas of action thought to possibly mitigate
the impacts of pinnipeds on salmon: variation in hatchery production, enhanced fish survival,

non-lethal removal of pinnipeds, lethal removal of pinnipeds.

There was wide variation among attendees on the interpretation of scientific results, the potential
efficacy of proposed actions, the degree of risk of a given action, and the level of acceptable risk.
This report summarizes the key points from the group discussions, but not all ideas or comments

could be included in the report, nor are they attributed to particular participants.
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Workshop Structure

The structure of this workshop was designed to generate discussion and critical thinking about
the impacts of pinnipeds on salmon. Participants (Appendix A) were allotted to specific tables,
with five to eight participants per table, so that there was a mix of scientists, Indigenous Peoples,
and stakeholders to ensure small group discussions at each table benefited from a wide range of
knowledge, experiences, and perspectives. Throughout the meeting, time was allotted for
discussion and note-taking by rapporteurs. The first day was filled mostly by short presentations
of the current state of scientific knowledge followed by discussion. The second day was mostly

focused on discussions of four possible areas of action.

Goals

To engage a broader science audience along with managers and stakeholders with technical
expertise to 1) share current knowledge about pinniped population sizes, population dynamics
and diet composition, 2) identify current scientific knowledge gaps and uncertainties, particularly
as they relate to pinniped predation on salmonids, salmon population drivers, and broader
ecosystem factors, 3) discuss direction for future science activities that could inform potential
management considerations. This also included discussion of uncertainties, risks and benefits of

suggested actions.

Scope

The workshop focused on harbour seals, California sea lions and Steller sea lions, primarily

within the Salish Sea, but where appropriate also included information for outer British
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Columbia (BC) and Washington (WA) coasts. Scientists, First Nations, Tribes, government and

others knowledgeable about pinnipeds, their prey, and predator-prey relationships participated.

Deliverables

The previous workshop in this 2-part series culminated in a report summarizing the scientific
knowledge on the abundance and distribution, population dynamics, foraging behaviour, diet
preferences and ecosystem impacts of pinnipeds (harbour seals, Steller sea lions and California
sea lions), with a focus on pinniped predation on salmonids (Trites and Rosen 2019). The second
workshop built on the first and aimed to incorporate other relevant technical knowledge and key
knowledge gaps, outline management implications including ecosystem considerations, and to
recommend possible next steps for science activities necessary to inform management

considerations.

Participants
A wide audience representing stakeholders in the fishing industry, First Nations, Tribes, and non-
profit organizations attended, as well as scientists from local and federal regulatory agencies and

universities — many of whom attended the first workshop in May, 2019.

Agenda

The full agenda can be found in Appendix B. On the first day, the workshop alternated between
presentations by scientists in their fields of expertise, and group discussions and review of the
information presented. These included:

e Pinniped Science Review (e.g., abundance and distribution trends, diets, foraging)



o Factors affecting salmonids within an ecosystem context (both within the Salish Sea and
beyond)
e Pinniped-Salmon Interactions (e.g., spatial-temporal variation in predation pressure)

o Ecosystem pathways between pinnipeds and salmon (e.g., effects of disease on predation)

The second day focused on presentations regarding the specific management frameworks for
pinnipeds in Canadian and US jurisdictions. Following these presentations, participants rotated
among four break-out groups to discuss considerations within broad categories of potential
actions to mitigate pinniped predation on salmonids:

e Variation in hatchery production

e Enhanced fish survival

e Non-lethal removal of pinnipeds

e Lethal removal of pinnipeds.

These actions were not discussed within the context of specific management frameworks, but
represent ideas that various participants felt worthwhile to consider. To reiterate, while not
attributed to specific participants, the material under the section “Possible Actions to Mitigate
Pinniped Predation on Salmonids” reflects solely the discussions during the workshop and not

any external sources of information.



Background

Pinnipeds have a long history of interaction with Indigenous Peoples on the west coast, followed
by large-scale predator control programs and harvests from the late 1800s to mid-1900s. In 1971,
Canada protected marine mammals under the Fisheries Act, followed by the Marine Mammal
Protection Act (MMPA) in 1972 in the US. These protections have resulted in increased
abundance of pinnipeds throughout their ranges and in the Salish Sea. The increased abundance
has led to a perceived negative correlation with decreases in salmon stocks among some

stakeholders and scientists.

Marine survival of Pacific salmon (i.e. SAR: smolt to adult survival) is highly variable among
stocks, but many stocks of Coho Salmon, Chinook Salmon and steelhead (anadromous Rainbow
Trout) in the Salish Sea have shown significant declines since the 1980s. Further, there is debate
on the concepts of additive and compensatory predation, that is, whether every source of
mortality over the life history of an organism can be added up to equal total mortality, or whether
if one source of mortality was removed would total mortality remain undiminished because
mortality from another source would increase. Predation may not be additive, and the degree to
which compensation exists may affect the outcome of management efforts. While important to
keep in mind, many of the workshop participants acknowledged that it would be difficult
scientifically to demonstrate if predation was additive or compensatory. It was also noted that
while predation impacts on salmonids was the focus of the workshop, predation is just one of

many hypotheses for the causes of salmon declines.



This report is divided into two major sections, summaries of the Current State of Knowledge
(which includes a synopsis of pinniped population trends, diet estimates, and estimated changes
in salmonid marine survival) and summaries of Possible Actions to Reduce Pinniped Predation

on Salmonids.

There was no attempt in the breakout discussions to reach consensus, prioritize actions or
concerns, or eliminate any action from the realm of possibility. Rather, a diversity of opinions
was sought and encouraged. Furthermore, no consideration was given to costs, logistics or
current policy/management frameworks. That being said, an important concept was how to

evaluate and monitor the success or failure of a management action.

Each of the 4 actions described in Possible Actions to Reduce Pinniped Predation on Salmonids
section has some history (to varying degrees) of implementation around the world and in the
Pacific Northwest in particular. Respective experts and elders in the room were able to provide
context in discussions. It was not the objective here to review those previous management
activities or outline benefits and consequences. Rather, the objective was to gather and
summarize the diversity of opinions on possible management actions. It should be noted that
there was little discussion about fishing impacts, or whether harvest levels, fishing gear, or
spatial-temporal fishing effort need to be changed to increase fish survival. There was also no
discussion of salmon bycatch in other fisheries. These issues were considered outside the

objectives of the meeting.



Summary of Current State of Knowledge

The first workshop focused on the current state of scientific knowledge and was summarized by
Trites and Rosen (2019). Readers looking for more detailed explanations of the current state of
knowledge are referred to this document. For this second meeting, general summaries of key

areas were presented and are summarized below along with a few key figures.

Pinniped abundance, distribution, and foraging

The distribution and abundance of pinnipeds in the Salish Sea (Strait of Georgia and Puget
Sound) have undergone large changes over the past 150 years. Currently, harbour seals and
Steller sea lions are the most abundant species, while fur and elephant seals are rare, and

California sea lions have become more frequent over-winter visitors in recent years.

Harbour seals are the smallest of the three pinnipeds considered in this workshop (i.e, harbour
seals, Steller sea lions, and California sea lions) and range in weight from 50 kg to 150 kg for
females and 70 kg to 170 kg for males. Population reconstructions of harbour seals in BC from
harvest records indicate that numbers were brought to low levels after 35 years of commercial
harvest between 1879 and 1914. The population rebounded in the 1920s and were brought low
again following a commercial and bounty hunt in Canada from 1962 to 1968. In the Strait of
Georgia, the population grew rapidly from ~3,000 in 1968 to ~30,000 in 1990 at which time the
rate of increase started to slow. The population plateaued in 1995 at ~39,000 and has ranged
from 35,000 to 43,000 to the present (Figure 1). Similar increases were observed from 1978 to
2000 in the inland waters of Washington (Figure 2). The most current estimate available (2008)

of harbour seals throughout all of BC is 105,000 animals.



Steller sea lions are the largest of the three pinnipeds considered here averaging 270 kg for
females and 1,000 kg for males. The Eastern population of Steller sea lions inhabits coastal and
continental shelf regions of the North Pacific Ocean from central California north through British
Columbia and Southeast Alaska. Relatively small numbers enter the Salish Sea from fall to
spring. The vast majority (~80%) of animals are found in BC and Southeast Alaska. Population
reconstructions have not been done for Steller sea lions, but they also sustained large-scale kills
and were driven to a low population size. The population abundance in British Columbia
increased exponentially from ~8,000 individuals in 1971 to 39,200 in 2013, and has not yet
shown signs of stabilizing (Figure 3). Similar trends occurred in Washington, Oregon and

California with combined counts less than 2000 in the 1970’s to approximately 10,000 in 2015.

California sea lions range in weight from 50 kg to 110 kg for females and 200 kg to 400 kg for
males. California sea lions breed in southern California and Baja Mexico and have steadily
increased from 1975 to the present. The current population appears to have stabilized around
275,000 animals. The most recent population estimate was 257,600 animals in 2014. Males
disperse from breeding areas with some portion of them making seasonal incursions into the
coastal waters of Washington, Oregon, and BC including the Salish Sea. Counts in Washington

waters were rare in 1972 to over 3,000 in 2018.

The increase in the abundance and presence of pinnipeds in the Salish Sea occurred at the same
time as large changes in salmon populations. As pinniped populations were increasing in the

1960s 70s and 80s, Coho Salmon and Chinook Salmon catches remained high. In the 1990s



Coho Salmon and Chinook Salmon catches started to decline, while harbour seal numbers started
to stabilize at ~39,000 individuals, and Steller sea lion abundance continued to grow. During the
same period, other pinniped prey species, such as herring and hake, also went through large
population fluctuations. Unfortunately, there were inconsistent collections of pinniped diet data

from these early periods, thus validating key prey species over this time period is not possible.

Current estimates of diet are derived from pinniped fecal samples (scat) collected at haul-out
sites, which are typically tidally washed away each day. These scat samples are processed and
analysed using a dual approach: hard parts provide information about the species and size of fish
consumed, while DNA metabarcoding provides discrete estimates of species presence and
proportions in the diet. These data suffer from statistical issues associated with getting a spatial-
temporal representative sample. Diet estimates of harbour seals from scat collected in
Washington inland waters show that forage fish (herring and sand lance) and gadids (primarily
hake) make up 25 to 95% of the diet, and that salmon make up 2 to 25% of the diet (Figure 4a).
Seal diets vary widely across space and with season. In the Strait of Georgia, the percent salmon
in the diet of seals feeding in estuaries increased from 2% in June to 65% in November, the
majority (>95%) of which were chum salmon (Figure 4b). The relative contribution of juvenile
and adult salmon also varies seasonally, spatially and across years. Steller sea lion diet in the
Strait of Georgia in the winter was principally herring 35%, and salmon made up ~7% of the diet
(Figure 5). In summary, diet data of pinnipeds are quite variable in space and time. Both harbour
seals and Steller sea lions eat salmon, including Chinook Salmon and Coho Salmon, but the

proportions depend on where and when samples are taken.



Pinniped prey abundance, trends, and availability

Pacific hake and Pacific herring constitute the greatest portion of Salish Sea pinniped diets.
Groundfish (including hake) populations in Puget Sound have fluctuated over the past 60 years,
without significant declines in the overall abundance. Herring populations have been stable in
Puget Sound in recent years, however, some stocks declined while others increased leading to
relatively consistent overall population size (averaging effect) with notable changes in
distribution. In the Strait of Georgia, herring spawning biomass is at all-time high levels, but
spawn distribution has changed over time. Anchovy, another important forage fish in pinniped

diets, has increased in recent years.

Five Pacific salmon species, as well as steelhead trout, spend at least some portion of their
marine life-history in the Salish Sea. Species, and stocks within species, exhibit differences in
their duration of residence within the Salish Sea, their trends in abundance, and the available
information needed to evaluate management actions or conservation status. Recent work on
Chinook Salmon, Coho Salmon, and steelhead has shown declines in marine survival since the

1980s for many Salish Sea populations compared to coastal populations (Figure 6).

In the Strait of Georgia, Chinook Salmon numbers declined in the late 1970s, Coho Salmon in
the late 1980s, and Sockeye Salmon in the late 1990s (see Trites and Rosen 2019). In general,
salmon stocks that have shorter periods of freshwater residence, relatively smaller size at marine
entry and longer periods of coastal residence, (e.g., sub-yearling Chinook Salmon, Chum Salmon
and Pink Salmon) currently have relatively better marine survival in contrast to those with longer

periods of freshwater residence, larger size at marine entry and reduced periods of coastal



residence prior to moving offshore (i.e. yearling Chinook Salmon). In Puget Sound, hatchery-
produced Coho Salmon are twice as abundant as naturally produced fish, and hatchery-reared
Chinook Salmon are 10-times more numerically dominant than their wild counterparts. Resident
Chinook Salmon and Coho Salmon that rear year-round in Puget Sound likely have greater
exposure to pinniped predation than do those that leave the Sound for extensive offshore
migrations; yet these more resident stocks are the ones that are doing well compared to the more
migratory stocks. Marine survival of the coastal Coho Salmon populations appears to have

improved.

Factors affecting salmonids within an ecosystem context

Many factors affect the population dynamics of salmonids, and evaluating the critical factors
controlling their abundance has been elusive. A life-history where >90% of their offspring die
before a fraction return to rivers to reproduce means that any reproductive adult had to survive a
multitude of threats. These include the threats of disease, contaminants, high water temperatures,
hatchery management (negative genetic effects), habitat loss, predation and fisheries. It is likely
a combination of these effects, as well as food quantity and quality, that affect salmon returns.
Salmon evolved under most of these threats, but increases in human harvest and impacts on the
ocean as well as climate change pose unprecedented challenges to salmonid survival. Hatchery
fish tend to show similar temporal trends in survival as wild salmonids but have lower relative

survival .

There is some evidence that the natal and juvenile environments of salmon affect their survival.

A proportion of Coho Salmon are once again remaining resident in the Strait of Georgia—a



behaviour that has been absent for approximately 20 years. In contrast, Chinook Salmon have
much more life-history variation. Those that spend at least one year in freshwater move quickly
through the Salish Sea and travel offshore (called stream-type or yearling) — while those that
only spend weeks to months in freshwater generally tend to rear in estuaries or nearshore coastal
waters (called ocean-type or sub-yearling). Most of the Salish Sea populations of Chinook
Salmon are ocean-type with some portion of individuals apparently remaining entirely resident in
the Salish Sea, while others eventually make their way out to coastal waters of the open ocean.
These smolt variants generally coincide with adult run timing, with stream-type returning during
spring and ocean-type returning during fall. In recent years, numbers of adult Chinook Salmon
returning to some east-coast VVancouver Island rivers have been increasing (ocean-type that rear
in coastal marine waters), while the early arriving Fraser River spring Chinook Salmon have

declined (stream-type that rear in freshwater and exhibit an extensive offshore ocean migration).

In Puget Sound, an analysis was undertaken to identify ecosystem indicators that correlate with
marine survival of Chinook Salmon, Coho Salmon and steelhead. The study found that
freshwater delivery was a poor explanatory variable, while factors related to predation,
competition, and water quality explained more variance in marine survival (although only 30-
40% for the best models). Seal abundance correlated negatively for all three species; however,
seal abundance explained more variance in steelhead trout and Coho Salmon data (22% and
30%, respectively) than it did for Chinook Salmon (<8.6%). It is important to note that the
methods for estimating marine survival (i.e. SAR; smolt-to-adult-returns) varied among the three
species, which may account for some of the differences in observed relationships. Furthermore,

survey catches of juvenile Chinook Salmon were 2—-10 times greater in Puget Sound than in the



Strait of Georgia. Consequently, differences in habitat need to be considered when comparing
predation risks posed by pinnipeds to different salmon stocks in different regions of the Salish

Sea.

Throughout their range in the Northeast Pacific, the abundance and size-at-age of the oldest age
classes of Chinook Salmon have declined. Possible explanations for the decline in size include
size selective removals either from predation (killer whales and sea lions) or fisheries (sport and
commercial), or changing hatchery practices and changes in the ocean environment affecting size

and growth. It is currently difficult to separate these effects.

Marine survival has been correlated with smolt growth and condition in the first marine year.
Years when Chinook Salmon grew faster in Puget Sound were years when they had higher
marine survival rates. Catch per unit effort (CPUE) of Coho Salmon in the Strait of Georgia has
increased from a low in 2008 to above average levels in 2012, 2013, 2015, and 2018. These high
catch rates correlate with higher growth rates in Coho Salmon, providing some indication of an
ecosystem shift which favors a greater production of high-quality prey. Juvenile Coho Salmon
are now eating less fish and more energy rich crab and amphipod larvae. Further support for
ecosystem changes and potential changes in bottom-up production were found in a similar diet
shift (less fish and more energy rich crab and amphipod larvae) of juvenile Chinook Salmon in

the Strait of Georgia.



Pinniped-salmon interactions

Predator-caused mortality has to be accurately estimated relative to total mortality to determine
the impact of predators on prey populations. We know that seals eat salmon, and considerable
effort is being directed to estimate the percent salmon in the diet, but what is needed is to put
consumption estimates in the context of total natural mortality (i.e. impact). Statements like
“harbour seals contribute xx% of total mortality” are more useful, as they provide some
guantitative assessment of predator impact and set it in the context of mortality caused by
fisheries and other (often unknown) causes. Scientists in eastern Canada working on grey and
harp seal predation on Atlantic cod found that most of the uncertainty in estimates of
consumption are due to uncertainty in the proportion of prey species consumed and how
estimates vary by predator age, sex and feeding location. Ultimately, the impact that seals have
on prey populations depends upon the population dynamics of the prey species, as well as the
seasonal distribution of predators and prey. Notably, their conclusions depend on the spatial
context of the population and its ecosystem. In the waters off eastern Newfoundland, predation
by seals has not been found to significantly impact northern cod stock levels, whereas in the Gulf
of St. Lawrence low cod population size coupled with high levels of grey seal predation appears

to have created a predator pit, limiting the recovery of cod, hake and skate in those areas.

Predation rates and biomass consumed by harbour seals and Steller sea lions have been
calculated at different spatial scales using different data sets and assumptions. The diversity of
approaches and results represent, to some degree, both the diversity of scientific approaches and
natural spatial-temporal variations in predators and prey. One study concluded that three lines of

evidence point to seals as a potential cause of increases in first-ocean-year mortality rates:
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correlative, diet, and seal behaviour. Increases in mortality rates of Coho Salmon correlate with
increases in seal abundance, however, Chinook Salmon stocks show highly variable responses to
seal abundance with the dominant lower Fraser (Harrison) Chinook Salmon showing about half

the change in mortality rates seen in other Georgia Strait indicator stocks.

Because researchers are using bioenergetics models to estimate impacts, current estimates of
numbers of Coho Salmon and Chinook Salmon consumed are sensitive to assumptions about the
size of juvenile salmon being consumed, as well as the number of prey (hatchery and wild) that
are available and vulnerable to seals after freshwater and post-release mortality has occurred.
Predation rates (estimated proportion of total salmon smolts which entered the ocean which were
then estimated to be consumed) for juvenile Chinook Salmon and Coho Salmon appear to be
lower in Puget Sound than in the Strait of Georgia. It is important to note that there is high
uncertainty and disagreement around these estimates, and they are subject to change as new data

are incorporated and model assumptions refined.

Steller sea lions also consume salmon smolts. While smolts comprise a miniscule proportion of
the diet in terms of biomass, consumption can represent a large number of smolts. However, the
impact on Chinook Salmon stocks is probably minimal when viewed in the context of the
number of smolts produced and the number of smolts dying before attaining adulthood.
Preliminary analyses indicate that Steller sea lions are an important predator of adult Chinook
Salmon in British Columbia. Total Chinook Salmon consumption, mainly by northern resident
killer whales and Steller sea lions, has increased dramatically over the last four decades, while

catches in the Chinook Salmon fishery have declined. Increased consumption of Chinook
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Salmon by predators may help explain the declining exploitation rates in Chinook Salmon

fisheries.

There are at least three different ecosystem models being built by different research teams that
can be used to assess food web interactions and the potential consequence of reducing pinniped
population sizes on ecosystem dynamics. Individual-based models, and spatially and temporally
explicit ecosystem models that simulate the whole life cycle of modelled species have
reproduced reasonable diet compositions and improved our understanding of pinniped impacts
on prey species. The models are in development, and data limitations affect each model’s ability
to accurately model the system and consequently our ability to predict the effect of potential

management actions and the potential risks of unintended consequences.

Possible Actions to Mitigate Pinniped Predation on Salmonids

Four possible actions to mitigate pinniped predation on salmonids were discussed at the
workshop: vary hatchery production, enhance fish survival, non-lethal removals of pinnipeds,
and lethal removals of pinnipeds. Participants were asked to consider five questions during

deliberations.

1. What scientific findings are most relevant?

2. What are uncertainties that increase risk of unintended consequences and not having the
desired result?

3. What are potential secondary effects and ecosystem risks?

4. What additional information do we need to have to make decisions?
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5. What level of certainty is needed before testing various approaches?

It should be noted that the possible actions listed are by no means a complete or prioritized list of

actions that can be assumed to improve the survival of salmon or forage fish from pinniped

predation, but ones that were discussed during the workshop.

Vary hatchery production

Possible actions discussed by participants included:

Modulate the number of fish produced. Hatcheries can release more fish to test whether
marine survival stays constant or continues to decline, paying particular attention to the
timing and location of releases. Hatcheries can also reduce releases to determine whether
this leads to enhanced body growth, and survival of wild salmon - presumably through
decreased competition for food.

Modulate the timing of release. Hatcheries can release fish all at the same time, hoping to
flood the predator field, or can spread releases out in time to reduce the potential for a
pulse predation response. This can also be done to reflect a greater level of outmigration
diversity patterns, more similar to wild fish populations.

Modulate the location where fish are released. An evaluation of survival associated with
release location can occur in rivers near high densities of pinnipeds and/or further away
in order to test local predation effects on survival.

Modulate the size of fish released. An evaluation of survival associated with release size

can occur to determine if larger size smolts have a higher or lower survival rate.
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It was recognized that varying hatchery production could potentially have positive or negative
effects on salmon returns, and hatchery releases could be better designed to test the impact of

predators on juvenile salmon survival.

Expected outcomes / uncertainties

While hatchery approaches in the US and Canada are different, it was felt that large hatchery
releases would benefit from a broader ecosystem and experimental context. It was noted that
First Nations and US Tribes ha