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Preamble

This discussion paper was requested during the
early stages of the Pacific Salmon Strategy Initiative
(PSSI) to provide strategic direction with respect

to climate change and Pacific salmon. The PSSI
was announced in June 2021 as a strategic, long-
term response to the negative effects of climate
change, habitat loss, and fishing pressures on
salmon '. It is a $647-million initiative with the goal
of “stemming the severe and ongoing decline of
key Pacific salmon populations on Canada’s West
Coast and restoring them to a sustainable level

for future generations of Canadians” 2. The PSSI
aims to protect and rebuild stocks where possible
through habitat, harvest, and hatchery actions, as
well as increased integration and collaboration *.

The intent of this work is to provide further
scope on the topic of climate change and salmon,
through identifying issues and lessons from

the literature and engagement with Fisheries
and Oceans Canada (DFO) staff. This paper is

a high-level document written for an audience
with an informed interest in Pacific salmon.

A Fraser Chinook takes a leap at Rearguard Falls in the upper Fraser
River, B.C. Photo by Shane Kalyn, 4 Element Photos.
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Executive Summary

When will the state of Pacific salmon return
to normal? In recent years, Canada’s Pacific
Region has experienced extreme environmental
conditions, and many populations of salmon
have declined. Fluctuations in environmental
conditions and in salmon abundances are not
a new phenomenon. Periods of poor salmon
production have occurred in the past, as have
better periods, varying around an average

or “normal” state. Canada’s Pacific salmon
management systems were built on such
historical observations, assuming that future
conditions would reflect those experienced

in the past. However, climate change is
forcing environmental conditions outside

of their historical range, which is impacting
salmon habitats, survival, and distribution.

“Normal” no longer exists in a changing climate.
As the planet’s climate continues to change,
some salmon populations will fare better than
others, affecting their overall distribution on

the landscape and in marine areas. The salmon
populations of tomorrow will not look like those
of today, and we will be unable to prevent all
losses and other changes due to climate effects.

There is an urgency to act. This paper shows how
climate change is creating challenges for Pacific
salmon management, and how this is impacting
the well-intentioned and costly work being
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performed across the region. In keeping with
the scientific evidence and national leadership
provided in Canada’s National Adaptation
Strategy, we propose a new strategic direction
aimed at supporting and aligning Pacific salmon
management with our reality of change:

Climate change adaptation is foundational
to DFO policies, programs, and activities
related to Pacific salmon.

Adaptation means using information on current
and future changes in climate not only to avoid
or reduce negative impacts, but also to exploit
potential benefits. We define meaningful
adaptation as forward-looking and proactive.
Incorporating climate adaptation into new

and ongoing planning and decision-making
processes has been associated with successful
implementation of adaptation, and supports
commitments made by the Government of
Canada to build resilience into its operations.

We provide a way forward with a list of activities
and tools that can enable us to more thoroughly
address climate change in salmon management.
These include developing our capacity to adapt,
creating a team to lead and support adaptation,
improving collaboration, and initiating adaptation
assessment and planning processes that are
supported by climate change projections,
vulnerability assessments and scenario planning.

This figure does not present data,
it is for illustrative purposes only.




A Salmon’s Journey
on a Warming Planet

Pacific salmon are some of the world’s greatest
migrators. They begin their first migration after
hatching, making their way to the water’s surface

for a small gulp of air to fill their swim bladders®. It

is a short but critical swim that begins an incredible
journey. They’ll go on to travel hundreds of kilometres
through freshwater and ocean habitats, eventually
returning to their natal streams and rivers to spawn.

Climate change is now affecting Pacific salmon
at all points in their life cycle. Salmon are
increasingly less likely to make it past their first
life stage as eggs. Ever more frequent floods and
high river flows either scour spawning beds or
bury the eggs in sediment °>~". In contrast, during
dry periods, dewatering of riverbeds can strand,
suffocate and kill salmon eggs and juveniles ".

The timing of salmon life events like hatching and
juvenile migration to streams, lakes, and the ocean

is being altered by changes in water temperatures

and river flows. This can create mismatches between
the timing of migration and the availability of food

if salmon arrive too early or late to align with food
production ®. Once in the ocean, food sources such as
zooplankton are of lower quality more often now 29,
yet salmon in warmer waters require more, and higher
quality, food to sustain their growth ?'.

When they return to their natal rivers to spawn, salmon
are encountering rising water temperatures that stress
their bodies, increase their susceptibility to disease,
affect their reproductive viability and the condition

of their offspring, and at times exceed the lethal

limit 22-?’. Salmon are also encountering more barriers
to migration, such as landslides or low water levels

due to drought, which cut off access to their spawning
grounds *”?%. Such catastrophic events will happen with

greater frequency and severity in the years to come 2°-3'.
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Introduction

The Government of Canada recognizes
that climate change is having irrevers-
ible effects on the environment and

on people®.

In response, Canada has identified the need to
adapt to climate change, and released a National
Adaptation Strategy and accompanying Action
Plan in mid-2023 3233,

“In the context of record-breaking wildfires
across the country, record hurricanes like
Fiona and record floods in British Columbia,

Like many other natural resource agencies, DFO this Strategy is needed now, more than ever,
developed its approach to managing fisheries to establish a shared vision of our future.”
resources, specifically salmon, their habitats, and

— The Honourable Steven Guilbeault, Minister
the socio-economic systems that rely on them, of Environment and Climate Change, June 27, 2023 34,

under the historically prevailing assumption
of environmental stationarity — the idea that
environmental conditions fluctuate within a
known range **-*’. Under this premise, natural
resource management agencies have used
past conditions as baselines or benchmarks
for habitats and populations 3239, To date,
most management responses to human and
environmental stressors have aimed to restore
or conserve ecosystems as we have known
them 363940 However, this goal does not align
with the reality of climate change 39442, Climate change is consistently forcing
environmental conditions outside the bounds
of our past experience 2429 In our new reality,
Pacific salmon ecosystems are responding to

National Adaptation Strategy Vision: “All of
us living in Canada, our communities, and
the natural environment are resilient in the
face of a changing climate. Our collective
adaptation actions enhance our well-being
and safety, promote justice, equity, and
reconciliation with Indigenous Peoples, and
secure a thriving natural environment and
economy for future generations 32.”

Non-stationary Climate

Environmental variability no longer
reflects that observed historically
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https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/national-adaptation-strategy.html
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/national-adaptation-strategy.html
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/national-adaptation-strategy/GCAAP-Report-EN.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/national-adaptation-strategy/GCAAP-Report-EN.pdf

both the effects of the changing climate, and
the compounding effects of climate change
on other stressors, such as water extraction
and deforestation 2. In response to intensifying
stressors, rapidly changing environments are
increasingly unlikely to return to “normal” 3639,

As climate change pushes environments further
from what we have known, we will not be able
to control all outcomes. Some Pacific salmon
populations will fare better than others, affecting
their overall distribution on the landscape

and in marine areas. Salmon migrations and
habitat use in the future will not look like they
do today. Ultimately the distribution of Pacific
salmon is expected to shift northward 3-8,

We can address current and future change by
transforming salmon management. This goes
beyond strategies that focus solely on enhancing
the resilience of natural systems in the hope

that they will rebound to their prior state *°.

A new natural resource management paradigm

is emerging that focuses on preparing for and
managing change through forward-looking

adaptation 3°49-%', This means using information
on future climate change to take action now to
avoid or minimize expected negative impacts,
and to prepare for potential opportunities.

This discussion paper is step one in a process
intended to foster climate change adaptation
within Pacific salmon management. Here we

e define what we consider to be
meaningful climate adaptation;

e show how systems of salmon management
that developed under assumptions of
stationarity are challenged by climate change,
and how additional risks may be created in
the absence of meaningful adaptation;

® propose a new strategic direction that
recognizes the importance of embedding
adaptation throughout our salmon
management operations; and

e present activities and tools that
provide a way forward.

Braided glacier-fed channels flow into Berg Lake in the upper Fraser watershed in British Columbia. In Canada, glaciers have rapidly
receded over the past decade #. This will lead to declines in glacial meltwater supply, and increases in temperatures in the rivers and
streams they have historically fed*. Photo by Shane Kalyn, 4 Element Photos.
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What is Meaningful
Climate Adaptation?

Meaningful climate adaptation is an
ongoing process that aims to reduce
the vulnerability of social, ecologi-
cal, and economic systems to climate
change impacts *.

In this case, these systems include salmon, their
ecosystems, and the people and institutions that
rely on and manage them.

To do this, climate adaptation must be
forward-looking and proactive.

Forward-looking adaptation is informed by plausible
climate change trajectories. Indigenous, scientific,
and other knowledge systems work together to
determine what futures are possible 5354, and to
facilitate behavioral, technological, and institutional
changes to prepare for those futures 5556, The
approach is strategic and deliberate #°:57, but does
not imply that we can control all outcomes, even
with effective adaptation 58. For example, local
species extinctions or displacements have occurred
and will continue to occur, affecting a variety of
species in different regions of the world, as a result
of climate change 5°¢°,

Climate change adaptation falls on a continuum
from incremental to transformational *°. Incre-
mental adaptation maintains the essence and
integrity of a system or process at a given scale,
whereas transformational adaptation changes
the fundamental attributes of the system, creat-
ing new states and interactions 62, Incremen-
tal actions are limited by social, economic, and
governmental structures °, and may be insuffi-
cient to avoid risks as climate change impacts
escalate 24, Transformational adaptation

FISHERIES AND OCEANS CANADA

can overcome such limits, and can expand the
range of solutions available for the future *°.

Proactive and transformative approaches to
addressing change are less likely to lead to
maladaptation ¢*. This occurs when actions

fail to appropriately address the root causes

of climate change vulnerability 5. Through
maladaptation, poorly planned actions can
actually increase vulnerability to climate change,
and reduce the number of future solutions
available 547, For example, vulnerability

would likely increase if subsidies were used

to support, or “lock-in”, unsustainable fishing
practices where catches have declined as a
result of climate change ©°. Often maladaptation
is the result of planning that focuses on
individual economic sectors and climate risks

in isolation, as well as on short-term gains *°.

Meaningful adaptation planning for future
change is critical for infrastructure investment
and policy development %¢. Proactive actions
can also remove barriers and allow systems to
respond more quickly after changes occur °¢,

The salmon-bearing Eagle River winds its way along the edge
of town in Sicamous B.C. Pacific salmon exist within systems
of interacting social and ecological components and processes.
Photo by Shane Kalyn, 4 Element Photos.




The Perils of Manag-
ing for the Past

The goal of Canada’s Wild Salmon
Policy is “to restore and maintain healthy
and diverse salmon populations and their
habitats for the benefit and enjoyment of
the people of Canada in perpetuity" °.

While this goal is highly desirable, we recognize
that restoring and maintaining salmon
populations and habitats as we have known
them relies on environmental stationarity, yet
we are experiencing a non-stationary world.

In this section we show how Pacific salmon
management systems that were developed
under assumptions of stationarity are being
challenged by climate change, and how this
is undermining the well-intentioned and
costly work we perform and support.

Current Management Approaches

Prioritizing Populations for

Conservation and Recovery

Investment in Pacific salmon recovery is largely
directed at populations that are most at risk of

extirpation ¢’. This is in keeping with requirements

of the Species at Risk Act and the Fisheries
Act, both of which mandate recovery planning
for at-risk populations. Since many salmon

populations are declining, particularly in Southern

BC 8, there is pressure to extend recovery
efforts to a growing number of populations.

When resources are limited, prioritizing the
most at-risk populations for investment has
opportunity costs 8. For example, more viable
populations may be bypassed, or moved
down the priority list. Often such trade-offs

go unrecognized °. With endangered species,

focusing only on those species most at risk

is unlikely to minimize the total number of
extinctions over the long term 7°. On the other
hand, investing in species that are not currently
in a critical state or that have greater viability
may improve their resiliency and prevent these
species from becoming at risk in the future 8.

Climate change will increasingly call upon us

to make difficult decisions when assigning
limited resources to competing project
proposals 7. Given that climate change is likely
to affect species and populations differently,

it is important that decision-makers consider
future context when defining and evaluating
their management goals ©°. This process makes
trade-offs explicit, improving transparency

and accountability in decision-making 2.

Management Levers
We use three primary levers to manage Pacific
salmon populations and their habitats:

a Habitat Restoration and Regulation;
9 Hatchery Enhancement; and
9 Harvest Management.

Habitat Regulation and Restoration

Habitat regulation aims to conserve and protect
salmon habitats from potential degradation and
losses. Restoration is performed to conserve
and improve salmon production where
degradation has occurred, or where habitats
can be improved 73. Restoration plans have
most often been developed without considering
the impacts of climate change on the habitats
being restored 7. Instead, natural or historical
states may be used to diagnose and guide
restoration efforts where current conditions
limit salmon production 7>-75, Ecosystem
characteristics, such as river flows, have been
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assumed to remain within the range of historical
variability 76. However, such traits are deviating
from what we have observed historically,

and this is expected to escalate 29307778,

severe flows have impaired or reduced the
functionality of costly infrastructure (see box:
Bonaparte Fishway), and damaged restored
habitat. Salmon habitat restoration activities that

focus on in-stream rehabilitation are particularly
susceptible to failure as river flows change 4.

In many areas of B.C., changing river flows
are hampering the success of restoration
projects. More variable flow timing and more

Recurring High Flows Damage
and Hamper Restoration of the
Bonaparte Fishway

Contributed by Chantal Nessman and

Sarah Ostoforoff, DFO Resource Restoration Unit

The Bonaparte fishway near Cache Creek, B.C.
was built in 1988, opening up more than 70 km
of spawning and rearing habitat for Chinook,
coho and steelhead salmon. Gravel accumulation
and damage were identified at this site in 2017
(Lee McCabe, DFO, Aug 2, 2022, pers. comm.),

. L The damaged Bonaparte River fishway in 2018.
and repair work was initiated 7°. Subsequently,

Photo credit: DFO Staff.

heavy rain events in spring and summer 2018
led to unprecedented high water levels, heavy
debris, and sediment flows in the Bonaparte River that significantly worsened damage to the fishway
infrastructure 7°, causing a catastrophic failure (Lee McCabe, DFO, Aug 2, 2022, pers. comm.). In fall

and winter 2018, opportunities to perform repairs at the site were limited by much higher than average
river flows during the typical low-flow period 2°. It is suspected that the massive 2017 Elephant Hill
wildfire, which spanned a large portion of the Bonaparte watershed, has altered the movement of water
through this landscape #'. Significant construction efforts carried out under adverse environmental
conditions through 2018-2019 successfully remediated the fishway and re-established fish passage.
However, ongoing monitoring and further upgrades are required to ensure future operation of the
fishway under changing conditions. Meanwhile, the damage and challenges created by recent river flows
in the Bonaparte River have impacted multiple return years of salmonids that use this river system.

Impacts: “There’s nothing to soak up the water. We're seeing
5 unprecedented flows of about 500 per cent of the
\/\ 12 2 typical low-flow volume. It either makes work
$ h “h, W impossible, because it doesn’t allow people to get in
to do the work, or what we do is washed away.”
Cost Changing salmon  Uncertainty

— Lee McCabe, DFO project engineer told the Ashcroft-Cache Creek

roduction
P Journal on August 30, 2019 7°
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Where restoration efforts previously succeeded in and undermine restoration efforts. Existing

offsetting impacts of landscape change, climate projects are already being hindered by high
change can now render efforts insufficient 8283, summer water temperatures and changing water
In some situations, climate change will intensify availability (see box: Mamquam Channels).

changes in landscapes and ecological processes

Juvenile Coho Concerns in the
Mamquam Channels
Contributed by Chantal Nessman and

Murray Manson, DFO Resource Restoration Unit

The Mamquam groundwater channels in Squamish,
B.C. annually produce 15,000-20,000 coho smolts.
This likely represents the bulk of salmon produced
by the Mamquam system. The first channels were
constructed in 1985; they were later expanded and
deepened to address concerns over low flows in the
late 1980s and early 1990s. These channels continue
to be affected by low flows in summer months, which
are exacerbated by increasingly frequent extreme Dry segment of the Mamquam spawning channels in August
weather conditions, and possibly by competing water 2021. Photo credit: Jennifer Thuncher/The Squamish Chief.
extraction. The speed and severity of channel drying

was particularly pronounced in summer 2021, leaving small, hot, oxygen-deprived pools of water in which
juvenile salmon became trapped and perished 4.

Impacts:
“It is just a fish killer at this time of year. There’s so

\/\ 2? ? much habitat that literally has no water in it”.
”’h“ ’ — Clint Goyette (Valley Fishing Guides/Squamish-Lillooet

W Sportfish Advisory Committee) told The Squamish Chief,

. . August 23, 2021, referring to the spawning channel adjacent to
Changing salmon
ging s Uncertainty the Squamish Valley Golf Course 84
production
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Habitat regulation and restoration are important
tools that provide options to support salmon
populations under changing conditions.
Prioritizing healthy and viable salmon habitats for
conservation and protection is a key step towards
reducing overall losses due to climate change.
Further, restoration practices can be adapted, and
new tools and techniques developed, to prepare
more effectively for future changes. Flexibility
and experimentation will be key to learning

and to adapting practices under uncertainty.

Variable Flows at Quinsam Hatchery
Challenge Broodstock Collection
Contributed by Paige Ackerman and Carolyn

Churchland, DFO Salmonid Enhancement Program

Declining water levels during adult migration have
prevented larger returning fish from swimming
into Vancouver Island’s Quinsam River Hatchery
in recent years. “Swim-ins” no longer represent
the population, so hatchery staff have begun
collecting broodstock in the lower river using a
floating fence, accessed through private property.
This situation is precarious, not only because

broodstock collection now relies on the cooperation

of a local landowner, but because the river

Hatchery Enhancement

Hatcheries are established to supplement
harvest opportunities, assess populations,
rebuild populations, and increasingly, support
conservation. Hatcheries rely on cool water

for egg incubation and juvenile rearing. They
also rely on adult salmon that swim into the
hatchery, or are collected from nearby rivers, for
breeding (called broodstock). Climate change is
interfering with access to these inputs at some
hatcheries (see box: Quinsam Hatchery).

A high water event at the Quinsam Hatchery in January 2017
shows the type of flow and debris that can impact broodstock
collection. Photo credit: Lorne Frisson, DFO.

has coincidently become more unpredictable. Intense high flow events are more frequently
preventing successful use of the fence, creating uncertainty in broodstock collection. River
instability from high volume events has impacted broodstock collection at multiple other sites in
B.C., including the Conuma Hatchery near Tahsis, and Shovelnose Creek near Squamish.

Impacts:

“Conservation implications aside there is a fundamental question

that has been largely overlooked until recently #°: will these
hatcheries be able to function in the future as they have in the past?”

— K. C. Hanson and D. P. Peterson, 2014, in Modeling the potential impacts of

Changing salmon
production

Uncertainty
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climate change on Pacific salmon culture programs: an example at Winthrop
National Fish Hatchery, page 434.86




As water flows and temperatures continue released by hatcheries, supplementation may

to change, hatcheries will likely experience no longer achieve its objectives 88688,

additional challenges 2°. Extreme events

could create bottlenecks that impact hatchery Harvest Management

operations . These climate impacts have Harvest management has historically relied on
prompted the U.S. Fish and Wildlife Service to predictable salmon abundances, behaviours, and
begin conducting climate change vulnerability population processes to determine sustainable
assessments for their hatcheries 8-°°. Further, catch levels. However, in many fisheries, salmon
if environments become unsuitable for salmon behaviors and processes like population growth
populations including the juvenile salmon rates are shifting and becoming more variable

Increasing Tension in the
Fraser Pink Fishery

Contributed by Lester Jantz, DFO Resource Management,

Pacific Salmon Commission Fraser River Panel Co-chair

Over the past 20 years, coinciding with warming
ocean trends, Fraser Pink abundances and adult
return migration behaviours have changed, and
become more variable *"°. This has increased the Mature pink salmon that have returned to spawn.
uncertainty of in-season Fraser Pink abundance Photo credit: Shane Kalyn, 4 Element Photos.
estimates, because the historical data and the

assumptions used to tune the in-season estimation models are no longer representative. Further, in
recent years, the bulk of Pink returns have migrated through only one test fishing area instead of being
more evenly distributed across multiple test fisheries. This shift in migration behaviour limits the catch
information that can be collected from the test fisheries in-season, exacerbating the existing uncertainty.

The high degree of uncertainty in the in-season Fraser Pink return estimation process has delayed
fisheries management decision-making in recent years. This has occurred at a time of increased fishing
interest in Fraser Pinks and lower Fraser Pink returns, a situation that reinforces the need for precise
and timely in-season estimates of returns. The disconnect between the need for reliable information
for decision-making, and the ability of salmon biologists to provide estimates with the desired level of
precision has created tension, frustration, and disappointment in the management process. Ultimately,
delays have caused missed fishing opportunities at a time when opportunities were already limited.

Impacts:
P “The effect of climate change may be experienced

\/\ 2?3 as a slow ‘squeeze’, exacerbating existing problems,
? ’ ’ ’ ' ) ’ rather than a push generating new action.”
H
W — A. Mcllgorm and colleagues., 2010, in How will climate

change alter fishery governance? Insights from seven

Conflict Changing salmon  Uncertainty international case studies, page 176.9%

production
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as environmental conditions change °'. This
creates increased uncertainty in the tools
developed to inform harvest management (see
box: Fraser Pink), which can lead to overfishing,
or alternatively, missed opportunities for fishing
activities targeting abundant populations 92:93,

As local fish abundances and behaviours change
due to climate effects, fishers may want to
respond by altering their target species, gear,
fishing locations, or timing °2:°¢. However, their
ability to do so can be constrained by the existing
regulations or economic considerations °7°8_If
management responses lag, mismatches or gaps
can be created between changing ecological
realities and policies or regulations that rigidly
define target species, gear types, fishing locations,
and practices 29899 Such mismatches can limit
opportunities for fishers 7, and create conflict
and distrust with the management system °°,

Pacific salmon fisheries could face increasing
pressures as shifts in the distribution of salmon
affect potential catch, which may no longer align
with international agreements '°'. Cooperative
management can break down when incentives
to cooperate are disrupted by unmet fisheries

Coho salmon. Photo by Paul Vecsei.
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expectations, creating conflict over catch
allocations "°2, and risk of overexploitation 2%1°3,

Flexibility and adaptability in fishery management
systems are important in order to deal with

the uncertainties inherent in future conditions
and in salmon and human responses to

change #194195 This means structuring systems
so they are able to quickly identify and respond
when management changes are needed,

or when opportunities arise 57:100:104.106

Increasing Risk and Uncertainty

Managing Pacific salmon populations and habitats
according to goals and assumptions developed
under relatively stationary environmental
conditions could mean missing opportunities to
reduce the impacts of climate change on salmon
and on the people who rely on them. Further,

if management systems became increasingly
complex in order to maintain the status quo, we
would risk deepening our vulnerability to climate
change *78. As climate change continues to alter
salmon habitats, management issues would be
exacerbated, and coping would likely become
unsustainable, leading to maladaptation 5764,

Likewise, if we fail to adequately prepare for
change, we could miss out on opportunities to
make the most of future conditions. Changing
environmental conditions are expected to
benefit some Pacific salmon populations and
create opportunities for expansion into new
habitats 46196197 |dentifying and supporting
these populations and habitats, and properly
managing emerging opportunities, will be key
to maximizing the potential benefits of change.




Managing for
the Future

The severity of future climate
change impacts on salmon and on
the social and economic systems that
rely on salmon will depend on how
well we anticipate and prepare for
those impacts ™.

Knowing that climate change is going to
intensify in coming years, there is a clear need
to reduce vulnerabilities, identify opportunities,
and improve our ability to respond to change.

Though DFO does not have a comprehensive,
long-term strategy for climate adaptation '°°,
climate change considerations are being
incorporated into some of DFO’s work with
respect to Pacific salmon. We can ensure

that adaptation is considered systematically
throughout salmon management systems by
embedding climate change adaptation within
our everyday operations. Incorporating climate
adaptation into new and ongoing planning
and decision-making processes, referred to
as mainstreaming, has been associated with
successful implementation of adaptation "°-"2,
We therefore propose a new strategic
direction to support and align Pacific salmon
management with our reality of change:

Climate change adaptation is foundational
to policies, programs, and activities related
to Pacific salmon.

Broad mainstreaming of adaptation is viewed
as critical in Canada’s National Adaptation
Strategy (NAS)32. The Government of Canada
Adaptation Action Plan cites a responsibility to

Alevins swarming the camera. Photo by Paul Vecsei.

incorporate climate adaptation into everyday
federal activities, including policies and programs,
to support implementation of the NAS and

enable adaptation throughout government
operations 3. Further, the Government of Canada
has committed to mainstreaming adaptation

and reducing climate risks to federal assets,
services, and operations throughout relevant
departments and agencies under the Greening
Government Strategy and the Federal Sustainable
Development Strategy 2022-2026 333,

“Everyone in Canada needs to consider
climate change impacts in everyday
decisions. For governments and businesses,
this is called mainstreaming. As climate
impacts become more severe and frequent,
and the costs mount, incorporating
adaptation considerations in health, social,
environmental, infrastructure and economic
decisions-making is critical to ensure
that our collective efforts keep pace.”

— Canada’s National Adaptation Strategy, 2023 32,

CONSIDERATIONS FOR PACIFIC SALMON MANAGEMENT IN' A CHANGING CLIMATE 5




Where to Begin

In recognition that adaptation is a social
process "+""5 we highlight actions that can create
enabling conditions for adaptation. These include:

e improving awareness and access to
relevant climate change information;

e building organizational capacity to
address adaptation needs;

e enabling leadership and coordinated
support for adaptation work;

e creating opportunities to develop
shared understanding of climate change
risks and opportunities; and

e initiating flexible, iterative risk assessment
and adaptation planning processes
that embrace shared learning.

These activities aim to facilitate effective
adaptation while addressing some common
organizational factors that can act as barriers.
Such barriers can include, but are not limited to, a
lack of coordination, and constraints created by
existing work routines, norms, and practices "4"e,
We follow this by identifying specific tools that can
support adaptation assessments and planning.

Chum salmon that have returned to spawn in the Kluane
River, Yukon. Photo by Paul Vecsei.
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Developing Our Capacity to Adapt
Building adaptive capacity is an important
first — and ongoing — step in climate change
adaptation "4, This refers to the capacity to
adapt to change, which can be limited by

a lack of awareness and understanding of
the threats posed by climate change, or by

a tendency to downplay those threats and
focus on addressing immediate needs 4°"7118,
Effective communication of climate risks and
adaptation opportunities is key to improving
individual and organizational capacity for
adaptation planning and implementation 584,

Developing adaptive capacity helps to expand
the group of people who are involved in
adaptation work, and reduces barriers to
implementation "#"9_ The following suggestions,
adapted from Shirk et al. (2021), are a
starting point for building adaptive capacity
throughout salmon management systems:

e Provide climate change risk and
adaptation education and training.

* Improve access to relevant climate
information and adaptation resources.

e |ncorporate adaptation duties into
Jjob descriptions, work plans, and
organizational structures.

e Create new positions to directly support
research on climate impacts as well as
carry out adaptation assessment, planning,
and implementation. New positions can
also offset the work loads of experts,
providing them with more time to engage
in research and adaptation assessments.

Creating a Team to Lead and

Support Adaptation Activities

Adaptation planning and implementation can
be more successful when this work is led and
supported by a dedicated team. The creation
of a specialized team for climate change



adaptation helps define responsibilities, facilitate
coordination, and support efforts to institutionalize
adaptation "2"16120 A climate adaptation team
ideally consists of members representing all
sectors and programs affected by climate impacts
and responsible for managing change. Having
such a team assists with coordination and
ensures that a range of knowledge and opinions
are represented 2°, Team members also act as
conduits into each sector, improving awareness
of climate impacts, recognition of the need to
adapt, and communication of progress '2°.

The U.S. National Marine Fisheries Service
(NOAA Fisheries) has benefitted from
establishing regional climate teams, each of
which has developed a regional action plan
outlining goals and activities in support of the
NOAA Fisheries Climate Science Strategy "'
This regional framework has increased
coordination, collaboration, and implementation
of activities to work towards strategy goals "'

A climate adaptation team for DFO Pacific
salmon could lead and support adaptation
activities by developing and disseminating
educational materials on climate risks and
adaptation, identifying organizational needs,
developing work plans, reviewing organizational
structures, and leading climate risk assessments
and adaptation planning processes.

Improving Collaboration

Broad participation by a range of collaborators
and integration of research and management
are important components of adaptation
processes "4, Collaboration provides valuable
learning opportunities that have been shown to
improve organizational capacity when it comes
to addressing climate change impacts '#2. In
the context of Pacific salmon, adaptation will
rely on improved coordination across a wide
range of actors within and outside of DFO.

Engagement with other federal agencies and
other levels of government will be necessary,
particularly with respect to industries that
influence freshwater salmon habitats, such as
forestry and agriculture. Engaging Indigenous
communities and groups is crucial to ensure

the success of this work, and is in keeping with
Canada’s commitment to reconciliation with
Indigenous peoples. Centering Indigenous

and local knowledge in planning and decision-
making is necessary to understand and address
the root causes of climate vulnerability 57123,
Further, developing a shared understanding

and common goals is critical to adaptation
success. Collaboration that brings different value
systems and worldviews together to collectively
identify and reconcile risks and opportunities for
adaptation builds a pathway to transformation 4.

Sl

Chilko-Taseko junction: where the milky waters of the Taseko
River join the clear blue Chilko River. Photo by Shane Kalyn,
4 Element Photos.
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Initiating Adaptation

Assessment and Planning

Adaptation planning is part of an iterative cycle
that can stand alone or be integrated into existing
processes ¢°. Assessing climate-related risks is a
key component of this planning %8%°. Adaptation
needs and options can be identified based

on their potential to reduce climate risks while
ensuring that they align with overall management
objectives '?*. Such processes require flexible,
adaptive planning, and frequent review of

the objectives of management considering
potential risks and adaptation options 326914,

Progress in adaptation assessment
and planning at the Washington
Department of Fish and Wildlife

In 2017, the Washington Department of Fish and

In this paper, we have begun to identify some

of the current challenges and potential future
risks facing Pacific salmon management under
climate change. Initiating a more thorough,
systematic assessment that revisits our past and
present assumptions of stationarity throughout
salmon management systems would expand
our understanding of climate change risks and
opportunities for adaptation. A similar assessment
has recently been performed by the Washington
Department of Fish and Wildlife to identify

their risks and adaptation needs (see Box:
Washington Department of Fish and Wildlife).

Wildlife (WDFW) adopted Policy 5408: Addressing the
Risks of Climate Change, which provides direction on
managing departmental operations and assets in such
a way as to better understand, mitigate, and adapt to
the impacts of climate change. WDFW established

a Climate Action Team, which held workshops to
Cover of the 2021 report ‘Preparing Washington Department
of Fish and Wildlife for a changing climate: assessing risks and
opportunities for action', by A. Shirk and colleagues'®®. Photo
by Climate Impacts Group; aerial support by LightHawk.

assess the climate change risks faced by each of their
agency programs (Habitat, Fish, Wildlife, and Capital
& Asset Management) 2. The WDFW assessment
summarized program vulnerabilities according to four
overarching concerns in relation to their mission, which is “to preserve, protect and perpetuate fish, wildlife

and ecosystems while providing sustainable fish and wildlife recreational and commercial opportunities” '2¢.
These concerns include:

1. risks to harvest and recreation;

2. risks to species conservation and recovery;

3. risks to providing effective technical assistance, permitting, research and planning; and
4. risks to WDFW lands and infrastructure '2°.

To respond to these risks, WDFW recognizes a need for new policies, regulations, and management
plans 23, They also identify needs for new research, monitoring, tools and data management

to track and assess changing conditions; increased staff capacity, training and coordination

to manage risks; and greater outreach, communication, collaboration and partnerships to link

to external partners and stakeholders 23, WDFW is currently working on next steps.

FISHERIES AND OCEANS CANADA



https://wdfw.wa.gov/sites/default/files/2019-08/pol-5408.pdf
https://wdfw.wa.gov/sites/default/files/2019-08/pol-5408.pdf

Planning and Assessment Tools

Effective adaptation planning requires inputs
to support the identification of risks and
management responses, and to aid in decision-
making "°. Such information is also used

to evaluate goals and to scope adaptation
options ¢°. The following tools can support
adaptation assessment and planning:

Projecting future conditions

Projections of future ocean and freshwater
conditions and the responses of ecosystems
and socio-economic systems are required to
inform forward-looking climate adaptation '
Projecting future conditions is a complex process
that first requires downscaling global climate
model projections to spatial and temporal
resolutions that are relevant to Pacific salmon
ecosystems 7. The next step is to develop
models or processes that link projected changes
in climate variables to salmon ecosystems .

Climate change vulnerability assessments
Identifying and understanding vulnerability
is crucial for designing effective adaptation
strategies ¢°. Climate change vulnerability
assessments (CCVAs) are used to examine and
rank climate change vulnerability according
to three components: exposure, sensitivity,
and adaptive capacity 7'. Outputs can inform
priority-setting for adaptation investment
through identifying key vulnerabilities

and the most impactful actions . CCVAs
also enable adaptation planners to refine
their goals in light of future outlooks ©°.

The Government of Canada recognizes the need
for CCVAs in the context of Canadian fisheries
management. DFO’s 2021 mandate letter
emphasizes that there is an urgent requirement
to “expand climate vulnerability work to better
inform marine conservation planning and
management.” CCVAs for Pacific salmon integrate
expert knowledge on salmon species, their
ecosystems, and climate change projections to
predict the relative level of threat each Pacific
salmon population faces 727, CCVAs for Canadian
Pacific salmon populations could begin with a
regional scan to identify priorities for further
assessment. More detailed CCVAs could then

be completed where priorities are identified.

Scenario Planning

Though climate projections and CCVAs can
improve our understanding of the future, there
will still be uncertainty about what the future will
look like. Scenario planning can enable decision-
makers to overcome potential “management
paralysis” ¢° in the face of such great uncertainty 7.
Scenario planning is a structured process

of incorporating uncertainties into decision-
making and planning by evaluating management
strategies or adaptation plans across a range

of plausible future scenarios ¢°'28129 Rather

than depending on current scientific ability to
accurately predict the future, participants can
design and evaluate management strategies

to identify those that are most robust to the
range of futures identified 2195, Additionally,
scenario planning can help managers design
monitoring programs for key uncertainties

in order to better assess changes 7",
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Defining plausible, not probable, future scenarios
is a core component of these processes, which
encourage participants to think about unexpected
and unprecedented events '?°. Plausible future
scenarios are narratives about potential futures
that can incorporate ecological, social, political,
and economic uncertainties 9'?°, The narrative
approach allows participants to be creative

and envision a range of potential futures

that combine uncertainties in quantitative
information with descriptive information 9122,
Broad participation is beneficial because it
expands the information included in scenarios
and allows for integration across sectors '2°,

Future Work

Adaptation may be aided by formal development
of a strategic plan for climate adaptation in
Pacific salmon management. This would build

on the actions described here, and could be
undertaken through a series of interdisciplinary
workshops that engage Pacific salmon experts
along with experts from other relevant fields.
Adaptation plans can establish adaptation
principles and objectives, identify commitments,
specify information and resource needs, and

flag potential roadblocks, such as policies,
legislation, jurisdictional boundaries, and treaties,
that perpetuate assumptions of stationarity >2.

An airtanker drops fire retardant to prevent wildfire spread. Photo by NowMedia.
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Concluding Remarks

Pacific salmon management systems face
challenges wrought by climate change,
including impacts on habitat restoration,
hatchery operations, and harvest management
processes. These, and other, impacts will
become more severe as change escalates.

We have a responsibility to minimize the impacts
of climate change on Canadian Pacific salmon and
all those who rely on these salmon populations.
Climate change will produce a very different
future for salmon than what we have known in
the recent past. To prepare for and manage the
changes we are already beginning to experience,
as well as those we may experience in the future,
we have provided strategic direction for Pacific
salmon management that is founded on climate
adaptation. This is a step towards reducing the
climate change vulnerability of salmon-reliant
social, economic, and ecological systems.

This image shows air temperature anomalies at

2m above the ground on June 27, 2021 compared to
the 2014-2020 average for that day. Dark red areas
depict exceptional heat, where air temperatures
climbed more than 15°C higher than the average for
that day.

Photo credit: NASA Earth Observatory image by
Joshua Stevens, using GEOS-5 data from the Global
Modeling and Assimilation Office at NASA GSFC.
earthobservatory.nasa.gov/images/148506/
exceptional-heat-hits-pacific-northwest

CONSIDERATIONS FOR PACIFIC SALMON MANAGEMENT IN' A CHANGING CLIMATE 21



http://www.earthobservatory.nasa.gov/images/148506/exceptional-heat-hits-pacific-northwest
http://www.earthobservatory.nasa.gov/images/148506/exceptional-heat-hits-pacific-northwest

Literature Cited

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

DFO. Pacific Salmon Strategy Initiative. www.dfo-mpo.gc.ca/campaign-campagne/pss-ssp/index-eng.html (2022).

DFO. Pacific Salmon Strategy Initiative update. Issue 2022-1: May 2022 www.dfo-mpo.gc.ca/campaign-campagne/pss-
ssp/update-mise-a-jour/2022-05-eng.html (2022).

DFO. PSSl strategic framework. Vision and roadmap. Let’s talk Pacific salmon www.letstalkpacificsalmon.ca/pssi-
strategic-framework (2022).

Cooke, S. J., Crossin, G. T. & Hinch, S. G. Pacific salmon migration: completing the cycle, in Encyclopedia of Fish
Physiology: From Genome to Environment, Volume 3 (ed. Farrell, A. P.) 1945-1952 (Academic Press, 2011).

Holtby, L. B. & Healey, M. C. Selection for adult size in female coho salmon (Oncorhynchus kisutch). Can. J. Fish. Aquat.
Sci. 43, 1946-1959 (1986).

Lapointe, M., Eaton, B., Driscoll, S. & Latulippe, C. Modelling the probability of salmonid egg pocket scour due to floods.
Can. J. Fish. Aquat. Sci. 57, 1120-1130 (2000).

Crozier, L. G. et al. Climate vulnerability assessment for Pacific salmon and steelhead in the California Current Large
Marine Ecosystem. PLoS One 14, e0217711 (2019).

Grant, S. C. H., MacDonald, B. L. & Winston, M. L. State of Canadian Pacific salmon: responses to changing climate and
habitats. Can. Tech. Rep. Fish. Aquat. Sci. 3332. (2019).

Lisle, T. E. Sediment transport and resulting deposition in spawning gravels, north coastal California. Water Resour. Res.
25, 1303-1319 (1989).

Pike, R. G., Redding, T. E., Moore, R. D., Winkler, R. D. & Bladon, K. D. (editors). Compendium of forest hydrology and
geomorphology in British Columbia. Volume 2 of 2. (B.C. Min. For. Range, For. Sci. Prog. and FORREX Forum for Research
and Extension in Natural Resources, 2010).

Cloutier, C., Locat, J., Geertsema, M., Jakob, M. & Schnorbus, M. Potential impacts of climate change on landslides
occurrence in Canada, in Slope Safety Preparedness for Impact of Climate Change (eds. Ho, K., Lacasse, S. & Picarelli,
L.) 71-104 (CRC Press, 2017).

Neitzel, D. A. & Becker, C. D. Tolerance of eggs, embryos, and alevins of Chinook salmon to temperature changes and
reduced humidity in dewatered redds. Trans. Am. Fish. Soc. 114, 267-273 (1985).

Mackas, D. L., Batten, S. & Trudel, M. Effects on zooplankton of a warmer ocean: recent evidence from the Northeast
Pacific. Prog. Oceanogr. 75, 223-252 (2007).

Boldt, J. L., Javorski, A. & Chandler, P. C. (editors). State of the physical, biological and selected fishery resources of
Pacific Canadian marine ecosystems in 2020. Can. Tech. Rep. Fish. Aquat. Sci. 3434 (2021).

Boldt, J. L., Javorski, A. & Chandler, P. C. (editors). State of physical, biological and selected fishery resources of Pacific
Canadian marine ecosystems in 2019. Can. Tech. Rep. Fish. Aquat. Sci. 3377 (2020).

Boldt, J. L., Leonard, J. & Chandler, P. C. (editors). State of the physical, biological and selected fisheries resources of
Pacific Canadian marine ecosystems in 2018. Can. Tech. Rep. Fish. Aquat. Sci. 3314 (2019).

Chandler, P. C,, King, S. A. & Boldt, J. L. (editors). State of the physical, biological and selected fishery resources of Pacific
Canadian marine ecosystems in 2017. Can. Tech. Rep. Fish. Aquat. Sci. 3266 (2018).

Chandler, P. C,, King, S. A. & Boldt, J. L. (editors). State of the physical, biological and selected fishery resources of Pacific
Canadian marine ecosystems in 2016. Can. Tech. Rep. Fish. Aquat. Sci. 3225 vi + 243 (2017).

Chandler, P. C,, King, S. A. & Perry, R. I. (editors). State of the physical, biological and selected fishery resources of Pacific
Canadian marine ecosystems in 2015. Can. Tech. Rep. Fish. Aquat. Sci. 3179 (2016).

Chandler, P. C,, King, S. & Perry, R. |. (editors). State of the physical, biological and selected fishery resources of Pacific
Canadian marine ecosystems in 2014. Can. Tech. Rep. Fish. Aquat. Sci. 3131 (2015).

FISHERIES AND OCEANS CANADA




21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Holsman, K. et al. Climate change impacts, vulnerabilities and adaptations: North Pacific and Pacific Arctic marine
fisheries, in Impacts of climate change on fisheries and aquaculture: synthesis of current knowledge, adaptation and
mitigation options. FAO Fisheries and Aquaculture Technical Paper, No. 627. (eds. Barange, M. et al.) 113-138 (FAO, 2018).

Sopinka, N. M., Hinch, S. G., Middleton, C. T., Hills, J. A. & Patterson, D. A. Mother knows best, even when stressed?
Effects of maternal exposure to a stressor on offspring performance at different life stages in a wild semelparous fish.
Oecologia 175, 493-500 (2014).

Macdonald, J. S. et al. The influence of extreme water temperatures on migrating Fraser River sockeye salmon
(Oncorhynchus nerka) during the 1998 spawning season. Can. Tech. Rep. Fish. Aquat. Sci. 2326. (2000).

Tierney, K. B., Patterson, D. A. & Kennedy, C. J. The influence of maternal condition on offspring performance in sockeye
salmon Oncorhynchus nerka. J. Fish Biol. 75, 1244—-1257 (2009).

Burt, J. M., Hinch, S. G. & Patterson, D. A. The importance of parentage in assessing temperature effects on fish early life
history: a review of the experimental literature. Rev. Fish Biol. Fish. 21, 377—406 (2011).

von Biela, V. R. et al. Evidence of prevalent heat stress in Yukon River Chinook salmon. Can. J. Fish. Aquat. Sci. 77, 1878—
1892 (2020).

von Biela, V. R. et al. Premature mortality observations among Alaska’s Pacific salmon during record heat and drought in
2019. Fisheries 47,157-168 (2022).

Wickett, W. P. Review of certain environmental factors affecting the production of pink and chum salmon. J. Fish. Res.
Board Canada 15, 103-1126 (1958).

Bush, E. & Lemmen, D. S. (editors). Canada’s changing climate report. (Government of Canada, 2019).

White, T., Wolf, J., Anslow, F. & Werner, A. Indicators of climate change for British Columbia: update 2016. (Ministry of
Environment, 2016).

Poértner, H.-O. et al. Technical Summary [H.-O. Portner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A.
Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Moller, A. Okem (eds.)], in Climate Change 2022: Impacts, Adaptation, and
Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change (eds. Portner, H.-O. et al.) 37-118 (Cambridge University Press, 2022).

Environment and Climate Change Canada. Canada’s National Adaptation Strategy. (Government of Canada, 2022).
Environment and Climate Change Canada. Government of Canada Adaptation Action Plan. (Government of Canada, 2022).

Environment and Climate Change Canada. Plan, prepare, act: Government of Canada launches first National Adaptation
Strategy. News Release www.canada.ca/en/environment-climate-change/news/2023/06/plan-prepare-act-government-
of-canada-launches-first-national-adaptation-strategy.html (2023).

Milly, P. C. D. et al. Stationarity is dead: whither water management? Science (80-. ). 319, 573-574 (2008).

Schuurman, G. et al. Resist-accept-direct (RAD)—a framework for the 21st-century natural resource manager. Natural
Resource Report NPS/NRSS/CCRP/NRR—2020/ 2213. (National Park Service, 2020).

Nichols, J. D. et al. Climate change, uncertainty, and natural resource management. J. Wildl. Manage. 75, 6—18 (2011).
Hunter, M. Benchmarks for managing ecosystems: are human activities natural? Conserv. Biol. 10, 695-697 (1996).

Millar, C. ., Stephenson, N. L. & Stephens, S. L. Climate change and forests of the future: managing in the face of
uncertainty. Ecol. Appl. 17, 2145-2151 (2007).

Craig, R. K. Perceiving change and knowing nature: shifting baselines and nature’s resiliency, in Environmental Law and
Contrasting Ideas of Nature: A Constructivist Approach (ed. Hirokawa, K. H.) 87111 (University of Utah College of Law
Research Paper No. 24, Cambridge University Press, 2012).

Thompson, L. M. et al. Responding to ecosystem transformation: resist, accept, or direct? Fisheries 46, 8—21(2021).

Schuurman, G. W. et al. Navigating ecological transformation: resist—accept—direct as a path to a new resource
management paradigm. Bioscience 72, 16—29 (2022).

CONSIDERATIONS FOR PACIFIC SALMON MANAGEMENT IN' A CHANGING CLIMATE 23




43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Cheung, W. W. L., Brodeur, R. D., Okey, T. A. & Pauly, D. Projecting future changes in distributions of pelagic fish species
of Northeast Pacific shelf seas. Prog. Ocean. 130, 19-31 (2015).

Cheung, W. W. L. & Frolicher, T. L. Marine heatwaves exacerbate climate change impacts for fisheries in the northeast
Pacific. Sci. Rep. 10, 6678 (2020).

Kaeriyama, M. Ecosystem-based sustainable conservation and management of Pacific salmon, in Fisheries for Global
Welfare and Environment. Proceedings of 5th World Fisheries Congress (eds. Tsukamoto, K., Kawamura, T., Takeuchi, T.,
Beard, T. D. & Kaiser, M. J.) 371-380 (Terra Publications, 2008).

Nielsen, J. L., Ruggerone, G. T. & Zimmerman, C. E. Adaptive strategies and life history characteristics in a warming
climate: salmon in the Arctic? Environ. Biol. Fishes 96, 1187-1226 (2013).

Abdul-Aziz, O. I., Mantua, N. J. & Myers, K. W. Potential climate change impacts on thermal habitats of Pacific salmon
(Oncorhynchus sp.) in the North Pacific Ocean and adjacent seas. Can. J. Fish. Aquat. Sci. 68, 1660-1680 (2011).

Dunmall, K. M. et al. Pacific salmon in the Arctic: harbingers of change, in Responses of Arctic Marine Ecosystems to
Climate Change (eds. Mueter, F. J. et al.) (Alaska Sea Grant, University of Alaska Fairbanks, 2013).

Stein, B. A. et al. Preparing for and managing change: climate adaptation for biodiversity and ecosystems. Front. Ecol.
Environ. 11, 502-510 (2013).

Crausbay, S. D. et al. A science agenda to inform natural resource management decisions in an era of ecological
transformation. Bioscience 72, 71-90 (2022).

Moore, J. W. & Schindler, D. E. Getting ahead of climate change for ecological adaptation and resilience. Science (80-. ).
376, 1421-1426 (2022).

Environment and Climate Change Canada. Adapting to the impacts of climate change in Canada: an update on the
National Adaptation Strategy. (Government of Canada, 2021).

Homer-Dixon, T. The upside of down: catastrophe, creativitiy, and the renewal of civilization. (Alfred A. Knopf Canada, 2006).
Moore, M.-L. & Milkoreit, M. Imagination and transformations to sustainable and just futures. Elem. Sci. Anth. 8, 1-17 (2020).

Magness, D. R., Morton, J. M., Huettmann, F., Chapin, F. S. & McGuire, A. D. A climate-change adaptation framework to
reduce continental-scale vulnerability across conservation reserves. Ecosphere 2, 112 (2011).

OECD. Integrating climate change adaptation into development co-operation: policy guidance. (OECD, 2009).
Schipper, E. L. F. Maladaptation: when adaptation to climate change goes very wrong. One Earth 3, 409-414 (2020).

IPCC. Summary for policymakers. [H.-O. Pdrtner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A. Alegria,

M. Craig, S. Langsdorf, S. Loschke, V. Mdéller, A. Okem (eds.)], in Climate change 2022: impacts, adaptation, and
vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change (eds. Portner, H.-O. et al.) 1-33 (Cambridge University Press, 2022).

IPCC. Climate Change 2022: impacts, adaptation, and vulnerability. Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. (Cambridge University Press, 2022).

Wiens, J. J. Climate-related local extinctions are already widespread among plant and animal species. PLoS Biol. 14, 1-18 (2016).

IPCC. Global warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the
threat of climate change. (Cambridge University Press, 2018).

Fedele, G., Donatti, C. I, Harvey, C. A., Hannah, L. & Hole, D. G. Transformative adaptation to climate change for
sustainable social-ecological systems. Environ. Sci. Policy 101, 16-125 (2019).

Rickards, L. & Howden, S. M. Transformational adaptation: agriculture and climate change. Crop Pasture Sci. 63, 240250 (2012).

Ojea, E,, Lester, S. E. & Salgueiro-Otero, D. Adaptation of fishing communities to climate-driven shifts in target species.
One Earth 2, 544-556 (2020).

Quentin Grafton, R. Adaptation to climate change in marine capture fisheries. Mar. Policy 34, 606—-615 (2010).

FISHERIES AND OCEANS CANADA




66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

DFO. Canada’s Policy for Conservation of Wild Pacific Salmon. (Fisheries and Oceans Canada, 2005).
Walsh, J. C. et al. Prioritizing conservation actions for Pacific salmon in Canada. J. Appl. Ecol. 57, 1688-1699 (2020).

McCarthy, M. A, Thompson, C. J. & Garnett, S. T. Optimal investment in conservation of species. J. Appl. Ecol. 45, 1428—
1435 (2008).

Stein, B. A,, Glick, P., Edelson, N. & Staudt, A. (editors). Climate-smart conservation: putting adaption principles into
practice. (National Wildlife Federation, 2014).

Wilson, H. B., Joseph, L. N., Moore, A. L. & Possingham, H. P. When should we save the most endangered species? Ecol.
Lett. 14, 886—-890 (2011).

Glick, P., Stein, B. A. & Endelson, N. A. (editors). Scanning the conservation horizon: a guide to climate change
vulnerability assessment. (National Wildlife Federation, 2011).

Schneider, R. R., Hauer, G., Adamowicz, W. L. V. & Boutin, S. Triage for conserving populations of threatened species: the
case of woodland caribou in Alberta. Biol. Conserv. 143, 1603-1611 (2010).

Beechie, T. & Bolton, S. An approach to restoring salmonid habitat-forming processes in Pacific Northwest watersheds.
Fisheries 24, 615 (1999).

Beechie, T. et al. Restoring salmon habitat for a changing climate. River Res. Applic. 29, 939-960 (2013).

Beechie, T. J., Steel, E. A., Roni, P. & Quimby, E. (editors). Ecosystem recovery planning for listed salmon: an integrated
assessment approach for salmon habitat. NOAA Tech. Memo. NMFS-NWFSC-58. (NOAA, U.S. Dept. Commer., 2003).

Tullos, D., Baker, D. W., Crowe Curran, J., Schwar, M. & Schwartz, J. Enhancing resilience of river restoration design in
systems undergoing change. J. Hydraul. Eng. 147, 03121001 (2021).

Schnorbus, M. & Cannon, A. J. Statistical emulation of streamflow projections from a distributed hydrological model:
application to CMIP3 and CMIP5 climate projections for British Columbia, Canada. Water Resour. Res. 50, 8907—-8926 (2014).

Najafi, M. R., Zwiers, F. W. & Gillett, N. P. Attribution of observed streamflow changes in key British Columbia drainage
basins. Geophys. Res. Lett. 44, 11,012-11,020 (2017).

Roden, B. Repairs to Bonaparte River fishway a ‘huge priority’ for DFO. The Ashcroft-Cache Creek Journal (2019).
Davies, C. DFO fixing salmon fishway in Bonaparte River after damage by flooding last year. Radio NL 610 AM (2019).

Roden, B. Grants will help Chinook and coho get past the damaged Bonaparte fishway. The Ashcroft-Cache Creek
Journal (2019).

Hirsch, S. L. Anticipatory practices: shifting baselines and environmental imaginaries of ecological restoration in the
Columbia River Basin. Environ. Plan. E Nat. Sp. 3, 40-57 (2020).

Yonce, H. N. et al. Forest riparian buffers reduce timber harvesting effects on stream temperature, but additional climate
adaptation strategies are likely needed under future conditions. J. Water Clim. Chang. 12, 1404-1419 (2021).

Thuncher, J. “There’s so much habitat that literally has no water in it”: local environmental steward. The Squamish Chief (2021).

Hanson, K. & Ostrand, K. Potential effects of global climate change on National Fish Hatchery operations in the Pacific
Northwest, USA. Aquac. Environ. Interact. 1, 175-186 (2011).

Hanson, K. C. & Peterson, D. P. Modeling the potential impacts of climate change on Pacific salmon culture programs: an
example at Winthrop National Fish Hatchery. Environ. Manage. 54, 433-448 (2014).

U.S. Fish and Wildlife Service. Makah National Fish Hatchery climate change vulnerability assessment July 2019. (U.S.
Fish and Wildlife Service, 2019).

U.S. Fish and Wildlife Service. Warm Springs National Fish Hatchery climate change vulnerability assessment, final
report, August 2021. (U.S. Fish and Wildlife Service, 2021).

U.S. Fish and Wildlife Service. Entiat National Fish Hatchery: climate change vulnerability assessment, final report,
December 2021. (U.S. Fish and Wildlife Service, 2021).

CONSIDERATIONS FOR PACIFIC SALMON MANAGEMENT IN' A CHANGING CLIMATE 25




90.

91.

92.

93.

94.

95.

96.

97.

98.

93

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

U.S. Fish and Wildlife Service. Winthrop National Fish Hatchery climate change vulnerability assessment December
2013. (U.S. Fish and Wildlife Service, 2013).

Hague, M. J. et al. Trying to hit a moving target: challenges with pink salmon stock assessment. North Pacific
Anadromous Fish Comm. Newsletter. 51, 10-15 (2022).

Busch, D. S. et al. Climate science strategy of the US National Marine Fisheries Service. Mar. Policy 74, 58—67 (2016).

Melnychuk, M. C., Banobi, J. A. & Hilborn, R. The adaptive capacity of fishery management systems for confronting
climate change impacts on marine populations. Rev. Fish Biol. Fish. 24, 561-575 (2014).

Mcligorm, A. et al. How will climate change alter fishery governance? Insights from seven international case studies. Mar.
Policy 34, 170-177 (2010).

DFO. Pre-season run size forecasts for Fraser River Sockeye (Oncorhynchus nerka) and Pink (Oncorhynchus gorbuscha)
salmon in 2021. Can. Sci. Adv. Sec. Sci. Resp. 2021/038. (2021).

Heenan, A. et al. Incorporating climate and ocean change into an ecosystem approach to fisheries management (EAFM)
plan. (The USAID Coral Triangle Support Partnership, 2013).

Pinsky, M. L. & Fogarty, M. Lagged social-ecological responses to climate and range shifts in fisheries. Clim. Change 115,
883-891(2012).

Pinsky, M. L. & Mantua, N. J. Emerging adaptation approaches for climate-ready fisheries management. Oceanography
27,147-159 (2014).

Schindler, D. E. & Hilborn, R. Prediction, precaution, and policy under global change. Science (80-. ). 347, 953-954
(2015).

Bell, R. J., Odell, J., Kirchner, G. & Lomonico, S. Actions to promote and achieve climate-ready fisheries: summary of
current practice. Mar. Coast. Fish. 12, 166—190 (2020).

Palacios-Abrantes, J. et al. Timing and magnitude of climate driven range shifts in transboundary fish stocks challenge
their management. Glob. Chang. Biol. 28, 2312-2326 (2022).

Miller, K. Pacific salmon fisheries: climate, information and adaptation in a conflict-ridden context. Clim. Chang. 45, 37—61
(2000).

Morrison, W. E. & Termini, V. A review of potential approaches for managing marine fisheries in a changing climate.
NOAA Tech. Memo. NMFS-OSF-6. (NOAA, U.S. Dept. of Commer., 2016).

Adger, W. N., Arnell, N. W. & Tompkins, E. L. Successful adaptation to climate change across scales. Glob. Environ.
Chang. 15, 77-86 (2005).

Schindler, D. E. et al. Climate change, ecosystem impacts, and management for Pacific salmon. Fisheries 33, 502-506
(2008).

Pitman, K. J. et al. Glacier retreat creating new Pacific salmon habitat in western North America. Nat. Commun. 12, 6816
(2021).

Schoen, E. R. et al. Future of Pacific salmon in the face of environmental change: lessons from one of the world’s
remaining productive salmon regions. Fisheries 42, 538-553 (2017).

Environment and Climate Change Canada. Government of Canada releases adapting to the impacts of climate change in
Canada: an update on the National Adaptation Strategy. News Release www.canada.ca/en/environment-climate-change/
news/2021/08/government-of-canada-releases-adapting-to-the-impacts-of-climate-change-in-canada-an-update-on-
the-national-adaptation-strategy.htm (2021).

DFO. Evaluation of the Aquatic Climate Change Adaptation Services Program (ACCASP). Project Number: 96265.
(Fisheries and Oceans Canada., 2021).

Government of Canada. Federal Adaptation Policy Framework. (Environment Canada, 2011).

FISHERIES AND OCEANS CANADA




1.

12.

13.

14.

15.

116.

17.

118.

19.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Reckien, D. et al. Dedicated versus mainstreaming approaches in local climate plans in Europe. Renew. Sustain. Energy
Rev. 112, 948-959 (2019).

Henstra, D. A whole-of-government approach to climate adaptation. (Canadian Climate Institute, 2022).

Environment and Climate Change Canada. Federal Sustainable Development Strategy 2022 to 2026. (Government of
Canada, 2022).

IPCC. Climate change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution
of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. (Cambridge
University Press, 2014).

Adger, W. N. Social capital, collective action, and adaptation to climate change. Econ. Geogr. 79, 387-404 (2003).

Runhaar, H., Wilk, B., Persson, A., Uittenbroek, C. & Wamsler, C. Mainstreaming climate adaptation: taking stock about
“what works” from empirical research worldwide. Reg. Environ. Chang. 18, 1201-1210 (2018).

Frisch, L. C., Mathis, J. T., Kettle, N. P. & Trainor, S. F. Gauging perceptions of ocean acidification in Alaska. Mar. Policy 53,
101-110 (2015).

Lindegren, M. & Brander, K. Adapting fisheries and their management to climate change: a review of concepts, tools,
frameworks, and current progress toward implementation. Rev. Fish. Sci. Aquac. 26, 400—415 (2018).

Didham, R. J., Kawai, M., Sakoguchi, S., Mader, A. & Scheyvens, H. National efforts in adaptation planning. Experiences
and lessons learned from the workshop series ‘Capacity building on climate change impact assessments and adaptation
planning in the Asia-Pacific region’. (Institute for Global Environmental Strategies (IGES), 2019).

Snover, A. K. et al. Preparing for climate change: a guidebook for local, regional, and state governments. (ICLEI — Local
Governments for Sustainability, 2007).

Peterson, J. et al. NOAA Fisheries climate science strategy five year progress report. NOAA Tech. Memo. NMFS-F/SPO-
228. (NOAA, U.S. Dept. Commer., 2021).

Halofsky, J. E. et al. Adapting forest management to climate change: the state of science and applications in Canada and
the United States. For. Ecol. Manage. 421, 84—97 (2018).

McCay, B. J., Weisman, W. & Creed, C. Coping with environmental change: systemic responses and the roles of property
and community in three fisheries, in World Fisheries: A Social-ecological Analysis (eds. Ommer, R. E., Perry, R. |,
Cochrane, K. & Cury, P.) 381-400 (Blackwell Publishing, 2011). doi:10.1002/9781444392241.ch23.

Fissel, H. M. Adaptation planning for climate change: concepts, assessment approaches, and key lessons. Sustain. Sci.
2, 265-275 (2007).

Shirk, A. et al. Preparing Washington Department of Fish and Wildlife for a changing climate: assessing risks and
opportunities for action. (Washington Department of Fish and Wildlife & University of Washington Climate Impacts
Group, 2021).

Washington Department of Fish and Wildlife. History and Mission. Washington Department of Fish and Wildlife Webpage
wdfw.wa.gov/about/administration/history-mission (2022).

Crozier, L. G, Burke, B. J., Chasco, B. E., Widener, D. L. & Zabel, R. W. Climate change threatens Chinook salmon
throughout their life cycle. Commun. Biol. 4, 222 (2021).

Miller, B. W., Schuurman, G. W,, Symstad, A. J., Runyon, A. N. & Robb, B. C. Conservation under uncertainty: innovations
in participatory climate change scenario planning from U.S. National Parks. Conserv. Sci. Pract. 4, 1-15 (2022).

Frens, K. M. & Morrison, W. E. Scenario planning: an introduction for fishery managers. NOAA Tech. Memo. NMFS-OSF-9.
(NOAA, U.S. Depart. of Commer., 2020).

CONSIDERATIONS FOR PACIFIC SALMON MANAGEMENT IN' A CHANGING CLIMATE 27




I*I Fisheries and Oceans  Péches et Océans

Canada Canada

“.. as the inhabitants of this vast land we now call Canada have been
doing since before our foundation as a country, we also must adapt our
lives to the environment as it is and will be - not as we wish it were.”

— The Honourable Steven Guilbeault, Minister of Environment and Climate Change in the
Government of Canada Adaptation Action Plan34




