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Abstract
Objective: Reintroduction of Pacific salmon Oncorhynchus spp. into historically occupied habitat is a widely 
used management strategy in western North America. Since the last major review, new information on donor 
populations, fish passage, dam removal, ecological interactions, monitoring, and cultural and societal consid-
erations has emerged. We conducted a comprehensive review to synthesize these advances and inform best 
practices.

Methods: Co-​authors representing federal, state, tribal, academic, and private organizations with expertise in 
Pacific salmon reintroductions convened to synthesize literature, evaluate case studies, and update key find-
ings, lessons, and best practices. We developed a framework to assess program status using biological and 
cultural benchmarks and analyzed adult abundance trends for 26 reintroduced populations of Chinook Salmon 
O. tshawytscha, Coho Salmon O. kisutch, Sockeye Salmon O. nerka, and steelhead O. mykiss across 16 reintro-
duction sites in the Pacific Northwest, USA.

Results: We reviewed 51 Pacific salmon reintroductions, along with relevant studies providing insights into 
reintroduction protocols and outcomes. Of the programs that have been implemented to date, 48 (94%) remain 
active and 27 (53%) have operated for at least 20 years. Tribal involvement has been instrumental in the ini-
tiation and advancement of many of these efforts and is focused on restoring cultural, spiritual, and ecological 
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connections to salmon. Most populations (81%) evaluated in a trends analysis exhibited stable or increasing 
abundance, demonstrating that reintroduction is effective at reestablishing populations in historical habitats. 
The restoration of anadromy to these habitats has ecological benefits that are commonly recognized, such as 
restoring marine-​derived nutrient transport, providing access to cold water in headwater tributaries, contrib-
uting to fisheries, and benefiting other species of concern (e.g., sea lions and orcas Orcinus orca) that rely on 
salmon for prey. Benefits of reintroduction also include cultural reconnections between salmon and Indigenous 
Peoples. Salmon are considered “relatives” and are central to the way of life in many Indigenous cultures, but 
this connection has been lost in places where salmon have been extirpated from their historical ranges. Such 
losses have resulted in great harm to Indigenous communities, and reintroduction has the potential to begin 
restoring what has been lost. While we acknowledge the importance of identifying and mitigating the risks 
associated with reintroduction, we also maintain that there are inherent risks of inaction, such as ongoing 
harm to communities that rely on Pacific salmon.

Conclusions: This synthesis updates the existing state of knowledge for Pacific salmon reintroduction. Our re-
view indicates that reintroduction efforts are supporting many stable or increasing populations throughout 
western North America in addition to restoring culturally important species for Indigenous communities.

Keywords: co-​management, dam removal, fishways, trap and haul

Lay summary
Reintroduction is a management action that has been successfully used to restore Pacific salmon to historically accessible habitat 
and to increase population abundance. Additionally, reintroduction provides numerous ecological, cultural, and societal benefits.

Introduction
Pacific salmon Oncorhynchus spp. (hereafter, generally referred 
to as “salmon”) have evolved to occupy diverse coldwater 
habitats from Japan and California northward to Alaska and 
are culturally and economically important across their native 
range (Quinn, 2018). Salmon were historically present in 
many rivers throughout western North America and served as 
an important nutritional source for humans and for aquatic 
and terrestrial ecosystems (Cederholm et  al., 1999; Gende 
et al., 2004; Y. Zhang et al., 2003). Salmon are vitally impor-
tant to Indigenous Peoples1 in western North America, who 
have strong cultural and spiritual connections to these fishes 
(Blanchet et  al., 2022) and are commonly self-​described as 
“salmon people” (Columbia River Inter-​Tribal Fish 
Commission, 2025; Gerwing & McDaniels, 2006; Setting Sun 
Circle, 2022). Salmon contribute to local economies, are an 
icon in contemporary Pacific Northwest (USA) society, and 
support one of the most valuable commercial fisheries in the 
United States (Quinn, 2018). Because of their importance, 
salmon have received intense management focus for decades 
(Munsch et al., 2023; National Research Council [NRC], 1996; 
Ruckelshaus et al., 2002), but despite these efforts, many pop-
ulations are imperiled throughout their native range (Atlas 
et al., 2023; Ford, 2022).

Many factors have contributed to the decline of salmon in 
western North America since European contact, including the 
“four Hs” (harvest, hatcheries, hydropower, and habitat; 
Ruckelshaus et  al., 2002) and changing climate (Crozier & 
Siegel, 2023). Gustafson et al. (2007) estimated that 29% of 
the historical populations (out of approximately 1,400) have 

been extirpated, and Ford (2022) reported that 18 (39%) of 
46 evolutionarily significant units (or distinct population seg-
ments; Waples, 1991) are currently listed as threatened or 
endangered under the U.S. Endangered Species Act (ESA). 
Salmon migrations frequently span thousands of kilometers 
and cross multiple local, tribal, state, provincial, federal, and 
international jurisdictions. Because of this, salmon manage-
ment requires complex legal and management frameworks 
that encompass fishing regulations, quotas, and various 
aspects of salmon habitat, including flow, sediment, thermal 
regimes, toxicant exposure, and access (Couch et al., 2026; 
Ulaski et al., 2025).

Dam proliferation during the 20th century is among the most 
prominent causes of salmon declines in western North America. 
The National Inventory of Dams database lists 3,656 federally 
owned or regulated dams in Washington, Oregon, California, 
and Idaho (National Inventory of Dams, 2026). Many of these 
dams block or restrict access to salmon habitat, reduce survival 
during migration, or modify flows, creating conditions that 
often favor nonnative predators and competitors (Nehlsen 
et al., 1991; NRC, 1996; U.S. Army Corps of Engineers, 2025; 
Waldman & Quinn, 2022). Large dams prevent salmon from 
accessing an estimated 42–95% of their historical spawning 
and rearing habitat in major rivers of the Pacific Northwest, 
including the Snake, Columbia, and Willamette rivers (British 
Columbia, Idaho, Oregon, and Washington), and in California’s 
Central Valley (Baldwin et  al., 2022; Dauble et  al., 2003; 
National Marine Fisheries Service, 2025; Sheer & Steel, 2006).

Reintroduction is often identified as a priority for salmon 
recovery efforts because it can increase population spatial struc-
ture and diversity (Anderson et  al., 2014; National Marine 
Fisheries Service, 2018) and is supported by several aspects of 
salmon ecology. Salmon have an innate tendency to colonize 
vacant, suitable habitat (Pess et al., 2014, 2024), as evidenced 

1	 In this paper, we use several terms when referring to Indigenous 
Peoples, including tribe(s), tribal, Indian(s), and Native American(s).
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by successful introductions into diverse nonnative habitats, 
including the Laurentian Great Lakes (Langan et  al., 2026; 
Quinn, 2018), and in various countries throughout the Southern 
Hemisphere (Correa & Gross, 2008; Quinn et al., 2001). Their 
diverse life history characteristics allow for local adaptation 
that leads to complex population structures (i.e., portfolios), 
which are critical for maintaining population resilience to fac-
tors such as environmental change (Griffiths et al., 2014; Hanski 
& Simberloff, 1997; Hilborn et al., 2003; Schtickzelle & Quinn, 
2007). These factors underscore an essential principle for 
salmon recovery: Maintaining resilience and stability within a 
metapopulation requires preserving small, connected popula-
tions and diverse life history strategies (Cordoleani et al., 2021; 
Young, 1999). For these reasons, recovery efforts often focus on 
reintroducing salmon into coldwater habitats that are typically 
found in mountainous regions upstream of dams, where ecosys-
tems remain less impacted by human disturbance.

A previous review of Pacific salmon reintroduction (Anderson 
et  al., 2014) recognized the significant potential benefits of 
reintroduction for achieving conservation goals. In that work, 
the authors reviewed existing programs and provided recom-
mendations and guidelines that have been foundational for con-
temporary efforts. Their review was primarily focused on ESA 
conservation goals (managed by the National Marine Fisheries 
Service) and included key elements and considerations for plan-
ning (benefits, risks, and constraints), implementation (coloni-
zation strategies and source population selection), and fish 
passage development (barrier removal, fishways, and active 
transport [trap and haul]). They also advocated for the dissem-
ination of information and key findings to “build on lessons 
learned in planning future programs” (Anderson et al., 2014). 
Since the publication of their work more than a decade ago, 
significant technical, social, and institutional advances that are 
relevant to salmon reintroduction have occurred. Technical 
advances include new tools for population monitoring, mode-
ling, habitat mapping, and fish passage, and social changes 
include growing recognition of multiple cultural frameworks, 
which has led to increased collaboration between western and 
Indigenous managers. Social and institutional changes have 
driven a shift toward co-​management of salmon populations, 
which requires consideration of multiple goals and metrics of 
success when planning and implementing salmon reintroduc-
tion projects. Collectively, these technical, social, and institu-
tional advances highlight the need to update the current state of 
knowledge for reintroduction planners and practitioners.

We conducted a review of salmon reintroduction that 
expanded on the scope of the review by Anderson et al. (2014) 
to include relevant cultural and societal elements. Our objec-
tives were to (1) convene an experienced group of reintroduc-
tion practitioners and researchers representing federal, state, 
tribal, academic, and private entities; (2) characterize the role 
of tribal involvement in reintroduction efforts; (3) provide a 
conceptual framework that outlines progressive stages of rein-
troduction to articulate and assess a diverse spectrum of rein-
troduction goals; (4) summarize existing and planned Pacific 
salmon reintroductions and analyze available data from exist-
ing programs to describe adult abundance trends; and (5) pro-
vide updated information on important reintroduction planning 
topics using the practical experience of co-​authors combined 

with information gleaned from literature review. Although 
salmon reintroduction projects exist throughout western North 
America, information in this review is sourced primarily from 
Pacific Northwest programs for Chinook Salmon O. tshawyts-
cha, Coho Salmon O. kisutch, Sockeye Salmon O. nerka, and 
steelhead O. mykiss (anadromous Rainbow Trout).

Tribal leadership in Pacific salmon 
reintroduction

Tribal leadership has been critical for initiating and sustaining 
many reintroduction programs. Several key factors have con-
tributed to the ability of tribes to successfully influence and 
partner with federal, state, and public or private utility com-
panies to implement reintroduction, including:

	 1.	 Tribal governance and conservation ethics driven by 
spiritual and cultural connections to the land, water, and 
animals.

	 2.	 Legal obligations of federal and state governments estab-
lished through treaties, executive orders, and court 
decisions.

	 3.	 Sovereignty and independent governance structures, 
which provide flexibility to pursue actions independent 
of political pendulums.

	 4.	 Funding, which in many cases is provided by dam own-
ers and operators to support reintroduction efforts and 
which increases tribal capacity to implement reintroduc-
tion actions.

A strong conservation ethic has always been at the core of 
tribal culture and is evident in tribally led reintroductions of 
numerous species, including plains bison Bison bison, California 
condor Gymnogyps californianus, pronghorn Antilocapra ameri-
cana, gray wolf Canis lupus, and Pacific salmon (Cliburn & 
Hoffmann, 2021; Galbreath et al., 2014; Hooton et al., 2008; 
Long et  al., 2020; Quaempts et  al., 2018; Schneider, 2023; 
Stumpff, 2022). Salmon have been central to the cultures, iden-
tities, and survival of Indigenous Peoples throughout western 
North America for millennia. Oral traditions passed down 
through generations emphasize the spiritual and practical 
importance of salmon. In the legend of the lost salmon (Yakama 
Nation), the creator told the people that salmon had been cre-
ated especially for them. The creator cautioned the people, “Be 
sure that you only bring in as much salmon as you need to eat, 
and you will always have plenty.” For many tribes, salmon 
were not only a staple food source and a crucial trade commod-
ity but were also one of the “first foods,” deeply embedded in 
cultural, ceremonial, and subsistence practices (Blanchet et al., 
2022; Quaempts et  al., 2018). Tribal Traditional Knowledge 
and cultural practices reflect the natural cycles of the Earth, 
teaching the people on the land to become unified with their 
brother salmon, which would sustain them throughout the 
year, particularly during harsh winters. Thus, cultural resource 
connections were and are the cornerstone to survival of many 
Indigenous Peoples and serve as the foundation of their spirit-
uality. The impetus for Indigenous Peoples’ efforts to restore 
altered habitats and recover imperiled native species is funda-
mentally rooted in the desire to revive deep spiritual and cul-
tural connections among people, fishes, wildlife, and the land 
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and water that support them (Figure 1; Long & Lake, 2018; 
Schneider, 2023; Stumpff, 2022). Without the historical accu-
mulation and maintenance of tribal culture and traditions, 
including foundational elements such as place-​based knowl-
edge and stewardship, Indigenous Peoples remain at risk of 
losing their identities forever.

Extensive dam construction in the 20th century discon-
nected tribes from the salmon that had sustained them physi-
cally, culturally, and spiritually for thousands of years. Tribes 
were largely excluded from decisions affecting their natural 
resources. The prevailing philosophy of the era was reflected 
during a 1947 Columbia Basin Inter-​Agency Committee meet-
ing, where the U.S. Department of the Interior concluded that 
“the overall benefits are such that the present salmon run 
must, if necessary, be sacrificed” (Northwest Power and 
Conservation Council [NPCC], 2026). The construction of 
dams that blocked salmon migration and eliminated habitat 
was a violation of treaty rights articulated in the Treaty of 
1855 and the Fort Bridger Treaty (NPCC, 2025b), which stip-
ulated that Indigenous People reserved the right to fish, hunt, 
and gather in their “usual and accustomed places,” unre-
stricted by reservation boundaries. In the years that followed, 
the resultant cultural, traditional, and subsistence injustices 
did not go unnoticed by tribal governments or the U.S. 
Government. Several key court cases have affirmed the tribes’ 
right to fish for salmon, either due to treaty obligations 
(Sohappy v. Smith, 1969; U.S. v. Washington, 1974; Herrera v. 
Wyoming, 2019) or executive order (U.S. v. Confederated 
Tribes of the Colville Reservation, 2010). For example, in the 
Winans case (U.S. v. Winans, 1905), U.S. Supreme Court 

Justice Joseph McKenna determined that for Native 
Americans, salmon were “not much less necessary to the 
existence of the Indians than the atmosphere they breathed” 
(Blumm & Brunberg, 2006).

Several factors make tribal entities particularly effective 
leaders in reintroduction efforts. Tribal sovereignty allows 
them to pursue long-​term conservation priorities with greater 
flexibility and less administrative complexity than many state 
and federal agencies. For example, cooperators representing 
five tribes on the upper Columbia River (Upper Columbia 
United Tribes [UCUT]) were successful in implementing “cul-
tural and educational releases” of Chinook Salmon upstream 
of Grand Coulee Dam several years before the U.S. Government 
officially supported the reintroduction (Baldwin et al., 2022). 
These releases occurred in the blocked area upstream of Chief 
Joseph and Grand Coulee dams between 2017 and 2021 to 
meet multiple objectives, including (1) short-​term cultural 
and ceremonial needs of the tribes, (2) public outreach and 
awareness, and (3) proof of concept for future scientific pro-
jects. The initial efforts demonstrated the importance of rein-
troduction in the region, eventually garnering support from 
agencies and elected officials that ultimately led to official 
support by the U.S. Government in 2023 (U.S. Department of 
the Interior, 2023). Many tribes also embrace the principle of 
“Seven Generations” planning (Arden & Wall, 1990), which 
encourages leaders to consider how present-​day decisions 
will affect future generations. This long-​term perspective 
aligns closely with salmon recovery, where habitat restora-
tion, fish passage improvements, and population recovery 
often require decades to achieve measurable success.

Figure 1 Examples of the importance of tribal leadership for initiation and implementation of reintroduction efforts to recover native 
terrestrial and aquatic species.
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Although tribal conservation ethics remained intact 
throughout the dam-​building era, tribes often lacked the 
financial resources and institutional capacity to implement 
restoration at meaningful scales. Civil rights advances, treaty 
enforcement through the courts, and substantial increases in 
salmon recovery funding after ESA listings during the 1990s 
enabled tribal fish and wildlife programs to expand signifi-
cantly. For example, Columbia River tribes went from essen-
tially zero federal funding in the early 1980s to now receiving 
approximately 48% (US$122 million per year) of the contrac-
tor costs of the NPCC’s Fish and Wildlife Program funding 
from the Bonneville Power Administration (NPCC, 2025a). 
Increased capacity allowed the tribes to participate fully in 
regional restoration programs; hold state and federal agencies 
accountable to treaty obligations; and, when necessary, lead 
restoration efforts independently. Together, enduring cultural 
values, treaty rights, tribal sovereignty, and expanded fund-
ing have made tribal governments the driving force behind 
many contemporary Pacific salmon reintroduction efforts.

Conceptual framework for stages of 
reintroduction

Given the diversity of stakeholders, local ecosystems, and spe-
cies of interest involved in reintroduction programs, unambigu-
ously defining the “success” of a reintroduction can be 
challenging. Here, we provide a flexible, staged framework for 
evaluating reintroduction success that can be adapted based on 
the unique characteristics and objectives of individual pro-
grams. Participants in reintroduction programs often operate 
under different priorities, objectives, and timelines, which may 
be related to institutional obligations, legal requirements, or 
social, political, and financial incentive structures. For example, 
federal fisheries managers may seek to meet ESA-​mandated 

recovery or delisting goals, state managers may pursue 
improved fishing opportunities for residents, and dam owners 
may aim to reduce water restrictions or meet Federal Energy 
Regulatory Commission license requirements. For Indigenous 
Peoples, success may mean restoring culturally important tradi-
tions and practices, which in some cases can begin with the 
return of a single fish to a basin. This is noteworthy because a 
single returning fish can have a substantial effect by symboliz-
ing an important first step along a restorative pathway and pro-
viding opportunities for public outreach about the social, 
ecological, and cultural benefits associated with restoring 
salmon to a watershed. To accommodate the wide range of pri-
orities and objectives held by program participants, reintroduc-
tion efforts require sustained communication, collaboration, 
and adaptive management. Given the diversity of stakeholders 
involved in reintroduction, program outcomes cannot be ade-
quately measured based on any single outcome (e.g., ESA delis-
ting). However, developing a shared framework for program 
success that includes the perspectives of all participants can be 
valuable for promoting and sustaining collaboration.

To reflect the long-​term nature of salmon reintroduction, the 
diversity of program participants, and the involvement of 
Indigenous groups, we developed a conceptual framework for 
defining reintroduction success based on ecological outcomes, 
management goals, and cultural needs (Table 1). This frame-
work, which includes five categorical stages, shifts the focus of 
success away from a single metric and acknowledges that pop-
ulation recovery is a phased process (e.g., Hatchery Scientific 
Review Group, 2012) that involves biological, ecological, cul-
tural, and societal factors. The earliest stage (stage 1: reintro-
duction initiation) includes initial reintroduction activities 
during which individuals of one life stage (juvenile or adult) 
are released at the reintroduction site. During this stage, fish 
handling and transport protocols and existing passage options 

Table 1 Conceptual framework that includes five progressive stages for Pacific salmon reintroduction. The framework considers biological and 
cultural elements that are important in each stage.

Stage Example outcomes Ecological importance
Cultural importance to 

Indigenous communities

Stage 1: 
Reintroduction 
initiation

	– Successful spawning by 
outplanted adults.

	– Juvenile outplanting (e.g., 
embryos, fry, parr, or 
smolts) results in habitat 
use, rearing, smolting, and 
out-​migration.

	– Demonstration of local habitat 
suitability and use to support 
specific life stages.

	– Demonstration of reintroduc-
tion protocol feasibility.

	– Partial restoration of marine-​
derived nutrient deposition.

	– Life cycle initiated through 
spawning, egg deposition, 
emergence, and fry dispersal.

	– Begins to restore historical eco-
logical relationships at the rein-
troduction site.

	– Tribal community members (re)
experience the presence of rela-
tives (Pacific salmon) in histori-
cal habitat.

	– Tribal ceremonies occur with 
spiritually significant animals in 
historically significant locations.

	– Inherent satisfaction that Pacific 
salmon have returned to ances-
tral habitats.

	– Limited fishing or harvest oppor-
tunities sometimes occur and 
are important contributions to 
outreach and education; youth 
participation for cultural trans-
mission of traditional practices.

(Continued)
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can be tested, and the restoration of ecological benefits begins. 
Ceremonies, celebrations, and media coverage are common 
during this stage as salmon return to historical areas where 
they have typically been absent for decades. Stage 2 (partial 
life cycle completion) occurs when multiple life stages are pres-
ent in the reintroduction site (i.e., outplanted juveniles pro-
duce returning adults, or outplanted adults produce 

out-​migrating juveniles). This stage is important because it 
demonstrates that reintroduction at the site accommodates life 
cycle progression, and community members can observe life 
cycle transitions resulting from natural processes. During this 
stage, cultural traditions tied to salmon presence can expand 
and ceremonial harvest may occur. Stage 3 (full life cycle com-
pletion) is achieved when the reintroduced population 

Table 1 (Continued)

Stage Example outcomes Ecological importance
Cultural importance to 

Indigenous communities

Stage 2: Partial 
life cycle 
completion

	– Adults return from juve-
nile outplanting and suc-
cessfully spawn.

	– Juveniles are produced 
from spawning adults and 
successfully out-​migrate.

	– Demonstration that the reintro-
duction site can support multi-
ple life stages.

	– May demonstrate that all stages 
can be supported by the reintro-
duction habitat(s).

	– Tribal community members 
observe and experience life cycle 
transitions for Pacific salmon 
resulting from natural processes.

	– Cultural traditions expand and 
may include ceremonial harvest.

Stage 3: Full life 
cycle 
completion

	– Return of naturally pro-
duced adults from adult 
outplants.

	– Naturally produced juve-
nile out-​migrants are 
produced from successful 
spawning of adults that 
returned from juvenile 
outplants.

	– Demonstration that local habi-
tat and river/ocean can support 
the full life cycle for a popula-
tion at the reintroduction site.

	– Demonstration that the reintro-
duced population is respond-
ing favorably to management 
actions.

	– Marine-​derived nutrients and 
other ecosystem benefits build 
and expand.

	– Ceremonies continue to expand 
in time, space, and complexity 
compared to stages 1 and 2.

	– Celebrating the return of natu-
rally produced offspring takes 
on deeper meaning than hatch-
ery returns.

Stage 4: 
Replacement

	– Natural reproduction 
without intervention, with 
returning recruits per 
adult ≥1.0 for multiple 
generations.

	– Demonstration that habitat, spe-
cies, and management actions 
have resulted in a self-​sustain-
ing population with growth 
potential.

	– Marine-​derived nutrients and 
other ecosystem benefits are 
significantly increased.

	– May indicate partial or full 
management goals or popula-
tion recovery is achieved.

	– Population likely contributes as 
an important energy source for 
avian and mammal populations 
and to recreational, commer-
cial, and tribal fisheries outside 
of the reintroduction site.

	– Continued expansion in time, 
space, depth, and breadth of cer-
emonies and cultural benefits.

	– Subsistence fishing may become 
widely available to tribal com-
munity members.

Stage 5: 
Harvestable

	– Sustained recruits per adult 
>1.0, and population can 
support managed harvest 
of excess adults.

	– Productivity gains result in 
subsistence, commercial, 
and recreational fishery 
opportunities.

	– Full management goals (pop-
ulation recovery) have been 
achieved.

	– Marine-​derived nutrients and 
other ecosystem benefits are 
fully realized.

	– Ceremonies continue, and tribal 
community members expand 
subsistence fisheries.

	– Tribal communities incorporate 
harvest as a consistent and pre-
dictable portion of their nutri-
tional needs.

	– Some tribal community members 
can utilize harvest as income.
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Figure 2 Map showing locations in western North America where Pacific salmon reintroductions have been implemented or are planned to be 
implemented. Locations in Alaska and British Columbia include Moose Creek (AB), Fraser River (A), Bridge River (T), Alouette/Coquitlam 
rivers (AA), and the upper Columbia River (AV). Locations in Washington include the Cowlitz River (L), Big Beef Creek (M), Chimacum Creek 
(N), Yakima River (P, AE), Methow River (Q), Wenatchee River (R), Walla Walla River (V), Cedar River (X), Tahuya River (Y), Okanagan River 
(Z), Beaver Creek (AC), Cle Elum River (AF), Umbrella Creek/Big River (AG), White Salmon River (AI), Lewis River (AJ), Japanese Gulch (AK), 
Elwha River (AM), upper Columbia/Spokane rivers (AO), North Fork Toutle River (AY), and Tieton River (BA). Locations in Oregon include 
Shitike Creek (D), Umatilla River (E), Hood River (F), Middle Fork Willamette River (H), South Fork McKenzie River (I), Big Sheep Creek (J), 
South Santiam River (O), North Santiam River (S), Lookingglass Creek (W), Deschutes River (AD), Calapooia River (AH), Oak Grove Fork 
Clackamas River (AL), Lostine River (AP), Molalla River (AR), Middle Santiam River/Quartzville Creek (AT), Klamath River (AX), Pine Creek 
(AZ), and Wallowa River (BB). Locations in Idaho include the Selway River (B), South Fork Clearwater River (C), Salmon River (G), and 
Clearwater River (K). Locations in California include Putah Creek (U), Battle Creek (AQ), McCloud River (AS), North Fork Feather River (AU), 
North Yuba River (AW), and San Joaquin River (AN).
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completes all life cycle transitions, and natural production of 
juveniles occurs. For example, outplanted adults may produce 
juveniles that return as adults, or outplanted juveniles may 
return as adults and produce a new generation of juveniles. 
Full life cycle completion reconnects ocean and river ecosys-
tems, expanding the ecological benefits of anadromy. 
Community members experience a deeper connection with 
salmon that return to their natal river. Population-​limiting fac-
tors are often identified during stage 3, and actions begin to be 
implemented to address these issues. Stage 4 (replacement) is 
achieved when the reintroduced population becomes self-​sus-
taining; the population meets or exceeds replacement (i.e., 
cohort replacement rate ≥ 1.0; Keefer et al., 2025) during a 
period of several years. In stage 4, ecological benefits of rein-
troduction are significantly increased, management goals are 
at least partly achieved, and limited harvest may occur beyond 
ceremonial use. The final stage (stage 5: harvestable) occurs 
when the reintroduced population exceeds replacement and 
has enough returning adults to meet conservation abundance 
targets, allowing for sustained subsistence, commercial, and/or 
recreational harvest both within and outside of the reintroduc-
tion site. Ecological benefits in the reintroduction site are fully 
realized during this stage, and management goals and popula-
tion recovery have been achieved.

Existing and future reintroductions
We identified 51 Pacific salmon reintroductions that have been 
implemented in western North America since 1947, with three 
additional efforts currently in development (Table 2; Figure 2; 
Supplementary Material 1). Reintroductions have occurred in 
Washington (37%), Oregon (31%), British Columbia (14%), 
California (8%), Idaho (8%), and Alaska (1%). Most programs 
(88%) were initiated after 1990, and only three (6%) have 
been discontinued; 73% have operated for at least one decade, 
and 53% have operated for 20 years or more (Table 2). Focal 
species include Chinook Salmon (67%), Coho Salmon (27%), 
steelhead (20%), Sockeye Salmon (18%), Chum Salmon (8%), 
and Pink Salmon (4%). Reintroduction efforts were initiated 
using the trap-​and-​haul approach (45%), dam removal (13%), 
streamflow improvement (11%), and fishway development 
(9%; Table 2), and most long-​term programs are adaptively 
managed to include additional restoration activities (e.g., hab-
itat improvement, passage development, and predator 
removal). Most (78%) reintroduction sites are located at least 
161 km upstream from the Pacific Ocean, and 26% are at least 
644 km upstream. Many (53%) of the programs have dams in 
their migration corridors, and 28% of the corridors are 
impounded by at least seven dams (maximum = nine dams). 
Most programs were classified as stage 2 (43%) or stage 3 
(33%), followed by stage 1 (10%), stage 4 (6%), and stage 5 
(2%; Table 2), using the criteria described in the preceding 
section and in Table 1. All stage 1 programs were implemented 
between 2022 and 2025, and all stage 4 and stage 5 programs 
were implemented before 2005 (Table 1).

Abundance trends
We analyzed adult abundance data for a subset of existing pro-
grams to describe population trends of reintroduced salmon. 

This analysis was modeled after recent studies (e.g., Atlas 
et al., 2023; Ford et al., 2025) that used adult count data to 
examine long-​term trends in abundance for select salmon pop-
ulations. Because population trends are shaped by numerous 
factors, including habitat restoration, predator removal, sup-
plementation, and ocean conditions, our analysis was not 
intended to explicitly describe the effects of reintroduction on 
population trends—rather, results from this analysis described 
changes in population sizes of reintroduced salmon due to a 
combination of ecological factors and management actions. 
The goal was to provide complementary insights regarding the 
status and potential long-​term sustainability of reintroduction 
programs when considered alongside our conceptual frame-
work for the stages of reintroduction (Table 2).

For our analysis, data were acquired from reintroduction 
programs on 16 rivers (Supplementary Material 2). Some pro-
grams had data available for a single species, while others 
had data for multiple species, including Chinook Salmon, 
Coho Salmon, Sockeye Salmon, and steelhead. The time series 
of adult returns ranged from 12 to 32 years and were col-
lected between 1993 and 2025. Population trends were ana-
lyzed using first-​order autoregressive models implemented in 
the package forecast version 8.24.0 (Hyndman & Khandakar, 
2008; Hyndman et al., 2025) in R version 4.5.1 (R Core Team, 
2025). Similar autoregression approaches have been widely 
used to model and forecast Pacific salmon count data (Hare & 
Francis, 1995; Noakes et al., 1990; Saila et al., 1980). Because 
only adult count (census) data were available for our popula-
tions of interest, more complex models (e.g., stock–recruit-
ment models and state-​space models; Atlas et al., 2023; Ford 
et al., 2025) were not appropriate for our data set. For the 
analysis, count data were log transformed, and separate first-​
order autoregressive models with linear time trends for calen-
dar year were fitted for each population. Coefficients and 
95% CIs for the linear time trends from each model were used 
to evaluate mean annual percent change in escapement for 
each population.

We evaluated 26 site × species populations from 16 reintro-
duction locations, including 11 populations of Chinook 
Salmon, 7 populations of Coho Salmon, 4 populations of 
Sockeye Salmon, and 4 populations of steelhead (Figure 3). 
Most (81%) populations exhibited increasing abundance 
trends (Figure 3; Supplementary Material 3). None of the 
steelhead populations and only one of the Coho Salmon pop-
ulations had trend estimates that were less than zero (Figure 
3). Nine populations, five of which were Coho Salmon popu-
lations, had positive trend estimates, with 95% CIs that did 
not overlap zero. A single population (South Fork McKenzie 
River Chinook Salmon) had a negative trend estimate, with a 
95% CI that did not overlap zero. These results indicate that 
most populations with available adult return data are stable 
or increasing.

Okanagan River Sockeye Salmon
To demonstrate the significant potential of reintroduction to 
contribute to salmon recovery, we present the case study of 
Sockeye Salmon in the Okanagan River, a major tributary of 
the Columbia River (Figure 4). Historically, Sockeye Salmon 
used three headwater nursery lakes (Osoyoos, Skaha, and 
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Table 2 Fifty-​one implemented Pacific salmonid reintroductions and three planned reintroductions in western North America. Letters within 
parentheses in the “Location” column refer to the locations shown on the map in Figure 2. Stage definitions are provided in Table 1 
(T = program terminated). Asterisks (*) in the Location column indicate that data from the program were used in the population trends 
analysis. The dagger (†) in the “Passage provision” column indicates a barrier created from river channelization. State and provincial 
abbreviations are as follows: BC = British Columbia, CA = California, ID = Idaho, OR = Oregon, and WA = Washington. Species abbreviations are 
as follows: CK = Chinook Salmon, CO = Coho Salmon, CM = Chum Salmon Oncorhynchus keta, PK = Pink Salmon O. gorbuscha, SK = Sockeye 
Salmon, and ST = steelhead.

Location (Figure 2 map code)
Initial 
year Species

Initial 
reintroduction 

strategy Passage provision Stage

Fraser River, BC (A) 1947 PK Natural adults Fishway 4

Selway River, ID (B) 1961 CK Outplanted juveniles Trap and haul 2

South Fork Clearwater River, ID (C) 1963 CK Natural adults Dam removal 2

Shitike Creek, OR (D) 1983 CK Natural adults Dam removal; trap and 
haul

T

Umatilla River, OR (E) 1986 CK, CO Outplanted juveniles Streamflow modification; 
trap and haul

3

Hood River, OR (F) 1988 CK Outplanted juveniles Dam removal 2

Salmon River, ID* (G) 1993 SK Outplanted juveniles None 3

Middle Fork Willamette River, 
OR* (H)

1993 CK Outplanted adults Trap and haul 2

South Fork McKenzie River, OR* (I) 1993 CK Outplanted adults Trap and haul 2

Big Sheep Creek, OR (J) 1993 CK Outplanted adults Trap and haul 2

Clearwater River, ID* (K) 1994 CO Outplanted juveniles None 3

Cowlitz River, WA* (L) 1994 CK, CO, ST Outplanted adults; 
outplanted juveniles

Trap and haul 3

Big Beef Creek, WA (M) 1996 CM Outplanted juveniles None T

Chimacum Creek, WA (N) 1996 CM Outplanted juveniles None 4

South Santiam River, OR* (O) 1996 CK Outplanted adults Trap and haul 2

Yakima River, WA* (P) 1996 CO Outplanted juveniles/
adults

None 3

Methow River, WA* (Q) 1997 CO Outplanted juveniles None 3

Wenatchee River, WA* (R) 1999 CO Outplanted juveniles None 3

North Santiam River, OR* (S) 2000 CK Outplanted adults Trap and haul 2

Bridge River, BC (T) 2000 CK, CO, ST Natural adults Streamflow modification 2

Putah Creek, CA (U) 2000 CK Natural adults Streamflow modification 2

Walla Walla River, WA (V) 2000 CK, ST Outplanted adults Trap and haul 3

Lookingglass Creek, OR* (W) 2001 CK Outplanted juveniles; 
outplanted adults

Trap and haul 3

Cedar River, WA* (X) 2003 CK, CO Natural adults Fishway/dam 
modifications

3a; 2b

(Continued)
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Table 2 (Continued)

Location (Figure 2 map code)
Initial 
year Species

Initial 
reintroduction 

strategy Passage provision Stage

Tahuya River, WA (Y) 2003 CM Outplanted juveniles None 4

Okanagan River, WA* (Z) 2004 SK Outplanted juveniles/
natural adults

Fishway 5

Alouette River/Coquitlam River, 
BC (AA)

2005 SK Natural adults Increased streamflow 2

Moose Creek near Palmer, 
Alaska (AB)

2005 CK, CO Natural adults Barrier removal† 3

Beaver Creek, WA (AC) 2005 CK, ST Natural adults Fishway 2

Deschutes River, OR* (AD) 2007 CK, SK, ST Outplanted juveniles Trap and haul 2

Yakima River, WA* (AE) 2009 CK Outplanted juveniles None 2

Cle Elum River, WA* (AF) 2009 SK Outplanted adults Trap and haul 3

Umbrella Creek/Big River, 
WA (AG)

2009 SK Outplanted juveniles None 3

Calapooia River, OR (AH) 2011 CK, ST Natural adults Dam removal 3c; Td

White Salmon River, WA (AI) 2011 CK, CO, ST Natural adults Dam removal 2

Lewis River, WA* (AJ) 2012 CK, CO, ST Outplanted adults Trap and haul 3

Japanese Gulch, WA (AK) 2012 CO Natural adults Fishway 2

Oak Grove Fork Clackamas River, 
OR (AL)

2013 CK Natural adults Streamflow increase 3

Elwha River, WA (AM) 2014 CK, CM, CO, 
PK, SK, ST

Natural adults Dam removal 3

San Joaquin River, CA (AN) 2014 CK Outplanted juveniles Trap and haul 2

Upper Columbia River/Spokane 
River, WA (AO)

2017 CK Outplanted juveniles Trap and haul 2

Lostine River, OR (AP) 2017 CO Outplanted juveniles Trap and haul 2

Battle Creek, CA (AQ) 2018 CK Outplanted juveniles Dam removal 3

Molalla River, OR (AR) 2020 CK Outplanted juveniles None 2

McCloud River, CA (AS) 2022 CK Outplanted juveniles Trap and haul 2

Middle Santiam River/Quartzville 
Creek, OR (AT)

2022 CK Outplanted adults Trap and haul 1

North Fork Feather River, CA (AU) 2023 CK Outplanted juveniles Trap and haul 1

Upper Columbia River, BC (AV) 2023 SK Outplanted juveniles Trap and haul 1

North Yuba River, CA (AW) 2024 CK Outplanted juveniles; 
outplanted adults

Trap and haul 1

Klamath River, CA/OR (AX) 2024 CK, CO, ST Natural adults Dam removal 1

North Fork Toutle River, WA (AY) 2025 CK Outplanted adults Trap and haul 1

(Continued)

D
ow

nloaded from
 academ

ic.oup.com
/tafs/advance-article/doi/10.1093/tafafs/vnag034/8863164 by guest on 05 O

ctober 2026



Transactions of the American Fisheries Society, 2026, Vol. 00, No. 00 • 11

Okanagan lakes) for spawning and rearing in the Okanagan 
River basin (Figure 4). However, dam construction in the 
early 1900s eliminated access to Skaha and Okanagan lakes 
and confined spawning and rearing to Osoyoos Lake and a 
20-​km reach of the Okanagan River immediately upstream 
(Murauskas et al., 2021). Water management actions led to 
redd desiccation and scouring, and channelization and flood-
plain development reduced the channel length by 50% and 
eliminated most (96%) of the riparian habitat (Hyatt & 
Stockwell, 2019). These factors, along with seasonal increases 
in air temperature, exacerbated naturally elevated water 
temperatures in the lower Okanagan River, affecting adult 
migration and survival. During most years, river tempera-
tures downstream of Zosel Dam exceed 20°C for several 
weeks during the peak adult Sockeye Salmon return, thus 
creating a thermal migration barrier that increases en route 
mortality (Hyatt & Rankin, 1999; Hyatt & Stockwell, 2019). 
Due to these cumulative factors, annual adult Sockeye 
Salmon returns declined to fewer than 2,000 fish by 1994 
(Figure 4).

When Sockeye Salmon declined to critically low levels in 
the 1990s, the Syilx Okanagan Nation (whose homeland 
includes the Okanagan River) began working to prevent their 
extinction. Syilx leadership, through the Okanagan Nation 
Alliance (ONA), in collaboration with Fisheries and Oceans 
Canada and the British Columbia Ministry of Environment, 
initiated the Okanagan Basin Sockeye Salmon Reintroduction 
and Restoration Program in 2001 (Blanchet et al., 2022; ONA, 
2014). This comprehensive and unique program enabled par-
ticipating entities to identify shared interests and responsibil-
ities for Sockeye Salmon restoration (Hyatt & Stockwell, 
2019). It also integrated traditional Syilx knowledge with 
western science and promoted community engagement and 
inclusive participation in flow management decisions. Key 
management actions that were implemented included habitat 
restoration, fish passage at dams, and hatchery supplementa-
tion to augment natural production (Blanchet et  al., 2022; 
ONA, 2014), as well as the development of the Fish and Water 
Management Tool (FWMT), a decision-​support model funded 
by the Douglas County Public Utility District (Washington). 
The FWMT informs water management decisions aimed at 

restoring population productivity by minimizing losses caused 
by redd desiccation and scour (Correia et  al., 2024; Hyatt 
et al., 2015), thereby maximizing fry production within given 
hydrological and biological constraints. Consequently, the 
FWMT has resulted in a twofold increase in the number of fry 
produced per female spawner compared to the pre-​FWMT era 
(Bailey et al., 2025; Ng et al., 2025). As fish passage improved, 
ONA hatchery programs reintroduced juvenile Sockeye 
Salmon into Skaha and Okanagan lakes, and spawner capac-
ity in the system was increased by the creation of spawning 
beds in the Penticton Channel (O’Sullivan & Alex, 2024).

Collectively, this suite of management actions produced 
dramatic population increases. The Osoyoos Lake component 
of the population has always been self-​sustaining, but 
enhancement efforts since 2004 have contributed to its long-​
term sustainability (Bailey et  al., 2025). Over the past 12 
years, natural-​origin adult returns have dominated the rein-
troduced Skaha Lake population, which still receives supple-
mentation via fry outplants. Skaha Lake spawners averaged 
more than 21,000 individuals over the past 5 years, with the 
proportion of hatchery-​origin spawners remaining below 0.05 
(Bailey et al., 2025). Because the Okanagan Lake component 
is in the early stages of reintroduction, it remains the primary 
focus of juvenile supplementation efforts and lacks sufficient 
adult return data to provide meaningful insights. The overall 
population response to recovery efforts is noteworthy. Since 
2008, the average adult returns to the Okanagan River have 
increased sixfold compared with the prerestoration era aver-
age (Alexander et al., 2024) and primarily comprise naturally 
produced fish (Bailey et  al., 2025). Total adult counts 
exceeded 250,000 individuals in 8 years during 2008–2024, 
including a high of 609,940 fish in 2024 (Figure 4). During 
that period, Okanagan River Sockeye Salmon comprised more 
than 80% of the total Sockeye Salmon returns to the Columbia 
River basin and supported substantial recreational, commer-
cial, and tribal harvest in both the United States and Canada. 
It is worth noting that this occurred during the same period 
when Sockeye Salmon in the Fraser River (one of the largest 
Sockeye Salmon-​producing rivers in the world; Wong et al., 
2026) experienced serious declines (Peterman & Dorner, 
2012). The Okanagan River case study demonstrates the 

Table 2 (Continued)

Location (Figure 2 map code)
Initial 
year Species

Initial 
reintroduction 

strategy Passage provision Stage

Future reintroductions

Pine Creek, OR (AZ) Trap and haul

Tieton River, WA (BA) Trap and haul

Wallowa River, OR (BB) Trap and haul

aCoho Salmon.
bChinook Salmon.
cSteelhead.
dChinook Salmon.
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potential for salmon reintroduction to contribute significantly 
to population recovery and highlights the importance of tribal 
reintroduction initiatives.

Critical elements of reintroduction planning
Reintroduction requires long-​term commitment, sustained 
funding, and effective collaboration. Therefore, careful 

planning is required to engage stakeholders, define clear goals, 
and initiate community outreach. Initial planning steps may 
also include evaluation of benefits, risks, and costs to guide 
informed decisions on whether to proceed with reintroduc-
tion. In this section, we outline important components of rein-
troduction planning and build on the foundational topics 
identified by Anderson et  al. (2014). Our objective is to 
advance current knowledge by integrating relevant research 

Figure 3 Estimated percent escapement change per year (with 95% CIs) for 26 reintroduced Pacific salmonid populations (refer to Figure 2 for 
locations); values were generated from first-​order autoregressive models with linear time trends, applied to log-​transformed count data for 
adult returns. Abbreviations are as follows: N. = North; M.F. = Middle Fork; S. = South; S.F. = South Fork.
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published since the Anderson et  al. (2014) review and the 
extensive experience of reintroduction practitioners on our 
author team.

Benefits, risks, and constraints
Benefits

Salmon reintroduction can provide a broad range of biologi-
cal benefits, summarized by Anderson et al. (2014), in addi-
tion to many cultural and social benefits. The biological 
benefits of reintroducing salmon include increased spatial 
diversity of sensitive populations (National Marine Fisheries 
Service, 2022) and expanded access to coldwater habitat to 
provide refuge against long-​term environmental change 
(National Marine Fisheries Service, 2018, 2025). 
Reintroduction can also provide genetic rescue by enhancing 
the diversity of sensitive populations—if a suitable source 
population is used (Feuerstein et al., 2024; Whiteley et al., 
2015). Research has shown that an influx of diverse genetic 
material can improve population health and sustainability 
(Bell et al., 2026; Frankham, 2016; Hufbauer et al., 2015), 
particularly for small, isolated populations that may be tar-
geted for reintroduction. Reintroduction within a portion of a 
larger metapopulation can provide spillover effects that 
improve overall stability and resilience of the metapopulation 

(Schindler et al., 2010), highlighting the importance of con-
tributions that can accumulate even from small populations. 
Benefits to local ecosystems include the restoration of marine-​
derived nutrients and contributions to the prey base for native 
species that reside within (e.g., Bull Trout Salvelinus confluen-
tus; Beauchamp & Van Tassell, 2001; R. C. Johnson, Jensen, 
et al., 2024; Lowery & Beauchamp, 2015) and outside of (e.g., 
marine mammals; Bailey et al., 2025; Ng et al., 2025; UCUT, 
2022; Figure 4) the reintroduction site.

Beyond the measurable biological benefits, reintroduction 
can also provide significant cultural and social benefits that 
are not easily quantified. As a result of the deep cultural and 
spiritual connections between Indigenous Peoples and Pacific 
salmon that have existed since time immemorial (Atlas et al., 
2021), local extirpations have resulted in a profound sense of 
loss for Indigenous Peoples that have been physically sepa-
rated from salmon for decades. Salmon are also widely viewed 
as an iconic cultural symbol to the broader human population 
in the Pacific Northwest (Lackey, 2000; NRC, 1996); they 
support economically important fisheries (Criddle & Shimizu, 
2014; Noakes, 2014) and receive large investments to aid 
recovery (Holland & Fonner, 2026; Lewis et al., 2019; Naylor 
et  al., 2003). Thus, reintroduction can reestablish cultural 
and spiritual relationships, foster connections with both tribal 

Figure 4 Number of Okanagan River-​origin adult Sockeye Salmon returning to Bonneville Dam (near the Columbia River mouth) during 
1977–2024 and key management milestones for reintroduction and recovery actions, including the implementation of the Fish and Water 
Management Tool (FWMT) and fish passage development at McIntyre, Okanagan Falls, and Penticton dams. Data used in this figure are 
available in Bailey et al. (2025; their Table 2).
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and nontribal communities, and contribute to important rec-
reational and commercial fisheries.

Risks
Reintroduction can be associated with risks that should be 
carefully identified and mitigated, particularly when the rein-
troduction site supports other native species that are threat-
ened, culturally significant, or economically valuable and 
that could be affected by competition, predation, or disease 
transmission from reintroduced species. Ecological risk 
assessments incorporating expert knowledge and published 
information from the ecosystems of interest have been con-
ducted for several salmon reintroductions and supplementa-
tion programs (Hardiman et al., 2017, 2022; Pearsons et al., 
2012). These efforts identified site-​specific risk factors, 
including potential pathogens that could be transmitted from 
donor populations, sensitive species in the reintroduction 
site, and ecotypes that could genetically mix with the reintro-
duced population. This type of risk identification process has 
been used to develop implementation strategies and postrein-
troduction monitoring priorities aimed at increasing the like-
lihood of reintroduction success while reducing the risks of 
negative outcomes (Temple & Pearsons, 2012). To date, the 
number of empirical evaluations conducted to evaluate the 
ecological effects of salmon reintroduction on native species 
in reintroduction sites has been limited (Fast et  al., 2015; 
Temple & Pearsons, 2012; Temple et al., 2017), so this topic 
remains a critical uncertainty in many reintroduction pro-
grams and for future projects.

Constraints
The success of reintroduction efforts can be constrained by the 
quality and quantity of available habitat within a potential rein-
troduction site, as a lack of suitable habitat has the potential to 
negatively affect growth, survival, and reproductive success 
(Jensen et al., 2023; Thompson & Beauchamp, 2016). Even if 
salmon were historically present at a site, a variety of natural 
(e.g., fires and floods) and anthropogenic (e.g., mining and log-
ging; Bubac et  al., 2019; Cochran-​Biederman et  al., 2014; 
Fullerton et al., 2011; Lamothe & Drake, 2019) effects may have 
reduced or eliminated available habitat in the intervening 
period. Habitat capable of supporting reintroduction must 
accommodate multiple juvenile stages (i.e., embryos, fry, parr, 
and subyearlings) as well as adult holding and spawning. Habitat 
suitability assessments have been conducted prior to some rein-
troductions to evaluate current conditions at the reintroduction 
site and to estimate the numbers of each life stage that could 
potentially be supported (Dunham et al., 2011; McClure et al., 
2018; UCUT, 2019). Assessing the thermal suitability of reintro-
duction habitat may be especially important in watersheds that 
have undergone significant changes in land use, that have expe-
rienced severe effects of climate warming (e.g., wildland fires; 
Isaak et  al., 2010), or where the underlying geology creates 
stressfully warm conditions (e.g., Boughton et al., 2022).

Mortality of juvenile and adult salmon that occurs within 
the reintroduction site has been shown to significantly affect 
reintroduced populations. Predation on juvenile salmon by 
nonnative fishes has been documented in numerous locations 
(e.g., Murphy et al., 2021; Pope et al., 2024), and predation 

risk from piscivorous salmonids and native fishes (e.g., resi-
dent Rainbow Trout, Brown Trout Salmo trutta, and Northern 
Pikeminnow Ptychocheilus oregonensis) poses a chronic threat 
because these species share similar thermal niches with juve-
nile salmon (Hansen et al., 2021; R. C. Johnson, Hoy, et al., 
2024; R. C. Johnson, Jensen, et al., 2024; R. C. Johnson et al., 
2026; Sorel, Hansen, Connelly, Wilson, et  al., 2016). Adult 
mortality that occurs within the reintroduction site (prespawn 
mortality) has been reported in some reintroduced popula-
tions, most notably for spring Chinook Salmon that are 
trapped and hauled above high-​head dams in the Willamette 
River basin (Carey et  al., 2024; Naughton et  al., 2023). 
Elevated prespawn mortality has also been observed in other 
areas with active reintroduction programs, including Sockeye 
Salmon in the Cedar River, Washington (Barnett et al., 2020), 
and spring Chinook Salmon in Lookingglass Creek, Oregon 
(Crump et al., 2023). While monitoring efforts in many rein-
troduction programs are insufficient to fully quantify the 
effects of prespawn mortality on population dynamics, this 
source of mortality will remain a research priority because of 
established relationships with thermally stressful conditions 
and predictions of continued river warming.

For reintroductions that occur upstream of major river 
impoundments, juveniles may need to traverse large reser-
voirs during downstream migration, which introduces several 
constraints on survival and migration success. For example, 
reservoir size and complexity, thermal conditions, geomorphic 
characteristics, biological community composition, and dam 
operating protocols can all influence survival and behavior. 
Reservoirs have been shown to function as ecological traps 
owing to migration delay, ineffective dam passage, and 
increased mortality (Coutant, 2023; Keefer et al., 2012, 2013; 
Ohms et al., 2022; J. Plumb et al., 2019; Pope et al., 2024; 
Stockwell et  al., 2026; Tiffan, Kock, Haskell, et  al., 2009). 
Additionally, thermal reservoir stratification influences the 
depth distribution and migration rate of juvenile salmon 
(Beeman et  al., 2016; Sutton & Soto, 2012; Tiffan, Kock, 
Connor, et al., 2009) and often provides suitable conditions 
for nonnative warmwater piscivores, including black bass 
Micropterus spp., Walleye Sander vitreus, catfish Ictalurus spp., 
and crappies Pomoxis spp. (Erhardt et al., 2018; Murphy et al., 
2021). Similarly, environmental conditions in reservoirs may 
lead to elevated rates of parasite infection in juvenile salmon 
(Baldwin et  al., 2003; Larson et  al., 2024; Monzyk et  al., 
2015). For example, the parasitic gill copepod Salmincola cali-
forniensis is common in reservoirs in the Pacific Northwest 
(Antonelli et  al., 2025; Lepak et  al., 2022) and causes high 
infection rates in reservoir-​rearing juvenile Chinook Salmon 
(Monzyk et al., 2015). Studies have shown that S. californiensis 
infection results in gill damage and high mortality even in the 
absence of macroscopically visible infections (Gardner, 2022; 
T. Neal et al., 2021; W. T. Neal, 2020). Other parasites, such 
as anchor worms Lernaea cyprinacea and parasitic nematodes 
(e.g., Philonema spp.; Larson et al., 2024), may also be com-
mon in reservoir environments.

Finally, juvenile growth potential may be constrained by 
the availability of zooplankton and benthic prey within acces-
sible depths of the reservoir (Hansen et  al., 2016; R. C. 
Johnson, Code, et al., 2024; R. C. Johnson, Hoy, et al., 2024; 
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Sorel, Hansen, Connelly, & Beauchamp, 2016). In places 
where reservoir constraints jeopardize reintroduction suc-
cess, efforts are focused on developing fish collection systems 
in upstream reaches to prevent juvenile salmon from entering 
reservoirs (Clancey et  al., 2017; Kock, Evans, et  al., 2021; 
Stockwell et al., 2026).

Dam removal, fish passage, and trap and haul
Dam removal

Dam removal projects in the United States have primarily 
focused on small structures (90% < 3 m in height; Bellmore 
et  al., 2017), but removals of large dams (i.e., >10 m; 
McCaffery et al., 2024) have recently occurred in rivers that 
support Pacific salmon, including the Elwha River 
(Washington) and the Klamath River (Oregon; Figure 2; Arnett 
et al., 2025; Duda, Torgersen, et al., 2021; Pess et al., 2024). 
Dam removal is often more cost-​effective than upgrading 
aging infrastructure to modern safety standards. It perma-
nently eliminates migration barriers and avoids the financial 
burden of constructing, operating, and maintaining facilities 
(Born et  al., 1998), including fish passage infrastructure. 
Furthermore, dam removal restores ecological connectivity for 
a broader range of species compared with engineered fish pas-
sage solutions, which are often designed only for strong swim-
mers like salmon (Birnie-​Gauvin et al., 2019). As information 
on dam removal accumulates, decision ​makers increasingly 
seek to couple the cost-​saving effects of dam removal projects 
with opportunities to restore river connectivity and promote 
reintroduction of native aquatic species (Duda et  al., 2023; 
Jumani et al., 2023; Kemp & O’Hanley, 2010). Several salmon 
reintroductions identified in this review were implemented 
via dam removal (Table 2), including programs on the Hood, 
White Salmon, Elwha, and Klamath rivers.

Migratory fish species respond quickly to dam removal and 
benefit from restored access to main-​stem, tributary, and side-​
channel habitats (Allen et al., 2016; Brewitt, 2016; Hess et al., 
2021; Izzo et al., 2016; Pess et al., 2024; Waldman & Quinn, 
2022). For example, in the Klamath River, where four large 
dams were recently removed, Coho and Chinook salmons were 
documented upstream in the main-​stem river and in several 
tributaries within months of removal (Aquatic Resources 
Group, 2025; Arnett et al., 2025). Removing dams can restore 
access to diverse habitats, fostering greater life history diver-
sity in salmonids. For example, Munsch et  al. (2023) docu-
mented increased life history diversity in out-​migrating 
Chinook Salmon, Coho Salmon, and steelhead in the Elwha 
River. This diversity was attributed to juveniles using tributar-
ies with distinct hydrological and geomorphic conditions, 
resulting in varied abundance, age structures, and size ranges. 
Dam removal also led to significant increases in the population 
size and spatial distribution of summer steelhead, which were 
rarely observed in the watershed prior to removal (Duda, 
Torgersen, et al., 2021; Pess et al., 2024). Most major reintro-
duction efforts using dam removal have occurred since 2011 
(Table 2); therefore, valuable insights will continue to accumu-
late as new generations of salmon adapt to these ecosystems.

Fish passage
In systems where dam removal is not feasible, scientific and 
practical advances in fish passage are facilitating reintroduction 

at increasingly large scales. Thanks to these advances, passage 
development is being considered in large, complex systems 
with high-​head dams, including Grand Coulee and Chief Joseph 
dams on the Columbia River, Washington (Baldwin et al., 2022; 
Bellgraph et al., 2020; Hardiman et al., 2017), and Shasta Dam 
on the Sacramento River, California (Clancey et  al., 2017; 
Houck, 2019; J. Plumb et al., 2019). Progress toward imple-
menting these large-​scale projects has been facilitated by 
numerous factors, including knowledge accumulated from 
long-​term efforts to improve upstream and downstream fish 
passage (Silva et al., 2018; Skalski et al., 2016; Williams et al., 
2012), insights from comprehensive topical reviews (Harris 
et al., 2016; Kock, Ferguson, et al., 2021; Kock, Verretto, et al., 
2019; Panagiotopoulos et  al., 2024), and innovations in fish 
passage technologies (Harris et al., 2019; Kammerlander et al., 
2020; Martino et al., 2025; Moser et al., 2019). Recent exam-
ples of passage innovations that have been developed include 
two devices at Cle Elum Dam on the Yakima River, Washington: 
an upstream fish passage system (Whooshh transport device; 
Mesa et al., 2013) that was tested in 2017 (Kock, Evans, et al., 
2018) and a new helical downstream passage device that will 
become fully operational in 2027 (Bureau of Reclamation, 
2016). Another large downstream passage system was recently 
designed at Howard A. Hanson Dam on the Green River, 
Washington (U.S. Army Corps of Engineers, 2024). These new 
devices and others (e.g., Harris et  al., 2019; Kammerlander 
et al., 2020; Martino et al., 2025; Moser et al., 2019; Zielinski 
et al., 2020) provide promising options for current and future 
salmon reintroductions upstream of high-​head dams where 
dam removal is unfeasible (e.g., Kock et al., 2025).

Trap and haul
Dam removal and volitional passage often provide biologi-
cally superior outcomes relative to trap-​and-​haul programs. 
However, the trap-​and-​haul method is the most used reintro-
duction approach (47%; Table 2) and has contributed to pop-
ulation increases for several reintroductions. Dam removal 
and volitional passage provide options that allow fish to move 
freely within a watershed, whereas the trap-​and-​haul approach 
constrains movements due to transport timing (i.e., fish haul-
ing can occur daily, weekly, or biweekly) and in some cases is 
associated with significant transport-​related and postrelease 
mortality (e.g., Willamette River tributaries; Bowerman et al., 
2018; Colvin et al., 2018; Keefer et al., 2010). However, in 
many locations, the trap-​and-​haul method provides the only 
feasible means for reintroduction when dam removal is not an 
option and when the scale and complexity of dams and reser-
voirs in a watershed make volitional passage either too expen-
sive or unlikely to succeed. Two recent reviews (Kock, 
Ferguson, et al., 2021; Lusardi & Moyle, 2017) discuss many 
of the salient aspects of trap and haul, so we refer readers to 
those documents for comprehensive information about this 
reintroduction technique.

Donor sources
Selecting appropriate donor sources is a critical component of 
reintroduction planning. Ideally, a robust population of in-​
basin, natural-​origin fish would serve as the donor source, but 
such populations are rarely available. In many cases, donor 
source options are limited to natural-​origin fish from other 
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basins or fish sourced from hatchery programs. Although con-
cerns exist regarding the fitness limitations of hatchery fish 
(Araki et  al., 2008; Chilcote et  al., 2011; Williamson et  al., 
2010), particularly those from mixed-​lineage stocks (Anderson 
et al., 2014; Busby et al., 1996), they have been successfully 
used in many existing reintroductions (Table 2). This section 
distills key takeaways from several reintroductions that have 
used various life stages (embryos, fry, parr, smolts, and adults) 
of hatchery-​ or natural-​origin fish.

Several tribally led reintroductions in the Columbia River 
basin have used hatchery-​produced juvenile Coho Salmon to 
initiate reintroduction, and these programs are now contrib-
uting significantly to overall production in the basin (Bosch 
et  al., 2007, 2025; Galbreath et  al., 2014). By the 1940s, 
annual adult returns of Coho Salmon to the interior Columbia 
River basin had declined to about 4,000 fish (compared with 
hundreds of thousands historically), and these were assumed 
to be primarily strays from hatcheries located downstream of 
Bonneville Dam (Galbreath et al., 2014; Mullan, 1983). In the 
mid-​1990s, tribes in the Columbia River basin initiated rein-
troduction efforts to recover Coho Salmon in the Yakima, 
Wenatchee, Methow, and Clearwater rivers (Bosch et  al., 
2007, 2025; Galbreath et al., 2014). For those efforts, juve-
nile Coho Salmon from hatcheries in the lower Columbia 
River were acclimated and released into each river. Fish that 
survived, moved downstream to the ocean, and then returned 
as first-​generation natural-​origin spawners were either 
allowed to spawn naturally or were collected and used as 
hatchery broodstock to produce additional juveniles for sup-
plementing reintroduction efforts (Galbreath et  al., 2014). 
This process successfully established locally adapted stocks 
that originated from hatchery outplants. Those fish contrib-
uted to increased numbers of returning adults, expanded redd 
distributions within each watershed, and led to naturally pro-
ducing populations within two to five generations of initial 
outplanting efforts (Bosch et al., 2007; Galbreath et al., 2014). 
Adult returns to these programs now collectively exceed, on 
average, 40,000 fish each year (2010–2024) and comprise 
approximately one-​third of the total number of adult Coho 
Salmon that return to the interior Columbia River basin 
(based on counts at Bonneville Dam; Fish Passage Center, 
2026).

Research has shown that juvenile life stage at release and 
local environmental conditions influence survival and smolt-​
to-​adult return rates. In the Yakima River basin, Coho Salmon 
that were outplanted as parr (i.e., were released during fall, 
overwintered, and out-​migrated the following spring) out-​
migrated faster and later than juveniles that were outplanted 
as smolts (i.e., were released during spring and out-​migrated 
during spring), and survival and adult return rates differed 
for these groups between subbasins (Bosch et al., 2025). In 
the Snake River basin, Sockeye Salmon smolt releases were 
3.6–9.7 times more likely to survive than releases of eyed 
eggs or presmolts (E. L. Johnson et al., 2020), which suffered 
from posthatch survival bottlenecks in nursery lakes and had 
lower reserves of the lipid needed for a grueling 1,450-​km 
migration that includes eight dams (Powell et  al., 2010; 
Waples, 1991). Ultimately, utilizing a diverse “portfolio” of 
multiple life stage release strategies appears to spread 

environmental risk, thereby optimizing success across varied 
habitats and environmental conditions (Bosch et  al., 2025; 
Cordoleani et al., 2021).

Several reintroduction programs that rely on adult out-
planting have demonstrated how fish origin and release site 
location can affect behavior and distribution, which subse-
quently influence the likelihood of successful reproduction. In 
the upper Cowlitz River, Washington, natural-​origin steel-
head, Chinook Salmon, and Coho Salmon migrated upstream 
to spawning tributaries more quickly than hatchery-​origin 
fish during a multiyear study (2005–2012; Kock et al., 2016; 
Kock, Perry, et  al., 2018). Hatchery-​origin fish were also 
more likely than natural-​origin fish to remain in a reservoir, 
which lacks spawning substrate, or to fall back downstream 
past a dam. These behaviors reduced their potential contribu-
tion to the spawning population. However, releasing hatch-
ery-​origin adults directly into spawning rivers rather than 
into the reservoir substantially increased their retention in 
spawning habitat (Kock et  al., 2016; Kock, Ekstrom, et  al., 
2019). In contrast, spring Chinook Salmon that were reintro-
duced above Swift Dam in the Lewis River, Washington, dis-
persed broadly and spawned successfully across extensive 
habitat even though most (>80%) transported adults were of 
hatchery origin (Carpenter & Shappart, 2026). Researchers 
also observed that spawning distributions appeared to be pri-
marily affected by streamflow, with increased occupancy of 
spawning habitat occurring during years when August and 
September flow was elevated (Shappart, 2026). A Chinook 
Salmon study in the South Santiam River suggested potential 
benefits to releasing naturally produced adults directly into a 
reservoir, as these fish held in the hypolimnion and had lower 
thermal exposure (∼3–6°C cooler per day) compared with 
adults that were released in tributaries above the reservoir 
(Naughton et al., 2018). However, the rate of fallback down-
stream of the dam was higher for reservoir-​released fish 
(14%) compared with river-​released fish (1%). Naughton 
et al. (2018) concluded that despite increased fallback rates, 
reservoir releases provided an overall benefit to the popula-
tion by reducing the risk of prespawn mortality in a system 
with challenging thermal conditions. Collectively, these find-
ings show that fish origin and release site location may be 
influential in adult reproductive success, but they highlight 
the importance of monitoring to understand site-​specific 
responses of salmon for a given reintroduction program.

The adult outplanting strategy for Sockeye Salmon reintro-
duction in the Cle Elum River relies on two naturally pro-
duced populations, providing a rare opportunity to assess 
how different donor stocks interact and perform. Cle Elum 
Lake is a historically important Sockeye Salmon nursery lake 
in the Yakima River basin, Washington. A dam constructed on 
the outlet river of the lake led to the extirpation of all anadro-
mous species by the early 1900s (Matala et al., 2019). The 
Confederated Tribes and Bands of the Yakama Nation began 
implementing Sockeye Salmon reintroduction in 2009 under 
agreements among tribal, state, and federal agencies. The 
reintroduction source populations are a mix of natural-​origin 
adult Sockeye Salmon from Lake Wenatchee, Washington 
(Wenatchee River basin), and Osoyoos/Okanagan lakes, 
Washington–British Columbia (Okanagan River basin). 
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Translocation of these exogenous stocks for the Cle Elum 
River reintroduction was intended to be a short-​term solu-
tion, with an overarching objective of establishing a self-​sus-
taining, naturally spawning population. Managers assumed 
that the use of two donor stocks would maximize genetic 
diversity and life history variability in the naturalized popu-
lation, thus boosting adaptive potential (Braun & Reynolds, 
2014; Burger et al., 2000; Fraser et al., 2007). The Wenatchee 
and Okanagan stocks are genetically and phenotypically dis-
tinct, differing in age structure, spawn timing, and spawning 
distribution. Wenatchee Sockeye Salmon spawn primarily in 
mid-​September and higher in the river system, whereas 
Okanagan fish spawn about 1 month later, primarily in the 
river near the exposed lake bed and along the lakeshore 
(Kock, Evans, et al., 2021; Matala et al., 2019). These stock-​
specific traits have persisted after several generations of nat-
ural spawning in the Cle Elum River system. Limited overlap 
in spawn timing results in low levels of admixture, with 
admixed adults comprising less than 5% of natural-​origin 
returns, although the fitness of these individuals remains 
unknown (Matala et  al., 2019). Additional time will be 
needed to better understand how these two stocks acclimate 
to the Cle Elum River watershed, but the approach appears to 
have resulted in increased spatial and temporal distribution 
patterns for Sockeye Salmon.

Monitoring and adaptive management
Reintroduction requires long-​term commitment, active moni-
toring, and adaptive management to ensure that populations 
persist and reintroduction goals are achieved. Once imple-
mentation begins, monitoring is essential to track dispersal, 
evaluate survival, and measure reproductive success. 
Monitoring also assesses whether life cycle progression is 
occurring relative to program goals (e.g., out-​migrating smolts 
from outplanted adults, or returning adults from outplanted 
juveniles; Table 1). The resultant data allow managers to 
adjust strategies and improve outcomes for juvenile and adult 
life stages. Although a comprehensive review of monitoring 
and decision-​support tools is beyond the scope of this article, 
a general overview of these topics is provided here.

A suite of tools has been applied to monitor existing reintro-
duction programs, including various approaches for collecting 
count data (e.g., trap catches and sonar), fish tagging studies 
(e.g., PIT ​tagging and radiotelemetry/acoustic telemetry), and 
genetic monitoring approaches (e.g., parentage-​based tagging, 
close-​kin mark–recapture, and environmental DNA). In pro-
grams using trap-​and-​haul methods, trap count data for juve-
niles and adults provide information that can be used to 
evaluate population trends, and sonar has been invaluable for 
collecting adult return data in rivers where dam removal was 
implemented (Aquatic Resources Group, 2025; Pess et  al., 
2024). Fish tagging studies continue to provide valuable infor-
mation on fish movements and survival at multiple time 
scales, and the capabilities of these techniques continue to 
expand as the technologies are refined (e.g., Hansen et  al., 
2021; Phillips et al., 2026; Sandford et al., 2024). Advanced 
genetic monitoring approaches provide the ability to evaluate 
reintroduction outcomes in new ways. As examples, research-
ers have calculated the number of breeders (Luikart et  al., 

2021), tracked genetic diversity and evaluated inbreeding 
depression over time (Waters et al., 2020), identified admix-
ture with other populations (Chang et al., 2022), and detected 
the development of local adaptation (Campbell et al., 2017; 
Horn et  al., 2020, 2025; Matala et  al., 2019). Additionally, 
parentage-​based tagging has been used to extensively evaluate 
reintroduction of threatened spring Chinook Salmon and steel-
head above dams in Oregon’s upper Willamette River basin 
(e.g., Evans et al., 2016; O’Malley, Dayan, Fitzpatrick, Bohn, & 
Grenbemer, 2023; O’Malley, Dayan, Fitzpatrick, & Couture, 
2023; Weigel et al., 2019) and is one of the key monitoring 
tools planned for use in reintroduction within the upper 
Columbia River (UCUT, 2022). This pedigree-​based monitor-
ing method has also enabled the estimation of survival in out-​
migrating juvenile salmon that are too small for conventional 
tagging (Pope et al., 2024) and the estimation of adult-​to-​adult 
survival (i.e., total lifetime fitness) and cohort replacement 
rate (Dayan et al., 2024; Evans et al., 2016; O’Malley, Dayan, 
Fitzpatrick, Bohn, & Grenbemer, 2023; O’Malley, Dayan, 
Fitzpatrick, & Couture, 2023; Sard et al., 2016). Noninvasive 
methods, such as environmental DNA sampling, provide pow-
erful ways to monitor waters for postrelease persistence, dis-
persal, and distributional shifts across a river system without 
direct handling or observation of individual fish (Duda, Hoy, 
et al., 2021; Hempel et al., 2020; Riaz et al., 2019), which can 
be particularly useful in the early stages of a reintroduction 
effort, when abundances are low (Brys et  al., 2020; Jerde 
et al., 2011; Nordstrom et al., 2023).

Life cycle modeling can be used to identify critical life 
stages and key parameters influencing salmon population 
dynamics and is a useful tool for evaluating salmon reintro-
ductions (Benjamin et al., 2024; Crozier et al., 2021; Jacobs 
et al., 2024). This approach can help to identify key limiting 
factors for population performance, thus contributing to 
informed decision making. Life cycle models can be used in a 
prospective fashion to evaluate potential outcomes of a future 
reintroduction effort, or they can be used retrospectively to 
evaluate ongoing programs. In planning stages, a detailed 
analysis of watershed characteristics can be used to parame-
terize potential productivity and capacity (Anderson et  al., 
2014; Honea et al., 2009; UCUT, 2019). After initiation of a 
reintroduction program, life cycle models can be fitted to 
population data to evaluate trends in productivity and capac-
ity parameters, which can inform management actions. Life 
cycle models can be an important tool for adaptive manage-
ment of salmon reintroduction and have been used in existing 
programs on the upper Columbia River (UCUT, 2022), Cowlitz 
and Lewis River (J. M. Plumb & Perry, 2020, 2025), Yakima 
River, and North Santiam River (Keefer et al., 2025) basins.

Conclusions
Salmon reintroduction has emerged as an important manage-
ment tool and population recovery strategy, as evidenced by 
the implementation of at least 51 individual programs 
throughout western North America since 1947. In this review, 
we found that most reintroduction programs remain active, 
have operated for at least a decade, and support functional to 
increasing populations (stages 2–5) despite challenges that 
include long migration distances, passage at multiple dams, a 
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warming climate, and changing ocean conditions. Based on 
the conceptual stages for reintroduction developed in this 
work, we found that individual programs tend to progress 
quickly through the initiation stage (stage 1) because all pro-
grams implemented prior to 2022 have progressed to at least 
stage 2 (Table 2). Conversely, it may take many years for 
reintroduced populations to reach population replacement; 
all stage 4 and stage 5 populations are from programs that 
have operated for at least two decades (Table 2). Results from 
our population trends analysis are noteworthy given recent 
widespread decreasing trends in abundance and ESA listing 
status for many (nonreintroduced) populations (Atlas et al., 
2023; Ford, 2022). Although it is difficult to attribute salmon 
population trends to a single management action, the increas-
ing trends in some reintroduced populations may be due in 
part to expanded access to historical habitat and resultant 
increases in productivity. We recognize that restoration to 
historical abundance levels in some systems may not be pos-
sible given past and ongoing changes to watersheds, migra-
tion corridors, and ocean conditions (Boughton et al., 2022; 
Crozier et al., 2021; Peterman & Dorner, 2012; Ulaski et al., 
2025; Wilson et  al., 2023). However, the presence of even 
small populations of salmon on the landscape can have impor-
tant cultural value for stakeholder groups beyond the poten-
tial benefits for ecosystems and fisheries.

Reintroduction is a long-​term, learn-​by-​doing process, and 
the ability to efficiently implement and adaptively manage 
individual programs largely depends on effective stakeholder 
relationships and consistent funding. Because priorities and 
objectives are likely to vary among stakeholder groups, it is 
important for participants to be transparent about their objec-
tives and to acknowledge that difficult decisions and trade-
offs may be necessary during reintroduction planning and 
implementation. At the same time, the many shared benefits 
of reintroduction may serve as a foundation for establishing 
and maintaining productive relationships focused on com-
mon goals. The decision to proceed with implementation can 
be a catalyst that galvanizes stakeholder relationships while 
simultaneously initiating biological and societal benefits and 
providing key opportunities for data collection. Although risk 
assessment is an essential component of feasibility evalua-
tions, the inherent risks of inaction must also be considered, 
and excessive delays to accommodate research timelines can 
erode momentum. While we acknowledge that risks to sensi-
tive native species must be considered, we also note that rein-
troduction ultimately seeks to restore ecological interactions 
that existed for millennia prior to human intervention. The 
initiation of pilot-​level reintroduction efforts can provide 
both key scientific information and institutional momentum 
toward achieving long-​term goals. Pilot programs are often a 
logical step once the risks associated with disease transfer and 
potential population sinks have been identified and miti-
gated. For example, prior to establishing a reintroduction 
plan, the Yakama Nation began outplanting hatchery adult 
Chinook Salmon into the Cle Elum River to reestablish 
marine-​derived nutrient transport upstream of Cle Elum Dam 
and to allow fish to begin cleaning spawning gravel during 
spawning. Similarly, ceremonial releases on the upper 
Columbia River (Baldwin et  al., 2022) were useful for 

creating momentum, securing future funding, addressing 
short-​term cultural objectives, and demonstrating proof of 
concept for full reintroduction implementation.

The reintroduction of Pacific salmon to their historical 
headwater habitats provides a critical climate buffer by 
restoring access to coldwater refuges that may mitigate the 
effects of future rising temperatures. Numerous studies have 
considered how environmental change will affect habitat and 
the resulting distributions of Pacific salmon (e.g., FitzGerald 
et al., 2021; Mantua et al., 2010; Mote et al., 2003; X. Zhang 
et al., 2019), highlighting the importance of high-​elevation 
tributaries that are expected to remain suitable in the coming 
decades. As climate change continues to exert stronger and 
more unpredictable effects on Pacific salmon across freshwa-
ter and marine life stages (Caudill et  al., 2021; Fullerton 
et al., 2018; Martins et al., 2012; Taylor, 2008; Wilson et al., 
2023; X. Zhang et  al., 2019), access to refuge habitat may 
help to buffer some of these effects.

Findings from this review emphasize the importance of 
reintroduction as a long-​term strategy to protect Pacific 
salmon, but it is important to note that a suite of other man-
agement actions (e.g., habitat restoration, predator removal, 
and ongoing supplementation) may be needed to achieve 
program goals and support populations in historical habitat. 
Ongoing monitoring and adaptive management of reintro-
duced populations are critical for identifying limiting factors 
and informing decision making and resource allocation for 
reintroduction practitioners. We echo the conclusion of 
Anderson et al. (2014) by emphasizing that salmon reintro-
duction will benefit greatly if rigorous monitoring and dis-
semination of results are adopted as routine practice. As 
highlighted throughout this work, numerous technical, cul-
tural, and institutional advances have the potential to accel-
erate and improve reintroduction efforts over the coming 
decades, and the benefits of these advances will be greatest if 
the community of reintroduction practitioners and research-
ers engage in information sharing via systematic data collec-
tion, timely dissemination, and collaborative research.
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