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Executive Summary  

Chinook Salmon have been extirpated from the Columbia River basin upstream from the Chief Joseph 

Dam, and from all areas in the Canadian portion of the basin since the mid 20th century. The Columbia 

River basin upstream from Chief Joseph Dam contains a large quantity and diversity of habitat, which 

could potentially support the reintroduction of an equally diverse portfolio of populations. Facilitating 

the recovery of this diversity of populations requires reintroductions to each area of high habitat 

potential with appropriately selected donor stocks. One of the few remaining riverine sections of the 

Columbia River is present from the head of Lake Roosevelt (shortly downstream from the US-Canada 

border), to the Hugh Keenleyside Dam, 52 km upstream from the US-Canada border. This river reach is 

commonly referred to as the Transboundary Reach. Chinook Salmon historically used this reach to 

complete their life cycle, and the habitat appears to remain suitable in the mainstem river for spawning. 

In this study, the suitability of sixteen donor stocks was considered, for the objective of reintroducing a 

self-sustaining population to the Transboundary Reach that would contribute to the long-term recovery 

and/or viability of Chinook Salmon in the Columbia River basin. Donor stocks were selected to represent 

a variety of life histories, from interior migrating local or major population groupings from the Columbia, 

Snake and Fraser River basins. Four main components were considered in the selection framework, 

using a variety of techniques, from fully quantitative modeling, to literature review. 

The first component involved determining the donor stock which shares the closest evolutionary 

ancestry with the historical stock of the Transboundary Reach. Historical tissue from late 19th century 

Canadian collections were analyzed, but failed to amplify genetic markers due to degraded DNA. In lieu 

of using the ancestral stock, the principle of isolation by distance was used as an underlying assumption 

that the most geographically proximate stock would be the most closely related to the historic stock, 

and thus could serve as a surrogate for determining ancestry. Two evolutionary lineages of Chinook 

Salmon are present in the interior Columbia River basin, corresponding to Spring and Summer-Fall runs; 

both theoretically may have occupied the Transboundary Reach. The genetic divergence between the 

surrogate stock and all potential donor stocks within each of ǘƘŜǎŜ ƭƛƴŜŀƎŜǎ ǿŀǎ ŜȄŀƳƛƴŜŘ ǳǎƛƴƎ DΩ{¢Σ 

based on analysis of microsatellite markers. In general, there was a pervasive pattern of isolation by 

distance between stocks within each life history. From an ancestry perspective, stocks from the Upper 

Columbia evolutionary significant units (ESU; for both Spring and Summer-Fall life histories) should be 

considered as the most appropriate donors, as they may share adaptations for the historic environment.  

The second component involved determining adaptive potential of donor stocks. Diversity was 

estimated for each potential donor stock, through proxy metrics of heterozygosity, allelic richness and 

population size. The use of multiple stock strategies and adaptive variation of donor stocks were 

considered by literature review. Summer-Fall run donor stocks from the Columbia River basin appeared 

to have higher diversity metrics in general than Spring run or those from the Fraser River basin. Stocks of 

this life history in the interior Columbia River basin also commonly express more diversity of juvenile life 

history pathways in the contemporary environment. If such diversity is heritable, this may reflect 

adaptive potential for establishment and buffer the population from further environmental change. 

Multiple stock introduction strategies may increase adaptive diversity in the founding population. 
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The third component involved quantitative analysis of the environmental suitability of each donor stock 

from the Columbia River Basin, based on life history, physical and behavioural adaptations. A model was 

developed to predict the timing and abundance of each donor stock throughout their freshwater life 

cycle. The analysis then involved assigning four ordinal categories of suitability to a suite of criteria that 

were assumed to strongly influence salmon survival or reproductive success. Criteria were scored for 

each life cycle stage, in each pertinent river reach they were found, according to the adaptations or 

unique life cycle timing of the donor stock. High uncertainty and strong assumptions necessitated crude 

and cautious interpretation of the results, so this analysis was not presumed to accurately determine 

the suitability of any particular local donor stock; however, there were clear results that suggested the 

suitability of generalized life history types (i.e., Spring vs. Summer-Fall). Spring Run donor stocks were 

predicted to immigrate to prespawn holding areas without issue; however, during subsequent life cycle 

stages, their life history adaptations to cold headwater streams may poorly translate to the environment 

of the Transboundary Reach. This reach is a large mainstem, low elevation, and relatively warm river  

subject to flow regulation, which is likely more suitable for later spawning (i.e., October-November) life 

histories that immigrate in the Summer and Fall. Despite their higher predicted contemporary suitability, 

Summer-Fall Chinook Salmon may have future difficulties during adult immigration in the lower river 

with climate change, and high contemporary harvest rates may impede reintroduction efforts. 

The fourth component involved assessing risks specific stocks may pose. Evolutionary, disease, 

ecological and demographic risks were reviewed through relevant literature.  There was no compelling 

evidence to suggest differences in ecological risk and minimal differences in disease risk using available 

literature. Use of stocks from outside of the US Upper Columbia Summer Fall or Spring ESUs is 

associated with clear increased evolutionary risks. Between these ESUs, small population sizes in Upper 

Columbia Spring pose demographic and evolutionary risks of taking fish from wild sources for 

reintroduction. Multiple donor stock strategies carry risk of outbreeding depression in future 

generations. Some of these risks may be mitigated somewhat by carefully designed reintroduction 

programs with appropriate hatchery involvement, monitoring and adaptive management.  

Integrating results of all components, the use of donor stocks from the Upper Columbia Summer-Fall 

ESU is predicted to have the highest success of establishing a population in the Transboundary Reach, 

while posing the least risk. Active reintroduction strategies using multiple stocks within this ESU may 

increase the probability of establishment, but should be appropriately monitored and managed. 

Donor stock selection is just one of many considerations in reintroduction planning. Decisions that relate 

to donor stock selection are highly intertwined with the decisions made on the strategy undertaken to 

support recolonization or active reintroduction, as well as the monitoring and assessment tools available 

to mitigate risk and adaptively manage. Ultimately, there will be social, legal and logistical reasons that 

may also impact donor stock selection beyond the conservation objectives that drove this study. Harvest 

objectives in particular are of great importance to First Nations and Tribes, and the use of stocks that are 

of higher quality for consumption at terminal fisheries or provide opportunities for harvest without 

providing clear conservation objectives should also be considered. It is important to note that 

reintroduction programs can successfully satisfy multiple objectives, thus programs that use different 

donor stocks to fulfill multiple reintroduction objectives are a viable option. 
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1 Introduction  
 

Chinook salmon historically occupied the entire length of the Columbia River from its confluence with 

the Pacific Ocean, to the headwaters 2000 km upstream at Columbia Lake, British Columbia.  

Throughout this range, multiple spawning populations persisted, each population locally adapted to the 

conditions of their environment.  

Much of the diversity of Chinook Salmon was lost in the Columbia River with hydropower development 

and unsustainable overharvesting, which depleted and extirpated stocks throughout the early and mid 

20th century. A disproportionate loss occurred in headwater systems of the Columbia River basin, where 

dams were often constructed without fish passage facilities. One of the largest losses occurred with the 

completion of Grand Coulee Dam, in 1940. This dam occupies the 960th upstream km of the river, so 

when it was built, it effectively diminished the range of Chinook Salmon by over 50% along its mainstem 

length. The range was further diminished the subsequent decade, when the Chief Joseph Dam was 

constructed on the 877th upstream km of the river. 

Planning processes for reintroducing Chinook Salmon are currently underway. In addition to the 

necessary provision of fish passage at the above mentioned dams  a suite of initial scientific 

investigations are recommended, including assessment of potential donor stocks that could be used for 

reintroduction (Columbia Basin Tribes and First Nations 2015). The selection of donor stocks is a critical 

consideration because there may be differential success of potential donor stocks, and because there 

may be significant risks associated with using specific stocks (Nelitz et al. 2007). These are common, and 

important considerations for any animal reintroduction for conservation purposes (Houde et al. 2015a), 

especially for salmonid fish (Anderson et al. 2014, /ƻŎƘǊŀƴπ.ƛŜŘŜǊƳŀƴ Ŝǘ ŀƭΦ нлмр), given the unique 

evolutionary legacy and suite of local adaptations of each stock (Taylor 1991). Unfortunately, the life 

history diversity and population structure of the historic stocks that would have collectively made up the 

Columbia River Chinook Salmon metapopulation has been lost upstream from Chief Joseph Dam, and 

stock structure would need to be rebuilt one population at a time as the entire drainage is potentially 

recolonized. Thus, donor stock selection should be a consideration at the level of each individual 

reintroduction attempt for each potential unique habitat that would support a localized spawning 

population. In this assessment, an attempt is provided to determine donor stock suitability for 

reintroduction to the Transboundary Reach of the Columbia River (Figure 1-1), one of the few remaining 

riverine environments along its entire length. This habitat once supported Chinook Salmon (Columbia 

Basin Tribes and First Nations 2015). An appropriate donor stock for use in reintroduction efforts should 

have high theoretical fitness in the novel ecosystem, should be logistically feasible to use for 

reintroduction efforts, and should pose the least genetic and demographic risk to extant downstream 

populations of Chinook Salmon and the receiving ecosystem. Success could be measured by determining 

if the donor stock can complete their lifecycle and have a positive population growth rate in the initial 

stages of colonization. Success should also be measured in terms of how the population will positively 

contribute to long term viability and/or recovery of the metapopulation, as the reintroduction 
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environment may be considered contiguous with habitats that currently support downstream, extant 

populations of Chinook Salmon (Anderson et al. 2014). 

 

Figure 1-1: Significant remaining free-flowing riverine sections of the Columbia River. The 
Transboundary Reach is the riverine segment spanning the US-Canada border. 
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This study is a guidance document that can inform donor stock suitability for the reintroduction purpose 

of forming a self-sustaining population in the study area that will contribute to conservation of Chinook 

Salmon in the Columbia River Basin. Donor stock selection to satisfy alternate objectives for 

reintroduction (e.g., harvest) are not thoroughly explored in the same detail, but much of the 

assessment in this document can also inform the suitability of stocks for these purposes as well. 

 

1.1 Study area and historic presence of salmon  

The Transboundary Reach is one of four major riverine segments of the Columbia River (Figure 1-1); a 

~60 km reach of river located between the head of Lake Roosevelt near the U.S.-Canada international 

border (river km 1197) and Hugh Keenleyside Dam (HLK; river km 1253). HLK is a dam originally built for 

flood control, but subsequently retrofitted for hydroelectric generation. It is not passable in any 

functional sense for migratory fish, though a navigation lock allows the incidental passage of some fish 

when operated. The 52 km stretch between the international border and HLK is the focus of this study. 

The Columbia River through this stretch is a large river with a mean discharge of ~2800 m3/s at the 

international border, flowing through an elevation range of 390-420 m and having a continental climate 

regime. Two major tributaries enter the river in this stretch, the Kootenay River (mean discharge of ~850 

m3/s) and the Pend D'Oreille River (mean discharge ~750 m3/s), both of which have impassable 

hydroelectric dams shortly upstream from their confluences. Several minor (i.e., 3rd-4th stream order) 

tributaries flow directly into the Columbia River through this stretch, but the majority have natural or 

anthropogenic fish passage barriers shortly upstream from their confluence with the Columbia River 

(Thorley and Baxter 2011). The mainstem river reach and its tributaries are habitat for a variety of native 

and introduced cold and coolwater fishes, including robust populations of resident salmonids (Rainbow 

Trout and Mountain Whitefish) that locally complete their lifecycles (Golder Associates Ltd. and Poisson 

Consulting Ltd. 2015). The total available large mainstem river environment accessible to fish in this 

reach (Columbia, Kootenay and Pend D'Oreille Rivers) is 55.3 km in length, and ~13.9 km2 in area. The 

total available tributary environment accessible to migratory fish in this reach (Blueberry, Beaver, 

Murphy, China, Norns and Champion Creeks) is 33.2 km in length, and ~0.27 km2 in area, the majority of 

which occurs in Blueberry Creek (Thorley and Baxter 2011). Thus the vast majority of available habitat is 

centered in the mainstem river. This assessment is therefore an assessment of donor stock suitability for 

this mainstem river environment. 
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Figure 1-2: The Transboundary Reach, from the head of Lake Roosevelt, to the Hugh Keenleyside Dam. 
Areas in red indicate riverine sections with high concentrations of Rainbow Trout spawners 
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Multiple life histories of Chinook Salmon would have historically used the Transboundary Reach for 

some portion of their lifecycle, as salmon arrived at and ascended Kettle Falls throughout the season. 

Chinook Salmon arrived at the falls with a preliminary peak in June, followed by a more substantial peak 

in the last half of August, with fish arriving right until October and spawning locally (Bryant and 

Parkhurst 1950; Chapman 1943). Kettle Falls is located approximately 50 km downstream of the 

Transboundary Reach (Figure 1-1). Chinook Salmon did use areas of the mainstem river in the 

Transboundary Reach for spawning (Columbia Basin Tribes and First Nations 2015).  

Abiotic and biotic changes have occurred since salmon were historically abundant. Salmonid habitat and 

their base foodweb production has been altered due to industrial and urban development and flow 

manipulation due to the construction of large storage reservoirs upstream (Arndt 2009). Temperature 

regime has shifted, with higher than historic summer temperatures (Hamblin and McAdam 2003), and 

biotic community has changed with the introduction of non-native fishes (Golder Associates Ltd. and 

Poisson Consulting Ltd. 2015). Some species that have been introduced (Walleye, Smallmouth Bass, 

Northern Pike) are potential predators, which may have impacts on salmon populations (Sanderson et 

al. 2009). Despite these manipulations, the reach has enriched food production (Olson-Russello et al. 

2015) and currently supports multiple, large spawning aggregations (>1000->10000) of native Rainbow 

Trout (Taylor 2002, Irvine et al. 2014), confirming that habitat remains highly suitable for salmonids. 

Rainbow Trout have similar habitat and generalized ecological niche requirements to Chinook Salmon 

during the freshwater portion of their life cycle, but spawn at different times of the year. Recent habitat 

suitability analyses indicate that there may be large amounts of suitable depths and velocities for 

Chinook Salmon spawning in the Transboundary Reach during ǘƘŜ ǎǇŜŎƛŜǎΩ ƎŜƴŜǊŀƭƛȊŜŘ fall spawning 

period (Golder Associates Ltd. 2016). These locations of high suitability overlap with those of Rainbow 

trout where assessed in the Kootenay River, upstream from its confluence with the Columbia River, and 

in the Columbia River at the confluence with Norns Creek, which has deposited an alluvial fan of gravels 

(Figure 1-2). Additional habitats of high suitability are hypothesized to exist around the vicinity of 

Genelle (Golder Associates Ltd. 2016). The suitability of habitats for other life cycle stages (embryo 

incubation through emergence, juvenile rearing etc.) has not been assessed. 

 

1.2 Reintroduction strategy  

Reintroduction of Chinook Salmon and re-establishment of sustainable populations above barriers can 

involve passive or active strategies (Anderson et al. 2014). Passive strategies involve natural 

recolonization of upstream areas after passage is provided, while active strategies involve transplanting 

wild fish or artificial propagation. If passive strategies are to be employed, the donor stock would 

naturally be fish that currently migrate to the base of, and attempt to pass Chief Joseph Dam. If active 

strategies are to be employed, donor sources can either be from supportive actions of natural 

recolonization (through hatchery augmentation or targeted translocation of fish that attempt to pass), 

alternate geographic areas, or a mix of stocks, either from wild or hatchery sources. Active 

reintroductions could be undertaken by translocating wild adults, eggs or juveniles, or supplementation 

using artificially hatched and reared eggs/juveniles from a potential donor stock brood (SJRRP 2011), 

and using combinations of life stages (USFWS and ODFW 2011). It is beyond the scope of this study to 
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recommend a specific reintroduction strategy, but this study is primarily designed to inform choices 

made for active strategies if the objective is to form a self-sustaining, natural population. Alternate 

strategies and reintroduction objectives will be discussed throughout, as they pertain to donor stock 

selection.  

 

1.3 General framework for donor stock assessment , candidate donor stocks  and study 

objectives  

This study assesses the selection of potential donor stock(s) by a four-part process, which considers the 

following components, as modified from those suggested by Houde et al. (2015a) and Anderson et al 

(2014): 

1) Ancestry matching: Selection of stocks due to their evolutionary relationship with the historic stock(s) 

of the Transboundary Reach. 

2) Adaptive potential: Selection of stocks that exhibit high within-population genetic diversity or 

multiple stock introduction strategies to increase adaptive potential. 

3) Environment matching: Selection of locally adapted stocks which would be able to thrive in the 

current environmental conditions that will be encountered by Chinook Salmon to complete their life 

cycle, ultimately successful spawning in this environment. 

4) Risks: Literature review of the potential genetic, disease and ecological risks associated with 

reintroducing specific or multiple donor stocks. 

Component one involves selecting the donor stock with the closest evolutionary ancestry to the historic 

stock, as they may theoretically share adaptations that confer fitness in the ancestral habitat. 

Component two provides an assessment both of the adaptive potential of donor stocks, as well as a 

theoretical assessment of the use of multiple stocks to increase adaptive potential for the 

reintroduction. Component three was chosen to model the suitability of each candidate donor stock, 

based on how their unique behavioural, physical and life history adaptations align with the environment 

that they would encounter in novel environment of the Transboundary Reach, and through the rest of 

their life cycle in freshwater. This is important, as it is important to recognize that the adaptations of 

extant donor stocks may have changed from their ancestral state with anthropogenic modifications that 

influence selection (e.g., hatchery or habitat effects). If the receiving environment has likewise been 

fundamentally altered and is a novel ecosystem, ancestral genomes may also have reduced viability for 

reintroduction. This process of genetic information (from both ancestry and adaptive potential 

perspectives) and environmental matching takes into account the historic and contemporary features 

that may be important to selecting the stock with the highest theoretical fitness for reintroduction 

(similar process reviewed in Houde et al. 2015a). The fourth component will inform of potential risks to 

reintroducing specific donor stocks, as donor stock selection may be a tool in a comprehensive risk 

mitigation strategy for reintroduction. Results of these components will be integrated and donor stock 

recommendations will be made with a weight-of-evidence approach. 
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A candidate list of donor stocks was compiled early in the process, based on recommendations made 

directly to the Upper Columbia Aquatic Management Partnership (UCAMP) through engagement with 

experts in anadromous salmonid biology in the United States and Canada (Nelitz et al. 2007) and 

screening of various technical reports and status updates for stocks in the Pacific Northwest. Donor 

stocks are sourced from the Columbia River Basin in Oregon, Washington and Idaho, and the Fraser 

River Basin in British Columbia (Figure 1-3). Stocks for this analysis were mostly ŎƭŀǎǎƛŦƛŜŘ ŀǘ ǘƘŜ άƳŀƧƻǊ 

ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǳǇƛƴƎέ ƭŜǾŜƭ or local stock level in the population hierarchy, depending on the detail of 

information available. Both these levels of population structure often include multiple local spawning 

aggregations in proximate habitats, but are not as coarse as major evolutionary units (Evolutionary 

Significant Units or ESUs in the U.S. or Conservation Units or CUs in Canada). Pre-screening was 

conducted to choose stocks that represent a range of life histories, major evolutionary units and unique 

adaptations to a variety of environments. Chinook Salmon life histories are often divided into two major 

types, corresponding to early adult run (Spring) that predominantly emigrate to the sea after one or 

more winters, and late adult run (Summer-Fall) whose offspring predominantly emigrate to sea shortly 

after hatching (Healey 1991) . It is now regarded that these oversimplify the diversity of life history 

pathways of Chinook Salmon and do not form the most basal evolutionary lineages for the species from 

a range-wide perspective; thus, we used the recommended terminology throughout this document of 

Moran et al. (2013) to refer to them by adult run timing. In the interior Columbia River basin, there is a 

deep split in evolutionary lineage between Spring run (traditionally referred to as stream-type) and 

Summer-Fall run (traditionally referred to as ocean-type) (Waples et al. 2004). We chose multiple 

potential donor stocks within each of these life history types and refer to their underlying life history by 

adult run timing throughout the document. 

For the Fraser River basin, we generally chose the furthest migrating indicator stock from the Pacific 

{ŀƭƳƻƴ /ƻƳƳƛǎǎƛƻƴΩǎ /Ƙƛƴƻƻƪ ¢ŜŎƘƴƛŎŀƭ /ƻƳƳƛǘǘŜŜ (CTC 2002) as a representative for each of the 

general interior CUs unless the stock was exceptionally small (annual escapement <500 fish). These 

stocks generally have more robust datasets associated with them. Further pre-screening was conducted 

by selecting the local stock with the highest genetic diversity within its CU (Moran et al. 2013) and 

qualitatively most compatible ecological criteria with the Transboundary Reach. Fraser River basin 

stocks were associated with the dichotomy of Spring and Summer-Fall run depending on whether they 

predominantly emigrate as yearlings or subyearling, respectively. Although reintroduction literature 

generally suggests avoiding transfers of fish between basins that separate coarse levels of population 

structure (Moritz 1999, Anderson et al. 2014), there is the possibility of shared evolutionary ancestry 

between some populations in the Columbia River and Fraser Rivers which may justify their use as 

donors. We thus began this analysis considering the possibility that Fraser River donor stocks were 

undifferentiated from extirpated Transboundary Reach Chinook Salmon at very coarse levels of 

population structure. For the Columbia Basin, we chose several stocks from nearby downstream areas 

within the Upper Columbia Summer-Fall and Spring ESUs, as well as major population groupings in 

Snake River and other Columbia River ESUs. Many donor stocks are natural origin with little hatchery 

influence, while others represent stocks that have regional hatchery supplementation or are in fact 

artificially derived stocks with a long legacy of artificial selection. Hatchery stocks include those from the 

Wells Hatchery, the Methow Composite strain and the Carson Hatchery strain. These hatchery strains 
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were chosen for several reasons. Firstly, their biological attributes are generally well studied, including 

those of hatchery fish that go on to naturally reproduce. Secondly, they are commonly used for hatchery 

purposes in the US portion of the Columbia River that is most immediately downstream from the 

Transboundary Reach (i.e., between Priest Rapids and Chief Joseph Dams) and thus would be logistically 

feasible to use. Finally, these strains are possibly related to historical stocks that would have been 

destined for upriver sources, as they have been influenced by the Grand Coulee Fish Maintenance 

Program (Fish and Hanavan 1948). 

 

Figure 1-3: Geographic origin of donor stocks considered in this study, and the coarse levels of 
population structure (Conservation Units; Canada, Evolutionary Significant Units; US) to which they 
belong 






























































































































































































































































































