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Executive Summary

Chinook Salmon have been extirpated from the Columbia River basin upstrearthé&@hief Joseph

Dam and from all areasiithe Canadian portion of theasin since thenid 20" century. TheColumbia
River lasin upstream from Chief JosephrD contains a large quantignd diversity of habitat, which
could potentially support thegintroductionof an equally diverse portfoliof populations. Facilitating

the recovery of this diversity of populations requireintroductions toeach area ohigh habitat

potential with appropriately selected donor stockSne of the few remaining riverine sections of the
Columbia River is presefibom the head of Lake Roosevelt (shodiywnstream from the U€anada
border), tothe Hugh Keenleysidedn, 52 km upstream from the USanada borderThisriver reachis
commonly referred to as the Transboundary Redghinook Salmon historically usedghtachto

complete their lifecycle, andhe habitat appears to remain suitable in the mainstem river for spawning.

In this study the suitability ofsixteendonor stocksvas consideredfor the objectiveof reintroducing a
selfsustaining population tohte Transboundary Reach that would contribute to the loergn recovery
and/or viability of Chinook Salmon in the Columbia River b&sinor stocks were selected to represent
a variety of life historiesfrom interior migratindocal or major population gupingsfrom the Columbia,
Snake and Fras®&iver basind-ourmain components were considered in the selection framework,
using a variety of techniques, from fully quantitative modeling, to literature review.

The first component involved determiirg the dnor stock which sharabe closesevolutionary

ancestry with the historial stockof the Transboundary ReacHiistorial tissue from late 18 century
Canadiarcollections were analyzed, but failed to ampligneticmarkeis due to degraded DNA. Iedi

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 detefimgrancestry Twoevolutionary lineages of Chinook

Salmon are present in the interior Columbia River basin, correspondiBgriog and Summef¥allruns,

both theoretically may have occupied the Transboundary ReHabgenetic divergence betweethe

surragate stockandall potential donor stocks withisachofi KS&S t Ay Sl 38a g6l a SEI YAy
based on analysis of microsatellite markdnsgeneral, there was a pervasive pattern of isolation by
distance between stocksithin each life historyFrom & ancestryperspective, stocks from thdpper
Columbiaevolutionary significant unittESUfor both Spring and Summdall life histories) should be
considered as the most appropreatlonors, as they may shaaelaptations for the historic environment

The second componerihvolved determining adaptive potential of donor stocksversity was

estimatedfor each potential donor sick, throughproxymetrics of heterozgosity,allelic richnesand
population size The use of multiple stock strategies aadagive variationof donor stocksvere

considered by literature revievummerFall run donor stockom the Columbia River basappeared

to have highediversity metrican general than Spring rusr those from the Fraser River bas8tocks of

this life history in the interior Columbia River basin also commonly express more diversity of juvenile life
history pathwaysn the contemporary environment. If such diversity is heritable, ity reflect

adaptive potential forestabliliment and buffer the populadn from further environmental change.

Multiple stockintroduction strategiesmayincreaseadaptivediversty in the founding population.
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Thethird component ivolved quantitativeanalysis ofhe environmental suitability oféach donor stock
from the Colunbia River Basjrbased orife history, phy&al and behavioural adaptationdmodel was
developed to predict the timing and abhdance of each donor sto¢kroughout their freshwater life
cycle The analysitheninvolved assigninfpur ordinal categorie®f suitability to a suite of criteria that
were assumedo stronglyinfluence salmon survival eeproductivesuccessCriteria were scored for
each life cycle stage, in each pertinent river reach they were fpaocbrding to the adaptations or
unique Ife cycle timing of the donor stockligh uncertainty andtrong assumptions necessitated crude
and cautiousinterpretation of the results, so this analysis was not presumed to accurately determine
the suitability of any particuldocaldonor stock; howeve there were clearesults that suggested the
suitability of generalized life history typdase(, Spring vs. Summéiall).Sprirg Run donor stocksere
predicted toimmigrate toprespawn holding areasithout issue; howeverduring subsequentfi cycle
stagestheir life historyadaptationsto cold headwater streamsiay poorly translate to theenvironment
of the Transboundary Reaclfihis reaclis alargemainstem, low elevatiorandrelativelywarm river
subject to flowregulation which is likely moreuitable for later spawning.e., OctobeiNovember)life
histories thatimmigratein the Summer and Faespite their highepredictedcontemporary suitability,
SummerFall Chinook Salmon may have future difficulties during adult immigratitre lowe river

with climate changeand highcontemporaryharvest rates may impede reintroduction efforts.

Thefourth compment involved assessing risigecific stocksnay poseEvolutionary, disease,
ecological and demographic riskere reviewed through relevat literature. There was no compelling
evidence to suggest differences in ecological aistt minimal differences in disease risking available
literature. Use of stocks from outside of the US Upper Columbia Summer Fall or Egtisgs
associated witltlearincreasedevolutionaryrisks Between these ESUsnall population sigs in Upper
Columbia Springose demographic and evolutionary risks of taking fish from wild sources for
reintroduction.Multiple donor stock strategies carry risk of outbreeddepression in future
generationsSome of hese risks may be mitigated somewhat by carefully desigeidroduction
programs with appropriate hatchery involvement, monitoring and adaptive management

Integrating results of all components, the use of doetmcks from the Upper Columbia Sumnfed|

ESU ipredictedto have the highest success of establishing a population in the Transboundary Reach,
while posing the least rislctive reintroduction strategies usinguitiple stoclswithin this ESU may
increase the probability of establishmerthut should beappropriatelymonitored andmanaged

Donor stock selection is just one of many considerations in reintrodugianning Decisions that relate
to donor stock selection are highly intertwined with the dgans made on the strategy undertaken to
supportrecoloniation or active reintroductionas well as thenonitoring and assessment tools available
to mitigate risk and adaptively manadédltimately, there will be social, legal and logistical reasons that
may also impact donor stock selectibayond the conservationbjectivesthat drove this studyHarvest
objectives in particular are of great importance to First Nations and Tribes, and the use oftstacks

of higher qualityfor consumptionat terminal fisheriesor provide opportunities for harvest without
providing clear conservation objectiveouldalso 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 viadgéion.
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1 Introduction

Chinook salmon historically occupied the entire length of the Columbia River from its confluence with
the PacifidOcean to the headwaters 2000 km upstream at Columbia Lake, British Columbia.
Throughout this rangemultiple spawning populations persisted, each population locally adapted to the
conditions of their environment.

Much of the diversity o€hinook Salmon was lost in the Columbia River with hydropower development
and unsustainableverharvesting, whiclepleted and extirpaed stocks througbut the early andmid

20th century A dsproportionate loss occurred in headwater systems of the Columbia River basin, where
dams were often constructed without fish passage facilities. One of the largest losses occurréawith
completion of Grand Coulee Dam, in 1940. This dacupies the 960upstream km of theiver, so

when it was built, it effectively diminished the range of Chin8alknon by over 50% along its mainstem
length. The range was further diminished the sefgsent decade, when the Chief Joseph Dam was
constructed on the 877 upstream km of the river.

Planning processes for reioducingChinook Salmon are currenthunderway In addition to the
necessary provision of fish passage at the above mentioned daguste of initial scientific
investigationsare recommendedincluding assessment of potential donor stocks ttmtld be used for
reintroduction(Columbia Basin Tribes and First Nations 20IBe selection of donor stocks is a critical
consideration becage there may be differerdi success of potential donor stocksd because there

may be significant risks associat®idh using specific stocKdlelitz et al. 200¥ These are common, and
important considerations for any animal reintroduction for conservation purp@deside et al. 2015a
especially for salmonid fignderson et al. 2014 2 OK NJ y m. A S R SNjWensheulige £ @ H A Mp
evolutionary legacy and suite of local adaptations of each gfbaklor1991). Unfortunately, the life
history diversity and population structure of the historic stocks that would have cieidgimade up the
Columbia River Chino&@almonmetapopulation has been losipstream from Chief Joseph Daand

stock structure woud need to be rebuilt one population at a time as the entire drainage is potentially
recolonized Thus, donor stock selection shoulddeonsideration at the level of each individual
reintroductionattempt for each potential unique habitat that would supp@ localized spawning
population In this assessmeran attempt is providedo determine donor stock suitabilitjor
reintroduction to the Transboundaryedch of the Columbia Rivefigurel-1), one of the fewemaining
riverine environmentsalong its entire lengthThis habitabnce supported Chinook Salm{@olumbia
Basin Tribes and First Nations 2D¥n gppropriate donor stock for use in reimduction efforts should
have hightheoretical fithess in the novel ecosystem, shibbk 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 ecosysimcess could be measured by determining
if the donor stockcan complete their lifecycle and haagositive population growthate in the initial
stages of colonizatiorSuccess should also be measured in terms of how the population will positively
contribute to long term viability and/or recovery of the metapdation, as the reintroduction
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environment may be considered contiguous with habitats that currently support downstream, extant
populations of Chinook Salm@Anderson et al. 2004

Godadea

- Riverine Reaches
I columbia River
r

"l Columbia River Basin

% n Dam - Fish Passage
s .
u Dam - No Fish Passage

Figurel-1: Significant remaining freffowing riverine sections of the Columbia River. The
Transboundary Reach is the riversemgment spanning the USanada border.
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This study i\ guidance document that can infordonor stock suitability for the reintroduction purpose
of forming a seksustaining populatioin the study aredhat will contribute to conservation of Chinook
Salma 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 okstéx these purposes as well.

1.1 Study area and historic presence of salmon

The Transboundaryedch is one of four major riverine segnteof the Columbia RivéFigurel-1); a

~60km reach of river located between the head of Lake Rwe# near the U.SCanada international
border (riverkm 1197)and Hugh Keenleyside Dam (Htiker km1253). HLK is @am originally built for
flood control, but subsequently retrofitted for hydroelectric generatitiris not passable in any
functionalsense for migratory fish, though a navigation lock allows the incidental passage of some fish
when operatedThe 52 km stretch between the international border and HLK is the focus of this study.
The Columbia River through this stretch is a large rivér winean discharge of ~2800/mat the
international border, flowinghrough an elevation range of 33@20m and havinga continental climate
regime Two major tributariegnter the river in this stretchithe Kootenay River (mean discharge of ~850
m%s) and the Pend D'Oreille River (mean discharge ~798)nboth of whichhave impassable
hydroelectric dams shortly upstream from their confluences. Several minor (i-4" 8tream order)
tributaries flow directly into the Columbia River through this &the but the majority have natural or
anthropogenic fish passage barriers shortly upstream from their confluence with the Columbia River
(Thorley and Baxter 2011The mainstem river reach and its tributaries are habitat for a variety of native
and irtroduced cold and coolwater fishes, including robust populations of resident salm@adtgow
Trout and Mountain Whitefishthat locally complete their lifecycld&older Associates Ltd. and Poisson
Consulting Ltd. 2035The total available large mainstem river environment accessible to fish in this
reach (Columbia, Kootenay and Pend D'Oreille River§)3# in length, and ~13.9 Knn area.The

total available tributary environment accessiblerigratoryfish in this reach (Blueberry, Beaver,
Murphy, China, Norns and Champion Cre&k88.2 km in length, and ~0.R#?’ in area,the majority of
which accursin Blueberry CreekThorley and Baxter 20)IThus the vast majority of available habitat is
centered in the mainstem rivelthis assessment is therefore an assessment of donor stock suitability for
this mainstem river environment.
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Hugh Keenleyside
Dam

Norns Creek:

& ,Q Brilliant Dam

Seven Mile
Dam

Waneta
Dam

e naviea. B8 Dam - No Fish Passage

Figurel-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 Ghook &lmon would have historically used the Transboundary Réach

some portion of their lifecycleas salmon arrived at and ascended Kettle Falls throughout the season.
ChinookSalmonarrived at the falls with a preliminary peak in June, followed hyoae 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 ReadRigurel-1). ChinookSalmon did use aremof the mainstem river in the
Transboundaryeach for spawningColumbia Basin Tribes and First Nations 2015

Abiotic and biotic changes have occurred since salmon were historically abuSdémbnichabitatand

their base foodweb productiohas been altered due to industrial and urban development and flow
manipulation due to the construction of large storage reservoirs upstr@amdt 2009. Temperature

regime has shifted, with higher than histosummer temperaturefHamblin and McAdam 2003and

biotic community has changed with the introduction of roative fishe§Golder Associates Ltd. and

Poisson Consulting Ltd. 20150me species that have been introduced (Walleye, Smallmouth Bass,
NorthernPike) are potential predators, which magve impacts on salmon populatio(@anderson et

al. 2009. Despite these manipulations, the realkhs enriched food productiof®lsortRussello et al.

2015 andcurrently supports multiple, large spaing aggregations>(000>10000 of native Rainbow

Trout (Taylor 2002Irvine et al. 2014 confirming that habitat remainkighly suitable for salmonids.

Rainbow Trout have simildabitatand generalized ecological nicteguirements to Chinookainon

during the freshwater portion of their Bf cycle, but spawn at different times of the yeRecent habitat
suitability analyses indicate that thersay belarge amounts of suitdb depths and velocities for

Chinook Salmospawring in the Transboundary Reach durindk S & LIS OA S&lsmantg SN f AT SR
period (Golder Associates Ltd. 201®hese locations of high suitability overlap with those of Rainbow

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

in the Columbia River at the confluence with Norns Creek, which has deposited an alluvial fan of gravels
(Figurel-2). Additional habitats of high suitability are hypothesized to exist around the wicfit
Genelle(Golder Associates Ltd. 201&he suitability of habitats for other life cycle stages (embryo
incubation through emergence, juvenile rearing etc.) has not been assessed.

1.2 Reintroduction strategy

Reintroduction ofthinook Salmon and reestablishment of sustainable populations above barriers can
involve passive or active strategi@nderson et al. 2004 Passive strategies involve natural
recolonization of upstream areas after passage is provided, while active strategies involve transplanting
wild fish or artificial propagadin. If passive strategies are to be employed, the donor stock would
naturally be fish that currently migrate to the base ahd attempt to pas€hief Joseph Dam. If active
strategies are to be employedpnor sources can either be from supportive actiofisatural
recolonization (througthatchery augmentatior targeted translocation of fish that attempt to pass),
alternate geographic areasr amix of stockseither from wild or hatchery sourcesctive
reintroductions could be undertaken Isanslocaing wildadults eggs or juvenilesr supplementation
usingartificially hatched and reared eggs/juvenifesm a potential donor stockrood (SJRRP 20},1

and using combinations of life stag@sSFWS and ODFW 2Q11is beyond the scope of this study to
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recommend a specific reintroduction strategy, but teigdy is primarily designed to mrim choices
made for active strategiestifie objective is tdorm a selfsugaining, naural population.Alternate
strategiesand reintroduction objectivewill be discussed throughouas they pertain to donor stock
selection

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

This study assesses thelection of ptential donor stock(s) by faur-part process, which considers the

following componentsas modified fronthose suggested bfloude et al. (2015and Anderson et al

(2014)

1) Ancestrymatching Selection of stocks due to their evolutionary relationship with the historic stock(s)
of the Transboundary Reach.

2) Adaptve potential: Selection of stocks that exhibit high withbiopulation genetidiversity or
multiple stock introduction strategie® increase adaptive potential.

3) Environmentnatching Selection of locally adapted stocks which would be able to thritkeein
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 asswitlated
reintroducing specifior multiple donor stocks.

Component onenvolves selecting thdonor stock with the closest evolutionary ancestry to the historic
stock as they mayheoretically share adaptatiorthat confer fitness inthe 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 hreewas chosen to model the suitabilibf each candidate donor stock,

based on how their unique behavioural, physical and life history adaptations align with the environment
that they would encounter imovel environment othe Transboundary Reach, atidough the rest of

their life cycle infreshwater 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 in@ng environment has likewise been
fundamentally altered and is a novel ecosystem, ancestral genomes may also have reduced viability for
reintroduction. Thisprocess of genetimformation (from both ancestry and adaptive potential
perspectivesand envionmental matching takes into account the historic and contemporary features
that may be important to selecting the stock with the highest theoretical fithess for reintroduction
(similar process reviewed in Houde et al. 2813he fourth component will inbrm of potential risks to
reintroducing specific donor stockas donor stock selection may be a tool in a comprehensive risk
mitigation strategy for reintroductiorResults of these components will be integrated and donor stock
recommendations will be madwith a weightof-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 eregatgeitn
experts in anadromousasmonid biology in the United States and Cangidalitz et al. 200yand

screening of various technical repodrd status updates for stocks in the Pacific NorthwBsinor

stocks are sourced from the Columbia River Basin in Oregon, Washington and Idaho, and the Fraser
River Bain in British ColumbigFigurel-3). Socks for this analysiseremostyOf a8 A FASR | 4 (GKS
LJ2 LJdzf | G A 2y &rlBatistalik yedib thef pSp@dl&tion hierarchydepending on the detail of
information availableBoth these levels of population structure often include mukipdcal spawning
aggregatios in proximate habitatsbut arenot as coarse as major evolutionary unisélutionary
Significant Units 0ESUs in the |8 or Conservation Units dZUs in CanaglaPrescreenng was

conducted to choosstocks that represent a range of life historiesgjor evolutionary units and unique
adaptations to a variety of environmentShinook Salmon life histories are often divided into two major
types, corresponding to early adult r8pring}that predominantlyemigrate to the sea afteone or

more winters and late adult run'SummerFall) whose offspringredominantlyemigrate to sea shtly

after hatching(Healey 199]. It is now regarded that theseversimplify he diversity of life history
pathways of Chinook Salmon add not form the most basal evolutionary lineages for the spetiem

a rangewide perspectivethus, we used the recommended terminology throughout this document of
Moran et al. (2013}o refer to them by adult run timing. In the interior Columbia River basin, there is a
deep split in evolutionaryieage between Spring run (traditionally referred to as stragpe) and
SummetFall run (traditionally referred to as ocedype) (Waples et al. 2004 We chose multiple

potential donor stocks within each of these life history types refer to their underlying life history by
adult run timing throughout the document

For the FraseRiver basinwe generally choséne furthest migrating indicator stock from the Pacific
{LEfY2y [/ 2YYAAaA2yYQa | KGTC 200%s atebrésgnyafivOforeachh aftiiey A G 1 S S
general interiorCUsunless the stock was exceptionally small (annual escapementfish)0These
stocksgenerally have more robusiatasets associated with them. Further gereening was conducted

by selecting the local stock with the highest genetic diversity within its CU (Moran et al. 2013) and
gualitatively most compatible ecologicaiiteria with theTransboundary ReacRraser River basin

stocks wereaassociated with the dichotomy of Spring and Sumifalt run depending on whether they
predominantly emigrate as yearlings or subyearling, respectiidtifgough reintroduction literatue
generally suggests avoiding transfers of fish between basins that separate coarse levels of population
structure(Moritz 1999 Anderson et al. 2004there 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 pdigsithiat 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 Columia Summeifall 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 othersapresent stocks that hauwegional hatchery supplementatn or are in fact
artificially derived stocks with a long legacy of artificial selectidatichery stocks include those from the
Wells Hatchery, the Methow Composite strain and the Carson Hatsltrein These hatchery strains
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were chosen for several reass. 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 immegidteinstream 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 sourcess they have been influenced by the Grand Coulee Fish Maintenance
Program(Fish and Hanavan 1948

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














































































































































































































































































































































































































































