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Map – Demonstrative Evidence 

 Attachment A is the map of the Columbia River Basin used by the KTOI at the hearing to 

show the approximate location of the KTOI's headquarters in the upper Columbia River Basin 

below Libby Dam along the Kootenai River, and to illustrate the approximate relationship 

between that location and the mainstem Columbia River in the lower Columbia River Basin near 

Portland, Oregon.  To the best of undersigned counsel's knowledge, the map is not included in 

the administrative record, although it has been used in this case previously, most recently at the 

pre-dam briefing for the Court's June 19, 2015 visit to Bonneville and The Dalles dams. 

Kootenai River White Sturgeon Conservation Aquaculture Paper – Administrative Record 

Document 

 

 Attachment B is a 2002 publication of the American Fisheries Society Symposium 

describing the KTOI's Kootenai River white sturgeon conservation aquaculture program that was 

referenced in the KTOI's summary judgment brief (Docket No. 2010) at page 9 (original 

pagination).  The document is in the administrative record for this case and is found as 

Document 82 (pages COE 001729-40) on the September 2008 DVD titled, "Administrative 

Record for U.S. Army Corps Engineers, Concerning the Operation and Maintenance of the 

Federal Columbia River Power System, Section B 06057 Administrative Record for CBD v 

USACE (Libby Dam)."  The DVD's label references Libby Dam because the DVD contains the 

administrative record for the separate lawsuit styled Center for Biological Diversity v. U.S. Fish 

and Wildlife, Case No. CV 03-29 DWM (D. Mont.), which involved the Libby Dam operations 

component of the Federal Columbia River Power System (FCRPS) that was resolved by way of 

settlement in September 2008.  As was discussed in a prior filing in this case, see Docket No. 
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1555 at pages 6-7 (original pagination), FCRPS operations assessed in the 2008 FCRPS 

Biological Opinion before this Court are consistent with the Libby Dam parties' agreed-upon 

path forward for Libby Dam and the Kootenai River white sturgeon.   

RESPECTFULLY SUBMITTED this 29
th

 day of June, 2015. 

HAGLUND KELLEY LLP 

 

      By:/s/ Julie A. Weis    

            Julie A. Weis, OSB No. 974320    

 Haglund Kelley LLP 

 200 SW Market St., Suite 1777 

 Portland, OR  97201 

 Phone: (503) 225-0777 

 Fax: (503) 225-1257 

 Email: weis@hk-law.com 

  

 William K. Barquin 

 Kootenai Tribe of Idaho 

 Portland Office 
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CERTIFICATE OF SERVICE 

 

 Pursuant to Local Rule Civil 100.13(c) and Fed.R.Civ.P. 5(d), I certify that on June 29, 

2015, I caused the foregoing to be electronically filed with the Court's electronic filing system, 

which will generate automatic service upon all parties enrolled to receive such notice.  The 

following will be manually served by first class U.S. mail: 

 

Dr. Howard F. Horton, Ph.D. 

US Court Technical Advisor 

Professor Emeritus of Fisheries 

Oregon State University 

Department of Fisheries and Wildlife 

104 Nash Hall 

Corvallis, OR  97331-3803 

 

 

 Dated this 29
th

 day of June, 2015. 

 

     /s/ Julie A. Weis                                                         

  Julie A. Weis    
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Ameritm Piohmn Society Sympo9illm 21:Zll-Z22, 2002 
Cl Z002 by the Nno:ril:a 11 Flsheri.a Sodety 

Conservation Aquaculture: An Adaptive Approach to 
Prevent Extinction of an Endangered White Sturgeon 

Population 

SUSAN C. IRELAND 
KiXJtenm THbe of ldalw Fishma ~t, 

Post Offia Box 1269, Bonnes Ferry, ldaho, 83805 

PAUL J. ANDERs 
Uniwrsity of IdAho, AJiuaculture Restllt'ch Institute, 

Center for Salmtmid md Freshwam Sper:ia lit Risk, Moscow, lJiaho, 83844, USA 

JOHN T. SIPLE 
.Kooultlli IW!rit of I"'1ho Falrmes De,tartmmt, 

Post Office Box 1269, Bcmners Fmy, Idaho, 83805, USA 

Abstnrct.-~ whitiuturgeon popuJat:ion.Acipmsu tnmsntanlrmwl in the Kootertaj River was 
lilted as endangered by the U.S. F13h and V'lildlife Selvice (USFWS) il'I 1994 due to pcmgla· 
dal i9olation and the virtual lack o.f recruitment since 1974. The Kooten4i ~White Stur­
geon Conaervation Aquaculture PIXlgram W1i1S lni&b!!d topl'ellerft gmeticvariability, begin 
rebuilding natur.il ge-class structure, md prevent extinction whil@ mea5Ull?S a:re lde11ttfied 
and Implemented to restore natural recruitment. The program .Is part of a cmnpn:hensive 
teJ:avery strategy detailed. in the USFWS M:overypla:n for the Kootenai.River population of 
whlte sturgeon. A breeding plan, including cuiture methods to m..inl.mhe pol.91.l:illl deai­
menw effects of convention.a.I. stodcing prognum, has bem implemented to guide ttCOVefYi 
popula.lion DUUtagemmt, and the systematli: collection and .spawning ol. wild adults before 
they are last &om the wild breed.fl\g popubtioo. Betw~ 1990 and 2000. 33 fam1lles we:re 
produced from the 1J1ati.ng of Sl wild white sturgeon btvod6tock. Genetic arutlym lnd.i.cated 
that five lllilochondriaJ control n!gion lerigth variants repl'l!Salll!d in the wild white stur­
geon population wete repnuiented in similar frequencies in the wild white sturgeon 
broodstodc. A totaJ of 2,702 h.atchery·t'e<ll'ed whi~ sturgeon were ~d into th: Koo~ 
River between 1992 a.nd 1!199. White ~ juveniles approved. for relt.iue h.ld no diag­
nostic disea5e symptoms md 1"3 lhan ox eq1W to 10'!'· prevalmce of endemic pathogens. 
total of 398 batch.ery·mued fi.rh were ?t!Cllphued in IM wild (1-'.Jo/" of 2;1(}2. ~tucked; sirtgl.e 
tteapture ev1?11ta) during the 1993-1999 sampling pertod. The Koomw River Conse.rva.tian 
Aqwicu.lbue .Prognm ls cw:rently meeting I.ts objectives of Teduc:lng the threat af pop~tian 
extilldion by providing frequent:yea:r clasllleS from native broodatock, ~g inh.ennt 
within-population genetic diversity in its broodslock ~d progeny, and nUnJmll:IIig the 111-

tmduction of disease into tbe ~lent wild population. 

p.2 

The Kootenai River white sturgeon Acipmser 
tran,mont111Ws population was listed as endan­
~ in 1994 by the U.S. F°JSh and Wildlife Ser­
vice under the U.S. Endangered Species Act 
(USFWS 1994). This transboundary papulation, 
occupying the Koote:nay River and Kootmay·Uike 
in British Columbia, Canada, and the Kootimaj 
River in Idaho and Montana, hu been in decline 
sir.ce the mid· 1960s, due to limi.ted or absent natu­
ral recruitment (Duke et al 1999; USFWS 1999). 

In 1995, the U.S. Fbh and Wildlife Service 
convened a recovery team ID identify and imple-

ment recovery strategies. Due to the transbound­
ary nature of the whi1e sturgeon populatiori, the 
team include!i members with tedmical expertise 
from U. S. Fish and ~ Service, Idaho De­
partment of Fish and Game, :Kootmai 1nbe of 
Idaho, Montana Fish, Wil.dli£e and Parks, British 
Columbia Ministry of Environment, Land, and 
Parks, Canadian Department of Piaheries and 
Oceans, U.S. Army Corps of Engineem, Univer­
sity of Idaho, and Bonneville Power Administra­
tion. In cooperation with the agencies Uld the 
Tribe, the U.S. Fiah and Wildlife Service prepared 
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a comprehensive recovery plan that was com­
pleted in 1999. The team concluded that recover­
ing the species depended upon reestablishing 
natural recruitment, minimizing add1tional loss 
ot genetic variability, and mitigating habitat im­
pacts caused by the constructiOn. and ope:ration 
of Libby Dam, and the loss of ecologica.lly critical 
backwater and floodplain habitat and function. 

The Kootenai River white stwgeon popula­
tion is believed to have been ilolated from other 
white sturgeoo populatians in the Columbia River 
Basin following post-Pleistocene recolonization 
approximately 10,000 years ago (Alden 1953; 
Northcote 19i'3). Thepopulation adapted tc natu­
ral predevelopment conditioll6 of the Kootenai 
system. which were characterized by frequently 
large spring freshets, an extensive large-river 
floodplain and delta marshland habitats in the 
doWil&tream portions of the river upstream from 
Kootenay Lake (Figure 1). The flood-pulse model 
of large-rive: .ftoodplain ecosystems Qunk et tl 
1989) suggests that the mosaic of such habitats, 
as historically present in the Kootenai River. were 
valuable sources ot nubierits required for system 
productivity and trophic stability. Modification of 
the I<ooter:1ai River by human activities including 
industrial and residential development,. extractive 
land use practices, floodpbin isolation by diking, 
and construction and CJ?!Iation of a. h.ydropower 
dam drastically changed the river's natural ther­
amgraph and hydrograph (Partridge 1983; Anders 
1991; Apperson and Anders 1991; Anders and 
Richa.rds 1996; Duke el al. 1999; USFWS 1999; 
Anden et al 2001. this volume). These changes 
not orily altered white stwgeon spaWTiing, incu­
bBtion and rearing habitats, but also changed com­
mlll\ity structure and species composjti.on aao88 
trophic levels, and IeSU!ted ll\ depressed biologi­
cal productivity (Anders and Richards 1996; 
Snyder and MirWWl 1996; Paragamian and Knlse 
1996; Paragamjan et al. 1997; Anders et aL 2001, 
this vclume). 

The Kootenai River 
White Sturgeon Population 
The size of the Kootenai River white sturgeon 
population Adpenser trimsmonumws was fu:st es­
timated to be 4,000-6,000 Individuals (Graham 
1981). Using tagrecovezy data from 1979 through 
1981, Partridge (1983) estimated population size 
to be 1,148 fish, confidel\Cl! interval (Cl) 95 907-
1.500 (50-224 cm TL). In 1990, the population was 
estimall!d to in.clude-'880 individuals, a 95 638-
1,211 (88-274 an TL;Appersan and Anders 1991). 

Tite 1990 estimate was not statistically different 
&om the previous estimate (Partridge 1983); how­
ever, these estimates were not directly comparable 
because they covered diirerent geographic areas 
and employed different sampling protocols 
(Giorgi 1993). In 1997, the population waB esti­
mated to contain 1,468 individuals (CI 95 740-
2197; Paragamianet al. 1997) composed pre dom­
inately of adult fish greater than 25 years of age. 

Natural recruitment f.ailwe in !his popuJation 
was first reported in the early 1980s (Partridge 
1983). During the mid- to Ja~l980s, limited or 
WlSUCcessfulnatural spawning was thought to be 
responsible for natural recruitment failure. Hy­
pothesized cawes of natural reproduction failure 
initially included poslimpoundment thermal and 
physical habttat alterations (Anders 1991; Apper­
son and Anders 1991) and limited gamete viabil­
ity due to exposure to contaminants in the river 
and its sedlments (Appemon and Anders 1991). 
From 1991 through 1999, natural spawning of 
white sturgeon was confirmed in the Kootenai 
River in all yNrll except 1992 by collections of 
hundreds oi hrtilized eggs and developing em­
bryos .&om the Kocitenai River under a range oi 
postimpourulment hydrograph and theanograph 
conditiOllS (Parapmian uid Kruse 1996; Para­
gamian et al 1997; USFWS 1999). Although suc­
cessful natural spawningwasdocumen~ during 
these years, natural recruitment has not been re­
stor«l to date despite nearly a decade of aug­
menbed river disclwge experiments intended to 
stimulate DAtura.l spawning and r~ntitment 
(Duke et al 1999; USPWS 1999). 

Substantial artificial alteratiorts to the hydri> 
graph uid thennogra.ph in the Kootenai River 
caused l>y Libby Dam were ronsidered tx> be pri­
mary reasons for the Kootenai River white 
sturgeon's continuing lac.k of recruitment and 
decliningnumbers (Duke et al 199'1; U5FWS 1999; 
Anders et al. 2001, this volume). The overall bio­
logical productivity C1f the Kootenai River down­
stream of Ubby Dam ho also been alll!red. Libby 
Dam blocks the open exchange of wa.tu, organ­
isms, nutrients, and coarser organic matter be­
tween the upper and Jower Kooteru1i River. Much 
of the Kootenai River has been channelized and 
stabilized. from Bonners Ferry downstream to 
Kool'enay Lake, resulting in reduced aquatic habi­
tat diversity, altered flow conditions at potential 
spawning and nursery areas, and altered sub­
strates in incubation and reartng habitats neces­
sary for survival (Partndge 1983; Apperson and 
Anders 1991). Giorgi (1993) noted that the chronic 

COE 001730 
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Figw-e 1. Map of the Kootenai/y Basll'I and location of the Kootalai White Sturgeon Conservation Aquacul­
ture Facility near Bonners Ferry, Idaho. 
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effects on wild sturgeon spawning in "chemically 
polluted" water and rearlng over contaminated 
sediments, in combination with bioaccumulation 
of contaminants in the rood chain, was possibly 
reducing the successful reproduction and early­
age recruitment to the Kootenai River white stur­
geon population. Due to postdevelopment 
anthropogenic: changes to the Kootenai River eco­
system, early life mortality factors such as embryo 
and larval suffocation and predation, larval and 
fingerling food limitation or starvation, or first 
overwintering mortality may have affected the 
survival of early life stages of the white sturgeon 
population (And.en et al. 2001, this volume). 

Conservation Aquaculture 
Program Rationale 
Rationale supporting conservation aquaculture 
.involves the fact that human development, re­
source use, and population growth contribute to 
degradation and loss oi aquatic ecmystems and 
endemic fish populations (Anders 1997, 1998). The 
damming of a river is a cataclymiic event in the 
HM of riveiine ecosystems (Gup 19114). By chang­
ing the flow of water, sediment, nutrients, and 
biota, dams interrupt and alter most of a river's 
important ecological~ (Ligon et al 1995; 
Sparks 1995). These events auociated with the im­
poundmentof a river provide stnmg ratiOilllle for 
a ca.refully designed coNervation aquaculture 
program, especially in a case like the Kootenai 
River, where ecosystem alteration appears to be 
at least partially respOll&ible for decades of failed 
naturel recruitment of white sturgeon. Further­
more, when a river's physical foundation is dis­
rupted, even the most insightful research pro­
grams ainwd at :restoring natural recruil:ment may 
fail (Ugon et al. 1995). Given this scenario, con­
servation aquaculture programs can provide a 
"population safety net." 

Resroration mandates by lhe fedecal Endan­
gered Species Act (ESA) are focused on natural 
populati.Ol'IS and the ecosystems upon which they 
depend (Flagg et al. 1995). NevertheleH, the 
USFWS recogniles that conservation of ESA lillted 
species may ~ facilitated by artificial means, 
while factors impeding population recovery are 
rectified (Hard et al. 1992; USFWS 2000). Hard et 
al. (1992) also suggested that n!Storation of de­
pleted populations may be hindered by the lack 
of suitable numbers of naturally produt'ed juve­
niles needed for restoration, even if factors im­
peding recovery could be immediately corrected. 
Avise (1994) suggested that species exhibit de-

creased reproduction (and recruitment) at low 
population densities for a number of nongenetic 
reasons, due to lack of social interaction neces­
sary for breeding. difficulties in finding mirtes, and 
other density-dependent ecological factors collec­
tively known as the ,. Allee effeet" (Andrewartha 
and Birch 1954). Furthermore, when populations 
are small in size, the possibility of extinction 
through stochastic events becomes of great con­
cern, namely a phenomenon known as the "ex­
tinction vortex" (Gilpin and Soule 1986). Fw:ther 
rationale supporting oonservation aquaculture 
programs is that they can provide protection from 
the above hazards of small population size and 
associated deleterious effects of ~uced withfn­
population genetic diversity. 

The recovery team's review of the demo­
graphic status of the Kootenai· River white stur­
geon populadon strongly suggested use of 
conservation aquaculture to maintain adequate 
population size and genetic variability to enable 
population persistence Uiltil repeated natural re­
crui tment could be resto?ed by alternative adap­
tive management appmadtes.. 

History of Conservation 
Aquaculture Program 
To 11.ddn!55 coacems of gamete viability and pos­
sible negative effects of Up<JINie to water- and 
sediment-borne contaminants, experimental 
bceeding of wild Koollenai River white sturgeon 
broodstodc was irlitiall!d in 1990. This operation 
resulted in the first successful artifu:ia.I propaga­
tion of wild Kootenai River white sturgeon 
(Appencn and Anders 1991). Sued on a breed­
ing plan incorporating population genetic con­
cerns (IGncaid 1993), progeny from wild brood­
stock were successfully produced and reared in 
the Kootenai White Sturgeon Conservation 
Aquaculture Facility located in Bottner!I Ferry, 
Idaho (Figure 1) in 1991, 1992, 1993, 1995, 1998, 
and 1999 to address concems of increasing demo­
graphic and genetic risks to a nonm:ruiting popu­
lation. 

Objectives of the Kootenai River Conserva­
tion Aquaculture Program were to 1) reduce the 
threat of population extinction by providing an­
nual or :near-annual year-class production from 
native brood.stock, 2) maintain inherent within­
population genetic diveniity and mimic wild 
population haplotype or genotype frequencies in 
hatchery broodstock and progeny; and 3) mini­
mize the introduction of disease into the wild 
population. 
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Methods 

Broodstoek collecrion and holding 
White sturgeon broodstoclc: UBed in the Kootenai 
River Conservatinn Aquaculture Program wtte 

captured by angling orsetilning. Mal.e and female 
broodstock were captured Crom February through 
May in areas ccmtainlng prespuvning 11ggregn­
tions confirmed by ten years of ongoing radJo and 
ultrasonic telemetry studies (Paragam.ian et a.1. 
1997). Annual collection oi graVid femAles from 
these areas, and subsequent spawning of these 
fitih in the hatchery, suggested that fish spawnirtg 
througho~t the entire spawning season congre­
gated Jimu!tane.ousiy in the same arees. Thus, the 
broodsroc:k sampling n?gime incorporated spawn­
~ from the du.ration of the spawning run. Pm­
theonon:, the timing of spawning in the ha tcltecy 
pproximAted the range of eti.mated spawning 

dates in the wild durlng most years. 
To identify potential broodstock i.n the field, 

all c.aptmed fish. we.re biopsied to determine sex 
and gonad maturatfon !ta~ according to criteria 
by Conte et tl. (198B). Every fish collecml w~ 
weighed and measured (TL, FL), checked for re­
capture, and lf not reapltlttd, mar.ked wtth an 
mdiv:u:l.uaUy numbered Floy tag and injected with 
an individually coded PIT tag. Following sex de­
termination and gonad development ex:am.ina.­
tion, pobmtiill brood.stock we:re directly trans.­
f«ted from a W'lter-6lled stn?tcher to an oxygen­
ated tank fur: immediate transfer to the hatchery 
by truck. Upon ldentification by Prr tag nwnber, 
male and female broodstock recaptured !n the 
wild (prev.lously spawned in the hatchery) were 
weighed, measured, and .iau:nedia.t.ely released. 
All recaptured male and f-enWe broodstodt that 
contributed to surviving progeny groups wefe 
never spawned mere thilrt once. 

Pinal gonadal maturation occ:uned in the 
Kootena:i River White Sturgeon Conservation 
Aquaculture Facility, where potential broodstock 
were held septt.ratelyor wlth one or two other fish 
of the same .sex in drcular fibelgta.sa tanks (3 m 
~ter x 1.2 m deep). An axtunal standpipe 
mamtained water level a.t ;ipproximate.ly 1.14 m 
mside the tan.I:. Water exchange was provided at 
W-15 volumes/ d and dissolved oxygen was 
autlnta.inled at moi"e than or equal to 5.0 mg!L, as 
recommended by C~nte et Ill. (1988). Broodstoc.k 
were held in Kootenai River water pumped into 
the hatchety and fed tlv e juvenile rainbow trout 
Oru:orlrynchus mykiss. 

Spawning and Rearing 
Breeding m. trices and protocols were develop~ 
to maximize effective population caumber and 
~~ charu:es of future poststoclcing lnbreed­
mg in the wild (Kincaid 1993). Biopsied ovariiln 
fullides from all potential female broodstodheld 
in the .hatchery were evaluated to estimate ti.Jn. 
ing of final m.;:ituration. Germinill vesicle bTI!aJc­
down (GVDB assay. Conte et:al. 1988) and oocytc 
polarization index (Pl; Van Benennaam et al. 1996) 
were examined at last twice for at least 20 eggs 
.from each female broodfish prior to 11pawning. 
Se1ectlon criteria for female brood11tock were 
greater than or equal to 80% GVDB and less than 
or equal to 0.10 PI values. All select~d female 
broodS'tock received two injections of 5}/l'lthetic 
gonadotropin-releaaing hormone LHRHa at a to­
tal dose of 0.1 mg/kg bodyweight: an :in1tiaJ doi;I? 
(10%) and a resolving dO!le (90% of tutal dose) 
(Conte et al 1988). Males did not receive l.H.RHa 
injections, with the exception oi two males that 
were experimentally injected during 1997. Prom 
1990 through 1996, all male broodstock were 
brought kl the hatdety, where sperm was ex· 
tracted. During 1997, and in subsequent years, 
sp~rm ample w~ tollectOO. from natura.l.Jy 
milting males 11'1 the field, often up to several days 
before h!rt::ilizat:io, <Uld held in plastic mgg in ice­
filled coolers, with O, repl4Gemeat occurring ev­
ery_ 12 h. A minimum warer-ec:ttva~ mofilir/ 
penod of 2 aun. verified tmder a disseciing ml­
CJ'O!OCO?'· as well u a high ratio 0£ activated to 
nonactivated spt!DTI, were required to desigri11te 
viable sperm samples (Conte et l1.l. 1988). 

Prior to 1993, eggs were removed by cesar· 
ean surgery (Conte et aL 1988). DuriJlg 1993 and 
all subsequent year.;, eggs were zemoved 'by band 
stripping !ID tninimi.ze postspawning stttss expe· 
rienced by the broodstock. (ll'eland 1999). Use crf 
tttis hand-stripping technique also l!Ill\bled ear­
lier release of postsp•wned brood.stock back into 
the river, and .reduced the chance for dlsease or 
inflrliCl\ during postswgery recovery, which took 
up to sever,] months. Eggs were co.lL!cted Within 
tB h after injection of the UilU:la resolving dose, 
after onset of oviposilion. ch4nc.b:!rlzed by sev­
er:al hundred eggs visible on thr bottom of t.he 
spawning tank. Eggs were fertilized, volumetri­
cally qu:tntilied, de-adhered with Puller's. Earth, 
and incubated in modilied l\fac:Dcmald hatclting 
jars (13 L capacity. round bottom cylinders, SO an 
tall. and 20 cm In diameter; Conte etaL 1988). Each 
MacDonilld jar received 5,000-25,000 fertilized 
eggs. Arecent partnenlhip with the British Colum-
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bia Minisay of Fisheries (BCMF) has provided a 
"fail-safe" facility for the Kootenai River white 
sturgeOl\cOl\JUVation aquacultwe program at the 
Koolimay Sturgeon.Hatchery near Fort Steele, B.C. 
as a baclc:-up measure to minimiz.e the risk of cata­
strophic loss at either facility. Starting in 1999, ap­
proximately 5,000-20,000 rertil.iud, disin&cted 
eggs &om up to five £amilies were shipped to the 
'BCMF Kootet&yS~Hat:hery in Forts~, 
B.C., for incubation and rearing. 

Adequate water .flow through the hatching 
jars was maintained to provide a gentle rolling of 
the eggs, allowing oxygen b.:> mach an eggs in each 
jar. Upon hatching, fry swam up and exited the 
MacDoaaJd jars with ~ effluent water and were 
deposited directly into rectangular fiberg!us .&y 
collection tanks (1.2 m JC 0.56 m >< 0.31 m deep). 
Eggshells were siphoned daily from the fry col­
lection tanks. Upon completion oi hatching, all 
by within a family were trulsferred le a 1axpr 
fiberglass rearing WU: fur grow-out (2.1 m x 0.56 
m x 0.31 m deep). Larval and fingerling densities 
were maintained below·0.8-1.0 kg of fish/m• of 
w•b!r as a precaution against density-dependent, 
stress-induced clise.ase -outbn5lb (LaPatra et al. 
1996). All families and half-sib families were 
reared separately until Nleue. Fish held beyond 
the age r1f 011e year were transferred to large cir­
C:UW- fiberg1asa talW (3-4.5 m in diameter) and 
reued in densities below 1.0 kg/ m1. 

Genetic Inventory 
White sturgeon possess a series of length variants 
in the control region of their mitochondrial ge­
nome th.at hAve been used to identify maternal 
lineage. This length variatiDn arises as a conse­
quence of a gain or loss of 1-5 perfectly repealed. 
tandem 78-82 base-pair sequences (8moJrer et al 
1990; Brown 1992; Brown et al 1996). Frequen­
cies oi these length variants were teeently ~ 
ported for 113 wild white sturgeon from the 
Kootenai system (Kootenai River N '"' 66; I<oot­
enay Lake N = 47; Andel'S 1&nd Powell 1998). 
Length variant frequencies were subsequently 
determined for 54 wild broodstodc brought to the 
Kootenai River Conservation Aquaculture Facil­
ity from 1997 through 1999 (see Powell and 
Anders 1999 for DNA isolation and PCR proto­
cols). A Monte Carlo simulation for dU-square 
tests that employed 1000 bootstrap re:sampling 
irerations (Roff and Bent2Jen 1989) w• used to sta· 
tisticaily compare length variant frequenci.es of the 
113 wild fish with those of the 54 broods~ from 
the same wild (source) population. PrelimUtary 

results indicalled that ~tDNA length variants irl 
the control region of progeny generally exhlbit the 
saD\e patterns as maternal parents. However, ex­
ceptiON to strict maternal inheritance have been 
observed (University of Idaho, Cent!!r for Salmo­
nid and Freshwater Species at Risk, unpublished 
data). These findings will be swmnarized and 
published following systematic examination of a 
sufficient number of parent-progeny groups to 
quantify deviation from strict maternal inherit­
ance. Currently, observation& ()f deviation from 
strict maternal inheritance of mtDNA lel1gth vari­
ants do not appear to jecpardi7.e WJe of this marker 
for legitimat2 haplotype frequency comparisons 
between the wild popula.ti.on of Koomw River 
white sturgeon ilJld the subset of broodstock 
spawned. In the hatchery. The legitimate use of this 
marker fer such comparisons will be reevaluated 
upon completion of this length variantinheritmce 
study. 

Disease Testing 
From 1992 through 1996, white sturgeon pro­
duced in the Kootemi.River ComervationAquac­
ultwe Program were periodlmlly tested for the 
presence of white sturgeon iridovirus (WSIV); 
testing was mand•tory when ctiaeeS@ mediated 
fish loss occurred in the hatchery. From 1997 
through 1999, all broodstock and at least thirty 
progeny from eac:h spawning year were annually 
tested foi: the pre8l!ru:e of pathogem. Diseue test­
ing indwled paruitology, blcteriology, virology 
and hi&topathology examinatioo&. Since 1997, 
ovarian fluid and male md. female gametes were 
also sampled and tested for vlral pathogells (e.g. 
WSIV and ~ viruses t and 2). Disease test­
ing results W«e reviewed by relevant state, pro­
vindaJ, federal and tribal nanagemEit agencie11. 
Generally, fish with no diagnosticsi.gns of disellse 
symptoms and less than or equal to lll'ro preva­
lence of endemic pathogens were approved for 
release. (LaPatra et al 1999). 

Release Strategies 
Prior to 1999, 111 releases of hatchery-reared 
Kootenai River white sturgeon were experlme& 
tal, to aseess growth, survival, and habitat use of 
juveniles in the wild. Hatchery-reared white ma­
geon juveniles were meuw:ed (11.. FL), weighed, 
tagged with a PIT tag, and scutes were n!ll\OVed 

for identification of the year-clau in case of tag 
loss {e.g., the ninth left lateral and the eighth right 
lateral scutes wae removed from juveniles from 
the 1998 year-class). Due to cun:ent limitations of 
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permanent marking technologies for juvenile 
white sturgeon, all fish were PIT-tagged and re­
leased at weight greater than 20 g. In order to de­
termine poststocking survival and potential 
genetic contribution to the next generation, fam.. 
ily and year-class identifications were incluch!d 
in data records for each fish. Since 1999, with the 
comp1etion of the Recovery Plan for the White 
Sturgeon in the Kootenai River (USFWS 1999), the 
White Sturgeon Conservation Aquaculture Pro­
gram has become fully ilnplemented, following 
preservation stocking strategies outlined in the 
breeding plan (Kincaid 1993). The stoclcing goal 
was 1,000 fish per family at the 11ge of 15-24 
months to produce an estimated 4-10 adult& that 
will survive to breeding age. SU:x:king rates were 
based on an empirically b11Rd !ieries of estimated 
annual survival rates for white sturgeon during 
an JS-year poststocking period (Kincaid 1993). 

Monitoring Program 
A monitoring program was implemented in 1993 
to annually I1!C3pture hatchery-n!ared white 5tur­
geon juveniles in the Kootenai River, usi.rig experi­
ment.al mesh gill nets, hoop nets, and angling 
(Mar<:usm\ et aL 1995; Paragami.m et al 11J97; ~ 
land 1999). Mark-and-reapture techniques were 
used to estimate annual growth and. survival af 
hatchery-sttx:ked white stiugeon .in the Kootel\ai 
River. An ultrasonic telemetry study was imple­
mented in 1999 to determine juvenile white stur­
geon habitat use in relation to depth, velocity. 

substrate and <:over. Average poststocking sur­
vival rates for the first year and condition factors 
(W,; Beamesderfer 1993) for each release group are 
curreritly being estimated. 

Results 

A toW of 377broodstock were captured from 1990 
through 1999, of which 51 were spawned (17 fe­
males, 34 males), producing 33 families, includ­
ing half-sJbling families (Table 1). Fertilization and 
hatching rates ranged from 6% to more than 99'ro 
and l o/o to '73'Yo, respectively. 

A total of 2,702 hatchery-reued white stur­
geon were released .into the Kootl!Ilai River on 
eight separate occasions between 1992 and 1999 
(Table 2). Fish were released at six sites between 
Bonners Ferry and the ean.dian border. Age at 
release ranged from 1 to 4 years and average 
length at release J'lU'l8ed from 22..9 to 56.5 cm (TL). 
A total of 398 hatchery-reared fish were :recap­
tured (14.7"!..) in the wild following release, using 
all collection methods during the 1993-1999 sam­
pling period {Table 2). A total ot 481 recapture 
event3 OCCWTl!d between 1993 and 1999, includ­
ing individuals recaptured more than once. Pre­
liminuy annual survival estimates for each 
release group ranged &om 77% lo 99'Yo for the pe­
riod beginning in the year after release. Annual 
growth of hatcherj-reared juvenile white sturgeon 
released into the Kootenai River and subsequently 
reca.ptuxed averaged 5.27 cm (FL). 

Table 1. Numbers of wild white sturgeon brood.stock spawned and families produced at the Kooterlai Tribal 
Hatchery from 1990 through. 1999. 

Year Fenia..lrs Males No. af families produced 

1990 1 1 1 
1991 1 3• 1 
1992 1 3• 3 
1993 1 2 2 
1994. 0 0 O' 
1995 2 4 4 
1996 1 2 2d 
1997 3 5 6• 
1998 3 6 6 
1999 ' 8 8 
Total 17 34 33 

a. Sperm from 3 males pooled. 
b. Eggs fertilized separately with sperm of each male. 
c. No w:hite sturgeon handled, d11e to ESA listing. 
d. No survivors to age at releue; hatching 9\lccess 1 % due to low gamete qWllity. 
e. No swvivors to age at ~lease; hatching success > 80%; larvae died shortly after hatcll. due lo equipment 

fill lure. 
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Table 2. Relaiie and recaprw-es of hatchery produced white sturgeon juveniles released in the .Kootenai 
River in 1d.iiho 1111d Montalla between l 992 and J 999. 

Mean TL 
(mm) at Mean W{g) Release 

Year Number release at release llUllOn Uld Nwnber (%) 
class Nlea&ed. (S.D.) (S.D.) year l'eCaf~· 

1990 14 455 321 Swnmer1992 54 (25.2)" 
1991 200 255 64.4 Summerl992 
1992 91 P'all 1994 41(~ 
1995 1,076 229 (27) 47 (16) Spring 1997 295 (15)' 
1995 891 343 (43) 147 (61) Pall 1997 
1995 99 «l8 (10) 283.3 (136.8) Summerl998 6 (6) 
1995 25 5C5 (71} 800.8 (276.4) Summerl999 z (<l) 
1998 306 261 (42) 19.5 (44.4) Pall 1999 
Total 2,702 398 (14.'7} 

a. Percent recaptwed. during 1993-1~ sampliJlg period for each releueyear (B>ccluctiJlg mult!plereapture 
events). 

'b. Includes 1990 illld 1991 year dass. 
c. Include 19111 spring and fall release. 

Genetic Inventory 
Five mitochondrial control region length variants 
were observed among 113 fish surveyed fram the 
wild population in the Kootenai River and 
Kootenay Lake (Table 3). Analy1is oi the 54 
Kootenai River broodstock indicated that all five 
length variants found in the wild population were 
also present in the broocbtock sample group 
(TU,le 3). Haplotype (length viU'iant) frequency 
distiibutiOl'IS of lhe wild and broodstock sample 
groups were not !lignifiamtly different (0.975 < P 
< 0.9, di= 4, N = 167; Table 3). 

Discussion 

The Kootenai. River Conservation Aquaculture 
Program is currently meeting its objectives of re­
ducing the threat of population extinction by pro­
viding frequent year classes fmm native brood­
stoclt, representing inherent within-population 
genetic diversity in i1s broodstoclt, and minimiz-

ing the introduction of disease into the recipient 
wild population. 

Popufation Management 
From 199'2 through 1999, 2)02 juvmile white stur­
geon.. representing 33 fa.mill.e9 (including halHib­
ling families; Tuble 1), artificially propaga~ ;it 
the Kootenai.River White~ Cooservatiun 
Aquaculture Facility from native lnoodstock, 
were released into the Kootenai Riffr. The9e ie­

leases have added white sturgeon year c:Luses tc 
the population to a>Ul\llerJU:t thedaoogtaphic iU1d 
genetic risks to a declining popu1atioll c:wrently 
1.acking natural recruitment. High annual survival 
rates (77-99%) estimated for juvenile white snar­
geon released ;lt ages l-t into the JCootenai River 
suggest that early life mortality facrors aHec:ting 
YOY or younger life stages mlly be limiting naru­
ral tterllitmait in the wild 'Kootmai River whitE 
stu.cgeoo population. However. our CUO'el\t l.nabil­
ity to monitor growth, conclltion. md survival of 
these early life stag~ (posthatdt larvae to YOY) 

Table 3. Comparison oE mtDNA control region length variant Erequmcy between 113 wild Kootenai River 
white sturgeon and 54 Kootenai Hatchery broodatock from the !liU1\e population. Percm.t of samples having 
each lengtli. variant is indicated in parentheses. 

Length variant Wild population 
(copy number) (n ... 113) 

LV-01 54 (47.8) 
LV-02 3S (31.0) 
LV-03 11 (9.7) 
LV-Q4 6 (5.3) 
LV-05 7 (6.2) 

JCooterui.i Nitchery bmodstock 
(11=54) 

26 (48.1) 
14 (25.9) 

6 (11.1) 
3 (S.6} 
5 (9.3) 
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due to their absence in the wild population has 
limited our understanding of early life mortality 
factors in the river. 

II1 t:M breeding plan designed to preserve the 
genetic variability of the Kootenai River whlte 
stu.cgeon popular.ion (Klncald 199 ), the term 
upreservalion stocking" was used to indicate that 
the presecvation of genetic nriability is the pri­
mary objective of die conservation aqua<:U!ture 
program. However, genetic variability, papula­
tion, and effective population size (Ne) are inexo­
rably linked. Thus, gradual expansion of the wild 
white sturgeon population, in the presence of 
failed natural recruitment, is a secondary, yet im­
portmt objective of the program, ll!lative to popu­
lation persisl'ence and the mainwnance of effective 
population sizi! Rather than a specific set of cul­
ture techniques, the Kootenai White Sturgeon 
Conservation Aquaculture Program involves an 
adaptive suite of approaches that prioritize the 
pi:eservation of an e11dangered white sturgeon 
population and its locally adapted genotypes, 
phenotypes, and behaviors (Anders 1998), as rec­
ommended by Killcaid (1993). 

Genetic Inventory 
Repttsenting 11 wild population's genetic diver· 
sity and variation in a subset of broodalock is criti­
cal to the long-tierm success ofhatcheryprograms. 
Failure to restore wild populatia.ns using cooser­
vation aquaculture programs may have arisen 
from under- or over-representing a subset of a 
wild populations' sp«ific: geriotypes or haplo­
types or from other selection pressures (Hindn.r 
et al. 1991; Wapl!!!i l991; Waples and Teel 1990). 
Such failures may Nve occurred due to design 
oversight or logistical or economic c:onstraints. 

Although not a comprehensive population 
usessment, our genetic HIAlysis (mtDNAcontrol 
region length variant analysis) provided an effi­
cient, low<ost technique to monitor genA!tic di­
versity and variation of native broodstock relative 
to that of the wild (source) population. The rela­
tive simplicity arid low cost of thisana.lysb maw 
if possible to ge11etically type wlld broodstock 
prior to spawning. Access to this genetic Wo.r­
mal:ion am provide hatchery managers, biologists, 
and geneticists with the opportunity to develop 
spawning matrices to reduc:e or eliminate unin­
tended mating of cloae.ly related brood.stock. 

Implementation of this imalytical technique 
can also help mimic natural within-population 
genetic diversity and variation, and theoretically 
improve fitness of progeny groups. Although 

length variant heteroplasmy (the coexi!tence of 
difkrent mtDNA length variants in the 9ame in­
dividual) was initially thought to be very uncom· 
moo, it is becoming more commonly observl!d, 
due in part to increased sensitivity provided by 
the polymerue chain reaction (PCR), and more 
robust research. In the majority of cases, hetero­
plasmy is observed as a direct result of variable 
numbers of tandem repeats (VNTRs) or adjacent 
to the control region (Hunt et al 1998). Hetere>­
plasmy has been observed in numerous taxa, in­
cluding white sturgeon (Buroker et al. 1990; Hunt 
et al. 1998). Heteroplasmy has been observed in 
Kootenai River white sturgeon (Powell and 
Anders 1999), and is being investigated to evalu­
ate the use of control region length varianb u a 
valid population marker. Puture genetic rnearch 
should include the use of bi-parentally inherited 
nuc.IA!ar markers (RPLPs and miaosatellitea) at 
population, broodatock, and progeny levels to 
further resolve relevant population genetic signal, 
llld lo address responses of the wild population 
to continued operation of the Kootenai White 
Stwgeon Corue:rvation Aquaculture Program. 

Animal Health Management 
A primary goal of any aquaculture program is to 
minimize introduction and transmission of patho­
geris in cultured and native populations. Avail­
able scientific information should be used to 
develop conservation and management strategies 
that minimize the transmission of disease from 
cultured fish tD native ·populations md the po­
tential !eVerity of disease in the native popula­
tion (l.aPatra et al. 1999). Although asymptomatic 
inlec:tion may be widely distributed. within and 
among wild populatkms, main1enanee ol optimal 
rearing conditio119 (e.g. optimal rearing densities, 
temperature regimes, water quality conditions) 
can reduce or prevent stress-induced ootbreaks 
ot disease in the hatchery setting. Development. 
refinement, and strict implementation of the 
Program's diaease testing protocols for white stur­
~ produced in the Kootenai .River White Stur­
geon Conservation Aquaculture Facility should 
continue to minimir.e pob!nti.al disease outbreaks 
.and disease transmission risb lo the wild popu­
lation. Recent Kootenai Hatchery upgrades com· 
pleted in 1999 (new water intake sys~incre.ased 
water temperature control for incubation and 
hatching. sediment filtration systems, pathogen 
a>ntrol (UV sterilization), and added rearing ca­
pacity) contributed to increased hatching success 
and survival of early life stages, and minimized 
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disease outbreak and fish loss (Irelartd 1999). High 
fertilization, development, and hatx:hing rates in 
1999 and 2000 may be indicative of future ben­
efits to be provided from these exb!nsive hatclt­
ery upgrades. The addition of a ~fail-safe" factlity 
and collaboration with the biologists and cultur­
ists in British Columbia, Canada, also helps to 
rnsure success of the program. 

The Kootenai River Conservation Aquacul­
ture Program is currently meeting its objectives 
of reducing the threat of population extinction by 
providing frequent year-i:lasses from native 
broodstock, representing inherent within-popu­
lation genetic:: diversity in its broodstock, and 
minimizing any introduction of disease into the 
wild population. The occasional failures of armual 
natural recruitment may be a natural phenom­
enon in sturgeon populations. However, the ab­
sence of natural xecruitment during the past 25 
years is a prescription for imminent population 
extinctioJL Until suitable habitat conditions are 
reestablished in the Kootenai River ecosystem to 
increase white sturgeon survival past the egg/lar­
val stage and restore natural tecruitment in the 
wild white sturgeon population, the Kootenai 
River While Sturgeon Conservation Aquaculture 
Program, through careful monitoring, review, and 
implementation, will continue to protect this 
unique endangered population from extinction. 
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