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ABTRACT

Statusof nativecutthroat trout first becamea managementissuein southern Utah in the 1970s
after the Endangered SpeciesAct was passed and several remnant populationsof native trout
were identified. Initial restoration efforts began in 1977 when individuals from a remnant
population of Bonnevillecutthroat trout (Oncorhynchus clarki utah) were transplanted to a
stream that had been treated with rotenone to remove nonnative trout. Restoration efforts
became a routine part of Utah's fishery programin 1980 when the stateincorporated Federal
Aidin Fish Restorationfunding into its program, which formally included native trout. Here,
we eval uate the nativetrout restoration program by reviewing the progressmadeand problems
encountered during the past quarter century. Evaluationswere categorized by topic: (1)
implicationsof changing geneticidentificationtechniques; (2) successof treating streamsand
lakeswith rotenone; (3) sourcesof nativetrout for re-introductions;(4) useof migrationbarriers
to isolate native from nonnative trout; (5) practical considerations in restoration of
metapopulations; and (6) socio-political issues. Project delays, setbacks, and failureshave
occurred over time, but overdl accomplishmentshavebeen positive. Consistent progressresulted
from making nativetrout restorationaformal part of annual work plans. Stream habitat known
to containnativetrout hasincreasedover 15timessince1977. Wild brood stocksweredevel oped
from local sourcesof both Bonneville and Colorado River (0. c. pleuriticus) cutthroat trout.
Plans are in progressto develop additional stream and lentic populationsof native cutthroat
trout, and incorporatenativetrout into overall sport fishery management plans.

Key words: conservation, Cutthroat trout, failure, native, quarter century, restoration,
review, southern Utah, success

I NTRODUCTION

Declinesin abundanceof nativetrout in
Utah are attributed to factorswhich have

cutthroat trout (Oncorhynchusclarki utah;
Behnke 1976). Nativetrout programswere

been widely acknowledged to cause
declinesof cutthroat trout throughout
western North America. Theseinclude
hybridization and displacementof native
trout from introductionsof nonnativetrouts,
lossof habitat, and, to alesser extent,
exploitation from angling. Conservation
and restoration of nativetrout in southern
Utah became part of fishery management
objectivesfor the Utah Divisionof Wildlife
Resources(UDWR) in the 1970s after
passage of the Endangered SpeciesAct
(ESA), asamended in 1973, and discovery
of several populationsof native Bonneville

well established in the 1980s once Federal
Aidin Fish Restoration funding (Dingell-
Johnson Act) wasinstitutionaizedin
regional fishery management programsthat
specified native trout projects and required
formal annual reports. The primary
management objective wasto reduce threats
that might lead to federd listing of native
trout under the ESA. Southern Utah
conservation projectswere conducted for
Bonnevillecutthroat trout in the Sevier
River drainage and part of the Virgin River
drainage and for Colorado River cutthroat
trout (O.c. pleuriticus) in the Escalante and
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Figurel General locationof the Sevier, Virgin, Fremont, and Escalante, river basinsin th
Southern Geographical Management Unit, Southern Utah, showing major rivers and

tributaries.

Fremont river drainages(Fig.1). Most
early work included identifying remnant
populationsof nativetrout and restoringand
replicating these populationsin historically
occupied areas. Surveysto identify new
populationsand restoration projectswere
conducted concurrently because most of the
sparse aquatic habitat in southern Utah had
been previously surveyedand general
distributionsof native and nonnativetrouts
wereknown prior to initiation of projects
targeted specifically a nativetrout.
Comparedto earlier work, restoration
effortsin the 1990sincluded more complex
projects. Some projectsincluded reservoirs
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and lakesthat were connected to wild trou
streams. Wild brood stocks of native trout
were developed in two reservoirs that
increased flexibility in management and
allowedimportant sport fishery programs:
be incorporated into restoration plans.

Our objectivewas to review
conservation projects conducted in souther
Utah since 1977 and categorize SUccess,
failures, and problemsassociated with
specific management actions. We present
25-year history of conservation efforts wit
discussion of important changes that
occurred over time, including biological a
socia implications. Although we restrict



Tablel. Genetictestsconducted on remnant populationsof native Bonnevilleand Colorado
River cutthroat trout in southern Utah over time, and nature of barriersprotecting genetic
integrity. Geneticanalytical techniquesincludemeristics (M), allozymes (A), mitochondrial
DNA (mD), and nuclear DNA (nD). Genetictest resultsincludecore populationwith<1
percent introgression (P), conservation populationwith <10 percent introgression (C) and
sport fish populationwith>10 percentintrogression(S).! Typesof barriersinclude naturally
isolated (N) dueto barrier waterfallsor de-watered stream sections, planned artificial barrier
constructed specifically to protect nativetrout (P), and unplannedartificial barrier (U)
constructedas an unrelated water devel opment project which coincidentaly protected native
trout.

Drdrege/ sream Gadictedts, Sreem Men Barier
year and (methodHreaults) length (km)  streeam
widh (m)
Bomeville cutthroat trout
Svig Rve
Birch QA 1973(M-P), 1976(A-P), 1990(A-P), 1990(mD-P) 55 119 NP
N Fk NothQek  1981(M-P)1981(A-P)1990(A-P), X0LnD-C,S)F 3.2 259 NP
Desp Qek 1976(M-S)*, 19B1(A-P),1995(mD-P), 0L(M-P) 9.7 1.86 N
Rath ek 1995(M-P), 1995(mD-P) 64 1.36 N
Virgn River
: 1976(M-P), 1976(A-P), 1987(M-P), 1987(A-P) 12 1.30 N
Resavar Caym 1976(M-P), 1987(M-P), 1987(A-P), 1993(mD-P) 3.2 2.35 N
Cdorado Rver cutthroat trout
Escdante Rver
E.Boulder Orak  1990(M-P), 1990(A-P), 1990(mD-P) 56 49 N
W, Badds Qresk 1993(mD-P) 2000(M-P) 32 26 U
W Hre Qek 1997(M-P), 1997(mD-P), 1997(nD-P) 0.4 3.2 N
WhiteQrak 1998(M-P), 2000(M-P) 2000(mD-P), 2000(nD-P) 18 2.0 N
Wegr Caymn 1997(mD-P), 1997(nD-P) 07 12 N
! Bdael19%6i ion wes nat quientified, but dessified as P (core population thet wes essntidly pure a

S(gportfih ation thet wes introgressed).

2 Hdh tesed in 2101 fram the heedwtersd the Nath Fak North Crask tested 6% introgressed {conservation
popuation), whiefish dredly ebovethe migraion barrier tested 15%introgressed (gpartfish population).

? Trefirst smplesteken fiom Degp Cresk ware corfusad with samplesfram another sream.

thisreview to southern Utah and adapted 1980s, and early 1990s, surveyswere
much of what took placeto local conducted sporadically as needed to
circumstances, many of the successes and eval uate management actions with data
failuresmight have implicationsfor compiledas UDWR filereports. During

conservationof nativefishesin other areas. 1994-1995 upstream-downstreamrange and
abundanceof Bonnevillecutthroat trout was

METHODS determined for all known populations

We reviewed data from all known (Hepworthet a. 1997b). Similar surveys
populations of native trout in southernUtah, ~ were conducted for Colorado River
including remnant (naturally occurring) cutthroat trout in 1997 and 1998 (Hepworth
and restored populations, and ongoing et . 2001). Surveyswere repeated for
restoration efforts currently in progress most Bonneville cutthroat trout populations
(Tablesland 2). During thelate 1970s, again during 2001 and spring of 2002 (data

A Review of @ Quarter Century of Native Trout Conservation in Southern Utah 127



Table2 A summary of the restoration projects completed, planned, or in progressfor
Bonnevilleand Colorado River cutthroat trout in southern Utah. Typesof barriersinclude
natura barrier waterfall or de-watered section of stream (N), constructed single point barrie
with nonnativetrout immediately downstream(S), constructedbarrier with additional
obstacles(O) such as ade-watered stream channel preventing trout from occupyingthe
stream below the barrier year-round, constructed multiplebarriers(M) to create more than
singlepoint obstacle, and unplanned artificial barrier (U) that was constructed for aprimar
purposeother than preventingfish passage. Statusclassificationsinclude self-sustaining
populaions (S) established since the origind restoration, conditionaly or partially successf
restoration(X) after supplemental actions taken to correct problems, unsuccessful (U) with
problems resultingin project termination, and projectsin progress(P) wherenative trout
have nat yet re-colonized areas being restored.

Drainagel Year project Populationorigin Stream Mean Barrier  Status
streaml initiated length  stream
tributary, (km)or width
or reservoir reservoir
area(ha)
Bonnevilie cutthroat trout
Sevier River
S Stowe Or 1977,1997  Bidh Oek 48 143 O X!
Hre Oresk 1980 Wae C, Resavar C, 50 186 N X?
Birdh Crek
Briggs Cresk 1988 Birth Qrak 1.4 1.0 N S
Marirg Res 1990 Arne Cresk 231 - (o] X
Barey Resavar 1993 Marirng Resavar 7.3 - o] X+
ThreamileCrek 1994 Bich Crak 11.2 116 N,O X8
Ddag Qek 1994 Birth Qrak 53 146 N S
Inden Hdlow 1994 Birth Qreek 14 0.64 N S
N. Fk Nath Cresk 1995,1999  Ramrat eqeandd 8.8 259 S X!
Rde Oresk 1995 N. Fk. Nath Qresk 43 - S S
Marirg Crek 1996 Marirg Resavar 172 290 N,O S
1996 Marirg Resavar 1.2 110 N,O S
Ve Qek 1996 Marirg Resavair 16 170 N,O S
E. Mamrg G 1996 Marirg Resavar 1.0 080 NO S
Sarfad 1999 Dep ek 13 - NU P
Sady Ok 1999 Dep Crek 16 - N,U P
Birch CreskB 2001 Marig Res 64 - u P
Tenmile Qrack 2002 Dep ek 97 - 0 P
Cata Cek ad 2002 Marirg Res 12.0,0.8 - N P
Ras Resavar (planned)
Virgin River
Lep Qrek 1986 Wee 53 1.35 N S
Sauth Ad Ok 1986 Resavar Caymn 7123 N S
Hamm Crek 1986 Resavarr Cayan 30 175 N S
Mill Crek 1986 Resavar Caymn 80 225 N S
Leeds Oresk 1989 Resavar Caymn 113 271 NU S
Ay Oreek 1989 Wag Caymn 09 110 N S
Sarit Crek 1988 Wee 1.6 1.30 N S
Hae Qek 1995 St 08 100 N S
Suring Crek 1993 25 - - use
Colorado River cutthroat trout
EscalanteRiver
Durfey Qrak 1993 E. Bauda Crek 10 N U’
Der Crek 1994 - 25 . - ye
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Table2 (continued).

Dranege/ Yex project Populaion origin Sreeam Men Barg Staius
dreaml initiated legh dreem
tributary, {(km)or wich
o resgvoir reservolr (M)
aea(had)
Doghaty Lae 1997 E.agj(gv. Baddy 1.5 - N X4
a
Td Far Lde 2000 Doghaty Lde 0.3 - N X*
W. Baldy Cresk 2001 Rareart eqandad 96 26 M P
HreQek 2001 Ramrert exuendad 80 27 M P
Whie Crek 2001 Renrert eqoended 21 2.0 M P
Twitchell Qrack 2001 Doughaty Lée 56,46 -~ NO P
and 2 Willow
Batom lekes
0;;:“ Doghaty Lde
UM 1996 237 672 O P
Let Fok 2000 Dagaty Lae 55 124 O P
Right Fok 1996 Weg Ballde Ok 79 293 O S
Sand Qrek 1995 Wit Bouda Ok 4.8 - N X®
Forsyth Res 2000 Dougherty Lde 69.2 - U X?
e S
ne 2002 15.1,1.3 - (o] P
aned)
' Sream retredted o patidly retrested with ratenone dter barier falure
2 A ssoond unplanned trestmient wes conducted.
:W|Id brood sto;km e
'Supplemental necessaty & presart in lde a resavar.
SNonative froLt rermr/gi kdow banernly dedrdfishing.
¢ Disooninued prgect djebsooopdma;i ramifications
7 Sream habitat Wes it capebled supportingwild trout
® Netive trout reintroducad a ssoond time after flash flood in lover Sreem.
9 Impoundat an UM Crek tamporaily drained, dam undergoing repeirs
available asfilereports). Other surveys and habitat improvement projects have been
were conducted during the late 1990s and an important part of restoration efforts but
early 2000son an as needed basisto make were conducted by federal land
genetic eva uations, complete disease management agencies and not included in
certifications, develop brood stocks, thisreview.
construct migrationbarriers, and evaluate Taxonomic evaluations used to identify
other problems. Issuesevaluated in terms remnant populaions of nativetrout varied
of their implicationto successful restoration  over timeand were given varyinglevels of
for thisstudy included (1) taxonomic and emphasisat different timesas the state of
genetic analyses, (2) success of treating geneticidentification evolved. Throughout
streams and lakes with rotenone, (3) sources  the entire study, cursory field observations
of trout for brood stocksand re- of morphological characteristicswere used
introductions, (4) use of fish migration to make putativeidentifications. Selected
barriers, (5) practical considerationsin the populationswere further analyzed by
restoration of metapopulations, and (6) submitting samplesto university
socio-political issues. Habitat evaluations laboratoriesfor meristic, dlozyme, and
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mitochondrial and nuclear DNA analyses.
We evaluated the consistency of genetic test
results among methodsover time and
describe the implicationsof changing
methodol ogieson restorationsuccess.
Similarly, treatment siteswere evaluated by
looking at successesand failures of
rotenone application and subsequent
restorations. We analyzed re-introductions
on thebasis of numbersof fish transplanted,
time required to re-colonize renovated
habitat, and sources of nativetrout with
respect to utilizing wild trout and "' nearest
neighbors™ i.e., closest available source of
nativetrout, versus hatchery-produced fish
fromwild brood stocks. We did not
evaluatefish migration barriers interms of
barrier dimensions but rather evaluated their
roleintermsof project successand
circumstancesunder which barriers should
be used. We evaluated metapopulation
theory in the context of advantages,
disadvantages, and practicality of re-
establishinglarge, interconnected, and
complex populationsof nativetrout where
they have been lost. Socio-political aspects
of the evaluationwere based on interplay
among state and federd laws, inter-agency
conservationagreements, agency policies
and directives,and publicinteractions. The
benefitsand shortcomingsof these laws,
rules, and directiveswere considered
relativeto completingfield projects.

We assessed the status of each
restoration project using the above data and
knowledgeof each stream and lake.
Restoration projectswereclassified as
successful, conditionaly or partiadly
successful, unsuccessful, and in progress.
Successful restoration projectswere those
where self-sustai ningpopulationsof native
trout became established and have remained
as such following completion of the
originally scheduled restorations.
Conditionally or partially successful
restoration projects required supplemental
actionsto correct problems during years
followingcompletion of theinitial project.
Unsuccessful projectswere those that were
discontinued because of various problems.
Projectsin progressinclude thosein which
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native trout have not yet fully re-colonized
restored areas and become self-sustaining.

DiscussioN

Taxonomicand GeneticAnalysis

Verification of genetic purity of
remnant cutthroat trout populationsis
essentid in restoration efforts. Genetic
purity of nativecutthroat trout cannot be
visually ascertained with certainty because
hybridizationcan be minor and not
phenotypicaly expressed. Also, Bonnevilk
cutthroat trout evolved from multiple
origins (polyphyletic) and are represented
by several genetically diverse groupsover
relatively wide geographicarea (Hickman
and Duff 1978, Martinet al. 1985, Behnke
1992, Shiozawa and Evans1994). Northen
formsof Bonnevillecutthroat trout fkom
Bear Lakein Utah-ldahoand the Bear Rive
in Utah-1daho-Wyominglikely evolved
from a relatively recent ancestral salmonid
that invaded theancient lake; they remainet
partially isolated from more southern
portionsof the basin because Bear Lake an
the Bear River were large systems lying
outside of the once-inundated prehistoric
LakeBonneville. Similarly, both
Bonnevillecutthroat trout from the Deep
Creek mountainsin Utah's west desert and
thosefkom the extreme southern portion of
the basin in southern Utah remain
somewhat genetically distinct, despite bein
taxonomicaly classified asasingle
subspecies.

At present UDWR minimum standards
for genetictesting of each new population
includes meristic analysisfrom a random
sampleof 10fish, DNA analysis
(mitochondrial and nuclear) from 30 fish,
and consideration of geographiclocation
and historical stockingrecords. Also, a
method to quantify introgressionhas been
established with " core popul ations' definec
asthosewith <1 percent introgression,
suitablefor restoration of new populations,
and "' conservation populations' defined s
thosewith <10 percent introgression,
designatedfor continued preservation (Utal
Division of Wildlife Resources2000).



Despitetaxonomiccomplications, even
the earliest putativeidentificationsbased on
visual appearance (field observations),
capture location, and stocking history were
generdly accurate, based on subsequent
independentexpert verification based on
meristic, alozyme, or molecular DNA
analyses(Table1). Modt reranant
populationsof nativetrout in southernUtah
wereeach evauated with different genetic
testsover time. Some populationswere
tested as many asfour timesover a 20-year
period. Althoughtestsbecameincreasingly
more sophisticated, all populations
originally given™ conservation” statusas far
back as the 1970s have remained assuch.

In two instancesresults changed over
time with repested genetictesting. The
headwater populationof cutthroat trout in
the North Fork North Creek (Table 1) was
originally suspected to be hybridized
becausedf its proximity to rainbow trout in
downstream reachesand the absenseof a
barrier separating the two species. Early
genetic tests(meristics 1981 and allozymes
1981) did not show any hybridization, and
actionswere taken to prevent upstream
movement of rainbow trout; however, 2001
test results(nuclear DNA) showed some
rainbow trout hybridization (6.4%).
Regardless, levelswere low enough and
within established standardsto still allow a
designated “conservation” status. Another
population (Deep Creek) originaly thought
to be hybridized, due to contamination of
test samples, was later determinedto be
pure. Thismistakecaused delaysin
replicating the Deep Creek populationin
other locationsand resulted in continued
skepticism about genetic purity because of
early reportsthat the fish were introgressed
(Behnke 1976).

Researchersin locations outside of
southern Utah reported caseswhereonly
slightly introgressed populationswere
found after initial evaluations suggested a
high probability of introgression. Neilson
and Lentsch (1988) reported that
hybridization of Bonneville cutthroat trout
fiom Bear Lake, Utah-1daho, was only
minute despitelong-term stocking of

rainbow trout (0. mykiss). Gamblin et a.
(2000) originally found high percentagesof
rainbow trout hybridizationwith
Y dlowstonecutthroat trout (0. ¢. bouvieri)
in Henrys L ake, Idaho; however, later
testing documented spawning runs of
cutthroat trout with littleintrogression.
Management decisionswere based on
the best genetic techniquesavailableat any
giventime. However, timeto complete
tests, gain clearancesfor field projects, and
actually conduct projectswas so great that
new methodol ogiesfor testing would often
evolve before projects were compl ete.
Thus, therewas often concern that
popul ationsshoul d be re-tested with new
techniquesto make sure earlier testswere
accurate. Potentialy, thiscan cause delays
in completing restoration projects and sway
emphasisof work towardsmore genetic
testing. For example, development of a
wild brood stock of ColoradoRiver
cutthroat trout fiom Boulder Creek was
initiated based on mitochondrial DNA tests
conducted between 1990 and 1993 (Table
1). It took several yearsto complete genetic
tests, obtain disease clearances, transplant
trout to a suitablelake, and eventually take
eggsfiom spawning trout. By 1999 when
thefirst eggswereready to be cultured, new
nuclear DNA testshad been developed and
agency personnel questioned if the project
should proceed without confirmation of
genetic status with newer more
sophidticated tests. Evenin thiscase, re-
testing would have been feasibleif
conducted in a timely manner, but long
turnoversin laboratory times, a state-wide
backlog in test samples, and acquiring
funding to complete testshasresultedin
periodsof 1-2 yearsor moreto complete
tests. Rather than delay work, the Boulder
Creek project proceeded based on available
information. At times, balanceneedsto be
achieved in acceptingsome risk by using
older test results, by conductingfield
projectsin atimely manner, and by
deciding if re-testing populationswith new
techniquesis warranted.

Successof Using Rotenone
As part of nativetrout restoration, we
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renovated 29 streamswith rotenoneduring
the 25-year period under review (Table 2).
Renovatedstreamswere relatively small;
thelargest (UM Creek) did not exceeda
baseflow of 0.4 m¥/sec and included 37 km
of main stemand tributaries. Even when
treating the smallest streams, a one-time
treatment with rotenone apparently could
fail toremoveall nonnativefishes. Trout
spawning sitesassociated with springsand
seeps presented the greatest difficulties;
these areas provided freshwater refugesfor
small fish where rotenonefailed to make
contact. Often when trout were missed with
asingle application, young-of-the-year or
eggs perssted. Second treatments, timed
approximately a year after the first
treatment, generaly completely eradicated
target species.

Sam Stowe Creek was thefirst
renovation project conductedin 1977,
consisting of asimple 4.8-km first-order
stream, successfully completedwith a one-
time treatment. The second project,
conducted on another first-order 5.0-km
stream (Pine Creek) in 1980, failed to
totally removerainbow trout, which led to
second treatmentsas a standard practice.
For al projectsfirst-year application of
rotenone was approximately 50 percent
successful in completely eliminating target
species; nonnative trout were found about
half the time with second trestments.
Rainbow trout, aswell as brook trout
(Salvelinus fontinalis) and brown trout
(Salmo trutta) were target speciesthat were
often missed

UM Creek represented aunique
situationwhere trestmentswere conducted
on four consecutiveyearsin attempt to
completely remove brook trout. All other
projectswerecompleted in 2 years. The
project was designed to protect downstream
state and privatefish hatcheriesfrom
whirling diseasebut also presented an
opportunity for restoration of native trout.
Similar to many other projects, large
numbers of young-of-the-yearbrook trout
werefound during the second treatment
where adultshad been observed spawning
thepreviousyear. Although brook trout
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were removed from mogt of the drainage
after the second treatment, they persistedin
one spring until thefourth treatment. Brook
trout avoided rotenonein thisspring by
moving less than a meter into underground
caverns. Treatmentswere not effective unti
acombination of rotenoneand
electrofishing gear was usad at thissite.
Such an effort might have been effective
after the second treatment, but it took 4
yearsto becomefamiliar with the entire
drainage and identify problem areas.
Extensivepost-trestmentsurveys of UM
Creek conducted over 6 yearshavefailed to
find any additional brook trout. In fact, all
treatment projectsconducted with rotenone
in southern Utah were successful in
completely removing nonnativetrout after
multipletreatments.

Sour cesof NativeTrout

In thelate1970s and throughout the
1980s little concern was expressed about
origin and destinationsitesfor relocating
nativetrout. Weavoided later criticism
regarding indiscriminate movements by
fortuitoudly selecting sources of nativefish
for re-introductionsfiom sitesin close
proximity, even before more sophisticated
informationregardinglocalized and
regional genetic differencesin fish
populationswas available. For example,
severd streamswere selected for
Bonnevillecutthroat trout restoration
projectsduring the 1980sin the Virgin
River drainage (Fig. 1 and Table 2).
Bonnevillecutthroat trout fiom the Sevier
River drainage could easily have been used
as sourcefish, resultingin an inter-basin
transplant; however, local fish fiom other
VirginRiver tributarieswere used. Local
fish were a more practical choice because
they were suspected to be nativeto this
areg, despite being found just outsidethe
Bonnevillebasin (Hepworth et al. 1997a).
By the 1990s, after inter-agency
conservation teem planning was
established, conceptsof utilizing the closes
availablesourceof nativetrout within the
samedrainage (nearest neighbor) becamea
standardizedpractice.



Defining " conservation' and " sport
fish" populationsin multi-agency
conservationagreementshel ped set formal
limitationson fish transplants (L entsch and
Converse 1997, Lentsch et a. 1997).
Although both conservationand sport fish
designationsfor cutthroat trout populations
usudly allow legalized sport angling,
conservationpopul ations(<10%
introgressed) are those managed specificaly
with naturally reproducingwild trout to
maintain geneticintegrity of the subspecies.
As previoudy noted, the definition of a
conservation population was eventua ly
subdividedto include' core'" populations
(<1% introgressed) designated as suitableto
replicatein other areas, generallyona
""nearest neighbor'* basis (Utah Divisionof
Wlidlife Resources2000). Sportfish
populations are defined to includeareas
managed by stocking native trout produced
in state hatcheriesto maintain public sport
fisherieswherelimited or no natural
reproduction occurs. Providing that
stockingis not a threat to conservation
populations, it can take place over awider
geographic area compared to the more
restricted "' nearest neighbor'* concept.
Sport fish populations might consist of 100
percent hatchery fish that could be
genetically pure native cutthroat trout. The
definition of sport fish populations of native
cutthroat trout also includes wild
populationsthat are>10 percent
introgressedwith nonnativetrout.

Designating"* geographicmanagement
units" in conservationstrategies(Lentsch
and Converse1997, Lentschet d. 1997)
also encouraged transplants, stockings, and
wildbrood stock devel opment to occur
within the bounds of natural watersheds,
avoidinginter-basinfish transfers. The
Southern GeographicManagement Unit for
Bonnevillecutthroat trout included the
Sevier River drainageand asmall portion of
theVirginRiver drainage (Fig.1), but even
within these areasthe proximity of sub-
drainagesand individua streamswere
consideredwhen making transplants. For
ColoradoRiver cutthroat trout, the Southern
GeographicManagement Unit consisted of
the Escalanteand Fremont river drainage.

Since no remnant populationsof native
trout have been found or are likely to be
found in the Fremont River drainage, native
trout fiom the EscalanteRiver drainage
were used to restore populationsin the
Fremont fiver drainage becausethey were
the"" nearest neighbor."

Wild brood stocksof both Bonneville
and Colorado River cutthroat trout were
established a Manning Meadow Reservoir
and Dougherty Lake, respectively, for sport
fish and conservation management purposes
(Table2). Brood stockswere created from
multiple stream sources within respective
geographic management unitsto maximize
theinitial size of the transplanted
populations, increasegenetic diversity, and
avoid biasfiom over-useof any single
fragmented populationthat might not be
representativeof nativefish from the
overall geographic managementarea. Most
restoration projectswere conducted without
using fish producedfiom wild brood stocks
by transplanting individualsfiom core
populationsto establish conservation, or
core, populationsin other locations(Table
2). Nevertheless, some restoration projects
were not feasible without a brood stock of
nativetrout. For example, UM Creek
involvedalargeareaand requireda
relatively short period of timebetween
removal of nonnativetrout and re-
establishment of sport fishing opportunities
inorder to avoid asignificant public
controversy. Transplantinglimited numbers
of wild trout could not satisfy recreational
demands. Thus, hatchery trout produced
from wild brood stock were used. In other
cases|akes and reservoirsthat required
stocking for sport fishing purposeswere
connected to wild trout streams (Barney and
Manning reservoirs— Manning Creek;
Willow Bottom lakes— Twitchell Creek;
RobsReservoir- Center Creek; Pine Creek
Resarvoir - Pine Creek; Forsyth Reservoir—
UM Creek; Table2). Suchareascanbe
restored if stocking relatively large numbers
of nativetrout isan option. Onceall
nonnativetrout are removed, lakes
dependent on stocking can be maintainedby
stocking native trout while streams become
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sdlf-sustainingwith nativetrout. Thisalso
createsthe potential to enhancespawning
habitat for lake populations, if possible,
eventually managing lakes entirely with
wild trout.

In afew cases, stexile tiger trout (Salmo
trutta X Salvelinusfontinalis) were stocked
after rotenone tresatmentsto replace popular
sport fisheriesand then phased-out as re-
introduced nativetrout expanded fiom
natura reproduction. Tiger trout were used
in Manning Meadow and Barney reservoirs,
and UM Creek (Table 2). Growth, survival,
and catchability of tiger trout wassufficient
to producesport fisheriesin both reservoirs
and streams. When tiger trout were first
produced in Utah in the 1990s, it appeared
availability would be limited because of
difficulty in culturing large numbers of fish.
Egg surviva wastypically about 4 percent;
however, subjecting eggsfiom thishybrid
crossto ahot water bath producing triploids
increased egg survival to more normal
production rates of 70-80 percent (Scheerer
and Thorgaard 1983) and allowed greatly
expanded use of thesefish. Stecking rates
were monitored and adjusted to avoid
excessivecompetitionand predation
between tiger trout and native trout and then
discontinued as native trout became
availablefor stocking or as native trout
naturaly expanded into areaswhere tiger
trout had been stocked. The greatest
problem encounteredwith tiger trout was
that they often became more popular with
anglersthan native cutthroat trout. Public
pressurewas exerted in severa situationsto
maintainstocking of tiger trout, in contrast
to conservation plans that emphasized
nativetrout. We partialy aleviated this
problem by shifting tiger trout stocking to
other sites.

We limit the number of native trout
transplanted fiom source populationsto
protect these areas. The number of fish
transplanted is based on size of the source
populationand its ability to replenishitself.
Welimit the number of fish transplanted,
leaving behind young-of-the-yearand large
adult fish, by taking awide variety of
intermediate ages and sizes (both adults and
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sub-adults). Also, aportion of each source
populationisset aside asarefugeareafiom
whichtransplantedfish are not collected.
Lessthan 20 percent of the stream length of
asourcepopulationis subjected to removal
of fishinany singleyear. These
conservativeguidelinesare partly based on
an experiencewhere 1024 Bonneville
cutthroat trout were removed fiom Pine
Creek (Table 2) between 1988 and 1991; the
population was affected by removals but
ultimately recovered. PineCreek, a5-km
stream, wasorigindly restoredin 1980 with
the intent to increase numbersof Bonneville
cutthroat trout to providefish for awild
brood stock. By 1984, Pine Creek
contained 298 cutthroat trout’km. State
policy governingstatefish hatcheriesand
wild brood stocksrequire 3 years of disease
certification before moving fish into or out
of theselocations. Certification was
completedon PineCreek by sacrificing120
Bonnevillecutthroat trout annually fiom
1988 to 1990 for disease tests. In addition,
469 and 245 fish were transplanted fiom
Pine Creek to Manning Meadow Reservoir
in 1990 and 1991, respectively. By 1991 it
was gpparent that the Pine Creek population
was suppressed, as the stream distance and
effort needed to collect 245 fish wasfar
greater than what was needed for equivalent
collectionsin previousyears. Nevertheless,
by 1995 (Hepworthet a. 1997b) the
population had recovered to 228 cutthroat
trout/ km (270in 2001) with numerous
sizes and agesof fish. Despitethe high
number of fish removed and temporary
reduced populationsize, theredid not
appear to be along-term affect.

Restored streams generally received a
minimum of 100 fish transplanted fiom core
populationsand >200 if possible. These
valuesoriginaly resulted from number of
fish availablefiom core populations and
time required for transplanted fish to re-
populaterenovated streams. Sam Stowe
Creek was restockedwith 39 fishin 1977
(Table2), and after 7 yearsthe full 4.8km
of availablestream habitat was not fully
repopulated. In comparison, PineCreek (5
km) wasrestocked with 245 fishin 1981,



which repopulatedall availablehabitat
within 3years. Transplantedfishwerea
mixture of adults(2age-3) and sub-adullts,
but mogt fish werelikely mature withina
year after being moved. In some caseswe
transplanted fish over several yearsto
increaseoveral numbers. Althoughwedid
not specifically base number of transplanted
fish on geneticsand effectivepopulation
size, i.e., number of breedingadultswithin
a populaion, numberswerelikely sufficient
to prevent geneticdrift and inbreeding
depression. Franklin (1980) suggested that
an effectiveshort-term population size of 50
wassufficient to prevent loss of genetic
diversity in small populationsif in the long-
term effective population size expanded to
at least 500.

Migration Barriers

Naturaly existing fish migration
barriers protected most of the remnant
populationsof native trout in headwater
streamsin southern Utah and were
responsiblefor their persistence (Table 1).
Of 11 remnant populations, seven were
isolated by multiplenatural waterfalsor a
combination of waterfallsand naturaly
intermittent stream sections. A hydroelectric
power diversionthat created a barrier falls
and ade-watered section of stream isolated
another remnant population in West Boulder
Creek. Two remnant populations(East
Boulder Creek and White Creek) persigt in
remotel ocations upstream fiom simple
single-pointbarrier falls with popul ations of
nonnativetrout directly downstream. The
North Fork North Creek and West Pine
Creek were the only two remnant
conservation populationsthat persistedin
headwater areas without obvious physical
barriers and in contact with nonnativetrout.
Someform of physiologicd attribute likely
alowed nativetrout to retaina competitive
advantage over nonnativetrout in these
areas, but in the case of the North Fork
North Creek, minor introgression occurred.
TheWest Pine Creek population persisted in
the presenceof brown trout and was not
threatened with hybridization (Hepworth et
al. 2001).

Assuch, artificial barriers were deemed
necessary to protect restored popul ationsof
nativetrout (Table2). Barrierscan,
however, potentialy create problemsby
increasing fragmentation and limiting
naturd fish migrations (Kershner 1995,
Young 1995b). Rather than further
fragment existing native trout populations,
we used barriersas part of restoration
projectsto increasetherangeof native trout
and decrease fragmentation. Popul ationsof
nativetrout were restoredin areas where
they had been totally extirpated; barriers
used to isolate these locationsfrom
nonnativetrout. In other situations,
remnant popul ationswere expanded by
constructingbarriers at downstream
|ocations, removing nonnativetrout above
thebarriers, and allowing headwater
populations of remnant nativetrout to
expand into the renovated stream sections.
Plansincludereconnecting the remnant
populationin West Pine Creek with a
putative populationin North Pine Creek,
thus reducing fragmentation by use of
barriersconstructed near the lower end of
themain stream. Similarly, other
restoration projectsincluded second and
third order stresmswith multipletributaries
(Table2) whereasremnant populations of
native trout had been restricted to simple
fird order streams(Table 1).

Most barriers were constructed of large,
selectively placed rock to form check dams
and waterfallsof at least 1.5 m. Road
culvertswereused to do the samething
when projects could be coordinated with
road work in suitable areas. Over time, it
became apparent that effective barriers
required splash padsto prevent formation of
plunge pools at the base of the falls, thus
limitingthe ability of trout to jump barriers.

Barriersthat worked best were adjacent
to other obstaclesthat limited fish
movement such as seasonally de-watered
stream segments (Birch Creek, Table 1;
Sam Stow Creek, Manning Meadow Creek,
Tenmile Creek, and Pine Creek, Table 2).
Theonly barrier constructed as a single-
point structure, where nonnative fishes had
acontinual presenceimmediately
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downstream, partially failed because of
formation of aplunge pool (North Fork
North Creek; Table 2). The remnant
headwater population of nativetrout in the
North Fork North Creek was likely
conserved athough effortsto expand these
fish wereonly partially successful.
Althoughfish abovethe barrier
phenotypically appeared to be cutthroat
trout, genetictests conducted in 2001 found
fishfiom the restored stream sectionto be
more introgressed (15%) than headwater
fish (6%0).

Werelied on anintermittent stream
section and aroad culvert to function as
barriersfor the original 1977 renovationof
Sam Stowe Creek. Road constructionin the
1980s altered the culvert, and high spring
flowsin theearly 1990s alowed rainbow
trout to migrateinto thisstream even
though it was thought to beisolated.
Another barrier had to be constructedand
the entire project was re-conducted in 1997.

Brown trout regained accessinto lower
Threemile Creek as aresult of high water
flows through a normally de-watered stream
section. Thesefish did not, however, move
past a barrier that was constructed as part of
the 1994 renovation project, and brown
trout were selectively removed fiom the
lower stream segment by electrofishing 500
m of stream.

I n cases where constructionof barriers
with secondary obstacleswas not possible,
we opted in recent yearsto construct
multiplebarrier waterfalls (West Boulder
Creek, Pine Creek, and White Creek, Table
2), similar to many natural situationswhere
multipleobstacles protected remnant
populations. Multiple barrierscrested a
buffer zonethat could be easily monitored
and readily renovated should nonnativefish
gainaccessabove the lowest barrier and
assured overal project successshould a
singlebarrier fail.

In general, barriersshould be
consideredtemporary or constructed with
an understanding that they will likely
requirelong-termmaintenance. Given
enough time without maintenance, they will
likely fail. Even if barriersare needed for
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15-20 years, long-term plans shouldfocus
on their elimination by expanding
populationswithin larger portions of overall
watersheds, providing that both biological
and socio-political solutions can be
satisfied.

Restorationof M etapopulations

Conceptualy, metapopulationshave a
gregter probability of long-term persistence
than smaller populations. Cutthroat trout
metapopul ations have greater demographic
stability than smaller populations; they
dlow large-scalefish movement and
migrations, interconnect smaller
populations, alow replacement after
stochastic or catastrophiclosses of fish fiom
individual streams, and providefor large
and diverse gene pools (Kershner 1995,
Young 1995a, 1995b). Thus, restoration
effortslogically would attempt to restore
native trout over larger areas; however, we
found that larger and more complex
restoration projects that had metapopulation
characteristicswere subject to more
potentia problemsand failures than smaller
projects. This discrepancy resultedfiom
complicationsof human impactson natural
systems and because of greater difficulty
removing al nonnative fisheswith rotenone
in larger systems.

M etapopulation function and theory is
often viewed asit appliesto natural
situationswithout regard to human
influence, but humanimpactscannot be
overlookedin practical management
situations. Gresswell et al. (1994) found
numerous human impactsaffected the
Y dlowstone L ake metapopul ationof
cutthroat trout even with park protection
and noted that asingleillegal introduction
of rainbow trout could threatenthisentire
complex of nativetrout. Mangel and Tier
(1994) explained that risk of extirpation
fiom catastrophiceventscan be ashigh for
large populations asit isfor small
populations,and that corridors connecting
populationscan provide pathwaysfor
catastrophiclosses and extinction. Thiswas
especidly truefor cutthroat trout, given that
the foremostfactor credited to population
declinesin thelate 1800sand early 1900s



was the introductionof nonnativetrouts
(Behnke 1992, Kershner 1995, Young
1995b, Hepworth et a. 2001). These
nonnative fishes spread throughout
interconnected waterwaysand replaced
native cutthroat trout, including native trout
in the mgor river systemsin southern Utah
(Popov and Low 1950, Cope 1955).

By 1977 the only nativetrout
remaining were remnant popul ations
restricted to first order streamscomposed of
headwater tributariesto the larger rivers.
We restored native cutthroat trout
populationsin relatively simplestream
systemsin the 1970sand early 1980s(Table
2) and then progressedinto larger drainages
with multipletributaries (South Ash Creek,
Leeds Creek, Threemile Creek) starting in
thelate 1980s as opportunitiesand
methodologiesallowed. By the 1990swith
development of conservation strategies,
restorationgoal sexpanded to include re-
establishing native trout in larger and more
complex systems, if possible, with
increased connectivity and &t least some
characteristicsof metapopulations. By the
late 1990s we began restoring multiple
tributary streamsinterconnectedwith lakes
and reservoirs(Manning Creek, Manning
Reservoir and Barney Reservoir; UM Creek
and Forsyth Reservoir). Theselarger
systems were restored systematically asa
combination of smaller projectscompleted
over multipleyears. At the sametimewe
continued to restoresmaller, first order
streams (Birch Creek-B, Tenmile Creek,
and White Creek).

In our evauationsmall projects
conductedin fragmented streamswere less
subject to negativeinterventionsby man
comparedto larger systems. Illegal
movement of nonnativefishwasnot a
problem whileworking with small isolated
streamsthat were of littleinterest to the
public for sportfishing. Conversdly, this
risk and difficulty of removingnonnative
fishesincreased as restoration projects
expandedinto larger areaswith greater
amounts of sport fishing. Although most
restoration projects remain successful,
public complaintshave been common and

requests have been made to stock nonnative
trout in UM Creek, Dougherty Lake, and
Manning Meadow Reservoir. Most
southern Utah reservoirs>100 ha have had
illegal fish introductionswithin the last 25
years.

Managersalso should consider threats
to nativetrout in regard to time and set
management prioritieson that basis. It does
littlegood to attempt to prevent long-term
threatssuch as inbreeding depressionby
establishing metapopulationsif short-term
problemssuch as expansionsof nonnative
fishesare not dealt with first. Thiscan be
trueeven if the short-term actionsappear
temporarily detrimental to long-term
considerations.

We suggest restoring nativetrout in
multiplehistoricsites, working with both
large and small-scale systems. Managers
should consider avariety of projects
realizing that threatscan be both natural and
human-caused, and that project feasibility
and potential for successcanvary in
different Situations. For example,
conservationof an existing metapopulation
might be a high management priority
regardiessof therisks. Incontrast,
completerestoration of a metapopulation
might not be justified althoughsome
atributes of alargeinterconnectedsystem
appesr atractive. Evenif highrisk isonly
associated with asinglethreat, timeand
agency resourcesput in jeopardy by such a
risk might be too great to justify the project
under these conditions.

Socio-political | ssues

Obtaining regulatory clearancesto
conduct recovery projectshasincreasingly
become more complex and difficult. Inthe
1970s restoration projectsreceivedlittle
resistance or concern, but therewaslittle
funding and few programsto support such
work. Increased awarenessthat a
subspeciesof cutthroat trout could be listed
under the ESA and the establishment of
state and USDA Forest Servicesensitive
specieslists helped establishfunding
mechanismsand justify expenditureson
programmatic approaches to conservation.
At the same time, these actionshad some
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negativeaffects. Oppositiondeveloped to
transplanting cutthroat trout becauseof their
sensitivestatusand the associated
implicationsthey might have on other land
management issues. Restorationprojectson
Spring Creek in 1993 and Deer Cregk in
1994 were canceled after considerable
planning effort because of conflictingissues
with other land uses and promisess UDWR
had made with the local countiesto avoid
such problems. Evenwhile the USDA
Forest Service officially supported native
trout restoration through conservation
agreements, some district rangersand land
use specialistsopposed transplantssmply
to avoid associated complicationsand
controversy. Moreimportantly, county
governmentsexpressed oppositionto
expansionsof native trout becauseof
possibile federd listingand subsequent
restrictionson resourceuse. At timeslocal
governmentswere often skeptica of state
agency objectives, wondering whether we
wanted to prevent federal listingor rather
wanted sensitivespeciesto drive land use
policy. Over time, obtaining regulatory
clearancefor use of rotenone has become
more difficult. 1t remainsunclear how the
National Environmenta Policy Act (NEPA)
applies to state restoration projects
conducted on federal lands. Inconsistencies
in implementingNEPA processespersist
among agencies and even among National
Forests.

To help dleviate concernsover
sensitivespecieslistings, inter-agency
conservation agreementsfor native
cutthroat trout in Utah wereestablishedin
1997 among the UDWR, Utah Department
of Natural Resources, Utah Reclamation
Mitigation and Conservation Commission,
USDI Fishand WildlifeService, USDA
Forest Service, USDI Bureau of Land
Management, and USDI Bureau of
Reclamation (Lentsch and Converse 1997,
Lentsch et a. 1997). Theobjectiveof the
agreementswasto remove threststo
cutthroat trout that could lead to federal
listing under the ESA. The agreements
reduced local concernsover the sengitive
status of cutthroat trout by alowing
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transplantsand introductionsto take place
without giving new populationssensitive
Speciesstatus; naturally existing
populationsand popul ationsestablished
prior to the agreementsretained sensitive
status. However, about the time that
conservationagreementswerebeing
finalized and implemented, local
government concerns culminated with
passageof a1998 state law in Utah
requiring county approval of written plans
for any transplantsof state or federal
sensitive species (1998 Utah Code 23-14-
21). In addition, the Endangered Species
Protection Fund was established in Utah the
same year, sponsored by rurd legislatures
(1998 Utah Code 63-34-14). Itspurpose, in
part, isto provide funding to the Stateto
pro-actively manage sensitive species, thus
preventing the need for federal listing under
ESA.

To comply with the transplant law,
recent restoration projects (Table 2) were
planned by the UDWR and then approved
by local counties. The development of
county approved planswasincorporated
into the NEPA processand includeswriting
an Environmental Assessment although an
actual need for thislevel of NEPA
complianceremainsunclear. Cost of
project planning and approva has grezatly
increased and is generally much greater
than the cost of actually completingfield
work. It isnolonger cost and time effective
to work on plansfor small individua
streams because small projectsrequireas
much planning effort aslarge projects. We
have partially solved this problem by
devel oping Environmental Assessmentsthat
include restoration plansfor up to 10 or
more |akes and streams.

Todate, the new transplant law has not
resulted in project terminations. Counties
have shown awillingnessto grant
approvals, knowing they now have
considerableauthority in the processand
knowing that projects will be terminated if
listing status changes, which would void
current plans. For instance, stocking of
Bear Lake Bonnevillecutthroat trout by the
state of Utah would have to be discontinued



in Bear Lake, Utah-1daho accordingto the
1998 Utah law if Bonneville cutthroat trout
were listed under the ESA - at least until a
new planwas developed and approved by
theloca county. Asaresult, federa listing
poses a more serious predicament for state
managersthanit did prior to the 1998 Utah
lav. Behnke (1992) cautioned that
compromise needs to be reached in
applicationof the ESA to avoid apublic
backlashagainst the act and not have
conservationeffortsimmobilized. Federa
listing of Bonneville and Colorado River
cutthroat trout under the ESA could stop, a
|east in Utah, culture from wild brood
stocks, annual stockings, annua
introductionsof millionsof native trout, and
millionsof dollarsof management and
hatchery programsthat might be difficult to
reinstate.

Ironicaly, the greatest remaining threat
to continued nativetrout conservationin
Utah by UDWR could be the ESA.
Althoughfederal law would pre-empt state
law, it might not bean issue. The 1998
statelaw ssimply requireslocal govemment
participationin the planning process for
restoration projects. Under current
conditions, cooperation has evolved among
local, state, and federal agenciesbecauseof
amutual goa to pro-actively prevent
federal listing. Considerablecooperation
and incentive among agenciescould be lost
asaresult of federal listing and replaced
with mandatesattempting to force
conservation, which would likely meet local
resistance and an even larger adversarial
presencein development of conservation
plans. Granted, in other situationswhere
management actionsfor a speciesmight be
lagging, listingunder ESA could bethe
most appropriate method to stimulate
agency response.

More recently, as restoration projects
wereexpanded into larger and more
complex systems, anglersexpressed
increased concern over potential loss of
nonnative but popular sport fisheries. In
response, we have stressed the importance
of using nativetrout in waysto improve
angling (Hepworthet a. 1999,2000). In

one case, native cutthroat trout stockedina
small reservoir were found to have higher
over-winter survival than rainbow trout. In
other situations, stunted brook trout in small
lakes are being replaced with native
cutthroat trout that will attainlarger sizes
and be more attractiveto anglers (Willow
Bottom lakes, RobsReservoir, and Pine
Creek Reservoir, Table 2). Projectsshould
be planned to increase support for native
trout, rather than create public opposition.

CoNCLUSIONS

Wefound by trial and error that
restoration projectsfail because of various
reasons. Asprevioudly discussed, problems
were encountered with incomplete removal
of nonnativetrout with rotenone, barrier
failures, and potentially from surreptitious
stockings. Another factor that can influence
project successis habitat suitability. Durfey
Creek (Table 2) wasfish-lessprior to
introducing Colorado River cutthroat trout.
Theintroductionlikely failed because of
cold water temperatureswhich did not
exceed 10°C. Someof the transplantedfish
persistedfor at least 3 yearsbut failed to
reproduce. Harig et a. (2000) described
failurerates>50 percent for transplanted
populationsof native trout in Coloradoand
New Mexico streamsdueto low water
temperature, small streamsize, and
degraded habitat. We evaluated habitat
suitability for restorationsitesbased on
present conditionsfor nonnative trout and
the historiesof trout in these streams. Most
restoration projects we conducted were
selected because they had habitat that
supported healthy nonnativetrout
populations. The USDA Forest Service
recommended ThreemileCreek asa
restoration site because changesin livestock
grazing had already been madewithout
nativefish being an issue. Riparianhabitat
and stream conditionshad improved prior to
restoring native trout in 1994.

In other situationswe discontinued
restoration projectson Spring Creek in 1993
and Deer Creek in 1994 (Table 2) because
of socio-political issues. Livestock grazing
apparently was going to become an issue on
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Spring Creek, and we had committedto
loca government officialsthat restoration
work would be conductedin a non-
controversial manner. At Deer Creek it
became apparent that it would be difficult to
remove all nonnative trout with rotenone,
stay within the defined project area, and not
causea controversy withlocal sport
fisheries. Althoughfailure of theselatter
two projectswas disappointing, it
afterwardsadded credibility to overall
restoration efforts when additional project
approvaswere sought and we claimed that
conflictswith other land uses would be
avoided as they had beenin the past.

Overal, wefound five important
factorsin selecting sitesfor restoring
populationsof nativetrout. Projectsshould:

(1) havehabitat capable of supporting
multipleyear-classesof wild trout over
many years

(2) becost and timeeffectivein regard
to the size of the restoration project and
justify renovationefforts;

(3) befeasible by having ahigh
probability that all nonnative fishes can be
removed with rotenone and prevented from
returning;

(4) avoid mgjor land use conflicts; and

(5) have supportfrom the public and
land management agencies.

Although finding a perfect restoration
siteisdifficult in light of the above factors,
advantagescan be weighed against
disadvantages. For any given location,
potentia problemscan berecognized and
pro-activeplans made to deal with these
concernsor avoid problemsby selectingan
aternatesite,

Successand failurerates are not a valid
meansto evaluate overall restoration
success. Potential restoration projectsoften
arisefrom circumstancesother than those
considered primarily for nativetrout. UM
Creek was restored due to efforts to control
whirling disease (Table 2). Leeds Creek
and Birch Creek were restored because wild
firesresulted in large losses of nonnative
trout present at the timeof thefires. Durfey
Creek was selected as atransplant site
becauseit was afish-lessstream wherea
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transplant could be conducted without
gpprova to conduct arotenone treatment.
Although habitat at some sites might be
marginal or other problems such as whirling
disease might be present, an opportunistic
restorationattempt doeslittle harm aslong
asfish areavailablefor transplant without
jeopardizingsource populations. Greater
risk in some situationsmight be associated
with the potentid for greater gain. Itis
importantto understandwhy projectsfail,
but keeping score of failurerateshaslittle
overdl value. Totd restoration progress
gained versustime and money spentisa
more useful way to evaluate success.
Maintaining successfully restored
streamsand |akes requiresfrequent
monitoring and a long-term commitment.
We scheduled population surveyson all
native trout streamsevery 7 years. This
alowed timeto conduct restorationprojects
between monitoring populations, which in
turn, gave direction in planning new
restorationprojects. Nevertheless, we
suggest morefrequent spot-checksto
survey key areas, check recently treated
areas, maintain migration barriers, monitor
habitat conditions, and evaluate re-
colonization of restored areas by recently
introduced fish. Some of theseconcerns
should be evaluated annualy in recently
restored areas, then evaluated less
frequently after it isdetermined that
projectswereinitialy successful and as
such, reached a higher level of security. For
example, UM Creek has been monitored
annudly since 1996 to evaluate progressas
the native trout popul ationdevel ops, while
South Ash Creek was restored in 1986,
watched for afew years, and then surveyed
in 1995 and 2002. Unlesssome problem
becomes evident, South Ash Creek will
likely not be surveyed again until 2009.
Altogether, restoration projectswere
conducted on 42 streamsand lakes within
southern Utah during the past 25 years
(Table2). Seventeenof these projectshave
been successful in establishing self-
sustaining populationsfrom the time the
projects werefirst completed. Ten projects
were conditionally or partially successful



after supplemental actionsweretaken to
overcomeproblemsthat occurred
subsequent to theinitial restorationeffort.
Thee restoration projectsfailed and there
was no other attempt to restore these sites.
An additional 12 restoration projectsare
still in progresswhere self-sustaining
popul ationsare expected to become
established. Despite some problemsand
delays, nativetrout increased from just
three remnant populationsin about 9.9 km
of stream known to occur in 1977, to
established populationsin 33 streamsand
over 150 km by theyear 2002. Restoration
projectsin progress, if successful, will
increasestream habitat by another 105 km
and lake habitat to atotal of 108 ha (9 lakes
and reservoirs) managed as native trout
conservation populations. Additional
projectsare planned for the future. In
addition, expanded use of native cutthroat
trout produced from wild brood stocks was
developedfor general sport fish
management applications. Stocking of all
nonnative cutthroat trout was discontinued
in Utah after 1999. Nativetrout restoration
has been successful becauseit wasan
important part of the state's annua work
plan with a dependablebudget, interest and
commitment increased among other
resource agencies, and the ESA posed a
common objective among agenciesand
local governmentsto preventlisting.
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