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DISCLAIMER

Recoveryplansdelineatereasonableactionsbelievednecessaryto recoverand/or
protectlisted species.Plansarepublishedby theU.S. FishandWildlife Service,sometimes
preparedwith theassistanceof recoveryteams,contractors,Stateagencies,andothers.
Objectiveswill beattainedandanynecessaryfundsmadeavailable,subjectto budgetary
andotherconstraintsaffectingthestakeholdersinvolved,aswell astheneedto address
otherpriorities.Recoveryplansdonotnecessarilyrepresenttheviewsnortheofficial
positionsor approvalsofanyindividualsoragencies(involvedin theplanformulation),
otherthantheU.S.FishandWildlife Service.Theyrepresenttheofficial positionofthe
U.S.FishandWildlife Serviceonlyaftertheyhavebeensignedby theRegionalDirector
orDirectorasapproved.Approvedrecoveryplansaresubjectto modificationasdictated
by newfindings,changesin speciesstatus,andthe completionofrecoverytasks.
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EXECUTIVE SUMMARY

Current SpeciesStatus:Listed asthreatenedthroughoutits range.Restrictedto north-
flowing tributariesof theLittle ColoradoRiver in Apache,Navajoand Coconinocoun-
ties,Anzona.

HabitatRequirementsandLimiting Factors:Springs,streamsandriverswith perennial
flow. Tendsto preferpools,but occurssporadicallythroughoutthehabitat.Hasatoler-
ancefor wide temperaturefluctuationsandhabitattypes.Speciessurvivalthreatened
by habitatloss,habitatmodification,competitionandpredationfrom non-nativefish and
introducedparasites.

RecoveryObjectives:Delistspecies.

RecoveryCriteria:Secureandmaintainall extantpopulations.Establishreftigiain the
mostnatural,identifiablehabitatswithin theprobablehistoricrange.Reintroduced
populationswill notbeconsideredestablisheduntil theyhavepersistedfor aminimumof
five years.

Actions Needed:
1. Securenaturalpopulationsandtheirhabitats.
2. Reestablishpopulations
3. Monitor all populations.
4. Definehabitatrequirementsofthespecies.
5. Developgeneticinformationandpedigree
6. Inform thepublic.

Costs- (DollarsX 1000):

Year Priority 1 Priority 2 Priority 3
Tasks Tasks Tasks Total

1998 126.0 271.0 12.0 409.0
1999 131.0 368.0 12.0 511.0
2000 123.0 373.5 12.0 508.5
2001 18.5 394.5 12.0 425.0
2002 19.0 284.5 12.0 315.5
2003 1.0 41.0 12.0 54.0
2004 1.0 43.0 12.0 56.0
2005 1.0 28.0 12.0 41.0
2006 1.0 28.0 12.0 41.0
2007 1.0 31.5 12.0 44.5
Total 422.5 1,863.0 120.0 2,405.0

Dateof Delisting: Expectedto occurin 2007if delistingcriteriaaremet ($2,405.00).

iv
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Part I

INTRODUCTION

The Little ColoradoRiverspinedace
(spinedace),Lepidomedavittata,is
currentlyrestrictedto northflowing
tributariesofthe Little ColoradoRiverin
Apache,CoconinoandNavajocountiesof
easternArizona(Figure1). Thespecies
wasdescribedby Cope(1874)from speci-
menscollectedduring 1871-1874by the
Wheelerexpedition(Wheeler1889).The
spinedaceis amemberof thetribe
Plagopteriniandis representedby three
otherspecies(oneextinct)aswell asby
two monotypicgenera(Medaand
Plagopterus).All membersofthe
Plagopteriniarealreadylistedaseither
threatenedorendangeredor arein the
processofbeinglisted.Theotherspecies
of spinedaceoccurin extremenorthwest
Arizona(L. mollispinis)andin Nevada
andUtah (L. albivallis andL. altivelis,
Miller andHubbs1960;Minckley 1973;
LaRivers1962).

Thespinedacewasincludedin theU.S.
FishandWildlife Service’s(USFWS)
“ReviewofVertebrateWildlife for Listing
asEndangeredor ThreatenedSpecies”
(USFWS1982).At that time, thespecies
wasconsidereda categoryonespecies,
indicating that theUSFWShadsubstan-
tial informationonhandto supporta
proposalto list thespeciesasendangered
or threatened.On 12 April 1983, theUS-
FWSwaspetitionedby theDesertFishes
Council to list thespinedace.This petition
wasfoundto containsubstantialscientific
orcommercialinformationand anoticeof
thefinding waspublishedon 14 June1983
(USFWS 1983).After reviewandevalua-
tionof thepetition’smerits,theUSEWS
foundthepetitionedactionwarranted.A
noticeof findingwaspublishedon 13 July
1984andthespecieswasproposedfor
listing on 22 May 1985(USFWS 1984,
1985).Thespinedacewaslisted asthreat-

0

z

Figure 1. Mapwith tributariesoftheLittle
ColoradoRiverdrainagein Arizonawhere
Lepidomedavittatahavebeencollected.
Mapadaptedfrom Blinn et aL (1996).

enedin 1987(USFWS 1987).Areasdesig-
natedasCritical Habitatincludes31 miles
ofEastClearCreek,CoconinoCounty,
from its confluencewith LeonardCanyon
upstreamto Blue RidgeReservoirand
from theupperendof Blue RidgeReser-
voir to PotatoLake;eightmiles of
ChevelonCreek,NavajoCounty,from the
confluencewith theLittle ColoradoRiver
upstreamto theconfluenceof Bell Cow
Canyon;andfive miles of NutriosoCreek,
ApacheCounty,from theApache-
SitgreavesNationalForestsboundary
upstreamto NelsonReservoirDam(US-
FWS1987).

DESCRIPTION

Thefollowing descriptionofthespinedace
wassummarizedfrom Cope(1874),Miller
andHubbs(1960)andMinckley (1973).
Mouth moderatelyoblique;second“spine”
ofdorsalfin strong;Dorsalfin moderately
high, andacute,its depressedlength2.0 to
2.3 inpredorsallength;analfin-rayseight
(rarelynine); scalesin lateralline usually

Part 1
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morethan90, generallyembeddedand
difficult to count;pharyngealteethin two
rows, 1 or 2, 4-4, 1 or 2. Vertebraenumber
41 to 43. Thespeciesis generallylessthan
100mm in total length(Miller 1963).

Sexualdimorphismis minimal, with
malesandfemalesreachinggenerallythe
samelength.Pectoralfin ofmalesconsis-
tently extendsbeyondinsertionofthe
pelvic fin; in femalespectoralfin is shorter;
generallynotreachingtheinsertionpoint.
Therearea fewdifferencesin breeding
colorsbetweensexes.Thebasesofpaired
fins in maleshavebeendescribedasturn-
ing anintensereddish-orange(Miller 1963)
or a washof weakyellowor orange
(Minckley andCarufel1967).Femalesalso
reportedto developa wateryyellowishor
reddish-orangeatthebasesofthepaired
fins (Miller 1963).Thbercleson thebodies
of maleshavebeenreported(Minckley and
Carufel1967).

Life colorsdescribedby Miller (1963)
wereasfollows: “. . . nearlyverticaldark
lines(thatextendsdorsallyfrom the
midside)shinelike polishedsilverandthe
venteris white. Theuppersidesare
olivaceous,andthe backis olivaceous,
bluishorleadgrey.Exceptfor pigmenta-
tion alongthefin raysand on theinterra-
dial membranesnearthe basesof thefins,
bothpairedandunpairedfins arelargely
clear.Irregularly distributed,fine,black
puncticulations(givingapepper-likeeffect)
overlie thesilvery sidesfromthebasesof
thedarkverticallinesto abouthalfway
betweenthelateralline andthemidline of
theabdomen...Whenthelive fish are
viewedfrom directlyabove,a conspicuous,
cream-coloredspot is seenatboth the
origin of thedorsalfin andnearthebases
oftheterminalraysofthis fin.” Partsof
thebelly arewatery-yellow;fins otherwise
clear.Scalesshowlight bluish to greenish-
brassreflections.

DISTRIBUTION

Historical.

Theoriginal collectionsofspinedacewere
from “The Little ColoradoRiver some-
wherebetweenthemouthoftheZuni
RiverandSierraBlanca(WhiteMoun-
tain).” (Miller andHubbs1960).Thespe-
ciesmayhavealsooccurredin New Mexico
in the Zuniwatershedsouthof Gallupbut
therearenorecordsto thateffect (Miller
1961,MinckleyandCarufel1967, Sublette
etal 1990).Prior to 1939,fourcollection
recordsfor this specieswereavailable,
althoughMiller (1961)stated“. . . thereis
no reasonto doubtthatL. vittata wasonce
abundantin themainstempartof the
upperLittle ColoradoRiverand in its
severalcool tributaries(Silver Creek,
ShowLow Creek,ChevelonCreek,and
ClearCreek)that riseon thenorthern
slopesofthe WhiteMountainsand the
MogollonRim.”

Extensivecollectingin 1960suggested
thespinedacehadbeenextirpated
throughoutits knownrange,buta single
specimenwastakenfrom ClearCreek
(Miller 1961,1963).Surveysconductedin
1961founda largepopulationin EastClear
Creekto whichthespecieswasthoughtto
berestricted(Miller 1963).Becauseofthe
apparentdeclinein abundanceanddistri-
bution,thespecieswasdescribedasendan-
geredin 1961(Anonymous1966,Bransen
1966;Miller 1963,1964;Miller and Lowe
1964;Minckley 1965).Between1963 and
1966,however;thespinedaceappearedin
mostnorthflowing tributariesoftheLittle
ColoradoRiver andits headwaters
(MinckleyandCarufel1967).Populations
thenagaindeclined,until it wasagain
consideredendangered(Minckley 1973).A
newpopulationdiscoveredin lower
ChevelonCreekdemonstratedthat the
fish still persistedin thewatershedin 1977
but its statusremainedprecarious(Blinn
et al 1977).

Part 1
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Present.

Distributionalsurveysmadein 1983
throughoutthe speciesknownhistoric
rangeconfirmedthatfive populationswere
still present(Minckley 1984).Spinedace
weretakenat 11 localities,ninepreviously
reportedandtwo which hadnot.Previ-
ouslyreportedlocalitieswerein theLittle
ColoradoRivermainstem,EastClear;and
Cheveloncreeks.Two newlocalitieswere
in NutriosoCreek,ApacheCounty.Collec-
tions in the 1990scontinuedto find spine-
dacein theLittle ColoradoRiver,East
ClearandCheveloncreeks,two morenew
localitiesin Nutrioso Creek,Apache
County,anda newpopulationin Rudd
Creek,a tributary of NutriosoCreek
(AGFD 1988,Blinn andRunck1990;
MarshandYoung1989).Populationlevels
of spinedacein EastClearCreekhas
continuedto declinemarkedlysincethe
1983collections;spinedaceareagaincon-
sideredrarein thatsystem(Denovaand
Abarca1992).

HABITAT

Miller andHubbs(1960)described
localitieswherespinedaceweretakenas

[wateri yellowish,brownish-white,
andmurky; currentslight to swift; bottom,
thick mud,sand,clay,gravel,and rock;
depthof capture,1 to 3 feet;andvegeta-
tion,white waterbuttercups(ratherthick
in patches),Chara,somerushesandal-
gae.”In EastClearCreektheygenerally
foundthefish in permanentflowing stream
sectionsand occasionallyin stagnating
pools.Miller (1963)reportedthefish oc-
curredin flowing streamsectionswhere
substratesconsistedofsand,gravel,rocks,
boulders,somesilt andbedrock.Water
colorvariedfrom greenishbrownto clear.
Streamwidth averaged15 meters(in) with
fish beingtakenin waterup to two m deep
(Miller 1963).

Spinedaceoccupiesmid waterportions
ofclearflowing pooisofmediumdepth,
with fine gravelbottoms(Miller 1963,

Little Colorado River SpinedaceRecoveryPlan

MinckleyandCarufel1967).Thespecies
avoidedthedeepestheavilyshadedpools
andrelatively shallowopenareas;spine-
dacewerepredominatelyin openpools
with undercutbanksand/orbouldersfor
cover.Duringperiodsofhighdischargethe
speciesbecamemorewidelydistributed
throughoutEastClearCreekwith adults
occurringatthe upperendsof poolsand
theshallowlowerendsofriffles. During
spateconditions,spinedaceoccurredin
eddieslateralto thecurrent(Minckley and
Carufel1967).Minckley (1984)found
spinedacein poolswith slowto moderate
currentadjacentto riffles. Waterdepths
variedfrom 16-88cm overa varietyof
substratesincludingbedrock,sand,gravel,
cobbleandmud. Morerecentstudieshave
reportedsimilarpatternsof habitatprefer-
encesandfurthermoredocumentedawide
toleranceofthespeciesfor avariety of
physico-chemicalfactors(Blinn andRunck
1990,DenovaandAbarca1992, Nisselson
andBlinn 1991).

LIFE HISTORY

Reproduction.

Early observationsofspinedacespawning
activitiesarelimited. However,C. Hubbs
(Miller 1963)observedfish hepresumedto
bemalesfollowing apparentfemalesand
nibbling themaboutthevent.Eggsare
presumablyrandomlydepositedover the
streambottomoron aquaticvegetationor
otherdebris(Minckley1973).Minckley
(1973)andMinckley andCarufel(1967)
suggestedspinedacespawnfrom early
summerto earlyautumn.Miller (1961)
suggestedthat spawningoccurredin both
May andJuly of 1961basedon thecollec-
tion ofyoung-of-the-yearfish. Basedon
length-frequencydistributions,spinedace
spawnedinJune-Julyin 1983(Minckley
1984).Blinn andRunck(1990)presumed
that spawningoccurredduring latespring
or earlysummerasfemaleswith mature
eggswerecollectedduringMay only.Fish

Part 1 3

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfw

m
/article-supplem

ent/440999/pdf/10.3996jfw
m

-20-005.s4/ by guest on 15 Septem
ber 2022



Little Colorado River SpinedaceRecoveryPlan

takenin JuneandJuly lackedeggs.Blinn
(1993)reportedspinedaceaveraging87
mmtotal lengthpresentin theArboretum
refugiawerein reproductiveconditionon
10 May 1993. By 24 May, severalhundred
juvenile fish wereobserved.

More recentobservationsat TheArbo-
retumillustratedthatspinedacespawned
in slow currentovercobbleswith several
(4-8)malesattendingeachfemale.Spawn-
ing activity wasobservedthroughoutMay
of 1994(D. W. Blinn pers.obs.).

High proportionsoffemaleswith ma-
ture ovarieswerefoundin bothMay and
October;suggestingthatfemalesmay
spawnmorethanoncea year(Minckley
andCarufel1967).Thesamestudyre-
portedthreesizeclassesofeggs,with
fecundityestimatesrangingfrom 650-1000
total eggsperfemale.Blinn and Runck
(1990)determinedthat spinedaceegg
diameterrangedfrom 20-50micronsatthe
first discernableeggstageto 1.0-1.28mm
for matureeggs.Fish<50mmtotal length
lackedmatureeggs,whichgenerallywere
foundin fish >64mm total length.The
percentageof matureeggscontinuedto
increasewith sizeoffish but variedwith
seasonand location.Whengonadalsomatic
valuesapproached20%,>90%oftheeggs
weremature,while <60%of theeggswere
maturein fish with a gonadalsomatic
indicesof<10%.Detaileddescriptionsof
larval spinedacearepresentedin Miller
(1963).

GROWTH AND SURVIVAL.

Preliminarydataindicatesthatspine-dace
are6-8mmin total lengthwhentheyhatch
andreach25 mmin onemonth.After 10
weeksfish are50-60mm,reaching75-80
mmby theendof thefirst year.Collection
oftheoriginal transplantsplacedin the
Arboretumpondindicatestheylive atleast
threeyears(DeanBlinn, pers.comm.).

GENETICS.

Patternsofgeneticvariationwithin and
amongremainingpopulationsofspinedace
wererecentlydescribedby Tibbets,etal.
(1994).ResultsfrommitochondrialDNA
andallozymesurveysindicateconsiderable
populationstructure,with mostvariation
foundamongsamples.Distributionsof
variationsuggestthat therearethree
distinctpopulationswithin theLittle
ColoradoRiverdrainage.All of these
populationsshouldbemaintainedto con-
servegeneticvariationin this species
(Tibbetsetal. 1994).

FOOD HABITS.

Stomachanalysisoffish collectedfrom
NutriosoandCheveloncreeksindicated
spinedacearepredacious.In May, aquatic
insects,primarily chironomidlarvaeand
ephemeropterannymphs,werethe most
commonfoodsin stomachs.In July,
stomachcontentscommonlyincluded
cladoceransanddetritus;Heteroptera,
Coleopteraandfilamentousgreenalgae
wereabundantandterrestrialinverte-
brates,(Formicidae,Diptera,Thysanop-
teraandCrustacea)werepresent.
Studiesofspinedacecollectedfrom Cheve-
lon Creekrevealedsimilarinformation.
Stomachscontentsfrom fish collectedin
Junecontainedchironomidsandephemer-
opterans,filamentousgreenalgaeand
vascularaquaticplantsfragmentswere
morecommon,thanin July andterrestrial
insectsandfilamentousgreenalgaewere
alsopresent.Smallerfish containeda
higherpercentageofsmall aquaticinsects,
ephemopteransandchironomids(Blinn
andRunck1990).

Stomachsfrom spinedacecollectedin
Octobercontainedterrestrialinsects,
chironomidlarvae,corixidaeandelmidae.
Adult dipteransweremajorcomponentsof
stomachcontentsofspinedacecollectedin
January;chironomidlarvae,plecopteran
nymphsandcorixidaewerecommon(Blinn
andRunck1992).Noterrestrialinsects
wereidentifiedinJanuary(Blinn and
Runck1992).
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CO-OCCURRING FISHES

Native fishesassociatedwith spinedace
includespeckleddace(Rhinichthys
osculus);blueheadsucker,(Pantosteus
discobolus);Little Coloradoriver sucker
(Catostomussp.).Roundtailchub(Gila
robusta),(now rarein theLittle Colorado
Riverbasin)andApacheTrout
(Onchorhynchusapache).Historically,
prior to theintroductionofnonnative
speciesandhabitatmodification,it is
presumedanequilibriumexistedamong
nativefishestherebypermittingthenative
faunato coexistthroughtime.

Introducedspecieswhichnow occur
with spinedaceincludecarp(Cyprinus
carpio), fatheadminnow,(Pimephales
promelas),redshiner,(Cyprinella
lutrensis),goldenshiner;(Notemigonus
crysoleucus),bluegill, (Lepomis
macrochirus),greensunflsh,(L.cyanellus),
largemouthbass,(Micropterussalmoides),
cutthroattrout, (Onchorhynchusclarki),
rainbowtrout, (0.mykiss),browntrout;
(Salmot’rutta), brooktrout, (Salvelinus
fontinalis), channelcatfish(Ictalurus
punctatus)and plainskillifish, (Fundulus
zebrinus).All arepotentialpredatorson
spinedace,eggs,larvaeandadults.

REASONS FOR DECLINE

Threatsto thesurvivalofspinedace
includechangesin streamflow patterns,
declineinwaterquality andquantity,
modificationsofwatersheds(logging,dams,
roadconstruction),manipulationoffish
populations(useof chemicalsandothers)
andinteractionswith introducedfishes.

Documentingspinedacedeclineis
complicatedby their distributionalpat-
terns.Populationsfluctuatedramatically,
beingvery abundantat timesandessen-
tially absentor difficult to find atother
times.Suchfluctuationshavebeenob-
servedbetweenyears,months,and,in
somecasesdays,(Miller 1963,Minckley
andCarufel 1967).Changesbetweenyears
maybeattributedto climatic conditions
Part 1

suchasdroughtor increasedrainfall.
Populationvariationsovershorterdura-
tionsremainunexplainedandareoneof
theuniquecharacteristicsof this species.
This characteristicmayhavebeenhistori-
cally beneficialinallowing spinedaceto
exploit orevacuatehabitatsquickly, but
thehuman-relatedchangesto habitat
conditionsmayhaveinterferedwith the
fishe’seffectivenessin utilizing habitatson
ashort-termbasis.

Althoughgenerallyundocumented,
spinedacepopulationsarebelievedto be
impactedby: 1) reductionin streamdis-
chargebecauseof damconstructionon the
Little ColoradoRiver; 2) alterationin
patternsofflow, and3) changesin sedi-
mentation,movementand deposition.
Damshavebeenconstructedon Chevelon,
Willow, EastClearandSilver creeks,and
numerouslakesanddiversionshavebeen
constructedthroughoutthewatershed
(Anon.1981).Themostobviousimpactof
thesestructuresis reductionof stream
flows anddirectlossofhabitat.

Increaseddepositionofsedimentin
spinedacehabitatis believeddetrimental
to long termspinedacesurvival.Although
currentloggingoperationsaredesignedto
preventsuchdepositionprior practices
mayhavecausedextensivehabitatloss
and/ordegradation.Loggingprocedures,
roadbuilding, and overgrazingby ungu-
lateson thewatershedall tendto increase
depositionofsediments.Increasedsedi-
mentationrates,modificationsofexisting
channels,andhabitatlossresultingfrom
increasedrunoffcausedby suchpractices
haveadverseimpactsonspinedace.
Becausethisfish historically occupied
permanentflowing streamsthatcontained
diversesubstrates(Miller 1963)increased
sedimentationratesmayhavereduced
substratediversitybelievednecessaryfor
spinedacesurvival.

Theuseofpiscidesin the Little Colo-
radoRiverbasinduringthemid 1900’s
mayhaveadverselyimpactedspinedace
populations(Hemphill1954;Minckleyand
Carufel1967).However,manipulationof
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fish populationsby chemicalmeansis no
longerwidelypracticed.

Theimpactof introducedfisheson
nativefish canbesubtle(e.g.,displacement
from preferredhabitats)indirect(e.g.,
competition)ordirect (e.g.,predation).To
date,little informationis availableto quan-
tify theexactimpactsof mostintroduced
fishesonnativeforms;however;both
competitionandpredationarestrongly
suspectedasreasonsfor thedeclineor
disappearanceof numerousnativefish
populations.This is thecasewith thered
shiner,which hasbeenimplicatedin the
declineoftwo otherPlagopterines,the
woundfin(Flagopterusargentissimus)and
spikedace(Medafulgida).Recently,Dou-
glas et al. (1994)andUSFWS(1991)pre-
sentedvarioustheoriesto explainthe
relationshipbetweenredshinersand
spikedaceto includeinvasionsof: 1) previ-
ously unoccupiedniches;2) vacantniches
left by othernativeminnowsextirpated
becauseofhabitatalteration;and,3) areas
occupiedby spikedaceand theconsequent
displacementofspikedacethroughcompe-
tition and/orpredation.Thesetheoriesare
sharedby Minckley (1973),Minckleyand
Carufel(1967),Minckley andDeacon
(1968),Propstet al. (1985,1986),Bestgen
andPropst(1986),Marshetal (1989).In
theGila River theinvasionofunoccupied
nichesby redshinerwasthoughtto
presentthemostlikely reasonfortheloss
of spikedace(Probstet al. 1986,Bestgen
andPropst1986).A recentlaboratory
studyandin situ foundshiftsin habitat
useby spikedacein thepresenceofred
shiners(Marshetal. 1989).Spinedacemay
beimpactedin muchthesamewayasthe
spikedace.

Historically,nativefish populationsin
theLittle ColoradoRiver consistedof two
cyprinidsand two catostomidsandApache
troutwhichmaintainedequilibriumpopula-
tions. Underhistoric conditions,fish popu-
lationsundoubtedlyvariedwith changesin
climaticconditionsbutanamplehabitat
wasavailableto maintainpopulations
throughtime.With developmentofthe

Little Colorado River SpinedaceRecoveryPlan

basinandresultanthabitatmodifications,
nativefish populationswereimpacted
adversely.In concertwith thesehabitat
modifications,non-indigenoussalmonids
wereintroducedandmaintainedto sustain
a recreationalfishery.Predationon
spinedaceandcompetitionfor foodand
habitatis believedto havecontributedto
thedeclineofspinedacewithin theLittle
ColoradoRiversystem.

MinckleyandDeacon(1991),Meffe
(1983,1985)andRinneandMinckley (1991)
haveproposedthatpredationplaysa
majorrolein theoveralldeclineofnative
southwesternfishes.Thishypothesiswas
recentlyexaminedin astudywhich investi-
gatedthe significanceofrainbowtrout
predationondistributionandbehaviorof
spinedace(Blinn andRunck 1992,Blinn et
al. 1993).Laboratoryandin situ experi-
mentsillustratedhighpredationrateson
spinedaceevenin thepresenceof natural
coverandabundantmacroinvertebrate
prey.Spinedaceshowedlittle predator
avoidancein thepresenceofrainbowtrout,
suggestinglimited interactionwith large
nonnativepiscivoresduringtheevolution-
aryhistoryofthespecies.Theseresults
suggestthatrainbowtrout mayhavea
significantinfluenceon thedistributionand
behaviorofspinedace,andmaycontribute
to thedisjunctdistributionof thisnative
species.Habitatswith highturbidity
appearto beamongthefewplaceswhere
this fish canco-occurwith rainbowtrout in
southwesternlotic ecosystems.However;
preliminarycaseexperimentsin lower
NutriosoCreeksuggestthat evenin
presenceofelevatedturbidity theimpact
oftroutpredationappearssignificant(J.N.
Rinne,pers.comm.).Theinfluenceof
introducedsalmonidsis furtherexacer-
batedby browntrout andbrooktroutnow
foundindrainageshistoricallyoccupiedby
spinedace.

Greensunfishalsoimpactspinedace,
but presumablyto a lesserdegree(Blinn
andRunck1990).Althoughsomecentra-
chidspeciesdooccursympatricallywith a
fewspinedacepopulationstheir impactis
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generallybelievedto limit ratherthan
increasespinedaceabundance.Centra-
chidsandhavebeenstronglyimplicatedin
thefailure ofrazorbacksuckerrecruitment
in LakeMohave(Minckley etal. 1991).
Crayfishcanalsohavedetrimentalimpacts
onspinedace(White 1995).In additionalto
predation,suspectedimpactsfrom intro-
ducedfishesincludecompetitionfor food
andstressordiseasecausedby parasites

Litt]e ColoradoRiver SpinedaceRecoveryPlan

introducedwith nonnativefish. Theexotic
Asiantapewormis establishedin Virgin
Riverfishesandno effectivebarrierexists
to preventits invasionof theupperLittle
Coloradoriver andits tributaries.The
impactoftheAsiantapewormon spinedace
is unknownbutpresumedto benegative
sinceit impactsothernativefish popula-
tionsnegatively(Heckinanetal 1986).
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Little ColoradoRiverSpinedaceRecoveryPlan

Part II

RECOVERY

Thegoalsofthis recoveryplanareto
identify stepsandmechanismsconsidered
necessaryto: 1) protectexistingspinedace
populations,2) restoredepletedandextir-
patedspinedacepopulations,3) protect
andenhanceexistinghabitats,and 4)
ensurethatspinedacecontinuesto exist in
thefuture. Whenthesegoalsareachieved,
it will bepossibleto delistthis species.
This planmayrequirerevisionof objec-
tivesandtaskswhennewdatabecomes
available;delistingcriteriawill bemodi-
fied asappropriate.Both thecombined
andseparateimpactsof habitatmodifica-
tion, dewateringandinteractionswith
non-nativefishesareconsideredmajor
reasonsfor thedeclineandthreatened
extirpationofspinedace.Recoverycannot
beachieveduntil thesefactorsaresuccess-
fully alleviated.

Step Down Outline

1.0 Protectexistingpopulations
of spinedace.

1.1 Prioritizeexistingandnew
populationsasto needfor
protection.

1.2 Developsecurerefugiafor the
four extantpopulationsof
spinedacewithin their historic
drainages.

1.2.1 Establish/maintainrefugiain the
EastClearCreekdrainage.

1.2.1.1 Above Blue Ridgereservoir.
1.2.1.2 Below Blue Ridgereservoir.
1.2.2 Establish/maintainrefugiain the

Silver Creekdrainage.
1.2.3 Establish/maintainrefugiain the

Rudd-NutriosoCreekdrainage.
1.2.4 Establish/maintainrefugiain

upperandlower ChevelonCreek.
1.2.5 Maintainrefugiaat

TheArboretumin Flagstaff.

1.2.6 Establishandmaintainrefugiaat
theWenimaWildlife Area.

1.3 Acquireandprotectlandsand
waterrightswhererequiredto
conservespinedace.

1.4 Enforceexistinglawsand
regulationsaffectingspinedace.

1.4.1 Inform appropriateagencies/
individualsof applicablemanage
ment/enforcementresponsibili-
tiesandopportunities.

1.4.2 Insurecompliancewith Section7
andSection9, of theEndangered
SpeciesAct.

1.5 Discontinueintroductionof non-
nativefishesinto areasdeemed
necessaryfor spinedacerecovery.

1.5.1 Ensurefish stockingplansare
consistentwith thegoalsand
objectivesof this recoveryplan.

2.0 Improveorrestorehabitats
occupiedby spinedace
populations.

2.1 Identify habitatsfor restoration!
maintenance.

2.2 Determinestepsnecessaryfor
restorationand implementation.

2.2.1 Removeintroducedfishesin
areaswheretheir presence
threatenscontinuedspinedace
existence.

2.2.2 Install barriersor otherstruc
turesto preventreestablishment
ofnon-nativefish.

2.3 Managetheecosystemfor native
organismsto maintain,enhanceor
redevelopthenativebiodiversity
whichwaspresenthistorically.

3.0 Reintroducespinedaceto
selectedhabitatswithin historic
range.

3.1 Identify areasfor reintroduction
3.1.1 Enhancehabitatasnecessary
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Little ColoradoRiverSpinedaceRecoveryPlan

3.1.2 Removenonnativefish andcray
fish from habitats essentialfor
spinedacerecovery.

3.1.3 Preventintroducedfish from
re-invadingrenovatedhabitat.

3.1.4 Reintroducespinedaceinto
availablehabitats.

3.1.5 Monitor reintroduction(s)
3.1.6 Determinesuccess/failureof

reintroductions
3.2 Determinegeneticcompositionof

extantpopulations.
3.2.1 Usesuchinformationto deter-

mine stocksfor introductions.
3.2.1.1 Developa geneticpedigreefor

spinedace.
3.2.1.2 Maintainmaximumgenetic

heterozygosityin existingand
reintroducedpopulations.

4.0 Monitor statusof existing
populations.

4.1 Establishandimplementstan-
dardmonitoringlocations
for extantpopulations.

4.2 Establishandimplementstan-
dardsamplingprocedures
andtechniques.

4.3 Establishandmaintainadatabase
for monitoringandreintroduction
information.

4.4 Determinevariationin spinedace
abundancepopulationstructure,
andmovement.

4.4.1 Developstandardmethodsfor
quantifyingabundance.

5.0 Identify typeandimportanceof
interactionswith bothnativeand
nonnativefish.
Direct andIndirect interaction.
Examinedirect interactions
experimentallyunderlaboratory
and field conditionswith: Apache,
rainbow,brownandbrooktrouts,
redshiners,fatheadminnows,
greensunfish,speckleddace,
crayfish,salamanders,other
speciesof fish andinvertebrates
asappropriate.

3.1
5.1.1

5.1.2 Examineindirect interactions
experimentallyunderlaboratory
andfield conditionswith:
Apache,rainbow,brownand
brooktrouts,redspeckleddace,
crayfish,salamanders,other
speciesof fish andinvertebrates,
asappropriate.

6.0 Determinequantitativecriteria
for describinga self-sustaining
population.

6.1 Determinelevelsof natural
variation.

6.1.1 Absolutenumbers.
6.1.2 Populationstructure.
6.1.3 Reproduction.
6.1.3.1 Describespawning

characteristics
6.1.3.1.1Describesubstrates,water

velocity,andtemperature.
Recruitment.
Minimum populationsize.
Environmentalcharacteristics.
Physicalcharacteristics.
Chemicalcharacteristics.
Biological characteristicsof
community.

6.1.4
6.1.5
6.1.6
6.1.6.1
6.1.6.2
6.1.6.3

7.0 Developcaptivebreeding
program.

7.1 Developproceduresfor propagat
ing, holdingandmaintaining
spinedace.

7.2 Supplyfish for reintroduction,
educationandresearch.

8.0 Informationandeducation.
8.1 Public I/E
8.1.1 Stateoutreachefforts
8.1.2 Nationalexposure.
8.1.3 Local mediaand specific

campaigns.
8.1.4 Developcommunicationbetween

State,Federalagenciesandlocal
residents.

8.2 Professionalinformation.
8.2.1 Publicationin peer-reviewed,

openliterature.
8.2.2 Informationexchangeat

meetings.
8.2.3 Presentationsatprofessional,

scientificmeetings.
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Little ColoradoRiverSpinedaceRecoveryPlan

NARRATIVE

1.0 Protectexistingpopulationsof
spinedace.

Spinedacepopulationsareknownto
remainin theLittle ColoradoRiver, Rudd,
Nutrioso,Chevelon,Silver andEastClear
creeksaswell asotherpossiblelocations
threatenedby ongoinghabitatmodifica-
tion or destruction.Streamalteration,
watershedmodificationand introduction
of anddispersalof non-nativefishesinto
the Little ColoradoRiver drainageposes
anincreasingthreatto remaining
spinedacepopulations.Lossofanyofthese
populationssignificantly increasesrisk of
extinctionby decreasingthelikelihood of
speciessurvival.Lossofoneor moreof
thesepopulationsmaybegroundsto
considerreclassifyingspinedaceasendan-
geredratherthanthreatened.It is im-
perativethatexistingpopulationsand
their habitatsbeprotectedto ensure
survival of andeffect recoveryofthis
species.

1.1 Prioritizeexistingandnewpopulations
asto needfor protection.

Within the possiblerangeof thespinedace,
everyeffort shouldbemadeto determine
statusof knownpopulationsandlocate
additionalpopulations,by surveyingareas
throughouttheir historic range.All popu-
lationsshouldbe identifiedso that range
anddistributionofthis speciesis known.
Areaswheresurveysarelacking include
partsof theChevelonandEastClear
Creekdrainageson theApache-
SitgreavesandCoconinoNationalForests.
Thesestreamsshouldalsobesurveyed
northof theforestboundary.New popula-
tions shouldbecharacterizedaccordingto
protectioncurrentlyprovided.All popula-
tions shouldberankedaccordingto impor-
tancein conservingthe species.Spinedace
which occupiesrelatively undisturbed
habitatandareprotectedby governinen-

tal or privateagencieswill beconsidered
in lessdangerthanthoseoccupyinghabi-
tatswhichareheavilymodified,contain
non-nativefish orarenot protected.By
rankingthevariouspopulations,according
to their importanceto achievingrecovery
focusedactionscanbetakento enhance
recovery.Populationswhich appearin
imminentdangershouldbegivenhighest
priority to ensuretheir continuedsurvival
andmovementtowardrecoveryof the
species.Tentatively,knownpopulations
would berankedastheSilver Creek
populationin mostimminentdanger
(possiblyextinct); followedby EastClear,
Chevelon,RuddandNutriosoCreeksand
theLittle Coloradoriver.

1.2 Developsecurerefugiafor four extant
populationsof spinedacewithin their
historic drainages.

Refugiawithin thedrainagesof extant
populationsshouldbedevelopedto pro-
vide a sourceoffish to expandpopulations
within therespectivedrainages.The
refugiamayberepresentedby stream
systemscontainingnaturalor man-made
barriersor isolatedsprings.

1.2.1 Establish/maintainrefugiain the
EastClearCreekdrainage.

1.2.1.1AboveBlue Ridge
Reservoir.PotatoLake
downstreamis one
possibility andis within
currentCritical Habitat.

1.2.1.2BelowBlue Ridge
Reservoir.

1.2.2 Establish/maintainrefugiain the
Silver Creekdrainage.
Themain springat Silver Creek
StateFishHatcherycould
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providea refugiafor spinedace.
Accessis controlledby theState
of Arizona andthespring/spring
run couldberenovated.The
spring is ca2 in deepand30 in

in diameter,thus providing
adequatehabitatfor spinedace
and is a likely candidatefor
a wild refugia.

1.2.3 Establish/maintainrefugiain
the Rudd-NutriosoCreek
drainage.
Both systemsarecurrently
beingconsideredfor refugia,
particularlyRudd Creekwhere
propertyandwaterrightshave
recentlybeenacquiredby the
ArizonaGameandFish
Department.

1.2.4 Establish/maintainrefugiain
upperand lower Chevelon
Creek.
Thelower reachis within
designatedCritical Habitatbut
is on Stateandprivateland.
Spinedaceexistencecurrently
dependson thelackofdevelop-
ment in the areaandthe
protectionof Indianpictographs
by a privatelandowner.Areas
aboveChevelonLakeshouldbe
examinedfor possiblerefugia
sitesalso.

1.2.5 Maintain refugiaat The
Arboretumin Flagstaff.
Potentialsitesincludethe
Arboretumin Flagstaffaswell as
thePinetopHatcherypond.The
Arboretumis a privateorganiza-
tion which is dedicatedto main-
tainingendangeredspeciesand
has developeda stronginforma-
tion andeducationprogramfor
listed species.

Little ColoradoRiverSpinedaceRecoveryPlan

1.2.6 Establishandmaintainrefugia
at theWenimaWildlife area.
This area,locatedon theLittle
ColoradoRiver is ownedand
managedby ArizonaGameand
FishDepartmentandis a
candidatefor a refugium.

1.3 Acquireandprotectlandsandwater
rightswhererequiredto conserve
spinedace.

Muchof thehabitatoccupiedby spinedace
occurswithin the Apache-Sitgreavesor
CoconinoNationalForests.Theseareas
areprotectedby theForestServiceand
specificstreamreachesaredesignated
Critical Habitat.Propertyandwater
rightshaverecentlybeenacquiredon the
Little ColoradoRiver (WenimaandSlade
properties)andon Rudd Creekby the
Stateof Arizona.Additional landsand
waterrights shouldbeacquiredasthey
becomeavailableto maintainperennial
flow that mimics thenaturalhydrograph.
Obtainingsuchlandsandwaterrights will
helpinsurethat existingspinedace
populationsandhabitatsaresecure.

1.4Enforceexistinglawsandregulations
affectingspinedace.

Failureby individualsor organizationsto
recognizeandfollow lawsandregulations
that protectspinedaceandtheir habitat
mayfurtherimperil the speciesandresult
in populationdeclinesthat compromise
survivaland impedespeciesrecovery.

1.4.1 Inform appropriateagencies/
individualsof applicablemanage-
ment/enforcementresponsibilitie
andopportunities.All agencies
andpersonnelshouldbemade
awareoftheir responsibilities
underthe existinglawsto protect
listedspeciesandtheir habitats,
andactionseachagencyshould
taketo effectively ensure
spinedaceprotection.
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Little ColoradoRiverSpinedaceRecoveryPlan

1.4.2 Ensurecompliancewith Section7
and Section9 of the Endangered
SpeciesAct.
All Federalagenciesshare
responsibilityfor theconserva-
tion of federallylisted species.
Privateand public organizations
aresubjectto Section9
prohibitionsand implementing
regulationsregardingtakeof
Federallylisted endangered
or threatenedspecies.

1.5 Discontinueintroductionof non-native
fishesinto areasdeemednecessaryfor
spinedacerecovery.

Recoveryhabitatis definedasstream
or streamreachesessentialanddedicated
to spinedacerecovery.Productionand
introductionsof non-nativefishesby
Federalhatcheriesand federallyfunded
managementactionswithin watersheds
containingspinedaceshouldbeevaluated
throughtheSection7 consultation
process.Futureconstructionof Federal
andfederallyfundedhatcheriesshouldbe
determinedon thepresenceor absenceof
listed speciesin thewatershedto which
they drainandthelikelihood of anescape-
mentofrearedfish not nativeto the
watershed.Constructionof suchfacilities
shouldnot occuruntil theprobabilityof an
escapementof fish into a spinedacehabitat
is nil.
Non-federallyfundedstateactivitiesand
privately ownedhatcheriesshouldbe
madeawareof thepresenceoflisted
speciesandof possiblethreatspresented
by their activitiessuchas:inadvertent
introductionsof fish or diseaseorganisms
into the watershed.Every attemptshould
bemadeto cooperativelypreventany
adverseaction(s)to spinedacebeforethey
occurandto preventSection9 violations.

1.5.1 Ensurefish stockingplansare
consistentwith thegoalsand
objectivesofthis recoveryplan.

Reviewstockingplansto
preventtheintroductionof
non-nativefish into spinedace
habitatswheresuchintroduc-
tionswould posea threatto
spinedacerecovery.

2.0 Improveor restorehabitatsoccupied
by spinedacepopulations.

Occupiedandrecoveryhabitatsshould
be improvedor restoredwherepossibleto
enhancespinedacepopulations.Develop-
mentof managementplansthat eliminate
negativeimpactsof non-nativefish
introductionsshouldbepursued.

2.1 Identify habitatsfor restoration!
maintenance.

Unoccupiedhabitatswithin thehistorical
rangeof spinedaceshouldbeexaminedas
possiblereintroductionsites.Areaswhich
now containspinedaceandexhibit
marginalhabitatconditionsshould
beenhanced.

2.2 Determinestepsnecessaryfor
restorationandimplementation.

Proceduresfor restorationof decliningor
extirpatedspinedacepopulationsshould
beadopted.In manycasessuchactionwill
requiretheremovalof theconditions
which resultedin habitatdegradation.
Overgrazingthewatershed,destruction
of theripariancorridor andremovalof
non-nativefishesareexamplesof actions
needingalteration(s).Additionally,
furtherchangesin forestor landmanage-
mentpracticesshouldbeactivelypursued
to benefitthe spinedaceandtheecosystem
uponwhich theydepend.

2.2.1 Removeintroducedfishesin
areaswheretheirpresence
threatenscontinuedspinedace
existence.
If it is determinedthat non-
nativefishesarenegatively
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impactingspinedacerecovery
theyshouldberemovedas
effectively aspossible.
Additionally, in conjunctionwith
renovation,everyeffort should
bemadeto preventreestablish-
mentof non-nativefish
populations.

2.2.2 Install barriersor other
structuresto preventreestablish-
mentof non-nativefish.
Permanentstructuresshould
beput in placeto prevent
re-invasionof non-nativefish.
Suchstructureswould vary for
the different streamsand could
involve bothup anddownstream
structuresabovethebarrieras
well ascessationof stockingin
thewatershedupstreamofthe
barrierwheredownstreammove
mentof stockedfish would pose
a treat to spinedacerecovery.

2.3 Managethe ecosystemfor native
organismsto maintain,enhanceor
redevelopthe nativebiodiversity
which waspresenthistorically.

Systemmanagementof the ecosystemin
which the spinedaceevolvedis imperative.
In usingthis multi-speciesapproachto
recovery, naturalbiodiversitycanbe
maintainedto benefitall nativeorganisms.

3.0 Reintroducespinedaceto selected
streamswithin historic range.

A majorsteptoward recoverywill be the
reintroductionof spinedacebackinto
historic habitats.Habitatsshouldbe
examinedandmodified asappropriateand
realisticprior to spinedacereintroduction.

3.1 Identify areasfor reintroduction.

3.1.1 Enhancehabitatasnecessary.
Therearemanywaysto enhance
habitatdependingon what

Little ColoradoRiverSpinedaceRecoveryPlan

impactsareoccurring.Reduction
or cessatationof cattlegrazing
andremovalof non-nativefish,
areamongoptionsthat shouldbe
considered.

3.1.2 Removenon-nativefish and
crayfishfrom habitatsessential
for spinedacerecovery.
Theimpactof variousnon-native
fish speciesandcrayfishupon
spinedacepopulationsis strongly
suspected(White 1995)and
recentlydocumentedfor rainbow
trout(Blinn andRunck1992).
Spinedacepopulationsmustbe
providedeveryopportunityto
increasetheir populationsizeand
status. Providinghabitatdevoid
of non-nativefishesmaybe
critical to thespinedacerecovery.

3.1.3 Preventintroducedfish from
re-invadingrenovatedhabitat.
Watershedsdesignatedas
possiblereintroductionsitesmust
beisolatedasmuchaspossible
from thethreatof non-native
fishes.Constructionofbarrier
damsor otherapplicablestruc-
turesto insuredownstream
populationsof non-nativefishes
do notaccessthe areasabove
thebarrierwill reducethe
threatgreatly.

3.1.4 Reintroducespinedaceinto
availablehabitats.
Thereintroductionof spine-
daceinto a habitatproperly
documentedasa suitablefor
reintroductionis essentialfor
therecoveryof this fish. Oncea
habitatis certifiedassuitable,
fish shouldbe introducedas
multiple stockingsover the
courseof oneor moreyears
following theinitial
reintroduction.
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3.1.5 Monitor reintroduction(s).
All reintroducedpopulations
shouldbemonitoredannually
to determinetheir success.

3.1.6 Determinesuccess/failureof
reintroductions.
The success/failureof reintroduc-
tions shouldbetrackedthrough
time anddocumented.Where
failuresoccur;efforts shouldbe
madeto correctthe causebefore
additionalfish arestocked.Data
pertainingto successesand
failuresshouldbe incorporated
into futurereintroduction
attemptsto increaselater
stockingsuccess.

3.2 Determinegeneticcompositionof
extantpopulations.

Thegeneticcompositionofcurrentpopula-
tions shouldbedeterminedby chemical
analysisof mTDnaandallozymesprior to
anyreintroduction.

3.2.1 Usesuchinformationto
determinestocksfor introduc
tions. Informationdevelopedby
chemicalanalysisof extant
populationshasdetermined
significantdifferencesoccur
betweenextantpopulations.
Currently,stockingshould
belimited to the sub-basin
containingtheparentstock.

3.2.1.1Developa genetic
pedigreefor spindace.
A geneticpedigreeshould
bedevelopedfor the
spinedace.Theresulting
pedigreewould be
implementedbasedon
recommendationsofthe
recoveryteamto prevent
lesseningofthegenetic
variability of various
populations.

3.2.1.2Maintainmaximum
geneticheterozygoxity
in existingand
reintroducedpopulations.
Thehighestgenetic
diversity availablemust
bemaintainedin existing
broodandreintroduced
populations.

4.0 Monitor statusofexistingpopulations.

All populationsmustbemonitored
annuallyto determinetheir status.Such
actionwill enhanceidentificationof long
termtrendsandaid in managementof all
spinedacepopulations.

4.1 Establishandimplementstandard
monitoringlocationsfor extant
populations.

Standardmonitoringlocationsto be
determinedby historicalandrecent
collections.Monitoring shouldbedone
subsequentto anticipatedspawningperi-
odsandfor currentyearto determinethe
spawningsuccessoflastyear’spopulation.

4.2 Establishand implementstandard
samplingproceduresand techniques.

Standardproceduresandtechniques
shouldbeusedwhensamplingfor
spinedace.Theseproceduresand tech-
niquesshouldbeusedby all entities
collectingspinedaceandbeconsistent
throughtime andamonginvestigators.
Every attemptshouldbemadeto ensure
that all datacollectedby researchersare
comparable.Onceestablished,procedures
andtechniquesshouldnot changeunless
bettermethods,agreeduponby the
affectedparties,becomeavailable.Change
shouldbeevaluatedcarefullyprior to
their implementation.

4.3 Establishandmaintaina databasefor
monitoringandreintroduction
information.
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A centraldatabaseshouldbedeveloped
for all informationcollectedon spinedace.
It shouldbeat anaccessiblelocationand
availableto all stakeholdersandinter-
estedpersons.

4.4 Determinevariationin spinedace
abundance,populationstructure,
andmovement.

Variation in abundance,population
structureandmovementsthroughtime is
necessaryto maintainandmanagespine-
dacepopulations.Currently,this species
is characterizedby wide population
fluctuations whichremainunexplained.
Long-termdatasetsshouldhelpdeter-
mine thecauseoffluctuationsandaid in
spinedacemanagement.

4.4.1 Developstandardmethods
for quantifyingabundance.
Techniquessuchasspray
marking,markandrecapture
anddepletionsamplingare
availableto determinespindace
abundance.Thesemethodsmay
needmodificationfor spinedace.
If necessaryothermethodsmay
needto bedeveloped,if
appropriate.Techniquesused
shouldbebasedon goodjudge-
ment, andusedconsistently.

5.0 Identify typeandimportanceof
interactionswith bothnative and
non-nativefish.

5.1 Direct and indirectinteractions.

5.1.1 Examinedirect interaction
experimentallyunder
laboratoryandfield condi-
tionswith: Apache,rain-
bow,brown,andbrook
trouts;redshiners,fat-
headminnows,greensun-
fish, speckleddace,cray-
fish, salamanders,other
speciesoffish andinverte-
bratesasappropriate.

Little ColoradoRiverSpinedaceRecoveryPlan

5.1.2 Examineindirect inter-
actionsexperimentally
underlaboratoryandfield
conditionswith: Apache,
rainbow,brownandbrook
trouts;redshiners,fat-
headminnows,speckled
dace,greensunfish,cray-
fish, salamanders,other
speciesof fish andinverte-
bratesasappropriate.

6.0 Determinequantitativecriteria for
describinga self-sustainingpopulation.

Quantitativedatadescribingparameters
believednecessaryto assistin maintaining
a self-sustainingpopulationshouldbe
established.Thisdatacanbeprovidedby
determiningtherelationshipsbetween
varioustypesof habitatmodificationsand
spinedacebiology. Suchdatashouldbe
madeavailableto all stakeholdersand
membersof thescientific community
responsiblefor effectingrecoveryof the
species.

6.1 Determinelevelsof naturalvariation.

Spinedacepopulationsfluctuatetremen-
douslyamongyears,monthsanddays.
Thecausesofthesefluctuationsmust
beunderstoodto effectivelymanage
the species.

6.1.1 Absolutenumbers.
Populationestimatescanbe
determinedby a variety of mark
andrecapturetechniques.Once
thepreferredmethodhasbeen
determinedfor spinedace,it
shouldberefinedandstandard-
ized sothat datacollected
betweenpopulationscanbe
compared.As a long-termdata
setdevelops,acceptablevaria-
tion in populationsize,numbers
in sizeclassesandperhaps
recruitmentto the adultpopula-
tionwill bebetterunderstood.
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6.1.2 Populationstructure.
Spinedacecannotbeeffectively
manageduntil informationis
availableon thestructureof
extantpopulations.Suchdatacan
begatheredby taking measure-
mentsof individualssampled
duringpopulationestimates.
Normaldistributionof various
ageclasseswould beexpectedin
a healthypopulation.Conversely,
the lackof ayearclasscould
indicatelessthansuitable
conditionsfor that populationand
might call for remedialaction(s).

6.1.3 Reproduction.
Reproductionin thevarious
spinedacepopulationsis
presumedto beoccurring
annually,but recruitmentvaries
considerably.In orderto better
managethis speciesseveral
aspectsof reproductionmustbe
understood.

6.1.3.1Describespawning
characteristics.
Moredetailedinformation
on spawningin spinedace
is requiredto effectively
managethespecies.

6.1.3.1.1 Describe
substrate,
water
velocitiesand
temperature.
Thetypeof
substrate,
water
velocitiesand
temperatures
usedduring
spawningby
spinedacemust
bebetter
characterized
to manage
thisfish.

6.1.4 Recruitment.
Thelevelof recruitmentin the
variousspinedacepopulations
needsto bedetermined.Infor-
mation,usedin concertwith
otherbiological informationand
habitatmeasurementscanbe
usedto determinewhatare
optimal,goodandpoorhabitats.
Habitatscanthenbemanaged
moreeffectively.

6.1.5 Minimum populationsize.
Thereis a minimumsizefor each
spinedacepopulation;below this
level, thepopulationwill not
sustainitself throughtime.
Speciesexpertsshouldattempt
to defineminimumstockpopula-
tion sizefor the variousspinedace
populations.Whenapopulation
falls nearor below thatminimum
it shouldbetakenasan indication
thatenvironmentalfactor(s)are
negativelyimpactingthepopula-
tion. Investigationto determine
andrectify the causeof this
depletionwould thenbe
necessary.Populationswhich
areself-sustainingshouldnot
bepermittedto fall below the
minimumpopulationlevel.

6.1.6 Environmentalcharacteristics.

6.1.6.1Physicalcharacteristics.
Physicalcharacteristics
ofthe habitatneedto
bedetermined.Such
parametersinclude
temperature,current
velocity,substrate;still
othershaveyet to be
determined.Knowledge
of theseparametersis
necessaryto better
identify optimalor sub-
optimalhabitatsfor the
spinedacemanagement.
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6.1.6.2Chemicalcharacteristics.
Thechemicalcharacteris-
tics of streamsinclude
dissolvedoxygenand
carbondioxide content,
alkalinity, pH, etc.Know-
ledgeof theseparameters
is necessaryto better
identify optimalor sub-
optimalhabitatsfor
spinedacemanagement.

6.1.6.3Biological characteristics
of the community.
In order to maintainand
perpetuatespinedace
populations,thenatural
biodiversityof the
communitymustbe
maintained.Fish depend
on manyaspectsofthe
aquaticandsurrounding
community,from the
oxygencontentofwater,
typesof predators,and
prey itemsto placesof
refuge.Eachcommunity
shouldbecharacterizedto
bettereffectively manage
spinedace.

7.0 Developcaptivebreedingprogram.

Thedevelopmentofa captiverearing
programwill insuresurvival of this
species.Whendevelopedproperlycaptive
productionandsubsequentreintroduction
will maintainthenaturalheterozygosityof
wild populations.

7.1 Developproceduresfor propagating,
holding andmaintainingspinedace.

Technologyexistsfor developmentof
theseproceduresatDexterNationalFish
HatcheryandTechnologyCenter.Such
proceduresshouldbedevelopednow,
ratherthenwaiting until population
numbersaresolow that thedevelopment
of sucha programmight jeopardizethe
species’continuedexistence.

Little ColoradoRiverSpinedaceRecoveryPlan

7.2 Supplyfish for reintroduction,
education,andresearch.

Oncethetechnologyexiststo reliably
producespinedacein quantity (7.1),stocks
canbemadeavailablefor reintroduction.

8.0 Informationandeducation.

8.1 Publicinformation andeducation.

Exchangeof informationandideas
betweenindividuals representingscien-
tific, managerial,andprivate citizensor
groupsareessentialfor a successfulrecov-
ery program.All aspectsof thisrecovery
planshouldbemadeavailableto any
interestedparty. Thepublic particularly
shouldbe informedof recoveryactions
that will beimplementedto recovery
spinedace.

8.1.1 Stateoutreachefforts.
Mediawith statewidedistribu-
tion shouldbetargetedto
provideinformationpertaining
to recoveryof thisfish. Such
exposurecouldbedoneperiodi-
cally to ensurecontinuedpublic
interest/awareness,thusaiding
spinedacerecovery.

8.1.2 Nationalexposure.
Federallylistedplantsandwild-
life areof interestto all residents
of theUnitedStates.Whenpos-
sible informationshouldbemade
availableto the general public.

8.1.3 Local mediaandspecific
campaigns.
It is importantto keeplocal
media,and residentsthat could
beaffected,apprisedof decisions
beingmadethat directly, and
perhapsimmediatelyimpact
them. Specificprogramsshould
be identifiedto betterinform
specific groups/communities
asappropriate.
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Little ColoradoRiverSpinedaceRecoveryPlan

8.1.4 Developcommunications
betweenState,Federal
agenciesandlocal residents.
DialoguebetweenState,Federal
andprivateorganizationsmust
bemaintainedto keepall entities
informed.

8.2 Professionalinformation.

All scientificinformation,trip reports,
publishedreports,rawdata,resultsof
field andlaboratoryresearchmustbe
availableto all professionalsworkingon
spinedace.Freeexchangeofinformation
andideasis essentialto their recovery.All
informationshouldbeplacedat a recog-
nizedinstitutionwhichhasthe capability
to provide informationto agenciesand
personsinterestedin spinedace.

8.2.1 Publicationin peer-reviewed,
openliterature.
PersonsstudyingtheSpinedace
shouldbeencouragedto publish
theirfindingsassoonasit is
appropriate.Scientificpublica-
tionsundergopeerreviewby

otherprofessionalsenhancing
thequality of the researchand
credibility of theresearcher.Such
publicationsalsohavehadbenefit
of critical review andthusmeet
thestandardsof excellenceto
which professionalsstrive.

8.2.2 Informationexchangeat
meetings.
Periodicmeetingwith species
expertsandthe public would
providea sourceof comm-
unicationto dealwith special
circumstances.Suchaction
allows discussionof ideasand
resolvedifficulties.

8.2.3 Presentationsat professional
scientificmeetings.
Researchresultsshouldbe
presentedat local, regionaland
nationalscientific-gatheringsto
allow professionalstheopportuni-
tiesto commenton andenhance
thespinedacerecovery.
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IMPLEMENTATION SCHEDULE

DEFINITION OF PRIORITIES:

Priority 1 -

Priority 2 -

Priority 3 -

Thoseactionsthat areabsolutelyessentialto preventthe extinctionof the
speciesin theforeseeablefuture.
Thoseactionsnecessaryto maintainthespecies~currentpopulationsstatus.
All otheractionsnecessaryto providefor full recoveryof thespecies.

GENERAL CATEGORIES FOR IMPLEMENTATION SCHEDULES

Information Gathering - I or R

1. Populationstatus
2. Habitatstatus
3. Habitatrequirements
4. Managementtechniques
5. Taxonomicstudies
6. Demographicstudies
7. Propagation
8. Migration
9. Predation
10. Competition
11. Disease
12. Environmentalcontaminant
13. Reintroduction
14. Otherinformation

Other - 0
1. Informationandeducation
2. Law enforcement
3. Regulations
4. Administration

Acquisition - A

1. Lease
2. Easement
3. Managementagreement
4. Exchange
5. Withdrawal
6. Feetitle
7. Other

Management - M

1. Propagation
2. Reintroduction
3. Habitatmaintenanceand

manipulation
4. Predatorandcompetitorcontrol
5. Depredationcontrol
6. Diseasecontrol
7. OtherManagement

Abbreviations used:

AGFD-
ES -

FWS-
FR -

FS -

LE -

ArizonaGameandFishDepartment
EcologicalServices
USD1 FishandWildlife Service
FisheriesResources
USDA ForestService
Law Enforcement

ImplementationSchedule 22
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Part III - IMPLEMENTATION SCHEDULE
GENERAL

CATEGORY
I~LAN TASK

I-I Prioritizepopulations
for protectionneeded

M-3 Developrefugium above
Blue RidgeReservoir

M-3 Developrefugium below
Blue RidgeReservoir

M-3 Developrefugium in
Silver CreekDrainage

M-3 Developrefugium in Rudd
-NutriosoCreek(Irainage

M-3 Develop refugiain
ChevelonCreek

TASK PRIORITY TASK
NO NUMBER DURATION

1.1

1.2.1.1

1.2.2

1.2.2

1.2.3

1.2.4

1

2

2

2

2

2

M-3 Maintainrefugiumat 1.2.5 2
FlagstaffArboretum

M-3 Develop refugiumin 1.2.6 2
Little ColoradoRiver

A-3 Acquire andprotectland 1.3 1
andwaterrights

0-1 Inform agencies/individualsof 1.4.1 1
responsibilities/opportunities

0-2 Ensurecompliancewith 1.4.2 1
Section7 & 9 oftheEndangeredSpeciesAct

0-3 Ensurefish stockingplansare 1.5.1 1
consistentwith recoveryplangoalsandobjectives

1-3 Identify habitats 2.1 2

MA Removenon-nativefish in 2.2.1 1
areaswherecontinuedspinedacesurvival is threatened

MA Install barriersto prevent 2.2.2
introduction of non-nativespecies

M-3 Manageecosystemsto enhance2.3
biodiversityof nativespecies

M-3 Identify areasfor 3.1.1
reintroduction

MA Removenon-native 3.1.2
competitors/predators

M-4 I’revent reentryof non-native 3.1.3
competitors/predators

M-2 ReintroduceSpinedace 3.1.4

M-7 Monitor successof
reintroduction

M-7 Determinestatusof
reintroduction

3.1.5

3.1.6

1

2

2

2

2

2

2

2

1 year

2 years

2 years

2 years

2 years

2 years

EESPONSIBI.EAGENCY

FWS
REGION

2

10 years

2 years

ongoing AZGF

ongoing

ongoing

ongoing

3 years

5 years

5 years

10 years

3 years

5 years

8 years

5 years

7 years

3 years

PROGRAM OTHER

ES/FR AZGF
FS

2 ES/FR AZGF
FS

2 ES/FR AZGF
FS

ES/FR AZGF

AZGF AZGF
FS

AZGF AZGF
FS

PRIVATE
2 FR

2 ES/FR AZGF
FS

2 LE/ES/FR AZGF
FS

2 LE/ES/FR AZGF
FS

2 ES/FR AZGF
FS

2 FR AZGF
FS

2 FR FS
AZGF

2 FR/ES FS

2 FR/ES AZGF
FS

2 FR AZOF
FS

2 FR AZUF
FS

2 FR AZGF
FS

2 FR AZGF
FS

2 FR AZGF
FS

2 FR AZGF
FS

FISCAL YEAR
COSTS(ESTIMATE)
FYl FY2 FY3

COMMENTS

1,000
50,000 50,000

50,000 50,000
50,000 50,000

50,000 FY4 50,000

FY4 75,000
FY5 75,000

10,000 10,000 10,000 FY4-10 70,000

FY4 50,000
FY5 50,000

10,000 10,000 10,000 In addition to funds
requiredundertask 1.2
Ongoingandwithin
budget
Ongoingandwithin
budget
Ongoingandwithin
budget

5,000

2,000

5,000
AZGF
10,000

5,000 5,000

2,000 2,000 FY4 2,500
FYS 3,000

10,000 10,000 FY4-5 30,000

10,000 10,000 FY4-10 52,500

1,000 1,000 1,000

2,000 2,000 2,000

2,500

3,000

FY4 2,000
FYS 2,500
FY4-10 17,500

FY4-7 12,000

FY4-7 14,000

FY4 15,000
FY7 2,000
FY10 2,500

I-S I)evelopgeneticpe(ligree 3.2.1.1 1 2years 2 FR 7,000 8,000
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Part III - IMPLEMENTATION SCHEDULE
VNEIIA I. I’I.AN TASK

(A’Fl~GORY
[ASK l’Rlt)RITY TASK
NO NUMBER DURATION

RESPONSIBLEAGENCY

FWS 1~ROGRAM OTHER
REGION

FISCAl. YEAR
COSTS(ESTIMATE)
FYI FY2 FY3

Maintainmaximum genetic 3.2.1.2 1 10 years
variability
Establishand implement 4.1 2 3 years
monitoringfor extant location
Establishandimplement 4.2 2 10 years
stan(lardsam~)ling proceduresandtechniques
l)evelop methodsto quantify 4.4.1 2 1 year
abundance
Examinedirect interactions 5.1.1 1 3 years
with otherspecies
Examineindirect interaction 5.1.2 1 3 years
with otherspecies
Determineself-sustaining 6.1.1 2 5 years
populationnumbers
Determineself-sustaining 6.1.2 2 5 years

pol)ulationstructure
Determinephysical 6.1.3.1.1 2 4 years
characteristicsfor spawning
Determinerecruitment 6.1.4 2 5 years
numbersrequiredfor self-sustainingpopulations
Determineminimum 6.1.5 2 5 years
populationsizerequiredto maintain self-sustainingpopulations
Determinephysical 6.1.6.1 2 4 years
characteristicsrequiredto maintainingself-sustainingpopulations
Determinechemical 6.1.6.2 2 4 years
characteristicsrequiredto maintainself-sustainingpopulations
Determinebiological 6.1.6.3 2 5 years
characteristicsrequiredto maintainself-sustainingpopulations
Rearandsupplyfish for 7.2 2 7 years
recoverypurposes
Outreacheffortswith Arizona 8.1.1 3 10 years

Outreacheffortsnationally 8.1.2 3 10 years
Outreacheffortsin local 8.1.3 3 10 years
communitieswherespinedaceoccurs
Coordinatecommunications 8.1.4 3 10 years
amongfederal,state,andlocal communityefforts
Inform scientific community 8.2.1 3 10 years
throughoutreachefforts
Inform professional 8.2.2 3 10 years
communityat meetings
Inform by giving 8.2.3 3 10 years

l)resentationsatmeetings
Publish researchfindings 8.2.4 3 10 years
in professionaljournals

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2

2

2

2

2

2

FR AZGF
FS

FR AZGF
FS

FR AZGF
FS

FR

FR AZGF
ES

FR AZGF
FS

FR AZGF
FS

FR AZGF
ES

FR AZGF
FS

FR AZGF
FS

FR AZGF
FS

FR AZGF
FS

FR AZGF
FS

FR AZGF
FS

FR

FR AZGF
FS

FR/PA FS
FR/PA AZGF

FS
FR/PA AZGF

FS
FR/PA AZGF

FS
FR/ES AZGF

FS
FR/ES AZGF

FS
FR/ES AZGF

FS

1(100

1,000

5,000

1,000

50,000

50,000

25,000

25,000

20,000

20,000

20,000

20,000

20,000

25,000

5,000

1,000
1,000

1,000

1,000

1,000

1,000

1,000

1,000 1,000 FY4-10 7,000

FY4 1,000
FY10 1,000

4,000 4,000 FY4-I0 35,000

50,000

50,000

25,000

25,000

20,000

20,000

20,000

20,000

20,000

25,000

5,000

1,000
1,000

1,000

1,000

1,000

1,000

1,000

50,000

50,000

25,000

25,000

20,000

20,000

20,000

20,000

20,000

25,000

5,000

1,000
1,000

1,000

1,000

1,000

1,000

1,000
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