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Introduction

Herdsofwhite-tailed(Odocoileusvfrginianus,)andmuledeer(0.hemionus,.)are
economicallyandrecreationallyimportanttotheBlackHills,SouthDakota.Inrecent
years,however,populationsizesofthesespecieshavebeendeclining.Determining
reasonsforthistrendformsthebasisofongoinganalysesinthisarea.Thedesired
outcomeisalong-termmanagementplantobeusedinassistingpopulationcontrol
andconservationbothintheBlackHillsandotherregionsofthecountry.Todate,
researchhasbeenlimitedtostudyingnorthernandcentralpopulationsoftheBlack
Hills.Ecologicaldifferencesarepronouncedbetweenthesouthernandotherareas
oftheBlackHills.Consequently,beforemanagementplanscanbeemployed,
additionalinformationisrequiredonthehabitatuseofsoutherndeerpopulations.
Thisaimofthisstudywastoinvestigatefactorsgoverninghabitatselectionofmule
andwhite-taileddeerinthesouthernBlackHills,thusprovidingmuchneeded
baselineinformation.Thesepopulationsaremigratory,andassuchthestudywas
restrictedtohabitatpreferenceinthesummerranges.

Datawascollectedtoinvestigatethepotentialinfluenceofbothman-madeandbiotic
featuresonthehabitatselectionofindividualdeer.Weattemptedtoseewhether
eitherspeciesofdeerexhibitapreferenceforhabitatsconcerninganyofthefollowing
factors:

-thespeciesanddensityoftrees
-theoverstorey-understoreyassociations
-thespeciesintheunderstoreyvegetation
-thespeciesanddensityoftallshrubsandsaplings
-theamountofvisualcoverprovided
-thedistancetoandthetypeofthenearestadjacentedge
-thedistancetoandthetypeofthenearestroad
-thedistancetothenearestwatersourceandsiteofactivelogging

Wealsoaimedtodeterminetowhatextentthehabitatsofthetwospeciesoverlapped.
whichwasaidedbyrecordingtheelevationsatwhichwefoundthedeer.
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Studyareaandmethods

Thesummerrangesofthesampledeercovereda400squaremileareaofthesouthern
BlackHills(seefig.1).Thisisapproximately6000fiabovesealevel,henceriparian
habitatsarerare.Themajorhabitattypesarepineforests(Pinusponderosa),
meadows,canyonlandsandaspenstands(Populustremuloides).Thereisa
combinationofbothfederalandprivatelymanagedlands,usedforlogging,farming
andmining.Consequently,thewoodlandhabitatsaredisruptedbyroads,waterholes
anddomesticlivestockgrazing.Inaddition,thereiswidespreadforestfire
management.ParticularaspectsoftheBlackHillsbiogeographyareunique.This
includesthelocalBlackHillsspruce(Piceaglauca).andmineral-richgeology.In
addidtiontomuleandwhite-taileddeer,otherwildungulatesthatoccupiedthestudy
areaincludedelk(Cen’uselaphus).Potentialpredatorsofdeerwerecoyotes(Canis
latrans),bobcats(Fellsrufus),mountainlions(Fellsconcolor)andgoldeneagles
Aquilachrysaetos).Theannualvariationsintemperatureareextreme,withmean
Julytemperaturesofabout25°C,andforJanuary,about-4°C.

Twenty-ninewhite-taileddeer(threemale,twenty-sixfemale)andtwenty-twomule
deer(tenmale,twelvefemale)wereradio-collaredpriortotheonsetofthisstudy.
Theageandconditionofthedeerwereunknown,andsomeofthedoeswereobserved
withfawns.

Locationswereobtainedusingradiolelemetryforeachspeciesonalternateweeks
throughoutJulyandAugust1999.Thishelpedtomaintainindependencebetween
relocations(seeDunn&Gipson1977).Independencewasalsopromotedasdeer
werenotrelocatedatthesametimeofday(seeCarson&Peak1987).Different
signalpatternsenabledthebehavioursofthedeertobeidentified,distinguishing
betweenwalking,feeding,beddingandescape.Therewasalsoamortalitysignal.

Randomgrid-referenceswithinthestudyareawerecomputergenerated.The
microhabitatsatthesesiteswereexamined,andpresumedtorepresenttheaverage
habitatofthesummerrange.Thesemeasurementswereusedasabase-line
comparisonwithusedsites.

Threedifferentlevelsofstudywereperformedonusedsites.Theleveldependedon
theaccuracyofdeerrelocation.Microstudieswerecarriedoutonthehabitatifthe
deerwassighted.Fromthisapreciselocationcouldbeidentifiedbyevidenceof
foraging,freshdroppings,hoofprintsorabedsite.Ifapreciselocationonthedeer
wasnotgainedtheneitheramacroorageneralstudywasconducted.Thesestudies
didnotinvolvesuchdetailedmeasurementsandvegetationanalysis.Behaviour,grid-
referenceandtopographywereallcollectedatgeneral,macroandmicrosites.Macro
studiesincludeddetailsofelevation,distancestoman-madefeatures,covertypeand
understoreyassociations.Inadditiontothese,detailedvegetationanalysisand
estimationsonvisualobscuritywererecordedatmicrosites.
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Fig.1:Thestudyarea(inbox)withintheBlackHills,SouthDakota,USA.
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Detailsofvegetationanalysis:

-Canopycover:adensiometerwasusedtocalculateoverstoreycoveratthecentre
ofthemicrosite.

-Basalarea(BA)anddiameteratbreastheight(DBH)oftrees:thebasalarea
ofthemicrositewascalculated,excludingsurroundingtreessmallerthanthe10-
factoranglegauge.TheDBHoftreesincludedintheBAweremeasured.

-Tallshrubdensity:fourimbylOmbelttransects,originatingfromthemicrosite
centrerunninginthefourcardinaldirections,werefollowed.Shrubsandsaplings
tallerthanonemetre.fallingwithinthetransects,werecountedandidentifiedto
speciesleveL

-Groundcover:fifteenimbyImquadrats(fiveeachonthreeparalleltransects)
werelaid.Theamountofunderstoreyvegetationandabioticcoverwereestimated
byDaubenmirecoverclasses(seeAppendix1).

-Visualobstructionatthemicrosite:aimbylmblackandwhitechequered
coverboardwasheldatthecentreofthemicrosite.Thepercentagevisual
obstructionofthelowerandupperhalfofthecheckerboardwasrecordedfroma
croucheddownposition.Thiswasperformedfromtheendofthetall
shrub/saplingtransectbelts.Thedistanceatwhichtheentireclothwouldbe
100%obscuredwasvisuallyestimatedineachdirection.

One-wayANOVAwasusedtoanalysedifferencesbetweenthethreegroups(mule
deer,white-taileddeerandrandomdata)forcanopycover,BA,DBHandvisual
obstruction.Whilstcontinuous,quantitativemeasurementslendthemselvesto
parametricstatisticaltests,forestspeciescompositiondataandabioticclassifications
werenominalandthusqualitativelydescribedaftercarefulstudy.Thenon-parametric
Mann-WhitneyUtestwasusedtocomparecategoricalquadratdatabetweenthethree
groups.
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Results

Manygeneralhabitatsurveys(n=154)wereobtainedbutthesehaveinsufficientdata
forinclusioninanalysisforhabitatpreference.Theywillbeofuse,however,inhome
rangestudies.Thustheresultsofthisstudyarelimitedtomicroandmacrositedata(n
=133),andsomeanalysesexclusivelytomicrosites.

Elevation

Largedifferenceswereobservedintheelevationsbetweenthethreegroups(ANOVA.
F2,129=78.85,p<0.001,seefig.2).Theelevationoftherandomsites,(mean±std.
dev:6111ft±611),fellbetweenthemeanelevationsofthetwospecies.White-tailed
deerwerefoundatthehighestelevations(mean±std.dev:6740ft±228)andmule
deerwerefoundatthelowest(mean±std.dcv:5665fl±458).
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Fig.2:Meanelevation(ft)±std.dev.ofthemuledeer,white-taileddeerandrandomlocations.White
taiieddeerwerefoundathigherelevationsthanrandomlychosensites,andmuledeeratlower
elevations.

Overstoreyandunderstoreyvegetationassociations

TheBlackHillsforestswerecomposedprimarilyofponderosapine,withmain
understoreyassociationsofgrass,forbsandvegetativelitter.Atalltherandomsites
(n=33),ponderosapinewasthepredominanttree,associatedat64%ofsiteswith
grassandforbs,and18%ofsiteswithlitteranddeadvegetation.Understorey
associationsofbearberry(Arciostaphylosuva—ursi),commonjuniper(Juniperus
communts)andrussetbuffaloberry(Shepherdiacanadensis)wererecordedatthe
remainingsites.Thelevelsofcanopycoverprovidedbyponderosapinevaried
considerably(mean±sid.dev:58.3%±25.1).

Habitatsofmuledeerwereonlycomposedofponderosapineassociations(n=42.
micrositesandmacrosites).Understoreyunionsweredifferenttothosefoundat
randomsites;fewersiteshadpredominantlygrassandforbcover(24%),andshrubby
cinquefoil(Potentillafruticosa)associationswerenotablypresent(24%).Inaddition,
waxcurrent(Ribescereum)andyoungponderosapineunionswerefoundatasmall
numberofsites.Thenumberofsiteswithlitter(10%)andbearberryappearin
accordancewithrandomforestsampling.Thepercentageofponderosapinecanopy
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coverfoundinmuledeermicrohabitatsalsodidnotdifferfromthatfoundatrandom
sites(mean±std.dcv:64.7%±26.6;ANOVA:F153=0.80,p0.376).

Incontrasttotherandomandmuledeersites,thehabitatsofwhite-taileddeer(n=58,
micrositesandmacrosites)werenotalwaysconiposedofponderosapine
communities.Quakingaspenprovidedprimaryoverstoreycoverat16%ofsites,and
inaminoritywerefoundBlackHillsspruce(3%).Grassandforbsconstitutedthe
mainunderstoreyunionatthemajorityofsites(74%).Asmallnumberofsites
showedassociationswithbearberryandyoungaspen,andatonesiteonlywasthe
understoryunionwithlitter.Ponderosapine-cinquefoilassociationswerefoundat
14%ofsites,alevelthatiscomparabletothatrecordedinmuledeermicrohabitats.
Aspenandpineprovidedsimilaramountsofcanopycover(mean±std.dev:62.4%±
39.2and54.1%±22.0respectively)andtotalamountsofcanopycoverdidnotdiffer
fromrandomsitesintheforest(ANOVA:F164=0.09,p=0.759,twodatapoints
missing).

Atthemajorityofmicrosites.thenearestadjacentedgetypesweregrassandforb
meadows,andoccasionally,poriderosapinestandswithunderstoreyunionsofgrass
andforbs.Therewasgreatvariabilityinthedistancetothenearestadjacentedgewith
amean±std.dcv.of291m±200fromrandomsites.Themeandistancetothe
adjacentedgeforusedsitesofeitherspeciesofdeerdidnotdifferfromthatseenat
randomsites(ANOVA:F2.82=0.83,p=0.439).

Understoreyvegetationtypes

UnderstorevvegetationintheBlackHillsispredominantlycomposedofgrass,forbs
andlitter,asreportedaboveintheoverstorey-understoreyuniondatafromrandom
sites.Quadratdatafromthesesitessupportsthis,withmedianvaluesofbetween26%
and50%coverbylitter.6%to25%coverbygrassandforbs.Slashcoverwasalso
relativelyhigherthanotherunderstoreycomponents,withamedianofnearly5%.
Smallquantitiesofbearberry,oregongrape(Mahoniarepens)andcinquefoilwere
alsofoundatlevelsbetween1%and5%inthemajorityofrandomsites.

Incomparison,themicrohabitatsofthemuledeershowgreaterquantitiesofdebris
(51%to75%litterand6%to25%slash),andassociatedvegetation,suchaslichen
(nearly5%)(Mann-WhitneyUtests;litter:W=733.p=0.045;slash:W=792,p=

0.003;lichen:W797.p
=0.002).Buffaloberryandcommonninebark

(Physocarpusopu/folius)werealsofoundinhigheramounts(Mann-WhitneyUtests:
buffaloberry:1%to5%.W=706,p=0.033;ninebark:1%to5%.XV=740.p=

0.006).Incontrasttotheaveragerandomsite,loweramountsofforbs,oregongrape,
bearberryandcinquefoilwerefoundinmuledeermicrohabitats(Mann-WhitneyU
tests;forbs:6%to25%,W=449.p=0.004;oregongrape:1%to5%,W=500,p=

0.041;bearberry:1%to5%.W=474,p=0.009;cinquefoil:1%to5%,W=482,p=

0.017).

White-taileddeerniicrohabitatshadagreaterdegreeofunderstoreyvegetativecover
thanrandomsites(MannWhitneyUtests;bareground:1%to5%,W=891,p=

0.005;rock:1%to5%.XV=98.5,p0.010).Understoreyplantsthatcovered
significantlymoregroundweregrasses,forbs,bearberryandyoungquakingaspen
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(Mann-WhitneyUtests;grass:26%to50%,W=1348,p=0.016;forbs:26%to
50%,W1405,p=0.002;bearberry:1%to5%,W=1341,p=0.020;cinquefoil:
1%to5%,W=1343,p=0.006).Theoniyplantthatwasfoundinlowerquantities
inthewhite-taileddeermicLositeswasserviceberryArnelanchiera/nj/blia)(Mann-
WhitneyUtest:1%to5%.W=1019,p=0.016).

Therearealsodifferencesintheunderstoreymicrohabitatsofthetwodeerspecies.
White-taileddeersiteshadhigheramountsofgrass,forbs.bearberryandcinquefoil
(Mann-WhitneyUtests;grass:W=1157,p=0.002;forbs:W=1249,p<0.001;
bearbeny:V.’=1243,p<0.001;cinquefoil:W=1096,p=0.015).Incomparison,
themuledeersiteshadagreaterdegreeofslash,buffaloberry.litter,lichen,rock,and
ninebark(Mann-WhitneyUtests;slash:W839,p=0.030;buffaloberry:W=870,

p=0.017;lifter:W=805,p=0.006;lichen:W724,p<0.001;rock:W=769,p<
0.001;ninebark:W=811,p<0.001).Theseresultsareconsistentwiththe
differenceshighlightedbycomparisonswiththerandomlychosensites.

Size(DBH),density(BA)andspeciesofestablishedtrees

Themeanbasalarea(BA)forthemuledeersiteswashigherthanthemeanvaluefor
boththerandomandwhite-tailedsites(ANOVA,F285=3.26,p=0.043,seefig.3).
However,themeandiameteroftreesatbreastheight(DBH)inthemuledeersites
waslowerthanboththeothergroups(ANOVA,F,86=4.44,p=0.015,seefig.4).
Thisindicatesthatalthoughthereisagreaterdensityoftreesinmuledeer
microhabitats,thelessdensewhite-tailedandrandomsiteshavelargertrees.
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Fig3:Meanbasalarea±s.c.m(measuredwiththetenfactoranglegauge)ofmuledeer,white-tailed
deerandrandommicrosites.Themeanbasalareaofmulemicrositesissignificantlyhigherthanboth
white-tailedandrandomsites.

Atallsites,themajorityofmaturetreesincludedinDBHmeasurementswere
ponderosapine(95%inrandomsites,75%atmulesitesand72%atwhite-tailed
sites).Aspenwasalsofoundinappreciablenumbersatwhite-taileddeersites(14%),
butnotaErandomormuledeersites(0%and4%respectively).Theothertrees
includedintheDBHmeasurementswereburntpineoraspentrunks,andoccasionally
BlackHillsspruce.
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Fig4:Meandiameteratbreastheight±s.e.m.(inches)ofmuledeer,white-taileddeerandrandom
microsites.Themeandiameteratbreastheightoftreesatmulemicrositesissignificantlylowerthan
bothwhite-tailedandrandomsites.

Visualobstruction

Duringanalysisofvisualobstruction,thebehaviouroftiledeerwastakeninto
account.Beddingandfeedingwerethebehavioursmostcommonlyobserved(white
taileddeer:beddingn21,feedingn=9;muledeer:beddingn=12,feedingn=10).
Meanswerecalculatedforvisualobstructionbyaveragingthemeasurementstaken
fromthefourcardinaldirections(seefig.5).

Sitesusedbybothfeedingandbeddedmuledeerprovidedgreatervisualcoverthanat
randomsites(ANOVA:0-0.5m:F252=8.62.p=0.001;0.5-1m.F252=8.65.p=

0.001).Therewerenodifferencesintheamountofvisualobstructionatsitesusedby
feedingandbeddedmuledeer,ateitherheight(ANOVA:0-0.5m:F120=0.03,p=

0.875;0.5-lm:F120=1.44,p=0.244).

Sitesusedbybeddedwhite-taileddeerhadgreatervisualobstructionthanfeeding
sites,atheightsof0-0.5mfromtheground(ANOVA:F128=5.19.p=0.031).Both
typesofusedsites,however,weremoreobstructedthanrandomsites,atthisheight
(ANOVA:F760=13.05.p<0.001).Atheightsof0.5-Imfromtheground,therewere
nodifferencesbetweenvisualobstructionofrandomandfeedingsites,although
beddedsitesweregreaterthanboth(ANOVA:F140=0.21,p=0.646;F152=18.53,p
<0.001;F128=6.07,p=0.020).
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Fig.5:Themean(±scm)percentagevisualcoverattheniicrositesoffeedingandbeddeddeerandat
randomlychosensites,atheightsof0-0.Sniand0.5-Imabovetheground.Muledeersiteshave

significantlymorecoverthanrandomsitesatbothheights,forbothbehaviours.Therewereno

differences,howevei-.betweencoveratfeedingandbeddedsitesofmuledeer.Sitesusedbybedded

white-taileddeerhavegreatervisualcoverthanrandomsitesatbothheights,butatsitesusedby

feedingwhite-taileddeer,onlythelowerheighthassignificantlymorecoverthanrandomsites.At

bothheights,thevisualcoverfoundatbeddedwhite-taileddeersiteswasgreaterthanatfeedingsites.

Althoughsitesusedbybothmuleandwhite-taileddeerhavegreatervisualcoverthan
randomlychosensites,nodifferenceswerefoundintheamountofcoverbetweenthe
micrositesofthetwodeerspecies(seefig.6).

Differencesinvisualcoverbetweensites
Heightofusedbymuleandwhite-taileddeerwhen:
vegetationBeddedFeeding

F131valuepvalueF117valuepvalue
O-O.Smabove0.710.4072.160,160
ground
0.5-Imabove0.100.7481.410.252
ground

Fig.6:Therearenosignificantdifferencesintheamountofvisualcoverfoundbetweensitesusedby
feedingwhite-tailedandmuledeer,orbetweensitesusedbybeddedwhite-tailedandmuledeer,at
eitherheight.

Themeandistancesto100%visualcoverwerecalculatedfromtheestimated
distancestakeninthefourcardinaldirections.Atrandomlychosensites,themean
estimateddistancetowherevisualobstructionwouldbe100%was49.3m±27.3
s.c.mfromthemicrositecentre.Incontrast.100%visualcoverwasmaintainedat
distancesclosertothemicrositecentreforbothspeciesofdeer(muledeer:30.7m±
22.85;white-taileddeer:41.37m±27.3).althoughthesedifferenceswereonly
significantformuledeer(ANOVA:F152=6.88.p=0.011).
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Densityandspeciesoftallshrubsandsaplings

Tallshrubsandsaplings(>lmhigh)werefoundinapproximatelyhalfofall
microsites.Thespeciesfoundatrandomlychosensitesweremostlyponderosapine
(84%).withsmallnumbersofquakingaspen.BlackHillsspruceandjuniperhush.
Similarly,sitesusedbymuledeeronlycontainedponderosapinesaplings(100%).In
contrast,thepredominantspeciesoftallsaplingsinwhite-taileddeersiteswereaspen
(60%).Ponderosapinesaplingsconstitutedonly27%,althoughtheproportionof
sprucesaplingswashigherthanatrandomsites(13%c.f.6%).

White-taileddeersitescontainedagreaternumberoftallshrubsandsaplingsthan
eitherrandomormuledeersites,betweenwhichtherewasverylittledifference
(ANOVA:F2,86=4.37,p=0.016).

Man-madefeatures

Thenearestroadstothemicrositeswerealwaysgravelsecondaryroads,tertiary
roads,trailsortwo-tracks.Randomandwhite-taileddeersiteswerenearesttogravel
secondaryroads,trailsortwotracks(94%and91%ofsitesrespectively),whereas
muledeersiteswerenearlyalwaysclosesttotrailsandtwo-tracks(63%ofsites).
Therewasgreatvariabilityinthedistancesofallsitestothenearestroad(e.g.random
sites:mean±std.dcv,=255m±244).withnodifferencesbetweensitesusedbydeer
andrandomsites(ANOVA:F8,1.93,p=0.151).

Onlyatveryfewmicrositescouldthedistancestothenearestwatersourcesand
nearestactiveloggingbedetermined.Naturalwatersourcesarescarceandseasonal,
andmapsareoldandinaccurate.Thus,dataonwatersourcescouldonlyberecorded
iftheroutetothemicrositehappenedtopassbyacattlewateringhole.Similarly,the
actualsiteofactiveloggingwasrarelyobservedwheninthehills,althoughevidence
ofpastloggingactivitywasfrequentlyseen.Hence,nostatisticalanalyseswere
attemptedwiththisdata,andqualitativeexaminationoftheresultswasalso
uninformative.
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Discussion

Allspeciesshowhabitatselectiontoagreaterorlesserdegree(Begonetal.1996).
Speciesdistributionsdependontheirspecificnicherequirements;thispertainstofirst
orderhabitatselection.Homerangefidelityisclassifiedassecondorderhabitat
selection.DeermigratetotheBlackHiilsandsettleinaspecificareaforthesummer.
Withinthesehomerangesthemicrohabitatsarenotuniform,whichleadstothe
potentialselectionofindividualhabitatcomponents.Thisisthirdorderhabitat
selectionandformsthebasisofthisstudy.Measurementstakeninthese
microhahitatsofthetwodeerspeciesmaydeviatefromtherandomdata.Hence,any
differencesobservedinferselectionforsomefactorofthehabitat.Habitat
segregationbetweenthetwospeciesmayindicatesomehabitatselectionalso.
Cautionshouldbetaken,however,asselectionmaynotbeoccurringforthemeasured
variable,butforanassociatedcomponentofthemicrohabitat.Forexample,some
plantshavethesameecologicalrequirements.Selectionmaybeforonlyoneofthese
plantsoranabioticpropertyoftheniche.Identificationofthesepossibleassociated
factorsinthisstudy,suchaselevation,reducesthisproblem.

Therandomsitesarebeingusedthroughoutthisstudyastheaverageforesttypeof
thesouthernBlackHills.SuccessionalchangesofthehabitatsoftheBlackHills
towardsclimaxcommunitieshavebeenreportedpreviouslyandaresubstantiatedby
thisstudy.Ponderosapine,theindicatoroftheclimaxcommunity,isthemaintypeof
canopycoverintheusedandrandomsites.Regeneration,firecontrolandlivestock
grazingmaintainthepine.

Largedifferencesinthemeanelevationsofthesitesstronglysuggestthatthereis
habitatseparationbetweentheIwospecies.Theelevationoftheaverageforesttype,
detenninedfromtherandomsites,lyingbetweenthatofthetwodeerspecies
substantiatesthisdivision.Forestcompositionalsoreflectsthehabitatsegregationof
thedeerspecies.Aswithwhite-taileddeerhabitats,thecanyonlandsofmuledeer
mainlysupportedponderosapinecommunities.Therefore,themainunderstorey
associationsfoundweregrassandforbsinallareas.However,inmuledeerhabitats.
therewerelargequantitiesoflitterandslashandfewertallshrubsaplingsand
nutritiousplants,suchasaspensaplings.Thisindicatesthatthehabitatsofmuledeer
arecoarserthanthehabitatsofwhite-taileddeer.White-taileddeerhabitatsarealso
muchmorediversethanthemuledeerhabitats,withmanymoretypesofassociations.
Furthermore,thevegetationassociationsoftherandomlocationsshowsome
variabilityincompositionbutmainlyfallbetweentheassociationsofthewhite-tailed
andmuledeersites.Thisagainimpliesselectionbythetwodeerspeciesawayfrom
theaveragecomposition.

Foodandselection

Osborn(1994)showedthatwhite-taileddeerintheBlackHillsdependonpoor
qualityforage,whileourstudyfoundthatthesedeerresideinareaswithmore
nutritiousplants.ThisapparentdiscrepancycanbeexplainedasOsborn(1994)found
thatponderosapinewaseatenevenwhennutritiousgrasses,forbsandshrubswere
present.Althoughthewhite-taileddeerofourstudywerefoundinareasofhigh
qualityfood,thisdoesnotnecessarilymeanthatthisfoodtypeisbeingselectedfor.

13
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Thedeermaybeselectingforsomeotherfactorassociateddirectlyorindirectlywith
thesefoodplants,forexample,coverfromeitherpredationorenvironmental
conditions.

Priortothisstudynoinformationwasavailableonmuledeerhabitatselectioninthe
BlackHills.Inreferencetofoodselection,muledeerwerefoundinhabitingareasof
poorerqualityforagethanwhite-taileddeer.Inacomparisonbetweenfeeding
behaviourofmuledeerandelkinnorthernUtah,thedietofmuledeerwasfoundto
bemoreselective(Collins&Urness1983).Digestivecapacitymediatesthis.The
physiologyofthemuledeergutpreventsfibrousfoodsfrombeingadequately
digested.Hence,thedietisgenerallycomposedofmorethan50%forbs,withthe
remainderbeingbrowse.Thisimpliesthatmuledeerareselectingforfoodofhigher
quality.Muledeermaydependonmorenutritiousforagethanwhite-taileddeer,but
ourresults,however,showthattherearehigheramountsofgrassandforbsbothinthe
white-taileddeerandi-andomareas.Thissuggeststhatanotherfactor,otherthan
food,maybemoreimportantinthehabitatselectionprocess.

Interspecificcompetition

Whensimilarspeciesappeartogetherresourcepartitioningcanoccurtodecrease
interspecificcompetition(Begonefa!.1996).Inothercasesonespeciesmay
outcompetetheothercausingadeclineinthepopulationsizeoftheweaker
competitor.IntheBlackHills,throughdeercaptureprogrammes,thewhite-tailed
deerpopulationappearstobelargerthanthemuledeerpopulation(Griffinetal.
1995;oursampledemography).Iftherewerenocompetition,thenthetwospecies
wouldpossibilityinhabitthesametypeofareas.Ourresultsindicatethatthereisa
speciesseparationinhabitatuse;muledeerarefoundinareaswithpoorerquality
forage.Thissegregationinhabitatsisfurtherevidencethatcompetitionisoccurring.
Acombinationofthepopulationdemographyandourfindingsshowthedirectionof
thiscompetition.White-taileddeermaybeoutcompetingthemuledeer,andtherefore
mayberestrictingthemtonutritionallyinferiorhabitats.

Anadditionalaspect,notconsideredbythisstudy,iscompetitionpressurefromother
ungulatespeciesintheBlackHills.Elkliveinherdsandhaveawidefoodbase
(Collins&Urness1983)potentiallymakingthembettercompetitorsforfoodthan
white-tailedandmuledeer.Thismayplacestrainonthepopulationsofbothdeer
species.Thepresenceofotherspeciesmayalsoinfluencetherelationshipbetween
themuleandwhite-taileddeerthroughapparentcompetition.Forexample,elkmay
restrictthemuledeer(Collins&Urness1983),butpromotethewhite-taileddeer.

Predation

Predationisimportantincontrollingpopulationsizes(Begonetat.1996).Themain
predatorsofwhite-tailedandmuledeerintheBlackHillsaremountainlionsand
coyotes.Selectionforvisualobstructiontopreventdetectionbythesepredatorsmay
beasignificantfactorinthethirdorderhabitatselectionofdeer.Ourresultsofvisual
obstructionatcloseproximityareconsistentwithselectionbydeerformorecovered
areas.Thehabitatsofbothdeerspecieshadsimilarvisualobstruction,andbothhad

14



ProjectBlackHills1999
ReportJune2000

LimitationsandEvaluations

Theconclusionsthatcanbedrawnfromthisstudyhavesomelimitations.The
majorityoftheradio-collareddeer,aroundwhichthisstudywasbased,werefemales.
Inaddition,theagesofthedeer,andwhetherornottheyhadfawns,werenotkrrnwn.
Thus.generalisationsthatwehavemadeconcerninghabitatselectionshouldbe
consideredwithcaution.Itishighlyplausiblethatsex,age,conditionand‘actation
doaffecthabitatpreference.Forexample.differencesinnicherequirementsmaybe
presentbetweenthetwosexes.Asthefemaleprovidesalltheparentalcare,a
lactatingfemalerequiresareasofhighnutritionalfoodandincreasedcoverforher
fawn(s).Singlefemaleswithoutyoungandma]esrequirefoodandshelteralsobutto
alesserdegreethanlactatingdoes.Suchdifferencesmayberevealedinstudiesof
longerdurationbutwerenecessarilyoverlookedinthepresentstudy.Wealsofeel
thatbehaviourwillbehighlyimportantinimmediatehabitatselection,andwitha
largersamplesize,thiscouldbeexamined.

Radio-tracLingstudiesarealwayslimitedbynon-independenceoflocations,asdatais
collectedfromrepeatedmeasuresononlyasmallnumberofcollaredindividuals.
Deerwererelocatedatdifferenttimesofthedaytolessentheeffectsofnon-
independence.Onaverage,twomicroormacrositeswereobtainedforeachdeer,
althoughitispossiblethatsomeindividualsweremoreeasilytrackedtomicrosite
levelthanothersandthusmaybeover-representedinthesample.Theuseofnon-
parametrictestsmeantthati-epeatedmeasurescouldnotbecontrolledfor,andoften
multipletestshadtocarriedout,increasingtheriskoftypeIerrors.

Generalisationsarealsolimitedasradio-trackingcouldonlybecan’iedoutinfine
weatherduringday-lighthours.Habitatusemayvarydependingontheweatherand
lightingconditions.

Wefeelthattheresultsconcerningtheestimateddistanceto100%visualobstruction
•maynotbeentirelyreliable.Estimatesarelikelytovaryconsiderablybetweenpeople

andinretrospectweshouldhavestandardisedestimatesbetweenindividualswhilstin
thefield.

Visualcoverwasconsideredinreferencetopredatoravoidance.Itshouldbe
remembered,however,thatcarnivoresarealsostronglydependentonolfactorysenses
whilsthunting.althoughourstudycannottaketheimportanceofthisintoaccount.
Escaperesponsesofbothdeerspeciesaredifferentandmayreflectthespecific
behaviourattimeofdetection.Behaviouralstudiesintoescaperesponsescould
revealanydifferencesbetweenspeciesintheimportanceofvisualcoverandescape
cover.

Ideally,wewouldhavelikedtocollectalargernumberofsamplemicrosites.This
maythenhaveenabledustoidentifythecomponentsimportantinhabitatcollection
toamorespecificdegree.TheterrainofthesouthernBlackHillsdidnotalloweasy
radio-tracking,however,andobtainingapreciselocationofadeerprovedtobequite
difficulttoachieve.Therough,steeproadsalsoprovedtobequiteunforgivingonour
vehicle,andregularly,datacollectionwaspreventedwhenthevehicleneeded
repairing.Inaddition,nodatacouldbecollectedinelectricalstormsorrain.Aswell
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astheobviousdangersofcarryingthemetalaerial,radiosignalssufferedfrom
interferenceandroadsquicklybecameunusable.
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Appendix1

DaubenmirecovercLasses

Daubenmirecoverclass%understoreygroundcover

_____________

1-5%
26—25%
326—50%
451—75%
576—95%
696—100%

(Daubenmire&Daubenniire1968:ascitedinCarson&Peak[987)
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