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INIIDIUCI'ICN

Wildlife pcleaticms have been surveyed and censused with fixed-

wingaircraftandhelicqrters since at least 1935 (Cahalane 1938).

nutially,mnveyflightsweremadetccamtanimlsccwpyingremote

areas or areas not accessible by land vehicles (Cahalane 1938, Dice

1941). Sincethelate 1950's, however, aerialcensusing techniques

havebemusedtoanveya'rtimpcpflatimswermareas,instead

cfjustisolatedanimalgmups. Mcetrecently,ccnplexcensus

tedmiqasanimflmtimlmdelshavebeendevelcpaitcnmdmize

macarocyarfltcminimizeflighttimandmn—pwerusage(floyd

et a1. 1979, Meld et al. 1980, Crete et a1. 1986, Huston at al. 1986,

Sanneletal. 1987).

A Aerialcensusingisprcbablythecnlyfeasiblearrieccrmicalway

to census manybiggame species (Anderson et a1. 1980:294). To date,

partialcrccupleteaerialsurveyshavebeenusedtccamtmcsemg

M) (Gasawayetal. 1985),Alaskanbrwnbear(LMM)

(EridcscnandSiniff 1963), bison (2mm) (WolfeandKinball

1989), caribou/reindeer Wm) (Kleinarximzyakinl982),

mmm) (Bledtnere‘tal. 1951,9obe11950),pmaghom

antelopeWM) (Sprites: 1950), mm’cainqoat

(MW) Wad-1986bmledeermnes

W) (Mold et a1. 1980), admits-tailed deerW

1



2

W) (Petrides 1953,1ecneta1. 1987). cmditionsmderwhich

successfulaerialcensusesstmldtakeplace,honever,canbevery

rigorous (DavisandWinstead 1980:225). Surveyflightsmustbetimedto

cptimizetheprcbabilityofsightingthelargestmmbercfanimals. As

such, base-line informaticn on species behavior, range, habitat usage,

ardrespmsetoweathermstbestrcnglyccnsidered.

Aerial surveys, designedtcprcducemeasures of population size or

density, will consistently underestimte true population size (Caughley

1974),particularlyvmenanimalsccc1mindensecover(8easan1979).

Ecutledge (1981) cautia'nedthattctal comtsbasedsclelycma series of

incapletecrpartialaerdalmrveysczmntprcdwereliablepcptflatim

estimates. Wimtimsareprimarilythereezltcftheimmplete

visibilitycfanimlsfrantheair. mmmdercptimlcaflitiaaard

mflerstringentlyplamadarfiexewtedprccedmes,aerialcamtshave

missedll-7l% cftheanimalsknctmtcbepresentWatthey 1977:34). In

general,thevisibilitycfananimal,crgmip,willdecreasewith

decreasesingrcupsize,animalbcdysize,movanentcractivitylevel,

andcbservereaqaeriercerarflwimircreasesinvegetativecover,seard1

speedardaltiuade,ardtinespentcbsewing(smrpearri3easanl987).

Aerialsurveyprccedurescanalscbeprcblenaticduetcacceptable

weather ccnditims, short maxinm flight times (fuel loading limits),

andresu'ictims associatedwithanimldistrihrtimandterrain.

InprovanentsinaerialcersusingtedmiqueshavetakmS form:

refinerients in survey methodology, calculation and application of

correction factors, and a canbinaticn of both of these. Refinanents in

amreytedmiqueincreasecensasefficiencytcsmedegree,butare



3

mrmallyetplcyedtcmadmizetheprcbabilitycfsightirgananinal(cr

animlgrcup). Manyfcmscftectnfiquemcdificatimhavebeen

inplanented,withvaryingdegreesofsuccess. Before1964,mstcensus

tedmiquerefinanmtswerebasedmdlangesinnightdraracteristics,

mileflleactualmethcdolcgyrenainedrelativelymdianged. 'lhese

studiesinvariablyusedsanefcrmcfline-transectflightsdtaneinan

attapttoccverthemtirestudyareaandtcccmtallanimlspresent

(Cahalane1938,saugstad1942, Ricrdanl948,&1edmeretal. 1951).

Wtcthisnethcdclcgyhaveimludedtheusecfstratified

randan sapling with @timl allocatim (Siniff and Skccg 1964),

stratifiedrardonsanplirgwithprcpcrtimalallccatimmvansetal.

1966), simultanecm use of fixed-wing aircraft andheliccpters (lovaas

et a1. 1966), increasing search intensity (leResche andRansch 1974),

vimalrecapturecfmarksdanimalsmiceandI-Iarder1977),

stratificatimcfthesttxiyareabasedmanimldensitywloydetal.

1979, Meldetal. 1980,1-Icustcnetal. 1986),theuseof belt

tramects(DeYomgl985),ardtheusecfaerialphotcgrafiIyOtyersard

Bowenl989). Alttnaghtheseandotherstudiesutilizedmethcdsbest

suitedtcmeetspecificcbjectives,mcretraditicnaltedmiquesmay

stillbeamrcpriatefcrsaneresearda. arrrmtsuidies,fcrinstance,

often relycnstratified quadrat sampling, butBeasanetal. (1986) and

miteetal.(1989)cmterflthatinnanycaseslire-transectsmystill

be the most efficient and effective method available.
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In recent years, attaupts at minimizing visibility biases have

focused mre on the development and application of correction factors

flaanmfurtherrefinemerrtsintedmique. Correctimfactcrsare

derived tron sightability fmnticns obtained through gromd-fiuthing

procedures. Sightability functions are mathenatical probabilities

calallatedtcacccuntfor individualsmissedmringcensus fly-overs

(Caughley 1974). Sighting probabilities can be' developed in a variety

ofways, andareusuallyspecific foraparticularanimalspecies inan

identified area. Gaughley (1974) saggested calculating the partial

regression of variables affecting sightability in defined density

strata. Cock and Jacobson (1979) developed a method of estimating

visibilitybiasbycmparingtheirdependentcctmtsof2 observers.

Sandal and Pollock (1981) developed ccrrectim factors specifically for

animlsthatccaxringrwpsbyestimatingsightabilitythroughthe

extrapolatim of an asymptotic regression function. Crete et a1. (1986)

corrected helicopter quadrat counts of noose by simltaneously

cmdnctingafixed—wingccmit (assumedtcbeaccurate) ofthesampled

quadrats. thastcnetal. (1986) corrected formissedanimalsby

applyihgafixedsightingprcbabilityovertheentiresuldyarea, using

Cmaghley's (1977:47) WMatim-index technique. Samuel et a1.

(1987) used a logistic regression procedure, based on factors

significantly affecting sightability, to build sighting probabilities

and produce a prediction equation. Visibility. bias can be a severe

problen, aruanyaccurateaerialcensusingprocedm'emstinclude

correction factorstcacccm‘ttfcrmissaianimls (PollockandKendall

1987) .
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'menativeuidziganentherdwasextirpatedfranthelmer

peninsulaby1877 (mlrie1951:28). Inl918,7elkwere released along

the SturgecnRiver 6.4 km south of Wolverine (Stephenson 1942), became

established,andeventuallygaverisetcthepresentelkherdin

Midiigan'sncrthernlwerpeninsula. Since it's establistnnent,theelk

herdhasexperiencedpericdsofrapidgrwtharflpericdscfsevere

declineabran1973,Beyerl987). 'meMidliganDepartmentchatural

ResamcesGDtR)hasusedacmbiredairandgmmdcensusinanatteipt

tccotmteveryelkwithintherange(T.Carlsm,pers.ccumm.). 'Ihis

teclmiquewasfirstusedinl975,prcducingaherdestimtecf200

aniinalsmm11984). mmlghinplmentatimcfthemknanagenentplan

OM1984)theetherdhasincreasedsteadilyfrmBSOinl984tc94o

in 1985, 950 in 1986, 1000 in 1987 (Beyer 1987:123), and 1020 in 1988

(E. E. Iarqeneau, pers. cammm.).

'mecensusnethcdusedbytheMmercvidedanarprmdmticncfelk

mmbersmdcmstiurtedaccnsiderableinvesmerrtcftime,w'eyand

mnpcwer. mispaperdescribesarmcermsirgtedmiquethatwas

develcpedtoinzreaseacwracyandreduceexperflimrescfflmmeelk

surveys. 'misnethcdclcgyutilizesstarxiardseardiprocedtmesarfi

sightability correction factors to prcciuce a statistically-based herd

estimate (with confidence intervals) solely frun helicopter comts.

mistedmiquewfllallowmmaragerstcacwratelymeytheentire

elkherdinamoreefficientmamer.



DETECTIVE

meprineryobjectivecfthissuldywastcdevelopanacwrate,

stratified randon, aerial censusing tedmique that world provide a

statisticallybasedestimatecfthesizecftheuichiganelkherd. In

addition, several other dajectives were identified.

1. 'I'ciderrtifythcsefactcrs that significantly (P<O.10) affect

thevisibilityofelkfrantheair.

2. ‘I'odividetheelkrangeirrtcstratacfhigh,meditm,andlcw

encdemityarxidevelcpastandardsystamticsanplimprccedimefcrthe

rarriansurveyofthcsestrata. misincludedthestardardizatimof

helicwter flightspeed, altitxie, onipo‘ttern, arrithestarflardizaticm

cfacceptableweatherco'iditims.

3. Todevelcpastandardccrrecticnfactcrcalanatimand

applicatimprccedurefrandata ccllecteddurirgaerialsurveys.

4. 'rccalculatepopllatimsizeandvariameestimates forthe

Midiiganelkherd,ard95%and9o%cmfidenceintervalsamdthe

pcpulaticnestimate.

5. 'I‘odevelcpanoverallelkcensusingprccedurethatis

relatively inexpensive and can be carried out with helicopter flights

alone.



S'I‘UDYSI'IE WW

'mepresentelkrangeencmpasseeapprmdmatelyl,0001on2cfsani-

wildlandinMichigan'smrthemlowerperursula. 'meareaspans

portions of Chebcygan, mitnDrency, Otsegc, andPresque Isle counties,

ardiscenteredmthe33,500haPigemRiverOomtryStatchrest

(PRCSF) (Fig. 1). Approximately one-half of the area is inprivate

Mimprinarilyinthewesternandsartmestemportimscfthe

range. Privatehuntingclubs, eachcovering259tc5466 ha, presently

makeupabart20§cfprivatelybcmedlarmardrearly2fiofthecentral

elkrangeOlcran1973:4).

mmdiiganelkrangeeadstsmthepresquelslencllingplain,

Emet-Alccnafifll land, arriI-nlrmlake-Bcrder physicgraphic region

(Scanners 1977). ‘Ihe pcdzcl soils, ranging fran low fertility dry sands

maflaashplainstcmedim-highfertilitysandylcanemtillplahs

(Moran1973:4),arecfPleistccenecrigin(Scumers1977). 'lheareais

withintheIakemrmsuper-watershedandisdrainedbythemrth-

flmingBlack,Sb.1rgecn,andPigemRivers.

'meuidtiganelkrangeisdaaracterizedbyrelativelymildamers

andfairlyiccldwinters(8amersl977). 'meneanammaltalperaturem

theelkrangeisS.6°C (Strcnmnsn1974),withyearlylcwsccwrringin

Jamaryarriyearlyhighsccwrrirginaulymwsm. LiJcemcst

years, 1987 and 1988 showed little variation in mean monthly

7
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taper-amuse franthe 1922-1988 long-term average (Fig. 2). Freezirg

taperatmresmyccwraslateinthespringastheendofnay,anias

earlyinthefallasmid-Septenber (M1987). Meanannualrainfallis

74.9m,with95%cco.nringbebdeenuayarr10ctcber(3tramnenl974).

'merecanbelargevariaticnsintotalmcnthlyprecipitatimfranyear

toyear,butSepteiber,maverage,wasthewttestnrmthfcrthepericd

1922-1988 (Fig. 3) (mm 1988). Mean armual snowfall is 246.6 cm, with

anaveragegrcurriccveroflScnbytheendchecemberMidligan

WeatherService1974).

Vegetaticntypesaregenerallywellmixedduetorapidvariatias

inmisture level, soil fertility, andmanagenent intensity. lowland

areasaredmimtedbymitecedarmmis),bladcspruce

Manageabaldermelmhbflmfirmm).

arddogwccdmsspp.) (Ibran1973). Uplarrlareasarecharacterized

bywellmboedetarasotjadcpnemm),redmple(m

m>.aspea(musspp-),mtepim(2mmis).aearmaple

mm}.mfirfipheMM) (14912111973)-

Iransitimalareasaredaninatedbywillommspp.),pccrquality

redmple. poorquality aspens. andwhite birch (2111192923134)

(Mcr'anl973). tbran(l973:7)broluethephysicgra§1ycftheelkrange

into 6 general classes: sardyoutwashplains, mueshplain-mcrainic

eccta'ies, steepmcrainic slopes, morainic uplands, riveldaanks and

bottanlarris,andcmifermsswanps.
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Wintheaerialcensusirqofelkinuichigan involved

bothaninprovenentinsurveytectmique, andtheuseofccrrecticn

factors to account for visibility bias. Technique inprovanents included

a standardization of flight/Weather ccnditims, a standardization of

helicopter flight characteristics, the cmstr'uctim of sanpling mit

bonfiariestcfacilitatethestratificatimofthemeyarea, andthe

calculaticn of variance estimates for the optimal allocation of sanpling

effort. Correctim factors, designed to account for animals missed

during censusing, were developed through sightability modelling

procedures, and judged for accuracy through miter simlations.

'_§mummsm§

mepresentelkrargeencmpassesalargeareainmmigan's

northernlowerpeninsula, mimportiasofcieboygan,mltnorency,

Otsego, andPresqueIslecounties. Sinceanareathissizecculdnotbe

totallysurveyedinarelativelyshortpericdcftime, itwasnecessary

toexcluieportimsoftherangewifilcccasimalccwrrencesofsmall

mmbersofelk, stratifytheremainingarea,aniccrstructsanpling

mitswithineachstrattm. Iocatimsofelkgroupssightedduringthe

previous SMIINRechcunts (1984 to1988) wereplcttedona l:84,480map

todetermimelkdistributiasanddensitiesthmlglmttherange.

12
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Areaswheredersitywasbelowlelkperlomzwereexcludedfrdn

sanplirgardflightccmiderations. Asaresult,theareatobe

simveyedencaipassedl,015.5]mzoftheprineryeucrargelyingeastof

U.S. Interstate 75,northoftheWilJ<inson Road/M-Bz nebuork,westcf

theHallRoad/VoyerlalmRoad/ngermimyRiver (westbrarrh) network,

arri south of the Rcrldc Road/Afton Road/Pigeon River mad/M-BB/Hacket

lakeRoadnetwork (Fig. 4, Fig. 5).

'nlemlrveyareawasthendividedintostrataofcbservedlcw,

meditm, andhighelkdensity, asdevelopedbySiniffandSkocg (1964)

animcdifiedbyI-Icustcnetal. (1986). Stratificaticnisatechnique

usedtoinpruresanplirgprecisim,h1treqturessmelcm1edgeof

animaldistrihltimsothatsamplirgtmitscanbegrctpedinto

hmogemus strata. Knowledge of elkdistributicnanddensitieswas

providedbytheuidligannepartnentofNa‘turalResalrcesthmigh

previouselkcountdata. Eadlofthe3demitystratawerefurther

hrdmdownmtoindividmlsuplirgmits,averagirglo.8mzinazea

(Table 1,Apperd:lx‘rableAl). Bomrlariesbetweendensitystrataand

irdividlalsanplingmitswerecmstructedusirgmmalandmn-made

surface features easily visible fronthe airduringwinter (Fig. 4, Fig.

5). Majorrcads,creeks,arririverswereusedprimarily,hrtsane

boundaries included hilltops, swampccnifer stands, andridges.

Density strataandsanplingmitbomflariesmremrkedonalzs4,480

mapoftheentireuidliganelkrange. 'Iheareaofeadisanplingtmit

wasdetermiredusingtheBryantdot—gridmethcd(8ryant1943).



 
Fig. 4. Western sampling units of low, medium, and high elk dersity

constructedfortheaerial censusingofelkinMidligan.



9 |”.“' . 30.

runs “a"

. 367v- 
Fig. 5. Eastern sampling units of low, medium, and high elk density

constructed for the aerial censusing of elk in Michigan.
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Table 1. “hotel area, mean area (variance), and elkdensities within

sanpling units of low, medium, and high density strata for the

aerial censusing of elk in Michigan.

 

Sanplirg Sapling unit

miteStratum 'DotalArea MeanArea (Var) ElkDensity

 

low 506.1 kmz 45 11.2 km2 (8.6) 1-5/10 m2

medium 328.5 km? 32 ' 10.3 km? (8.6) 6-10/10 km?

:High 180.9 km? 17 10.6 km? (5.2) llt/lo km?

Total 1015.5 161:2 94 10.8 km2 (8.0)  
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mmmm

Helicopterflightsovertheprimryelkrangeweremadeto

determine the sightability of elk (for correction factor development)

ardtogainestimtesofbetweensanplingmitvariancefcrflleoptimal

allocation of sanplirg effort thmlglnrt the low, nedium, and high

densitystrata. AllflightsmrenedeinafiellJetRanger206-A

helicopter (Bell Aviation, Ft. Worth, TX), withcounts andcbservations

perfcnnedbytheaircraftpilotandanichiganmkbiclcgist.

WyaningGameaniFishDepartment (1982:56) suggestedsurveyirgelk

mlywhenastandardsetofweatherccrditicnscmldbemet. Optimally,

surveyflightsslnfldbemdemengmdtenperamareatorabcve

-12°C (10°F), imediatelyafterafreshsnowfall,withmd@thsof

leesthan60an,underclearskies (high,thinclo.1dspermitted),and

withlittleornoairmrhlleme. Becauseoftimrestraints,thisset

of standard weather cmditicns could not be strictly followed during

thisproject. Allhelicopterflightsweremadewhengromdtmeramres

were at or above -23°C (-10°F) (at Gaylord airport), lmder clear skies,

andwhenwirrispeedwaslessthanfllon/hr. Recomusrdedminimmgmmd

taperatlme,nmdmmsnowdepthcariitims,ardfreshsnowcover

ca'ditimscalldnotbepreciselyfollowed. WyaningGamearriFish

Department(1982)allowsfcrwinterelksurveysanytinebemeenl

DecanberandlSMarch. Optimally,elkcensusesinMichiganshmldbe

carriedcutasclcsetolnecenberaspcssible,whenelkgm1psare

largearrimkeminimlusocfdenseswanpcmiferstands(neyerl987).

Helicopter availability, however, only allowed for flights between 7

Jamaryandznamh.
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Helicopterflightsweremdedm'ing9daysbetween73amaryard9

February, l988and9daysbemeen7rebruaryandzuardi, 1989. All

flights made during 1988 focused on sightability model development,

while flights node in 1989 focused on sightability modelling, variance

estimaticn, and sampling intensity determination. All helicopter

stmveysverecarriedartbeueen9z30ard15:30andgenerallycmsisted

ofone3-In1rnomingsessimarricne3-hourafterncmsession. A1-

hmrbreakwastakenbetweensessimstoallwforaircraftrefueling

andcbserverrelaxaticn.

'Ibirsurecmsistencyduringthesanplingofdersitytmits,a

starriar'dizedseardlprccedurewasdevelcped. Sanplirgtmitswere

smveyedusirgcaseartiveparalleltrarsectsacrcsstheentiremiit,

alcngsearch lines 250mapart (Fig. 6) Spacingof search lines

producedabarril/41cninwidth, allowingcbsenrerstosearcheadlbard

cmpletely and with similar intensities. the directim of search varied

persanplingtmitbasedcnimitshape,winispeedarxidirectim,sim

position, and location of thenextunittobe sampled. 'Ihe final

decisicnastoflightdirectimmsdelegatedtothepilot,basedmhis

abilitytokeepaconstant, starflardizedgrom'dspeedof97-ll310n/hr

(60-70 miles/hr) and an altitude of 46-61 111 (150-200 ft).

WMMW

aleoftl‘iemajorprcbluwithanyaerial'censusingprccemreis

theinabilityofobserverstocomteveryanimalamingenveyflywers

(Caighley 1977:36). this form of visibility bias usually leads to an

mader-estimatimoftrueanimalahmdanceordensity. Sever-a1



Wind ‘—

 
 

 
 

 
 
 

 
 

 
 

 
 

Fig. 6. Anexanpleofl/4lonintervalhelicopterseardltransectsover

 

ahypotheticalsanplimmitfortheaerialcensdsingofelkin

Michigan.
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procedn'eshavebeendevelopedtoaccotmtforthcseanimalsmissed

duringacensus. Mcstoftheseprcceduresinvolvethedeteminatimof

correctimfactorsthatareamlieddirectlytovisualcamtsfibokard

Jam1979,Creteetal.1986,l-hlstmetal. 1986,8an1eletal.

1987) . ‘Ihe developnent of correction factors or visibility bias

adjustnmts,mever,requireanindepadentacanatecamtofstmveyed

animalsfcrcmpariscnwithcountsdstainedfrantheair. Sightability

mdelsdevelopedfcrtheaerialcensusingofelkinnidliganwerebased

onthistypeofprccedure.

maliganStatetmiversityhasbeenca'fluctlngtelanetr-ysmdiesof

ekaifllinaniarumithePigemRivercomtryStateForestsincelssl

(Beyer 1987:14-16). Between 1 January, 1988 and 10 March, 1989, 32

individually collared elk were available for use in sightability nodal

development. Dirirgthispericd,collaredelkmrelocatedatleast

every3weeks,wifl1intervalsbetweenlccatiaskepttolweekorless

priortoaerialmrveymandtoadaysdlringsmveys. mosemmitcring

ofallccnaredelkallowedgmxicrevstomreeasilyfirdirdividual

animls,ardhalpeddeteminethesamplirgimitstobesurveyedfor

visibilitybiasestimaticn.

Data for the development of sightability models was collected using

thestardardheliccpterseardipattemmdmdertheweathercarlitions

alreadydescribed. Flightsveremadedming9daysbetween73’amlary

and9Febrtmry,1988andduring9daysbetween7Febnlaryard2Mardi,

1989. saxplixgmutstohemeyeddimirgtheseperiodswerednsm

basedmthewrrentlccatimofcollaredelk. Onlytmitsccntainingat

leastlradio-collaredanimalweresurveyed. 'l'hespecificsanpling
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units chosen for censusingwere based ontmit location, unit size, and

estimatedflighttimebelmeentmits,inanattenpttoma)dmizedata

collection efficiency. Ingeneral, 3 to4 closelyspacedsampling units

weremrveyeddiiringeadlofum3-riollrdailyflightsessims.

Irdividualsanplirglmitswerenotstmveyedmcmsecutivedays,andall

mitsccntainingcollaredelkweremrveyedatleasttwioe.

'nledevelcpnentofelksightabilitymcdelsmsbasedmdata

gatheredmtheacwracyofaerialcamtsofcouaredanimalsandtheir

associatedgroups)asccmparedtcgrcxmdoraerialcoimtsofthesare

groups. HelicoptercrwscmsistedofSnmbers:aMidliganDepartnent

of Natural Resources observer, a pilot/observer, and a locator/radicman.

'mehelicopterwasequimedwithaz-elenentyagiantermaarda'm-z

portable receiver matched witha'Is-lscamier (Telcnics, Mesa, A2) to

allwthehelicopterlccatortcclcselynrnitcrallcollaredelkineadl

designatedsanplingunit. miscrevmbermsincastantdirect

cammication with grand crew manbers using hand-held two-my radios,

butdidnotparticipateinsearchingforelk,arddidnotcatmmicate

collaredelklocaticnstoaerialsearchcrews. Grunflcrevmelmerswere

also artfitted with Z-elamnt antennas ard CIR-2 portable receivers to

closely monitorelkinselected units.

OncemitStobesanpledwerechcsenarrigrourricrewmenberswere

inpcsition actively maitoringelkinthcsemits, helicoptercounts

werenede. Surveysfollwedstandardflightprcmesmrtilanelk

grwpwassiglrtedbyhelicopterobservers. Atthispoint,anattenpt

msmadetocamtallelkbydeviatingfrmthestandardpattern,

reducingaltitude,andcirclingtheobservedgrmrp. Aircrewsrecorded
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elkgroup size, bull/cow/calf caiposition, time of day, parameters cm .

vegetation stands ocwpiedbythegrmp, locaticn (legal descripticn),

ardbehavicrclassofsightedgmlps,where1-bedied, 2-standing,

and3-moving. Vegetatimstandparametersrecordedincludedan

estimtialofthepercentageofconifercover,basedm4cmifercover

classes, where, 1-0—25%, 2 -26-50%, 3 -51-75%, and4 -75%+.

Overallstardageclass,vherel-sapling, 2-pole,and3-mature,

arflcmiferageclassu-sapling, 2-pole,and3-mature)werealso

recordedasvegetatimstandparaneters. ‘Ihepresenceorabsenceofa

collaredinanobservedgromwasdeteminedbythehelicopterlccatcr

andcammicatedtoheliccpterobserversafterthegrouphadbeen

cmpletelyccunted. Sightedelkgrcupswerecarefullyobservedfronthe

airtoasmrethatallanimalswerecomted. Oncepertinentdatacn

ead1elkgrwpwasreccrded,helicoptercredsresmedthestandard

flyingpatternattl'iepcintwhereitwasinitiallybrokenoff.

Ifanelkgroupccntainingaradio-collaredelkwasnotobserved

frmtheair,asdeterminedbythehelicopterlccator,theflight

patternwasnotintermpted. Upcncmpletingtheseardiofasan'pling

unit, collaredelknotobservedwerelccatedfrantheheliccpterorby

gmmdcrews,anddatagatheredonit. Gromdcrewmenbersreccrdedelk

groupsize, timsof day, standvegetation parameters, location, and

belnviorforgrcupsmtobservedfrmtheair.

misprecemremsmatedforalltmitssampledduringeachday.

Upmlccatinggrcupsmissedduringaerialsmveys,grcmdcrews

innediatelypreceededtolccateandnalitcroollaredelkinother

designatedsanplingunits. Ingeneral,eachgrcurricrewnalberwasable
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tomoiitorelkinlmitmringmrningflights,ardlmitdm'ing

afterrbolflights,utilizingaircraftmfuelingbreakstomovebetmol

dlcsenunits.

Wit! ms].W

Correctiolfactcrsdesignedtoaccomtforanimalsmisseddurim

theaerialcensusirgofelkinuidiigan, weredevelcpedianistinct

stages. In stage 1, data collected o1 the aerial sightability of elk

was analyzed by forward stepwise logistic regression (Judge et a1.

1980). In stage 2, factors found to significantlyaffect cbservability

wereusedtobufldsightabilitymdelsasdescribedbySanueletal.

(1987). In stage 3, coastructed sightability models were used to

generateccrrectimfactcrs, againfollovingtheprcceduresdevelcpedby

Sanuel et a1. (1987) .

logistic regressioi analysis was performed on collected

sightability data using the S.A.S. statistical package (Helwig and

Oomcil 1979) on the Michigan State university I.B.M. mainframe

conputer. logistic regression analysis perfonrs 2 important tasks.

First, it judges, at a defined level of significance, which of the

indeperuent variables tested, significantly affects the dependent

variable. Second, it produces regression coefficients associated with

thcsesignificantindependortvariablesthatoanbeusedtocoistmct

prediction functiols. Initially, the entire data set collected was

analyzed to reveal which variables significantly (P < 0.10) influence

elk sightability. 0mifer cover class, group size, conifer age class,

andstandage-classweredefinedas independentvariables, whilethe
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classification of elk grolps as "seen" or "not seen" was defined as the

dependent variable. Prior to regression analysis, elk behavior was

eliminated fron consideration as an independent variable.

Incrdertcdeteminetbeeffectsdifferentmdelcorditiolshadon

resultant coefficients, 6 additional logistic regression analyses were

performed. Insubsequentanalyses, portionsofthedatasetwere

onitted, specificirfleperxientvariableswerenotcosidered, andthe

level of significance was redefined. Each analysis included 1 or more

of the model conditions listed above, but retained the classification of

elkgroupsas "seen" or "not seen" asthedependentvariable. 'Ihedata

setccrrlitionsaniregressionparametersusedforeachanalysisare

presented in Table 2.

Anelksightabilitymdelvnsdevelcpedfrontheresults cfeach

logistic regression analysis performed. For instance, the results of

analysis lwereusedtchlildsightabilitymcdel 1. Inthisway7

distinct sightability models were constructed. only those independent

variables determined to significantly influence elk visibility were used

- to build each specific model. Development of all sightability models

was patterned after thework of Samuel et al. (1987). If regression

analysis fomdgrcupsizearriconifercoverclasstobetheonly factors

significantly influencing sightability, the model would take the form:

11 = C + Q(group size) - 0c(conifer cover class)

the predicted sightability value

the regression constant

the regression coefficient for group size

the regression coefficient for conifer cover class.

11

C

Cg

Cb
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'nlscmitercwerclasscoefficientisanegativemmbersimeinczeases

in vegetative cover decrease sight-ability (Cook and Jacobson 1979) .

Conversely, the group size coefficient is positive since an increase in

animal group size increases the probability of sighting that gmlp firm

the air (Sannel et al. 1987) If the logistic regression procedure

detemmedthatstarfiageclassalsohadasignificant influenoeon

sigtrtability, the model would take the tom:

u - C + 0g(gm1p size) - Commuter cover class) - Cs(stand age class).

where,

u,c,Cg,andccaredetinedasabove

Cs-tharegressimcoeflicientforstaxflageclass

Herethestarxiageclasscoefficierttisalsonegativesincean

irureaseinthsageofthedmimntvegetatimdecreasesthesighting

probability (Caughley 1974). the sigl‘rtability value (u) is determined

byinsertingobsenredgmxpsize,cmifercoverclass,andstandage

classintotheirrespectiveplacesardcanyingcutthearitlmetic. In

addition, tilederivedmdel cwldbeexpardedto inchrle visibility

differencescausedbycmiferage. Forfllisvariable,thsresultant

regression coefficient would also be negative since increases in

vegetation age decrease animal visibility. ‘
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Conversion or all 7 elk sightability models to correction factors

was acouplishedusingtheproceduregivenbySamiel etal. (1987). In

each case, a sighting prdoability function was first derived through the

fonmla:

expu

 y:

l+expu

y- the sighting probability

u - the sightability value

Franthesefunctimsthen, correctimtactorswerecalculatedby

invertingeadisighting probability (l/y). Correction factorswerethen

appliedtoactmllvisualcumtstoarriveatanestimatimofelk

abmflanceinthsmitssampled.

mm

Jiflgementofmdels,basedmaccuracyandstability,was

accomplished through prediction calculations and through canputer

simlatim. Initially, models were jtidged based solely on how

accuratelythsypredictedthetotalmnnberofencineadiofthe4

conifercoverclasses. Predictedelkmmaersm'ecalculatedby

applyingcorrectimfactors,determinedforall7mdels,toco\mtsof

elkgrwpsactuallyseenbyhelicoptercrews. Sincethedatasetused

tobuildmdelSanittedeJJcobsenratiorisinconiferclassma

nathematical probability calculation was used to predict elk mmbers in

thatclassmpperdixn). Eachpredictimwasthenccnparedtothe

toralmmberofelkingralpsweenarflmtseemcmrtainingaconared
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animal, foreadioftlle4cmifercovechess. Inthismamier,models

that mtelyanica'sistentlypredictedkrmelktotalsfrcm

observedelktctals, calldbeseparatedfimfliosemdelsthatdidmt.

Aoalrateardconsisterrtmdels,mdelparts, andnathenatical

probability calwlationswereusedtoconstruct4 elkpredictim

prooeduresofvazyingccuplexity. ProcedureIutilizedasinglemodel

topmedictelkmmbers,pzoceduresIIIalfl'IVutilizedpartsof2models

topredicteJJcmnnbers,whileproceduresIIutilizedpartsof3models

toptredictelkmmbers, asdescribedbelcw.

Procedural: Allcoverclassespredictedwithmdell.

ProcednreII: Coverclassesl, 2, and3predictedwithmode15:

ccverclass IVpredicted mthematically (Appendix II).

ProcedureIII: coverclasslpredictedwithmodelll;coverclasses2

ardBpredictedwithmodeléscoverclassllpredicted

mathenatically.

ProcedureIV: GoverclasslpredictedwithmodelMcoverclassesZ

andapredictedwithmode13(inthisprocedureccver

class4iscanbinedwithclass3).

Allprocedureswerethentestedforacwracyandcmsistencywith

simlatedelkcalsusingdata. 'nlepmposeofthesesimlationsms

threefold: todeteminemidlprooedurewasmostaccurateardmbiased,

todetemimmethersmglemdelormltiplemdelpmoedureshardled

elkcensusdatabetter, andtoassesstheeasewithmichcmplex

prooedurescouldbeused.

All sinulations were performed with the lotus 1-2-3 personal

cmprtersoftware package, version 2.0 (IeBlcmdaniOobb 1985). One

muredgroupsofencwereplacedwithinallconiferclasses, usings
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ratiosdianescrableB). mismsdonetotestmodelperfomancemder

varimselkgrmlpdistribxiaathatwereeitherdasexvedmthefield,

juhedprobabletoocalr',judgedpossibletoocam,judgedtooextrsne

tooccir,orjudgedtootmiformtoocalr('rable3). Elkgrcupsizes

wererandanly generated, within specified ban'daries, foreadlconifer

coverclass. Omiferccverclassl(O-25%cmifer)cmtainedgrcups

franlto 50 animals insize, coverclass 2 (26-50% conifer) contained

gm1pslto30animlsin-size,coverclass3(51-75%cmifer)com:ained

groupsfranltoZOanimalsinsize,ardcoverclass4(>75%conifer)

cartsinedgmzpsfrmltolSanimalsinsize. Q‘icethernmberardsize

ofgmlpspresentineadlcmifercoverclassmredetemined,eadi

gmupmsrarxianly designatedas"seen"or"not seen". Sinulationswere

castructedsudlthatfrmm-Qfiofgrnlpsincoverclasslwere

"seen",fran65-90% ofgrqmsincoverclassZwere"seen",fran30-60%

ofgrmpsincoverclasstere"sem",ardfran0—20%ofgmzpsin

coverclass4were"seen". 'meserangesreflectthepercentageof

gralpsaculallyseendurirgdataconectim,ardagreewithrangesgiven

by'r. Carlson (pets. cammn.). ProceduresI-IVwerethenusedto

predictelkmmbersineachcmifercoverclasssolelyfrmthesizesof

elkgrmpsdesignatedas"seen". 'I‘ctalelkpredictedbyeadiprooedm'e

forthedconifercoverclasseswasthmcmparedtothetotalmmberof

elklowntobepresentineadlclass. 'memmberofelkpredictedin

allclassesbyeadiprocedureardthemmbercfslklmcwntobepresent

inallclasseswasalsocaupared.
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'I‘able3. Distrihltimof 100elkgrcupswithin4cmifercoverclasses

of 8 simlations designed to test prediction

developedfortheaerialcensusingofelkihnidligan.

 

 

W

Sinulation 1 (0-25%) 2 (26-50%) 3 (51-75%) 4 (75%+)

(Distribution)

Sinulation 1

(Entree) 31 32 32 5

Simulation 2

(Even) 25 25 25 25

Simlatim 3

(Cbserved) 46 20 14 20

SinJaltim 4

(Probable) so 18 18 14

Sinulaticn 5

(Possible) 6o 14 13 13

Sinulaticn 6

(Extrane) 61 25 10 4

Simflatim 7

(Even) 31 23 23 23

Simulation 8

(Possible) 4o 20 20 20
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Results of cmputer simlatiom were analyzed to evaluate the

perfomneofmprocemnesbasedonaveragebias,mmberofestinetes

withinSOoftheknomtotal, rangeofestinates (distanoebetweenthe

mininmardmaximmestimate), andoverallbias. Achi-squaretestof

signirioamewaspertormedtotestmemermdelswerehiasedmdereadi

sinulatim. Biasterdenciesweregiventhenostcmsideratimwlen

judging predictim procedures, followed by average bias, and range.

mmmm

wringflightsmadebeoaemZBFebmalyardzmrdi,1989,1mitsof

1w,nedim,ardhighelkdensitiesweres\mveyedtoestimtevariames

for the optimal allocatim of sanpling effort, and to estimate Michigan

elkherd'size. Imitstobesurveyedmrechosen,bystrata,usinga

randan mnuber generator. Ten low density, 14 medium density, and 14

highdensitymitswereanveyedusimthestaniardizedseardl

pmocedmesdsscribedabove. AMichiganINRobservenarria

pilot/observercmmtedardrecordedallanimalsseendurmghelicwter

flyovels. Elkcountswerenotcorrectedforvisibilitybiasmltilall

mitshadbeensurveyed.

Anestimatecfthetotalelkpopllatimwasmadetrcmthedata

collectedfranZBFebruarythrmghzm,1989. Sinoethesanpling

mitsusedinthiscensuswereofmiequalsize,theexpardedpopalatim

estimtewasbasedmtheratioofareasanpledtototalarea(¢aughley

1977). 'memmberofeJJcseenwithinaparticllarconiferclassofeadl

streumwerestmnedmflthetotalcorrectedusingthepredictim

procedure found to be most appropriate, based on sightability data
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collectedin1988-89. Assad» 12 distinctcamtswerecorrected, l for

eadiofthe4cmiferclasseswithiheachofthe3densitystrata(i.e.

coniferclasslofthelmstramm,cmiferc1ass2ofthemedilm

straum,arriconiferc1as330fthehighstraum). 'mecorrectedcotmts

foreadiconiferclasswithinaparticllarstraumweresmmedtoarrive

atatotalcorrectedcomtforthatstraum. Correctedelkcourrtswere

mltipliedbytheinvereeperoentageofareaacmallyflownwithineadi

stratlm,providirqanestinateofthemmberofelkpresentwithinead1

stratum. Smirgtheixdivimalstraumestimatesprovidedanestimate

fortotalelkmmbersovertheentirerange.

Anodifiedrui-respmsenorvitzdnmsmestimator,aspresentedby

SteinhorstandSannl(1989),wasusedtoestimtevariancefran

populationhelicopterszmveys. 'meestimatorpartitimstotalvariance

intocmpmentsofalrveyerror,sigtrtabilityerror,ardnodelerror.

‘meslmveycmpmentestimteserrorduetosurveynetlndologyand

sampling effort allocation. 'Ihe sightability cmponent estimates error

duetovisibility bias, that is, theimability ofaerialcotmtersto

sigrrtallanimalspresent. 'memdelcauponentestimteserror

associatedwiththesightabilitymodelusedtocorrectelkcounts.

Varianceestimteswerecalwlatedforeadlofuie3densitystrata

arrithensmunedasanestimteofcverallmiitvariance. Iotalvariarice

msthenusedtoconstruct95%and90%cmfidenoeintervalsat60

degrees of freedan. A coefficient of variability (Steel and 'Ibrrie

1980:27) was calculated frun population and variance estimates for

cmparison with similar estimates frcm other aerial wildlife census

research.



33

M%Q

'IotalcostswereestimatedforbcththeclrrentnidiiganDRelk

censusingtedmiqueanithestratifiedaerial sanplingmethodusedin

thisstudy. Adirectcmparismwasmadebetweenthesetwoestimtes

using the following paralleters:

I-Ielicqater rental - $150.00/hr

Helicopter fuel - $1.85/gallm

Pilot lodging - $65.00/day

mpersonnel salary - $25.00/tnm/man

Snowmobile rental - $78/mchine/day

Midliganchensuscostestimtes includehelicopterrerrtal for

17-31 hours, fuel costs for 2—4 days (75 gallows/day) of flight, pilot

lodging for 1-3 nights, ZOMENRpersormel salaries for 2-4 days (9

hours/day), and rental of 7 Miles for 2-4 days. Stratified aerial

census cost estimates include helicopter rental for 31-45 hours,

helicopter fuel costs for 4-6 days (150 gallons/day) of flight, pilot

lodging for 3-5 nights, ardZMENRpersmnel salaries for 4-6 days (9

hours/day). Since the stratified aerial method requires no snowmobile

rental, thisadditimalexpenseneednotbeimluded. DJBtO

difficulties in ascertaining the cost of operating wheeled vehicles this

expelfiiturehasnotbeenincluded fortheMIlchensusmethodcost

estimate.
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Fifty-five sampling units (17 different) were flown on 18 days in

1988 and 1989 for sightability model development. A total of 775 elk in

79grolpsmreobservedfruntheair, thegromd, orboth. Atotalof

638e1kin529roups (12.3 elk/group) wereseenbyaerialcreas, while

137elkin27groups (5.1e1k/group) werenotseendurihgflycvers. 0f

theelkgroupsseen, 32 (61.5%) minvegetatimwhereconifercover

wasnortmorethan25% (coverclassl), 13 (25%) wereinstandsof26-

50% conifer cover (cover class 2), 5 (9.6%) were in starris of 51-75%

conifercover (coverclass3), andz (3.8%) veroinstardswterecmifer

coverwaSmorethan75% (coverclass 4). Offlleelkgroupsnotseenby

aerial crews, 4 (14.8%) were in cmifer cover class 1, 3 (11.1%) were in

conifer cover class 2, 6 (22.2%) were in conifer coverclass 3, and 14

(51.9%) were in conifer cover class 4. Appendix Table A2 summarizes the

data collected for sightability model developnent.

Helicoptersurvey flightsweremadetoestinatebetneensampling

unitvariance, ardtodetennihetheoptimalallocatimofsanpling

effort through low, medium, and high density strata. Fourteen of 17

high density units, totalling 150.4 1on2 (83.18 of total strata area,

82.4% of strata units), were surveyed, camting 252 elk in 25 groups.

Fmrteen of 32 medium density units, totalling 139.8 1on2 (42.6% of

34
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strata area, 43.75% of strata units), were surveyed, calming 101 elk in

13 grmlps. men of 45 low density units, totalling 97 m2 (19.2% of

strata area, 22.2% of strata units) were surveyed, coimtirg 74 elk in 10

groups. Apperdix'l‘ableAB mizesthedata collected forthe

estimtim of populatim size and variance.

Wm

A sightability model was developed based on logistic regression

analysis and included the calculated coefficients for factors found to

significantly (P < 0.10) influence elk visibility frun the air. Five

possible sources of visibility bias were recorded durirg data collection

aniusedas irriepenientvariablesmringregressim: conifercover

class, group size, conifer age class, dominant vegetation (stand) age

class, andanimalbehaviorclass. 'nledependentvariable forregression

analysis was the dichotanous classification of elk groups as "seeri" or

"not seen". Before sightability modelling was initiated, animal

behaviordatawasjudgedtobeinccmpatiblewiththerestdfthedata

setandwasnot included inthelogistic regression analysis;

the initial step of the logistic regressim analysis indicated that

only conifer cover class (P < 0.001) significantly influenced elk

visibility. Elk group size, conifer age class, and stand age class

slaved no significant influence on sightability. Final coefficients,

thus, imluded the regression constant (3.698), and the conifer cover

class coefficient (-1.333) . Model 1 was constructed using these

coefficients arr! took the form:

u - 3.698 - (1.333) (conifer cover class)
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'mefimlcoefficientforconifercoverclassesmsmgativeduetothe

inverse relationship between cmifer cover and animal visibility fran

theair(Caughley1974).

Correctimfactorespecificforeadlconifercoverclasswerethen

calculatedasdescribedbySamleletal. (1987). Tincorrectimforelk

groupsseeninconifercoverclasslms:(l.094)(£$),wierePS-the

totalmmberofelkseeninthatcoverclass. 'nlecorrectionforelk

grwpsseenincoverclassesz,3,and4mre: (1.355)(ES), (2.353)(ES),

and(6.135)(ES),respectively. Correctedelkcamtsforeadlcmifer

coverclassarepresentedinAppendixTableM.

Six adiitimal models were developed using logistic regression

analysisbyeliminatirg specificindependentvariables, orby

eliminatirgportimsofthedatasetheforeanalysis. Allmdelswere

caetructedusingsaneorallofthedefimdcmifercoverclass,except

models3ani4,whidlcmbineddatafranclasses3and4intoasirgle

classrepresentirgcalifercoverofsofkormore.

'IableZsmnnarizestheconditimsinposedmthedatasetpriorto

regressim analysis. Table 4 simmrizes the final coefficients of

factors significantly influencing elk visibility, as detemined with 7

logisticregressimanalyses. Models2through6werebuiltusing

significant variable coefficientsinthesanemamlerasrodel 1, andas

descr'ibedinthemthcds.

Sincecoverclass4wasanittedfranthedatasetusedtomfld

mode15,elkpredictionsforthisclassweremadewithamathaietica1

probability calculation (Appendix II). All models were judged for

accuracybycmparingthetotalmmberofelklmowntobepresentin
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Table 4 . Significant logistic regressicn coefficients of 7 sightability

mdelsdevelopedfortheaerialcensusingofelkinuichigan.

 

 

 

 

 

Model Constant Cover Class Group Size

1 3.698 -l.333 (P < 0.001)

2 2.481 -1.168 (P < 0.001) 0.119 (P < 0.125)

3 4.207 -2.374 (P < 0.007) 0.344 (P < 0.037)

4 4.041 -1.634 (P < 0.001)

5 3.338 -1.115 (P < 0.007)

6 2.847 -1.664 (P < 0.003) 0.345 (P < 0.036)

7 5.108 -1.764 (P < 0.069)  
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sadlconifercoverclasswithelkmndaerepredictedbyeadlmdel. Only

thoseelkgrwpsthatwereactuallyseenbyaerialcredswereusedin

eadlnodeltopredictelkmmibers (Tab1e5).

WW

'IherealltsinTableSwereusedtocaetruct4elkpredictim

procedures, based m logistic regression derived sightability models.

'Iheseprocedures ircluded whole mdels, partials of mdels, canbinations

of models, animathanatical probabilities. Procedures utilizing several

differentnodelswereconstructedtodetermineifanelkpredictim

methodologybasedmmltiplemodels, thoughmorecmplextouse, would

moreaccuratelyarrlcaeistentlyacoomtformissedanimls. IIhe

cmstitxtimofeadipredictimprooedlme,basedmthe4cmifercover

classes, isgivenbelow.

ProcedureI: Allcoverclassespredictedwithmodell.

ProcedureII: Coverclasses 1, 2, and3predictedwithmode15;

coverclass 4 predicted mathematically (Appendix II).

ProoedureIII: Coverclasslpredictedwithmdel4;coverc1asses

2and3predictedwithmode163coverclass4

predictedmathamtically.

ProcedureIV: Coverclasslpredictedwithnodelucoverclasses

2and3predictedwithmodel3 (inthisprocedure

ccverclass4iscanbinedwithc1ass3).

'mese4proceduresweretestedforacwracyarristabilitywitha

canputer simlations. Each simulation was ccmprised of 100 elk groups,

distrihltedinvaryingproportimsmgthe4cmifercoverc1asses,

ardrarrimlyassignedas"seen"or"notseen". ProceduresIandIIwere
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Table 5. Known.elk;totals far 4 conifer cover’classes and.predicted

totals for 7 sightability’models for the aerial censusing

of eLk:flnlmudrkfiun 1988-1989.

 

  

 

W

l 2 3 4

Total Elk in.Groups

with Collared Elk 483.0 157.0 58.0 77.0

135.0 (Class 3 + 4)

Model 1 489.9 204.8 77.7 42.9

Model 2 465.6 178.8 71.5 48.0

Model 3 449.4 162.2 136.9 (Class 3 + 4)

Model 4 487.2 220.5 111.1 (Class 3 + 4)

Model 5 495.6 200.8 66.2 62.5*

Model 6 —- 153.5 60.3 100.5

Model 7 —- —- 72.7 56.1

* Predictioniproduced.through mathematical probability calculations
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judgedtobethemostaccirate, stable, andleast biased (Table 6,

Fig.7). ProcedureIwasmibiasedmoreoftenthanProcedureILeioept

wtmthedistributimofelkincmifercoverclassesapproadled

eva'iness. ProcedureIItendedtohaveaslightpositivebias,

partiallarlymenlargepercentagesofelkocwrredincmifercover

classl. AlthcnghPrccedureIproducedthewidestrarqefranminimm

valuetouaadmmvalue, it'slmbiasedness and simplicitymake itthe

mostdesireableprooedureofthe4tested.

mammal-e

Mostelkcbsenedfrantheairdurirgthoseflightscaducted

specificallyforpowlatimsanplirgmreseeninlessthanZficmifer

cover,withroelkgrulpsseeninanyareasvmerecmifercovereaoeeded

75% (Table7).

Using the sightability nodel equation 1.1 - 3.689 - (1.333) (conifer

coverclass),anelkpopulatimwasestinated,basedmtheperoentage

of total area surveyed, tobe 1,236 animals (Table 8).

Variance estimations using a nodified tax-response Horvitz-rmcnpson

estimator (SteinhorstandSanlel1989) aregiveninTable 9._ Analysis

offlievarianoecanpmentsstowedthatanveyerroracoamtedforfl.6%

ofthetotalvariaxoe, sightabilityerroracoountedfor 42.7%,andmode1

erroraoootmtedformlyz.7%. Iowdetoitystraumvariaroewas found

toacoomtfor84%ofthetotalvarianoe,whilenodilmdensityvariance

arrihighdensityvariaroeacoan'itedforonlyll%and5%ofthetotal

variance, respectively. Individual stratum varianoewas sunmedto

provideanestimate oftotalvarianceof 53,023.3. At 60degreesof
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Tables. Biases, averagebias, range, ardmmberofpointswithinso

animals of true population.size for 4 prediction procedures

'under 8 simulated aerial censuses of elk in Michganh The

series under each simulation.reflects the nuMber of elk

groups assigned to conifer cover classes 1-2-3-4.

 

 

 

 

 

 

 

 

 

Simlatim Procedure Bias Avg. Bias longe Within 50

I N0ne 21.7 413 51

1 II P08 48.1 314 46

31-32-32-5 III None -22.6 266 48

IV' None 1.4 364 42

I None -11.7 430 46

. 2 II Neg -49.7 309 48

25-25-25-25 III Pos 97.9 307 22

Iv Neg -55.1 395 39

I Nana -11.6 466 47

3 II None -2.4 342 66

46-20-14-20 III Neg -46.4 355 51

IV Neg -62.7 324 39

I N0ne -21.8 422 53

4 II ane 19.3 277 60

50-18-18-14 III N0ns -21.9 355 55

IV Neg -43.0 314 40

I None -l6.5 375 46

5 II P08 34.9 321 49

60-14-13-13 III None -2.2 283 53

IV' Nag -43.2 306 49

I P03 88.8 371 57

6 II Poe 103.9 279 20

61-25-10-4 III P08 49.8 297 42

IV Neg -3o.5 300 55

I NBg -34.6 463 37

7 II Neg -47.3 312 51

31-23-23-23 III Nag -91.2 269 24

IV Neg -64.2 388 38

I None -ll.l ' 517 34

8 II Name ~15.0 362 49

40-20-20-20 III Neg -65.2 283 42

IV Neg -55.5 336 42
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Table 7.

43

Distributimofelkwithinconiferageanicoverclasses

for groups seen during Michgan elk populatim/Varianoe

helicopter surveys, 1989.

 

Col-liferCoverClass

 

Conifer Age High Medium Low Total

Class 1

No Guitar 7 (15%) 2 (4%) 6 (13%) 15 (31%)

Sapling conifer 5 (10%) 2 (4%) 0 7 (15%)

Pole Conifer 0 2 (4%) 0 2 (4%)

moire (knife: 4 (8%) 0 0 4 (8%)

Total 16 (33%) 6 (13%) 6 (13%) 28 (58%)

Class 2

Sapling conifer 1 (2%) 1 (2%) 1 (2%) 3 (6%)

Pole conifer 1 (2%) 3 (6%) 0 4 (8%)

moire Conifer 4 (8%) 1 (2%) 2 (4%) 7 (15%)

Total 6 (13%) 5 (10%) 3 (6%) 14 (29%)

Class 3

Sapling Cmifer 0 0 0 0

Pole Conifer 0 0 0 0

moire Conifer 3 (6%) 2' (4%) 1 (2%) 6 (13%)

Total 3 (6%) 2 (4%) l (2%) 6 (13%)

Class 4

All Conifer 0 0 . 0 0

Totals 25 (52%) 13 (27%) 10 (21%) 48

 



Table 8. Estinetes of total elk population size derived frcm Michigan

elk population/variance helicopter surveys, 1989.

 

 

Parameter Wm Total

lotal Units 45 32 17 94

Units Sampled 10 14 14 38

Total Area (1on2) 506.1 328.5 180.9 1,015.5

Area Sampled (1on2) 97.2 139.9 150.3 387.4

Ratio Sanpled (Ak)e 0.19 0.43 0.83 0.38

Area Estimtor (l/Ak) 5.26 2.33 1.20 -——

observed Elk Count

Conifer Class 1 40 46 198 284

Cmifer Class 2 19 44 37 100

Conifer Class 3 15 ll 17 43

Conifer Class 4 0 0 0 0

Corrected Elk Count

Conifer Class 1 43.76 50.32 216.60 310.68

Conifer Class 2 25.77 59.67 50.18 135.62

Conifer Class 3 35.26 25.86 39.96 101.08

Conifer Class 4 0.00 0.00 0.00 0.00

Total (Tc) 104.79 135.85 306.74 547.38

N1 ('1',3 * l/Ak) 551.20 316.53 368.09 1235.82

Note: eAk-IrAreasanpledflotalarea
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Table 9. Estimates ofvariaroecmponents inlow, medium, andhigh

density strata fran Michigan elk popllation/variaroe

helicopter surveys, 1989.

 

 

 

 

Error

Canpment Low Medium High Total

Samplixig Error 37,982.48 6,221.52 2,769.65 46,973.65

Covariance -12,484.17 -3,397.35 -2,l40.09 -18,021.61

Survey Error 25,498.31 2,824.17 629.57 28,952.05

Survey Error 25,498.31 2,824.17 629.57 28,952.05

Sightability 17,925.64 2,692.27 - 2,039.57 22,657.48

Model Error 976.08 248.75 188.96 1,413.79

Stratum Total 44,400.04 5,765.19 2,858.09

Variance Total 53,023.32

Coefficient of Variability - 18 . 6%
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freedom, the95%cmfideroeintervalisN1-451, andthe90% cmfidence

interval is N 1 378. Based on a population estimate of 1,236, the 95%

confidence interval for estimated Michigan elk herd size is 785-1,687

animls, while the 90% confidence interval is 858-l,614 animals. The

mlmlated coefficient of variability (CV) associated with the

colwlated population and variance estimates is 18 . 6%

mm

In1988theMichiganmRutilizedaromd20pereome1animnnerols

volmlteerstoactasgramdcamtersdurirgflleammalB-dayelkcensus

(E. E.Iargeneaupers. cammm.). Althoughvolmrteerworkersmremt

acoamtedforincostanalysis,theMIIRpereomolsalaryccmpment

stillrepresentsthemajorexperdimreirnlrredbytlostateageroy

(TablelO). Evenifastratifiedrandanaerialcmsusmsexemtedover

6days,themmetarysavixosinpersamelwouldstillmakeitless

expensivethanthewrrentmRmsthod. Basedonafuelusagerateof25

gallonsperhour(150 gallms/day),useofastratifiedrandancensus

wouldcostagaroodmately $7,755 for4days, $9,598 for5days,and

$11,440for6days. Carpleteelkcomtsfrantheairandgromdmzld

cost approximately $13,262 for 2 days, $19,701 for 3 days, and $26,139

for4 days (Table 10). Even if a corwentional census couldxbe executed

in2days,a6daystratifiedaerialco\mtcouldstillcostnearly

$2,000 less. 'IheestimtedcostofaBday callplete CCLmt, $19,071

agreeswellwiththetruecost, $20,000to$24,000, calwla‘tedbythe

Michigan [NR (E. E. Iangeneaupers. cmmm.).
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Table 10. Costanalysis forzlnetlodsofcenelsingelkinnichigan: a

2-4daycarp1eteairardgmmdcensus, anda4-6day

statified randan aerial census.

Cost m—

Wont 2days 3days 4days 4days 5days 6days

Helicopter

Rental $2550 $3600 $4650 $4650 $5700 $6750

Helicopger

Foal $555 $833 $1110 $1110 $1388 $1665

Pilot lodging $65 $130 $195 $195 $260 $325

Persmnsl

Salary# $9000 $13500 $18000 $1800 $2250 $2700

Snow Mobile

Rental“ $1092 $1638 $2184 -——- —— ---

Tbtal $13262 $19701 $26139 $7755 $11440

e150 gallms/day at $1.85/gallon

fiszs/9 hours/man/day

7 machines at $78/machine/day

$9598

 



DISGJSSIW

MES:

The primary constraints to the collection of data for sightability

modelling, and for population/varialoe estimation were helicopter

availabilityandweather. 'IheBellJetRangerhelicopterusedforall

fligtrtswasrentedfruntheMid11ganStatePoliceAirUnit,ardassuch,

wasrotalwaysavailableupondanand. Althalgharrangementsfor

researdlweremadeinadvaroe,policeuse,neintenaroe, scheduling

cmflicts, and available funds limited helicopter availability. Within

this constraint, weather cmditions and availability of observers and

granricrewsfurtherreducedthemmbercfsuitableflyingdays.

Wstardardweathercmditimsarecarefullydesigmdto

increasetroprdoabflityofsightingalargemnfloerofelkmoningcane

aniFishDepartment1982). InMidliganelkstmldbecensusedassoon

afterlDecmberaspossible. Censustimingisimportant,siroethisis

theperiodwhenelkarecongregatedinlargengps,tauperamresare

fairlyhigh,andsrowfallisfrequentenoughtoproduceaclean

backgroundbutisnotverydeep. Siroeelktendtoretreatintodense

cmiferswanpsastheanbientairtenperahnedrops(8eyer1987),alrvey

flightsshmldrotbeeaoealtedwhengmn'dtatperaumesarelwerm

-12°c (10°F). Kelsall (1969) determined that ungulate nobility was

severelyrestrictedwhenmdepulseaoeededZ/Bofadiltchestheight.

48
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Calsiderirg figures plblishedbyFlcok (1970:130) arriTelferardKelsall

(B79),mvmormstnndrotbehnperedinsnowdepthsoflessthan7o

m3agreeirowellwithflledepu18weeroyam3weemy(1984)reportedas

ahinderaroetoelkmovanent. Toirisilregoodelkmobility,silr'vey

flightsslmldrotbeexecutedifszowdepthsexceededman. Canghley

(1974) iJflicated thatobserverfatigueaniclmxicmlercalld

significantly affect aerial wildlife courts. As such, flight sessions

stmldbekepttoamaldnmof3hours,animlymdevmenlittleorro

cloudcoverispresentoverthestudyarea. Strictadherencetothese

andotherflightlimitatiaowillirourethatthemjorityofelkin

sanplingmitswillrotbeincmiferswanps,willbeinlarge

congregations, andwill behighly visible.

'nleccniitiaomldermidldatawascollecteddidrotalwaysfollow

thoserecamenied. Timerestrictimscmlsedbyhelicopterandgrotmd

cred availability resulted in helicwter survey flights in taperetures

aslowas-23°C(-10°F)arxiinsnowdepthsexoeeding60an. Purtlier,m

flightswerenedeinDecaflaerofanyyear,withpqmlatioerariaroe

surveyspushedbacktolateFebruaryandearlymrdl. 'nleoverall

resultwasthatafairmnmsrofelkmyhavebemindenseswanp

cmiferstarosmrirgsaneofthesmveyflights,ardlargeelkgrwps

hadprobablybegmtobreakup. roavoidtheseprobluns,fumreell<

surveysstouldbecorriedaltasclosetoloeoelfloeraspossible,mrier

thestaroardweathercmditionsrecmmerdedabove.

During 14 days of sightability data collection, 79 observations

(5.6/day) werereoorded. Sanueletal. (1987) built2logistic

regressimpredictionnodelsbasedmtheobservatimoflnelkgmlps,
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but found that regressim coefficients did not change significantly

after65 observations (14.0. Sanuelpers. cmnm.). 'Ihoughadatasetof

100 to 120 observations would have been desirable, the 79 actually

recorded is probably sufficient for the development of an accurate

sightability nodel for Michigan elk. The only potential problen with

the signtability data is the uneven distribrtion of observations

throughalt the demity strata. This problem will be disclosed later."

Data collection for populatia'i/variaroe estimation took place over

4daysandcoveredunits inalldensity strata. Calmlatedvariance

estinates indicatedthat sanplingwasprobablytooheavy inthehigh

density stream, adequate in the medium density stream, and probably

toolightinthelowderoitystratlmi. Assuch, thedatacollected for

popllatim/variance estimates my have been inadequate, while sampling

effort was certainly not optimally allocated. Optimal allocation of

sanplingeffortwillbediscussedmore fu11ybelow.

Of 17 different sampling units sanpled for sightability nodelling,

only 5 (29.4%) were rot high density units. The preponderaroe of high

densityunits inthedatasetmaybeproblusticinammoerof

circunotances. Priortocensusing, itwasassumedthatelkgroupsize,

elkbehavior, andelkuseofconifercoverclasseswasindqendentof

the density stratum occupied. If this assmnption is not valid,

regressim models cmstructed to predict sightability over the entire

elk range may not be accurate. The gathering of elk sightability data

wastotallydeperdentmthedetectimofanimlsequippedwiulradio

transmitting collars, as is recanneniedbySteinhorst andSanuel (1989).

As a result, the rumor and location of units actually available for



51

censusingwaslimitedbythemmberanddistributimofcollaredelk.

It has been assmned that sightability factors act irriependent of density

strata,sothemovendistributionofcollaredanimalsisofmreal

calcern. Ifthisassunptimisfqmdtobeinvalid,anefforttoplace

collaredanimlsevenlythrolgtmtflieentirerargewmldhavetobe

made.

Resultsstmthat,forgro.1psseen,theaveragemmberofe1kper

groupismorethattwicethatforgroupsnotseen. .Thiswouldseemto

indicate that elk group size does significantly influeroe elk

visibility. 'me resultant logistic regression nodel, however, leaves it

out. TableAZShowsthat,forgroupsseen,themediangroupsizeand

thegroupsizemodeareboth7,quiteabitbelowtheaverageoleJ

elk/gm. Forgrmpsnotseen,themediangrc>upsizeardthegrmp

sizenodeare5,agreeingwellwit1'1theaverageof5.1elk/gmlp.

Severalverylargeelkgrmps,Ibelieve,haveproducedamisleading

marismbyinflatingtloaveragegmlpsizeforgrulpsseen.~lfthe

7largestgrolpsareremovedfranthedatasetforgrwpssem,the

averagedrcpst08.4eJJc/group. Inadditim,m1ereastheaveragegroup

sizeforgroupsrotsesnismly41%ofthatforgroupsseen,themedian

andmodeforgroupsrotseenisnorethan7l%ofthatforgmlpsseen.

'mesefiguresmrtherimioatethataveragegmlpsizeforgmlpsseen

hasprobablybemlinflatedbythesightingofseveralverylargegmlps.

Itiseasy,then,toseewhygrolpsizewasmtiroludedintrologistic

regressimnodelatthe90% level.
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Mostoftheelkgroups (86.6%) thatwereseenfrmtheairwere

looatedinareaswherecmifercoverwaslessthansm Oftheelk

groupsthatwererotseenbyhelicoptercrews, 74% inhabiteddense

cmifarcover,milelessthan26%wereinmoderatetomarsecmifer.

Notanprisirgly, allnodelsgenerated,e30oqt1, deteminedthat

conifercoverhadahighly significant (P< 0.007) effectonelk

visibilityfruntheair (Table 4). Tominimizetheeffect of conifer

cover, funneaerialcensusesinuichiganstmldbecarriedoutinearly

Deceiberwlenelkmakeinfreguentuseofdensecmiferstands.

WM

Manyfoumoofaerialoensuscorrectimmetrodologieshavebeen

developedoverthepastzoyears. Ifsightabilityofananimalis

cantant,mrk—recaphmeord1ame—in-ratioprocedurescanbeused

successfully (RiceandHarderl977, Eberhardt-l978). Severalrecent

studies indicated, however, that sightabilities can change over a study

areaduetoammberoffactore(8anlelandPollockl981,Gasawayetal.

1985). Uroertheseciramstaroes,aerialco\mtscorrectedwitha

caetantsightirofmotimcanpromceanurderhestimtimofpopilatim

size (Seber1982:322) aniothermettodsarerequired. ‘memethodfor

evaluating the sightability of elk in Michigan used a logistic

regression analysis (Sameletal. 1987) toconstructcorrectionnodels

based on factors that significantly affect aerial animal visibility.

'nle initial sigl'rtability nodel for winter helicopter courts of elk

inMidliganindicatedthatpercentcmifercoveralorowastheprimry

factor influencing observability. Many other researchers have also
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ixoicatedthatvegetatimcoverwasaninportantfactortocaoidervnen

makingaerialcountsmmgulates (Floydetal. 1979, Gasawayetal.

1986,Saln.1eletal.1987). Manyresearchershavealsostressedthe

inportaroeofanimalgrulpsizetosightability (CookandMartinl974,

(bolcardJaCdasm 1979,SanuelandPollock 1981,Creteetal. 1986),

althwghitwasnotiroludedintheinitialsightabilitynodel

determinedforMidliganelk. In'ordertogaugetheeffectitwouldhave

mtherestfltantsightabilitymodels,gro.lpsizewasintrod.oedint03

regressionanalyses. Siroeanalysisoftheorigiraldatasetdetermined

thatgmlpssizewasnotasignificant factor (atP<0.10),thedataset

hadtobereoonstructed,orthe1evelofsignificaroedroppedinorder

toincludeit. 0f3regressimmodelsmilttoiroludegro1psize,the

acalracyofziroicatedthatitmybeappropriatetoiloludegrolpsize

into sightabilitynodels (Table 5) .' As such, nodels that utilized elk

groupsizewereiroludedinzof4predictimprooemlrestestedfor

accuracyandconsistency.

Three adiitional sightability nodels were also built by

restrucumingthedatasetorredefiningthelevelofsignificaloe

rocessarytoiroludeindepenientvariables. ‘nliswasdcnetodetemiro

how logistic regression analysis behaved under different circumstaroes.

Preciselomledgeofmodelbehaviorcoildthenservetoirdioaterow

besttorecordandstructuremturesightabilityorcensusdata.

Resultsstnvedtlotmdelshliltwithrestricteddatamreslighuynore

acalratethannodelsbuiltwiththeoriginaldatasetintactaableS).

Restricting the data necessitated restricting the conditions under which

thatmodelcanbeused. Siroethemodelisconstructedusingmlythe
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datafranthecmifercoverclassestomidlit'suseisrestricted,the

resultantpredictimsareverygood. Porirotaroe,model7wasbuilt

mlyusingdatafruncmifercoverclasses3arxi4. Siroetheresultant

regressimnodelcoudmlybeappliedtothoseclasses,thepredictiors

generatedbythenodelarefairlyaocurate. Model6wasconstructed

usingconifercoverclassesz,3,and4,andcanmlybeapp1iedtoelk

seeninthen. Asaresult,thepredicticmsgeneratedaregood,

partiallarlyforcoverclasseszanda. 'Iheseresultsindicatedthatan

analysis limited to a single cover class should produce highly accurate

predictioroforelkinthatclass.

'nleteniencyformodelstobecmolessaccurateasthsyerompass

noreconifercoverclassesiscmeprimarilytodiffereroesinelk

sightabilityammgclasses. While 86.5% oftheelkgroupsinsparse

cmifer(c1assesland2)wereseen,lessthan50%wereseenincover

class3,andonly12.5%wereseenindenseconifercover(c1ass4).

“masinglemodelisusedforallclassesofconifercover,ittakes

into account such sightability differences, and accuracy suffers.

bbdelsprodoedwithrestricteddata,however,arefreedfronthis

problem,arrihavetotakeintoacoomtmlylor2different

sightabilities, and can produce nore accurate predictions.

Despiteirrneasedacalracyoverthosethatencmpassseveral

cmifercoverclasses,nodelsmiltfranmlylor2classesmaynotbe

themstdesirable. Anyadvantagesgainedthrolghiroreasesin

precisim,mybem1derminedbyiroreasesinmetlodccnplexity. To

determirowhethersinglemodelormntiplemodelmethodsprovidethe

nostaccm'ate, consistent, andunbiasedelkpopulation predictions, 8
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simulations were perfomed. The results of these sinulations were

analyzedtorevealtrerdsandbiasesardWillbediscmssedinthe

followingsection.

Gasawayetal. (1985) fomdthatbeddednoosewerenorelikelyto

bemissedmringflyoversthanwerestandingormovingnoose. Samuelet

al. (1987) also found thatanimalbehaviorwas significantly relatedto

sightability, but that it was strongly correlated with group size and

vegetatimcovercharacteristics. Asaresult,theactualeffectthat

animlbehaviorhadmaerialsightabilitycolldrotbedetermined.

Initially, elk behavior was incluied for consideration as a significant

influeroemuichiganelksightability. Priortodataanalysis,

m,thisfactorwasranovedfrmcmsideratim. Deteminationof

thebehaviorofmissedelkrequiredvisualcontactandverificatimby

gromdcrewmanbers. Siloetheelapsedtinefranflyovertogmro

visualcontactcmldbeasgreatas45mimrtes,itwasdeemed

unreasonabletoassimethatelkbehaviorhadrotcl'ianged. Inonderto

iloludethisfactorinamlysis,itwmldhavebeennecessaryforgrqmd

crewstomakeca'rtactwitheadlelkgmlppriortoorduringhelicopter

surveys. Limitatimsonman-poweranitimepreventedgmficrew

menbers franiumediately verifying behavior withthisadjustment.

MW

‘Iheperformaroe of4 elkpredictionprooeduresmdersinllatim

irdicatedtha‘tanodelconstructedfranthefulldatase‘t, thagh

prdaably less accurate within individual conifer cover classes, is nore

coroistmtardmbiasedthanaremltiplemodelprooedm (Table 6).
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'meinacwracyofsinglemodelprocedinesismanifestedintlorangeof

biasvaluesproduced. Biasvalueswereoalcllatedbytaldngthe

differemebetweenlowntotalelkmmbersaropredictedtotalelk

mmiaers. Procedlxelhadagreaterspreadfranminimmbiastomaadmm

biasthananyotherprocedureforallasimilatiom. 'Ihenostimortant

donoteristicsofflleseprooecmres,hmever,aretheiraveragebiases.

ProcedureIisbiasedinZsimlations,procedureIIisbiasedin5,

procedueIIIisbiasedin5,andprocedureIVisbiasedin7. Thelack

ofbiasinmostsinulations,andtherelativeeasewithwhichitcanbe

calmlatedarflamliedtofieldwservatiao,makesprooedlmeIfllebest

dioice forpredictingelkpopllatims inMichigan.

mnerlyingthedesignardomstmctimofeachoftheesinulatias

areseveralparametersarddiaracteristicsthatshouldbediswssed.

Withineadlsimlatimaperoentageoflooakgroupsareassignedto

eachofthe4cmifercoverclasses. Elkgroupsizesanaearingwithina

particular classwere randanly generated, but fell within a specified

range. misrangewasdeterminedfrminformatimgatheredmrirg

eightabilitynodeldatacollectimandfrohpersmalobservatims. In

addition, the distribution of group sizes was mathematically dictated to

prodoeaveragegrmpsizesofStolZelk/grwp. Itwasassumedthat

thesizeanddistribitimofgrwpswithineadlcoverclassaccmately

reflectedtruegrwpsizeanddistributimparametere. Specifyingthe

sizeofelkgrolpswithineadlcoverclassalsoreliedmtheassmption

thatelkgroupsizemsrotindependentofvegetatimcover. Itis

difficult to fully test or analyze the effect of vegetation cover on

gmlpsize,butirriicationsarethattheremaybearelationship.
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‘nieeffectsmatherandseasmhavemthsgroupsizesofherding

animalshavebeenwelldocmnentedformanyspecies (Bergerudl978,Boyd

1978,1-h18tonl982). Cartrarily,therelatimshipbetweenanimalgmlp

sizeandvegetatimderoityhasrotbeenreseardledtoalargeextent.

Jeppesen(l987),however,fomdthatgrolpsofreddeer(mgggy§)

averaged3.7anima1s/grdipwheiinforests,ard9.7animals/groipmei

inopenlands. Moran (1973) andBergerud (1978:87) alsoindicated that

vegetationcoverarrideroitymayaffectobservedgmlpsizesinelkand

caribou, respectively. Within a particular season, then, variations in

grwpsizearenotmmnlforanimalsobservediindifferentderoities

ofvegetatim. 'nlesefil'idirgsmpportflieuseofdifferentrangesof

grolpsizeineadlcmifercoverclassamingsimlatimdesignaro

corotruction.

Fig. 6 illustrates the erratic behavior of the prediction

procedures. Prooedurelisfairlyconsistentmriermostcouiitioro,

eooeptwhencmifercoverclassuseratiosapproadlequalityorbecaue

exuemelytmequal. It's behaviorsuggestedthat inaccuraciesor

ilomsisteroiesmayocwrwhenanmmnllylargemmberofelkgroups

hilabitareasofderoeconifercover(class4),orv&mveryfavgrulps

nekeuseofstandsofnoderatecmifercover(c1as8832ani3). If

firtlneelksinveysareflowninearlywinter,asrecamerried,fevelk

willbeinderoecmifer,hltsmewillbeinmoderateccmifercover.

Urdertloseconditia‘is,thisprocedurewillworkwell.

ProcechneIIbehavesmldlthesamewayasprocedureLhIttenisto

became positively biased more quickly. At entrails distributim

prcportims, procedure II tends to explode, and drops precipitously when
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elkdistrihltimsthmlglmtcmifercoverclassesapproadlequality.

PmcecmreIIIfonowsthetrerosestablishedbyprooedLmesIardII,hrt

inanexaggeratedfashicn. ItispossiblethatprooeduresIIandIII

suffer iromsisteioiesduetotheuseofseveralclass—specific nodels.

ProceduresIIarinIIpredictelkpomlatiomin4coverclasseswith3

distirotnodels,raiovixr;theterrleroyofasinglenodeltotenper

eartranesinaparticularcoverclass. ForthisreasonprocedureItends

tobemorecalsistentarxilessaffectedbydrasticinequalitiesinelk

groupdistribution.

Proced1melescorotructedwith2differentmodels,butrestricts

themmberofcmifercoverclassesfron4t03. Forthisreasm, it

alsota'idstoberorecmsistent,thalghstillrathermdesirable

becauseofit'sstrmgnegativebiases. Itisinterestingtorotethat

procedureIVperfornsbestMthemmberofelkgroupsindeme

cmifercoverisveryalalhvniletrootherprocedmesperfomrather

poorlymdertheseconiitions.

Asannimthatfutureelkcensuseswillbeoarriedoutinearly

wintervamfavgrmps.usedensecmifer,mtmanyusenoderatecmifer,

prooeduresIarriIIarethenostappropriate. ProcedureI,however,has

severaladvantagesthatmalceitmoreusem1forpredictingelk

populations in Michigan. Primary ammg these is sinplicity. Designing

mterprogranetonakepmflatimardvariaroeestimtecalwlatiao

ismldllesscmplexwithasinglenodelprocedurethanwithamltiple

modelprooedure. ProoecmreIalsotendstobenorelmbiased,andless

severewhenbiased. 'Ihisallowsforsanevariatiminthedistrihrtion

ofeJchmlpswithincmifercoverclasses,wittnltsufferingalarge
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decreaseinaccuracy. 'nleonlyrealdravbacktoprooedurelisthewide

rangeofpredictionsitcanproduce. misdiaracteristic,thalgh

important, issecondarytotheoverallbiasaniconsistency

characteristics. ProcedureI, overall, performsthebestunder

sinulated elk census informatim analysis.

Wmmm

Helicoptersurveyflightsfortheestimatimofnidliganelkherd

populationparameterswashiroeredorflybyavailabletineandfmos. It

wouldhavebeenadvantageous,however,tohave50r6days,insteadof

4, available for censusing, partiallarly forvariance estimatim.

Althmghsanplingmitsmrerarfianlydoserxforcaousirmproper

seguemirgarorortirgallaedaircremtoalrveybeuiem4aro6mits

duringeach3lnlrf1ightsessim. Limitatimsinposedbyhelidopter

fuelcapacity, observerfatigue, arrioptimldaservingcmditions,

restrictedthemmberofmitstbatcoildrealisticallybesaupledtca

ma3dnumof6. Factorsthatcouldhaveactedtoreduoethemmberof

units coupled, sudlas sanplingvery largeunits, airsickness, and

widelyspacedunits,wererarelyeroountered. Ass:x.h,aircrevswere

abletoccmpletelysurvey38 sampling unitsin4days.

Manyfactoreoontributedtotheabilityofaircrewstocensusa

nearlymaldmrnmberofmlits. ‘nle2mostimportantofvi1id1werelmit

boundary delineation and observer experieroe. 'Sanpling unit boundaries

vore,inmostcases,cmstnlctedusingpermanentnaunalaniman-made

landmarkseasilydetectedfrantheairinwintercorditions. 'n'iesurvey

oftmitsdm-ingthewinterof1988allcwedaircrszstodetemimthe
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appropriatenessofproposedbamdariesbeforeanaculalcensuswas

carriedalt. Sanplirgmitbanriariesthatprovedtobemmsablemre

redefined usirgnore identifiable lard features. Retainingcryptic,

arbiu'ary,ortaiporarybamoarylinesvmldmdwbtedlyhaveredmed

themmberofmitssurveyedpersession. Flightswerealwaysmade

usiroaprimryobserverviohadintimotelmowledgeoftrosbxiyarea

andwhohadprevimsflightmcperieroe. Inthisway,littleorrotime

waslostdm'ingcensusingduetoobserverdisorientatim,non-

recognition ofbamdarylines,orairsickness.

Severalotherfactorscmtrihrtedtothelargemmberofsampling

mitsthatweresucoessfullysurveyed. Includedammgthesewere:

entlmsiasmandexperieioeofpilots,adheremoetostandardflight

patterns, adequatepre-fligntpreparatim,andshortrefuelingandrest

periods. Acmeciwseffortmsmdemthisprojecttoorganize

thoroughlysothatsurveyflightscalldbedmeassmoothlyandas

quicklyaspossible. Evenso,theamountofdatacollectedin4daysof

flyingwasinadeguatetoproduceapqmlatimestimatewithasmller

cmfidmceinterval. 'nletimingofcensusflightsalsoprobably

increased thevariance estimate. Better allocaticn of sampling effort,

hmever,srolldred.oeflmlrecmfidemeintenrals,evenifslmreysare

nodeoncnly4days.

'nleWyamingGameandFishDeparonent(l982:56)recaunerxiedthat

aerialamveysbeoarriedwtbetweenlbecemberandlSkrdnwhileelk

arecoroentratedmwinterranges. ‘Iheaerialcensusingofelkin

Midligan,however,slmldbemedeassomassrowcaflitioropemit. It

isduringthisperiodthatMidliganelkfomlargegmlps,butusually
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makelittleuseofdexoecmiferstarosduetoshallowsrowaniabove-

zero(°F)taiperamres(Mor-anl973). Elkherdpopulaticmestimate

smveysinthissmdymrecarriedoutinlateFebruaryandearlynardl,

morethanammmhaftertheoptimlcensusiroperiod. Siroeno

reliable, independentestimate of elkherdsize is available, however,

itisinpossibletojuckgehowsurveytimixomyhaveaffectedthe

acciracyofuiepopnatimestimateprodiicedinuiisetidy. Further,

theestinetionofelkpopilationsizewasasecondarygoaltothe

estimation of variance for subsequent sampling effort allocation, and

shalldbeviaiedasalch.

Amajor probleninsurveymethodology, correctim factor

determinatim,andpopflatiaVvariaroeestimtimocalrsvmenmelkare

seminastratmn,orcmifercoverclasswithinthatstraum.

'Iheoretically,theabsexoeofsightingsstmldacttodepressthe

overallpopulationestinote. 'nlis,hoaever,isrotthecase. Asan

sample, population estimate flights over the Michigan elk range located

roelkincoverclass4. Ifasingleelkgroupof4individualsvmld

havebeensigntedincmifercoverclass4ofanedilmndensitymit,an

additional 24.68animalswouldhavebeeniroludedinthepopulatim

estimate,p1shingittol,293. 0verestimation,asaresult,aremost

likely if there is a significant shift in the sightability of elk from

theair. ‘I'oguardagainstthis,futureelkcensusesslmldbemrried

cutwithinthestrictweather,timeofyear,arriflightpattern

parametersreoam'idedfrmthissuoy.
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SteinhorstarriSalmel (1989) usedamodified Horvitz-nmpsm

estimtortoanalyzemoosedatacollectedandpresentedbyJacobsm

(1976). Ananalysisofthevariaroecmpamtsrevealedthatsurvey

sampling error was the source of most variation (73%), followed by

responseorsightabilityerror(2l%), andmodelerror(6%). Ananalysis

ofthevariaroecmporontsforthisstudyrevealedthatsurveyerror,

duetosampling effort allocation, msalsothemajorcontributor (55%),

follcmedby sightability error (43%) ardnodel error (3%). ‘Ihis

analysis indicated that the survey procedure and unit allocation used

mayhavetoberefined,butthattheregressimpredictimnodelitself

1350\nd. Steinl'or'staniSanuelu989) cautia‘ledotherreseardlersthat

variaroeaniit'scaiponentsoanvarywidelyduetodiffereroesin

surveydesign, visibility bias, ardmmberofsurveysortrials. These

3factorsmyhavecausedtheobsenreddiffereroesinpercentageof

variaroeattrihrtabletoeadlcmpa'ontbeueenthesoldybyJacobson

(1976)andthisone.

'Ihevariaroeassociatedwiththeestimtimoftheuidliganelk

population is fairly large. This is clearly irxiicated by the relatively

wideconfideroeintervalsproduced. Sinoeitisdifficulttodirectly

carparevarialoeestimatesframdifferentaerialcersusingresults,

coefficientsofvariatim(CV)willbecmpared. ‘IheCVobtainedin

thisstudy,18.6%,agreeswellwiththatreportedby8teinhorstand

Sanlel(l989)—18%,aniislowerthantl'osermortedby00okam

Jacobson (1979) --21.4%, andBeasanetal. (1986) —29%. Siniffand

$1ng (1964), developed stratifiedaerialsampling withoptimal

allocationandrqortedaCVof 11.1%.
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Whendealingwithfieldsundies,itisrotnmoomontoeoonmter

largevarianoes. Assnxrh, coefficients of variation lowerthan15%may

beverydifficulttoachieve. Whilea95%cmfideoeintervalof1- 100

animalsneybehighlydesirableforthenichiganelkherd,the

associatedCVshmothatthisisanmrealisticgoal(Table11).

Although adjustments in sampling effort allocation, and increases in

totalsurveytimemayreducethevariaroeenxghtoproduceaCVof

12.4%,t1'neresultant95%CIassociatedwiththisCV(1-300) isstill

fairlywide. Evenso,aCVbelowl:3%arriaconfideroeintervalbelwi-

300isprobablynotrealistic,unlessBO%ornoreoftheelkrangeoan

besampled.

Althmghthevariaroeassociatedwiththeelkpopllatienestimetes

isratherlarge,itisrotprohibitivelyso. Sanoadjustmentstothe

allocation of sampling effort, howeven could reduce thevariance to a

morereasonablelevel. Siroethevariaroecanponentsassociatedwith

thelow density straumnacoomrtedfor nearly 84% ofthetotalvariance,

itisapparentthatrotenmghlowdensitymitsweresampled.

Contrarily,probablytoomanyhighdeoitynmitsthanneoessarywere

sampled, while the mmnber of medium density units sampled was probably

aboutright. Diringfuolreaerialcensuses,theallocatienofsampling

effortwithineadndensitystratmnwilldependonthemmnberofsurvey

daysavailable. Ifonly4flyingdaysaretobeused,romorethan4o

units could realistically be sampled. Within this limitation, 19 low

densitymitsshalldbeairveyed,withtherenairderallotedtothe

medilnnandhighdensitystraomn. AminimlmnofSOtotalunitsmyhave

tobeceousedinordertosignificantlyremcethefinalvariaroe
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Table 11. Theoretic coefficients of variability, when N - 1,236 and

df- 60, for 95% and90% CI'sbaseandata franuichiganelk

population/variance helicopter surveys, 1989.

 

 

95% CI: CV 90% CI CV

N j; 100 0.041 N i 100 0.049

N j; 150 0.062 N i 150 0.074

N i 200 0.083 N j; 200 0.099

N j; 250 0.103 N i- 250 0.123

N 1- 300 0.124 N i 300 0.148

N i 350 0.144 N i- 350 0.173

N j; 400 0.165 N i- 400 0.197

N 1- 450 0.186 N i- 450 0.222

N + 500 0.206 N i 500 0.247
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estimate, butmaynotbepossible. Refinements intheallooation of

sampling effortWdensity strata, however, may reduce the

mmberofnmitsneededtoproduoeasnellervariaroe,renovirgtheneed

tosurveySOormoreunits. Wedsanplingalloonentfora

varietyofavailableflightdaysarepresertedin'l‘ablelz.

'Ihetotaleffectofincreasimthemnnberoflowdensitylmits

iJoludedinaerialsurveysisrotrestrictedtoareductiminvariaroe,

CV,andconfideoeintervals. Estimatimsoftotalelkmmberscanbe

easilyaffectedbycensusingnorelowdensitymits. Thisissobeoause

ofthehighprdoabilityofflyirglmitsthatcontainfenifany, elk.

Inaddition,thesauplingof20r3norelwdensitymitscouldprovide

more precise inflation on elk distributions and densities throughout

finestra‘hm.

mm

Oneoftheobjectivesofthissuldywastodevelopacensusing

methodthatmfldeliminatetheneedforgmmicamters,tlmsreducing

unetotaletpenditureneededtocarryoutanelkherdcensus. The

stratifiedrandanaerialcenslsderelopedardtestedinthissuldy,does

justthat. 'Il'neMiChiganDepartmentofNatm'alResourcesoansave

thousandsofdonarseadnyearbyusingthisnetlodinsteadofthetotal

conmrtmethodrowbeingemployed. Inadditimtoreducadexpenditures

frontheeliminatimofgramdcamters,monetarysavingswillbemade

onvehicle depreciation, snomobile rental, airlfuelcosts. Compared

toa3dayccnpleteairandgromndcount,a4daystratifiedrandan

census could save them $11,946 everyyear.
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Tab1e12. Recameriedrnmberofunitstobesurveyedineadnelk

densitystrata,whenthetotalmmnberofmnitstobesmveyed

iskrown, fortheaerialceousinoofelkinnid'nigan.

 

 

more HWE DaysRequired

20 4 6 10 2

25 5 8 12 2'3

30 7 8 15 3

35 8 10 17 3'4

40 9 12 19 4

45 10 13 22 4'5

50 11 15 24 5

55 11 17 27 5-6

60 12 18 30 6

65 13 20 32 6‘7
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'memajorlimitatimstcanallaerialcensusatsthsstrict

standardized weather coalitions and flight patterns necessary for a

ancessfulsmvey,andthsactrainvestmentcffligrrttimeandccsts. A

Scrédaystratifiedaerialcsnsusmyrepresentanewcrahwesmrtcf

20r3dayscfheliccpterccstsardweathercmsidsraticns,mt

representsthssavmgcf3daysofgmmczwardlarfivehicleuse.

'mestratifiedranianaerialcensususedintmssuflyis,witlmta

dcmbt, anflmefficient tedmique. Wrefinamntsin

sightability factor evaluatim, sampling effort allocations, and

variamsestimtimscanhmassthseffectivenesscfthetedmique. I

believe that this methodology represents an efficient and effective step

fcnvardinthestatjsticsl estimtimchidziganelkhsrdpcwlatim

,paramters.



MIG! AND CENSUSmm

1. Heliccptsranigmxicrewavailabflity resultedinheliccpter

survey flights m taperamres dropped below -23°c (-10°F) and snow

depthseonceededéOcm. 'naeseccrxiitimsdidnctfcllwrecamflsd

weatherguidelines. Emmaerialelkanveysshmldbecarriedart

mderthesecafliticns:

A. Asscmassufficientsrmccverpermits. Becausslargeelk

mbegintcbzeakup,taperamresmydrcpbelcw-12°C,mfim

amamybmmiw,meysdmldmtbecaniedqmlater

thintheseccxfiveekinJamnry.

B. Asscmafterafreshsncwfallaspcssible,aslazgassncw

WdcmtmwsedGOm(atwhid1pok¢elkfmgimudmvmtmy

beimpaired).

C. Underclear skies,m'earlierthan9:00,andmlaterthan

16:00. Ifgmmtenparaumesdropbelow -12°C(10°F),la.rgemmberscf

elkmymremtcdenseswampcmiferstardsfcrthsmlccver.

Wemeymfierthsseccnditionsstnfldbsavcided.

D. nightsessicnsstmldmtexcesdzhcmsascbserver

fatigmmyremltinanmmmallyhimmmberofanimlsmisssd.

E. I-Ieliccptermeysslmldbsmdeatanaltitudscfw-Glm

abovegmmdlsvelandatanairspeedofW-lnhn/hr. Searchsscver

sanplirgtmitsshculdbsasparalleltxansects,at1/4lcnintervals.
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2 . logistic regression analysis indicated that only conifer cover

class (percent conifer cover) significantly affected elk sightability

frmtheair. inleacalracyof7regressimmcdelsardtheperfomarzce

of 4 elk prediction procedures under simlation indicated that a single-

mdelpredictimpmocedueincludihgmlycalifercoverclass (asa

significant inieperdent variable) most consistently accounted for

animals missed during censusing. Subsequently, the proper sightability

model is:

' u - 3.698 - 1.333 (Califer cover Class).

‘Ihe specific correction factors, then, are:

vaer Class 1: (1.094)(E1J< Seen)

Cover Class 2: (1.355) (Elk Seen)

Cover Class 3: (2.353) (Elk Seen)

Cover Class 4: (6.135) (m Seen)

'nlesevaluessrmldbeusedinfuun'eelkcotmtstocorzectforarfimals

missed in a specific conifer cover class unless additional information

on elk sightability is developed to further refine these factors.

3. ‘lhe Michigan elk herd was estimated at 1,236 animals. It is

impossible to evaluate the acalraoy of this estimate since no reliable

independent estimts exists. the variance estimate of 53,023 procmces a

95%CIofi4Slanimals. 'Ihels.6%CVisalittlehigh, hrtnctumsual

for field studies. Allocation of sampling effort to include more low

densitytmits, ardccrductingaerial smveysearlyintheyear, should

increase pqmlation and variance estimate accuracy and reliability.
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4. Smeyerroracccuntedformcstoftheestimtedvariance,

indicating that sampling effort was not optimally allocated. Model

erroracccmtedformlyz.7%ofthetotalvariance,indicatirgfllatthe

zeccmnendedmodelisagocdme. Variancecmpcnentsinthelowdensity

stratxmwerehigl‘xerthanineitherthemedimorhighstrata, indicating

ttntnotexnlghlwdensitytmitswereamveyeddlmirgpopllatimard

varianceestilnation.

Inmuueelkcomlts,acmsiderablylargerproportimoflw

density mite sl'mld be sanpled. Ideally a total of 50-60 mite should

be surveyed, with 24-30 of thesebeirg low density units.

5. Stratifiedrandanaerialsurveysarelessedcpensivetocorrmct

thanaretotalairandgramdcumts. Eliminatimofgromdcravcan

savetheMidliganDIRfrm$7,000to$12,576eadlyear.

6.!‘ut1melkccmtsshouldbecarriedcutsolelyfxmtheair,

usingthefollowingprocedm'e.

A. Selectthetotalmmberofmitsthatcanbesm'veyedbased

mthemndaerofdaysavailableforcensusing.

B. Allocation of sanpling effort should be determined fran

Tablell,basedmthetotalmmberoftmitstobesuzveyed.

C. Specificxmitstobeslrveyedshouldberandmlyselected

ardtrmsanpledinanorderarddixectimthatmaldmizesthemnmerof

units surveyed during each flight sessicm.

D. Foreadlelkgrmpseen,thefollcwingdataslnlldbe

recorded:thedensity\mitthegroupwasseenin,tota1sizeofthe

grwp,andthecmiferclassocclpiedbythegrcup.
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E. Afterallunitshavebeenmveyed,thetotalmmberofelk

seeniheadlcmiferclasswithineadldensitystratlmshouldbe

correctedusingtheappropriatscorrectimfactor. Estimatesof

popllatimsizecanthenbenedebasedmthetotalareasurveyed,asin

Tables.

F. Variance shouldbeestimted usingthemcdified Howitz-

'mcnpsonestimatorpresentedbySteinhorstandSameluQB9).

Omfidenceintervals,atthe90or95%level,canttmbedevelopedard

placed around the population estinete.
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Table A1. Areas of sampling units cmstmcted in 3 density strata for

theaerial censusing ofelkinMichigan.

Unit Area (kmz) Unit Area (kmz) unit Area (In?)

H]. 9.93 M]. 12.03 L1 10.37

HZ 9.26 MZ 12.40 12 13.01

H3 10.01 M3 8.40 13 8.23

H4 12.48 M4 7.87 14 9.93

35 8.90 MB 6.97 15 13.96

HG 17.23 M6 9.61 16 15.39

H7 9.93 M7 9.31 L7 15.83

118 9.08 MB 6.57 18 14.44

1-19 11.90 :49 13.06 19 4.65

HID 13.73 MILO 6.34 L10 15.17

H11 8.63 1411 10.24 L11 8.28

1112 9.03 mm 7.57 L12 13.81

313 10.42 m 9.53 L13 15.57

1114 10.92 1:14 9.39 L14 12.56

1115 9.98 1415 9.53 L15 10.56

1116 7.74 1416 8.18 L16 14.04

1117 11.62 1:17 7.25 L17 10.29

1118 16.45 L18 15.02

1119 17.81 L19 11.27

MZO 10.56 120 10.24

1121 8.05 121 17.00

1422 10.92 L22 14.01

M23 12.48 123 11.45

1424 13.73 124 12.12

1125 13.60 125 10.87

1126 8.15 126 10.34

1127 12.43 127 11.98

1428 9.21 128 11.09

1129 8.45 129 11.04

MBO 7.42 L30 10.42

1431 15.52 131 11.14

1432 9.39 L32 14.14

133 11.01

L34 5.54

135 7.92

136 9.21

137 12.75

138 7.12

1.39 6.75

L40 10.92

L41 6.34

L42 8.98

L43 13.91

L44 8.23

#5 9.1L
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Table A2 . Sumarization of data collected for sightability modelling of

elk inMichigan, 1988-1989. GS - Group Size, CI: - Omifer

OoverClase, m-OmiferAge, SA-StandAge, AB-Animal

Behavior, S/Ns-SeenorNortSeen.

 

 

Date Unit G s c c c A s A A B S/NS

1/7/88 H10 9 1 1 3 - NS

1/7/88 HS 3 4 3 3 - NS

1/8/88 H6 5 4 3 3 - NS

1/8/88 H6 7 4 3 3 - NS

1/14/88 Hll 6 3 3 3 - NS

1/14/88 Hi 7 l 1 2 S 8

1/14/88 141: 7 1 1 2 M s

1/14/88 Hll 7 2 1 1 13 5

1/14/88 H17 24 1 l l M 5

1/14/88 m7 2 1 1 3 S S

1/14/88 :15 4 2 3 3 M 3

1/15/88 Hi4 7 l l 3 B 5

1/15/88 Hill 8 3 3 3 s 3

1/25/88 14:12 5 4 3 3 - NS

1/25/88 H6 3 4 3 3 - NS

1/25/88 Hz 4 2 3 3 M 3

1/25/88 1:15 a 1 1 3 B 5

1/26/88 1:17 5 4 3 3 - NS

1/26/88 Hll 12 2 l 3 S S

1/26/88 Hll 7 l l 2 H 5

1/26/88 m7 8 l 1 1 s 8

1/26/88 His 10 2 2 3 B 3

1/26/88 1:15 5 1 1 3 M 3

1/27/88 m2 1 1 l 3 S S

1/27/88 KB 3 1 1 3 S 5

1/27/88 H7 6 1 3 3 M 3

1/27/88 mo 5 1 1 3 a s

2/8/88 H6 31 2 3 3 s 3

2/8/88 :12 4 4 3 3 - NS

2/8/88 H6 5 4 3 3 - NS

2/8/88 Hz 12 4 3 3 - NS

2/8/88 Hz 16 1 1 1 - NS

2/8/88 H10 14 l 2 2 s S

2/8/88 1:15 18 l l 1 B S

2/8/88 an 2 3 2 2 M S

2/8/88 1:17 19 1 1 3 S S
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Table A3. Sunmary of data collected for Michigan elk herd population/

variance estimtion, 1989. GS - Group Size, cc - Omifer

OcverClass, m-OmiferAge, SA-StandAge, MB/qc-

Bull/Oow/Calf ratio.

 

E o m n n n :
u

m :
9

EQQ

 

1/5/2

0/7/0

0/5/2

0/5/0

N/A

N/A

0/6/3

2/0/0

0/4/2

0/4/1

3/0/0

6/0/0

1/0/0

2/15/3

5/0/0

l/0/o

0/6/2

N/A

N/A

N/A

N/A

4/0/0

1/0/0

2/7/4

3/12/3

0/4/2

0/6/2

3/8/3
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Table A3 (Oont'd)

 

 

unit G S C C C A S A B/C/C

3123 O -- -- —- ....

m6 4 1 1 3 0/2/2

M26 2 2 l 2 2/0/0

1129 9 2 2 3 2/6/1

1B2 O -- --- --— _.

L]. 0 -- -- -— ——-

L8 4 2 1 3 4/0/0

1.9 0 -- —-- —- .....

Lll 6 2 3 3 6/0/0

L11 9 2 3 3 N/A

L11 15 3 3 3 N/A

1.115 O -" .- -- n.-

120 4 l -- 3 4/0/0

120 4 l -— 3 4/0/0

1:20 2 1 -—- 3 0/2/0

130 8 l —- 3 4/4/0

137 1 1 -- 3 1/0/0

L41 0 -- -.-- -— —-

L42 21 l -- 2 3/11/7
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Tab1e.A4. Cbrrected.grcup size counts for the aerial censusing of elk

infiMichigano Cbrrected.ccunte areibased.onlthe.number of elk

seen and the.conifer cover class occupied.at sighting.

 

 

 

Eflk Observed 1 2 3 4

1 1.094 1.355 2.353 6.135

2 2.188 2.71 4.706 12.27

3 3.282 4.065 7.059 18.405

4 4.376 5.42 9.412 24.54

5 5.47 6.775 11.765 30.675

6 6.564 8.13 14.118 36.81

7 7.658 9.485 16.471 42.945

8 8.752 10.84 18.824 49.08

9 9.846 12.195 21.177 55.215

10 10.94 13.55 23.53 61.35

11 12.034 14.905 25.883 67.485

12 13.128 16.26 28.236 73.62

13 14.222 17.615 30.589 79.755

14 15.316 18.97 32.942 85.89

15 16.41 20.325 35.295 92.025

16 17.504 21.68 37.648 98.16

17 18.598 23.035 40.001 104.295

18 19.692 24.39 42.354 110.43

19 20.786 25.745 44.707 116.565

20 21.88 27.1 47.06“ 122.7

21 22.974 28.455 49.413 128.835

22 24.068 29.81 51.766 134.97

23 25.162 31.165 54.119 141.105

24 26.256 32.52 56.472 147.24

25 27.35 33.875 58.825 153.375

26 28.444 35.23 61.178 159.51

27 29.538 36.585 63.531 165.645

28 30.632 37.94 65.884 171.78

29 31.726 39.295 68.237 177.915

30 32.82 40.65 70.59 184.05

31 33.914 42.005 72.943 190.185

32 35.008 43.36 75.296 196.32

33 36.102 44.715 77.649 202.455

34 37.196 46.07 80.002 208.59

35 38.29 .47.425 .82.355 214.725

36 39.384 48.78 84.708 220.86

37 40.478 50.135 87.061 226.995

38 41.572 51.49 89.414 233.13

39 42.666 52.845 91.767 239.265

40 43.76 54.2 94.12 245.4
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Elk Observed 1 2 3 4

41 44.854 55.555 96.473 251.535

42 45.948 56.91 98.826 257.67

43 47.042 58.265 101.179 263.805

44 48.136 59.62 103.532 269.94

45 49.23 60.975 105.885 276.075

46 50.324 62.33 108.238 282.21

47 51.418 63.685 110.591 288.345

48 52.512 65.04 112.944 294.48

49 53.606 66.395 115.297 300.615

50 54.7 67.75 117.65 306.75

51 55.794 69.105 120.003 312.885

52 56.888 70.46 122.356 319.02

53 57.982 71.815 124.709 325.155

54 59.076 73.17 127.062 331.29

55 60.17 74.525 129.415 337.425

56 61.264 75.88 131.768 343.56

57 62.358 77.235 134.121 349.695

58 63.452 78.59 136.474 355.83

59 64.546 79.945 138.827 361.965

60 65.64 81.3 141.18 368.1

61 66.734 82.655 143.533 374.235

62 67.828 84.01 145.886 380.37

63 68.922 85.365 148.239 386.505

64 70.016 86.72 150.592 392.64

65 71.11 88.075 152.945 398.775

66 72.204 89.43 155.298 404.91

67 73.298 90.785 157.651 411.045

68 74.392 92.14 160.004 417.18

69 75.486 93.495 162.357 423.315

70 76.58 94.85 164.71 429.45

71 77.674 96.205 167.063 435.585

72 78.768 97.56 169.416 441.72

73 79.862 98.915 171.769 447.855

74 80.956 100.27 174.122 453.99

75 82.05 101.625 176.475 460.125

76 83.144 102.98 178.828 466.26

77 84.238 104.335 181.181 472.395

78 85.332 105.69 183.534 478.53

79 86.426 107.045 185.887 484.665

80 87.52 108.4 188.24 490.8

81 88.614 109.755 190.593 496.935

82 89.708 111.11 192.946 503.07

83 90.802 112.465 195.299 509.205
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.__l1a1aaL13LJflurlareuraeeilatszaesisnasst_

ElkObeerved l 2 3 4

34 91.896 113.32 197.652 515.34

35 92.99 115.175 200.005 521.475

36 94.034 116.53 202.353 527.61

37 95.173 117.335 204.711 533.745

33 96.272 119.24 207.064 539.33

39 97.366 120.595 209.417 546.015

90 93.46 121.95 211.77 522.15

91 99.554 123.305 214.123 553.235

92 100.643 124.66 216.476 564.42

93 101.742 126.015 213.329 570.555

94 102.336 127.37 221.132 576.69

95 103.93 123.725 223.535 532.325

96 105.024 130.03 225.333 533.96

97 106.118 131.435 223.241 595.095

93 107.212 132.79 230.594 601.23

99 103.306 134.145 232.947 607.365

100 109.4 135.5 235.3 613.5
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Calculation 1. Sumary of nathematical probability calculations used

topredictelkmlmbersinconiferclass4 forlogistic

regression sightability model #5.

Step1:S1mthemnnberofelkgrulpeactuallyseenincmifer

ccverclasseel,2,and3.

Step2: Dividethetotalgmlpeseeninclaseesl,2,and3by

0.8. IIhieistheestinatedtotall'nlmlaerofgroupsthatarepresentin

cmiferccverclasses 1, 2,and3. Oollecteddata indicatesthat 80% of

allgroupeinclassesl-3willbeseenfrmtheair.

Step3: mltiplythetotalinetep2by0.2. 'Ihisisthe

eetimatedmmberofgrmpepresentincmiferccverclase4. Since80%

ofallgrwpewillbeinclaseesl-B,20%willbeinc1ase4.

Step4: mltiplythemmberofgrwpeinclass4(frunetep3)by

5. ‘Ihisisthemmberofelkestinatedtobeinccniferccverclasst

Elkgroupeeizedataindicatesthattheaverageeizeforelkgroupein

c1ass4ies.

Applying actual data obtained fran sightability model development, the

eetimtedmnfloerofelkinclass4is62.5.

Step1: Groupeseen:classl-32,c1assz-13,class3-5.

‘Ibtalgroupeseen-SO.

Step2: 50/0.8-62.5(tctalgra1peinallclasses)

Step3: 62.5*0.2-12.5(elkgrcupeinclass4)

Step4:12.5*5-62.5(totalelkincmiferccverclass4)
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