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Wapiti Home Range and Movement Patterns in a Sagebrush Desert

Abstract
Daily mo\ement descriplion., ha\e not beeD a!ailablc lir \\apiti (a.'/fr.t dldltrllr') u\ing sagebrsh (Ark'rrir,./ r-id(nrdtt) nd

cfophnd. Ti1us.  $c quanl j fed home r lges.rnd dai l , , -  movement pat tefns ofrudio col l i rcd $ api t i  in  a srgebrush cropland rnosi ic

in \outheasrern ld.rlo. Wapiri in our study had thc largest home-fanse srzes and lrareled the ldrge\t dail)_ dinunccs ol l,l and li

in!e\tigalions. respccti|ely. Annurl. mininnrm con!e\ polygon home'range xrca! for nonnligrrtor! $apiti ir our iludy rangcd

riom 5.l.1to 555 kmr. Su mer. lllinimum-conlcr poiygon home-f.rnge afeas rangcd tiom 79 to 591 knr . Sumner. harmonic

rrcan core .rrers fanged lionr 16 to l,l8 km:. l\,le.rn mininum d.1il,v distmce traveled b.r" naRcd $apiti from June throughAugust

w!! 8.8 kn (SE = {1.8. n = 591. I -arge home-mnge sizes hr\c bccn correlrted lvilh l(^v prccipiuljoni however. ju\trpositxn oI

habiui conrponeni\ in ouf slud] arca also contributed to long dail,,- mo\ements rnd l.rge holne rangc area!. During dre summer.

daltinc bedsites $ere ir nrli!c rrngcland. r\hile nighrtilnc irlocalions $ere in cropl nd. $'c spcculale dral the nlost inpofiant
(irtcrrelated) factob behind thc large $apiti molenerls in lhc lNEL afea \lere .ddil]. iul,lBposi!ion of habitat components.
habitat reourfements..rnd hunrin distur'brnce.

lntroduction

North American wapiti management has been
bascd largely on jnlormation collected in mon-
t rne  hub i l r t ' .  In  l rgh t  o lu rp i t i  r lnge  c rprn . ion .
in semi arid habitats during the last 2 decades,
intbrmation on ccology of wapiti in thcse areas
is needed. Wapiti now occupy trccless habitats in
thc Red Desefi in Wyoming. the Arid Lands Ecol-
og)' Resene in soulh-central Washingt(D, thc ldaho
National Engineering Laborakn y (INEL) ln south-
eastern Idaho. and the Great Basin of south-cen-
trrl Orcgon. Baseline biological information is
nceded b1 munapcr. tf non mont.rne wrpttt p,tpu-
llltions arc to be effectively managcd. Forexample,
undcrstanding wapjti homc-range patterns and
movements is necessaD' for sffategic harvest plan-
ring (Boycc 1989:13) and fbr et'tLctive handling
of crop damage cornplaints.

Our data is important because movemcnt and
homc-range information on wapiti in sagebrush-
stcppe has been rare. Plus. cropland use has not
been reported for wapiti using sagebrush-steppe
(McCorquodale et al. 1986. McCorquodale l987.
McCorquodale et al. 1989). Home range descrip-
tions have bccn available only frorn south cen
tral \\hshington. which was at the nerthwestcm
edge ol the sagebrush-steppe (McCorquodale et

Curfent lddrc\si l)epanment ofFisherr" and wildlilt tsiol-
og! .  Colofado Statc Unirers i l r - .  For Col lns.  CO 80513

al. 1989). Depending upon infirmation fron one
location may be problenatic because there ma),
be tactors of interest that were difl'erent for thal
site. Our intbrmation complements data fionr
south-ccnlnl WashiDgton because thcrc were sub
stantial dift'erenccs in water availability and in
sagebrush:grass biomass rlltio between thcsc 2 ar-
eas. The Washington site had a perennlal stream.
while surface water in thc INEL area was linited
to artificial sources. including irigated cropland.
The sagebrush:grrss biomass ratio was lower in
Washington.

Wapiti colonized the INEL area by the lrrid
1980s (Moritz | 988). This colonization coincided
with increased water availability via Bureau of
Land Management (BLM) guzzlers rnd scvere
winters. Two wapiti herds. cach roughly 80 ani-
mals, had formed by 1989 (Strohrneyer 1992).
Cropland danage compldnts incrcased with \\"apiti
numbers. Our objective was to describc home
ranges and daily movemgnts.

Study Area

The study l lrca cncompassed private. public, and
INEL lands. Most ofthe privatc lands were crop
land. Public lands included BLM. United Statcs
Forest Seryice. and statc lands. The INEL cov-
ered 2,305 kmr in southeastern Idaho and was
establishcd in the l950s to test nuclear rcactors.
Public access rvas restricted while livestock grazing
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u'as linited to the INELs periphery. Hunting on
INEL land was limited to depredarion hunts which
extended 0.8 km inside the NE border iD rhe Mud
Lakc area.

Elevations raDged 1,154- I554 m (Hamiss and
West 1973). The roJling topography u'as broken
by volcanic craters and cones. Precipittrtion pelked
in Deccmber-Jaluary and Mry-Jule. From May
la8a to  Ar rBu. t  lqL)  l .  Ine tn  rnnu. r l  p rec ip i r l r i , ' n
was 20.3 cm. and mcan July and January tem
peratures wcrc 32.3 C and -1.6 C, respectively
(R. Mitchell, U.S. Dep. ol Energy.. unpubl. data).
Surface walcr was restricted to artif icial sources:
guzzlers. cropland irrigation. and waste-water
ponds near INEL facil i t ies.

Adjacent croplands were primarily alfalfn with
sone potato. wheat. barley. oats. and lapesecd.
About 87% of the INEL was sagebrush-steppe.
u'ith the restbein-u grassland andjuniper ("/rar.penrs
spp.) woodland (McBride et al. 1978). The juni
per woodlancls were concentrated in the Lernhi
mountain foothills and the Cedar Butte Lava area.
Conrnron grasses rvcre bluebuncl'r wheatgrass
(Agropyron spit:uturr). needle-and-thread (Sr4ra
conata)- a,nd, Indirn ricegrass (.Or1-:.opsis
Ittnenoides).

Methods

Fernale and male wapiti were captured by heli-
copter net-guDning and each animal was radio
collared and ear-tagged. Wc relocated marked
vapiti t iom April l9lt9 through August 1991,
visually verif ing relocations whcn possible. No
morc than 2 relocations were recorded cvery 24
hours pcr individual to minimize temporal dcpen-
dence betwcen relocations (Swihart and Sladc
1 9 8 5 ) .

Diurnal aelial relocations were obtained lrom
fixed wing aircrafi using Loran-C devices (Boer
et al. 1989). Nocturnal. aerial relocarrons were
made with a hclicopter mountcd intiared systent
which allowed visual veril ication of wapiti. Ac-
curacy olthe Loran-C systems used were nottested.
but Patric ct al. ( 1988) found mean enor in loca-
tion accuracy for such devices to bc I .0 km (0.I
SE.  n  =  l8 ) .

We plotted -eround relocations in Universal
Transverse Mercator System (UTM) coordinates.
Glound rclocltions were obtained weekly dur-
ing $'inter and biweekly dudng summer (oncc

diumally. once noctumally). Nocturnal telemetry
work in wintcr wrs l imited to weeks coincidi1lg
with a t'ull moon. Croplands were surveyed for
presence ofrvapiti during June when rnarked wapiti
use was intermittent.

No triangulation erors occured for ground.
cropland relocations because ntarked animals were
e i th . ' r .ecn  or  Ihc i r  n  c tu rnc l  p r . \encc  uc .  \ ( ' r i -
lied by fresh tracks and f'eces. We cstimated tri-
angulation error fbr ground. non-cropland relo-
catlons by comparing finngulations to subsequenl.
corresponding visual relocations. We nndomly
selected 75 relocations rhat had both triangula-
tion and visual intbrmation. We detined the error
bctween a triangulation and respective visual re-
location as the distance between the visual rc-
location and the center ofthe polygon fonned by
intersccting bearings. The mean of this distancc
was 0.3 km (0.1):1 SE. I = 75).

The hamonic--mean estimator in Program
Home Range (Ackerman et al. 1990) best quan-
tified our home-range aleas. Howevel, we also
repofted minimum-convex polygon (MCP.) arcas
becausc they have becn the most commonly re-
ported. We cstimated seasonal home ranges lbr
cach rnarked wapiti having )20 rekrcations. Tining
of migrations, changes in group sizes. and tim-
ing of cropland use led us to define seasoDs ils:
summer= July Septcrnber, lall = October-Decem-
ber, winter = January-March. and spring = April-
June.

We quantif ied minimum daily movement pat-
tems during June, July, and August by calculat-
ing distances between consccutive daytime and
nighttine relocations. Only reJocations occurring
<l day apart were used. We detined daily distance,
the distance moved i11 a24-hourperiod, to be twice
the respective day-night distance because a 24-hour
pcrir involved animals moving from shrub stcppe
(day) to cropland (night) to strub stcppe (dav).

Statistical Analyses

A factolial analysis of variance tested difttr-
ences arnong seasonal home-range areas and
ur rong Ju i l l  d is lcncc \ .  We te \ tcL l  p r i ru  i .e  cont -
parlsons with population marginal means be
cause sample sizes wele unequal (Searle. Speed,
and Mill iken 1980). Power calculatiors followed
Desu and Rlghavarao (1990:58-9). Thc 957c
harmonic nean areas were not tralsfom]ed. A
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natur al logariLhmic tmoslormation normalized
the MCP arcas and the daily distances! however.
wc reported untransformed means and slandard
elTors. The repeated nreasures (multiple reloca-
tions of marked individuals) in the daily distances
were rcmoved by using thc mean dlstance tor a
givcn animal-nonth-year varied largely because
of legal harvest of marked bulls. Marked wapiti
$ere relocatcd 1.103 tines. Sixty-one percent et
daytime, ground reli)cations and 88'/. ofdaylime.
aerirl relocations wete visually rerif ied. Crop-
laIrd relocations totalled 356. of u'hich 35,1 wele

verilled either visually or with tiesh wapiti fecal
nlaterial and tracks.

Annual Home Ranges

Disldbution of the Mud Lake Argonne (MA)
herd was almost exclusively on INEL lald (Fig-

ure 1). This hcrd wintered in the ccntral portion
of INEL land near thc Argonre tacil i ty then sum-
mercd in the Mud Lnke area. We consider thesc
rninrals to be nonmigratory because their shifts
in home-range use were gradual (>2 months) ancl

l l' i

i

t;]l-\'C 
AEiicuhurc

. Cili* & INEL Facilities

0  5  1 0  1 5  2 0

scale (km)

Figure L Annual Ccdar l-emhi (CLl nnd N{ud l-ake-Afgonne (N{A) $apjti hefd dis-
tdburiurs in thc ldaho Natiorul Enginceing I-aboratory' (INEL) rrc& \4arked
males havirg disdbutions lhat only pardrllt overlapped \\ith the co$ call
hcrds $efe not dra$n.
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the distance between theirwintcr and surrurcrareas
was allor( 9 km. We calculatecl aonual home-runge
areas for 3 MA wapiti (2 males. I l 'cmale). For
these areas. the nuDber of relocations per indi
ridual ranged from 9l to 152. Their mean MCIP
area \\ ' ls 551 kmr (3.6 SE. a = 3.).

ln contrtst, the Ccdar'-Lenhi (CL) herd spent
much o[ its t ime on non-INEL land, using the
. c n t r l l  p o r t i l n , ' l  l h e I N t L  l r r l r  u h e n  r n i p r r r i l i
betwccn the winteing area,I-emhi mountains. alld
the sumorering area. Cedar Butte-La\,a area. Time
spent by CL wapiti (luring rnigrations r.aried lrom
2 days (fall) k) 3 weeks (spring). Annual home-
rangc \izes 1br CL wapiti werc not calculatcd
becausc the distance bctu'eel] the cdges of their
summer and $inter areas was lbout'10 knr.

Seasonal Home Ranges

The numbcr of calculablc home rangc areas 1br
marked indir,iduals raried u'ith season (Tablc 1).
No u inter horne rangc sizes u'ere calculated be-
cause thc number of rclocations per individual
was <20 fbr all animals. The highest numbcrs ef
relocations per intl ir idual occurred in the sum-
mer. Tq'elve of the 1.1 sunncr home range arels
had >30 rclocrtiols/inclividurl. All spring and fall
home-ralge areas hud (3 I relocations/i ldividual.
Sprin-s and tall homc ranses for CL rvapiti *ere
awkward 1o cluantil,\' because movement betweel
the Cedar Buttc Lava area and the Lemhi Moun-
tains occun-ed at t lrcse tinres. Fall home ranges of
CL rvapiti *cre especially troublesome bccruse
n]ovcment bet\\'een the Cedar Butlc Lava arca and
the Lenhi mountains occurred moLe than once
tbr some animals ancl patterns of individuals werc
not consistent bet$,e.'n )ears. Thus, spring and
lull hone ranges tbl CL rvapiti reler 1o the area.
eithcr Lemhi \i lountains or Ccdar Butte La\a.
$'here nlost of a given markecl animal's t ime was
spcnr.

Thc MCP horne-ran-ge aleas had interaction
between sclsons and hcrds (F = 9.2: 2. 16 df: p =
0.002). Fall, MA areas l lcrc rhe lalgesl for all
season-herd cotnbinations (/, _<0.02). Sunlr)er and
spring arcas u ere nol diff'erent bet\!ecn herds (/)
) 0.2.). Summcr areas were largcr Qr S 0.01) than
spring and fit l l  areas for CL u apiti. The iog rrans
formation creafed as) mmetrical contjde[ce inter-
vals causing \.ariation in prxver. Thus. power tbr
detecting a -50 kmr (eflectivc size) dil ierence be-
t\\ 'ccn 2 home range areas. wils about 0.2 al up-

TABI-1-- I Se.r\onal hone r.rnge siTc by hefd. gendcr. and
nreihod lor \rapiti in rhc tdaho Narion, Engi
neer ing I - ibor. r t ( ) r )  r fea.  1989 l99l .  Sinplesize
w.rs the nunbcr of  indj ! jdual  \ \api t i .

Crtepnrr
N{ern
(km:)

Srmple
\ ize R.rnge (k 'nr) S I

Nl in iJnu C.)n\ex Pol lgon Home Rrngc
NInd l - rkc Afgonne

ial l  3
$inlcr r-)
spn'rg ).
sunrmcr 5

Cedar l-crnhi
la l l  l
$1nter '  { l
(pnng .l
sumDef 9

.118.180

1.13 l9it
I  l l -220

6 5 - l l 6

6 t  t 3 0
79 593

.166

1 7 0
165

9 1

95

1 l

28
22

l 5

95ti Hanronir Nlean tlome Range
N{ud 1-alc,{ rgonne

fr l l  l
$,inlea 0
spnng 2
summcr 5

Cedar Lcmbi
tall -l
winlcl t)
sprng .l
s ln l lmcr 9

Hrrnonic l\{!'an Core Areah
Nlud Lake ,\rgonne

l . r l l  3
$inter  0
spr ing 2
su mcr 5

Cedar Lemhi
ia l l  3
|r1ntcr' (]
sfnng .+
\ummcr 9

216-271

I  l 6 -21  8
11-119

l l z  1 7 7

I  l 5  250
l t t  332

0  105

0 , 0
9t l,lil

.11 55

16',7 5l
335 78

r. l9 1.1

n0  l l
165  : l

5 7  l l

0 0
1 2 8  l 0

.16 1iJ
10 1

0- 82
26- 86

'Not  qu.rnt i f ied bccause numbcr o l f t r loc.r r ions pcr indi \  idui l
d0.
fA 0.0 !.rlue fin a corc rreu indicates Progr.rm Horrc Range
drd not detect a corc ffcu fbr.rt lea\l one individutl.

per confidence interval boundaries and was 0.5
0.6 at lower conftdencc inten al bounduies. Sirni-
JarJy. power for detecting a 100 krrr clifferencc
between 2 areas I'aried from 0.5-0.6 to >0.9 at
upper and lower confidence intcrval bounds. re-
spectlvely.

Ditlerences among the 95Tr harmonrc-meal
home rangc areas were not sigDificant (I = L8;
l6 df: l l  = 0.l(r. This conclusion nay be an enor
becausc pou'er was low. Powcr firr detectin-q a
50km: diffcrence (effective size) belweeo 2l'tomc-

82 Strohmever and Pcek



range areas. rvas 0.25. Powcr fir l detecting a 100
km: difl-erence betrveen 2 areas was 0.73.

Harmonic-mean cor-e areas had interaction
between season aDd herd (F = 6.9: 2.16 df: 2 =
0.(X)71. Sunrmer core areas tor MA wapiti were
the largest (/, < 0.005) for all hcrcl-scason conrbi-
natioos. Spdng core areas for MA wapiti rvcrc
smaller (p = 0.0:1) than their lall core areas. Spring
core iucas lirr MA wapiti were also smaller Qr =
0.01 l than summercore areas fol CL wapiti. Powcr
for detecting a 20 kmr diff'crcnce (effective size)
bet$'een 2 corc ar.e s, uas 0.5. Powerlbr detecting
a 35 kmr diffcrcncc bct$cen 2 core rreas $'as 0.9.

Daily Distances

Spatial differences in \\api1i movcment patterns
conh ibuted to dil lerences in dail] '  distances trav
eled. CL males had holre rangcs that on]y par-
tially o!crlapped with that of CL lemales. Hone
ranges of MA nales ovcrlappcd with that of MA
Ietrrales, but MA males ofien rnoved independentl)
ol MA ternales. For exrmple. inliared, helicop
ler scans of Mud Lakc-area croplands in July
showed MA u'apiti. including some nales. would
be in I grain l ield whilc scvcral all-male groups
of l -3 aninrals $ ould be scattered across alfalla
llelds.

Daily distances were dil ' fcrenl anrong
hcrd-month-gender conlbinations (F = 8.7: 1.33
df: p = 0.006). Daily distances traveled by CL
males increasecl (l = 0.01t l ionr Julv k) Au-qust
(Table 2). lncrcascs in daily distances traveled
by MA lcmalcs and MA males tr-om June to Au
gust were not signil icaot (, > 0.2). The decrease
in daily distances lravelcd from .lulr ' k) August
by CL females rvrs also not signitlcant (1, > 0.9).
Again. the log tnnsfomation crcacd asymmctrical
confidcncc intcrvals causing pover to var1. Thus.
p , , r rc r  l ' , , r  Je te . t in l  . r  2 .U km L l i t le rc r rce  ' c l l cc
tive size) between t$'o mean distances was 0.I
and 0.3 at upper ald lorver confidencc bouncl-
aries. rcspccti!cly. Powcr firI detecting a 5.0 km
dillerence betweeo t$,o mean distances was 0.-5
and 0.8 at upper and lo*cr confidence bound-
rr-ies. r-espectively.

Cropland Use

Intermittent croplald use b.v rnarked u apiti bc-
-tan in Junc. Track surveys in the Mud Lake area
.hourd  r r rp i t r  r rscJ  i r ' , ' f l r rn , l  n rgh t l l  i r r  r r , 'up '
of5 l0 animals. Track sul\eys in thc Ccdar Buttc

TABLE I D.Lil] distrnces b\ herd. ronlh. rnd {ender fbl
\ i -api t idunng Ju.c August  in lhe ]drho Nrt ional
Engineering Lahorillor,"- rrca l9E9 1991. Sample
\ize !l,rs the nn ber ol uniquc .rninlal lnonth,
verf  combirat ions.

artegor) Saulplc size \le.Ln (km)b

59

L)

0

t 3

3

l l
,l

2

5

1
,l

1

O!!!{l

Hcrd N,l0nth Cendef

CL. ln l le lemi lc

CL JuDe lnrle

CL-Jul) ' femrle

CL Julr rnde

Cl-  Augusr fcrnaLc

CL-Augu\I -Jnxle

I{A June-fen le

\{A July ' i ;mr le

!1,\ Juh nralc

\{A August-ienr.Lle

! lA ALrsust  mr lc

E.,+

17 .3
7 .5
.1.1

8 .2

r0.,1
10 .2

1.0

0.9
3 .3
0 .E

1 . t
1 . 0
t . 6
l . l

\{A = \,Iud L.rke-ABonne herd: C1- = Clcd:rr Lcnhi hercl.
'  = N0 dara r \ r i lable.
'  = Not calculable.

Lrvr area also showed nightly cropland use by
wapiti. Marked wapiti liom both herds exhibited
a distinct circadian pattcrn fiom July through
September. Da1 titne bed.ite: u erc in rratir e run!e-
hnJ .  uh i le  n i rh t l in te  r '< loca t ion .  \ \e r r  in  ( r , r f -
land. MA wapiti entcrcd and exited cropland in
darkness. while CL u'apiti often entered cropland
before sunsel and cxitcd after sunrise. No day
timc cropland relocations tbr MA rvapiti occuncd.
while CL rvapiti wcrc occasionrlly relocated in
cropland during rain)' days. Crops used by wapiti
changed over the summer. Wheat. oats, and bar-
ley were crops uscd unti l the end of July rvhen
these crops wele died tbr harvcst. Wapiti began
using altalla at this time. Alfalla use became in
ter mittent in October. ceasing wiLh frcczing night-
t in rc  tuml . r . r lu re . .  D i r l  t ime l ld  n i lh l l i rne  c rc i l \
were generally the samc tirr rnarked rvapiti lrom
October through Mav.

Discussion

Annual. MCP honrc-range sizes tbt MA wapiti.
551 krn'. were larger than thal for other non-
nrigralory wapiti and red deer (Czn,ru elqtltus)
herds in non-arid cnvironments which ranged 3-
I I 2 kmr (Catt and Staines 1987. Crrighead et al.
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1973. Edge etal. l985,Edgeetal. 1986, Franklin
et al. 1975, Fral*lin and Lieb 1979, Jeppesen 1987,
Waldrip and Shaw 1979). Thc annual, MCP horne-
nnge arer tirr wapiLi in the Washington sagebrush-
steppc, 162 kmr. *as also smaller than that for
MA wapiti (McCorquodale et al. 1989).

The MCP estimate for summer home-rangc
sizes tor rvapiti in the sagebrush-steppe of Wash-
ington.95 kmr (Mccorquodale et al. 1989). $'as
smrller than that for $,apiti in the INEL area. 16-5
kmr and 245 kmr for MA rnd CL wapiti. respec-
tively (Table 3). Summer ltone ralge sizes tor
rvapiti and recl ciccr in non add environments werc
: l l \o .mJI le f .  | - .1 I  knr : . Ihcn  lha l  lb ru r rp i t i  i r r .ag . -
brush-steppe (Boer 1989: Catt and St ines 191J7;
Craighead et al. 1973;Edge et al. 1985: Edge ct
al. 1986: Franklin et al. 1975:Franklin and Lieb
1979: Geolgii l980a.b; Iru,in and Peek 1983;
Jenk ins  and Starkey  1982:  Jeppesen 19137;
Martinka I 969: Walclrip and Shaw 1979: Wallace
l 9 9 l  ) .

Mctrn daily distances travelled by wapiti dur-
ing the summer in the INEL arca were high in
compar.ison with other in\'estigations (Table rl).
Wapiti in the Washin-qton sagebrush steppe trav-
elied 2.2 km/day fion June through August
(McCorquodale et al. 1989), whilc Jackson Hole
wapiti t lavclled 3.2 km liom 16 July to 15 Sep-
ternber (Martinka 1969). Wapiti inArizona's White
Mountains also trlvelled lcss during the summer.
7.5 kn/day (WalJace 1991), than wapiti in the
INEL area.

Thus. wapiti in the INEL area had lhe largest
homc-range sizes alld longest daily distances ol
. r l l  i n re ' t i ! r r t i , ,n r  L  \ rn rneL l .  O l  cour .c .  i t  i s  im-
pur lanr  lo  Leep in  minJ  t l rJ l  Ihc \c  cornpar ison \
arc more qualitative than quantitativc in natule
because of methodological di11'erences. Confound-
ing infl uences in home-range comparisons include
home-range calculation method, number ol relo
cations pcr home range. time period, and gendcr
composition.

TABLE L SLrmrnaD of sunmef. N{CP home nngc arcas ibr aduli $,apili and fed decr liollr 1.1 investigations. Repofed mer-
!urcs of \ arjali()n are not listed bccau\c t|e! could nol be strndardized rcrcss the in\estigations.

Afea (knr: )  Pcr iod Source

)

.t

.l

8
l 0
1 1 .
1 l
1 l
t 2

:0
l l
95

I  l 8
r 6 5
215

ii
ii
h

f
t
t
I
i

f

t

I

h
h

Jun-Sep
I  Ju l -15  Sep '

Jun-Aug
NI.r Sep'

l  l u l - 15  Sep '

16 Jun 8 Scp
l l  Jun 2-r Scp
5 Jun 15 Scp'

Jun Sep
6 N4ay 15 Sep
6 NI. ly '15 Sep

Jun Scp
JUn /\U!:

run ̂ ug
.tun-Aug
run-Aug
Jul-Sep
Jul S.p

spnrce-iir becch

lodgepole plne

spruce hemlock
spruce-fir-alpine

spruce fir-alfine

coniler-ch.rpaffal

junipcr  lava

Georgi i  l9 l i0
Crt t  and Stai res 1987
Ffrnkln et  a1.  1975
Jeppesen 1987
Ceorgi i  1980
Catt and Staines l98l
\raldrip and Sha\' 1979

Ir$rn and Pcek l9EJ

Cr.r ighcad er a l .  1973

Jcnkins and Starkev 1982
Bcar 1989
N{ariinka 1969
Ntaftinka 1969
Bcar l9 l i9
wal lace l99l

N{ccorquodrle et al. l9tl9
Mccorquod.r le et .  .  1989
This stud!
This s ludy

' f r  = iemale fed deer.  n = lnalc.cd dccr.  h = $api t ihefd.  f= lenalc sapi t i .  m = male r \ rp l t i .
'Quadrr tproccdurc.

'Honre fange size c lculatillns in\ol!'cd periods othef than sulnlncr.
_uound.r f ies b.rsed Lln \cgcral ion t )pes.
'95tl probabililr" cllipse.
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Dai l )
Distrnce

NIefiod"
Srmplmg

Period

{ ) . 1
0 . 1

0.5
0.1
t . 3
1.6
l . l
U.E

0.2
1 . 2

2.1
2 .5
-r.0
J . l
l . l
l . l
-1.5

,l.l-)
1.)
6.5
7 .5
7 . l
12 .6
8.9
9.5

1 .0 -5 .6
0.1

t . l - 9 . . 1

0.5
0.-l

'nP
nrp

mp
'np

mp

p
rp

mp

m2
ml
'nl
, r 2

1'
I
t
h
h

h

h
i
h
i r
h
f
h
h
f

i

Nl.ry

ta l l
Aug
fal l

l 6  J u l ] -  1 5  S e p
$ inrel

6 N{a)-  l5 July
spr ing

spri g

la l l

June Aug
June r \ug

lodgcpolc pirc
kxlgepole pine

lodgepole t ine

coniler-chap.rfal

lodgcpolc p inc

sagebrush
sagebrush

Clftighead et al. 1913
Cruighead et al. 1973
Edge . rnd Mrrcun 1985
N4ccorquodale et  a l .  1989
Boryer l9 iJ I
Craighead et  a l .  1973
Nlccorquodale et  a l .  1989
Nl.Ltinka 1969
Wal lace 1991
Iurninka 1969
Mccorquodale et  a l .  l9E9
Jeppesen l9lJ7
\ |a l lacc 199 |
Clraighcad cl al. 1971
Wal lacc 199 |
Wal lace 199 |
'Ihis 

study
This study
' Ih is 

study
This study

av riatiurs \rere either stlndlrd eror\ or rirnscs: = unrvailable.
"Dista.c!'s $ !'rc cilculitcd iioin the lbllowing: cf = consecurive felocrtions. mp = multiple foints oler 2.1 hours. and 2=d.1!
nighl relocation\ <2.1 hours xprft.
'fi = lenale red deer. h = $.rpiti hcrd. I = lcnrlc !\rpili. nt = lnalc wapili.
dDatx were f fom one animal .

Likervise. the quality ol daily-distance esti mates
are affected by the gendel composition and length
of t imc periods between the relocations used.

Why do wapiti in the INEL areatravel so much?
Aridity may be a tactor. Annual precipitrt ion and
annual. MCP horne-range areas have becn previ-
ously suggcstcd to bc rclated (McCorquodale et
al. 1989). We agree with McCorquodale et al. 's
(1989) point that while annual home-range area
is highly correlatcd with annual precipitation. this
|c l r t ion .h ip  i .  no t  l inear .  Thr t  i s .  horne- r rnpe . i ze
is intlucnccd by multiple factors including for
age availabil ity, iuxtaposition of resources,
physiological state. cover quality. ambient tem-
perature, habitat requirements, abundance of in-
sects. dift icnlty oftravel, population density. plant
phenology. human disturbancc, and social rela-
tionships (Craighead et al. 1973: Georgii l980a.b:
Jenkins and Starkey 1982: Iruin and Peek 1983;
Edge et aJ. 19115: McCorquodale et al. 191191.For
erarnple. while it is true that the INEL arca is
more arid than the Washington srgebrush-steppe,
huml l r  J i \ lu rhJr .  e  m11 he m, ' re  r r i . r  r ' , rns t r r in t

at the Washington si1c. Wc found wapiti home
ranges did not conform to the INELs boundaries;
however, McCorquodale et al. (1989) tbund u'apiti
home ranges roughly matched the size and shapc
of an area tiee fiom human disturbance.

t  hc  ke1 to  e rph in rng  thc  la lgc  .u rnnrc r t i rne
llovenents of wapiti in the INEL area lies in
understanding the motivation lbr the circadian
pattern between the cropland and sagebrush habi-
ta t . .  Obt  iou ' l y .  .u r fa (e  w i r te r  \ \ r \  i rnpor l . rn l .
However, it was not the sole motivator, because
in certain areas the wapiti were equally closc to
cropland and guzzlers thrt were in native vegeta-
tion.

Pcrhaps thc kcy motivator is nutrit ion. This is
unlikely, since the nutritional quality ol thc na-
tir e i 'rrge u us .u Fll,. ienl l '  '  meel elk mrinlenlnce
requirenents (J. C. Mosley, Univ. ld., unpubl. data).
A worthwhile study would be to better separate
the forage versus water needs ofthe INEL wapiti
h r  rn . rn ipu  lu t i r rg  i rop  t l  pes  rnJ  in igu t  iun  reg  in tes .

Juxtaposition of resources also provided an
incornplete explantrtion (of at least dif ' terences
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betwccn the CL and MA herds) because inspec-
tion of topographic maps indicated distances bc-
lwccn vegetation types used during the dry and
nearest cropland rverc similar; however. hunal,
relalcd disturbances diflered between thc wapiti
herds. These disturbanccs tppearedto allect atleast
the timing of cropland use. Whcn MA wapiti were
huntcd cluring the sul]xner, they limitcd the time
they spent in cropland to early morning hours
(roughly 0200 0'100). This contrasts u'ith the CL
wapiti which wcrc not subjected to deprcdation hunl\
ancl rvould enter cropland during daylight hours.

Jeppesen (1987) lbund similar circadian pat-
terns among red dccr in Denmark in a mosaic of
coniler plaltations, moorltrnd. and grassland. Red
deer bcdded diurnally in lbrest covcr and ftd
n , ' c l u r n t l j \  i n  1 1 , r 1 c  , r p e n  \ e g e t a l i o n  l l p ( r .
Jeppcscn ( 1987) attributed this pattcrn as an ad-
aptation to human dislurbance which included
hunting. This is also an appropriate hypothesis
tbr wapiti in thc INEL area because human ac-
cess to INEL land rvas rcstricted creating a dis
turbance-tree zone. Unfortunately, wc were un-
able to quantify the human disturbance adjacent
to INEL land. Sti l l . human disturbancc is also not
the sole motivalor bccause there wer-e times when
the CL wapiti u'ere not being disturbcd while on
cropland, yet they maintained a circadiat pattern.

A heat-slrcss hypothesis nay be the best cx-
planation. Heat stress increases maintenance re
quircmcnts (Young 1988:,161) and may cause
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