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Coyote and Wolf Habitat Use in Northwestern Montana

Abstract
Being a habitat gcncralisr is an rd|ptalion strareg! rhat has allowcd lhe colole to erpand i!s range. As rohes rccnablish. or afe

feintroduced, rcsidcnt popularions olcoyoter may change habitat u,ie. \Ve conp rcd habitat use between cololcs and $'o1\'e\ rn

clacier National Park after successiul recolonizrtion bf $ol\cs. Iwo \!olf packs and nine coyotes rvere nronitored from JuDe

I 99.1 through J un c I 991 to detemin. habitat use in no(h$ csrcrn N4ontna. Wol\ cs uscd habitat t) pes $ idin their home ranges ir

propoftion to r\,tilabi!ir,v dudng the \!inlcr. but not the sumncl when more open areas ard burned forest welc uscd. Most coyotes

used h.rbitat r)pcs withirr theif home fangcs in propofiion ro a\ailabilir' in summer and \\'inter. Howevef. lwo coyolcs used open

nrea\ nnre during lhc summer and lowland forests arers more duing the $inter. Co,,_olcs ma! use ofen habitttls lo avoid encoun-

ters r,ith predxlors other than rvohes (i.c.. cougals). and lbr accc!s to small malnlnals during the sunner. ln addition. coyotes

used rLreas closcr to roads than wohcs. and sed NE'NW aspccts more frequenlly lvhilc $ol\'es occupied SE Sw and S$'-NW

aspecls. Al(hough habit.rt use was sinrilar betlveen canids. coexistence of colo(cs and wolves in lhe Cl.rcicr \ational Park area

nr,- bc lacilitated through dil lircrdal use oftopographic characterislics (i.c.. slope aspect and arcas near foads)

lntroduction

Coyotes (C./rls /41,?irs) are one ofthe nlost widely
distributcd ca.mivorrs in Nofth America (Chapnlan
and Feldhanrrncr 1982). Historically adapted to
the arid plains of the West and Mid$'est (Young
and Jackson l95l ), coyotes expanded their rangc
into lbrested habitats of eastem Norlh America
early in the 20th centuf)'. The expansion of the
coyotc distl'ibution is belicvcd due, in part, b the
extiryation ofthc wolf (C llpas) (Young and Jack-
son 19-51. Mech 1970). Coyotes no* occupy a
vadety of habitats; ho*evcr. even in the eastcm
cxpansion, semiagricultural areas support higher
coyote densities thanheavily forcsted areas (Hilton
1978). Although fbrcsted or heav), brush areas
are olien prefcrred for denning (Andrews and
Boggess 1978. Litvaitis and Shaw l9E0), prefer
ence for habitats is usually prey-related (Litvaitis
and Shaw 19E0, Andelt andAndelt 1981, Gese et
al. l9lt l l).

Wolves historically occupied a variety of habi
tats with the exceptiou of the arid descns and topj-
cal rain forest (Mech 1970); however. currcnt
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populations arc resfficted to tbrcsted areas of
Crnrdr  lnd  nor lhern  lo r l ion .  o l  the  cont igu , ,u r
United States and a vadety of habitats in Alaska.
Frins et al. (199,1) and Boyd Hager ( 1997) sug-
gest that the two most cfitical habilat components
for wolves are: 1) freedom from exccssive hu
man persccutioni 2) abundant supply ofungulates.
Apart from availability of prey. researchels have
documenle t i  rn , r re  spec i f i  c  hah i la t  t  t  qu i tements
during panurition and pup rearing. Elevated tbr-
ested areas near water sources lirr dcnning and
meadow ol semi-open to pafiially treed areas lbr
rendezvous sites (Joslin 1967,Mech 1970. Ballard
and Dau 1983, Rcam et al. 1989, Matteson 1992)
are pret'erred habitats during this period.

Abundance of prey (Ozoga and Harger 1966,
Litvaitis and Shaw 1980. Andelt andAndelt 1981.
Reichel 1991, Holzman et al. 1992), intelspecific
interactions (Major and Sherburne 19U7. Harrison
et al. 1989, Sargeut et al. 1987). ease of travel
(Haplin and Bissonette 1988, Thcberge and
Wedelcs 1989, Murray and Boutin l99l) and
energy requirements (McNab 1963) are a few
factors that can influence habitat use. Habitatpro-
vides necessary requirements for species' survival;
howevcr. some species may be excluded from
available habitat by a more competit ive species
(Case and Gilpin 197.:1). Chances for interspecific
interactions between coyotes and other predators
is high within the Nofth Fork ofthe Flathead are
given the number of predators ?urd variety ofniches
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1i11ed by predators. Wolf populations steadily in-
creased in the area until 1993 when they appeared
to peak and remained stable at 25-30 animals
(Pletscher et al. 1997), while coyote populations
appearcd to decline (Ario and Pletscher 1999.).
In addition. cougar (Punu concoktr) dersrtres lt
the North Fork were 70 cougars/1,000 kmr, and
black bcar (.U. arnericanusl densities vere 200
bears/1.(XX) km'. Grizzly bear (Uistr.i arclo.i).
dcnsities estimated tiom the nofthern poftion of
thc study arcn in Canlada were 64bears/1,000 kmr.
Additional predators afltct abundance and avail-
abil ity ol 'prey lbr coyotcs. Coyotes exploit areas
\\, ith higher prey densities. often changing their
tuse uf habjlat. lrr ccomnrodrte lood requirements
(Andelt andArdelt 198l, Roy and Donance 1985).

Shifts in habitat use by less competitive spc-
cies can occur as large camivores recolonize or
are rciltrodrrced into arel\ \\ herc olher cffni\ ore
species are established. Recolonizing wolves may
cxcludc coyotcs from certain habittts, or tbrce
coyotes into areas closer to human habitation,
which may increase coyote-human or coyote-live-
stock interlctions. Diff erential use of hrbitat types
or topographic characteristics is one method of
spatial partit ioning that allows for cocxistcncc of
congcncric species. At a landscape scale in the
Central Rocky Mountains. Boyd-Hager (1997)
lbund that u'olves selected areas closer to roads.
which was highly corelated with elevation. dis
tance to $,ater. and prey availability. Wolf sur-
vival varies in response to road density (Thiel 1985,
Mech et al. 1988, Mech 1989, Mladenoff et al.
1995). with usually a decrease in survival with
an increase in road density (Boyd Hager 1997).
Wolves can therefore restricl coyote use of
topographic fcaturcs likc roads for casc of travcl
by their presence.

Several researchers have documented coyote
(Ozoga and Harger 1966, Andelt and Andelt 19131.
Roy and Dorrance 1985. Witmer and decalesta
1986, Gese et al. 1988) and wolf (Fritts and Mech
1981, Mladenoff et al. 1995) habitat use. but not
in  r rea .  uhere  lhe  l \ \o .pec ie .  qc lL r l  . ympat r i
cally. ln addition, Carbyn ( 1982). Paquet ( 1989).
and Thurber et al. (1992) documented the co
existence and interaction between wohes eurd coy-
otes but did not discuss difterential habitat use.
Johnson et al. (l996) emphasized the need in car
nirore research to understand how species select
resourccs within thcir homc rangc during dift 'er-

ent time pedods and within diffcrcnt guild as-
semblages. Experimental removal. addition. or
manipulation ofpredator populations is ofLen dif-
ficult but provides thc most rcliable infbrrnation
fbr understanding the efl-ects of one predator on
another. Recolonization of the Nonh Fork area
neaLr Glacier National Park, Montana, by wolves
in the 19130s (Ream et al. 1991) otlered a natural
experiment to estimate the effects wolves may
have on coyote habitat selectit ln.

We examined habitat use by wolves and coy-
otcs along the North Fork of the Flathead River
where these species are now sympatric. Our ob-
jectives were to determine: l) second and third
order habitat sclcction by coyotes and wolves: 2)
if wolves and coyotes pa itioned use of habitat
features; and 3) mcasurcs of habitat overlap.

Methods

We conducted this study along the North Fork ol'
the Flathead Riverdrainage in nofihwestem Mon
tana from 199,1-1997. The 3,000 km: study area
extends from just nonh ofthe Montana Canadian
border south to the Apgar Mountains, and is
bounded by the Whitefish divide on the west and
the Livjngston Range on the east. The valley bot-
tom is 4-10 km widc and ranges in elevation fiom
1,374 m above sea level in the nofih to 1,024 m
in the south. Lands west ofthe North Fork River
are a conglomerate of pdvale, National. and State
fbrests. East ofthe river is Glacier National Park
(GNP).

The dominant cover in the North Forkis lodge
pole pine (Piras torztota), although westem larch
(Larix occirlentalis), subalpine fr (Abies lasit
caryra). Douglas-fir ( Pseudotsuga menziesii), Ltnd
ponderosa pine (Plrrrs ponderosa), communities
are also present in the valley. Riparian areas ale
dominated by spl'r.rce (Plczc spp.) and black cot-
tonwood (P.?&!r.r trichocarpa) (On and Shau'
1979). Over 15,,100 ha in the niddle of the study
area near Polebridge was burned in | 988. Maxi-
mum average daily temperatures range from -2.2'C
fJ rnur r )  )  Io  27 . .1 'C  lJu l1  t .  and ur  e rage min imu m
daily temperatures range fron 13.2'C (January)
to 5.0'C (July) for 1994-1997 (Polebridge *eather
station). Snow usually remains on the gloundftom
mid-November through niid April.

The Nonh Fork sudy area contains several largc
predator species inciuding coyotes. wolves. griz
zly bears. black bears. wolvcrines (GuLo gulo),
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and cougars. Bobcats (Ltnr ruJus),tisher (Martes
penn.tflti). marten (M. umericana). and lynx (1.
turuulensis) represent smaller camivorcs in the
arca. L{rge prey species include eJk (CerLas
elapins), moose (Alcas ulces), white tailed deer
( ( )J , \ , ' i l c t r  r i te i r t ton t r t \ -  rnL l  mu le  t ieer  lO.
, r ' r l / ,  r / r / \ . ) .  Po ten l i r l  . rnc l l  mrmm:r l  f  rc )  \ l l c ( i c \
include sntrwshoe hare ( Le pus dne riconus), bea\er
(Castor canaden,rl,s). mountain cottontail
(S-r'/r,l/aga.r nuttalli), rcd squifiel (Tdmtosciurus
hudsonicus), Columbian ground squirrel
(Spernr4thilLts r:olLunbi4rl.r). and va.ious vole and
tnlce specles.

Capture and l\,4on toring

Wolves rvere captured and handled according to
Mech (197,1) and Rcam ct al. (1991) fronr May
through June 199.1- 1996 and Septenbel through
October of l99,1. We attempted to maintain at least
two radio-collared wolves in each ofthe tu,o packs.
Coyotes were captured in double-staked. padded
No. 3 solt-catch fbot-hold traps in early spring
(May-Junc) and fall (Scptcmbcr-October) I 99.1-
1996. We determined sex and measured. weighed.
and initially aged coyotes tiom tooth wear (Gier
19611). Wc lltted coyotes > 6 mo old with a
rnortality sensing radio.

We located canids > 2 times a week from the
ground and lt le st once a month trom the air
from July 1994 - June 1997. Canids were trackcd
throughout the day and tbr 24 hr periods to de-
lineate home ranges (Laundrd and Keller 1984).
At least two bcarings. < 20 min apan. \\"ere ob-
tained using a hand-held H-antenna. We plotted
each location on a l:2;f.000 U.S. Geological Suney

topography map using Universal Transvcrsc
Mercator gdd system. We recalculated canid lo-
cations using the program Locate II (Truno. Nova
Scotia. Canada) to incorporate bearing error

We estimated composite canid home ranges
(home range estimated from locations obtained
during the entire period an animal transmittcd)
for each individual coyote and each wolf pack
using the adaptive kemel method (Wofton l9U9)
in the program CALHOME (Kie 1992). Follow-
ing Shivik et al. ( 1996). we determined the maxi-
mum probability contour for a canid's home range
h; grrphing the rrel lor erch home rrnge against
each probability. The maximum probability lbr
each canid home range was detemrined to be the
prcbability where the home range size reached
an asymptote. Maximum probability contours fbr
all canids wcrc avcra-qed and then used tbr our
honre range estimates. From this analysis, we
detemined that the 9,1% contour best described
both wolf and coyote home ranges.

Hab tat Use

We uscd vcgetation types classitied by Montana
gap analysis ftom the Montana Cooperative Wild-
life Research Unit Spatial Analysis Laboratory
at the University of Montana (Redmond 1996).
Twenty-six different vcgetation types were dis-
tinguished in the gap analysis; howevcr, we con-
dcnsed these vegetation types into six categories
based on Kunkel (1997) for our analyses (Table
l ) .  H : rb i l r t  c r tcgor ies  u i lh  <5r , '  loc  l ions  ue lc
pooled with other similar habitats for analysis.
Second and third order habitat sclection (Johnson
1980) were used in habitat analyses: second or-

TABLE 1. Vcgekdon classilicution liom gap analysis lbr the Nolth Fofk of the Flalhead River studv area ir norlhrcsrem Nlon
tan.r 0nodilied lioln Kunkel 1997r.

HrbiL n]nre Assoclated labitat catcgorics

Open/Bafren

Bufned t imber

\fixed conifer \tands

tlpland coniitr

\{c\ic linrn

I-owland coniltr

l-o\\'/modcratc and modcralc/high grass. parklands. meadows. nixed mesic shrub, alpine meadow!.
altered herbaceous. rock. banen silc. snoqiiclds. and icc

Area bumed in 1988 fire (Red Bench Fire)

Douglas-fir. lodeepole pine. mixed broadleat mired broadlcaf and coniier. rnd Douglas,fir/lodge-

N4ixed subalpinc iir. lirnbcr pinc lP"tus llerilis). grand lir (A. gr"drd,r). upland ipruce (Pir..r
.rs.,/nd,?,?li). and whirebafk pine (P dlrl.r,lti)

Mi),cd ncsic loren- westem larch. westem redce.l^t \ThuJa lli.ata). and !lestem hcmlock 1?.rrigd

Pondcrosa pinc and mixcd xcic lbresl
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der compared individual canid home ranges (use)
versus availabil ity within the study arer, while
third order compared individual canid locations
(use) versus availabil ity $'ithin individual home
l.ange.

We used a 1007. mininum convex polygon
(MCP) that enconpassed all coyole locations to
delineatc availability of habitat t),pcs within the
study arca 1or the second order analyses (Poole
e l  u l .  lqqr r l .  Th i .  n rc thod Je l i le i r l cJ  a  m. r r imum
area uscd by the coyotes by cncompassing all
location points. The same mcthod was used to
determine habitat availability for wolves using all
wolf locations. Habitat types rvithin cach indi
vidual canid conlposite home range and in the
study area were determined using the Geographic
.lnformation Systenl programs ARCINFO and
ARCVIEW. To test whether coyotes and wolves
used habitats in proportion to their availability
considering all habitats sin.rultaneously, wc used
independent Chi-squarc tests and Bonferroni con-
fidcnce inten'als (Neu et al.197.+. Alldredge and
Rrtti 1986). This measure was appropriate given
that habitat availability was measured, not esti-
matcd (the method allows fbr unequal variance
bcrween habitats) (Alldredgc and Ratti 1992). To
avoid spatial dependence of locations, we used
only onc animal from a mated pair. Mated pairs
ale bioJogicall1, dependent upon one another and
therefore should not be considered indcpendent
locations (Millsptugh et al. 1998). A similar com-
parison u'as madc between use of habitat types
by the two *olfpacks to that avaihblc in the wolf
l00% MCP We detemined overlap of habitat use
bet$,een coyotes and wolves using Hom's (1966)
index ofoverlap C. = 2 Sx,y, / (Sx,l+ Sy,:); where
x, = propofiion of babitrts in coyote ranges, and
y, = propo ion of habitxts in wolf ranges. Com-
pletc overlap of habitats would result in a maxi-
mum value C. = 1.0.

We uscd coyotes with > 20 rclocations during
both sunrmer and winter and both wolf packs in
the third order analysis to minimize Type ll eror
(Alldredge and Ratti 1986). Expected valucs were
based on the proportion of each habitat type in
the individual canicl 's home range multiplied by
the number of locations for that canid. We com
pared third ordcr habitat use during winter (Oc-
tober I - April 1,1) and summer (April 15 - Sep
tcmber 30) using chi-square goodness offit (Neu
et al. 197.+.).

Wc compared the distance to a road or \tater
source from coyote locations to wolf locations
for both seasons. Only pdmar,v and secondary roads
accessible throughout the winter wcre used in the
load comparison. We compared elevation. slope.
and aspect te test whether the use oftopographic
characteristics differed between species. Diflcr-
encc !  in  e le ! i r l ion  fo r  each can id  lu . t l i , ' n  uere
tested using a t-test. We classilied opography into
five aspect classes (t1at.46o to 135'. 136'to 225',
226 ' to  315" .  and 316 ' ro  45 ' )  and tbur  s lopc
c lasscs  (  no  s lope,  l ' to  10" .  11"  to  20 ' .  and >
20"). We used a chi-square contingency table to
test for difterences in topography between wolf
and coyote locations. A rcsidual z test (Haberman
1973) was used to detcrmine which cells contrib-
uted the most to the chi squiire analyses. Signifi-
cance was inferred at P < 0.05 tbr all tests.

Results

Rad o Track ng

We capturcd and collared 18 coyotes,9 males and
9 fernales. and 5 adult wolves in the two u,olf
packs. We also monitored 5 wolves prevlously
collared in the two packs. Only coyote and wolf
locations with 3 2 kml error polygon wcre used
in the home range analyses and locations wilh <
0.25 kmr error were used in the habitat analyses.
Composite home range size tbr 4 male co1'otes
averaged 99.:1 km/ and for 5 females averaged
126.7 kmr. The South Camas Pack wolves had a
composite home range of 686.,1km2. and the North
Canras Pack wolves 117 .0km).

Habitat  Use

For the second order resource selection analysis
our available habitat area for coyotes was 831 .9
kmz and for wolves was I .I 9,1.8 kmr. Five com
posite coyotehome ranges and two composite wolf
pack home rangcs were comparcd to availability
of the six habitat types. Foru other coyotes wcrc
determined to be either the mate or pack mcmber
of a coyote used in the analyses. Nine other coy
otes did not tmnsmit long enough to define home
ranges. Colote. Jid not u.e habitat. in prrrpor-
tion to availabil ity (P < 0.001; Table 2). Open
arcas, bumed areas. and lowland conifer forests
were used more than expected. and mixed coni-
fer and upland conifcr lbrests were used less.
Wolves did not use habitat types within the study
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TABLE L Proportion ofhabilal used ir home fanges by jndividurl radio-collafed coyoles (nulnbers) and wolfpacks ard propor-
rion ofarea within thc srudv area in nofihwescm Montana.

Canid
identilication Ope Barren Mixed conifer Upland coniler I-owland conifer

529.1
519.1
029.1
5395
0996
South Cama\ Pack
North Canas Pack
PorpoIrion alajlablc

Ploportion:r\,aihb1e

0 .132
0.035
0.930
0 .011
0.088
0 .015
0.0c)9
0.0.15

0.088

0
0.39 |

o
0 .821

U
0.21) /
0.003
0 . 1 1 9

0 . l 0 l

0 .107
0.052
0.085
0.026
0.206
0.2.17
0.23,1
0  l 8 l

0.1,19

0 .110
0.055
0.,130
0.008
0.0,12
0.07,1
0.205
0.:73

0.226

0 . .118
0..160
0.369
0 . 1 3 1
0.66,1
0 .155
0.329
0.t55

0.318

0.033
0.007
0.012

0
0

0.001
0.0 r.1
0.005

0.007

area in proportion to availabil iry (P < 0.001).
\!blves used more mcsic tbrests and less mixcd
coniter and lorvland conifcr fbrests than expected.
Ovcrlap of habitat use was high betu,een wolves
and coyotes (C7 = 0.94) at the second order.

The third order analysis showed that three coy-
otes uscd habiti,tts in proportion k) availabil ity
within their rcspective home ranges. Two coy-
otcs did not use each habitat in propofiion to its
availabil itv within their home range (P < 0.00l)
in sLlnmcr. A female coyote (519,1.) used less
burned area than available and more open and
lowland conilcr forests; female 529+ useo more
open areas than was available. The same two coy-
olcs used habitat differenlly from available in the
winter (519,1: P = 0.002: 529,1: P = 0.00,1). These
females used lowland forcsts rnore fi'equently than
cxpected based on availabil ity within their lespec-
li lc home ranges. Both wolf packs used habitat
within their home ranges in propoftion to avail
ability in thc winter. but differently in the sum-
mer (P < 0.001). The South Camas Pack used
nrore open areas aDd lcss mixed conifer forests
than available, whereas thc Nofth Camas Pack
ured more bumed areas. Overlap of habitat use
was high between the species in summer (C, =
0.97.) and winter (Ci = 0.96).

Coyotes u ere found closer to roads than wolves
during winter (P < 0.001) and summer (P < 0.001:
TJblc l). Cr '),,1e. u ere clo\er Ir\ \\ i l ler :uUrcc\ in
sunmer (P = 0.0,1) than wolves. Usc of elevation
was similar between canids in winter and sum
mcr However, canids uscd ditlerent slope cat-
egories during summcr (P = 0.0.1): coyotes uscd

no-aspect slopes (flat arcas) more than wolves
(P = 0.0l3). ln the winter, slope usc differed be
l!r een the clnid: { P: 0.UU5 ) where co) r\ le\ ir lr in
used relatively flat are;is (P = 0.003) and wolves
more areas with l1-20' of slope (P = 0.01.1).
Aspects used by the canids also differed signifi-
cantly in summer (P < 0.001) and winter (P <
0.001). Coyotes used f' lat (P = 0.0.17) and NE-SE
aspcct (P < 0.001) areas more in summer than
did wolres. Wirlves used SE-SW (P = 0.002) and
SW NW (P = 0.003) aspects more during sum-
mer than coyotcs. Coyotes again used more NE,
SE aspects in thc winter (P < 0.001) and wolves
nore SE-SW (P < 0.001).

Discussion

Distribution and abundance of prey (Ozoga and
Harger 1966, Litvaitis and Shaw 1980, Holzman
et al. 1992) and prey preference. may affect sea-
sonal habitat use by canids. For u'olves, thc abil-
ity to encountcr, detect. and capture prey depeDds
on habitat and spatial fcatures (Kunkel and
Pletscher 2001). Wolf home ranges encompassed
nore mesic tbrest habitat than cxpected based on
availability within the study area (Table 2). This
differcnce in use is likely related to the use of
mesic foresl for hunting routes in the Nofih Fork
(Kunkel and Pletscher 2001).

Individuai pack differences were obsewed only
in thc summer \\"hen the South Camas Pack used
more open areas. and the North Camas Pack used
morc burned aLreas. Den site and rendezvous sites
usedby wolves likely inlluenced use of open habitat
in the summer. Thc South Camas Pack den at the
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TABLE 3. Topographic ch:mcteristics used b) cololcs and wohcs rn nor(hwcslcm \{onrana dlLr
ing suruer and $ inter. ,A.leragc di\uncc lo roads and walcr and alcragc clc\ation uscd
by cololcs and woll packs lrn l SEr r = numbcr oftclcmctr! locations).

C0y0te

0 r  =  1 5 8 )
Cololc

0r = 92)

Itoads

Eie\alion

188 .911 '1 .8 '  882 .3 : t l l 7 . . l
291 .6120 .8 f  8 .0127 .9
117 '1 .6  r  1 j .  L  l l 7 l . 0 r  10 . - l

216 .5  r  3 : . 8 '  1101 .8  r  169 .0
182.7 t 11.5 109.9 r 11.2
1 1 7 2 . 5 : t  8 . 1  1 1 7 6 . 2 1  1 8 . 2

" P < 0.001
" P < 0 . 0 5

edge of a nreadow system was consislcntly used
cvcry year'. This open meadow area was used as a
rendezvous site fbr the rest of the sunrmer as the
pups maturcd. Wc only docutnented one coyote
denning in a meadou system during our study.
Other studies have documented forest areas $'ith
greater cover as pret'errcd dcnning arcas lbr coy-
otes (Litvaitis and Shaw 1980, Gese et al. 1988).

The flexible nature ofcoyotes, obsen'ed in the
differential use ofhabitats by individuals, allows
lh i . : l . c ic :  Io  rd rp l  lo  chrnges  in  i t .  cnr i ron
ment more readily than most predators. Coyotc
use of open aleas is likely related to prey avail-
abil ity in thc summcr. Person and Hirth (1991)
found that coyotes in Vernont pretered open
habitats during the sumnrer and fall. similar to
our l indings. Additionally. Reichel (1991) docu-
mented coyotes in Mont n used riparian habi-
tats whcrc microtines rvere more plentiful. Coy
oLe\ md) al.u be u\in! lhe:e rreir. nrora lo incruil.c
opportunist elcounters with u,olf ki l ls. Deer use
riparian areas tbr thcrmal cover and security
(Jenkins and Wright 1988), and Kunkel and
Pletscher (2001) fbund deer kil led by wolves tcnd
to bc closc to water During the winter. small prey
species are less accessible and, therelirre. fewer
prcy species are available to coyotes (Litvaitis and
Harrison 19139). Although largc ungulate prey,
u  h ich  rn r5  inc rc i l \e  p re)  b iunrurs .  u l len . t rngre-
gate at lower elevation during thc wintcr (Koehler
and Hornockcr 1991), these prey species are not
preyed upon by coyotes (Aio et al. 2002). Horl-
ever, coyotcs and wolves used similar habitats in
winter and habitat overlap vas high, which may
bc related to the incleased use of scavenged un-
gulates by coyotes aticr wolvcs recolonized the
area (Alo et al. 2002.).

Unlike most areas, the maior cause of moftal-
it)' of coyotes in Nonh Fork was prcdation by

wolves and cougars. Wolves dominate coyotes in
encounters as noted by the killing of coyotes b)
u,olves (Carbyn 1982, Paquct 1989, A{o and
Pletscher 1999). Three of the radio-collared coy-
otes in our study werc kil lcd by wolvcs, whcrcas
cougars were responsible for the other six pleda
tor-caused modalities. Four ofthe six cougar-killed
coyotes were located in dense old-growth fbrests
rnd the remaining two in nlaturc larch stands.
Unlike wolvcs, cougars arc solitary animals. Coy-
otcs spatially segregate lhemselves lrom wolves
(Arjo and Pletscher 1999), but may have a diffi-
cult tirne spatially maintaining a home range a\!ay
l'ron cougars. Coyotes may prefer open areas (low
canopy cover) to minimize cougar predation
(Koehler and Hornocker l99l ).

Coyotes and wolves used similarhabitat types:
however, at a finer spatial scale, these two spe
cies chose different topogrirphic characteristics
(Table 3). Singlcton (1995) and Kunkcl (1997)
found that wolves traveled in areas with < 15"
slope. and Singleton ( 1995) tbund they used SW
aspects lbr travel similar to our winter observa-
tions. Diilerential use ofslope and aspect by prcda-
tors may be related to prey availabil ity. Ccrvids
usually select slopes with shallow snow for win-
ter ranges (Jenkins andWright l988.Bureau 1992.
Rrchael 1992, Langley 1993, Singleton 1995,
Kunkel 1997). Kunkel and Pletscher (2001) docu-
mented that ar eas with greater slope and less hiding
cover increased the probability that the site was
located along wolf hunting routes. Coyotes, on
the other hand. used NE-NW aspects in both sum-
mer and wintcr Coyotes selected NE-NW expo-
sures and used significantly less the SE-SW and
SW-NW exposures used by wolves. Coyotes used
NE-NW aspects in both thc summcr and wintcl
possibly tbracccss to areas withhigh murid produc-
tion (Todd ct al. 1981)and to reduce competit ion

Canid Habitat Use 29



with wolves. This difterential use of aspect and
slopcs. especially in winter $,hen spatial overlap
was greatest. nay reducc encounters with u'olves
while maintaining high habitat overlap. ln addi-
tion, coyotes temporally pafiitioned their use of
habitat dudng wintcr in this study area (Alo and
Pletscher 1999) as an additional mechanism for
coyotes 10 avoid encounters with wolvcs while
scavenglng.

Humans can also influencc where wolves es
tablish home ranges (Mladenoff et al. 1995). Re-
colonizin-e wolves may lbrce coyotes into habi-
tats closer to human habitation, which may be
less desifable due to human persccution in nany
areas. Humans were the leading cause of wolf
nn)dality in this recolonizing pupulation, and 7-5 7c
ofthe hunan-caused rnorlality occurred 3 250 nr
fiom roads (Boyd'Hager 1997). Coyotes can toler
ate anthropogenic elfccts better than wolves. and
are olicn attracted to open roads (Thurber et al.
J992). In addition. coyotes may use areas closer
to roads to avoid encounters with u,olves.

Cath , r l i i  l ood  hrb i t . .  the  rb i l i l )  l , '  a . :uc i  le
q'ith humans. and thc ability to function in a widc
range of habitats have allowed the coyote to ex-
pand its range (Litvaitis 1992). As wolves re
establish. or arc reintroduced, resident popula-
tions of coyotes mav change habitat use.
Interspccific interactions and prey availability ap-
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