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Abstract. We examined populition sire, spatial detribution, and behavioral interactions of Roacky Mountain
bighom sheep (Oviz canadensig), mule deer (Odocoiens hamionus), and faral horses on the Pryor
Mauntain Wild Horse Range (PMWHR) and the Bighorn Canyon National Recreation Area (BCNRA) of
Maontana and Wyoming. The BCNRA wintar range s one of the driest, if not the driest, sites occupled by
the 3 species In Moniana, and the summer range i one of the most heawly foresled and rugged areas
pccupied by feral horses in the northwest. Duning 1983, we esbmaled 159 (S.E. 81) sheep, 518 (S E 121)
deer, and 95 (5 E. Z2) horses on The winter range in the study area. Potential for competithve interachons
betwesn doer and horses of sheep were low due to habital segregation in winter and habital and spatial
separation in summer. Horses and sheep used similar cover types in summar and winter and oxhibéted
clumped desiribulions thal could have exacerbated competiion for forage i forage were limiling. Spatial
segregation reduced the potential for compelition at cumrent population levels. The consequences of
population incresses should be considered by managers in the area, The mule deer population s
apparantly stable, but the shaep population has increased by approximately 17% annually since 1989, and
intorast groups supporting feral horses are capable of bocking population reductions in the horse
population.

Ecologically similar specics co-ocour through  supporfing  sympatnic  populations. Habitat
one or a combination of stralegies. These include preferences and preferred food items are ublized
compelBion, resource parliboning, and cosxstence withou! regard 1o the presence of another species.
(Begon and Mordimer 1987). Behavioral  Kissaell and Kennedy (1992) found this to be the
domination, one form of interferance compettion,  case for two generalists, raccoons (Procyon lofor)
has been documaented for a number of potentially  and opossuma (Dideiphis virginiana)
competitive species, such as mule deer and catile Most co-ocourring ungulates possess greal
(Kie & al 1901), burros and bighomn sheep  opportunity for overlap in habitsl use and food
(Saagmiller and Ohman 1881), and rod fox (Vulpes  habits.  Bighom sheep. mule deer, and horss
vulpes) and coyoles (Camiz lafrans){Dekker 1983).  populations have been shown fo compele, parfiton
Resource partitioning allows for cosxistence and  resources, or coexst (Wishart 1978, Seegmiller and
mvoids competiton by separating species by habltat  Ohmant 1881, Kee ot al, 1881) with another ungulate
or forage use, Moose (Alces afoes), elk (Cervus  population wihen present,
wlaphuzs) and  while-taded deer (Odocodeus A community of potenfially compaelitive specias
wiginianiis) in northwestern Montana were found lo exdsts on and around the Pryor Mountain Wik
spatially segregate to reduce compeliion (Singer Horse Range (Boyce et al. 1992). The PMWHR
1878) and Wydaven and Dahlgren (1985) found  was established in 1968 to manage and protect the
compatition to be reduced between pronghormn  reskdent feral horse population (BLM 1584),
antelope (Anfilocapra americana) and bison (Bison  PMWHR histoncally supported both mule deer and
bizon) by dilfevences n forages consumed, bighom shesp. Bighom shaap wore extirpatad prior
Coexistence, unlike the other sirategies, occursin 10 the tumn of the 20th century bul recently have
landscapes containing unlimited resources recolonized a portion of the PMWHR. During the
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pasi decadao, the shoop population has boan
increasing rapidly (Coates and Schemnitz 1888).
The horse populafion has been mainisined al
approdimately 120 through capture and removal
since 1871 (BLM 1984), and the mule desr
population has varied about the historcal mean
(S00-200).

Ungulate populations occupying small restricled
ranges, such as on the PMWHR, may require
intansve managoment (Wydeven and Dahigren
1885). Boyce el al. (1952) imphed a need io
gvaluale polenial compelition between bighom
sheep, feral horses, and mule deer on the PMWHR
a% a factor in management. Sludies directed
toward feral horse bahawor (Falst 1971), faral
harse reproduction (Feist and McCullough 1875),
feral horse population dynamics (Garrot and Taylor
1480), and bighorn sheep ecological relationships
(Coates and Bchemniz 198%) have been
completed,; however, no allempl has bean made o
differentiate use of resources of the area by the
three ungulates relative fo their ecological
requirements. Our cbjoctives were 1o delarmine
populaton estimates for mule deer, bighom sheep,
and feral horses, ascertain destnbubanal pattems,
and describe behavior regarding the potential for
compatitha inlaraction.
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STUDY AREA

Thee siudy area is located approximately T3 km
south of Billings, MT (45°00° N, 108°20' W), The
study area encompasses approdmately 350 km'
and includes the Pryor Mountain Wild Horse Range,
portions of the Bighaorn Canyon National Recreation
Area, and lands managed by the Bureau of Land
Management, the Custer National Foresl, and the
Crow Indian Tnte,

Soils are relatively raw, compased typically of
sandstone, imestone, shale, dolomite, and alluvial
deposils (Richards 1955, Blackstone 1873).
Topographic features consist of vertical canyon
walls, steep talus slopes, and gently rolling hills and
meadovws inlersected by canyans. Several spring-
fed and some intarmiftant crecks traverse the ares

Habitat on the BCNRA and surrounding area
has baan classified into 6 pancipal types (Knight st
al, 1887). Juniperimountain mahogany woodlands
are dominated by WMah juniper (Jumiperus
psfeosperma) and  mountain  mahogany
(Corcocarpus feddolus). Ths type s further broken
dawn into juniper woodland, mountai mahogany
shrubland, and junipar/mountain  mahogany
woodiand, depanding upon tha dominant spacies.
Riparan habitat & dominated by cottomwvoods
{(Poputuzs spp.). Deser shrubland is dominated by
saltbrush (Alriplex spp.), greasewood (Sarcobafvs
werrnicidatus), big sagebrush (Arfemisia idenfata),
and med deserd shrubland communities. Rubber

rabbitbrush (Chrysothamnius NAUSEOIUE],
shadscale (Afriplox , big sagebrush,
broom  snakeweed (Sufierrexia  saroffvae),

bluebunch whealgrass [Agropyron  spicaium),
Fendler three-awn (Ansfida fendieriana), and
needie-and-thread (Shpa comala) compise the
mapar components of mibed desert shrubland,
Sagebrush stappe iIncludes both big sagebrush and
black sagebrush [(Arfemisia nova) communibes,
Basin grasslands are dominated by bluebunch
whealgrass, blue grama (Bowleloua gracilis),
needle-and-thread, broom snakeweed, Hooker
sandworl (Arenars hookerr), fnged sageword
(Arfemizia figeda), and Hoods phiox (Phiox hoookl)
Conitarous woodlands are charactenzed by Embaer
pine (Pirus fexilz), ponderosa pine (P. ponderosa),
douglas fir (Psuedolsugs menziesi), and a spruce-
fir (Plopa-Ables spp.) mix.

Chmate varies from near desert fo subalpine
with the elévalian ranging from 1108 m 1o 26875 m
Mean summer temperature at the lower slovation
in Lovell, WY, i 21,1 C and mean summer
precipitation is 2,13 cm. Mean winter lemperature
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is -6.3 C and mean winter precipitation is 0,74 cm
(Western Sugar Company, recorded since 1920).

ni land uses include catlle ranching and
agricuflure, Catile are mainiained on portions of
the study area throughoul spring and summer,
Agncullural crops primanly conssl ol aifalla,
Hunting is allowed on the study area. Deer are
harvested through regular season regulations in
Wyoming and Monlana and bvo bighom sheep
permits have been issued annually by Montana
aince 1991,

METHODS

Paopulation Estimation

Bigharm sheap and mule deer were capturad
and marked 21-22 Seplembar 1992 and 14-15
January 1863 using a net gun fired from a Hughas
S00-C helicopter (Barred of al. 1982, Andryk of al,
19887). Age was estmated for bighorn sheep and
mille deer using toath wear and replacement
(Cowan 1840, Daming 1952: Robinatte ot al. 1957).
Each animal was fitted with an uniquely marked
radio collar (150.000-151.909 MHz), Horses ware
nol radio-collared, but 20 readily recognizable
horses distibuted among vanous bands were used
as “marked” animals. Sidean female and 4 males
bighem sheap, 14 female and 3 male mule dear
were radio-coflared, and 14 female and & male
horses were used as "marked™ animals,

To estimale population size, approximately 30
seral fransects were flawn in a Hiller 12-E at
approdrmately 1-week intervals from 10 February to
8 March 1883, with each transect replicated 5
ok, Transects were separated by approcdmalely
0.5 km and typically wene fiown duning the morming
(O700-1200 hrs). Transects wene flown 20 - 40 m
above the tarrain at 40 - 50 kmihw. The date, ime,
localion, species, number of animals, sex, age
category (adult or juvenile} when possitde, and the
number of marked animals in the group were
noted. Chapman's (1951) estimator and Lincaln-
Felarson index lechniques wers usad [o estimate
population size, Chapman's esiimala comects for
surveys in which no marked animals of a specios
were obeerved, Each estmate derived was used to
determine & mean population estimate.  Mean
astimates were compared with results of previous
sludies by Coates and Schemnitz (1989) using a t-
test lo evaluate population growth rates bebween
1985-1088 amd 1988-1803,

Distribution

Distribution was determingd by radia lacations
and casual obsensations during ground and aenal
surveys. Locations wera determined for 3 lime
periods: morming (0500-08%58 hrs); midday (1000 -
1558 hrs); and ewvening (1600-2300) hrs. Asnal
locations ware obtalned wsing a portable recaier
and 2, 2-element diractional antennas attached to
the wing struts of a8 Super Cub or 1 pivolal 3-
glement directional antenna mounted beneath the
fuselage, Asrmal localions were made bypically
during the marning time black. Ground locations
wore obtained using a portable receiver and hand-
held, 2-alement, directaonal antenna,  Additional
locatons woere obimined by chance observations.
To obtain independence of observabions, days and
e Blocks wene randomly assignied to speces and
individual animals, respectively. Feral horses were
located by a weekly ground search, All locations
ware plotted on 1:24000 USGS topographic maps
and Universal Transverse Mercalor (UTM)
coordinates were obtained, Overall distribubon of
marked animalks was determined by lumping all the
lacabons of one species for a season. Distributional
ranges were overlayed to delermine common areas
of use,

Behavior

An attompt was made to observo each marked
animal and the group essocialed with i
Mcelseason; once during the moming and once
during afternoon hours, An observabion consisted
of an 1-hour session during which bahmaor type
{leading, bedded, standing, moving) was recorded
svery 5 minuies for both the focal animal and the
majority of the animals prosont oG group.
DObservalions were made using a 15-60 X spofiing
scope, Days and indnad ual radio-coflared animals
o bea obsarved were delermaned randomly.
Observations of homes were conducted by chance
Al pach session, we nobed the number of helero-
and conspecifics visible in the area, the estimated
distance from the focal group, estimaled distances
moved al 15-minute intarvals by the focal group,
and aggressive or submissive behavian ohesnad
during the session. Homogenedy of belvavior
BCross seasons for cach species was examined
using chi-square, Due o small sample sices, smoes
woizre luimiped,

RESULTS AND DISCUSSION

Population Estimation
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Table 1. Population estimation for bighorn sheap, mule deer, and feral horses, on the Pryor

Mountain Wild Horse during winbar, 1993, il
Bighorn sheep Mule doer Feral horses
Date n' m' N° N° n_m_ N My n_m N M,
11 Fabruary 3 3 B0 209 244 T 553 550 54 14 TT 75
17 February a4 4 283 235 155 5 527 467 48 10 96 83
22 Fabruary - ] 0 148 142 4 604 514 42 & 140 128
1 March 20 3 13 108 181 4 812 680 38 10 (- B
B March 2 4 110 98 130 8 304 350 48 9 17 10
Tolal N, 168 = 91 886 £ 151 100 £ 26
_Total Ny 158 £ 61 S516+ 11 85 ¢ 22

* Total number of animals observed.

* Total numbser of marked animals obseryod,
" Lincaln-Pelerson population estimatar.

* Chapman's population estimator

Population estimates for 1983 are given In Table
1. Coates and Schemnitz (1989) reported the
bigharn sheep papulation to be nereasing at an
expanental rate of r = 0,18 during 1985-88. We
found the population increased al the same
exponental rate (r= L172Z; p > 0.03) since 1888,
This high growth rate s charactenstic of colonizing
populations of other ungulates (Eberhardl 1987,
Gagan and Barrat 1987),

Estimated mule deer population size was in tha
range typical of the study arca during 1986-1990
(MOFWP 1930} when the population generally
increased. Our estimates sugges! the population
sre may have stabiired during 1680-1583. The
minimum number of mule dear known (o be alive
following the hunting season of 1880 (MDFWP
1890}, 565, was similar to our estimale,

The horse populaton was estimated 1o be
approximately 100 baged on helicopter surveys
during winter 1993,  Another, possibly more
nccurate, estimate basad on sightings of uniquaky
marked indhiduaks during spring and summer 1943
indicated approximately 180 feral horses, including
1983 foals. Garrol and Taylor (1990) reporied the
population to b this high only twice during an 11-
yaar period from 1876 to 1986, IT foals wera
dueleted from the summer ground population
estimate. a downward adustment of 17%, owr
helcopler surveys estimated approximately 50% of
the achsal popudation size. Stoll et al. (1891) briefly
reviewed shudies in which ungulaste populations ane
underestimated 33% - 88%. Ghen the farrain,

vegelatve cover, and the nature of the lechnique,
our estimates are much more lkely o
underestimals than overestimsle populalion sire

Distribution

The 3 species were spatially segregated
throughout the year (Fig. 1a-b). Through winter and
early spring, bighomn sheep were disinboled
prmarly along the edge of Bighoim Canyon. Rams
and swas remained iogether until mid-late winter,
Thereafier, rams moved o a poriion of the study
area inaccessible o horses and seldom frequented
by ewes. Homses ranging in close proximity 1o the
sheep papulation showed very strang Bdelity to the
southern and east-central porions of the PMAWHR
Distribution of these horses was similar i cach
season, probably s a result of limited waler
sources, Other bands of horses used the southern
porfions of the study area for winter range. Deer
were distributed along the southern portion of the
study area during wintar and early spring.

In spring. sheep wene distributed similar (o late
winber while horses occupving the south-gentral and
southwestermn portions of the study area began a
migrabion nortward on the East Pryor Mountsin,
Deer also began migrating northward during the
Bpring

Summar  dstribulions  provided  extrame
exampies of spatial segregation. During lambing,
ewes spenl consderable Bme near or in the
Bighom Canyon. Two ewes weaie obsarved
lambing in Crooked Creek Canyon, appronmately
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Figura 1a. Distribution of bighorn sheep, mule deer, and feral horses on and surrounding the Pryor
Mountain Wild Horse Range during winter 1993
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Figure 1b. Distribution of bighom sheep, mile deer, and feral horses on and surmounding the Pryor

Mountain Wikd Horse Range durng summer 1893,



10 km west of the primary lambing area.  Thase
ewes relurned to the primary lambing area, the
Bighom Canyon, within & woaks. Rams ocoupled a
large area of e lopographic reliel and a
considarable distance (>3 km) from parmanent
water in the centar of the study area during the
summer and fall. Leslis and Douglass (1978) also
reported that ewes occupled areas of greater
topographic refief and closer to waler than areas
umed by rarms, The majodty of the horse herd spent
the summer and fall seasons al the op of East
Pryor Mountain, Mosl deer summered along the
base of the mountain on the norhem and
northeasiem sides, Only one radio-collared deer
summered on top of the East Pryor Mountain.
Addsionally, very few daer were seen on top, oF on
the southern aspect, of the East Pryor Mountain
during summer and most of fall,

Rams relurned (o the lower elevations af the
study area during late fall and early winter whera
ewes spant summer and fall. Horses and deer also
returmed to the winter rango during this tme. Snow
and the onsel of more severe winler conddions
appeared fo be factors indiabing Tallwinfer
migration.

Ungulates typically separate spatially or
temporally to avoid competition [Hirst 187%).
Though there was insulficien] evwdence o support
the sdstence of competition bebweaan faral horses,
bighorn sheep, and antelope. Berger (1986)
imvoked habital separation and food habit
praferences as the stralegies used in the Great
Basin to avold compatiion. Seasonal distribulions
of the 3 species on our study area were indicative of
spakal segregation suggesting that il = al least one
tachic being used lo avoid competifion,

Behaviar

Mo differance in frequency of behavior (fesding,
maoving, standing, bedded) between seasons was
observed for mule deer (8° = 154, p = 0.5)
Differences bebtwean fall and summer (X = 14.4, p
< (0,005), fall and spring (%' = 14.85, g < 0.005),
and fall and winter (X* = 1006, p = 0.05) for
frequency of behaviors were indicated for bighom
sheaep Differences in frequency of behaviors were
absenaed for feral horses batween Tall and summder
(%" = 9.7, p<0.05) and fall and spring (¢ = 14.1,
p = 0.005),

Wory few (M < &) mterspocific inleractions ware
obrsarved dusing 1583, All pccurred in the winter or
eaity spnng, when the thréee species wers on winber
ranges and all included horses as the dominant

species when horses were presenl. Like Berger
(1988), wa found thal encouniers belween species
were rare as a result of differenl  habitat
praferences and seasonal use pattemns, Coates
and Schemnitz (1385) also ropored few
interactions (n = 8 ) between sheep and horses;
where they occurrad, horses were the dominant

MANAGEMENT RECOMMENDATIONS

Greatest opporiunity for competition sxmsied
during wanber when the thiee species ware in close
prosdmilty. Howsever, given present population sizes,
distributions, movements, and the nfrequent
gncounters  bebween species, lifle o no
interspecfic interaction of populalion consequence
appears to be ooccuming.  Therelore, we
recommend that the three species be managed
independently at this ima. Berger (1886) noted
that inerspecific conflicls botwean feral horses and
native species almost always resulted in submission
of the nabve species, With this in mind, we Suggest
that these ungulate populations be monitored
closely to determine if the increasing sheep
population ks influenced by the feral horse herd or
if the sheep population expands its range further fo
maintain the reduced polential for competition with
horses.
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