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ASSTRACT

Introduction of mounteln ts {Dwg ?ﬂmsi into Colorado has
created concern over their ‘Jﬂ?:‘ltiil to compete w ghom sheep (Ovis
canadensis). Ecological relatlonships of goats and sheep are comoared
based on habitat sslection, food habits, and behavioral and structural
edaptations. Bighorn sheep are adepted to esxploit a wide range of terrain
types, orovided their areas are near escape terraln, and offer abundant,
continuous forage and unobstructed visibility, and are relatively
snow=free. Mountain goats are adapted for r » Steep terrain and can
exploit these areas even if visibility is limited or snow is deep. Because
of their limited habltat selection, goats must accept & wide range of
forages. The ootential for goats and sheep to compete Is Increased In
Colorado because: (1) the recently Introduced mountaln goats exhibit
unusual patterns of habitat selectlon and growning behavior which expand
use gnto blghorn habitats; and (2) man's activitlies have restricted bighomn
access to habitat resources, However, potential competition from mountain
goats should not divert attention from other severe prohlems of bighorn
sheep in Colorado.
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INTRODUCTION

Introduction of Rocky Mountain goats in alpine habitats within existing
and historic ramges of bighorn sheep in Colorado has drawn attention to the
notential for these soecies to compete. Exploitative competition results
from mutual use of limiting resources by 2 species (Park 19%54). However,
evolutionary theory sugoests that species being sympatric during their
evolution should accumulate adaptations allowing exploitation of separate
niches and avoidance of comoetition. Considering the similarities and
differences in the niches of mountain sheep and goats is therefore 1 basis
for assessing the probability of competition between these species. Other
bases include interference competition and dlsease relatlonships, but we do
not consider these factors here. We present our views knowlng that some
aspects of bighorn and mountaln goat hiology are inadequately understood,
in hopes thet this will stimulate further discussion of this important
sub ject which has sometimes been treated too simaly.

Odum (1971) describes the ecological niche as ", . . not only the
physical space occupied by an organism, but also its functional role in the
community and its nosition in environmental gradients of . . . congitions
of existence.” Ordum i1llustrates 2 common approaches to defining ecologicsal
nicha. One is the functiomal niche - the role, especially trophic
relations, of a species in a biotic community. This role is determined by
the species' anatomical, behavioral, and ohyslological sdaptations. Odum
also illustrates the resource niche - the set of habitat resources (soace,
food, other conditions of existence) used by & specles. In this oaper, we
consider both types of niches for bighorns and mountain goats, as well as
behavioral and anatomical adaptations that determine the niches of the
species., Characteristics that may be unigue to introduced mountain goat
herds, such as those in Colorado, and recent constraints on Colorado's
bighorns are also discussed. Finally, management options are considered.

ADAFTATIONS OF BIGHORN SHEEP

The predator-evasion strategy dominates the adaptive syndrome of
bigharn sheep. This strategy (Risenhoover and Bailey 1980) dictates that
sheen forage within a large, dispersed group near steen, rugged terrain.
Predator detection and communication among sheep are accomplished
vizually. Large groups exhibit more total alertness than do small grouns
while individuals within large Emmr, can be less alert and can spend more
time in foraging and soclal actlvitles (Risenhoover 198l1), Also, a more
dispersed grouwp should be aware of a greater proportlion of its surroundings
while minimizing agonistic encounters or competition between Individuals.

When predators are detected, bighorns generally assemble and Tun to
escape terrain on which they can outmaneuver predators. Morphologically,
bighorn shesn are well suited for runnimg rapldly for short distances and
juming through broken terrain (Geist 1971:257).
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As a consequence of this predstor-evasion strategy, =ecure habitat for
bighorns includes escape terrain and areas nesr escape terrain that support
low-growing vegetation, allowing unobstructed visibility. Rams often use
less secure habitats than do ewes, while ewes with young lambs seldom leave
senure hahitats. Furthemore, larpe groups will forage farther from escape
terrain than will small groups (Risenhoover 1%E1).

Since the bighorn predator-evasion strategy is enhanced by large group
size, optimum bighorn habitst provides sbundant and continuous, rather than
patchy, Torage, Abundant forage is necessary to support large numbers of
sheep, and continuous forage allows dispersion of group members, enhancing
thelr awareness of surroundimgs while minimizing Intraspecific competition,

The major components of bighorn habltats - rugged escape terrain,
untestricted visibl)ity, and dense, continuous forage - are often
Juxtaposed in Isplated patches of the enviromment. Also, some habltat
patches orovide resources for blghoms during only part of the year.
Conseguently, the year-round home range of a typical Rocky Mpuntaln bighorn
herd consists of a set of seasonally used ranges: one or more winter
ranges, summer ranges, lambing areas, salt lick ranges, and oerhaps Tutting
ranges (Geist 1971:75), These ranges are connected by traditional
migration routes which may traverse areas that are relatively insecure
bacause of restricted visibility and/or limited availability of escape
terrain.

In winter, bighorn sheep tend to avold areas of deen or crusted snow
(Geist 1971). They may migrate long distances to lower elavation and/or to
aress whare wind or aspect limits snow sccumulation.

Food hablis of Rocky Mountain and California bighorms emnhasize grasses
and sedges (Blood 1967, Demarchi 1968, Todd 1972, Stewart 1975, I-hrr?rqtnn
1978, Pitt and Wikeem 1978). Indeed, bighomms seem morphologlcally adapted
for grazing in that they have massive jaws and large teeth (Gelst ¥5‘?1L
Furthermore, stands of grasses and sedges are often the epitome of
abundant, continuous forage allowing good visibility. However, some
bighorn populations, particularly desesrt bi ; use browse abundantly
during portions of the year (Russo 1956, wWilson 1968, Cooperrider et al.
1980, Rominger 1983).

ADAFTATIONS OF MOUNTAIN GODATS

Compared to blghorn sheea, the adaptive strategles of mountain goats
have been less studied and less discussed in the literature. Of the 2
species, mountain goats are more adapted for life on steep, rTugged
terrain, Goats live orlmarily in habitats providing securlty from most
predators. Therefore, they rely less on conspecifics for predator
detection and evasion than do bighorn sheep. Goats cannot be reached by,
or can ocutmaneyver, most predators on steep terraln. Particularly with
mediym-gized predators, goats can defend themselves with their potentially
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lethal boms. Since unobstructed visibility is mot an essentlal habitat
reouirement, secure habitats may be heavily forested (Hebert and Turmbull
1977, Smith 1982).

To exploit cliff terrain where forage is often patchy and/or sparsa,
goats must forage alone or in small groups. Benefits of lamge group size,
described oreviously, sre not realized since nredator detection is less
imortant and since costs assoclated with large grouwos on cliffs are
prohibitive. Small patches of forage and usable space are better exploited
by small groups. This reduces Intragroup comoetition for limited resources
and minimfzes agonistic encounters which could lead to hazardous falls
(Chadwick 1977).

Mountain goats are structurally adaoted for 1iving on orecipitous
terrain. Goats bave compact bodies with short, heavily muscled limbs and
hroad hooves with sensitive cushion-1like pads, well-adapted for climbing
(Geist 1971, Ridecut 1978). Goats are mot well bullt for running and
seldom run far when startled or in danger.

Because of these adaptatlons, mountaln goats tend to exist in small,
isolated oopulations that remain In the same area throughout the year
without migrating between distant s=asonal ranoes (Smith 1976, Adams et al.
1982). 1In winter, noats may merely concentrate on areas within or adjacent
to their summer rarge. These areas tend to be cliffs interspersed with
sufficient, though often small, foraging areas that lack persistent or
erusted snow (Adams and Bailey 1980). Sultable areas may be (1) at lower
elevations where snow i{= less abundant and less persistent (Rideout 1974
Smith 1976}, (2) open steep or south-facing slooes where snow sheds ranidlv
(Brandborg 1955, Chadwick 1973, Kuck 1977), or (3) on high wind-swept
ridges (Rrandborg 1925, Hjeljord 1973). Goats can forage in relatlvely
deen snow however, nroviding it is not beavlly crusted (Gelst 1971, Adams
1981). On the ¥enal Peninsula, Alaska, Michols (Unpubl. Ren. Alaska Fed.
Aid Proj. W=17-% and 10, Jobs 12.2R and 12.3R, 1978) found significantly
moIe snow cover on areas inhabited by goats slone than on areas used by
goats and Dall sheep (Ovis dalll) or by Dall sheep alon= and speculated
that this may be an jmoortsnt factor in separating the 2 species.

Food habits of mountain goats are highly variable, indicating a wide
range of accentable forage. Goats have beesn reported to be primarily
grazers (Anderson 1940, Klein 1953, Saunders 1955, Hibbs 1987, Hjeljord
1973, Ridenut 1974, Smith 1978, Johnson et al. 1978), primarily browsers
(Hanson 1950, Kuck, Umpubl. Rep. Idaho Fed. Aid Proj. wW-l44-R-04, 1973), or
either, denending on season (Cowan 1744, Holroyd 1967, Peck 1972), location
{Chadwick 1976), or both (Casebeer 1948, Arandborg 1955, Adams and Balley
1983). Ewven cryptpogams have been considered the most imuﬂ;ant forage of
goats (Hammon 1944). Use of conifers by goats 1s also reported (Cowan
1944, Sgunders 1955, Smith 197€). Brandhorg (1955) indicated that conifers
were #n emergency forane whereas, other authors (Geist 1971, Adams and
Saflev 1982) Indicated some nrefarerce for conifers.
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The ability of mountain goats to exnlolt & wide variety of forages may
be an adaptation compensating for their narrow habitat nmfummmﬁeist
1971, Gns=ow and Hieljord 1978). Preferred hahitats of mountain gosts
generally have s low abundance of forsge, reouiring them to use a greater
diversity of =pecies to meet Intake reguirements (Schoener 1971)., By
utilizing all avallable vegetation, goats are able to exist on small
isnlated areas of optimally structured habitat that would not support a
species with rore limited forage utilization capabilitlies,

ECOLOGICAL RELATIONSHIPS

The previous discussion sugoests that bighorn sheep and mountain goats
occupy different, though overlapoimg, positlons along several
habitat-related niche dimensions or Odum's (1971) "environmental gradients"
{Ffg. 1). Bighorn sheep are caoable of exploiting a wider range of terz=ln
types, particularly flat or rolling topography, as long as these areas are
rneaT escape terrainm, provide sbundant and continuous forage, offer
sufficiently unobstructed visibility, and are relatively smow-free. Goats
aon the other hand, are ahle to remain year-round on small tracts of steen
or tugged terrain and can exploit these areas even if visibility is limited
or deep snow 1= seasonally present. However, t= compensate for thedir
strong nreference for optimally structured habitat by accepting a wider
range of forages than do biohorn sheen,

In Calorada, !

Leat To: | BIGHDRE SHEEP MOUNTALN GOAT

D' | copmen ©
TusEaLLiEn |
Livastback

RELATIVE RESOURCE USE
{1 af Year-roand Populsticsn Aetivity)

LESS HICHE DIMENSION

{Terrain Stespmess and Rugpedness; Forage Pakcminess; Snow Caver,
Depth and Persistence; Obstruction of Yisibility)

Fig. 1. Conceptusl model of ecological relationshins of bighorn sheeo and
mountain goats along some habitat-related niche dimensions, Solid lines
represent niche breadths on native sympatric ranges. Mashed line
reoresents observed altered pattern of habitat use by Coloredo bighomns,
Jue to hablitat losses. Dotted line represents expansion of niche by
"young® introduced mountain goat oopulations., Cross-hatched area
represents increase In niche overlsp that may be unigue to sheep and goat

herds iIn Colorado.
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If this analysis is correct, then sheep and goats existing on native

sympatric ranges should Jimit competitive overlsp by partitioning their use
of habitats as described. This appears to be the case in Glacier Mational

Park, Montana, 1n the Canadian Rocky Mountain Matiomal Parks and on the
¥enal Peninsula, Alasks. Studies of the ecological relatlonships of sheep
and goats on sych areas would be of oreat interest.

SHEEP AMD GNATS IN COLORARD

In Colorado, mountain goats and highorn sheep live under constraints
snd conditions that may not ke present where these specles naturslly occur
=ymoatrically. Mpuntain goats are recent Introductlons to the mountains of
Colorado and they sppear to exhibit characteristics that differ from goats
on native ranges. In addition, bighorn sheeo In Colorado face many
constraints Imposed upon them by man and his develooments. These factors
may preatly affect the notentlal for these specles to compete (Fig. l).

“puntain gosts were Tirst Introduced Into Coloredo In 194B (Rutherford
1972). PRy 1575, they had been transplanted into 5 areas of the state and
may have exoanded Into 2 others (Denny 1977). The total pooulstion of
goats in the state may be spproaching JOOD animals.

Study of the Sheep Mountain-Gladstone Ridoe herd in the Sawatch Range
(Adams 1981) indicates these goats exhibit charscteristics that may te
unioue to introduced populastions. Although establlished mountain goat herds
generally exhibit charscteristics of “K-selected® or 'Em:q¥ conserver”
species (Celst 197%), Colorado goat herds have been exhibiting population
trends and habltat relations characteristic of newly introduced rapidly
growing, umgulste pooulations (Klein 1968, Caughley 1570, McCullough 1579).
Bailey and Johnson (1977) showed that recently introduced mountain goat
herds, 15 years or less after release, averaged twice as many kids per 100
older animals as did native or older introduced oopulations. The Sheep
Mountain=Gladetone Ridge herd, introduced in 1950 and 1 of the oldest
transplants in Colorado, first showed evidence of a density-related
uetrg-nse in renrodection in 1975, 25 vear= after releaze (Adams and Balley
1982).

Compared to native nopulations, Colorado's mountain goats show
different kabitat u=e and grouping hebavior which may result from their low
ecological density and/or from the lack of capable predators, arimarily
wolves (Canls lﬂl‘tﬁjr to reinforce traditional rtablitat selection
strategies. Mountain goats on Sheep Mpuntaln-Gladstone Rldge were often
nbserved away from escepe terr=in in larpe growns, up to 83 and 37 goats in
summer and winter, respectively (Adams 1%81:10&). Adams also reported that
mean oroup slzes for goats In Colorado tended to be greater than were those
of native berds. This difference in grouping bebavior may allow Colorada
noats to leave esceoe terrain, enabling them to exploit habitats they would
not otherwise use, This behavior represents an expansion of the mountain
goat niche and will incresse the potential for gosts to compete with
bighorn sheep (Fig. 1). 1If this niche expansion arises primarily from the
current low ecological density of Colorado mountain goats, any resulting
increase {n competition with bighomns will be tesporary.
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At the same time, Colorado's bighorn populstion suffers from imoacts of
man's activities. MWany bighorm herds do not migrate between seasonal
tarmes because traditions, nommally passed between generations (Gelst
1967), were lost with berd reductions early in the century. Transplanted
hards have not established such migratory traditions, Flire suppression has
reduced the sbundance of open habitats between alpine summer ranges and
lgwer elevation winter ranges, Ffurther discoursging natural migration
regimes and sllowing encroachment of trees and shrubs onto important
segsonal ranges, Llvestock grazing on bighorn ranges may have reduced
ruality and ouantity of available forage and nossibly introduced diseases
inta bishern population=. Urban, industrial, and recreational development
on or near low elevation winter ranges has also restricted use of these
ranges by bighoms (Wishart 1978). The tange of resources avallable to
Colorado bighorns has contracted, especlially In areas used by bighorns and
not by mountain goats (Fig. 1). Conseguently, bighorns have fewer options
for responding to challenges that may include competition from mountain
aoats,

Bighorn populations may respond to this habitat loss in 2 ways. Firsk,
animals may shift use to margirally sultable hebitats. Thus, in areas
where habltsts nave been gltered, bighorms may seasonally use habitats at
sllghtly greater elevation with somewhkat less forage and visibillity and
greater snow and steepness than optimum. Secendly, bighorn populations may
decl'ne In response to habitat Joss. If, desplte population decline, the
sbeolute level of resource use In some dimensions of the resource niche (on
some parts of the year-round range) remalns constant, the relative leve) of
respurce use in these niche dimensions will Incresse. For instance, if
sheep persist at high elevations while sheep at low elevations decline, the
nroportion of the total population using high elevations will increase.
Congeguently, observetions of melative habitat use by animals in altered
habitats may provide an incorrect view of optimum hahitat. Such
ahservations should be supplemented by studies of animal behavior and
analyses of adaptive strategies.

For Cnlorado bighorn sheep, alteration of the pattern of resource use
(Fig. 1) arobably ceuses increased relative use of areas somewhat sultable
for mountain goats. The result fs greater observed overlep of the 2 niches.

COLORACD MANAGEMENT CONSIDERATIONS

The potential for Colorado's bigharn sheep and mountaln goats to
compete deserves management concern and attention. Exploitative
competition reouires the mutual use of limiting resources and in this case
winter forages are most aot to be limiting. GBecauze of their soparently
wider scceptance of forasges, mountain goats may have s competitive
ardvantage when end where forage is 1imited,

It is also importsnt to nmote the potential for introduced mountain
grats to exnloit hahitats that native poat Perds would mot. This niche
expansion may be temporary, as discussed earlier, and goats may be less
Inclined to use non-traditional mountein goat habltats once some belance
between populstion size and habltat condition is reached or if these areas
myst be shared with bighomn sheeo,
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If native bighorn sheen are to be piven priority over introduced
mountain goats, which sppears to be the policy of the Colorado RDivision of
wildlife (1977), mountain goats must be managed wisely and cautlously.
However, we believe it is possible to maintain viable populations of both
species ag lorg as risks to biohorns are considered objectively In each
case where the 2 species may come in contact.

Some steas in Colorado are better goat habitat than cheep habitat.
Cl1iff areas that may be partly forested, surrounded by mostly forested
hahitsts, sre likely candidates. Such sreas would support samall, but
nroductive nopulations of goats hut unthrifty bighorn oopulations, st
hest, Posei{ble dlspersal and colorization by ooats from thesa areas may
regulre future management asctlons Including liberal harvest.

Some areas of Colorado do or, with habitat maninulation, could provide
a diversity of habltat that will allow highotns and qoats to partition
resnyrces as they do on native rarges where the smecies are sympatric. In
such areas 3 greater biomass of ungulates can be supported if both =pecies
are oresent =ince all terrsin and vegetation tvpes will be used more
fully. Theoretically, the abllity of the habitat to suoport each soecles,
however, will be somewhat teduced by the presence of the other species
hecause some limiting habitats snd/or forages will be used in common.
Presymably, under these conditions each =pecies would ootimize its foraging
affort by favoring habitat resources not acceptable to the other, resulting
in ecoloqiesl semarstion. Currently, the Mount Evans area suoports
zympatric herds of bighorns (Denney 1978) and mountain goat (Denny 1977),
but wéﬁer food habits and hablitat selection of these berds have not been
repor .

Both bighorns and mountain ooats can also be supported in areas where
sheep migrate to low eleyvation winter rames. Migration will allow sheep
to avold competition from goats for limiting forage resources. This occurs
on Mount Princeton, in the Sawatch Ranne, Colorado, where bighomns migrate
down to Chalk Creek while gosts winter higher.

Many Colorado blohorn herds sre =msll end/or have declined or
disappeared in recent decades (Bear and Jones 1973). When herds have
diminished coincident with incresses in numbers of grets on or neer the
sheep ranges, it has been tempting and convenient to conclude that goats
have been re=nonsible. The evidernce !s circumstantial, st best. Some
tolorado bighorns have diminished without contact from goats durlng this
period and Colorsdo bighorn herds heve heen Imoacted by many nedative
inflences, as described previously. Blaming mountain noats may divert
attenton from the real problems of the state's biohorns.

Mew and increased contact between sheep and gosts in Colorado is
pecurring with numerical and geonraphic expansion of goat herds. Further,
new transplants of goats are sometimes proposed. It is imprudent, and
risky for bipghorns, to allow further expansion of goats onto bighorn ramges
without smalyzing sach threatened bighorn herd and its habitst. Unthrifty
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bipharn herds having lost seasonel ranmoes, migration corridors, snd
movement traditions already have hlesk futures. The added impact of
eomoet{tian from nosts could only exacerbate these prohlems, but
eliminating noat exnansion will mot solve the oroblems either.

With or without mountain noste, Information on seasonal habltats,
migration corridors, habltat conditlons, and opportunities for habitat
imorrvement is needed to secure the future of Colorado's highorn sheeo.
Ance this information 1s obtained, threats to sheep from expanding goat
herds can be realistically evaluated as con opportunities for managing
habitats to support sympatric populations of both species.
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CONFEREMCE DISCUSSION
Comment

I'm working an srea on the Kenal Peninsula where we have Dall sheep and
mountain goats overlspping. Primarily, to the west 1s sheep range and to
the east is geat ramge. Your model Fits our reasoning on why =heep den't
get into goat range. The goat range is more coosstal with heavier snow. 1
think ft's the enow that 1imits the sheeo orimarily. Whst I can't figure
out is why it doesn't work the other way. What keeps gosts from
encroaching en the sheeo more? In the nast, before 1920, there were no
goats west of the Alaska Railroad on the Kenal, so that was all sheep
country. OGeoats pioneered Inte It and bullt to @ fairly substantial
oopulation in sheep country, while shesp were at a low level. Then the
aoats decressed in this ares, partly due to hunting hut 2lso naturally as
the sheep herd bullt up so it appeared that the sheep were outcompeting the
goats for food even though the goats could tolerate country that the sheep
couldn*t. This is just a pure guess. I reslly don't know what happened,
ti:tﬂ: it would he nice to know why goats don't go into sheep country snd take

OYET.

Q. Up In Montana, the sheep herds that I am famillar with were mostly
migratory. In other words they moved down to lower elevatlions and more
ooen country for the winter. In Celorado, where these sheep and goats
exjst In the same area, the sheep may not be migratory and may remain in
the alpine zone. You have s completely different behavioral situation, 2o
when you put oosts on top of sheep, you were actually putting them into the
sheep riche; whereas in Montana, ooats stil] winter at the higher

elevations but sheep move down.

Ars, A point we are trying to make, i= that in many cases, sheep don't
migrate In Colorado due to man's involvement with fire supnression and his
usurpatfon of lower-elevetion winter ranges for industriel, urban, and
recreatlonal uses, transportatlon fecilities=, snd reservolrs.

Q. Whot makes you think thet sheeo did not evolve to utllize slpire ranges
in winter, since thare ware no ppats in Colorado fo compete with?

Ans. 1 really don't have an answer for that. I'm not femillar with the
situation In Rocky Mountain Nstlonal Park. ODidn't sheep migrate down into
the area saround Estes Park?

Comment. Yes, but that do=sn't mean they did not also winter in the alpine
ZOone.

Q. I was surprised you didn't mention parasite relationships ss a possible
comoetitive factor.

Ans. We feel that parasite and dlsease problems are mostly a symptom of a
bigger problem. They aren't the ultimate problem in themselves. In cases
involving healthy unconstrained sheep herds, the fact that ocats carry
certain parasites that can be pessed on to sheep may not be a problem.
Howaver, §f the sheeg sre already constralned by other factors and already
have health problems, such as lungworm, and then goats are Introduced on
ton of the sheep, you are making the situstion just that much worse.
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