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MOUNTAIN GOAT HABITAT OF WYOMING'S BEARTOOTH PLATEAU: IMPLICATIONS FOR
MANAGEMENT

LISA A. HAYNES, Shoshone Mational Forest, P.0. Box 2140, Cody, WY B2414

Abstract: From 1989 te 1991 characteristics of mountain goat (Qreamnos
americanus) habitat were investigated on the RBeartooth Plateau in
northwestern Wyoming. Habitat information was gathered by cbserving non-
radioed goats and by relocating 2 radio-collared goats. The potential
bias of using observations versus radio telemetry are discussed. Habitat
characteristics examined were cover type, slope, aspect, distance to
cliff, elevation, and terrain. The data were analyzed using the
usefavailability technigue. Just as in other areas, mountain goats on the
Beartooth Plateau used cliffs and steep rocky slopes >75% as their primary
habitat. They were usually within 402 m (1/4 mi) of cliffs and used the
top half of slopes more than they were available. The goats did not
exhibit a preference for aspect or elevation. Parturition areas,
distribution, and movements are also discussed. Literature pertaining to
mountain goat management and their sensitivity te human access and
disturbance is reviewed. Finally, management recommendations are made for
the major land uses: timber, minerals development, livestock operations,
and recreation.

This study focused on habitat use and distribution of mountain goats
on the Beartooth Plateau in northwestern Wyoming. Objectives were to:
(1) supplement Hanna's (1989) information on goat distribution over the
study area, (2) determine general mountain goat habitat selection

atterns, (3) identify parturition (birthing) areas, (4) make a thorough
iterature review to compare results of this study to others, and (5) make
management recommendations regarding livestock distribution, Cimber
harvest, recreation, and petroleum exploration and development in relation
to mountain goat habitat.

The study, conducted as part of a Masters thesis (Haynes 1991), was
supported by the Shoshone National Forest and by Sigma Xi, the Scientific
Rescarch Society. 1 would lTike to acknowledge the assistance of the many
Wyoming Game and Fish Department personnel who went out of their way to
help with this study, as well as Brad Cicci, a local outfitter, and
several volunteers, Finally, | would like to thank Dave Henry, of the
Shoshone Forest, and Dave Patton, of Northérn Arizona University. Both
helped me immeasurably on this project.

STUDY AREA AND METHODS

The Beartooth Mountain range is located in southwestern Montana and
northwestern Wyoming. The majority of the range is in Montama. Part of
the range known as the Beartooth Plateau extends into Wyoming. The study
area encompassed the Wyoming Beartooth Plateau south of Highway 212 and
the eastern edge of the Line Creek Plateau in Montana (Fig. 1). The
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Fig. 1. Study area, Beartooth-Line Creek Plateau, Wyoming and Montana
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southern boundary of the study area was the Clarks Fork of the Yellowstone
River (hereafter referred to as the Clarks Fork}). The western boundary
was Thief Creek. There are four major drainages in the study area: the
Clarks Fork River, and Little Rock, Bennett, and Line creeks. The study
area is primarily used for sheep and cattle grazing and for dispersed
recreation: hunting, fishing, backpacking, and horse-pack trips. It is
open to lease for petroleum exploration and development.

The climate and vegetation on top of the Beartooth are alpine and are
very similar to the Arctic [Billings 1988). Due to the wind, much of the
study area, such as the lower part of the Clarks Fork Canyon, is often
snow-free in winter. Vegetative composition is diverse ranging from
alpine tundra near permanent snow fields on the top of the plateau to
Er1:k1r pear (Opuntia spp.) and Yucea spp. at the bottom of Clarks Fark

anyon.

Two nannies were captured on Line Creek and radio collared in July
1989, They were stalked om the ground and darted with a Zoolu Arms
Simmons rifle using a 3 cc Palmer Dart. In both cases 3.5 mg of
Carfentanil were used and the antagonist was 25 mg of Xylazine. Seven
more capture attempts were made in July 1989 and March 1990, all
unsuccessful. Attracting goats to salt blocks was tried, but :pﬁarantly
these goats were not as attracted to salt as other populations. They ware
seen licking the salt {(Jon Hanna, Wyo. Game and Fish Dep., pers. commun.),
but not with any regularity or pattern. This may indicate there is
adeguate salt in their forage (Fox et al. 1989) or that it takes time for
them to become habituated to artificial salt.

Goat number 3 was a 3-year-old and she had 1 kid of the year when she
was collared. Number 0 was a 2-year-old and had no kids. They were
relocated by air once or twice per month from August 1989 to September
1990 and once every several months thereafter by Western Alr Research,
Inc., a company specializing in wildlife telemetry Flights. The Flights
were in a Maule M5-235C fixed-wing aircraft equipped with Yagi antennae on
each wing strut, an on-board Loran navigation system, and a computer with
g-h;ch tth‘ie pilot logs telemetry coordinates, date, weather, and other
mrormation.

In addition to the radioed goats, other goats were located during the
course of the study. From August 1988 to August 1990, 29 trips were made
to the study area, each trip varying from i-5 days, and 329 goats were
observed. Fach group of goats seen was counted as 1 lecation, if thay
were together such that their location could be identified by 1 small dot
or circle on a map. These goals were assumed statistically dependent.
This was especially true with nannies with kids. Therefore, the 329 goats
observed resulted in 120 locations. The same goat or group of goats was
ne:er I:l:llll'lt.El.'l twice in 1 day. [If there was any doubt, the observation was
not used.

There were days when few or no goats were located due to legistical
problems and bad weather (fog, rain, hail, and snow, even in mid-summer).
Most of the trips to locate goals were made in the spring, summer and
fall, with an intensified effort made during spring and early summer 1990
to identify birthing areas. The entire study area was covered as much as
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possible to determine goat distribution and gather habitat-use data
throughout the study area,

Goats were located using 8 X 35 binoculars and a 15-60 power spotting
scope. Locations were photographed and plotted on 7.5-minute USGS
topographic quadrangle maps. Date, time, weather, activity, goat age-sex
classification (if possible), and cover type were recorded. Cover-type
classifications were divided into 3 categories: cliff-rock-talus, grass-
forb-shrub, and forest-krummholz. Categories were limited to these simple
types, because this was the limit of detail that could be determined from
aerial photographs for the comparative random points.

Several topographic characteristics were determined later from maps.
These were slope, aspect, terrain, elevation, and distance to cliff. From
a combination of slepe values listed in the literature and from goat
observations, cliff was defined as a rocky substrate with a slope > 100%.
Slope categories were 0-24%, 25-49%, 50-74%, 75-99%, and >100%. Aspect
was divided into B categories: north, northeast, east, southeast, etc.
Terrain categories were flat/ridgetop, top half of slope, and bottom haif
of slope/valley. Elevation was divided into 7 categories of 305 m (1000
ft) each between 1220 m (4000 ft) and 3355 m (10,992 ft). Distances to
¢1iff were 0-402Z m (0-0.25 mi), 402-BO5S m (0.25-0.50 mi), and >BO5 m
(»0.50 mi). The “usefavailability® technique, including Bonferroni I
analysis, was used to analyze habitat and topographic data (Neu et al.
1974, Marcum and Loftsgaarden 1980, Byers et al. 1984). The P level was
0.05 for all tests.

Regarding bias, there were 2 choices: (1) either use the 2 radiced
goats and assume they represented the population or (2) use primarily the
observed goats and have the potential of under-counting habitats in which
they are not easily visible, such as forested areas, The latter route was
chosen for 2 reasons: first, assuming that 2 radioed goats vepresented
the population was a very weak assumption, and the small sample size would
have further complicated amalysis. Second, the radio locations, either
from the ground or the air, were not accurate enough to determine detailed
habitat-topography use. The Loran locations from the air were as much as
800 m (0.5 mi) from the actual location, if the goat was observed. On the
ground, there was too much signal bounce off rocks te identify locations
without visual verification. 5Smith (1976) had the same difficulty. Radio
locations were not used unless a visual observation was made, because
vegetation, slope, and aspect can change drastically within a few melers
%i.u.. extreme patchiness of habitat-topography). As a result, the radio

ocations were almost as vulnerable to observability bias as the general

ground lecations. In summary, the larger sample size associated with
observed goats, even with the possibility of underestimating goats’ use of
forested habitats, was considered better than using the small sample size
and potentially ervoneous data from the radio-telemetered goats. If
radioed goats were located visually from the ground or air, however, those
locations were added to the data pool.

Johnson (1980) concluded that organisms select habitats in a
hierarchical manner; what a researcher determines as available can greatly
affect the outcome of use/availability amalysis. He suggested that the
order of selection varies from geographical range down to food items
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available at a feeding site. He contended that animals selecl habitat
components only after they select a home range within a geographical
range, because a home range contains all the habitat components an animal
needs to survive and reproduce. Only then can a researcher look at the
relative importance of habitat components. Unfortunately, home ranges of
unmarked goats could not be determined and sample sizes were insufficient
for radioed goats. Therefore, the availability of habitat variables over
the entire study area were examined to at least determine general
selection patterns on a study area-wide basis. The null hypothesis was:

H: Mountain goats on the Beartooth Plateau wtilize habitat
characteristics in proportion to their availability (i.e., "no
difference” in use) on the study area.

Since goats on the Beartooth live an a plateau incised by canyons
rather than the more typical mountain-valley goat habitat, patterns of
goat use of habitats in the Beartooth were compared to goat use of
habitats in other areas. [f patterns of use were similar, the available
litarature could be used to make management recommendations.

RESULTS AND DISCUSSION

Habitat Amalysis

Chi-square.--Elevation was the only characteristic for which the null
hypothesis was not rejected (Table 1). The null hypothesis of “no
difference” between goat Tocations and random points was rejected for the
other habitat attributes.

Table 1. Summary of Chi-Square analyses between goat locations {used) and
random points (available) for & attributes of mountain goat habitat in

northwestern Hgnming

Attributes Chi-Square DF P Reject H,
Covar type B64.679 4 0.000 y&s
Aspact 20.158 ) 0.005 yes
?ésé?qii a3.418 2 0.000 yes
Terrain 35.001 Z 0.000 yes
Elevation 10,852 = 0.193 no
Slope B88.357 L] 0.000 ¥es

Use/availability analysis.--0Of the 3 cover types, only cliff-rock was
used by goats more than its availability (Table 2). Grass-forb-shrub was
used less than its availability probably because large expanses of the
study area are grass-forb-shrub. Goats use and require this type, both on
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alpine and grassland ranges, for forage (Fox 1983). However, its use is
limited by distance from steep terrain. These results probably reflect
the use of the entire study area instead of home ranges for the
availability analysis. One cannot necessarily conclude that a component
is of 1ittle value, just because it is used less than it is available

(Johnson 1880).
Table 2. Use indhﬂ?iillh1]itj of 3 cover types by mountain goats in

northwestern Wyoming

Covar Proportion Praportion Confidence Selection”
type available used interval
(F,) for P,

Cliff-

rock 0.125 0.625 0.519 < P, < 0.731 ¥
Grass-

shrub 0.475 0.233 D.141 < P, < 0.326
Forest-

krummholz 0.400 0.142 0.065 < P, < 0.218 -

“The + sign means that the proportion used 15 greater than the
proportion available, the - sign means proportion used is Tess than
available, and 0 refers to no difference.

Forest-krumsholz was also used less than available, probably due to
observation bias (Foster 1982). Goats probably use forest-krummholz as
travel corridors between cliffs and for forage in the understory
{Brandborg 1955, Chadwick 1973). However, in interior populations,
research has shown they do not use forested areas nearly as much as cliff-
rock-talus (Chadwick 1973, Thompson 1380).

Three categories of slope were used less than available: 0-24%, 25-
4%%, and 50-74% (Table 3). Goats used 75-99% and >100% slope categories
more than available in their habftat. Goats were located on cliffs or
within 402 m (0.25 mi) of c1{ffs much more than they were availabla (Table
4). Goats used distances to cliff 402-805 m (0.25-0.50 mi) and 805 m
(0.50 mi) Tess than they were available. They used flat-ridge top and
bottom half of slopes less than available, and used the top half of slopes
more than available (Table §).

Even though mountain goats on the Beartooth Plateau appeared to use
various aspects in a manner other than random (Table 1), they did not show
a preference for any one aspect (Table 6). This may be due to the
physical nature of the study area. Drainages which form the cliffs Mlow
in several directions., The Clarks Fork of the Yellowstone River, for
example, enters the study area flowing southeast, makes a horseshoe bend,
and then flows northeast. Little Rock Creek Flows almost due east, but it
has steep side canyons which flow north. Every canyon has steep c¢1iffs on
opposing sides, and goats seemed to utilize almost every available cliff
regardiess of aspect,
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Table 3. Use and availability of § slope categories by mountain goats in
northwestern Wyoming

5lope Proportion  Proportion Confidence Selection®
available used interval
(P) for P,
0 - 24% 0.467 0.142 0.060 < P, < 0.224 .
25 - 49% 0.250 0.092 0.024 < P, < 0.160 -
50 - 74% 0.192 0.100 0.029 < P, < 0.170 -
75 - 99% 0.058 0.167 0.079 < P, < 0.254 +
> 100% 0.033 0.500 0.382 < P, < 0_618 +

Table 4. Use and availability of 3 distances to cl1iff by mountain goats

rt ter in
Distance Proportion Proportion Confidence Selection®
to cliff available used interval
m (mi) ({2 for P,
0 - 402 0.383 0.933 0.879 < P, < 0.988 +
(0 - 0.25) i
402 - BOS 0.225 0.058 0.007 < Fj < 0.110 -
(0.25 - 0.50)
» BO5 0.392 0.008 -0.012 < P, £ 0.028 -
(> 0.50)

“The + sign means that the proportion used is greater than the proportion
available, the - sign means proportion used is less than available, and 0
refers to no difference.

The same is true for elevation. Line Creek carves the plateau at

3050 m (10,000 ft); the Clarks Fork carves a lower terrace at 1769 m (5800
ft). Therefore, the lack of a clear pattern suggested by the Chi-square
analysis may be due to the propensity for goats to select cliffs wherever
they occur. Other studies indicate a variety of aspect and elevational
preferences (National Council of the Paper Industry for Air and Stream
Improvement 1989), probably due to the unique topographic characteristics
af each study area.

In summary, the 4 characteristics which seem to be ‘"preferred" by
goats in the use/availability analysis all pertain to Etﬂﬂﬂ, rocky slopes
and cliffs. The characteristics are slopes 275%, top half of slope,
cliff-rock-talus cover type, and 0-402 m (0-0.25 mi) distance from cl1iff.
The use of cliffs by mountain goats on the Beartooth Plateau in Wyoming is
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Table 55 Use and availability of 3 terrain categories by mountain goats
in n rn W

Terrain Froportion Proportion Confidence Selection”
available used interval
(P.) for P,

Flat/ridge top 0.308 0.175 0.092 < P, < 0.258 -
Top half of

slope 0.225 0.600 0.493 < P, < 0.707 *
Bottom half
of slope & 0.467 0.225 0.134 ¢ Fi < 0.316 -
valley

Table 6. Use and availability of B aspect categories by mountain goats

northweste
Aspect Proportion Proportion Confidence Selection”
available used interval
(P,) far P,
Morth 0.042 0.117 0.036 = P, < 0.197 o
Northeast 0.067 0.100 0.025 = P, < 0.175 0
East 0.217 0.117 0.036 < P, < 0.197 -
Southeast 0.242 0.300 0.185 = P, < 0.415 0
South 0.12% 0.192 0.093 ¢ P, < 0.290 1]
Southwest 0.183 0.067 0.004 < P. < 0,129 -
West 0.075 0.033 -0.012 ¢ P, < 0.078 o
Northwest 0.050 0.075 0.009 < P, £ 0.14] 0

“The + sign means that the proportion used 15 greater than the proportion
available, the - sign means proportion used is less than available, and O
refers to no difference.

very similar to goat habitat selection in almost all other ranges that
have been studied (National Council of the Paper Industry for Air and
Stream Improvement 1989).

It §s safe to conclude that, just as mountain goats in other ranges,
goats in the Beartooth requive cliffs and steep rocky terrain assocfiated
with alpine and subalpine vegetation. This is a general, macro, study-
area wide conclusion, and there is still much to be learned about how
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mountain goats use micro areas within their home ranges on the Beartooth.
Distribution and Movements

Mountain goats were distributed in almost all available cliff
habitats in the study area, with the exception of the southeast, south,
and southwest slopes of Clarks Fork Canyon. Although the majority of
observations were in the spring and summeér, drastic changes in areas of
goat use were not observed seasonally. Many of the aerial locations of
goats were not used in the statistical analysis, especially in winter, due
to the potential telemetry error mentioned previously. Therefore, sample
sizes were too small to amalyze the data seasonally. However, general
observations on flights revealed that goats used some areas yearlong.
Goats that wintered with radioed goat number 3 spent both winters at high
elevations on Line Creek and "Middle" Line Creek, in the same places they
used in the summer. Goat number @ initially made a significant move from
her capture site on Line Creek to Deep Lake, which may have been a
response to capture stress. 5She spent the first winter, 1989-1930, in
what was commonly thought to be summer range only, on the south side of
Deep Lake. Although some goats do seem to shift to higher elevations in
the summer, many remain low or travel occasionally to lower elevations, as
number 3 did in early Auqust when the moved to the base of Bennett Creek.

Some mountain goats that have been studied on other ranges make
changes in areas of use, elevation, and/or aspect on a =easonal basis
(Smith 1976, Nichals 1985). Other populations show little change batween
seasons (Chadwick 1973), and within populations both extremes can be
exhibited. Nichols (1985) reported movements as far as 68 km (42 mi)
between ranges (associated with billies) in Alaska, and yet had a female
that spent 4 years on the same ridge, summer and winter. Nichols' (1985
p.11) comment sums it up: “Herd movements between winter and summer
ranges may be generalized, but individual variations occur, and it is not
always possible to predict where individual goats can be found or when
they might be present in a particular area.®

Parturition Areas

Although number 3 spent the majority of time near Line Creek and
"Middle" Line Creek, she made movements to other drainages, such as North
Bennett Creek and, unexpectedly, to Ruby Creek in Montama, approximately
8 km (5 mi) away. Previously, few sightings had been reported in Ruby
Creek. In 1990 she had twin kids there. Nannies often select isolated
cliffs away from other goats to have their young (Chadwick 1973). Ruby
Creek and similar isolated rocky areas may be parturition areas. Number
3 was also relocated in Ruby Creek once each winter,

Nannies with newborn kids were located the first week in June on Line
Creak and “Middie® Lime Creek. [t is not known whether parturition
actually took place there or, 1ike goat number 3, they moved back there
shortly after delivering their kids in more isolated, secluded spats. The
Eniy parturition area identified with some degree of confidence 15 Ruby

reek.

Areas where there are concentrations of nannies and Kids after
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parturition are sometimes called nursery areas. Such concentrations were
noted on Line Creek, "Middie® Line Creek, the south side of Deep Lake, and
the big cliff face on the north side of the mouth of Clarks Fork Canyon.
However, since I was not able to survey all the areas in the early summer,
there may be other nursery areas not yet identified.

Mountain Goat Managemant

Human Disturbance, Hunting. and Roads.--Many wildlife biologists
balieve goats are particularly sensitive to human disturbance (Smith 1976,
Geist 1978, Chadwick 1983, Pennmer 1988). Goats do not survive wall in
caﬁtivity and are not common in zoos (Rideout 1978). In protected,
unhunted populations, such as those in national parks, they seem to adapt
to humans, especially when humans are a source of salt (Geist 1971).
However, even without overt responses to human interaction, animals may
?;;g}phys1uing1:11 effects, such as increased heart rates (McArthur et al.

Mountain goats have become increasingly desirable as trophy animals.
In mountain goats it has been shown that hunting mortality may be more
additive Lhan compensalory, as with other ungulates (Kuck 1977, 1985).
That s, goats do not increase productivity to offset mortality.
Therefore, they must be hunted and managed very conservatively.

Roads, often built for development activities, increase the level of
general human disturbance and are very much the key to il1legal and legal
hunter harvest levels. Several herds or populations have declined after
increased access and disturbance following development (Brandborg 1955;
Quaedvileig et al. 1973; Chadwick 1973, 1983; Foster 1977; Pendergast and
Bindernagel 1977; Phelps et al. 1983; Joslin 1986). “Motorized access in
or near mountain goat habitat is probably the single biggest threat to
goat herds throughout North America® (Joslin 1980 p.3).

Land Management Recommendations.--For Tland management purposes,
mountain goat “"crucial range" was mapped on the Shoshone National Forest
according to the following criteria: slopes >75%, foraging areas and
travel corridors in between steep slopes, and foraging areas within 402 m
(0.25 mi) of the tops of cliffs. “"Crucial range" for mountain goats on
the Beartooth is similar to "occupied yearlong mountain goat habitat®
defined by Gorman et al. (1984).

Evary season and every goat-use site is important on the Beartooth,
because mountain goat habitat is limited, goats do not move or disperse to
different areas seasonally, and conditions for survival and reproduction
are severe. For many ungulates, summer s not a crucial time, because
they are widely dizpersed and summer range is not limited. The same fs
not true for goats. Summers are extremely short, and it "is the summer
range...which sustains the population from year to year® (Joslin 1980
p.62), 1.e., in 3 or 4 months goats must garner enough physiological
resources to prepare and sustain them for the long winter, as HE?] as
reproduce. They must do so on the same ranges they occupy year around.
Obviously, winter 15 a crucial time for goats, because it often lasts 8 Lo
9 months and is metabolically demanding. Therefore, the following
management recommendations apply to "crucial range" year around:
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Timber Harvest. Goats use forested areas as travel corridors between
cliffs and for forage (Brandborg 1955, Chadwick 1973, Fox et al.
1989). Chadwick {1&%3} found that goats either used logged areas
less frequently or abandoned them completely.

Recommendations: (1) There should be a buffer zone of 402-805 m
{0.25-0.50 mi) adjacent to goat habitat where no logging activity or
road bullding takes place (Smith 1976, Fox et al. 198%). (2]
Completely close and obliterate all Togging roads within 1609 m (1
mi) of Crucial range. (3) Mo activity within 1609 m (1 mi) of goat
habitat during birthing (1 May to 30 Jun) or breeding {1 Nov to 3]
Dec) seasons (Joslin 1980). (4) Slash should be removed from
potential travel corridors between goat habitats (National Council of
the Paper Industry for Air and Stream Improvement 1989). {Ea Leave
vegetation and tree cover to screen activities from goat habitat
(Joslin 1980). (&) Promote high-intensity, short duration activities
rather than long drawn out activities (Joslin 1980). (7) Schedule
operations in adjacent drainages so they are not concurrent (Joslin
1980). (8) A wildlife biologist familiar with mountain goat
requirements should help Tay out timber sales (Gorman et al. 1984).

Minerals Development. 0i1, gas, and mineral developments are
increasingly affecting mountain goat habitats. It is the one
management activity that can increase human disturbance manyfold in
the rugged back-country goat ranges. Roads and access are a
significant impact as mentioned previously. In addition, many
minerals activities include the impacts of helicopters, drilling,
blasting, noisy machinery, and toxic chemicals. Mountain goat
populations, kid production, and nanny survivorship have
significantly declined fuIInwtng gnergy exploration and development
{Pendergast and Bindernagel 1977, Joslin 1988).

Recommendations: (1) Avoid constructing wells, pipelines, or roads
within 1609 m (1 mi) of occupied yearlong habitat (Gorman et al.
1984). (2) Helicopter activity should be at least 500 m (1641 fL)
above ground (Stockwell 1989) and over forested areas (Joslim 19B0).

Livestock Operations. Since mountain goats forage on a wide variety
of plants, any livestock grazing within 402 m (0.25 mi) of ¢liffs is
potential competition. A lack of success in mountain goat
introductions has been linked to prior heavy grazing by sheep
(Rideout 1978). Finally, livestock operaters often have dogs with
them. MacArthur et al. (1979) found, with the exception of direct
helicopter passes, that bighorn sheep (very similar to goats
ecologically and behaviorally) had the highest heart-rate increases
in response Lo dogs.

Recommendations: (1) Livestock operators should be discouraged from
grazing within 402 m (0.25 mi) of goat habitat. (2) Two crucial
"peninsulas"” (surrounded by cliffs on 3 sides) should not be grazed
by domestic livestock: (a) Cyclone Mountain, between Little Rock
Creek and Clarks Fork Canyon; (b} the Line Creek peninsula between
Line Creek and "Middle" Line Creek. (3) Place salt for livestock at
least 1207 m (0.75 mi) from goat habitat, preferably much further.
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(4) Livestock operators should keep dogs at Teast 402 m (0.25 mi)
from goat habitat. (5) Allotments should not be expanded to include
more livestock (Joslin 1980). (&) ﬂrazin? should take place between
1 July and 1% Oct (Joslin 1980). (7) Joslin (1980) recommended that
no sheep grazing be allowed in goat range, although that fs not often
possible, given land management multiple-use precedences. I the
opportunity arises, however, the Beartooth sheep allotments should be
converted to catlle or eliminated.

4. Recreation. "Although certain forms of recreational activity are
Tegal and socially accepted, they may become detrimental Lo mountain
goats and other wildlife if they are undertaken by increasing numbers
of people or if recreation managers fail to fdentify conflict areas
and thus do not take steps to aveid impacts to the wildlife" (Joslin
1980 p.76). Goats in a hunted population avoided suitable habitat in
areas of intense hiker use (Benzon and Rice 1987). The key to
managing recreation on or near goat habitat is to keep it primitive
and Tow density.

Recommendations: (1) A1l roads and trails on the Beartooth should
stay very primitive, especially the Morrison Jeep Trail, including
“the switchbacks" and the road in Clarks Fork Canyon. (2) No new
permanent roads. (3) All developed recreation sites should be 1imited
to the Bearteoth Corridor [Highu:y?, except between the East and West
Summits, where it should be disallowed. (4) Snowmobiling should be
prohibited within 1609 m (1 mi) of goat habitat and limited to the
Beartooth Corrider, if possible.

The areas on the south side of the Clarks Fork River can be managed
somewhat differently. This is "suftable low occupancy mountain goat
habitat® (Gorman et al. 1984). Prior to initiation of a development
activity, surveys should be made by a wildlife biologist to determine T
goats are starting to use the area consistently. If so, then the area
gshould be changed to "crucial range®. If not, activities such as
exploratory drilling, road construction and maintenance, timber harvest,
off-road and trail vehicle travel, and any other mechanized aclivity which
extends beyond 1 week in duration should have timing restrictions from |
Nov to 31 Dec, for breeding, and from ]| May to 30 June, for parturition
(Gorman et al. 1984).

SUMMARY

The evolutionary adaptations of mountain goats to their cliff habitat
make Lthem more vulnerable to management impacts than most other ungulates.
Goats are restricted to cliffs which leaves them with few options when
faced with disturbance other than to move to different, probably already
occupied, cliffs. Geist {1978) noted that displacement into areas already
pccupied results in increased social contacts. Goats are aggressive to
gach other just for the purpose of aveiding aggregations in the face of
limited habitat options. The other option they have is to acclimate to
human disturbance (Smith 1982). It is clear from the evidence that hunted
populations do not acclimate well. “Regardless of the mechanism of
interaction, the ultimate result of a close association between humans and
mountain goats seems Lo ba the eventual reduction or elimination of goats”
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(Joslin 1980 p.27).

Mountain goats seem especially sensitive to cumulative effects of
human impacts (Joslin 1986, Penner 1988). Managers cannot have both the
impacts of hunting and land development activities on the same herd of
goats at the same time (Chadwick 1978). Goats can probably get by,
conservatively, with 1 or the other, but not both. Since the Beartooth
population is highly valued for hunting (and viewing), other potentially
disturbing activities should be carefully managed if hunting is to
continue, especially since the Beartooth population 1s essentially an
*i{sland® population. There are no opportunities for goats to immigrate
from other areas.

The main key Lo goat habital management was best expressed by Kuck
(1985 p.6.), "Encourage the public land management agencies to avoid or
Timit use or access into, or adjacent to, goat habitat”™.

LITERATURE CITED

Benzon, T. A., and L. A. Rice. 1987. Rocky Mountain goat population
status in the Black Hills, South Dakota, 1985-1986. South Dakota
Dep. of Game, Fish, and Parks. Prog. Rep. No. 87-04. 21pp.

Billings, W. D. 1988. Alpine vegetation. Pages 39]1-420 in M. G. Barbour
and W. D. Billings, eds. MNorth American Terrestrial Vegetation.
Cambridge Univ. Press, Cambridge, England.

Brandborg, 5. M. 19556. Life history and management of the mountain goat
in Idaha. Idaho Dep. of Fish and Game Wild. Bull. 2. 142pp.

Bvers, C. R., R. K. 5teinhorst, and P. R. Erausman. 1984. Clarification
of a technigue for amalysis of utilization-availability data. J.
Wildl. Manage. 48:1050-1053.

Chadwick, D. H. 1973. Mountain goat ecology-logging relationships in Lhe
Bunker Creek Drainage of Western Montanma. M.5. Thesis, Umiv. of
Montana, Missoula, 2Z6Zpp.

. 1978, Mountain goats--guardians of the heights. Nat. Geogr.
104:284-296,

W 1983. A beast the color of winter. Sierra Club Books, San
Francisco, Calif. 208pp.

Foster, B. R. 1977. Historical patterns of mountain goat harvest in
British Columbia. Pages 147-159 in W. Samuel and W. G. Macgregor,
eds. Proc. First Int. Mountain Goat Symp., Kalispell, Montana.

1982. Observability and habitat characteristics of the mountain

ﬁnat (Oreampos americanus) in west-central British Columbia. M.S.
Thesis, Univ. of British Columbia, Vancouver. 13d4pp.



335

Fox, J. L. 1983, Constraints on winter habitat selection by the mountain
goat (Oreamnos ricanus) in Alaska. Ph.D. Thesis, Univ. of
Washington. Seattle. 147pp.

Fox, J. L., C. A. Smith, and J. W. Schoen. 1989. Relation betwean
mountain goats and their habitat in southeastern Alaska. U.S. For.
Serv. Gen. Tech. Rep. PNW-GTR-246. 25pp.

Geist, V. 1971. Mountain sheep: A study in behavior and evolution.
Univ. of Chicago Press, Chicage, I11. 383pp.

_« 1978. Behavior. Pages 283-296 ip J. L. Schmidt and D. L.
Gilbert, eds. Big game of North America--ecology and management.
Stackpole Books, Harrisburg, Pa.

Gorman, J. D., G. Freeman, W. G. Brewster, and D. Vincent. 1984,
Interagency Rocky Mountain Front Wildlife Monitoring/Evaluation
Program - Management Guidelines for Mountain Goats. Lewis and Clark
Mational Forest. Great Falls, Mont.

Hanna, J. D. 1989. Beartoolh mountain goat study. Wyoming Coop. Res.
Unit, Laramie. 24pp.

Haynes, L. H. 1991. Mountain goat habitat of Wyoming's Beartooth
Plateau: Implications for Management. M. 5. Thesis, MNorthern
Arizona Univ., Flagstaff. 75pp.

Johnson, 0. H. 1980. The comparison of wusage and availabilfity
measurements for evaluating resource preference. Ecology 61:65-71.

Joslin, G. 1980. Mountain goat habitat management plan for the Cabinet
mountains, Montana. Montana Dep. of Fish, Wildlife and Parks in
cooperation with Kootenai National Forest, Libby. 122pp.

. 1986. Mountain goat population changes in relation to energy
exploration along Montana’s Hocky Mountain Front. Bienn. Symp.
North. Wild Sheep and Goat Counc. 5:253-271.

Kueck, L. 1977. The impacts of hunting on Idaho's Pahsimeroi mountain
goat herd. Pages 114-125 in W. Samuel and W. G, Macgregor, eds.
Proc. First Int. Mountain Goat Symp., Kalispell, Montana.

. 1985. Mountain goat management plan 1986-1990. [daho Dep. Fish
and Game, Boise, l6pp.

MacArthur, R. A., R. H. Johnston, and V. Geist. 1979. Factors

influencing heart rate in free-ranging bighorn sheep: a
phrsinln;ina1 approach to the study of wildlife harassment. Can. J.
fool. &7:2010-1021.

Marcum, C. L., and D, O. Loftsgaarden. 1980. A nonmapping technigue for
studying habitat preferences. J. Wildl. Manage. 44:963-9&88.



339

Mational Council of the Paper Industry on Air and Stream Improvement.
1989, Mountain goat/forest management relationships: a review.
Natl. Counc. of the Paper Industry for Air and Stream Improvement,
Inc., Tech. Bull. No. 562. 16pp.

Meu, C. W., C. R. Byers, and J. M. Peek. 1974. A technique for analysis
of utilization-availability data. J. Wildl. Manage. 3B:54]1-545,

Nichals, L. 19B5. Mountain ﬁnnt fidelity to given areas by season and
seasonal movements. Alaska Dep. of Fish and Game, Fed. Aid in Wildl.
Restor. Prog. W-21-1, 2 and MW-22-1, 2, 3, Final Rep., Job 12.5R.
12pp.

Pendergast, B., and J. Bindernagel. 1977. The impact of exploration for
coal on mountain goats in northeastern British Columbia. Pages 64-73
in W. Samuel and W. B. Macgregor eds. Proc. First Int. Mountain Goat
Symp., Kalispell, Montana.

Penner, D. F. 1988. Behavioral response and habituation of mountain goats
in relation Lo petroleum exploration at Pinto Creek, Alberta. Bienn.
Symp. North. Wild Sheep and Goat Counc. 6:141-158.

Phalps, 0. E., R. Jamieson, and R. A. Demarchi. 1983, The history of
mountain goat management in the Kootney region of British Columbia.
British Columbia Fish and Wild). Branch, Bull. B-20. 35pp.

Quaedviieg, M. T., M. Boyd, G. Gunderson, and A. Cook. 1973. Status of
the Rocky Mountain goat in the Province of Alberta. Alberta Fish and
Wildl. Div, Wildl. Inven. 5pec, Rep. Victoria. b5Zpp.

Rideout, C. B. 1978. Mountain goat. Pages 149-159 in J. L. Schmidt and
D. L. Gilbert, eds. Big game of HNorth Amevica--ecology and
management. Stackpole Books, Harrisburg, Pa.

Smith, B. L. 1976. Ecology of Rocky Mountain goat in the Bitteroot
Mountains, Montana. M.5. Thesis, Univ. of Montana, Missoula. 203pp.

Smith, K. G. 1982. Winter studies of forest-dwelling mountain goats of
Pinto Creek, Alberta. Bienn. Symp. Nerth. Wild Sheep and Goat Counc.
3:374-390.

Stockwell, C. A. 1989. The behavior of desert bighorn at Grand Canyon
National Park: Implications for conservation. M.5. Thesis, North.
Ariz. Univ., Flagstaff.

Thompson, M. 1980. Mountain goat distribution, population
characteristics and habital use in the Sawtooth Range, Montana. M.S.
Thesis, Montana State Univ., Bozeman. 80pp.



