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Abstract:

A 3 year field study of mountain goat ecology was conducted in the Absaroka Range of south-central
Montana. Mountain goats were introduced to the Absarokas in 1956 by the state of Montana. The
population increased after introduction then declined in the early 1970’s. A compensatory response
followed the decline and the population level remained stabile through the 1980's. Population trend
counts in 1993-95 are more than double any previous count. From the initial introduction site, the
population has expanded its distribution southward and eastward within the Absaroka-Beartooth
Wilderness. In the last 20 years, goats have become established in the northeast comer of Yellowstone
National Park in northwest Wyoming. Sporadic sightings occurred in the interior regions of the park
during the study. Density of goats within 4 units of the 300 km”2 study area varied. Population
composition in the study units appeared to be related to different rates of population growth depending
on period of subpopulation residency. Preferred habitats were typically wet, rocky areas with patchy,
succulent vegetation. Cliff ledge habitats were used intensively for feeding and bedding. Goats most
often fed within or nearby steep escape terrain. Fall diet of goats predominantly included graminoids
(76%) and forbs (20%). Forage taxa in representative habitats contributed to fall food habits in
proportion to their estimated abundance. Fall diet of native bighorn sheep was similar to mountain
goats; however, bighorn sheep preferred moderately dry, open meadows with abundant vegetation
throughout much of the summer and early fall. Differences in habitat selection and feeding behavior
enabled the species to avoid direct competition in feeding areas during summer and fall.
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ABSTRACT

A 3 year field study of mountain goat ecology was conducted in the Absaroka
Range of south-central Montana. Mountain goats were introduced to the Absarokas in
1956 by the state of Montana. The population increased after introduction then declined
in the early 1970’s. A compensatory response followed the decline and the population
level remained stabile through the 1980's. Population trend counts in 1993-95 are more
than double any previous count. From the initial introduction site, the population has
expanded its distribution southward and eastward within the Absaroka-Beartooth
Wilderness. In the last 20 years, goats have become established in the northeast corner of
Yellowstone National Park in northwest Wyoming. Sporadic sightings occurred in the
interior regions of the park during the study. Density of goats within 4 units of the 300

km?2 study area varied. Population composition in the study units appeared to be related
to different rates of population growth depending on period of subpopulation residency.
Preferred habitats were typically wet, rocky areas with patchy, succulent vegetation. Cliff
ledge habitats were used intensively for feeding and bedding. Goats most often fed
within or nearby steep escape terrain. Fall diet of goats predominantly included
graminoids (76%) and forbs (20%). Forage taxa in representative habitats contributed to
fall food habits in proportion to their estimated abundance. Fall diet of native bighorn
sheep was similar to mountain goats; however, bighorn sheep preferred moderately dry,
open meadows with abundant vegetation throughout much of the summer and early fall.
Differences in habitat selection and feeding behavior enabled the species to avoid direct
competition in feeding areas during summer and fall. |

.



INTRODUCTION

Mountain goats (Oreamnos americanus) were historically distributed in the
coastal range from Alaska to northern Washington and in the Rocky Mountains from
northern Canada to northern Montana and central Idaho. Through introductions by state
wildlife agencies, their distribution has been successfully expanded into vacant habitats in
their historic rarige, as well as in habitat outside their historic range in the western United
States (Johnson 1977, Wigal and Coggins 1982).

Mountain goats were released into the Absaroka Range of south-central Montana
in 1956 (5 goats), 1957 (10 goats), and 1958 (8 goats) by the Montana Fish and Game
Department to provide for recreational opportunities including hunting (Montana Fish
and Game 1976). These goats originated from native herds on the Continental Divide in
southwest Montana and were released in two drainages, Pine Creek and Deep Creek, in
the northern Absarokas (Swenson 1985). Two transplants in adjacent mountain ranges
may have also contributed to the success of the Absaroka population. In 1945 and 1946,
9 goats were released at Woodbine Camp in the Stillwater Canyon of the nearby
Beartooth Mounains, but these goats were believed to have not fared well (Stoneberg and
Foss 1977). Between 1942 and 1956, 39 goats were released in the East Rosebud and
Rock Creek drainages of the eastern Beartooths (Stoneberg and Foss 1977). No
significant barriers to movements between the Absaroka and Beartooth ranges exist; thus,

these introductions may have contributed to the Absaroka population.
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The Absaroka population has grown in number and expanded its distribution,

mainly to the south and east. Recent survey counts by Montana Fish, Wildlife and Parks
(MFWP) have exceeded 250 individuals with some group sizes of 60+ (MFWP 1993,
1994, 1995). Harvest quotas have been increased since hunting began in 1964,
particularly in recent years, as a response to increasing numbers. Expanded from one
original district, current distribution of mountain goats in the Absarokas includes 3
hunting districts.

Sightings of mountain goats in the Absaroka Range in Wyoming and Yellowstone
National Park represent pioneering individuals at the frontier of mountain goat
colonization (Laundre' 1990). Wyoming Fish and Game has a mandate for wildlife
management similar to Montana but mountain goats were not actively introduced to
Wyoming. Instead, goats have expanded into the Wyoming Absarokas and Beartooths
from introduced populations in Montana. Officials from Wyoming and Yellowstone have
expressed concerns over possible competition between goats and native Rocky Mountain
bighor sheep (Ovis canadensis) herds.

Y ellowstone Park officials are also concerned with the ecological consequences of
mountain goat colonization. Evidence that mountain goats were a member of the
Yellowstone fauna during histpric time is lacking, and therefore, they may be considered
exotic by the National Park Service (NPS 1991). Exotic species may have serious
impacts on native communities (Berger 1991). For example, mountain goats introduced
to Olympic National }Park have altered native vegetation communities and affected
endemic plants (Pfitsch et al. 1983, Pfitsch and Bliss 1985, Schreiner 1994). Thus, the
ecological consequences of mountain goats in Yellowstone is an important management
issue.

The agencies involved in management of the mountain goat in the Absaroka

Range have different mandates and objectives, but have the same need for information.
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This study was intended to provide baseline ecological information on the population of

mountain goats in the Absaroka Range and to help determine if the population is
compatible with the native community ecologically and compatible with the management
objectives of the agencies involved.

The objectives of the research were to collect and analyze several sets of data
related to the status and general ecology of mountain goats in the Absaroka Range. Goat
population trend has been monitored by MFWP from 1966 to 1995. This data was
analyzed for indications of density dependence and compared with climate data to detect
associations between climate and population trends. Current population distribution,
density of subpopulations, group sizes, and age composition data were gathered and
compared within the 300 km? study area. Goat feeding sites were described by habitat,
aspect, slope, elevation, and distance to escape terrain. Feeding site data were compared
to detect changes in use through S summer and early fall periods. Parturition sites and
winter-use sites were described. Feeding site descriptions of bighorn sheep and goats
were compared to assess potential competition between the two species. Feeding
behavior of sheep and goats were described and contrasted, and the diets of mountain

goats and bighorn sheep were compared to assess similarity.



STUDY AREA

The study area was located primarily in the northern Absaroka Range of
southwest Montana (Figure 1). The area included an estimated 300 km?2 of alpine
habitats extending from timberline, around 2,550 m, to 3,313 m on Amphitheater
Mountain. The range is characterized by narrow, abrupt ridges separated by forested
drainages. It lacks large, flat plateaus as found in the adjacent Beartooth Mountains.
Steep cliffs and scree slopes are most common on northern and eastern exposures.
Gradually sloping northern and western aspects accumulate more soil and support turf
vegetative communities. Dry, southern slopes typical‘ly have shallow soils and are
sparsely vegetated. Parent material in the Absarokas is primarily the Eocene Absaroka
Volcanic Supergroup (Decker 1990). The igneous bedrock is of two primary types:
volcanic breccia and lava flows. |

The temperate climate of the study area was- characterized by long, cold winters
and short, cool summers. Altitude and aspect play a major role in determining local
climate regimes. Temperature declines and precipitation increases with elevation; north
and east aspects tended to be cooler and wetter than south and west aspects. Mean
temperatures varied by month between -8° C and -20° C in the winter and 7°C and 15°C
in summer. Yearly precipitation accumulations average between 80 cm and 150 cm
depending upon elevation and topography. |

The subalpine forests of the Absarokas pn'maﬁly consists of subalpine fir (Abies
lasiocarpa), whitebark pine (Pinus albicaulis), and Engelman spruce (Picea engelmanii).

Common understory vegetation includes grouse whortleberry (Vaccinium scopariumy,
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Arnica spp., and sedges (Carex spp.). Sedges, bluegrasses ( Poa spp.), tufted hairgrass .

(Deschampsia cespitosa), bluebells (Mertensia spp.), and chickweed (Cer'astrium :
arvense) are abundant in subalpine and alpine meadows. Wet, shaded areas aré sparsely
vegetated with mosses (Polytrichium spp.), bluegrasses, and rushes (Juncus spp.).
Stonecrop (Sedum lanceolata), sky pilot (Polemolium viscosum), and moss campion
(Silene acualis) were common in loose rocky areas.

Potential mountain goat predators observed in the study area included coyotes
(Canis latrans), golden eagles (Aquila chrysaetos), and black bears (Ursus americanus).
Mountain lions (Felis concolor) and grizzly bears (Ursus horribilis) are known to occupy
the area. Gray wolves (Canis lupus) were reintroduced to Y ellowstone Park in 1995 and
on May 5 were known to have preyed upon a mountain goat in the study area (Smith and
Phillips, in press). Rocky Mountain elk (Cervus elaphus canadensis), moose (Alces
alces), and mule deer (Odocoileus hemionus) are other ungulates that were observed
along with mountain goats and bighorn sheep.

Hunters have legally harvested mountain goats in the Absarokas under a limited
license system since 1964. In 1994, 42 goat permits were available by special drawing
from three hunting districts. Four permits were issued in the North Absaroka district
(H.D. 330), north of the study area and closest to the introduction site. Eighteen permits
were issued for the South Absaroka district (H. D. 323) which includes the Mill Creek
unit and the Clover Basin and Crow Mountain subunits of the Hellroaring unit. Twenty
goat licenses were issued for the Hellroaring-Slough Creek district (H.D. 329) which was
created in 1986 to include expanding goat populations to the south and east. The Middle
Ridge and Iron Mountain subunits are in this hunting district as are adjacent mountain
areas to the east and southeast. In 1995, total license numbers in the 3 districts were

increased by 10: (330) =4, (323) =28, (329) = 20.



Wyoming Fish and Game does not isZue licenses for the harvest of mountain goats
in the Absaroka Range in Wyoming. The only part of the study area to fall within the
jurisdiction of Wyoming Fish and Game was the eastern section of the Amphitheater-
Abiathar subunit where goats were not found in abundance.

With the exception of those few in Yellowstone Park and Wyoming, mountain
goats occur almost entirely within the Absaroka-Beartooth Wilderness Area of the
Gallatin National Forest. The study area extended from The Pyramid at the headwaters of
the Boulder River and Mill Creek, southeasterly along the crest of the mountain chain to
Amphitheater Mountain, south of Cooke City, Montana. The area includes the Mount
Wallace ridgeline extending from Crow Mountain southwest to Monitor Peak, and the
mountains in and around northeastern Yellowstone Park including Wolverine Peak,
Cutoff Mountain, and The Thunderer.

The study area was divided into four units associated with major drainages: Mill
Creek, Hellroaring Creek, Pebble Creek, and Cache Creek (Figure 2). The Mill and
Hellroaring Creek units were entirely within the Absaroka-Beartooth Wilderness of the
Gallatin National Forest (Figure 3). The Pebble Creek unit included the northeast comer
of Yellowstone Park, and also extended into the Gallatin National Forest north of Cooke
City, Montana (Figure 4). The Cache Creek unit was south of Soda Butte Creek and
north of Cache Creek in Y ellowstone Park and extended east into the North Absaroka
Wilde{ness of the Shoshone National Forest, Wyoming.

Study units were further divided into smaller subunits that were survéyed for
mountain goats. The goat habitats associated with particular peaks and/or ridges
represented a subunit. Mountain goat movement was assumed to occur among subunits,

and to a lesser extent, among units.
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The Mill Creek unit consisted of 2 relatively isolated mountain peaks at the

headwaters of Mill Creek: (1) The Pyramid and (2) Monitor Peak (Figure 3). The summit
areas and associated alpine ridgelines to the north and south of both peaks constituted the
2 subunits of the Mill unit.

The Hellroaring Creek unit consisted of the ridge system separating Hellroaring
Creek from the Boulder River and Mill Creek (Figure 3). Four subunits were surveyed:
(D Middle Ridge, (2) Crow Mountain, and (3) Iron Mountain, and (4) Clover Basin.
Middle Ridge included Middle Ridge, the headwaters of Copper Creek, the headwaters of
Sheep Creek, and the peaks around Elk Lake. The Crow Mountain subunit included the
summit and ridges of Crow Mountain, north to Bridge Lake and south to Bridge Point.
The Iron Mountain subunit consisted of the summit area of Iron Mountain and the
ridgeline extending northeast to its junction with the Boulder River divide. Clover Basin
included Clover, Silver, and North Fork Basins; Mount Wallace; énd the headwaters of
Grizzly Creek. The subunits of the Hellroaring Creek unit were often junctions of several
mountain ridges; they had high habitat diversity and continuity relative to other subunits.

Five subunits in or near Yellowstone Park's northeast corner north of Soda Butte
Creek comprised the Pebble Creek unit: (1) Wolverine Peak (2) Cutoff Mountain (3)
Barronette Peak, (4) Mount Homaday, and (5) Roundhead Butte (Figure 4). The
Wolverine Peak subunit consisted of peaks and ridges adjoining Wolverine Peak
including Sunset Peak, Miller Mountain, Mineral Mountain, and Meridian Peak. A
ridgeline (called Wolverine Ridge) extending west from Wolverine Peak and south of
Wolverine Creek was also surveyed. The relatively isolated Mount Abundance north of
Wolverine Peak was also included in this subunit. The ridgeline north of Bliss Pass tb the
summit of Cutoff Mountain and the ridgeline extending east from Cutoff's summit to

Wolverine ridge at the headwaters of Lost and Pebble Creeks composed the Cutoff
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Figure 3. The Hellroaring Creek unit (Crow Mountain, Middle Ridge, Iron Mountain, and Silver Basin subunits) and the

Mill Creek unit (The Pyramid and Monitor Peak subunits) of the study area in south-central Montana.
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subunit. Mount Homaday, Barronette Peak, and Roundhead Butte were isolated

mountain areas in the Pebble Creek unit.

The Cache Creek unit was south of Soda Butte Creek and north of Cache Creek in
the Park (Figure 4). Italso includes the ridge system immediately adjacent to the park
boundary east of Amphitheater Mountain in the North Absaroka Wilderness of Wyoming.
It contained two subunits: (1) Amphitheater-Abiathar and (2) The Thunderer. The steep,
rugged ridges associated with Amphitheater Mountain and Abiathar Peak were surveyed.
The ridglihe extending east from Amphitheater Mountain to the headwaters of Republic
Creek was also included. The forested ridgeline extending west from Amphitheater

Mountain ends in an isolated linear ridge called The Thunderer.
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METHODS

Population Trend and Distribution

Aerial surveys

Acrial survey counts were used to assess population trend and distribution of
mountain goats in the Absaroka Range. Nineteen aerial counts were conducted by
MFWP from 1966 to 1995 using fixed-wing aircraft (MFWP 1995). Counts were
conducted in late August, September, or early October. The number and location of all
mountain goats were recorded, and a reproductive success ratio [the number of kids (age
0-6 months) per 100 older goats observed] was generated from each count. Adult sex
could not be determined from aerial observations. The size of the area surveyed
increased to coincide with the expanding distribution of the population. Current areas
surveyed include the Mill and Hellroaring Creek units, as well as areas outside the study
area including the northern extension of the range just south of Livingston, Montana, and
the upper Slough Creek drainage north of Yellowstone Park. Portions of the Pebble
Creek unit in and around Yellowstone Park were surveyed in 1993. I performed aerial

surveys of the Pebble and Cache units of the study area in June, 1991, and November,
1992.

Visitor reports
Visitor reports of mountain goats in Yellowstone Park were collected at visitor
centers and ranger stations and compiled for information on distribution and dispersal

into the park. The validity of visitor reports was assessed from report form descriptions
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of mountain goats and habitat; as well as, visitor experience with mountain goats and

other wildlife (see Appendix G).

Climatic Indices

Climatic trends have been suggested as being a factor in mountain goat population
growth (Bailey 1991). Reproductive success was negatively correlated with snow depth
during late gestation for mountain goats in the Absarokas (Swenson 1985) and in the
Sawatch Range of Colorado (Adams and Bailey 1982). Climate data from 1965-1993
were collected from weather stations on Monument Peak east of the Hellroaring Creek
unit. Data from weather stations at the Northeast Entrance of Yellowstone Park and
Fisher Creek, east of the Pebble Creek unit, were used to estimate missing data from the
Monument Peak data set. May 1 snowpack in both depth (cm) and snow water
equivalency (cm), temperature (°C), and June and July precipitation (cm) were compiled
from snowcourse and automated Snotell sites. The effect of winter temperature severity
on mountain goats was estimated using a temperature-metabolic relationship described by
Krog and Monson (1954) in which base metabolism for a mountain goat increases
exponentially as temperature dropped below -20° C. The metabolic demands of daily
temperature at 6 a.m. for the winter months (October of the previous year through A pril)
were accumulated for an estimate of winter temperature severity. Severity indices
ranging from -4 for the most severe, to +4 for the mildest conditions were generated from
a normal probability function of the temperature data from 1965 to 1993 (Farhes 1990).

Simple linear regression analysis was used to examine the association of
population growth with climatic indices. Reproductive success (kids/100 older goats)

from MFWP trend counts was the dependent variable in all regressions. Independent
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variables included May 1 snowpack of the current year and the previous year,

temperature severity of the year and June and July precipitation the previous year.

Density and Composition

Ground surveys were conducted from mid-May through mid-October, 1991-1993,
to estimate the density of subpopulations in different units and subunits of the study area.
Only the Pebble and Cache Creek units were surveyed in 1991; all units were surveyed in
1992 and 1993. In 1994, three surveys were made in July in the Pebble Creek unit.
Surveys originated from basecamps close to goat habitats. Peak and ridgeline routes in
subunits between 3 and 10 km long were searched for goats with the aid of 7X binocular's
and a 20X-60X spotting scope. Counts of mountain goats were made during each
survey. Each count constituted 1 day of survey effort. While surveying a subunit,
sightings of goats in other subunits would frequently occur; thus, a total count of goats, or
unit count, was kept to account for all sightings each day. Density estimates for subunits
were derived from daily counts and subunit area where SD = SA / DC. SD is the subunit
density estimate, SA is the subunit area (km2) estimated from U. S. Geological Survey
7.5" topographical maps, and DC is the daily count (number of goats) for the subunit.
Unit density estimates were calculated as the mean of subunit density estimates for that
unit. Size and compoéition of groups encountered were recorded; classifications of age

and sex followed Smith (1988).
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Resource Use

Habitat Use

For observations of feeding mountain goats, feeding site characteristics, time
spent in each site, and distance traveled were recorded. Habitats Were described based on
terrain, vegetation, and soil characteristics within a 25-meter radius of the subject animal.
Classifications are similar to those made by Pallister (1974), Stewart (1975), and Martin
(1985) for Absaroka summer range. In addition to habitat description, 4 physical
characteristics of feeding sites were recorded from U.S.G.S. 7.5" topographic maps:
slope, aspect, elevation, and distance to escape terrain (defined as the estimated distance
(m) to steep terrain (> 25° slope).

Plant specimens from alpine and subalpine habitats were collected, and a list of
species and genera identified in the study area was compiled. Vegetation characteristics
in three habitats used frequently by feeding mountain goats were measured. Percent
canopy cover and plant frequency were estimated for plant species in 20 X 50 centimeter
plots spaced at 1-meter intervals along 29 20-meter line transects (Daubenmire 1959).
Transect sites were not selected randomly but on the basis of accessibility and safety.
Transects were placed in three habitats: 6 in ledge, 12 in rocky scree, and 11 in turf.
Three of 11 turf transects were in turf-scree habitat but were combined with turf because
of the similarity in species composition and frequency in the two habitats. Transects in
ledge habitat were difficult and were discontinued after 1992 for safety reasons.

Feeding site description data were grouped into five 30-day periods: (1) May 15 -
June 15, (2) June 16 - July 15, (3) July 16 - August 15, (4) August 16 - September 15, (5)
September 16 - October 15. Parturition habitats were located and described. Seven
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surveys were made in November, 1994 in the Hellroaring Creek unit to search for goat

wintering areas.

Diet

In 1992, 22 goat hunters were issued licenses within the study area (hunting
districts 323 and 329) were asked to provide one-quart rumen samples from their
harvested animal. Rumen analysis (Korschgen 1980) was used to determine fall diet. No
adjustments for differential digestibility were made.

Mean percent canopy cover and mean frequency of the plant taxa in rumen
samples were compared using Spearman's rank-correlation. The diet of mountain goats
from this study and bighorn sheep derived from Martin (1985) for the Absarokas were
compared using the Kulcynski's similarity index (SI) described by Oosting (1956) and
Jarman (1971):

SI={X(2w) = I(a+b)}x100

where w is the lesser percentage of a forage category in the two diets and a + b is the sum

of the percentages of the forage category in the two diets.

Bighorn Sheep

~ Observations of feeding bighom sheep were recorded in the same manner as
mountain goats. Interspecific interactions were recorded when the species were observed
within ~20 meters of each other. Each interaction was classified according to 4
categories based on whether either species prevented use of a resource by the other:
sheep-dominated, goat-dominated, neutral (mutual tolerance), or ambiguous (not clearly

ascertained).
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RESULTS

Population Trend

The Absaroka mountain goat population has been monitored since 1966 (Table 1).
An intial period of rapid growth in the late 1950’s and 1960's was followed by a
population decrease in the early 1970’s which was atm'buted primarily to harvest
(Swenson 1985, Figure 5). A population rebound that followed in the late 1970's was
considered to be a compensatory response to the population reduction after harvest was
reduced (Swenson 1985, 1986). Counts stabilized around 100 goats through the 1980's
with wide fluctuation in reproductive success. Based on similar count methods and areas
surveyed in the 1980's, counts in 1993-95 more than 'doubled (247-284) any previous
count, suggesting a substantial and rapid population increase. The most recent survey
conducted in fall of 1995 resulted in 269 goats counted with 35 kids/100 older goats.
Reproductive success ratios were negatively correlated with number of older adults from
1966-1991 suggesting density dependence (r = -0.79, p < 0.01); adding the higher counts
from 1993, 1994 and 1995 weakened the associatﬁon (r=-0.46, p=0.08).



, 19 _
Table 1. Absaroka goat population trend counts, composition, and harvest from Montana
Fish, Wildlife and Parks; and climate data from Monument Peak snowcourse, 1966-1994.

Mountain Goat Trend Climatic Indices
Year n kids / 100 harvest  snow depth/ temperature J&J pcp.
older goats SWE(cm)2  severity (cm)©
1966 48 60 150/38.94 25 14.85
1967 56 245/167.76 33 20.28
1968 195/58.08 -19 20.41
1969 86 46 180/49.72 0.0 24.54
1970 218/58.96 20 1548
1971 21 258/76.56 38 11.72
1972 91 28 14 218/62.26 2.6 14.41
1973 13 198714422 14 14.02
1974 69 33 18 233/68.20 34 19.32
- 1975 14 253 /66.88 3.2 18.66
1976 19 250/78.82 36 16.62
1977 60 50 08 120/28.16 37 22.50
1978 60 43 09 193 /49.72 0.0 11.25
1979 12 180/ 49.06 0.7 10.50
1980 12 150/ 40.04 23 13.25
1981 98 36 08 135/34.10 33 14.75
1982 107 21 05 220/61.82 2.5 14.75
1983 96 22 12 163 /43.56 1.6 15.00
1984 29 192/46.20 0.9 12.50
1985 96 28 11 145/37.84 27 14.00
1986 14 198/57.20 -1.7 14.00
1987 24 118/2530 4.0 16.00
1988 116 11 14 148/36.96 29 03.50
1989 83 40 15 170/ 43.78 1.5 10.25
1990 96 25 19 158/48.40 04 06.75
1991 112 38 16 217/53.90 -1.1 04.75
1992 17 135/41.14 21 17.65
1993 247 _ 28 22 - 14774 21 23.75
1994 284 43 28

2 Snowpack on May 1: depth (cm) / snow-water equivalency (cm); (- -) indicates no data available.
b Index for winter temperature, from - 4, most severe, to 4, most mild, based on 30-year mean.
€ Total precipitation (cm) from June and July.
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Climatic Effects

No relationship between reproductive success (kids / 100 o!der adults) and spring
(May 1) snow depth was detected from 1966 through 1992 (r=0.19,p= 0.51,n = 14;
Table 2), as there was from 1966 through 1983 (Swenson 1985, 1986). May 1 snow
water equivalency (SWE) readings from the automated Snotell site and May 1 snow
depth readings from the snowcourse at Monument Peak were not similar (r = -0.313). No
association between SWE and reproductive success was found (r = 0.25) suggesting depth
may be a more significant factor than SWE in determining forage availability.

A weak positive association between reproductive success and May 1 SWE of the
previous year was found (r = 0.45, p <0.1; Table 2). Prebreeding forage conditions,
determined by prebreeding snowpack, may influence reproductive success (Stevens
1983). No associations with winter temperature severity and June and July precipitation

(current and previous year) were found.

Table 2. Linear regression of climatic variables with reproductive ratios, kids/100 older
adults, from Montana Fish, Wildlife and Parks trend counts 1966-1994.

Independent Variable r R2 F-test p-value
June and July Precipitation 0.43 0.19 2954 0.109
June and July Prec. (Previous Year) 0.10 0.01 0.136 0.718
May 1 SWE 0.25 0.06 . 0.839 0376
May 1 SWE (Previous Year) 045 0.20 3.230 0.095

‘Temperature Severity 0.22 0.05 0.690 0.421
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Population Distribution

Distribution

Aerial surveys confirmed mountain goats occurred in all 4 units of the study area.
MFWP trend counts indicate goat populations have increased in the Mill and Hellroaring
Creek units since 1964. In the fall of 1993, the MFWP surveyed the Wolverine Peak and
Cutof f Mountain subunits of the Pebble unit for the first time (MFWP 1993); 22 goats
were counted during the survey of this area (note: this count was separate from the 1993
trend count). Fifteen goats were sighted in northeast Y ellowstone Park on June 16, 1991,
during an aerial survey I completed. A single adult was located on a southern cliff-face

of Abiathar Peak in the Cache Creek unit during the same survey.

Gender-selected Distribution

The general distribution of adult males (billies) and females (nannies) within
subunits was found to be different during ground surveys (Figure 6). Billies tended to
select peripheral or isolated habitats. For example, when goats were found near the end
of a ridgeline or on a peak isolated from other alpine areas by forests, these goats were |
most often billies. Numerous billies and very few nannies were sighted on Mount
Abundance (Figure 4), a small alpine area on the periphery of an extensive ridgeline and
isolated by forests. Fewer billies than nannies were sighted during the surveys--billies
may have been underrepresented in ground survey results because only the most
continuous habitats were surveyed while outlying pockets of habitat were typically not
surveyed.

In contrast, nannies were often found in the more continuous habitat complexes

where several ridges or peaks were in close proximity. Large maternity groups were
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often sighted at or near the junctions of 2 to 3 extensive ridgelines such as Wolverine

Peak and Iron Mountain. Elsewhere, nannies are reported to consistently occupy the

"best" available habitats within their ranges (Chadwick 1977).

Yellowstone Park Visitor Reports

Reports of mountain goats in Yellowstone Park began as early as 1965, were rare
in the 1970's, and increased slowly through the 1980's (Laundre' 1990). Visitor sightings
in 1991-95 occurred in a variety of locations in and adjacent to Yellowstone (Table 3).
Sightings occurred primarily along roads and in high visitor-use areas such as the Mount
Washburn-Dunraven Pass area and the Grand Canyon of the Yellowstone River. Many
of the goat sightings near roads were reported multiple times. Thirty-four of 43 sightings
between 1991 and 1995 were of one or two individuals. These may simply be "probe
movements" (Stevens 1983), in which lone adults or subadults wander from populated
areas in search of other populations. Individuals 'may remain for a period of time,
sometimes up to one year (Stevens 1983), before moving on. Some sightings of what
seemed to be the same individuals continued for up to a week. Sightings occurring before
this study indicate mountain goats have made these movements into the Park sporadically
for 20 years (See Appendix E for reports prior to 1991).

One area where several sightings had been made was investigated. In October,
1992, two surveys of Sepulcher Mountain near Mammoth Hot Springs were conducted.
On the first survey one adult and one 3-year-old billy were sighted on the north-slope
cliffs near the summit. These two matched the description of those sighted in the Gardner
River Canyon in late August, and if they were the same individuals, it can be concluded
that these pioneering individuals lingered in the vicinity for S weeks or more. Goats were
found on Sepulcher Mountain in 1992, 1994; and 1995, including nannies with kids.

Sepulcher Mountain is an extension of the mountains of the northwest corner of the park
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Table 3. Date, composition, and location of visitor reported si ghtin gs of mountain gbats "
in and adjacent to Yellowstone National Park, 1992-1995.

Date Group Composition 2 Location Description
05-17-91 27600 South side of Black Mountain ¢
05-24-91 1-0-0-0 The Thunderer
05-24-91 27-0-0 Tower Falls area
06-09-91 1-0-0-0 North slope of Mount Washburn
06-27-91 0-2-0-1 Electric Peak
07-20-91 102-0-0 East Slope of Snowslide Mountain ¢
08-19-91 1?-0-0 Guitar Lake ¢
08-20-91 0-2-0-0 Near Gallatin Highway
09-23-91 17-0-0 Grebe Lake Trailhead, Norris-Canyon Road
02-04-92 1?-0-0 West side of Garnet Hill
05-17-92 12-0-0 Elk Creek, east of Floating Island Lake
05-30-92 2-0-00 Mount Hornaday, Cliffs on south side
06-17-92 12-0-0 Fossil Forest Cliffs in Lamar Valley
06-19-92 12-0-0 Mount Washburn
07-03-92 22-0-0 Mount Washburn
07-03-92 12-0-0 Mount Washburn near Dunraven Pass
07-08-92 12-0-0 Mount Washburn near Dunraven Pass
08-01-92 1-0-0-0 Seven-mile Hole, Grand Canyon of the Yellowstone
08-16-92 1-0-0-0 Mount Washburn summit
08-25-92 17-0-0 Northeast slope of Sepulcher Mountain
08-28-92 2-0-0-0 Gardner River Canyon
08-29-92 2-0-00 Gardner River Canyon
09-16-92 27-0-0 East side of Dome Mountain, Gallatins Mountains ¢
09-22-92 27-0-0 Sepulcher Mountain, North face
06-02-93 1?-0-0 The Thunderer, near Pebble Creek Campground
06-06-93 57-3-0-3 East side of Yellowstone River near Tower Falls
06-15-93 0-2-0-2 East side of Yellowstone River near Tower Falls
06-26-93 17-0-0 Bliss Pass
08-03-93 0-1-0-1 Meridian Peak
06-20-94 0-1-0-1 Sepulcher Mountain
07-07-94 0-6-0-2 Ramshorn Peak, Tom Miner Basin ¢
07-16-94 0-3-0-1 North side of Sheep Mountain, Tom Miner Basin ©
07-22-94 0-1-0-1 Sepulcher Mountain
07-27-94 0-10-1 Sepulcher Mountain
07-29-94 22-0-0 Dunraven Pass



26

Table 3. (Concluded)

08-06-94
08-14-94
09-17-94
10-10-94
05-30-95
06-02-95
06-08-95
06-11-95
06-15-95
06-15-95
06-17-95
07-24-95
08-07-95
09-07-95
09-12-95

0-1-0-1
1-1-0-0
1-0-0-0
1-00-0
22-0-0
22-0-0
27-0-0
0-1-0-1

22-0-0

17-0-0
17-0-0
0-1-0-0
1-0-0-0
0-2-0-1
32-0-1

Sepulcher Mountain
Tom Miner Creek ©
Southeast side of Mount Washburn
Bunsen Peak
Druid Peak
Druid Peak
Barronette Peak
Tower Falls
Yellowstone canyon by Tower Falls
East side of Mount Hornaday
Yellowstone canyon north of Tower Falls
Sepulcher Mountain
Northeast ridge of Mount Washburn
North of Bighorn Pass
North slope of Sepulcher Mountain

2 Numer of adult males-adult females-yearlings-kids

b Number of adults of unknown sex
€ Adjacent to the park
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where a herd seems to have established itself. Larger groups occurred in the Gallatin

Mountains inside and adjacent to the northwest park boundary including Electric Peak,
Sheep Mountain, and Ramshom Peak.
Goats were observed in the Yellowstone River canyon near Tower Falls in June,
1993 and 199S. The group did not remain in this highly visible area for more than about
“a week during both years. The steep canyon walls being used by goats are adjacent to
Specimen Ridge, a long, rolling extension of the Absarokas to the east. Goats returned to
this area presumably by the same route during two years in which spring plant growth

came late to alpine areas due to heavy snowpack.

Population Density

Ground surveys of the study area produced 102 daily counts of 13 different
subunits (See Appendix B for dates and locations of surveys). Density estimates, counts
and group sizes in the subunits and units varied (Table 4). In the case of the Hellroaring
unit, goat densities were corhparable to other introduced populations (Table 5).

No goats were sighted during 4 surveys of the Cache Creek unit. Density
estimates for the other 3 units varied between 0.2 goats / km?2 in the Pebble Creek unit in
1991 to 5.1 goats / km? in the Hellroaring Creek unit in 1993 (Table 4). 1991-93 counts
and group sizes were greater in the Hellroaring Creek unit than in the Pebble Creek unit (t
=-3.71, p=0.001; t =39.5, p < 0.0001, respectively) and the Mill Creek unit (t =-3.54, p
= 0.002; t =-22.6, p < 0.0001, respectivley). The largest counts and group sizes occurred
in the subunits of the Hellroaring unit during both years surveyed. The largest unit count
of the study, 101, occurred in the Hellroaring unit on September 29, 1993. Large groups
were spotted in the Clover Basin, Crow Mountain, Middle Ridge, and Iron Mountain

subunits on that day. In 1993, Iron Mountain, where the largest group, 43, was observed,



Table 4. Density, daily unduplicated counts, and group sizes of mountain goats observed during ground surveys of 11 subunits in the
Pebble, Hellroaring, and Mill units of the Absaroka study area, 1991-1993.

Year Subunit and Area (km2) Density* . aily Unduplicated Cou: Group Size

Goats / km2 n Mean  Range n  Mean  Range

1991 Wolverine Peak 11.8 0.9 7 31 0-11 5 5 1-11
Cutoff Mountain 6.8 0.0 1 0 0 0 0 0

Barronette Peak 45 0.0 2 0 0 0 (] 0

Mount Homaday 13 00 1 0 0 0 o 0

PEBBLE UNIT 244 0.2 11 20 0-11 5 5 1-11

1992 Wolverine Peak 11.8 41 12 99 0-49 25 36 1-10
Cutoff Mountain 6.8 0.7 3 1.7 05 1 50 5

Mount Homaday 13 0.0 1 0 0 0 0 0

PEBBLE UNIT 199 1.6 14 84 0-49 ' 36 35 1-10

Middle Ridge , 83 6.0 7 215 12-50 26 9.0 1-29

Crow Mountain 9.7 37 4 187 2-36 11 75 1-33

Iron Mountain » 6.9 2.6 3 8.0 1-18 3 8.0 1-18
HELLROARING 249 41 13 208 2-61 40 85 1-33

The Pyramid 7.0 14 3 43 0-10 4 33 1-7

Monitor Peak 59 03 3 0.7 0-2 1 2 2

MILL UNIT 129 0.8 6 25 0-10 5 30 1.7

1993 Wolverine Peak 11.8 1.7 22 149 0-20 46 31 1-10
Cutoff Mountain 6.8 0.9 3 33 26 4 25 1-6

Roundhead Butte 4.7 23 1 11 11 1 11 11

PEBBLE UNIT 186 1.6 21 6.8 0-32 50 30 1-10

Crow Mountain 9.7 39 6 23.7 538 10 142 1-37

Iron Mountain 6.9 6.8 3 217 047 2 325 2243

Clover Basin 93 4.6 9 123 0-43 13 6.4 1-24
HELLROARING 259 51 18 17.7 0-101 25 11.6 1-43

The Pyramid 8.0 25 6 148 6-20 23 32 1-11

MILL UNIT 8.0 2.5 6 148 6-20 3 32 1-11

>

8 Subunit Density = (Maximum daily unduplicated count) X (area); Unit Density = Mean Subunit Density.
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Table 5. Location, origin, density and reference for selected mountain goat populations.

Location Origin Goats’/km2 Reference

Snake River Range, Idaho introduced 4.3-20.8 Hayden 1989

Olympic National Park, Washington introduced 14.0 Stevens 1983

Kodiak Island, Alaska introduced 7.2 Hjeljord 1973

Kenai Peninsula, Alaska native 24 Hjeljord 1973

Yoho National Park, Alberta native 0.6-3.1 McCroryetal. 1977

Glacier National Park, Montana native 2.8-154 Chadwick 1974, Singer
and Doherty 1985

Knight Inlet / Wakeman Sound, native 0.2-2.1  Hebert and Turnbull

British Columbia 1977

Absarokas, Pebble Creek unit introduced 0.2-1.6  Present Study

Absarokas, Hellroaring Creek unit  introduced 4.1-5.1  Present Study

Absarokas, Mill Creek unit introduced 0.8-2.5  Present Study

had the highest density estimate, 6.8 goats / kmZ, for a subunit. Large groups of 20-40
were seen in the Middle Ridge, Crow Mountain, and Clover Basin subunits on almost a
daily basis. A 1994 MFWP trend survey located the largest recorded group size of 67
goats (MFWP 1994).

Density estimates for the Mill Creek unit were less than for the Hellroaring Creek
unit; group sizes were also smaller in the Mill Creek unit than in the Hellroaring Creek
unit. The Pyramid was surveyed in 1992 and 1993. The largest daily unduplicated
counts were 10 and 20 and the largest group sizes were 7 and 11 in 1992 and 1993,
respectively. Only 2 goats were located in the Monitor subunit during a 1992 survey.

Counts and group sizes for the Pebble Creek unit were less than for the
Hellroaring Creek unit but not different from the Mill Creek unit (t = 1.2, p = 0.2640; t =
1.32, p =0.191). Groups were concentrated in the Wolverine Peak subunit. Groups of 6-
11 were most consistently seen on Wolverine Peak, Wolverine's long west ridge, Sunset

Peak, and Mineral Mountain. Individuals and groups of 2-5 were found consistently on
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Meridian Peak, Miller Mountain and Mount Abundance. The largest count for the

Wolverine Peak subunit was 49, seen during a 1992 survey of Mineral Mountain, Sunset
Peak, and Wolverine Peak. The largest group seen was 11 in 1991.

Only small groups (< 6) and single individuals were found in 7 surveys of the
Cutoff Mountain subunit. Goats were sighted on the east slope of the mountain in the
Pebble Creek drainage in 1993, on the eastern slope by Bliss Pass in 1992, and on the
ridgline continuous with Wolverine Peak to the east during both years. No goats were
found in 1991.

No goats were found during 2 surveys of Barronette Peak in 1991 and 2 surveys in
1994 although signs of previous occurrence including hair, scat, and tracks were found.
No sign of goats was found on Mount Homaday during surveys in 1990, 1991, and 1992.
Both of these subunits are island-like in that they are isolated from the Wolverine and
Cutoff subunits by forested ridges or valleys.

Only 3 goat sightings occurred in the Cache Creek unit during the study. In
addition to the single individual sighted during the 1991 aerial survey, 3 goats including 1
kid were observed feeding on a ridge-top east of Amphitheater Mountain in the North
Absaroka Wilderness of Wyoming. These goats were located with a spotting scope from
Mineral Mountain in the Pebble unit S miles away. A Yellowstone Park visitor reported
the third sighting, a single adult seen on The Thunderer on June 6, 1993 (Table 3).

No mountain goats were seen while surveying the Cache Creek unit on the ground
during all 3 years. The Thunderer was surveyed in 1990, 1991, 1992, and 1994; while it
appeared to have suitable goat habitat, no goats were found. No goat sightings were
made in 1992 (2 surveys) and 1993 (1 survey) of the Amphitheater-Abiathar subunit
which was the the most rugged subunit surveyed in the entire study area. The jagged
ridges lacked diversity and slopes were consistently too steep to have the terraces

associated with ledge habitat.
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Population Composition

Nannies comprised the largest proportion of the mountain goats observed (Table
6). They often occurred in large groups with yearlings and kids of both sexes during all
periods. These groups were encountered more frequently than billies. Billies were
encountered singly or in smaller groups (2-5).

The highest kids /100 older goats ratio was associated with the Pebble Creek unit.
Nearly a third of all goats observed in this unit were kids in 1991 and 1993. The
proportion of nannies with kids was greater in the Pebble unit than in the high density
Hellroaring unit in 1992 and 1993. In 1993, a reproductive success ratio of 48 kids/100
older goats was recorded in the Pebble Creek unit versus 24 kids/100 older goats for the
Hellroaring Creek unit. During the study, 8 cases of nannies with twins were observed in

the Pebble Creek unit versus no cases in the Hellroaring Creek unit.



Table 6. Population composition of mountain goats observed in three units of the Absaroka study area, 1991-1993.

Year Study Unit n Classifications Ageratiob Twins ¢
Male Female Yearling Kid Uncl. Yearlings  Kids
1991 Pebble 25 3(12)4  12(48) 2(8) 8(32) 0(0) 9 47 3
1992 Pebble 179 14 (8) 68 (38) 45 (25) 40 (22) 12 (7) 33 29 0
Mill 15 1(7) 4(27) 5(33) 3(20) 2(13) 50 25 0
Hellroaring 252 24(12) 111 (44) 35(14) 47 (19) 29(11) 16 23 0
Totals 446  42(10) 183(41)  85(19)  90(20) 43 (10) 24 25 0
1993 Pebble 157 24 (15) 53 (34) 13 (8) 51(32) 16 (10) o9 48 5
Mill 74 13 (18) 30 (40) 9(12) 22 (30) 0(0) 14 42 1
Hellroaring 323 38(12) 143 (44) 27 (8) 62 (19) 53 (16) 9 24 0
Totals 554 75(14) 226 (41) 490) 135(24) 69 (12) 10 32 6

a Classifications include adult males (2+ years), adult females (2+ years), yearlings (1 year), kids (0 year), and unclassified.

b Number per 100 other classification.

€ Number of cases of females with twins observed.

d Number observed, (percent of total).

(4>
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Mountain Goat Resource Use

Feeding Sites

Goats fed individually or in small groups (mean group size = 5.6 + 8 (SE), 147)
in rocky, broken habitats. While f; eeding, goats often traveled substantial distances before
arriving at bedding sites. They typically traversed a variety of habitats using isolated
patches of resources and pausing no more than a few minutes to graze any particulaf site.
A mean of 2.9 + 1.9 habitats were used per hour of uninterrupted feeding. Goats
primarily fed on young, succulent vegetation growing in wet areas. Late snow melt
allows some vegetation to be in early growth stages throughout the summer.

Seven mountain goat habitats were described (See Appendix A). Goats fed in all
habitats at least once during the 5 periods observed (Figures 7-11). All aspects were used

~ as goats pursued the emergence of vegetation that followed receding snow (Table7).
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Habitat
Figure 7. Habitat use by mountain goats in the Absaroka Range, May 15 - June 15, 1991-
1993 (n = number of observations).

Table 7. Summer use of aspect by feeding mountain goats and bighorn sheep in the
Absaroka Range, 1991-1993.

n N NE B NW W SW SE S

May-June

Goats 48 5(102 2(4) 24 5(10) 6(13) 8(16) 9(18) 11(23)
June-July

Goats 40 8@21) 3™ 3(7) 6(15 5(13) 5(13) 4(11) 6(15

Sheep 36 :2(H  OW) = O0) “HIF SA188) W3Z)  2(7) - T{25)
July-Aug.

Goats 73 19(26) 10(14) 1520) 9(13) 8(11) 5(7) 4(5 3(@4)

Sheep 36 12) 1(2) 00 2(5 8(22) 7(19) 3(10) 14(40)
Aug.-Sept.

Goats 68 23(34) 11(16) 16(23) 11(16) 4(6) 1(2) 0(0) 2(4)

Sheep 28 3{(12) 103 - 13 4t Wis>) 3{12) 103) 3119
Sept.-Oct.

Goats 62 1524) 11(18) 12(20) 1524) 7(12) 0O 1(2) 0(0)

Sheep 29 2 00 00) 358k BEET) 3D 2D . TD)

4 Number of observations (percent of total).

















































































































































































