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Abstract:
A study of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) within the Highland and
Pioneer. Mountains was conducted on a seasonal basis during 1994. Data were collected related to
home ranges, sex and age composition, population estimation, site preference, food habits, vegetational
cover of feeding sites versus food habits, mineral use, and possible competition with mule deer
(Odocoileus hemionus) and/or cattle. Winter and summer home ranges for 3 subpopulations were
assessed with telemetry data from 36 radio-collared ewes. Home ranges ranged from 6.40 to 32.97
km^2. Sex and age composition were determined from 5,985 observations of individual sheep
(includes multiple observations of the same animal), resulting in 1994 mean lamb:ewe and ram:ewe
ratios of 43.6 lambs and 54.4 rams per 100 ewes. Site preferences for ewe-lamb, ram, and mixed
groups were determined by 4 parameters: — distance to escape cover, slope, aspect, and ground cover.
Winter site preferences in a winter with mild weather conditions indicated bighorn sheep selected not
only southfacing aspects, but also east and west aspects. In Spring, ewes and their young selected
steeper slopes and sites nearer to escape cover. Summer preferences were influenced by drought
conditions in 1994. Ewes evidently selected sites providing access to escape terrain as an anti-predator
response. All groups responded to the harsh weather conditions in the fall by using south facing slopes
where snow did not cover forage. Feeding site, fecal, and rumen analysis showed that graminoids were
the dominant vegetation class in the diet of bighorn sheep during all seasons. Feeding site analysis
revealed that grasses were selected in all seasons, but as palatable forbs became abundant during the
spring and early summer, sheep increased intake of forbs. Soil mineral content analysis revealed that
there were no differences (P > 0.05) in calcium, magnesium, potassium, or sodium levels among the 5
areas where bighorn sheep were observed ingesting soil. Hair mineral content revealed that female
sodium levels were higher (P < 0.05) than males. Mule deer and bighorn sheep diets during the winter
showed dissimilarities with bighorn sheep consuming more (P < 0.05) graminoids than mule deer. The
summer diets of bighorn sheep and cattle were similar in forb and shrub content, but cattle consumed
more (P < 0.05) graminoids than bighorn sheep. Cattle and sheep maintained spatial separation in
summer. This study described seasonal movements and habitat use of the Highland/Pioneer mountains
bighorn sheep herd immediately prior to a die-off attributed to a sheep pneumonia complex. At least
75% of the population died between December 1994 and March 1995. 
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ABSTRACT

A study of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) within the 
' Highland and Pioneer. Mountains was conducted on a seasonal basis during 1994. Data 
were collected related to home ranges, sex and age composition, population estimation, 
site preference, food habits, vegetational cover of feeding sites versus food habits, 
mineral use, and possible competition with mule deer {Odocoileus hemionus) and/or 
cattle. Winter and summer home ranges for 3 subpopulations were assessed with 
telemetry data from 36 radio-collared ewes. Home ranges ranged from 6.40 to 32.97 
km2. Sex and age composition were determined from 5,985 observations of individual 
sheep (includes multiple observations of the same animal), resulting in 1994 mean 
lambrewe and ram:ewe ratios of 43.6 lambs and 54.4 rams per 100 ewes. Site 
preferences for ewe-lamb, ram, and mixed groups were determined by 4 parameters: —
distance to escape cover, slope, aspect, and ground cover. Winter site preferences in a 
winter with mild weather conditions indicated bighorn sheep selected not only south
facing aspects, but also east and west aspects. In Spring, ewes and their young selected 
steeper slopes and sites nearer to escape cover. Summer preferences were influenced by 
drought conditions in 1994. Ewes evidently selected sites providing access to escape 
terrain as an anti-predator response. All groups responded to the harsh weather 
conditions in the fall by using south facing slopes where snow did not cover forage. 
Feeding site, fecal, and rumen analysis showed that graminoids were the dominant 
vegetation class in the diet of bighorn sheep during all seasons. Feeding site analysis 
revealed that grasses were selected in all seasons, but as palatable forbs became abundant 
during the spring and early summer, sheep increased intake of forbs. Soil mineral 
content analysis revealed that there were no differences (P > 0.05) in calcium, 
magnesium, potassium, or sodium levels among the 5 areas where bighorn sheep were 
observed ingesting soil. Hair mineral content revealed that female sodium levels were 
higher (P < 0.05) than males. Mule deer and bighorn sheep diets during the winter 
showed dissimilarities with bighorn sheep consuming more (P < 0.05) graminoids than 
mule deer. The summer diets of bighorn sheep and cattle were similar in forb and shrub 
content, but cattle consumed more (P < 0.05) graminoids than bighorn sheep. Cattle and 
sheep maintained spatial separation in summer. This study described seasonal 
movements and habitat use of the Highland/Pioneer mountains bighorn sheep herd 
immediately prior to a die-off attributed to a sheep pneumonia complex. At least 75% of 
the population died between December 1994 and March 1995.
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INTRODUCTION

The native herd of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) 

that originally inhabited the Highland Mountains area south of Butte, MT, was 

extirpated in the early 1900’s (Coney and SchalIenberger 1971). In the late 1960’s, 51 

bighorn sheep were relocated to the Camp Creek area within the Highland Mountains 

complex via 2 transplants from the Sun River bighorn sheep herd. The first transplant 

occurred in 1967 with 21 sheep, and the second transplant occurred in 1969 with an 

additional 30 sheep.

In the early 1970’s, bighorn sheep began expanding their range, branching out 

from the Camp Creek area in both northerly and northwesterly directions. The sheep 

population continued to expand its range throughout the 1970’s and 80’s forming the 3 

subpopulations present today. One subpopulation remains in the Camp Creek area; the 

second subpopulation settled north of Camp Creek in the Moose Creek area; and the 

third subpopulation settled in the Maiden Rock area of the east Pioneer Mountains 

(Weigand 1994). The 3 subpopulations will be referred to as Camp Creek Subpopulation 

(CCS), Moose Creek Subpopulation (MCS), and East Pioneer Mountains Subpopulation 

(EPMS).

By the early 1970’s the bighorn sheep population in the Highland/Pioneer 

mountains had grown to a size that allowed limited hunting opportunities (Janson 1974). 

By the mid-1980’s, the Highlands bighorn sheep herd had become one of the premiere 

herds in the United States for trophy rams, with many rams reaching trophy status by 4 

years of age. From 1983-93, 24 rams taken by hunters in Hunting District 340 (HD 340)



made the Boone and Crockett record book (minimum score = 180) (Karwaski 1994). 

Included in these trophy rams is a dead ram found by Jack Atcheson, Jr. in 1992-that 

scored 203 5/8 and is currently ranked #2 in Montana and #5 in the, world (Renean and 

Reneau 1993).

In 1994, 70 bighorn sheep hunting permits were issued for this sheep herd, the 

most bighorn sheep permits issued in a single hunting district in Montana that year, „ 

excluding the unlimited areas. Twenty-five either-sex permits were issued on the west 

side of Interstate 15 (HD 340-01), 10 either-sex permits on the east side of Interstate 15 

(HD 340-02) and 35 ewe permits (HD 340-03) were issued for anywhere in HD 340.

The Highland/Pioneer Mountains bighorn sheep herd lived in close proximity to 

domestic sheep for over 20 years and remained healthy. Research has shown that 

domestic sheep may carry a bacterium, Pasteurella haemolytica, which causes a 

pneumonia fatal to Rocky Mountain bighorn sheep (Foreyt and Jessup 1982, Coggins 

1988, Foreyt 1989 and 1990). Disease attributed to Pasteurella haemolytica is often so 

acute in bighorn sheep that no clinical signs are observed before death (Thome et al. 

1982).

Due to the enormous success and value of this herd, the Bureau of Land 

Management (BLM) and the Montana Department of Fish, Wildlife and Parks (MDFWP) 

wanted to obtain more information about this bighorn sheep herd to help with future 

management decisions. This study was developed to document the status of the 

Highland/Pioneer Mountains bighorn sheep herd by monitoring range use, movements.



and possible competition between other wild ungulates or livestock. This report covers 

monitoring efforts in 1994 and is a continuation of the study by Weigand (1994).

In early December of 1994, a die-off began within this herd. The die-off has 

been attributed to a sheep pneumonia complex. Only the initial report of this die-off will 

be included in this thesis because field work ended prior to the final analysis of data from 

the die-off.

OBJECTIVES

1. To document the seasonal ranges of the 3 primary wintering segments of 

bighorn sheep.

2. To document any seasonal interaction of various herd segments, especially in 

winter.

3. To delineate the degree of overlap of range use among mule deer, elk, and 

bighorn sheep, and between livestock and bighorn sheep, and to

develop a program for monitoring interaction among these ungulates in HD 340.

4. To document habitat use by bighorn sheep and livestock by season.

To document minerals utilized by bighorn sheep.5.
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]

STUDY AKEA

Boundaries

The study area was located south of the town of Butte in southwestern Montana. 

The boundaries of HD 340 (MDFWP Legal Descriptions 1994), within MDFWP’s 

Region 3, also served as the boundaries for the study unit. Bighorn sheep have been

documented to occupy approximately 400 km2 of the 2335 Icrri2 of land area that lies 

within HD 340 (Figure I). The study area was divided into east and west sides by 

Interstate 15.

The east side of the study area was made up of the Highland Mountain Range and 

adjacent southwestern foothills. The northern section of the Highland Mountains Range 

comprises the area around Red Mountain (3,071 m), East Peak (3,013 m), and Table 

Mountain (3,118 m). Formed by the 70 million year old granite of the southern end of 

the Boulder batholith (Alt and Hyndman 1990), these were the highest peaks in the study 

area that have been documented to support bighorn sheep. The Boulder batholith is a 

large granitic intrusion running from north of Helena, Montana to the Hells Canyon area 

within the Highland Mountain complex (Sahinen 1950). The Moose Creek area
t

constitutes a separate mass of granite, composed of a satellite of the Boulder batholith, 

that forms the Humbug Spires. The southern section of the Highland Range, Hells 

Canyon to McCartney Mountain, consists of a sedimentary formation, deposited 350

Geology and Topography



Red-Mountain

Table MountainChickeniGuIcI

•  Cattle Gulch Lake 
* Trusty Lake

een Hill

Devils

Big Ridge

4 km

Figure I. Map of study area.



million years ago, made up of pale gray Madison limestone layered in tight folds.

The west side of the study area was composed of the East Pioneer Mountains.

The lower elevations around the Bighole River consist of tightly folded sedimentary 

formations sectioned into flat slabs along faults full of granite intrusions (Alt and 

Hyndman 1990). The area west of Melrose was formed approximately 70 million years 

ago when large amounts of granite magma flowed into the limestone formations, 

producing zones of rocks called “skams”. Skams are filled with crystals of garnets and 

other minerals. The high peaks (2921-3177 m) just outside the western boundary of the 

study area were formed by the Pioneer batholith, the 70 million year old granite that 

makes up the core of the Pioneer Mountain Range (Alt and Hyndman 1990).

The topography of the east side of the study area was characterized by 3 

drainages; Camp Creek, Soap Gulch, and Moose Creek. These drainages flow southwest 

from the highest peaks in the Highland Mountain Range. The Camp Creek and Soap 

Gulch drainages consisted of steep shrub and grass covered hills with patches of timber 

on the north facing slopes. In the Camp Creek area, the dominant shrub and grass were 

curlleaf mountain mahogany {Cercocarpus ledifolius) and bluebunch wheatgrass 

(Agropyron spicatum), respectively. In the Soap Gulch area, the dominant shrubs were 

curlleaf mountain mahogany and big sagebrush {Artemisia tridentata), while the 

dominant grasses were bluebunch wheatgrass at the lower elevations and Idaho fescue 

{Festuca idahoensis) at the higher elevations. The Moose Creek drainage consisted of 

steep grass covered hills at the lower elevations, the dominant grass was bluebunch 

wheatgrass. Timbered areas interspersed with rock outcroppings were common at the
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higher elevations. Douglas-fir {Pseudotsuga menziesii) was the dominant tree of all 3 

drainages.

The topography of the west side of the study area was characterized by moderate 

to steep shrub and grass covered hills along the Bighole River with grass covered 

southeast slopes and timbered north slopes at higher elevations. Curlleaf 

mountain mahogany and bluebunch wheatgrass were the dominant shrub and grass along 

the Bighole River, while big sagebrush and Idaho fescue were the dominants at the higher 

elevations. Douglas-fir was the dominant timber type on the west side of the study area. 

Cliffs were sporadically distributed throughout the west side of the study area.
;

Climate

The climate of the study area was semi-arid and characteristic of southwestern 

Montana. Figures 2 and 3 represent the mean monthly 1994 temperature and 

precipitation compared to the 30-year mean normal temperature and precipitation (U.S. 

Department of Commerce). Weather data were collected at the United States Weather 

Bureau Station at approximately 1,650 m in elevation near Divide, Montana. This station 

is located on the northern boundary, between the east and west sides of the study area.

The winter of 1994 was very mild throughout the study area. During the winter 

months of January-March, the mean monthly temperatures were near or above normal, 

while the precipitation was below normal. During spring, temperatures were above 

normal, and the precipitation was above normal 2 out of the 3 months. Drought 

conditions prevailed during the months of August and September. October and
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November were more severe than normal, and severe weather continued into the winter 

of 1995.

— ■— 1994 TEMP 
Ar NORMAL TEMP

MONTH

Figure 2. Comparisons of the 1994 mean monthly temperatures versus the 30 
year mean monthly temperatures collected at the United States 
Weather Bureau Station at Divide, MT.

■  1994
PRECIPITAION 

- - Ar - NORMAL

<  3.0

MONTH

Figure 3. Comparisons of 1994 mean monthly precipitation levels versus long 
term (30 year) mean monthly precipitation levels of the study area 
collected at the United States Weather Bureau Station at Divide, MT.
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METHODS 

Capture and Marking

The bighorn sheep population in the study area was estimated to be 382 ± 75 in 

1993 (Weigand 1994). Twelve marked ewes remained at the end of 1993, well below the 

proposed goal of 10 percent of the population being marked. To meet the desired goal, 

an additional 24 ewes were radio-collared on March 10,1994. Personnel from 

Helicopter Wildlife Management Inc. of Salt Lake City, Utah and MDFWP used a 

helicopter and net-gun to capture the ewes. Each captured ewe was aged (estimated by 

incisors), fitted with a radio-collar, and marked with numbered ear tags placed in each 

ear. Ablood sample and pharyngeal culture were also taken from each ewe. Serological 

tests were conducted on the blood. The cultures were tested for antibodies to pathogens. 

The blood samples and pharyngeal cultures were analyzed by the Montana State 

Diagnostic Laboratory at Montana State University. Cultures that tested positive for

Pasteurella spp. were sent to the U.S. Department of Agriculture, National Animal
\

Disease Center in Ames, Iowa, for bio- and sero-typing.

Movements and Relocations

Relocations of radio-collared ewes were obtained using radio telemetry from 

ground and air. Some uncollared bighorn sheep were individually identifiable by 

peculiar markings, mainly physical abnormalities (eg. scars, broken or deformed horns.
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etc.). Ground sightings and radio relocations were obtained using a Telonics receiver 

(frequency range 150.000-154.000), a handheld H-antenna, 10x50 binoculars, and a 20x 

spotting scope. Aerial relocations were made using a Piper Super Cub with a retractable 

bottom mounted, directional 3-element Yagi antenna.

Geographical location, date, time of day. Universal Transverse Mercator (UTM) 

coordinates, weather conditions, total number of sheep present, slope, aspect, distance to 

escape cover, distance to other wildlife or livestock, and observed ground cover type 

were recorded upon relocation of a group of bighorn sheep. Sheep groups were classified 

into number of rams, ewes, or lambs present. Rams were classified into I of 4 categories 

by degree ofhom curl; 3/4+, 1/2-3/4,1/4-1/2, and <1/4 (Frisina 1974). Ewes and lambs 

were distinguished from one another by body size, horn development, and facial 

characteristics. Slope was determined with the use of a clinometer or by personal 

judgment. UTM coordinates and aspect were recorded from 1:24,000 USGS quadrangle 

maps. Vegetative cover at each sheep observation site was classified by the dominant 

plants growth form or species in the immediate area a group of sheep was using. Six 

cover types were used by bighorn sheep; timber, rock/cliff, big sage/grass, curlleaf 

mountain mahogany, grass, and agriculture.

Home ranges, sex and age compositions, population estimates, and site 

preferences were determined using the relocation data. The cut-off dates between 

summer and winter ranges were determined to be when at least 80% of the radio- 

collared ewes had relocated to the areas documented by Weigand (1994) as summer or 

wintering areas. Home ranges were determined using the program Calhome (Kie et al.



1994). Population estimates were made by analyzing the number of sheep observed 

during 19 flights taken in 1994. -

Site Preference

Site preferences were determined for ewe-lamb, mixed, and ram groups for each 

season of the year. Ewe-lamb groups were defined as any groups that contained ewes 

and lambs or < 2  year old rams. Ram groups were defined as groups containing only 

rams. Mixed groups were defined as groups containing a mixture of ewes, lambs, 

immature rams, and mature rams. Site preference was determined seasonally by the 

number of groups present at observation sites using the following factors; distance to 

escape cover, slope, aspect, and cover.

A chi-square test was used to test the hypothesis that ewe-lamb, mixed, and ram 

groups used the same habitats during each season of the year. If this hypothesis was 

rejected (p < 0.05) then the possible reasons for the discrepancy were discussed (i.e. 

weather, predators, nutrition, etc). AU statistical analyses were performed using the SAS 

statistical software (SAS 1991).

Vegetation Cover Analysis

Six sites per season were chosen for vegetation typing. Each site represented an 

area of high bighorn sheep use during I or more seasons. Canopy coverage for grasses, 

forbs, and shrubs (< 0.5 m) were determined using the method developed by Daubenmire 

(1959). Canopy coverage for shrubs greater than 0.5 m in height was determined by
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stretching a 30.5 m tape measure over the representative area, dropping a plumb-bob at 

3.05 cm intervals, and recording whether the plumb-bob hit or missed a living part of the 

shrub. The number of hits was then divided into the total number of points collected 

(N=IOOO) to determine the percent of shrub (> 0.5 m) canopy cover.

Food Habits

Feeding Site Analysis

Food habits were obtained by observing feeding bighorn sheep for a time period 

of no less than 10 minutes, then the feeding site was approached to collect data. Data 

were collected using the method described by Frisina (1974), where one bite was 

considered to designate an instance of use per plant. Plant species were identified with 

the aid of Morris et al. (1962), Hitchcock (1971), Porsild (1979), Dom (1984), 

Stubbendieck et al. (1992), and the reference plant library at the BLM office in Butte. A 

plant species list was compiled for the study area and is shown in Appendix A, Table 14. 

Instances of use were placed into one of four categories; graminoids, forbs, shrubs, and 

trees. Seasonal instances of use were totalled and analyzed to determine food habits on a 

seasonal basis.

Comparisons were made to determine if the canopy cover of graminoids, forbs, 

and shrubs on feeding sites were matched, overmatched, or undermatched (Senft et al. 

1987) by the proportion of vegetation classes in the diet. A chi-square test followed by a 

Bonferroni z-test (Marcum and Loftsgaarden 1980) was used to test the hypothesis that
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the vegetation classes in bighorn sheep diets matched the availability (significance level 

— 0.05) by season.

Fecal Sample Analysis

Forty composite fecal samples (10 per season) from bighorn sheep were sent to 

the AAFAB Composition Analysis Laboratory in Fort Collins, Colorado to be classified 

by microhistological analysis. Whenever possible, fresh fecal samples from at least 10 

different animals were combined to make up I composite sample. The samples were 

placed in paper bags and oven-dried at 51°C for a period of 24 hours. After drying, 

individual pellets were randomly picked out from the paper bags until approximately 10 

grams of pellets were obtained. This sub-sample was analyzed.

From the ,remainder of the contents of the 40 dried fecal samples, approximately 

10 grams from each sample were ground and sifted using a Regal (160 watt) electric 

coffee grinder and a 0.85 mm sieve. The ground and sifted fecal samples were analyzed 

at the Agricultural Experiment Station Analytical Laboratory at Montana State University 

for fecal nitrogen levels using the Kjeldahl technique (Williams 1984) on a dry weight 

basis. A Kruskal-Walhs test was used to identify differences levels (p < 0.05) in fecal 

nitrogen among seasons.

Rumen Analysis

A list of the 1994 bighorn sheep permit holders for HD 340 was obtained, and a 

letter was sent to each permit holder requesting that he or she save the rumen upon
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harvesting a bighorn sheep for analysis. A total of 70 letters were sent. Approximately I 

liter of rumen contents from each sample was placed in a r.057 liter jar and filled with a 

10% buffered formalin solution to preserve the specimen until the food habit analysis 

was performed. The rumens were examined at the MDFWP Wildlife Laboratoiy in 

Bozeman, Montana.

Determination of food habits by rumen analysis was accomplished using a 

modified version of the point frame method described by Chamrad and Box (1964). The 

rumen contents were washed through a 3-layered sieve system; an 8.00 mm sieve on the 

top, a 2.80 mm sieve in the middle, and a 2.36 mm sieve on the bottom. Washing the 

contents through the layered sieve system removed unusually large and small items and 

achieved a mixture of roughly consistent size in the middle (2.80 mm) sieve. This 

sample was placed in a 22x31 cm lab tray for analysis. The bottom of the lab tray was 

filled with water and the contents were stirred to obtain a uniform distribution in the tray. 

The 31 cm edge of the lab tray was divided into 10 equal segments placed 3 cm apart and 

a frame holding pins placed at 10 equal intervals, I  cm apart, was set in the vegetation to 

be examined. Each plant fragment hit by the tip of a pin was recorded. After each of the 

10 vegetational fragments hit by a pin was recorded, the frame was moved to the next 

mark along the 31 cm edge of the tray until a total of 100 vegetational fragments were 

recorded for each sample. Vegetational fragments were identified to plant type or 

species with the aid of a 7x30 dissecting scope and the plant specimen library at the 

MDFWP Wildlife laboratory in Bozeman, MT.
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Mineral Use

Mineral use by bighorn sheep was determined from both soil and hair samples. 

The soil and hair samples were analyzed for mineral content at the Chemistry Station 

Analytical Laboratory at Montana State University.

Five soil samples were collected from areas where sheep were observed ingesting 

soil. The 5 soil samples were air dried and then prepared for analysis by sifting them 

through a 0.85 mm sieve. The sifted soil samples were analyzed for parts per million 

(ppm) of calcium, potassium, magnesium, and sodium.

Hunters were also asked to collect hair samples from each bighorn sheep 

harvested. Hair samples were air dried, washed with a detergent (Alconox), rinsed with 

distilled water, and then placed in a alcohol bath to remove any surface particulate matter 

(Flynn et al. 1975). The hair samples were analyzed for the same minerals as the soil 

samples plus selenium.

Multiple Student’s t-tests were use to identify differences in soil mineral 

composition among locations and between mineral content of male and female hair 

samples.

Interspecific Relationships

Locations were recorded for bighorn sheep and other wild and domestic ungulates 

to determine the extent of range overlap. Distance from observed elk (Cervus elaphus), 

mule deer (Odocoileus hemionus), mountain goats (Oreamnos americanus), pronghorns 

(Ahtilocarpra americand), cattle, and domestic sheep to bighorn sheep were recorded
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during each season. Distances were placed in I of 5 categories (0-10, 11-50, 51-200, 

201-500, and > 500 m) for analysis. An observation was only recorded when another 

ungulate species, regardless of the number of individuals present, could be seen in the 

same field of view as the bighorn sheep.

Comparisons of mule deer and bighorn sheep diets were made by fecal analysis 

during the winter. Five composite fecal samples were collected from mule deer using 

areas in close proximity to bighorn sheep. The mule deer composite fecal samples were 

prepared and analyzed in the same manner as the composite fecal samples of bighorn 

sheep.

Cattle and bighorn sheep diets were compared during the summer by feeding site 

analysis. Four feeding site analyses were completed for cattle within grazing allotments 

on public lands located in the areas of bighorn sheep use. The cattle feeding site 

analysis was executed in the same matter as the bighorn sheep feeding site analyses.

Differences in deer-sheep and sheep-cattle diets were identified using t-tests for 

forage classes and season. Areas of use (i.e. ridge tops, open meadows, movements) 

were also taken into consideration in this analysis.

Hunter Harvest and Age Determination

Seventy bighorn sheep permits were allocated for HD 340; 25 rams permits for 

HD 340-01,10 ram permits for HD 340-02, and 35 ewe permits for HD 340-03. The 

1994 MDFWP hunter survey records were used to determine the bighorn sheep hunter 

success for the study area.



Twenty-four incisors from harvested bighorn sheep were sent to Matson’s 

Laboratory in Milltown, Montana for age determination based on cementum analysis. 

Each hunter that harvested a ram was required by the MDFWP to have the horns plugged 

within 10 days of harvest, these rams were given an estimated age by hom annuli.
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RESULTS

Capture and Markina

The capture and marking operation resulted in a total of 36 radio-collared ewes in 

the study area during I or more months in 1994; 21 within the EPMS, 11 within the CCS, 

and 4 within the MCS (Table I). Only 2 radio-collared ewes were captured in MCS, but 

2 ewes, I D. numbers 41 and 44, from the CCS moved north and joined the MCS within 

one week of being collared.

Table I . Radio-collared ewe information and status as of 20 December, 1994.

SUBPOPULATION I.D.#
CAPTURE
LOCATION FREQUENCY

COLLAR
SYMBOL

STATUS"
DECEMBER 20,1994

East Pioneer 1 Sheephill 151.373 Stars Alive
Mountains 15 Sheephill 151.661 Gates Alive

18 Goat Mtn 151.237 3's Alive
21 Sheephill 151.702 Dashes Alive
23 Letter Gulch 150.708 Slashes Aliveb
24 Letter Gulch 151.150 Checkerboard Dead:Hunter Kill
25 Letter Gulch 151.844 DP Alive
26 Letter Gulch 151.565 Open Circles Alive
27 Letter Gulch 151.772 2's Alive
28 Letter Gulch 150.575 Arrows Alive
29 Letter Gulch 151.260 Percent Signs Alive
30 Letter Gulch 151.040 Squiggles Alive
31 Letter Gulch 151.309 Squares Alive
32 Sheephill 150.146 Dbl. Stripe Alive
33 Sheephill 151.135 Star-Bar Alive
34 Sheephill 150.764 Bars Alive
35 Sheephill 151.482 Lg. Dot-Bar DeadiHunter Kill
36 Sheephill 150.292 Hearts Alive
37 Sheephill 151.429 Open Triangles Alive
45 Goat Mtn 152.858 Diamonds Alive
46 Goat Mtn 152.897 Short Stripes Alive

Moose Creek 2 Chicken Gulch 151.411 Crosses Alive
4 Soap Gulch 151.905 Daggers Alive

41 Camp Creek 151.257 Lazy H's Alive
44 Camp Creek 152.794 Blk. Squares Alive

Camo Creek 5 Camp Creek 151.581 Chevrons Alive
6 Camp Creek 151.618 No Symbol DeadiHunter Kill
7 Camp Creek 151.516 Bar-Dash Aliveb
8 Camp Creek 151.464 Lg. Red Dots Unknown
9 Camp Creek 151.339 Solid Triangles Alive

22 Camp Creek 150.191 Long Stripe Unknown
38 Camp Creek 151.967 Ys Alive
39 Camp Creek 151.358 Off-Set Dots Alive
40 Camp Creek 151.815 Open Rectangles Alive
42 Camp Creek 151.252 Half Moons Alive
43 Camp Creek 152.879 Solid Triangles Alive

* STATUS: refers to whether the ewe was alive or dead on December 20, the last observation flight taken 
b ewes were observed alive visually even though the transmitter in their collars had quit
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The analyses of the blood taken during the capture operation included tests for 16

diseases and parasites (Table 2). Antibodies for bovine viral diarrhea, para-influenza.

and Leptospira tarassovi were present, with 45.8, 91.7, and 12.5% testing positive.

respectively.

Table 2. Serologic evidence of various diseases from 24 captured bighorn sheep
within the Highland/Pioneer Mountains.

SEROLOGIC TEST # POSITIVE I #  NEGATIVE % POSITIVE
B ruce lla  abo rtus 0/24 0.0
Blue T ongue 0/24 0.0
A nap lasm osis 0/24 (5 su spec t) 0.0
B ruce lla  ov is 0/24 0.0
Infectious Bovine Rhinotracheitis 0/24 0.0
Bovine Viral D iarrhea 11/24 45.8
P ara-In fluenza 22/24 91.7
O vine P ro g ressiv e  Pneum onia 0/24 0.0
Lep tosp ira  pom ona 0/24 0.0
Lep tosp ira  ha rd jo 0/24 0.0
Lep tosp ira  grippo typhosa 0/24 0.0
Lep tosp ira  au tum na lis 0/24 0.0
Lep tosp ira  ic te rohem orrfiag ia 0/24 0.0
Lep tosp ira  can ico la 0/24 0.0
Lep tosp ira  bra tis lava 0/24 0.0
Lep tosp ira  ta rassov i 3/24 12.5
(courtesy of MDFWP)

Mixed colonies of non-pathogenic bacteria were identified in 15 of the 25 (60%) 

pharyngeal culture samples. Pharyngeal cultures from 10 sheep (40%) tested positive for 

Pasteurella spp.. The results from the bio- and sero-typing (Table 3) revealed that 4 were 

not P. haemolytica and the remaining 6 were P. haemolytica of bio-type T. Serotypes 3, 

4, 10, and 15 were equally common.
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Table 3. Pasteurella haemolytica BIO- and SERO-TYPING results.
C U L T U R E # CATALASE HEMOLYSIS BIOTYPE SEROTYPE

33427 0 0 T 3
33430 0 0 T 4, 10
33432 0 0 T 3, 15
33442 + 0 NOT P. haemolytica
33445 + 0 NOT P. haemolytica
33465 + + NOT P. haemolytica
33466 + 0 NOT P. haemolytica
33478 0 0 T 3, 15
33483 0 0 T 4, 10
33493 0 0 T 4, 10, 15

(courtesy of the National Animal Disease Center of Ames, Iowa)

Movements and Relocations

Between I January and 31 December 1994, 8,285 observations of individual 

bighorn sheep (includes multiple observations of the same animal) were made. Of these 

observations, 4,096 were made during 19 flights, and the remaining 4,189 observations 

were made during ground censuses. Attempts were made to classify the bighorn sheep as 

to age and sex composition during each survey, but 2300 observations of sheep were not 

classified due to weather conditions, darkness, or distance. The remaining 5,985 

observations were classified for each season and are reported in Appendix B, Table 15.

Winter (January - March)

Five flights were made during the winter of 1994. Classifications of sheep were 

unobtainable on 4 of the flights due to weather conditions. These flights plus ground 

observations yielded 2,038 observations of bighorn sheep within the study area. Of these 

observations, 70.3% occurred within the EPMS, 3.5% occurred within the MCS, and



26.2% occurred within the CCS. The cumulative sex and age classification for winter 

within the study area was 652 ewes, 197 lambs, 345 rams, and 844 unclassified sheep. 

These data indicate a lamb:ewe ratio of 30.2 lambs per 100 ewes and a ramiewe-ratio of - 

52.9 rams per 100 ewes. Rams observed during the winter in the study area with degrees 

ofhom curl of 3/4+, 1/2-3/4, 1/4-1/2, or < 1/4 were 47.5, 20.3, 22.3, and 9.9%, 

respectively.

The largest portion of the bighorn sheep within the EPMS wintered in the lower 

elevations along the Bighole River. Ewe-lamb groups were commonly seen in the Letter 

Gulch, Goat Mountain, Maiden Rock, and Sheephill areas. The ewe-lamb groups ranged 

from I to 114 bighorn sheep per sighting during winter. Mature ram groups were located 

in the areas of lower Cattle Gulch, Trusty Ridge, Devil’s Hole" and lower Canyon Creek. 

Mature ram group numbers ranged from 3 to 24 animals per sighting.

The ewe-lamb groups of the MCS wintered in the areas of Moose Creek, Upper 

Chicken Gulch, and the foothills north of Soap Gulch. Group size ranged from 12 to 23 

animals per sighting. The ewe-lamb groups of the CCS wintered in the lower elevations 

along the north side of Camp Creek. These groups were observed to use the areas 

ranging from Camp Creek Reservoir to King and Queen Hill. Group size ranged from 9 

to 58 bighorn sheep.

The mature ram groups on the east side of Interstate 15 associated with ewe-lamb 

groups from the MCS and CCS during winter and fall. During the winter, only 2 

different mature ram groups were located on the east side, 12 in one group on King and 

Queen Hill and 17 in the other group on Negro Mountain, in upper Soap Gulch.



Interaction among subpopulations was documented on 3 occasions during the . 

winter of 1994. The first documentation occurred during a flight on 21 January. A
X ' , ' ' '

collared ewe (I.D. # 4) from the MCS (Weigand 1994) was located in Letter Gulch 

among a group of 114 sheep from the EPMS. This ewe had returned to the MCS by 4 

February and remained with this subpopulation for the remainder of the year. The second 

documentation occurred during a flight on 4 February. A collared ewe (I.D. # 6) from the 

CCS was located within 0.5 km of sheep belonging to the MCS. The third 

documentation occurred on 17 February. Four ewes and one ram (1/4-1/2 curl) were 

observed crossing from the west to east side of Interstate 15 in the Moose Creek area. I 

did not determined if these sheep were from the EPMS and crossing to the MCS, or if 

they were from the MCS and returning from the EPMS.

Spring (April - Jimel

Four flights were made in the spring of 1994. These flights and ground 

observations resulted in 1,789 observations within the total study area. Of the total 

observations made during the spring; 70.1% occurred within the EPMS, 5.0% occurred 

within the MCS, and 24.9% occurred within the CCS. The season totals for ewes, lambs, 

rams, and unclassified sheep within the study area were 687, 242,461, and 399, 

respectively. Observations indicated a lamb:ewe ratio of 35.2 lambs per 100 ewes and a 

ramiewe ratio of 67.1 rams per 100 ewes for the study area. The distribution of rams 

observed during the spring in the study area among horn curl classes of 3/4+, I/2-3/4, 

1/4-1/2, or < 1/4 was 60.9, 23.9, 13.5, and 1.7 %,
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respectively.

Within the EPMS5 the ewes began to move to the lambing areas during the first 

week in May. Four lambing areas, all along cliffs, were documented for this 

subpopulation: I) the north side of Canyon Creek approximately 2.4 km west of the point 

where Canyon Creek meets the Bighole River; 2) the west side of the Bighole River 

approximately 2.2 km north of the Maiden Rock Bridge; 3) the west side of Sheep Hill 

approximately 2.0 km south of the Maiden Rock Bridge; and 4) cliffs west of Nez Perce 

Ridge approximately 1.6 km north of Cattle Gulch Lake. The ewes that lambed in the 

Canyon Creek and Nez Perce Ridge areas returned to join the group of ewes on the west 

side of the Bighole. River within 3 weeks of lambing. Ewe-lamb groups consisting of 70 

individuals or more were commonly seen in the area adjacent to the Bighole River. The 

mature rams within the EPMS were segregated from the ewe-lamb groups during the 

spring. Groups of mature rams ranging from 13 to 31 individuals were located in areas 

from Trapper Creek to Cattle Gulch Ridge during this time of year.

During 1994, the ewes of the MCS lambed approximately 1.6 km north of upper 

Chicken Gulch in the rocky areas to the north of and in the upper Moose Creek area. 

After lambing was complete, the ewe-lamb groups relocated to the Chicken Gulch area.

The ewes of the CCS moved off their winter range at the beginning of May and 

relocated to cliffs in Sawmill Gulch, a distance of approximately 7.5 km by air and an 

increase in elevation of approximately 760 m. This is the furthest any of the 3 

subpopulations traveled between their winter range and lambing areas. By early June,



ewe-lamb groups had moved to the sub-alpine and alpine areas surrounding Table 

Mountain (3,118 m).

The mature ram groups on the east side of Interstate 15 were located in the areas 

of Old Glory Mountain (between Moose Creek and Soap Gulch) and Big Ridge. 

Individual mature ram groups ranged in size from 5 to 13 animals.

Interaction among subpopulations was again documented during the spring during 

a flight made by Mike Frisina, MDFWP Region 3 biologist, on 4 April. A collared ewe 

(ID. #41) from the MCS was located in the LarMarche Gulch area with ewes from the 

EPMS. Collared ewes (ID. #27) from the EPMS and (I.D. #4) from the MCS were 

located in Soap Gulch with ewes from the CCS. A collared ewe (ID. # 40) from the 

CCS was located in the Sheephill area of the EPMS.

Summer f July - September)

Five flights were made during the summer of 1994. These flights plus ground 

observations resulted in 2,360 observations within the study area. Of the total 

observations made during the summer, 74.2% occurred within the EPMS, 7.5% occurred 

within the MCS, and 18.3% occurred within the CCS. The season totals for ewes, lambs, 

rams, and unclassified sheep for the study area were 877, 465, 432, and 586, 

respectively. Analysis of the observations resulted in a lamb:ewe ratio of 53.0 lambs per 

100 ewes and a ram:ewe ratio of 49.3 rams per 100 ewes. The distribution of rams 

observed during the summer in the study area among hom curl classes of 3/4+, 1/2-3/4, 

1/4-1/2, or < 1/4 was 60.2,19.7,11.8, and 8.3 %, respectively.



Most ewe-lamb groups in the EPMS remained at the lower elevations along the 

Bighole River, with sporadic observations at higher elevations within Cattle Gulch and 

Sawmill Gulch (north of Cattle Gulch). Ewe-lamb groups of 70-120 animals were 

commonly seen feeding in the irrigated fields on private land adjacent to the Bighole 

River. During the heat of midday, the ewe-lamb groups in the Goat Mountain and Letter 

Gulch areas would move to timbered areas, while the ewe-lamb groups on Sheephill used 

old mining dredge cuts and mine shafts to bed in the shade. During July, most mature 

rams groups within the EPMS joined to form I large group that was seen on several 

occasions. This group was classified on July 15th and consisted of 77 animals; 53 were 

3/4+ curl, 22 were 1/2-3/4 curl, and 2 were 1/4-1/2 curl. As summer continued and the 

drought severely increased, the mature rams split up into smaller groups of 5 to 18 

animals and used timbered areas during the day.

The ewe-lamb groups within the MCS continued to use the area in and around 

Chicken Gulch. The use of timbered areas became more frequent as summer progressed 

making observations difficult. The ewe-lamb groups were observed bedded in rocky 

areas at the edge of the timber and fed on green vegetation near the creek.

The ewe-lamb groups in the CCS remained in sub-alpine and alpine areas around 

Table Mountain during most of the summer. The majority of the groups were located in 

the area between Table and Red Mountains in July, with 65 sheep making up the largest 

single group observed during a flight on 22 July. During August and the beginning of 

September, the ewe-lamb groups consisted of 2 to 8 animals, distributed from Red 

Mountain to East Peak. The first sheep to return to the winter range were 3 ewes, 5
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lambs, and 2 rams (< .1/4 curl) that were observed in the King and Queen Hill area during 

a 19 September flight.

The mature ram groups on the east side of Interstate 15 used the area on and 

around Big Ridge during July and moved into the timbered area north of Big Ridge 

during August and September. No interaction between subpopulations was documented 

during the summer months.

Fall /October - December)

Five flights were made during the fall of 1994. These flights plus ground 

observations resulted in 2,098 observations within the total study area. Of the total 

observations made during the fall; 82.0% occurred within the EPMS, 5.0% occurred 

within the MCS,,and 13.0% occurred within the CCS, The season totals for ewes, 

lambs, rams, and unclassified sheep for the study area were 807, 414, 406, and 471, 

respectively. Summation of the observations resulted in a lamb:ewe ratio of 51.3 lambs 

per 100 ewes and a ram:ewe ratio of 50.3 rams per 100 ewes for the study area. The 

distribution of rams observed during the spring in the study area among horn curl classes 

of 3/4+, 1/2-3/4, 1/4-1/2, or <1/4 were 51.5, 25.1, 17.0, and 6.4%, respectively.

The ewe-lamb groups in the EPMS continued to use the same areas along the 

Bighole River that they had used in other seasons. Most ewe-lamb groups were seen 

feeding in agricultural areas on private land during daylight hours and ascending into the 

foothills in the evening. On 11 October, 8 mature rams were seen interacting with a 

group of 5 ewes in the lower Canyon Creek area, marking the first observations of
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rutting activity. After this date, mature rams were seen throughout the winter range area 

interacting with ewe-lamb groups. The largest of these mixed groups consisted of 83. 

bighorn sheep, including 45 ewes, 22 lambs, and 16 rams. Out of the 16 rams; 6 were 

3/4+ curl, 4 were 1/2-3/4 curl, 5 were 1/4-1/2 curl, and I was < 1/4. curl.

The ewe-lamb groups of the MCS remained in the Chicken Gulch and Moose 

Creek area during the month of October and then were located throughout November and 

December ranging between Chicken Gulch and the foothills on the north side of lower 

Soap Gulch. The first indication of the rut within this subpopulation came on 25 

October, when a 3/4+ curl ram was seen chasing a ewe-lamb group of 9 sheep in the 

Moose Creek area.

During a flight on 7 October, it was evident that the major segment of the ewe- 

lamb groups within the CCS had returned to the winter range in the Camp Creek area.

Six ewes and I lamb that remained in the Willow Creek area southwest of Table 

Mountain had moved down to the winter range by 4 November. The earliest 

documentation of rutting activity within the CCS was on 25 October, when mature rams 

were observed among the ewe-lamb groups on the winter range. The maximum number 

of individual bighorn sheep observed within a single group on the winter range during the 

fall was much smaller than that observed in the previous winter in the same area (19 vs. 

58).

Interaction among subpopulations occurred most frequently during the fall, with 

6 individual instances documented. On 8,17,19, and 24 October unmarked groups of 

bighorn sheep, 2 to 4 ewes and 3 rams (1/2-3/4 and 1/4-1/2 curl), were observed crossing



28

Interstate 15 in both directions in the Moose Creek area. During a flight On 19 

November, 2 collared ewes (ID. #’s 41 and 44) from the MCS were recorded north of 

Camp Creek Reservoir among sheep from the CCS.

Home Ranges

Home ranges were calculated only for the ewe-lamb groups because these were 

the only groups that contained marked animals which could be consistently relocated 

(Table 4). Mature ram groups were segregated from ewe-lamb groups during most of the 

year and sporadic observations of mature rams groups did not define a positive home 

range boundary for these animals.

Ewe-lamb groups in the CCS were migratory and, therefore, had distinct winter 

and summer home ranges. Ewes spent from I to 3 weeks lambing in the Sawmill Gulch 

area (approximately 3 km southwest of the summit of Table Mountain) and then 

continued to the core summer range in the Red and Table mountains area. Summer 

home range dates were from 10 May to 6 October, while the winter home ranges were 

occupied from 7 October to 9 May. These dates were also arbitrarily applied to the 

EPMS and MCS, even though these subpopulations were not considered to be migratory. 

Home range sizes ranged from 6.4 km2 to 32.9 km2. Home range boundaries were 

determined using the 95% minimum convex polygon method (Figure 4).



Figure 4. Winter and summer home ranges of the ewe-lamb groups within the East Pioneer Mountain, Moose Creek, 
and Camp Creek subpopulations.
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Table 4 Number of relocations (n) and the land area (km2) o f the summer and winter 
home ranges for the East Pioneer Mountains (EPMS), Moose Creek (MCS), 

_________and the Camp Creek (CCS) subpopulations.____________________________

SUBPO PULATIO N n
SUMMER

km2 n
WINTER

km2
EPMS 252 31.3 239 32.9
MCS 52 6.4 45 28.5
CCS 91 25.5 146 20.6

Site Preference

Winter (January - March)

Based on observations of 83 groups of bighorn sheep in which ewe-lamb, mixed 

and ram groups constituted 40.9, 37.3, and 21.6% of sightings (Table 5), respectively. 

All group types used distances to escape cover, slopes, and ground covers similarly 

during the winter (P > 0.05). Aspect use differed between mixed and ewe-lamb groups 

and between mixed and ram groups (P < 0.05). During winter, the majority of all the 

group types observed used areas < 50 m to escape terrain, slopes ^ 40 degrees, and 

ground covers o f curlleaf mountain mahogany or grass. Mixed groups favored east and 

west facing slopes, while ewe-lamb and ram groups used southerly facing slopes.

Spring (April - June)

Ewe-lamb, mixed, and ram groups constituted 50.4, 17.4, and 32.1%, 

respectively, o f the 109 bighorn sheep groups observed during the spring. There was no



Table 5. Number of ewe-lamb, ram, and mixed groups of bighorn sheep observed on a seasonal basis in relation to 
distance to escape cover (DTE), slope, aspect (compass direction), and observed cover.

P A R A M E T E R

W IN T E R S P R IN G S U M M E R FALL
E W E-LA M B  

(n  =  34)
M IXED 
(n  = 3 1 )

RA M S
( n = 1 8 )

E W E -LAM B 
(n  =  85)

M IXED 
(n  - 1 9 )

R A M S  
(n  =  35)

E W E-LA M B  
(n  -  7 7 )

M IXED 
(n  *  15)

RA M S 
In = 33)

EW E-LA M B  
(n  = 7 0 )

M IXED 
(n  = 75)

RA M S 
(n  *  22 )

DTE (m) 0-50 17 18 11 45 13 21 53 5 11 42 3 4 15
51-100 9 3 1 5 1 8 8 3 8 8 17 2

101-150 5 2 2 3 0 I 6 1 2 6 7 1
151-200 I 3 I 2 3 2 4 1 8 6 9 0

> 200 2 5 3 0 2 3 6 5 4 8 8 4

SLOPE (decrees) 0-20 19 15 8 17 11 22 22 12 21 25 41 20
21-40 11 12 8 16 7 10 31 I 7 24 24 2
> 4 0 4 4 2 22 I 3 24 2 5 21 10 0

ASPECT N 1 0 1 2 1 3 7 I 2 9 4 1
E 3 10 0 5 4 3 7 2 2 3 0 I
W 2 6 1 5 I 2 10 1 8 4 I 1
S 6 4 4 11 4 8 12 2 7 20 30 3

NE 4 3 1 4 3 3 10 2 4 1 2 2
NW 1 0 0 7 2 2 7 2 3 I 0 0
SE 6 I 1 6 2 4 10 0 3 7 7 2
SW 9 3 9 13 1 10 10 I 4 18 26 10

FLAT 2 4 1 2 1 0 4 4 0 7 5 2

COVER TIMBER 2 2 1 12 3 5 14 3 3 10 I 1
ROCK/CUFF 2 2 I 15 0 2 11 I 4 3 3 0

SAGE/GRASS 3 6 3 4 5 4 9 3 4 19 31 6
CMM ‘ 9 8 2 6 1 0 13 1 0 13 7 1

GRASS 18 12 11 16 10 24 26 3 22 18 21 14
AGRICULTURE 0 1 0 2 0 0 4 4 0 7 12 0

'  C M M  =  c u r l l e a f  m o u n ta in  m a h o g a n y
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differences in distances to escape cover, slopes, aspects, or ground covers used by mixed 

and ram groups (P > 0.05). There were differences in the habitats used by ewe-lamb 

groups compared to both ram and mixed groups for all parameters (P < 0.05) except 

aspect.

Ewe-lamb habitat use in the spring included lambing areas with very specific 

habitat characteristics. Lambing areas were characterized by their proximity to escape 

cover (< 50 m), slopes of ̂  40°, and ground cover of rock/cliff and timber with areas of 

green grass near for feeding. Habitat used by mixed groups was similar to the ewe-lamb 

groups except for slope steepness (P < 0.05). Ram groups differed from ewe-lamb 

groups in distance to escape cover (P < 0.05), slope steepness (P < 0.05), and cover (P < 

0.05). Ram groups also were located at higher elevations than the ewe-lamb groups.

Summer I July - September)

Ewe-lamb, mixed, and ram groups made up 61.6,12.0, and 26.4%, respectively, 

of the 125 bighorn sheep groups observed during summer. Habitat used by ewe-lamb 

groups differed from areas used by both mixed and ram groups in distance to escape 

cover and slope (P < 0.05). No differences were found between the 3 group types based 

on use of aspect and ground cover (P > 0.05).

Ewe-lamb groups continued to use areas in and around the lambing areas or close 

to escape cover. Mixed and ram groups ventured farther than ewe-lamb groups from 

escape cover, used gentler slopes, explored a variety of aspects, and concentrated on 

areas containing palatable vegetation. In mid and late summer, ram groups used areas
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with a ground cover dominated by grasses located at the edge of timber, and higher 

elevations. Mixed groups utilized grassy areas next to timber and agriculture areas in late 

summer. .

Fall ('October - December!

Ewe-lamb, mixed, and ram groups constituted 41.9, 44.9, and 13.1%, 

respectively, of the 167 groups of bighorn sheep observed during the fall. Differences 

were not identified among group types in distance to escape cover, aspect, and ground 

cover (P > 0.05). Use of slopes differed among all 3 groups of bighorn sheep (P < 0.05).

Most bighorn sheep groups observed used areas < 50 m to escape cover, southerly 

facing aspects, and ground cover consisting of grass or sage/grass. Ewe-lamb groups 

used slopes ranging from 0 to > 40° evenly. Mixed groups tended to select gentle slopes 

(55% of observations). Over 90% of ram groups were observed on gentle slopes.

Population Estimation

The population size was estimated from the 19 observational flights taken during 

1994 (Table 6). A mark-recapture population estimation was not used because the 

assumption that all animals had an equal chance of being sighted was violated. Radio- 

collared ewes were used to locate other bighorn sheep to determine the minimum number 

known alive for the area, thus biasing the number observed to the sheep within the 

marked groups and no unambiguously marked ram groups were available.
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Table 6. Summary o f the 19 observation flights taken during 1994.

FLIGHT
DATE

UNMARKED
GROUPS

SEEN

EW E-LAMB GROUPS

UNMARKED MARKED 
AVG. GROUPS

GROUP SIZE SEEN
MARKED AVG. 
GROUP SIZE

RAM GROUPS  

AVG.
GROUPS GROUP TOTAL# 

SEEN SIZE OBSERVED
12/18/93 5 8.7 9 11.6 13 2.6 181
1/21/94 2 8.5 5 36.6 4 4.0 216
2/4/94 3 3.0 5 38.0 2 4.5 208
3/9/94 0 0.0 7 28.7 4 11.0 245

3/29/94 3 1.7 16 14.4 2 10.0 255
4/8/94 7 4.1 14 15.0 9 9.1 321

5/23/94 2 2.0 19 7.9 5 10.0 204
6/10/94 8 6.0 14 11.9 3 7.7 191
6/29/94 5 3.6 12 15.1 7 9.1 262
7/4/94 4 4.3 12 16.6 6 13.1 295

7/22/94 2 1.5 9 26.6 6 6.2 279
8/25/94 4 3.5 16 13.0 5 3.2 237
8/30/94 0 0.0 16 12.8 8 6.6 258
9/19/94 1 1.0 14 15.6 6 4.7 248
10/7/94 3 4.6 7 20.9 5 5.2 236

10/25/94 3 6.3 12 11.9 6 8.0 210
11/19/94 2 4.0 20 8.2 11 2.4 198
12/8/94 0 0.0 19 1.6 ' 1 1.0 30*

12/20/94 1 1.0 21 3.8 13 2.1 108
Due to  hazardous flying conditions, only the locations o f  the radio-collared ewes w ere documented.

As an alternative, a population estimate was applied based on minimum number 

of animals observed to estimate numbers. The highest number o f sheep observed during 

a single flight was 321 on 8 April, 1994. Because rams and ewes remained segregated 

for most o f the year this can not be considered to be an accurate estimate of the minimum 

number o f sheep known alive. A more accurate estimate of the minimum number known 

alive was obtained by summing the highest number of mature rams and the highest 

number in ewe-lamb groups, even though they occurred on different flights. The greatest 

number o f mature rams (82) was observed on an 8 April flight, while the highest number 

of ewe and lambs (242) was observed on 22 July. This gives an minimum number

known alive o f 324.
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To determine if 324 individual sheep represented the total population, the 

number o f individual sheep within the marked groups was compared to the number of 

individuals within the unmarked groups (Figure 5). Marked groups were any group in 

which there was at least I radio-collared ewe was present.

MARKED
>  22 - UNMARKED

CQ 18

</) 16

3  14

£ 12

% 6

! ■ i  i ' I
( D c n c x m m n t o c n c N J C M O C M  
i — Cn  cm CN c o  e o  c o  m  CD r^. T -

NUMBER OF INDIVIDUALS PER GROUP

Figure 5. Comparison o f marked versus unmarked ewe groups, based on 
from 17 flights made during 1994. Mature ram groups are not 
included because none were marked.

The unmarked ewe-lamb groups observed ranged from 17 groups of I individual 

to I group o f 14 individuals, while the marked ewe-lamb groups observed ranged from 

24 groups o f I individual to I group of 117 individuals. This suggested that the majority 

of individuals making up the ewe-lamb groups were included in estimates because the 

majority o f sheep observed were among groups containing radio-collared ewes.

Average sizes o f ewe-lamb and ram groups were summarized to determine the 

time o f year when maximum group size occurred (Figure 6). The results indicate that in
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order to get a more accurate estimate o f the population o f each sex class, it would be 

more desirable to estimate the ewe-lamb groups during the winter months and the ram 

groups during the spring and early summer. These are the times o f year when each of the 

groups are congregated into larger numbers and easier to locate.

4 0 .0 0
----■ ----MARKED EWE-LAMB GROUPS
- - A- - RAM GROUPS3 5 .0 0

3 0 .0 0

2 5 .0 0

O 20.00
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Figure 6. Average groups size for ewe-lamb and ram groups as determined from 19 
flights taken during 1994.

Food Habits

Seasonal food habits o f bighorn sheep were determined from 40 composite fecal 

samples, 5 1 feeding sites, and 32 rumen samples. Fecal analyses showed a year-round 

diet consisting o f graminoids, forbs, shrubs, trees, and unknown of 57.5, 13.8, 27.8,
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0.8, and 0.1%, respectively (Table I). Feeding site analysis (instances o f use varied from

101 to 803 per feeding site) revealed a year round diet of graminoids, forbs, shrubs, trees.

and unknown o f 65.0, 20.1, 14.5, 0.0, and 0.4%, respectively.

Table 7. Seasonal food habits of the bighorn sheep as determined by 3 methods of 
analysis.

RUMEN
FEEDING SITE ANALYSIS FECAL ANALYSIS ANALYSIS

PLANT WINTER SPRING SUMMER FALL WINTER SPRING SUMMER FALL FALL
TYPE (%) (%) (%) (%) (%) (%) (%) (%) (%)

Graminoids 78.23 65.16 53.51 63.22 51.00 60.51 66.10 52.56 81.97
Forbs 5.82 30.29 39.35 4.83 6.10 18.51 24.74 5.95 6.25

Shrubs 14.41 4.55 7.11 31.87 42.24 19.59 7.82 41.28 11.38
Trees 0.00 0.00 0.00 0.00 0.57 1.33 1.12 0.21 0.34
Other 1.54 0.00 0.03 0.08 0.09 0.06 0.22 0.00 0.06

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Graminoids were the dominant forage class consumed during each season of the 

year, while trees were the least consumed. Intake o f shrubs and forbs varied among 

seasons and with the type of analysis. Forbs were consumed more than shrubs during the 

spring and summer according to the feeding site analyses, but forbs were only dominant 

over shrubs during the summer months using the fecal analysis. Estimates indicated by 

each o f the 3 methods o f analysis for individual plant species for winter, spring, summer, 

and fall are shown in Appendix C, Table 16.

Winter (January - March)

Data from 16 feeding sites indicated that winter diet consisted of 78.2% 

graminoids, 5.8% forbs, 14.4% shrubs, and no tree material. Bluebunch wheatgrass.



prairie junegrass iKoelaria macrantha) and Idaho fescue were the 3 most commonly 

consumed graminoids. Tumble mustard (Sisymbrium altissimum) and alfalfa (Medicago 

sativa) were the 2 forbs with the highest percentage of use. Curlleaf mountain 

mahogany, fringed sagewort {Artemisia frigida), and silver sagebrush {Artemisia cana) ' 

were the 3 most commonly used shrubs.

Six areas used by bighorn sheep were sampled for canopy cover during the 

winter. Graminoids, forbs, shrubs, litter/duff, bareground, other (lichen/moss), and trees, 

of the 6 areas sampled constituted 30.8,14.2,21.9,7.2,22.1,1.9, and 0.0% of the canopy 

cover, respectively.

Proportions of graminoids, shrubs, and forbs in the canopy cover of feeding sites 

and diets showed similar patterns (Figure 7), with the dominant vegetation type being 

graminoids, followed by shrubs and forbs. Overmatching occurred in the graminoid diet 

compared to the graminoid availability of feeding sites during winter (P < 0.05).

Results from the 10 composite fecal samples indicated a winter diet of 51.0% 

graminoids, 6.1% forbs, 42.2% shrubs, 0.6% tree material, and 0.1% unknown in the 

diet. Wheatgrasses {Agropyron spp.), fescues {Festuca spp.), and needleandthread {Stipa 

comata) were the 3 most commonly used graminoids. Lupines (Lupinus spp.), flannel 

mullen {Verbascum thapsus), and horsetails (Equisetum spp.) were the 3 forbs with the 

highest use percentages. The Cercocarpus sp. and sages {Artemisia spp.) were the most 

important shrubs sources. The only tree material found in the diet was Douglas-fir.
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GRAMINOIDS FORBS SHRUBS
VEGETATION TYPE

Figure I. Comparison of availability and use o f vegetation types by canopy 
coverage (CC) and feeding site (FS) analyses o f the areas used 
by bighorn sheep during the winter o f 1994.

Spring ( April - June)

Graminoids, forbs, and shrubs constituted 65.2, 30.3, and 4.6% o f the diet, 

respectively, at 14 feeding sites. Idaho fescue, bluebunch wheatgrass, Sandberg 

bluegrass (Poa secunda), and Kentucky bluegrass (Poapratensis) made up the largest 

amounts o f the graminoids consumed. Of forbs consumed, alfalfa, common dandelion 

{Taraxacum officinale), water-parsnip {Smm sauve), and old man’s whiskers {Geum 

triflorum) had the highest percentages o f use. Curlleaf mountain mahogany was the 

shrub most commonly used. No tree parts were observed eaten at any o f the feeding

sites.



Six areas used by bighorn sheep during the spring were sampled for canopy cover. 

Graminoids, forbs, shrubs, litter/duff, bareground, other (lichen/moss), and trees 

constituted 28.4, 35.2, 10.2, 9.5, 14.1, 2.6, and 0.0% of the canopy cover, respectively.

Feeding site analysis showed that graminoids were used most frequently, followed 

by forbs and shrubs. Canopy coverage analysis on the representative feeding sites of 

bighorn sheep revealed that forbs were the most available, followed by graminoids and 

shrubs (Figure 8). Overmatching occurred in the diet compared to canopy cover of 

graminoids (P < 0.05) on feeding sites during spring.
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GRAMINOIDS FORBS
VEGETATION TYPE

SHRUBS

Figure 8. Comparison o f availability and use o f vegetation types by canopy 
coverage (CC) and feeding site (FS) analysis o f the areas used 
by bighorn sheep during the spring of 1994.

During spring, graminoids, forbs, shrubs, and trees constituted 60.5, 18.5, 19.6, 

and 1.3 percent, respectively, o f the contents of 10 composite fecal samples. 

Wheatgrasses made up the majority of the graminoid component o f the diet. Cinquefoils
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{Potentilla spp.) and lupines made up the largest percent of the forb component of the 

diet. Cercocarpus sp., granite gilia (Leptodactylon pungens) and big sagebrush 

constituted the majority of the shrubs eaten. Most of the material from trees was 

identified as Douglas-fir.

Summer CJuIy - September)

Graminoids, forbs, and shrubs constituted 53.5, 39.4, and 7.1%, respectively, of 

the diet at 11 feeding sites. Kentucky hluegrass, Idaho fescue, smooth brome (Bromus 

inermis), and slender wheatgrass (Agropyron trachycaulum) made up the largest 

percentage of the graminoid portion of the diet. Cinquefoil, alfalfa, common dandelion, 

and lupines made up the majority of the forbs in the diet. Snowberry (Symphoricarpos 

albus) and curlleaf mountain mahogany constituted the majority of the shrubs in the diet.

Six areas used by bighorn sheep were sampled for canopy cover during the 

summer. Graminoids, forbs, shrubs, litter/duff, bareground, other (lichen/moss), and 

trees, constituted 23.2, 40.8, 8.3,16.2, 9.7, 1.6, and 0.3% of the canopy cover, 

respectively, at the sites.

Summer feeding site analysis showed that graminoids were used most frequently 

in the diet, followed by forbs and shrubs. Canopy coverage analysis on the representative 

areas used by bighorn sheep revealed that forbs were available in the highest proportions, 

followed by graminoids and shrubs (Figure 9). Comparison of canopy cover versus diet 

indicated that only graminoids were overmatched ( P < 0,05) during summer.
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GRAMINOIDS FORBS SHRUBS
VEGETATION TYPE

Figure 9. Comparison of availability and use o f vegetation types by canopy 
coverage (CC) and feeding site (FS) analysis of the areas used 
by bighorn sheep during the summer of 1994.

Graminoids, forbs, shrubs, and trees constituted 66.1, 24.7, 7.8, and 1.1%, 

respectively, o f the contents o f 10 composite fecal samples collected during summer. 

Wheatgrasses and sedges {Carex spp.) made up the largest proportion of the graminoid 

diet. The forb diet was mostly comprised of lupine and scarlet globemallow 

(Sphaeralcea coccinea). The Shepherdia-Elaeagnus category and Douglas-fir were the 

dominant shrub and tree consumed during summer.

Fall (October - December)

Graminoids, forbs, and shrubs constituted 63.2, 4.8, and 31.9%, respectively, of 

the diet at 10 feeding sites. Bluebunch wheatgrass was the dominant graminoid observed 

to have been consumed. Tansymustard {Descurainia pinnata) and flannel mullen 

{Verbascum thapsus) were the 2 most commonly used forbs. The shrub component of



the diet was composed mainly of curlleaf mountain mahogany, winterfat (Ceratoides 

lanatd), and fringed sagewort.

Six representative areas used by bighorn sheep were sampled for canopy cover 

during the fall. Graminoids, forbs, shrubs, litter/duff, bareground, other (lichen/moss), 

and trees, constituted 29.9,11.8, 19.8, 5.8, 29.9, 0.5, and 0.0% of the canopy cover, 

respectively, at these sites.

Both canopy cover and fall feeding site analysis showed that graminoids were 

used most frequently in the diet and most available in the areas used by bighorn sheep 

(Figure 10). Overmatching occurred in the graminoid and shrub diet compared to these 

vegetation classes in the canopy cover (P < 0.05) on feeding sites during the fall.

During the fall, graminoids, forbs, shrubs, and trees constituted 52.6, 5.9, 41.3, 

and 0.2%, respectively, of the contents of 10 composite fecal samples. Wheatgrasses and 

needleandthread were the 2 most common graminoids in the fecal samples. Horsetail 

and flannel mullien were the 2 most commonly identified forbs Winter fat and the 

cercocarpus-ceanothus category were the dominant shrubs identified. Douglas-fir was 

the only tree used.

Samples from 32 rumens were collected by hunters, a return rate of 45.7%. 

Analysis of the rumen contents revealed a fall diet of graminoids, forbs, shrubs, and trees 

consisting of 81.9, 6 .3 ,11.4, and 0.3%, respectively. The grasses and grass-like plant 

material were lumped into the category of graminoids, due to the difficulty of identifying 

the material to species. Alfalfa was the forb with the highest percentage of use, even



though all o f the forbs identified were consumed at relatively low amounts. Curlleaf 

mountain mahogany was the dominant shrub consumed.

GRAMlNOtDS FORBS SHRUBS
VEGETATION TYPE

Figure 10. Comparison of availability and use of vegetation types by canopy 
coverage (CC) and feeding site (FS) analysis of the areas used 
by bighorn sheep during the fall o f 1994.

Fecal Nitrogen

Difference in fecal nitrogen levels were found among seasons (P < 0.05). Winter 

and fall fecal nitrogen levels were consistently lower than spring and summer levels 

(Table 8). Fall was the season that had the lowest mean fecal nitrogen levels, which 

indicates that drought conditions may have a direct effect on the nutritional content of 

forages consumed by bighorn sheep.
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Table 8. Seasonal mean total Kjeldahl nitrogen (TKN) percent for 40 composite
fecal samples from the Highland/Pioneer bighorn sheep herd during 1994.

season n mean TKN (%) SD range
WINTER 10 1.860 0.151 1.70-2.20
SPRING 10 2.855 0.601 1.80-3.90

SUMMER 10 2.560 0.510 1.80-3.50
FALL 10 1.790 0.191 1.60-2.20

Minerals

Analyses of soil samples indicate there were no differences between the east and 

west halves o f the study area (P > 0.05) (Table 9). Although over 30 hair samples were 

collected, only 10 of these were analyzed, 5 from ewes and 5 from rams. The results o f  

analysis o f the 10 hair samples showed that only sodium was significantly different 

between sexes (P < 0.05) (Table 12, Figure 11).

Table 9. Results o f mineral content analysis on 5 soil and 10 hair samples collected
within the study area.

CALCIUM POTASSIUM MAGNESIUM SODIUM SELENIUM
SAMPLE TYPE SEX (ppm ) (ppm ) (PPm) (ppm ) (PPm)

SOIL 170 9600 5200 8400
SOIL — 88000" 4800 16100 3200 —

SOIL --------- -— 3900 3300 30400 9600 —

SOIL ----------— 2900 2300 8400 6100
SOIL 15200 2000 8500 2400
HAIR F 450 400 71 8000 0.21
HAIR F 430 590 190 6600 0.26
HAIR F 1600 400 330 6200 0.25
HAIR F 620 6800" 230 7500 0.33
HAIR F 480 400 81 7400 0.47
HAIR M 380 780 120 6000 0.29
HAIR M 470 420 240 4300 0.25
HAIR M 830 410 370 440 0.13
HAIR M 950 590 550 170 0.39
HAIR M 1600 440 580 1800 0.22

a These results w ere found to  be in error and therefore w ere omitted from statistical analysis.
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Figure 11. Average hair sample mineral content from 5 ewes and 5 rams 
collected during the hunting season.

Hunter Harvest and Age Determination

Thirty-two of the 35 ewe hunters were successful (91.4%), while all 35 of the ram 

hunters were successful (100%). The results o f the ram harvest in shown in Table 10.

Age determination by cementum analysis o f incisor teeth, showed an average age 

of 3.9 years for the 24 bighorn sheep harvested by hunters during 1994 (Table 11). Of 

the 24 incisor teeth analyzed, 18 were from ewes and 6 were from rams. The average age 

o f the ewes and rams taken were 3.7 and 4.5 years o f age, respectively. Five of the 6 

rams (83.3%) aged by horn annuli and cementum analysis were correct to within 1/2 

year. One was aged 11/2 years older by horn annuli versus cementum analysis.
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Table 10. Ram harvest results3 for the 1994 hunting season. (Courtesy o f MDFWP)
HUNTING DATE OF AGE OUTER CURL BASE
DISTRICT LOCATION KILL (YRS) (MAX.-IN) (MAX.-IN)
340-01 C anyon  C r./T rapper Cr. 1-Sep-94 3 1/2 33 0/8 14 1/8

U pper Cattle Gulch 2-Sep-94 7 40 4/8 15 4/8
Trusty Ridge 2-Sep-94 7 1/2 38 0/8 15 6/8
Trusty Ridge 17-Sep-94 7 1/2 36 5/8 15 6/8
Trusty Ridge 23-Sep-94 6 36 0/8 15 4/8
Cattle Gulch 27-Sep-94 6 1/2 39 4/8 16 2/8

Unknown 1-Oct-94 8 1/2 43 1/8 16 0/8
Cattle Gulch 4-Oct-94 5 1/2 37 6/8 15 6/8

Trusty R idge/Cattle Gul. 9-Oct-94 5 1/2 41 1/8 16 1/8
Cattle Gulch 15-Oct-94 4 1/2 32 6/8 15 5/8
Cattle Gulch 16-Oct-94 5 1/2 35 3/8 17 0/8
Trusty Ridge 19-Oct-94 9 1/2 39 2/8 15 1/8

C anyon C reek 22-O ct-94 4 1/2 31 6/8 15 2/8
Cattle Gulch 29-Oct-94 7 1/2 37 3/8 15 3/8
M aiden Rock I -Nov-94 5 1/2 36 0/8 14 7/8
Cattle Gulch 3-Nov-94 6 1/2 40 5/8 15 4/8

Lower M oose C reek 11-Nov-94 4 1/2 32 3/8 14 4/8
C anyon C reek 13-Nov-94 5 36 0/8 15 7/8
G oat Mountain 14-Nov-94 8 1/2 39 2/8 15 1/8

Sheephill 19-Nov-94 8 1/2 40 3/8 16 4/8
G oat M ountain 21-Nov-94 7 1/2 37 1/8 15 6/8

Joho rns 27-NOV-94 7 1/2 38 1/8 16 2/8
340-02 R ed Mtn -H ighlands 21-Sep-94 7 1/2 33 2/8 14 4/8

King and  Q ueen  Hill 2-Oct-94 4 1/2 32 6/8 15 0/8
C am p C reek 5-Oct-94 7 1/2 35 6/8 14 6/8
S o ap  Gulch 8-Oct-94 5  1/2 36 4/8 14 6/8
S o ap  Gulch 4-Nov-94 5 1/2 37 0/8 15 6/8

King and  Q ueen  Hill 5-Nov-94 6 1/2 33 1/8 15 3/8
Cabin C reek 9-Nov-94 4 35 4/8 15 2/8

C am p  Creek/Moffit Mtn. 10-Nov-94 5 1/2 35 0/8 14 3/8
Highlands 13-Nov-94 3 1 /2 28 2/8 13 4/8

King and  Q ueen  Hill 26-Nov-94 8 1/2 31 5/8 15 0/8
a Tlircc of the rams that were harvested in HD 340-01 were not included in this harvest statement.
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Table 11. Hunter harvest results and age determination from 24 incisor teeth analyzed 
by cementum analysis.

I D . # DATE OF KILL LOCATION OF KILL SEX AGE
CERTAINTY  

OF AGE
1 16-Oct-94 C anyon C reek F 3 +/- 0 Y ears
2 23-Nov-94 S o ap  Gulch F 4 +/- 0 Y ears
3 20-Nov-94 C am p C reek F 14 +/- 1 Y ears
4 9-Oct-94 B aker’s  Field F 5 +/- 1 Y ears
5 3-Sep-94 Baker’s  Field F 3 +/- 0 Y ears
6 9-Oct-94 Trusty R idge M 6 +/- 0 Y ears
7 13-Nov-94 M oose C reek M 1 +/- 0 Y ears
8 11 -Nov-94 C am p C reek M 7 +/- 1 Y ears
9 7-Sep-94 Unknown F 1 +/- 0 Y ears
10 21 -Sep-94 R ed Mountain M 6 +/- 0 Y ears
11 5-Sep-94 M aiden Rock F 3 +/- 0 Y ears
12 26-Sep-94 Letter Gulch F I +/- 0 Y ears
13 9-Oct-94 B aker’s  Field F 3 +/- 0 Y ears
14 18-Sep-94 C anyon C reek F 1 +/- 0 Y ears
15 1-Sep-94 M oose C reek F 4 +/- 0 Y ears
16 1-Sep-94 C anyon C reek M 3 +/- 0 Y ears
17 1-Nov-94 M aiden Rock M 4 +/- I Y ears
18 5-Nov-94 M aiden Rock F 4 +/- 1 Y ears
19 12-NOV-94 M aiden Rock F 2 +/- 0 Y ears
20 6-Nov-94 M aiden Rock F 1 +/- 0 Y ears
21 14-Sep-94 B aker’s  Field F 3 +/- 1 Y ears
22 30-O ct-94 S hepherd  Mtn. F 4 +/- 0 Y ears
23 11-Oct-94 Unknown F 6 +/- 1 Y ears
24 UNKNOWN M oose C reek F 4 +/- 0 Y ears

Interspecific Relationships

Observations indicated that mule deer, domestic sheep, and cattle had the greatest 

degree o f spatial overlap with bighorn sheep (Table 12). Mule deer range overlapped 

with bighorn sheep range most frequently during the winter and fall. Bighorn sheep used 

agricultural areas that supported domestic sheep most often during the fall. Diet overlap 

of domestic sheep and bighorn sheep was not determined because domestic sheep were 

kept on private lands and fed in the hayfields. Cattle use of bighorn sheep range occurred
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most often during the summer on public land grazing allotments. Comparisons o f plant 

species in diets o f mule deer and cattle diets compared to bighorn sheep diets are shown 

in Appendix D, Tables 17 and 18.

Table 12. Number o f observations of wild and domestic ungulates in relation to the
distance to bighorn sheep during 1994. These results depict the locality of 
other ungulate groups in relation to bighorn sheep and do not indicate the 
population status o f the species listed.________________________________

SEASON UNGULATES
DISTANCE TO BIGHORN SHEEP (m)

0-10 11-50 51-200 201-500 > 5 0 0
W inter Mule D eer 7 17 46 22 31

Elk 0 0 3 11 46
Mountain G oat 0 0 0 0 0

M oose 0 0 2 1 5
Pronghorn 0 0 0 3 0

D om estic S h e e p 2 3 0 10 0
Cattle 0 7 6 0 2

Spring Mule D eer 0 2 7 10 12
Elk 0 I 3 1 5

M ountain G oat 1 0 2 0 0
M oose 0 0 0 2 0

Pronghorn 0 0 0 1 1
D om estic S h e e p 0 1 0 3 0

Cattle 0 5 4 7 1
S um m er Mule D eer 0 0 3 2 0

Elk 0 0 0 3 2
Mountain G oat 0 0 1 0 1

M oose 0 0 0 1 0
Pronghorn 0 0 2 0 1

D om estic S h e e p 0 1 5 1 6
Cattle 3 7 11 22 9

Fall Mule D eer 2 7 21 14 8
Elk 0 0 4 15 4

M ountain G oat 0 0 0 0 0
M oose 0 0 2 0 0

Pronghorn 0 0 3 1 0
D om estic S h e e p 3 2 8 9 16

Cattle 0 I 3 8 4
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Mule Deer

Multiple t-tests indicated that diets based on fecal analyses o f mule deer and 

bighorn sheep differed in winter (P < 0.05). Mule deer ingested fewer graminoids than 

sheep (P < 0.05), but no differences were identified for shrubs, forbs, or trees (P > 0.05) 

(Figure 12).
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Figure 12. Diet similarities based on composite fecal analysis o f bighorn 
sheep and mule deer for the winter o f 1994.

Cattle

Multiple t-tests of data collected at feeding sites indicated differences in summer 

diets o f cattle and bighorn sheep (P < 0.05) (Figure 13). Analysis indicated that cattle 

ingested a significantly higher proportion o f graminoids than did bighorn sheep 

(P < 0.05). No significant differences in use o f forbs, shrubs, or trees were indicated.



GRAMINOIDS FORBS SHRUBS
VEGETATION TYPE

Figure 13. Comparison of diet similarities based on feeding site analysis of 
bighorn sheep and cattle for the summer o f 1994.

The Die-off

In early December of 1994, bighorn sheep began to show symptoms of disease. 

Individuals in all sex and age classes were observed coughing within the EPMS at the 

beginning o f December. The sheep would cough from 5 to 10 times and then shake their 

heads from side to side and resume feeding. On 12 December, 2 lambs were found dead 

in the Maiden Rock area, marking the beginning of the epizootic.

The rate of death in the bighorn sheep population was monitored by lamb:ewe 

ratios, recording the number o f dead sheep found, and number of sheep seen during 

flights. The lambiewe ratios decreased 45.4% in a I month period during December, 

1994 (Figure 14). Suggesting an approximate 56.7% decrease in
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Figure 14. Lambs per 100 ewes based on 2 week periods from I October to 
31 December of 1994.

lamb:ewe ratios for December compared to a “normal” year (Weigand 1994). The rapid 

decline in ewe:lamb ratios indicated that lambs died at a more rapid rate than did the 

ewes during the initial stages of the die-off. The survival rate within the radio-collared 

ewe population was determined from 3 winter flights (Figure 15). The 20 December,

EPMS MCS CCS
SUBPOPULATION

Figure 15. Number o f radio-collared ewes alive within the east Pioneer
Mountain (EPMS), Moose Creek (MCS), and Camp Creek (CCS) 
subpopulations based on 3 flights from 20 December, 1994 until 
18 March, 1995.
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1994 flight revealed that there were 29 radio-collared ewes alive within the study area. 

On 18 March, 1995 only 4 o f these marked ewes were alive, a decrease of 86.2%. The 3 

flights indicated that from 20 December, 1994 to 18 March, 1995 the EPMS, MCS, and 

CCS had a decrease in marked animals o f 83.3, 75.0, and 100.0%, respectively. Eighty- 

nine dead bighorn sheep were located by 24 February, 1995. Ewes, lambs, and ram made 

up 50, 16, and 23 o f these dead sheep, respectively.

The density/km2 of the Highland/Pioneer herd is shown for both pre and during 

die-off flights in Table 13. No pattern was determined from any o f the subpopulation 

densities when comparing the pre and during die-off density/km2. The EPMS was the 

only subpopulation that constantly showed a higher density/km2 during the die-off than

Table 13. Density/km2 of bighorn sheep observed within the Moose Creek (MCS), Camp 
Creek (CCS), and the East Pioneer Mountain (EPMS) subpopulations 

_________ documented from 3 flights prior to the die-off and 2 flights during the die-off.
DATE SUBPOP # GROUPS # INDIVIDUALS AREA (km 2) # /  km2

Pre 10/7/94 MCS 2 3 0.5 6.4
Die-off CCS 6 40 19.6 2.0

EPMS 7 195 29.5 6.6

10/25/94 MCS 4 22 2.3 9.4
CCS 3 24 12.0 2.0

EPMS 11 167 28.0 6.0

11/19/94 MCS 3 12 22.7 0.5
CCS 7 40 3.0 13.2

EPMS 15 147 37.0 4.0
Durina 12/20/94 MCS 3 10 1.2 8.6
Die-off CCS 3 18 4.5 4.0

EPMS 16 80 8.0 10.0

1/22/95 MCS 2 5 0.6 8.3
CCS 3 30 6.4 4.7

EPMS 6 43 7.0 6.2
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before. The die-off apparently began in the EPMS, expanded to the MCS and finally to 

the CCS. If this indeed was the case, the critical density may be between 8-10 

animal/km2 suggested by the densities during the die-off.
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DISCUSSION 

Movements and Relocations

The 1967 and 1969 transplants totaling 51 bighorn sheep from the Sun River herd 

into the Highland Mountains were highly successful. Since these 2 transplants, the 

Highland/Pioneer Mountain bighorn sheep herd has expanded its range from the 

introduction point in the Camp Creek area to a region covering approximately 400 km2 

while increasing in population size from 51 to almost 400 animals (Weigand 1994) in a 

25 year span.

The 1994 lamb:ewe ratio averaged 43.6 lambs per 100 ewes for the entire year. 

Weigand (1994) documented that the lamb:ewe ratios for summer and fall during 1992- 

93 to be 40.7 and 49.9 lambs per 100 ewes for the same herd, respectively. In 1994, a 

substantial increase was seen in the lamb:ewe ratio during the summer (53.0 lambs per 

100 ewes), while the 1994 fall lamb:ewe ratio of 51.3 lambs per 100 ewes remained 

similar to that documented during the 2 previous years. Fluctuation of lamb:ewe ratios. 

within the same herd is not uncommon between years (Woodgerd 1964, Geist 1971, and 

Hangel et al. 1992).

It has been shown that reproduction in ruminants, including bighorn sheep, 

decreases as the population density increases (Geist 1971). The sex and age composition 

of the Highland/Pioneer Mountain bighorn sheep herd indicate that this herd had not 

reached a population density high enough to reduce herd fecundity. Lambrewe ratios of 

50 lambs per 100 ewes are considered adequate to support a population increase (Lawson 

and Johnson 1982, Geist 1971). The lamb:ewe ratio of 51.3 lambs per 100 ewes for the
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Highland/Pioneer bighorn sheep herd during the fall of 1994 was substantially higher 

than the ratios of 15.5 and 18.0 lambs per 100 ewes found by Geist (1971) among the 

Palliser and Grassy Mountain herds of Alberta Canada in 1964, . were comparable to the 

ratio of 54 lambs per 100 ewes for the Sun River herd during December of 1972 (Frisina 

1974), yet were lower than the ratios of 67-100 lambs per 100 ewes recorded over an 8 

year span for the expanding herd on Wildhorse Island (Wobdgerd 1964).

The ram:ewe ratios for this herd ranged between 49.3 to 67.1 rams per 100 ewes 

depending on the season of the year. The low numbers of mature rams seen during 

winter compared to the other seasons of the year may indicate rams used timbered habitat 

types extensively in winter within the MCS and CCS. Of classified rams, 55.6 percent 

were in the 3/4+ curl class. Horn annuli counts indicated these animals ranging in age 

from 3 1/2 to 9 1/2 years. Most of the rams that were harvested by hunters were within 

this same age range, with only I ram being harvested over 9 years of age in 1994. This 

ram was aged by horn annuli at H  1/2 years old. Geist (1971) suggested that in declining 

or stable populations most adults die in excess of 10 years, the relatively young ages of 

rams in the Highland/Pioneer herd at maturity and death indicates an expanding 

population.

Lawson and Johnson (1982) stated, “While some sheep, especially introduced 

populations, spend the entire year in one area, most wild sheep follow established 

migration routes”, both of these scenarios were observed in the study area. The ewe- 

lamb groups of the MCS and EPMS utilized the same general areas during summer and
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winter, while the CCS moved a considerable distance, 8-13 km by air and an increase of 

1000-1200 m in elevation, from winter to summer ranges and is considered migratory.

- The mature ram groups (> 3 years of age) remained segregated from the ewe- 

lamb groups during most of the year, except during the rut (mid-October through late 

December). Segregation of sexes is common among bighorn sheep and other ungulates, 

but the reason for this segregation remains a matter of debate (see Main and Coblentz 

1990 for review). Geist and Petocz (1977) developed 2 hypotheses to explain sexual 

segregation during periods other than the rut. The first hypothesis indicates that males 

should separate from females following the rut to prevent predators from selecting males 

due to their poor physical condition at this time. The second hypothesis suggests that the 

separation of males from females minimizes competition with the females and their 

offspring for important resources. Morgantini and Hudson (1981) hypothesized that 

“spatial segregation maximizes individual fitness by reducing energy-expensive sexual- 

agnostic behavior in rams at times when reproduction is not possible”. Blood (1963) 

suggested that segregation of rams and ewes during most of the year may be a result of a 

positive affiliation occupied by the different sex classes for different environmental 

conditions, with ewes selecting habitat with easily accessible escape terrain. Segregation 

of male and females is likely due to a combination of the above proposed hypotheses and 

possibly other factors.

Seasonal home ranges were documented for the 3 subpopulations based on 

relocations of 36 radio-collared ewes from both ground and air. Home range sizes varied 

from 6.40 km2 to 31.30 km2 for summer ranges and 20.61 km2 to 32.97 km2 for winter
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ranges. Summer home ranges of subpopulations did not overlap, while the winter home 

ranges of the MCS and CCS did overlap slightly.

Interactions between subpopulations occurred in all seasons except summer. 

Although individuals from different subpopulations did interact, they remained with their 

own subpopulations the majority of the time. No aggressive behavior was seen between 

sheep of different subpopulations during periods of mixing. As suggested by Festa- 

Bianchet (1986), the results of this study indicated that ewes are able to recognize other 

sheep belonging to their group and are not likely to join other groups permanently.

It is advantageous for sheep to remain within their own groups because this is where 

movement patterns and habitat use were learned (Geist 1971 and Festa-Bianchet 1986). 

Additionally, social stress and risk of predation may be minimized.

The minimum number of sheep known alive within the Highland/Pioneer herd 

was determined to be 324 animals based on data recorded on 2 of 19 flights during 1994. 

Samuel et al. (1987) found that during their surveys of elk in northcentral Idaho visibility 

increased from 0.2 for single animals to 1.0 for groups larger than 15 individuals. No 

unmarked ewe-lamb groups of more than 14 individuals were observed within the 

Highland/Pioneer herd during 1994, while the marked groups contained I to 117 

individuals. This indicates that the majority of the ewe-lamb groups were counted, 

because if unmarked groups containing more than 15 individuals were present they 

should have been easily visible and recorded.

Population estimates of animals during aerial surveys usually contain biases due 

to animals missed because of bad weather conditions, dense cover, light conditions, and
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observer fatigue (CaugMey 1974 and 1977, Samuel and Pollock 1981, Pollock and 

Kendall 1987, Unsworth et al. 1990, Bodie et al. 1995). During aerial surveys more than 

one-tMrd of the animals are often missed (CaugMey 1977:35). TMs is supported with 

sightability of bighorn sheep. Bodie et al. (1995) and Neal et al. (1993) found that the 

mean sighting probability of bighorn ewes was 0.57 and 0.58, respectively.

During the April 8, 1994 flight, 321 individual bighorn sheep were sighted. 

Assuming a conservative 25 percent of the herd missed, the approximate popMatiori size 

of the HigMand/Pioneer herd was 400.

Site Preference

Site preference was determined for ewe-lamb, mixed, and ram groups based on 

distance to escape cover, slope, aspect, and observed ground cover for each season of the 

year. Ram and mixed group use of areas were apparently a direct response to the 

weather conditions and forage palatability during all seasons of the year. Ewe-lamb 

group movements appeared to be a result of weather conditions during the winter and 

fall, but appeared to be controlled by maternal instincts during the spring and a 

combination of maternal instincts, weather, and forage palatability during the summer.

Winter (January - March)

The majority of bighorn sheep groups within the HigMand/Pioneer herd used 

areas < 50 m to escape cover, slopes of < 40°, and grass or curlleaf mountain mahogany 

vegetation classes during the winter. Mixed groups selected east and west facing aspects.
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while the ewe-lamb and ram groups used southerly facing aspects. This was most likely 

a result of the mild weather conditions during 1994. Low snow cover made forage 

available on east and west aspects close tti escape cover, slopes, and ground covers as the 

southerly aspects used by the ewe-lamb and ram groups.

Other studies have shown that bighorn sheep prefer close proximity to escape 

cover (Oldemeyer et al. 1971, Shannon et al. 1975, and Tilton 1982) and grasslands 

(Constan 1967 and Oldemeyer et al. 1971) during the winter. Tilton and Willard (1982) 

found a preference of bighorn sheep for shrubland-grassland and open forest but 

attributed this to the absence of grasslands in their study area near Thompson Falls in 

northwestern Montana. Bighorn sheep studies have shown that sheep use a variety of 

slopes during the winter. Shannon et al. (1975) suggested that the reason for this variety 

in the use of slopes may be related to the abiotic (distance to escape cover, slope, aspect) 

and biotic (forest closure, shrub cover, biomass of forages, and nitrogen content of 

palatable grasses) features associated with the slopes and not necessarily the slopes 

themselves. Bighorn sheep have been shown to be associated with southerly facing 

aspects that are free of snow during the winter (Schallenberger 1966, Geist 1971, 

Oldemeyer 1971, Erickson 1972, and Shannon et al. 1975). This scenario held true for 

the ewe-lamb and ram groups but not the mixed groups observed among the 

Highland/Pioneer herd during winter. The mixed groups use of east and west aspects 

may have been a result of above normal temperatures and below normal precipitation 

during the winter of 1994, making forage available on aspects other than the southerly 

facing aspects.
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Spring (April - June)

Bighorn ewes have traditionally used steep rocky terrain to give birth so the 

newborn is in a predator free and sheltered environment (Geist 1971:239). This was the 

case with the Highland/Pioneer bighorn ewes during the spring. Four of the 6 lambing 

areas within the study area were on cliffs adjacent to timbered areas and near grasslands 

for feeding. The 2 remaining lambing areas were on cliffs with grasslands nearby but not 

associated with timber. The ewe-lamb groups use of cliffs and areas near escape cover 

appeared to be a maternal response. Weigand (1994) documented the lambing area for 

the MCS in 1993 to be the “lower elevations between Soap Gulch and Camp Creek”.

The reason for the shift of lambing areas by the MCS from the Soap Gulch area in 1993 

to the 1994 lambing area in the upper Moose Creek area is unknown but may have been 

an anti-predator response or due to nutritional changes in forage association with changes 

in weather patterns between years.

All 3 group types used areas close to escape cover and southern facing aspects 

predominately during the spring. Ram and mixed groups used gentler slopes, that 

probably retained more moisture for the emerging green grass and forbs, and grasslands 

more than the ewe-lamb groups during this time of year. The habitat use pattern of the 

rams and mixed groups appeared to be a response to appearance of spring forage. 

Shannon et al. (1975) found similar responses among the bighorn sheep of southeastern 

British Columbia, where sheep tended to move in response to variations in snow melt and 

appearance of spring forage.



Summer (July - September')

During the summer, ewe-lamb groups continued to use steep areas close to escape 

cover in the same areas used during the spring. This appeared to have been a result of 

the drought conditions and an anti-predator response of the ewe-lamb groups. Coyotes 

(Canis latrans) were observed stalking ewe-lamb groups on 3 occasions during the 

summer and a mature ram was confirmed to have been killed by a mountain lion {Felis 

concolor) on Cattle Gulch Ridge in late August. Other possible predators within the 

study area include; black bears (Ursus amercanus), bobcats (Felis rufus), and bald eagles 

(Haliaeetus leucocephalus). The summer months were characterized by drought 

conditions in which the majority of the ewe-lamb groups of the EPMS and MCS 

responded to by remaining at the lower elevations and using any aspects where green 

vegetation could.be found.

Weigand (1994) documented that ewe-lamb groups moved less and were found 

more often at the lower elevations near the Bighole River during dry months than in wet 

months during 1992-93. The drought and predators appeared to keep the ewe-lamb 

groups of the EPMS and MCS at lower elevations, near timber, and close to permanent 

water where palatable forage could be found near escape cover during all summer 

months of 1994. The use of timber did not seem to be an escape response, but a response 

to avoid the heat and locate palatable vegetation for feeding.' Gionfriddo and Krausman 

(1986) also found that sheep groups with lambs used steeper slopes and lower elevations 

than groups not containing lambs. The ewe-lamb groups of the CCS migrated to the
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alpine areas on and around Table Mountain , where palatable forage and available water 

remained during this time of year.

Woolf et al. (1970), Geist and Petoez (1977), Gionfiiddo and Krausman (1986) 

noted that ram groups are often found on more gentle, nonprecipitous terrain than ewe- 

juvenile groups. Summer habitat use by the Highland/Pioneer ram and mixed groups 

followed this same pattern. Ram and mixed groups used areas with gentler slopes and 

ventured further from escape cover than ewe-lamb groups. All group types used a variety 

of aspects and coyer. The use of multiple aspects and cover was likely due to efforts to 

maximize access to palatable forage during drought conditions.

Fall (October - December)

The combination of habitat features used in the HighlandzPioneer area were 

similar to those of classic sheep winter range (Geist 1971, Shannon et al. 1975). 

Schallenberger (1966), Erickson (1972), Frisina (1974), and Tilton and Willard (1982) 

found that weather appeared to have an influence on the movements of bighorn sheep in 

Montana. The areas used by all 3 group types among the Highland/Pioneer herd were 

directly related to the weather conditions that prevailed in fall. With increased 

precipitation, in the form of snow, sheep remained close to escape cover, used south 

facing exposures, and concentrated on areas containing grass and/or a big sage/grass 

combination. The canopy cover provided by the big sagebrush trapped snow and left 

grasses free of snow underneath. This situation of shrubs and trees making forage 

available was also documented by Tilton and Willard (1982).
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Food Habits

Seasonal food habits of the Highland/Pioneer bighorn sheep herd were 

determined using feeding site, fecal, and rumen analyses. Biases have been shown to be 

associated with each of these types of analyses (Anthony and Smith 1974, Dearden et al. 

1975, Smith and Holechek 1979, Smith and Shandruk 1979, Sanders et al. 1980, Vavra 

and Holechek 1980, Holechek and Gross 1982).

The gregariousness of bighorn sheep minimized the difficulty of detecting light 

use of an area, a major bias of feeding site analysis (Smith and Shandruk 1979). Out of 

51 feeding sites, only 11 contained less than 10 individuals and only 3 contained less than 

5 individuals. The problem of other ungulates using an area (Smith and Shandruk 1979) 

was accounted for by examining an area immediately after bighorn sheep use. This not 

only reduced the . chance of prior use by other ungulates but made it easier to determine 

fresh bites from old ones. During this study, the major unresolved bias in feeding site 

analysis appeared to be within the shrub category. Each individual bite was difficult to 

locate on shrubs, and, therefore, shrub utilization may have been underestimated

Misidentification of plant species in fecal analysis is a major problem in fecal 

analysis (Fitzgerald and Waddington 1979) and was a problem with the Highland/Pioneer 

study. The graminoid results were clearly incorrect and had to be returned to have the 

slides reread. The second set of results appeared to be more accurate, but one grass 

genus (Schismus) , which does not occur in Montana (Hitchcock 1971), was identified in 

I composite sample. The problem of fecal analysis representing a different location 

other than where it was collected (Sanders et al. 1980, Smith and Holechek 1979) was
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corrected during this study by combining the individual fecal samples from multiple 

areas into 10 composite samples for each season, thus increasing the chance that fecal 

analysis represented the entire study area and not a restricted area.

Robel and Watt (1970) found no significant differences between the mean 

percentage of rumen content as determined by the standard volumetric technique and the - 

point-analysis method used in this study. Chamrad and Box (1964) revealed that 2 

assumptions must be met for point analysis to be unbiased; "(I) the sample is adequately 

mixed and (2) there are no unusually large items in the composition”. Dirschl (1962) 

showed there were no significant differences in the mean compositions of forages using 

5.66 mm, 4.00 mm, and 2.83 mm meshes for filtering rumen contents and concluded that 

mesh size does not affect the results to any extent. Rumen analysis results from the 

Highland/Pioneer herd indicate that mesh size may have affected the correct analysis.

The use of a 3-layered sieve system with a 8.00 mm sieve on the top to filter contents 

into the 2.80 mm sieve (to collect the contents of uniform size) may have excluded a high 

forage percentage of the larger shrub material caught by the 8.00 mm sieve from being 

analyzed.

During this study, all 3 methods of diet analysis showed similar patterns for each 

season of the year based on graminoid, forb, and shrub consumption. Graminoids were 

shown to make up the majority of the diet during all seasons; forbs were used in 

proportion to their availability during the spring and summer months; and shrubs made 

up a larger part of the diet during the winter and fall months at times when grasses and

forbs were not available due to snow cover.



Fecal Nitrogen

Fecal nitrogen has been used as a predictor of diet quality in herbivores (Wallace

and Van Dyne 1970, Leslie and Starkey 1985 and 1987, Irwin et al. 1993) and animal

condition (Herbert et al. 1984). The constraints of using fecal nitrogen analysis have

been related to phenolics (Mould and Robbins 1981, Fahey and Berger 1993:285, Irwin et

al. 1993). The limitations of using fecal nitrogen analysis were considered to be minor

during this study because the HighlandZPioneer herd diet was composed mainly of
.

grasses, which are low in phenolics.

Winter is the critical time of the year for nitrogen because crude protein levels'of 

forages are generally less than 10% (Would and Robbins 1981). This study revealed 

lower levels of fecal nitrogen in fall than those in the preceding winter. This reversal 

appeared to be related to drought conditions during the late summer months causing a 

shortened growing season in 1994. Low fecal nitrogen in fall may indicate that fall- may 

also be a critical season for nitrogen requirements during, drought years. Irwin et al. 

(1993) found that bighorn sheep winter diets containing less than 1.3% fecal nitrogen 

may indicate diets that are inadequate in protein and energy. The winter and fall mean 

fecal nitrogen percentages for the Highland/Pioneer herd were 1.86 and 1.79%, 

respectively, indicating that this sheep herd was not experiencing absolute protein or 

energy deficiencies during these critical times of the year.
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Mineral Use

Five areas where bighorn sheep were observed ingesting soil were analyzed for 

content of 4 mineral elements (calcium, magnesium, potassium, and sodium). Natural 

mineral licks are specific areas that animals gather to satisfy their need for certain 

minerals (usually sodium chloride) and have been discovered worldwide ( Jones and 

Hanson 1985:82). No “natural” mineral licks were found during this study, but bighorn 

sheep were observed ingesting soils from abandoned mine cuts, dirt roads, areas of 

previous spring run-off, and almost anywhere that the subsoil was exposed. Hungerford 

(1970) found no natural mineral licks used by the mule deer of the Kaibab Plateau in 

northern Arizona, but the deer did use salt blocks and sodium saturated soil occurring 

beneath the salt blocks. The Highland/Pioneer bighorn sheep were also observed using 

salt blocks and soils in which salt blocks had previously been located. This indicates that 

human influences on the land (i.e. mining, ranching, etc.) may make minerals available 

to ungulates in areas where no natural licks occur.

Sodium has been shown to be the major component of natural mineral licks in 

Montana (Stockstad et al. 1953, Knight and Mudge 1967). Stockstad et al. (1953) also 

found that sodium received greater use than potassium, calcium, or magnesium in 

mineral preference experiments in western Montana. However, when they tested for 

element concentration of lick versus non-lick areas, they discovered that magnesium was 

the only element found in greater concentrations in the lick areas compared to the non

lick areas, even though sodium and potassium were the elements most abundant within 

the lick areas. Magnesium was ruled out as the attractant to lick areas because it was
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found in adequate supply in the non-lick soils (Stockstad et al. 1953). Magnesium levels 

had the highest mean percentage in soils tested in the Highland/Pioneer mountains area, 

also. Eating soil with high levels of magnesium may be an attempt by the animal to 

offset the high concentrations of potassium in some plants (especially early spring 

grasses) which can interfere with the absorption of magnesium (Robbins 1983:52). 

Increased magnesium reduces the chance of developing grass tetany. Grass tetany is a 

disease characterized by convulsions, paralysis, and if untreated usually death (Jones and 

Hanson 1985:33, Mayland 1993:511).

Ten hair samples were collected from hunter harvested bighorn sheep during the 

fall of 1994 and analyzed for mineral contents of calcium, magnesium, potassium, 

sodium, and selenium. Hair mineral analysis has been shown to be a good indicator of 

environmental and nutritional changes (Flynn et al. 1975, Franzmann et al. 1975): Care 

should be taken in interpreting results of seasonal collections because seasonal variations 

have been noted in animal hair mineral analysis (Flynn et al. 1975). The 

Highland/Pioneer results indicate hair mineral contents from the time of spring regrowth 

until collection during the fall hunting season.

Hair collected in the fall showed that calcium, magnesium, potassium, and 

selenium were found in similar amounts in both female and male bighorn sheep hair. 

However, sodium was found in significantly higher levels in females compared to males, 

even though the soils from areas used by each sex were similar in sodium content. The 

hair mineral content differences between sexes may be due to hormonal influences 

within the sexes (Flynn et al. 1975) and differences in sodium metabolism due to



reproduction, particularly lactation. Other possible explanations for the higher sodium 

levels within female bighorn sheep hair are that areas high in soil sodium content may 

not have been located on the study area or that the use of sodium concentrating plants 

and/or artificial salt blocks could have been responsible for the differences among the 

sexes.

No data are available on “norms” for minerals in bighorn sheep hair, but 

Franzmann (1975) found moose hair had a mineral composition close to “normal” 

mineral levels for cattle hair except for magnesium. The “normal” levels for cattle were 

300 ppm calcium, 100 ppm magnesium, 300 ppm potassium, and 175 ppm sodium 

(Franzmann 1975). If bighorn sheep are similar to cattle and moose in mineral content, 

no bighorn sheep hair samples were found to be lacking in calcium or potassium in this 

study. Two were below the lower limits for cattle for magnesium (both from females), 

and I male hair sample was below the cattle norm in sodium.

Deficiencies of magnesium have been associated with grass tetany in temperate 

climates (Jones and Hanson 1985:33, Mayland 1993:511). No symptoms of grass tetany 

were observed in any of the bighorn sheep within the Highland/Pioneer, but the high 

content of magnesium in the soils of this area, could explain the ingestion of soil rich in 

sodium by sheep. No rams were observed with poor body condition (symptoms of 

sodium deficiencies [Kincaid 1993:335]) at the time the hair samples were collected and 

sodium deficiency was not considered to be a problem.

Southwest Montana has been shown to be an area in which forages contain
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< 0.10 ppm selenium (National Research Council (U.S.) Subcommittee on Selenium 

(NRCSS) 1983:24). When forages contain < 0.10 ppm selenium, selenium responsive 

disorders may develop, but higher incidences of selenium deficiencies occur when forage 

content drops below 0.05 ppm (NRCSS 1983:24). Deficiencies in selenium in animals 

cause nutritional muscular dystrophy (white muscle disease), while too much causes 

alkali disease (Miller et al. 1993:379 and 382). Studies of selenium deficiencies are rare 

in wild herbivores. Herbert and Cowan (1971) did find that white muscle disease should 

be considered as a source of mortality in the mountain goat population of the Rocky 

Mountain trench area of southeastern British Columbia. Schwantje (1986) also found all 

6 selenium levels (< 11 ppm) from kidney and liver samples of the Columbia Lake 

bighorn sheep herd in southeastern British Columbia to be deficient when compared to 

levels for domestic sheep. Based on hair selenium levels, this study showed that the 

bighorn sheep mean selenium levels were within the “safe” range of 0.05 - 0.30 ppm 

(NRCSS 1983:77) and indicated neither deficiency nor toxicity. The sheep range within 

Highland and Pioneer mountains evidently supplies adequate levels of selenium to wild 

herbivores.

Interspecific Relationships

Range overlap and diet similarities have been used to determine possible 

competition between bighorn sheep and other ungulates in past studies (Inlander 1958, 

Schallenberger 1966, Constan 1967, Lonner and Mackie 1983). During this study, only
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2 other ungulates, mule deer and cattle, were potential competitors with bighorn sheep 

based on range overlap and/or diet.

Mule Deer

Other studies in Montana indicate mule deer utilize the same areas as bighorn . 

sheep, especially during the winter (Schallenberger 1966, Constan 1967). However, 

Pallister (1974) found that mule deer and bighorn sheep ranges in the Beartooth 

mountains of Montana only overlapped during the summer. Schallenberger (1966) found 

that there was a possibility of competition among mule deer and bighorn sheep for forbs 

and shrubs. My study showed that mule deer and bighorn sheep used forbs and shrubs in 

similar amounts, but the quantity of shrubs available to both ungulate species appeared to 

be adequate to cancel any competition. Grasses were 10 times more abundant in bighorn 

diets than in mule deer diets during winter. Although, bighorn sheep and mule deer diets 

overlapped, competition was unlikely because mule deer did not utilize the grasses, 

favored by bighorns during the winter months.

Cattle

Use of the same areas by cattle and wild herbivores may result in competition for 

foraging areas and for forage (Inlander 1958, McCollough 1980, Conner and Mackie 

1983). Spatial minimization of competition between cattle and bighorn sheep was noted 

in the San Luis Valley in south-central Colorado (McCollough 1980). My study showed 

that cattle and bighorn sheep used forage classes similarly but used different areas to
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obtain these forages. The cattle remained on gentler slopes, in open grassland meadows, 

and near water, while the bighorn sheep used ridges further from water sources.

Although'the ridges used by bighorn sheep were accessible to cattle, cattle seemed 

reluctant to venture far from water. The potential for competition was low despite 

dietary overlap. The large overlap in diet probably did not indicate competition because 

none of the forages species were apparently limiting to either ungulate species 

(McCollough 1980).

Competition could also occur via displacement. If cattle displaced bighorn sheep, 

the sheep should utilize the gentler open grassland meadows favored by cattle when 

cattle were absent. This did not happen. The Upper Cattle Gulch grazing allotment was 

rested during 1994, and the bighorn sheep continued to use the ridges the majority of the 

time and did not advance into the areas favored by cattle. With little evidence of spatial 

overlap, displacement, or excessive forage utilization, I believe that no competition 

between cattle and bighorn sheep occurred during 1994 in the Highland and Pioneer 

mountains. A long term study would be needed to determine if other events (i.e. weather 

patterns) increase the potential for competition.

The Die-off

Fatal epizootics have been reported in many bighorn sheep herds (Forrester and 

Senger 1964, Onderka and Wishart 1984, Foreyt et al. 1994). Although, several diseases 

have been implicated in these die-offs, the lung-worm pneumonia complex is considered 

the most important (Forrester and Senger 1964, Forrester 1971). Forrester (1971) stated

___



that the 3 most common agents associated with a lungworm-pneumonia epizootic are: 

“lung nematodes of the genus Protostrongylus, bacteria of the genera Pasteurella and 

Corynebacterium, and myxoviruses”. Contact with domestic sheep has been linked to 

bighorn sheep deaths (Foreyt 1982 and 1989). Pasteurella haemoltica biotype A, 

serotype 2, (the most common biotype and serotype carried by domestic sheep), has been 

shown to cause fatal pneumonia in bighorn sheep when close contact occurs between 

these 2 species (Foreyt et al. 1994, Silflow and Foreyt 1994, Sweeney et al. 1994).

Controversy has arisen over whether lungworm infestations should be included in 

the relationship to pneumonia in bighorn sheep die-offs. There has been no conclusive 

indications that lungworm cause pneumonia (Samson et al. 1987). Larval counts may be 

useful in predicting lamb survival through I year but not for predicting female survival or 

pneumonia outbreaks (Festa-Bianchet 1991). Lungworm {Prptostrongylus spp.) seldom 

have severe effects in adult bighorn, however, excessive numbers of lungworms may 

damage lung tissue and provide portals of entry for pathogenic bacteria (Thome et al. 

1982:211).

The die-off that occurred within the Highland/Pioneer mountains bighorn sheep 

herd during the winter of 1994-95 has been attributed to a sheep-pneumonia complex. 

This die-off resulted in a > 75% reduction in the total herd number. Two small bands of 

domestic sheep were present in 1994 in the same area that the EPMS subpopulation used 

for winter range. During 1994, 8 and 10% of the observations of domestic sheep 

occurred within 10 meters of bighorn sheep groups during the winter and fall, 

respectively. Bighorn sheep have used this same wintering area as domestic sheep for



more than 20 years, and no problems with diseases have arisen in the past Blaming this
X i

die-off solely on domestic sheep would be unjustified because other factors were more 

than likely involved. Stress, including environmental changes, severe winters and/or hot 

dry summers, changes in nutrition, presence of other disease, reproductive status, mineral 

deficiencies, and excessive population relative to food supply Or some density threshold 

necessary to sustain a high incidence of lungworm and high infectivity in bighorn sheep, 

can all alter susceptibility to a variety of pathogens (Schwantje 1986, Heesterbeek and 

Roberts 1995:332, Lloyd 1995:94). It is believed that the contributing factors for the 

Highland/Pioneer mountain bighorn sheep herd during 1994 included: close encounters 

with domestic sheep during the winter and fall months, late summer through early fall 

drought, ewe-lamb groups remaining in one general area during the drought period, a 

relatively high density of sheep, possible compromises in bighorn sheep immune systems 

caused by low protein content in forage during the fail (i.e. immunoglobulin A in nasal 

secretions), and a high level of IungwOrm infection as indexed by high lungworm 

shedding prior to the die-off (Hoar 1995).
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MANAGEMENT IMPLICATIONS

This study documented the seasonal movements and habitat use of the 

Highland/Pioneer mountains bighorn sheep herd during 1994, immediately prior to a die

off. The results (i.e. lamb:ewe and ram:ewe ratios, population estimates, habitat use, 

food habits, range overlap of mule deer and cattle, hunter harvests) can be useful 

benchmarks to judge how well the herd is recovering if monitoring is continued.

Radio-collaring additional sheep may be warranted to simplify relocations of 

sheep in the area and to ensure that sheep from each subpopulation are marked. Sheep 

should be captured only after the epizootic has passed. Population estimates should be 

based on 2 -3 flights during winter (January -March) to estimate the ewe-lamb groups, 

and 2-3 flights during the spring to early summer (April-early July) to estimate the 

mature ram numbers. Lamb:ewe estimates should be done by air or ground in fall and 

winter.

This bighorn sheep herd increased from 51 to approximately 400 individuals in a 

25-year span. This indicates an approximate average annual population increase of 

7.2 %. At this rate of growth, it should take approximately 10 years from the February 

1996 approximation of 50 individuals (minimum number known alive is 29) to double in 

size. Annual monitoring of numbers, recruitment, and ram:ewe ratios would allow 

biologists to determine how closely the recovery follows the historic growth pattern.

The East Pioneer Mountain subpopulation contained the highest density of non- 

migratory sheep (especially ewe-lamb groups) and appears to be where the die-off began 

and also the area where the bighorn sheep were in the same general area as domestic



sheep. If density was a factor in this die-off then management of population density in 

this area is essential. When densities in this area approach pre-epizootic levels, local 

density may warrant a reduction by trapping or harvest.

Continued medicated treatments of Fenbendazole is recommended until 1997, 

due to the fact that the lungworm species Protostrongylus stilesi can be transmitted 

placentally from ewe to lamb (Thome et al. 1982) and chronic respiratory disease was 

present in both lambs and ewes 2 years after an acute die-off (Schwantje 1986). 

Efficiency of Fenbendazole treatments should be tested through continued ground 

monitoring of use of bait, coughing instances, lamb mortality, and lungworm counts in 

feces.

Transplanting additional sheep into the population is not recommended at this 

time in order to give the surviving bighorn sheep the opportunity to repopulate the area. 

However, if this population does not start to increase at the historical rate of 7.2% per 

year within the next 5 years, transplanting additional bighorn sheep into the area is an 

option.

Competition between either mule deer or cattle and bighorn sheep was not 

documented during 1994, and with the current low numbers of bighorn sheep it is not 

likely in the near future. Only I instance of predation was observed and lamfrewe ratios 

declined only 2 lambs per 100 ewes from early summer into fall in 1994, so predators are 

unlikely to be a serious problem at present. Currently, too little information is available 

to evaluate the impacts of predation on sheep. Therefore, hunting of this bighorn sheep
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herd is recommended as the major population control management tool as the population

rebuilds.
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Table 14. Plant list of study area.
Scientific  Name Com m on Name

Grasses:

A g ro p y ro n  chs ta tu m crested wheatgrass
A. sm ith ii western wheatgrass
A. sp ica tu m bluebunch wheatgrass
A. s u b se cu n d u m bearded wheatgrass
A. tra ch yca u lu m slender wheatgrass
A. tr ich o p h o ru m pubescent wheatgrass
A. in te rm e d iu m intermediate wheatgrass
A ris tida  p u rp u re a red threeawn
B o u te lo u a  g rac ilis blue grama
B ro m u s  in e rm is smooth brome
B. ca rin a tu s mountain brome
B. te c to ru m cheatgrass brome
C arex  spp. sedges
D a c ty lis  g lo m e ra ta orchardgrass
D a n th o n ia  in te rm ed ia timber oatgrass
D e sch a m p s ia  caesp itosa tufted hairgrass
E lym u s  c in e re u s giant wildrye
F e s tu ca  id a h o e n s is Idaho fescue
F. sca b re lla rough fescue
H o rd e u m  ju b a tu m foxtail barley
J u n c u s  spp. rushes
K o e la ria  m a c ra n th a prairie junegrass
O ryzops is  h ym e n o id e s Indian ricegrass
P h le u m  a lp in u m alpine timothy
P. p ra te n s e timothy
P oa a lp ina alpine bluegrass
P. am p la big bluegrass
P. fe n d le h a n a muttongrass
P. p ra te n s is Kentucky bluegrass
P. se cu n d a Sandberg bluegrass
S p o ro b o lu s  c ryp ta n ch ru s sand dropseed
S tipa  co m a ta needleandthread
S v iridu la green needlegrass

Forbs:

A ch ille a  m illifo lium western yarrow
A g o se ris  g la u ca mountain dandelion
A lliu m  spp. wild onion
A n e m o n e  p a te n s pasque flower
A n te n n a h a  spp. pussytoes



T a b le  14. (co n tin u e d )
Scientific  Nam e
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Common Name

Forbs:

A re n a ria  n u tta llii 
A rn ica  spp.
A s te r  spp.
A s tra g a lu s  spp. 
B a lsa m o rh iza  sag itta ta  
C a lo ch o rtu s  n u tta lli 
C astille ja  m in ia ta  
C. th o m p s o n ii 
C e n ta u re a  m a cu lo sa  
C era s tiu m  a rv e n s e
C. b e e rg ia n u m  
C irs ium  spp.
C lay ton ia  Ia n ce o la ta  
C o n vo lvu lu s  a rve n s is  
D e lp h in iu m  b ic o lo r
D. o c c id e n ta le  
D e scu ra in ia  p in n a ta  
D o d e ca th e o n  p a u c iflo ru m  
E p ilo b iu m  a n g u s tifo liu m  
E q u ise tu m  spp.
E rig e ro n  spp.
E rio g o n u m  spp.
E ro d iu m  c icu ta h u m  
E ry th ro n iu m  g ra n d iflo ru m  
F ra g a ria  g la u ca  
F ra se ra  sp e c io sa  
F ritillaha  p u d ica  
G e ra n iu m  v iscoss iss im um  
G eum  th flo ru m  
H e d ysa ru m  spp.
In s  m isso u h e n s is  
K och ia  sco paha  
L a p p u la  spp.
L e sq u e re lla  spp.
L in n u m  p e rre n e  
U s te ra  sp.
U th o s p e rm u m  ru d e ra le  
L o m a tiu m  spp.
L u p in u s  spp.
M e d ica g o  p o ly m o rp h a  
M. sa tiva  
M e lilo tu s  o ffic ina lis  
M en tze lia  d e ca p e ta la

Nuttall's sandwort
arnica
asters
milk vetchs
arrowleaf balsamroot
sego lily
Indian paintbrush
Thompson's paintbrush
spotted knapweed
field chickweed
alpine chickweed
thistles
spring beauty
field bindweed
low larkspur
tall larkspur
tansymustard
shooting star
fi reweed
horsetail
Meabane
wild buckwheat
filaree
glacier lily
wild strawberry
green gentian
yellow fritillary
sticky geranium
prairie smoke
sweetvetch
Missouri iris
summer cypress
stickseed
bladder-pod
blue flax
twayblade
wayside gromwell
bisquitroot
lupine
burclover
alfalfa
yellow sweetclover 
tenpetal blazingstar
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Table 14. (continued)
Scientific  Nam e Com m on Nam e

Forbs:

M e rte n s ia  o b lo n g ifo lia bluebell
M im u lu s  g u tta tu s common monkeyflower
O e n o th e ra  ca e sp ito sa evening primerose
O xy tro p s is  Ia g o p u s rabbit-foot crazyweed
0 . se h ce a white pointloco
P e d icu la h s  spp. Iousewort
P e n s te m o n  spp. penstemon
P h lox  spp. phlox
P o ly g o n u m  b is to rto id e s american bistort
P o te n tilla  d ive rs ifo lia varileaf cinquefoil
P. Ie d e b o u h a n a alpine cinquefoil
P. n u tta llii Nuttall cinquefoil
R a n u n c u lu s  spp. buttercup
R u m e x  a c e to s e lla sheep sorrel
R. p a u c if lo ru s mountain sorrel
S e d u m  Ia n ce o la tu m lanceleaved stonecrop
S e la g in e lla  d e n sa dense clubmoss
S e n e c io  spp . groundsel
S ilene  a c a u lis moss campion
S isym b h u m  a ltiss im um tumble mustard
S ium  s a u v e water-parsnip
S o lid a g o  spp. goldenrod
S p h a e ra lc e a  cocc ina scarlet globemallow
T a ra xa cu m  o ffic in a le common dandelion
T h e rm o p s is  m on ta n a golden pea
T h la sp i a rv e n s e pennycress
T o w n se n d ia  p a rry i Parry's townsendia
Th fo lium  spp. clover
V e rb a scu m  th a p su s flannel mullein
Z y g a d e n u s  e le g a n s death camas

Shrubs:

A rc to s ta p h y lo s  uva -u rs i bearberry
A rte m is ia  c a n  a silver sagebrush
A. d ra c u n c u lu s green sagewort
A. fhg ida fringed sagewort
A. tn d e n ta ta big sagebrush
A th p le x  c a n e s c e n s fourwing saltbush
B e rb e h s  re p e n s Oregon grape
C e ra to id e s  Iana ta winterfat
C e rc o c a rp u s  Ied ifo lius curlleaf mountain mahogany
C h ry s o th a m n u s  nauseosus rubber rabbitbrush



92

Table 14. (concluded)
S cien tific  Nam e Com m on Nam e

Shrubs:

C. v is c id iflo ru s green rabbitbrush
G u tie rre z ia  s a ro th ra e broom snakeweed
L e p to d a c ty lo n  p u n g e n s granite gilia
O p u n tia  spp. pricklypear cactus
P o te n tilla  fru tic o s a shrubby cinquefoil
P ru n u s  v irg in ia n a common chokecherry
P u rsh ia  tr id e n ta ta antelope bitterbrush
R ib e s  spp. currant
S alix  spp. willow
S a lv ia  spp . purple sage
S a rc o b a tu s  ve rm icu la tu s greasewood
S h e p h e rd ia  ca n a d e n s is russet buffaIoberry
S y m p h o r ic a rp o s  spp. snowberry
T e tra d ym ia  c a n e s c e n s grey horsebrush
V acc in iu m  s c o p a riu m grouse whortleberry

Trees:

A b ie s  Ia s io ca rp a subalpine fir
J u n ip e ru s  c o m m u n is common juniper
J. h o riz o n ta lis creeping juniper
J. s c o p u lo ru m Rocky Mountain juniper
P in u s  a lb ic a u lu s whitebark pine
P. c o n to rta Iodgepole pine
P o p u lu s  spp . cottonwood
P. tre m u lo id e s quaking aspen
P s e u d o ts u g a  m e n z ie s ii Douglas-fir
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Table 15. Sex and age composition of bighorn sheep classified" from 5833 observations of individual animals from the East 
Pioneer Mountain (EPMS), Moose Creek (MCS), and Camp Creek (CCS) subpopulations within the study area 
(includes multiple observations of the same animal).

% OF R A M S O B SE R V E D  

B A SED  ON D E G R E E  O F HORN CU RL

SUBPOPULATION TO TAL E W ES LA M BS LA M BSZ100EW ES RA M S R A M S /100E W E S 3/4+ 1/2-3/4 1/4-1/2 < 1/4 TOTAL

E P M S
WINTER 840 457 155 33.9 228 49.9 52.2 20.6 18.9 8.3 100.0
SPRING 1019 468 169 36.1 382 81.6 62.6 24.3 11.5 1.6 100.0

SUMMER 1335 642 341 53.1 352 54.8 57.4 21.3 12.2 9.1 100.0
FALL 1291 614 333 54.4 344 56.0 53.2 25.0 16.0 5.8 100.0

T O T A L 4485 2181 998 45.8 1306 59.9 56.8 23.1 14.2 5.9 100.0

M C S
WINTER 48 27 9 33.3 12 44.4 25.0 8 4 33.3 33.3 100.0
SPRING 87 52 18 34.6 17 32.7 70.6 17.6 5.9 5.9 100.0

SUMMER 177 106 67 6 3 2 4 3.8 0.0 0.0 100.0 0.0 100.0
FALL 90 49 33 67.4 8 16.3 50.0 50.0 0.0 0.0 100.0

T O T A L 402 234 127 54.3 41 17.5 46.3 19.5 22.0 12.2 100.0

C C S
WINTER 306 168 33 19.6 105 62.5 40.0 21.0 28.6 10.4 100.0
SPRING 284 167 55 32.9 62 37.1 48.4 22.6 27.4 1.6 100.0

SUMMER 262 129 57 44.2 76 58.9 76.2 13.2 5.3 5.3 100.0
FALL 246 144 48 33.3 54 37.5 40.7 22.2 25.9 11.2 100.0

T O T A L 1098 608 193 31.7 297 48.9 51.2 19.5 21.9 7.4 100.0

T O T A L  O B S E R V A T I O N S

WINTER 1194 652 197 30.2 345 52.9 47.5 20 3 22.3 9.9 100.0
SPRING 1390 687 242 35.2 461 67.1 60.9 23.9 13.5 1.7 100.0

SUMMER 1774 877 465 53.0 432 49.3 60.2 19.7 1 1 .8 8.3 100.0
FALL 1627 807 414 51.3 406 50.3 51.5 25.1 17.0 6.4 100.0

1 9 9 4  S T U D Y  A R E A  T O T A L 5985 3023 1318 43.6 1644 54.4 55.6 22.3 15.8 6.3 100.0
* A n  a d d i t i o n a l  2 3 0 0  b i g h o r n  s h e e p  w e r e  o b s e r v e d ,  b u t  n o t  c l a s s i f i e d ,  d u r in g  1 9 9 4  d u e  t o  w e a t h e r  c o n d i t i o n s ,  d a r k n e s s ,  o r  d i s t a n c e .
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Table 16. Seasonal food habits of bighorn sheep as determined by feeding site, fecal, and rumen analyses.

P L A N T  T A X A

F E E D IN G  S IT E  A N A L Y S IS F E C A L  S A M P L E  A N A L Y S IS
R U M E N

A N A L Y S IS

W IN T E R

( n - 1 7 )

PA)

S P R IN G

( n - 1 3 )

PA)

S U M M E R

( n = 1 1 )

PA)

F A L L

( n = 1 0 )

PA)

W IN T E R

( n = 1 0 )

PA)

S P R IN G

( n - 1 0 )

PA)

S U M M E R  F A L L

( n = 1 0 )  ( n = 1 0 )

.... w____ m___
F A L L

( n = 3 2 )

PA)

G R A M IN O ID S : 81.97*

Argropyron spp. 40.60 43.12 47.93 31.82
A. cristatum 0.17
A. sm ithii 3.08 0.42 ......
A. sp ica tum 2597 10.31 3.92 36.96
A. trachycaulum ..... 2.37 5.58 1.32
A. interm edium 0.43
Aristida Iongesita 0.08
B oute loua  spp. 0.07 0.06
B. gracilis 0.04 3.89
B rom us spp . 0.07 0.00 1.65 4.88
B. inerm is 1.54 5.42 5.75
B. carinatus 0.17 5.00 0.03
B. tectorum 0.68 0,04
Carex spp . 0.63 2.91 0.88 1.58 10.65 0.52
D anthonia in term edia 0.34
D esch a m p sia  ca esp ito sa 1.16
E lym us c inereus 0.11 0.06 0.29 .....
F estu ca  spp . 5.64 11.30 1.20 1.29
F. id a h o en sis 11.70 13.91 8.45 3.89
grass seed and glume 0.13 0.21
J u n c u s  spp . 3.08 0.15 1.04
Koelaria m acrantha 13.35 6.05 1.04 0.08
O ryzo p sis  h ym en o id es 3.35
P hleum  p ra te n se 1.58 4.12 .....
P oa spp. 0.66 1.63 0.41 0.08
P. p ra tensis 5.13 7.52 12.63 2.07
P. se c u n d a 6.68 8.34 3.59 4.55
S porobo lus spp. 0.07 0.03
Stipa  com ata 6.55 1.63 1.19 4.09 2.56 0.27 2.26 13.88
S. viridula 2.91 1.53 2.44
Stipa-Oryzopsis type 0.46 2.25 0.82

T O T A L  G R A M IN O ID S 7 8 .2 3 6 5 .1 6 5 3 .5 1 6 3 .2 2 5 1 .0 0 6 0 .5 1 6 6 .1 0 5 2 .5 6 8 1 .7 9



Table 16. (continued)

P L A N T  T A X A

F E E D IN G  S IT E  A N A L Y S IS F E C A L  S A M P L E  A N A L Y S IS
R U M E N

A N A L Y S IS

W IN T E R

(n -17 )
(%)

S P R IN G

(n -1 3 )
(%)

S U M M E R

(n=11)
(%)

F A L L

(H = IO )

(%>

W IN T E R

(n=10)
(%)

S P R IN G

(n=10)
(%>

S U M M E R

(n=10)
(%)

F A L L

(H = IO )

(%)

F A L L

(n=32)
<%)

F O R B S :

Achillea millifolium 0.21 0.86 — — ........... 0.13
A goseris spp. 0.24 0.21 ........... .......

Allium cem u u m 0.63 0.21 ----- 0.23 0.21 — 0.03
A ntenneha  spp. 0.13 — 0.03 — 0 54 0.63 0.13 0.22 0.16
A renaha nuttallii — 0.16
A ster spp. ....... 0.18 0.27 0.07 .......

A stragalus spp. 0.30 2.42 0.06 ........... ........ 0.09
Astragalus-O xtropsis type 0.05 0.06 2.62 .......
Balsamorhiza sagittate ....... 0.12
Castllleja miniata
C. thom psonii ....... 0.37 ....... ........... ......-

Centaurea m aculosa — — 0.62 0.62 ....... ....... 0.16
Cerastium  arvense — — ....... — ....... —

0.06
Cirsium spp. — 0.18 0.00 — ....... ....... —

Descurainia pinnata ....... 1.63 1.07 0.19 0.44 ....... ....... 0.28
D odecatheon pauciflorum .... 0.34 .... ..... .....
E quisetum  spp. 0 7 3 0.42 2.29 —

E hgeron spp. 0.16 0.06 ..... —

E hogonum  spp. — 0.05 0.80 0.16 0.33 0.45 0.44 0.41
Erodium cicutahum ........... 1.25 0.14 .....
Erythronium grandiflorum ..... ........... 0.06
flower ........... ..... ..... 0.34
Frasera speciosa 0.05 0.09 —

0 06
Fragaha ovalis 0.13 ........... ..... — ..... .....
G eranium viscossissim un 1.76 0.83 ..... ...... 0.03
G eum  thflorum .... 3.37 1.01 — ..... —

Ihs m issouhensis .... ..... — — ...........
0.06

Kochia scopaha — ..... — — 0.07 —

legum e pod ..... 0.44 0.31 .....
Lesquerella  spp. ..... 0.19 0.47 ..... 0.06
Linnum perrene 0.05 0.03
U thosperm um  ruderale 0.83
Lomatium  spp. ..... 0.92 — .....
Lupinus spp. 0.17 0.32 4.63 2.35 4.93 8.26 1.33 .....
M edicago polymorpha 0.89 0.60 —

0.09



Table 16. (continued)

FEEDING SITE ANALYSIS FECAL SAM PLE ANALYSIS
RUMEN

ANALYSIS
WINTER SPRIN G SUMM ER FALL WINTER SPRING SUMM ER FALL FALL

(n -1 7 ) (n -1 3 ) (n -1 1 ) (n -1 0 ) (n -1 0 ) (n -1 0 ) (n -1 0 ) ( n -1 0 ) (n -3 2 )
PLANT TAXA (%) (%) (%) (%) (%) (%) (%) (%) (%)

F O R B S: (co n t.)

M. sa tiva  
M elilotus officinale

1.37 6.13 5.48
0.83 ...........

1.03

M entzelia  deca p eta la 0.36 0.70
M ertensia  Iongiffora 
M im ulus gu tta tus  
O xytropsis Iagopus

0.26
0.68 —

0.06
0 .  se ricea 0.83 0.08
P edicularis spp . 1.33
P e n s te m o n  spp. 0.55 1.84
Potentilla spp. 0.37 8.07 0.34 8.32 3.86 0.19
P hlox spp . 0.03
R a n u n cu lu s  spp. 
S e d u m  Ianceola tum

0.16
0.21 0.03

Selaginella  spp. 
S e n e c io  spp . 0.03 —

0.03

Sisym brium  altissim um  
Slum  sa u v e

1.45
3.50 0.18

0.29 0.16

Solidago  spp. 0.03 0.09 0.59
S p h a era lcea  co cc in ea 0.16 0.06 7.85 0.64 0.16
Taraxacum  officinale 4.79 5.28 0.03
T herm opsis rhombifolia 0.05
V erb a scu m  th a p su s 0.34 0.08 0.99 1.16 1.59 0.31
Z y g a d e n u s  e leg a n s 0.53
unknown forb 2.06 1.53 1.90 0.25 0.15 0.16 0.35 2.38

TOTAL FO R B S 5.82 30.29 39 .35 4.83 6.10 18.51 24 .74 5.95 6 .25

SH R U B S:

Artem isia spp . 
A rtem isia  ca n a 0.56 0.30

6.68 1.82 0.95 4.49

A. frigida 6.29 0.08 0.92 8 .02 0.64 0.69 0.85 3.33 1.88
A. tridentata 0.13 0.15 0.74 1.25 3.25 0.45 0.93 0.09
Atriplex c a n e s c e n s  
B erberis rep en s 0.17 0.06

0.14



Table 16. (concluded)
RUMEN

FEEDING SITE ANALYSIS________________  _______________FECAL SAMPLE ANALYSIS________________ ANALYSIS
WINTER SPRING SUMMER FALL WINTER SPRING SUMMER FALL FALL

(n-17) (n-13) (n=11) (n«10) (D=IO) (n*10) (n*10) (D=IO) (n=32)
PLANT TAXA CA) CA) C.) CA) CA) CA) (%) CA) CA)

SHRUBS: (cont.l

Cersloldes Ianate 10.59 0.98 0.07 16.99 0.13
C e rc o c a rp u s  type .... 29.66 7.09 0.54 14.46
Cercocarpus Iedlfollus 6.66 2.95 1.87 12.11 5.03
Chrysothamnus nauseosus 0.47 0.18 0.24 0.29 0.09
C. visclditlonjs 0.30 0.08 ------- ----
co m p o site — 0.06 0.34 0.06 ...........

Gutlerrezla sarothree .... 0.12 0.03
Leptodactybn spp. 0.79 4.82 0.07 .....
PotentiHa fruticosa ..... .... 0.22
Prvnus virginiana ........... .... — 0.41
Purshia spp. — ..... .... — 0.39 027 ..... 0.03
Rlbes spp. — 0.42 0.06 ------- 0.06
Rose spp. 0.06 .... 0.03
Rubus spp. ..... 0.84 .... —

SaMa spp. ..... ........... 0.15 0.13 0.15
SaHx spp. 0.47 .... 0.89 0.25 0.52 0.31 0.13
s e e d 0.42 0.07 0.91 0.14
Shepherdia-Elaeagnus type — 0.31 0.71 3.27
Symphoricerpos spp. ..... 3.04 .....
Tetradymia eanescens 0.03
unknow n s h ru b . 3.63

TO TA L SH R U B S 14.41 4 .5 5 7.11 3 1 .87 4 2 .2 4 19.69 7 .8 2 4 1 .2 8 11.38

TREES:

Pinus spp. ....... ....... - ........ 0.19 0.06 .. .....

Populus tremuloides ............ ....... — 0.06
Pseudotsuga menziesii 0.57 1.14 1.06 0.21 0.28

TOTAL TREES 0 .0 0 0 .0 0 0.00 0.00 0 .5 7 1.33 1.12 0.21 0.34

OTHER:

lichen 0.77 0.03 0.08 ..... — —..... ..........

m o s s 0.77 ..... ....... 0.09 0.06 0.22 — .......
M I S C . (baling tw ine) 0.06

TOTAL OTHER 1.64 0.00 0 .0 3 0 .0 8 0 .0 9 0.06 0.22 0.00 0.06
D u e  to  t h e  d ifficu lty  o f  id en tify in g  g r a s s  a n d  g r a s s - l ik e  p la n t  f r a g m e n t s  to  s p e c i e s ,  t h e  g r a s s  a n d  g r a s s - l ik e  m a te ria l  w e r e  c o m b in e d  in th e  c a te g o ry :  g ra m ln o id s .
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Table 17. Comparisons o f plant species in mule deer and bighorn sheep winter 
diets based on fecal sample analysis.

B ighorn S h ee p  (n =  10) Mule Deer (n = 5)

<%) <%>
Graminotds:

Agropyron spp 40.60 *******
Boutefoua spp.
Bromus spp. 0.07
Carex spp. 0.88
Festuca spp. 5 6 4 2.67
grass seed & glume 0.13
Juncus spp. 0.09
Poa spp 0 6 6 0.26
Sctiismus 0.06
Sporobolus
Stipa comata type 2.56
Stipa-Oryzopsis 0.46 0.10

GRAMlNOtD TOTAL 61.05 3.13

Forks:

Achiltea spp. 0.09
Allium spp 0.23
Antennaha spp. 0 5 4 0.36
Aster spp
Astragalus-Oxytropsis type 0.05
Balsamorhiza spp 0.14
Descurania spp. 0.19 0.54
Equisetum spp 0.73
Eriogonum spp. 0.16 0.05
ErocSum Spp
Legume pod
Lesquerela spp. 0.19 05 0
Lupinus spp. 2.35 17.69
MeHotus spp. 0.09
Moss 0 0 9 0.35
Oenothera spp. 0.14
PotentSJa spp. 0 3 4
Sphaeralcea spp 0.16
Verbascum spp. 1.16 1.82

FORB TOTAL 6.18 21.78

Shrubs:

Artemesia spp. 6.68
Artemesia frigida type 0.64 5.17
Artemesia tridentata type 1.25 10.05
Berberis spp. 0.17 0.23
Cercocarpus-Ceanothus type 29.66 40.84
composite 0 06 0.28
Ceratoides Ianata 0.98
Leptodactylon pungens 0.79 0.34
PotenSla spp. 0.17
Purshia spp. 0.39
Salix spp 0.89 0.46
Salvia spp
seed 0.42
Shepherdia-EJaeagnus 031 0.40

SHRUB TOTAL 42.24 57.95

Trees:

Pinus spp
Prunus spp.
Pseudotruga spp. 0.57 12.30

TREE TOTAL 0.57 12.30
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Table 18. Comparisons o f plant species in cattle and bighorn sheep summer diets 
based on feeding site analysis.

Cattle (n = 4) B i g h o r n  S h e e p  ( n  =  1 1 )

(% ) (% )

G r a m l n o l d s :

A g ro p yro n  s p ic s tu m 0.38 3.92
A g ro p yro n  tra c h ca u lu m 8.50 5.58
B ro m u s  in erm is 0.20 5.75
B ro m u s  c a h n a tu s ****** 0.03
C a rex  sp p 3.79 2.91
D e s c h a m p s ia  c a e s p ito s a 3.31 1.16
E Iym u s d n e r e u s ****** 0.06
F e s tu c a  id a h o e n s is 8.70 8.45
J u n c u s  s p p ****** 3.08
Koetaria m a c r a n th a 7.71 1.04
P h leu m  p r e te n s e 1.47 4.12
P o a  p ra te n s is 13.07 12.63
P o a  s e c u n d a 21.06 3 59
S tip a  c o m a ta 2.18 1.19
u n k n o w n  g r a s s 1.57

G r a m i n o i d  T o t a l 71.95 53.51

F o r b s :

AchiBea m tM ohum 6.14 0.86
A g o se r is  g la u ca 0.65 0.21
Allium c e m u u m ****** 0.21
A n ten n a ria  s p p 0.10 0.03
A renaria  n u ttaM 0.07 ******
A s te r  sp p ****** 0.27
A stra g a lu s  sp p ****** 0.06
B a lsa m o rh iza  s a g itta te ****** 0.12
C e n ta u r e a  m a c u lo s a ****** 0.62
Cirsium  s p p ****** 0.18
D escu ra in ia  p in n a te ****** 1.63
E h g ero n  sp p . ****** 0.06
E riogonum  s p p 0.03 0.80
E rythron ium  grandrflorum ****** 0.06
F ra se ra  s p e c io s a 0.17 0.09
G era n iu m  v is c o ss is s im u m 0.20 0.83
G e u m  triflorum 2.32 1.01
Ih s m isso u r ie n s is 0.14 ******
L ith o sp erm u m  ru d era le ****** 0.83
L u p in u s  sp p . 1.95 4.63
M ed ica g o  p o tym o rp h a 0.61 0.60
M. satrva ****** 5.48
M entzeB a  d e c a p e ta la ****** 0.36
M im ulus g u tta tu s ****** 0.68
O xy tro p s is  s p p 0.41 0.83
P ed icu la h s  s p p ****** 1.33
P e n s te m o n  sp p . 0.10 1.84
P otentiBa diversifo lia 3.28 8 07
S e d u m  Ia n c e d a tu m ****** 0.21
S iu m  s a u v e ****** 0.18
So lid a g o  s p p ****** 0.09
T a ra xa c u m  officinale 11.88 5.28
u n k n o w n  forb 1.90

F o r b  T o t a l 2 8 .0 5 39.35
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Table 18. (concluded)
C a t t l e  ( n  =  4 )  

(% )

B ig h o rn  S h e e p  (n  =  11) 

(%)

S h r u b s :

A rtem is ia  ca n a ****** 0 .3 0
A. frigid a ****** 0 .9 2
A. Tridenta ta ****** 0 .1 5
C e rco ca rp u s  Iedifolius ****** 1 .87
C h r so th a m n u s  n a u s e o s u s .........* 0 .24
C. viscidiflorus ****** 0 .0 6
R ib e s  sp p ****** 0 .0 6
R u b u s  sp . ****** 0  47
S ym p h o r ica rp o s  sp p . 3 .0 4

S h r u b  T o ta l ****** 7.11
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