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Abstract:
The population dynamics of Rocky Mountain bighorn sheep (Ovis canadensis canadensis) inhabiting
the Beartooth Wildlife Management Area in west-central Montana were investigated during
1995-1997. Research focused on quantifying and qualifying sheep reproduction and mortality with
particular emphasis on determining the extent of mountain lion (Felis concolor) predation and on
evaluating effectiveness of population augmentation.
A total of 39 sheep and 8 mountain lions were marked and monitored. Sheep were limited in
distribution to small core use areas and utilized moderately steep slopes. Travel between core use areas
necessitated crossing of riparian areas and forested patches which increased sheep vulnerability to
predation.
Lamb production was highly correlated with June precipitation, and lamb survival was highly
correlated with April/May cumulative precipitation and August maximum temperatures. The data
suggest that reproduction was largely determined by forage quality as mediated by precipitation and
temperature levels during the growing season. Fecal nitrogen analyses indicated sheep were at
maintenance nutritional levels for at least 6 months and that constraints of late summer/fall forage
quality limited ewe reproductive fitness. Lungworm levels (LPG) were low to moderate, and the
presence of larvae in lamb pellet samples was suggestive of transplacental transmission.
Mountain lions had relatively small seasonal core use areas and overlapping individual home areas.
Mountain lion movements mirrored seasonal ungulate migrations and mountain lions were seasonal
occupants of bighorn range. Sheep predation was limited and opportunistic. Mountain lions utilized
riparian areas, forested patches, and rocky reefs for travel and foraging which resulted in significant
spatial overlap with sheep.
Augmentation did not result in bighorn sheep population growth, and population estimates indicated a
decrease subsequent to augmentation. Transplants were lost through dispersal, predation, and disease.
Reproduction by transplanted ewes was limited. Population models indicate a substantial difference
between expected and observed results of augmentation. My results suggest that augmentation was
ineffective for a population primarily regulated by density-independent factors, and that
preaugmentation evaluation of local population dynamics would increase augmentation efficiency.
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ABSTRACT

The population dynamics of Rocky Mountain bighorn sheep (Ovis canadensis
canadensis) inhabiting the Beartooth Wildlife Management Area in west-central Montana
were investigated during 1995-1997. Research focused on quantifying and qualifying
sheep reproduction and mortality with particular emphasis on determining the extent of
mountain lion (Felis concolor) predation and on evaluating effectiveness of population
augmentation.
A total of 39 sheep and 8 mountain lions were marked and monitored. Sheep
were limited in distribution to small core use areas and utilized moderately steep slopes.
Travel between core use areas necessitated crossing of riparian areas and forested patches
which increased sheep vulnerability to predation.
Lamb production was highly correlated with June precipitation, and lamb survival
was highly correlated with April/May cumulative precipitation and August maximum
temperatures. The data suggest that reproduction was largely determined by forage
quality as mediated by precipitation and temperature levels during the growing season.
Fecal nitrogen analyses indicated sheep were at maintenance nutritional levels for at least
6 months and that constraints of late summer/fall forage quality limited ewe reproductive
fitness. Lungworm levels (LPG) were low to moderate, and the presence of larvae in
lamb pellet samples was suggestive of transplacental transmission.
Mountain lions had relatively small seasonal core use areas and overlapping
individual home areas. Mountain lion movements mirrored seasonal ungulate migrations
and mountain lions were seasonal occupants of bighorn range. Sheep predation was
limited and opportunistic. Mountain lions utilized riparian areas, forested patches, and
rocky reefs for travel and foraging which resulted in significant spatial overlap with
sheep.
.
Augmentation did not result in bighorn sheep population growth, and population
estimates indicated a decrease subsequent to augmentation. Transplants were lost
through dispersal, predation, and disease. Reproduction by transplanted ewes was
limited. Population models indicate a substantial difference between expected and
observed results of augmentation. My results suggest that augmentation was ineffective
for a population primarily regulated by density-independent factors, and that pre
augmentation evaluation of local population dynamics would increase augmentation
efficiency.

I
INTRODUCTION

The Rocky Mountain bighorn sheep (Ovis candensis canadensis) is a charismatic
and highly valued game species indigenous to the northern Rocky Mountain region.
Although once widely distributed and abundant, with an estimated 2,000,000 individuals
at the beginning of the 19th century (Seton 1929), the species experienced marked
reduction in distribution and abundance during the late 19th and early 20th century. The
dramatic decline of the Rocky Mountain bighorn sheep has been well-documented and is
attributed to a suite of factors associated with human settlement of western North
America including overharvesting, introduction of diseases, loss of habitat, and
competition with domestic livestock (Buechner 1960).
One significant result of the species’ decline through disease and other factors has
been the creation of small, isolated remnant populations. The viability of such
populations is often tenuous as they are extremely vulnerable to extirpation through
demographic and/or environmental stochastic processes and catastrophes (Gilpin and
Soule 1986). In his review of desert bighorn populations, Berger (1990) found that larger
populations (>101 individuals) were likely to persist much longer than smaller
populations, and all populations < 50 individuals were extirpated within 50 years.
Bighorn sheep are highly susceptible to bacterial pneumonia (Buechner 1960) and
disease plays an integral role in sheep population dynamics. Bacterially-induced die-offs
have been recorded among numerous North American bighorn sheep populations (Foreyt
1990). These disease-mediated, all-age die-off events influence populations through
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immediate large-scale mortality (Semmens 1996) and long-term reduction of adult vigor,
reproductive output, and lamb survival and recruitment (Ryder et al. 1994). The violent
population fluctuations associated with die-offs have limited the ability to successfully
manage the species utilizing conventional wildlife management strategies.
While the mechanisms and ultimate causes of die-offs are believed to be
population-specific, there is general consensus that stress influences herd susceptibility to
pneumonia by compromising the immune system of individual sheep (Onderka and
Wishart 1984). Lungworm parasitism historically received considerable attention as an
agent of stress (Marsh 1938, Buechner 1960, Forrester and Senger 1963, Geist 1971), but
recent die-offs in herds with low rates of lungworm infection have caused investigators to
evaluate other potential stressors including nutrition, climate, population density, and
harassment (Onderka and Wishart 1984, Ryder et al. 1994).
Montana historically supported a relatively large number of bighorn sheep which
were well distributed throughout the State (Couey 1950). Die-offs were documented in
Montana bighorn sheep populations as early as the 1880's, and Couey (1950) noted that
while larger bighorn sheep populations in Montana (i.e. Sun River) appeared to be
regulated by periodic die-offs, they were less vulnerable to extirpation than smaller
populations. In Montana, small bighorn sheep populations had disappeared from all the
mountain ranges east of the Rocky Mountain cordillera by the late 1930’s (Couey 1950).
This included the population that historically inhabited the Gates of the Mountains area in
the Big Belt Mountains, which was extirpated in the early 1930’s as a result of
overharvesting and disease (Hilger 1989).
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A common management practice in many western States and Provinces has been
to relocate bighorn sheep in an effort to re-establish sheep populations on historically
occupied ranges and to augment existing, small sheep populations. The basic assumption
of augmentation programs is that an infusion of transplants will improve herd
reproductive output, thereby stimulating population growth and reducing the risk; of local
extirpation.
Montana initiated bighorn sheep restoration programs in 1941 and has conducted
numerous reintroduction and augmentation programs over the past 55 years (Rognrud
1983). As o f 1996, a total of 1,754 bighorn sheep had been relocated in Montana
(McCarthy 1996). Augmentation has been implemented as a method of improving
reproductive output and growth of small post-die-off populations throughout the western
United States with limited success. Two factors inhibiting the potential for successful
augmentation programs are a lack of knowledge regarding post-die-off population
dynamics and inadequate monitoring of transplanted sheep to facilitate program
evaluation (Wishart 1975).
The population dynamics of bighorn sheep are primarily determined by annual
rates of reproduction and mortality (Geist 1971). Reproductive rates are directly related
to the physiological status of the ewes within a population, which in turn is highly
correlated with individual nutritional status and the presence of stressors such as parasites
and disease. Mortality rates are associated with nutritional status, immunocompetehce,
predation, and annual harvests for most bighorn populations. Without adequate
knowledge of the specific factors influencing the dynamics of small, post-die-off
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populations, the potential for successful augmentation is limited and left largely to
chance.
Predators have long fascinated the public and wildlife professionals alike, and the
role of predation in prey population dynamics continues to be a topic of interest. The
recent expansion of mountain lion (Felis concolor) populations and decline of mule deer
(Odocoileus hemionus) and bighorn sheep populations in Montana and other western
states has resulted in renewed interest in determining the influence of predators upon prey
populations. Boutin (1992) identified 4 hypothetical predator-prey interactions based
upon review of pertinent literature. These interactions include:
1) Predator Regulation- density-dependent; predation regulates prey density;
2) Predator Limitation—density-independent; predation limits prey density;
3) Predator Pit- predation limits prey density, but the prey population can exceed
a “threshold” level and escape regulation; and
4) Stable Limit Cycle- prey populations are cyclic and cohorts bom in poor years
are more vulnerable to predation throughout their lives.

Rocky Mountain bighorn sheep have been subject to numerous studies on .
behavior (Geist 1971, Horejsi 1972), ecology (Todd 1972), distribution and seasonal
range use (Erickson 1972, Hengel et al. 1992), disease (Forrester and Senger 1964, Jones
and Worley 1994), mortality (Woodward et al. 1972, Hebert and Harrison 1988),
nutrition (Hebert 1973), and interspecific relations (DeMarchi 1965). Few studies have
investigated the population dynamics of small, post-die-off herds which are unable to
recover to pre-dieoff densities after >10 years. Reduced adult vigor and low reproduction
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rates are often assumed to limit such populations, but without herd-specific data neither
the long-term population viability nor the potential for successful augmentation can be
determined. Determining the role of predation in locations where bighorn sheep and
potential predator distributions overlap is crucial to fully understanding the dynamics of
such populations.
This study evaluates the population dynamics of the bighorn sheep herd which
inhabits the Beartooth Wildlife Management Area (BWMA) and adjacent Gates of the
Mountains Wilderness Area (GOMWA) in west-central Montana. This population
experienced an die-off in 1984 and has remained well below pre-dieoff densities during
the subsequent 12 years. In response, the Montana Department of Fish, Wildlife & Parks
(MFWP) initiated an augmentation program in an effort to stimulate population growth.
The BWMA population represented an opportunity I) to investigate population dynamics
in a small, post-die-off sheep herd and 2) to monitor and evaluate the effectiveness of
herd augmentation. This research project was initiated simultaneously with the
augmentation program and was designed to address the following objectives:
1) identify sheep distribution and habitat use;
2) quantify and qualify annual sheep reproduction, recruitment, and mortality;
3) determine the role of mountain lion predation in sheep population dynamics;
4) evaluate the effectiveness of augmentation; and
5) determine which predator-prey hypothesis (Boutin 1992), if any, applies to this
herd.
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STUDY AREA

Location

The BWMA is located at the northern end of the Big Belt Mountains in westcentral Montana (46° 55' N latitude, 111° 5 5 'W longitude) approximately 36 km north of
Helena, Montana. The BWMA encompasses approximately 18,390 ha and is generally
bounded by the Missouri River and Holter Lake (an impoundment on the Missouri River)
to the west, the GOMWA to the south, and large private ranches to the north and east
(Figure I). The nature of these surrounding lands serve to buffer the BWMA from
human influences.

Figure I . Study area location map.
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The area represents excellent wildlife habitat, including critical elk (Cervus
elaphus) winter range. The lands which currently comprise the BWMA were purchased
by the State of Montana in 1970 from Mr. Pierce Milton, who had actively ranched the
property for 13 years and who stipulated the property be preserved as wildlife habitat in
perpetuity.
Upon its purchase, the area was immediately designated the Beartooth State Game
Range (subsequently changed to Beartooth Wildlife Management Area). MFWP
management objectives for the BWMA inclucle preserving wildlife habitat and providing
recreational opportunities (Auchly and Williams 1994). The area is closed annually from
December I through May 15 to minimize disturbance of elk and other ungulates on
winter range. During that portion of the year when public access is permitted, the
BWMA receives substantial recreational use.
There have been 2 major wildfires in the area over the past 50 years. In 1949, a
wildfire burned Mann Gulch (in the GOMWA) and the southern edge of what is now the
BWMA. This fire was immortalized in Norman Maclean’s book entitled OfYoung Men
and Fire. Despite nearly 50 years since this fire, the vegetation in Mann Gulch has yet to
return to pre-fire conditions. While grass and shrub communities have recovered,
Ponderosa pine (Pinus ponderosd) has not yet re-established in this area which is
indicative Of the relatively harsh, windy, xeric conditions in the study area. A wildfire in
1990 burned approximately 80% of the BWMA (Auchly and Williams 1994). This fife
significantly altered the vegetative communities throughout the BWMA by eliminating
forest cover and stimulating regeneration of grass and shrub communities that had been
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disturbed by cattle and sheep grazing (Jim Williams, MFWP, pers. comm.). Figure 2
identifies local landmarks within and adjacent to the study area.

Figure 2. Study area landmarks.

Physiography

The Big Belt Mountains contain the oldest sedimentary rock in west-central
Montana (Alt and Hyndman 1996). The BWMA lies within the transition zone between
two geologic formations; white Madison limestone characteristic of the GOMWA to the
south and Precambrian Spokane shale and igneous rock characteristic of the Sheep Creek
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area to the north (Alt and Hyndman 1996). As a result of its location, the BWMA
contains both formations and is geologically complex.
Interior portions of the BWMA are characterized by long parallel rocky reefs
which run southeast-northwest. The reefs, composed of Precambrian Spokane shale and
characterized by large rock outcroppings and talus slopes, are interspersed by bunchgrass
meadows on southerly aspects and coniferous forests on northerly aspects. Meadows
with southerly exposure represent a critical element of elk winter range on the BWMA.
Large cliffs of white Madison limestone are characteristic of the adjacent GOMWA,
while that portion of the BWMA which borders the Missouri River/Holter Lake has
extensive shale and igneous rock outcrops.
The BWMA has an abundance of water sources including numerous small seeps
and springs, 3 small creeks (Cottonwood, Elkhom, and Willow) which transect the area
from east to west, and the Missouri River along the western boundary (Figure I). The
waterways have significantly influenced the landscape through erosion processes. The
Missouri River has created cliffs and large flat “bars” along the western boundary of the
BWMA, and the creeks have created ravines along the interior of the BWMA. The river
and creeks also provide year-round water supplies for wildlife and represent the basis for
riparian communities.
The geologic characteristics and erosion patterns have created an extremely
complex local topography. The BWMA can be divided into 3 major topographic zones
including: I) flat bars along the Missouri River; 2) foothills and rocky reefs on the
interior; and 3) high meadows and precipitous terrain along the eastern and southern
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boundaries, respectively. A significant elevational gradient exists on the BWMA with
elevations ranging from 1091 m ASL along the western boundary to over 2400 m ASL at
the southeast boundary. A major northwest-southeast reef formation (Figure 3) separates
the BWMA into 2 ecological divisions: the relatively high elevation Mountain Division
(> 1,700 meters ASL) to the east and the relatively low elevation Valley Division
(< 1,700 meters ASL) to the west (Pyrah 1985).

Figure 3. Ecological divisions of the study area.
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Climate

The general climate of the BWMA is semi-arid and is characterized by relatively
cold, dry winters and hot, moist summers. Climatological data for the study area were
obtained from the Holter Dam weather station located 7 km north of the study area at an
approximate elevation of 1090 m. Mean annual precipitation within the study area is 31
cm with late spring and summer months (May - August) and winter months (December March) accounting for 57% and 9% of the total annual precipitation, respectively. Table
I presents monthly precipitation totals for 1994-1997 relative to the 30-year average and
indicates relatively dry summers in 1994 and 1996 and relatively wet summers in 1995
and 1997.
Based upon 30 year averages, the mean summer temperature is IS0C and the
mean winter temperature is -I0C. July and August are the warmest months with mean
temperatures of 21° C and 20° C, respectively, and extremes exceeding 39° C. December
and January are the coldest months with mean temperatures of -I0C and -3 0 C,
respectively, and extremes exceeding -36° C.
An important climatic influence in the area are the Foehn (“Chinook”) winds.
Chinooks are relatively warm, southwesterly winds that arise due to gradients between
high pressure of the Great Basin region and low pressure of the Alberta plains (Ecke
1996). Chinooks moderate winter temperature extremes and quickly eliminate snowfall.
On the BWMA, chinook winds represent a critical element of ungulate winter range by
maintaining snow-free slopes and accessible forage throughout the winter.

Table I. 30-year mean monthly precipitation (cm) and temperature (C°) and departure from average for 1994 - 1997 at
Holter Dam Weather Station. Bold numbers indicate months/years that varied from average by > I standard deviation.

Month
Jan
Feb

30 year mean
Precip Temp
-3.40
1.19
-0.46
0.79

1994
Precip Temp
4.32
-0.28
-3.51
-0.53

1995
Precip Temp
3.02
-0.56
1.93
-0.49

1996
Precip Temp
-4.16
0.35
-0.49
-0.21

1997
Precip Temp
0.05
-1.79
1.45
-0.35

Mar

1.42

2.17

-0.79

3.47

0.41

-0.42

0.48

-3.50

-0.56

2.36

April

3.00

7.43

2.24

1.09

0.78

-0.02

0.73

1.25

-0.68

-2J4

May

5.74

12.53

-1.17

1.78

-1.08

-0.56

-2.99

2.87

0.38

June

5.82

16.93

-3.86

2.09
1.13

6.88

-2.38

-2.21

-0.67

0.41

-0.16

July

3.56

20.79

-1.21

1.26

1.60

-2.06

-2.90

-0.41

3.10

-1.42

Aug

3.07

20.30

-2.08

2.18

-2.62

-0.86

-1.09

-0.15

3.49

-0.77

Sept

2.79

14.93

-2.31

-1.16

-0.83

-1.75

1.80

1.63

10.08

-1.24

-0.72

-0.90

1.12

3.25

-1.04

0.00

1.19

1.60

-5.49

3.38
-0.40

-0.03

Nov

3.05
-0.12

2.37
-0.44

-0.19

Oct

2.69
-0.87

Dec

1.09

-1.04

-0.789

1.96

0.15

0.11

2.44

-4.14

-0.79

2.08

Total

30.88

-7.84

10.22

-

2.86

8.77

0.60
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Vegetation

The complex topography, elevation gradient, and water sources form the basis for
a diversity of vegetative communities on the BWMA. The distinct vegetation of the
Mountain and Valley ecological divisions (Pyrah 1985) is directly correlated with
differential precipitation levels associated with the local elevation gradient. While annual
variation in precipitation and temperature influence specific plant growth and senescence,
and thereby determine the extent of the growing season on the study area, the typical
phenological pattern includes green-up in April and senescence by July.
Principal vegetative communities within the relatively mesic Mountain Division
include grasslands dominated by rough fescue (Festuca scabrelld), patches of Ponderosa
pine and Douglas fir (Pseudotsuga menziesii) on northern aspects, limber pine (Pinus
flexilis) and juniper (Juniperus spp.) on limestone ridges and southern aspects, and aspen
(Populus tremuloides) and sedge-willow communities (Carex spp.-Salix spp.) on wet
microsites and along riparian corridors.
The relatively xeric vegetation of the Valley Division includes extensive grassland
communities comprised primarily of bluebunch wheatgrass (Agropyron spicatum) with
lesser constituents including needle and thread (Stipa comatd), rough fescue, and Idaho
fescue {Festuca idahoensis). Grasslands in those portions of the Valley Division
previously disturbed by intensive livestock grazing and agricultural activities contain
timothy (Phleum pratense), bluegrasses {Ppa spp.), bromes (Bromus spp.), and junegrass
(Koeleria cristatd). Xeric microsites in the Valley Division support Opuntia spp. and
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Artemesia spp. while windblown ridgetops and steep south-facing terrain are unable to
support vegetation.
Forest communities in the Valley Division are predominantly Ponderosa pine
parkland with small patches of Douglas fir occurring on steep north-facing slopes. Tree
densities vary considerably with canopy cover ranging between 1% and 60 %. For the
purposes of this study, areas with < 20% canopy coverage were classified as grassland.
Small patches of shrubs occur in mesic microsites, with primary upland shrub species
including chokecherry (Prunus virginiana), rose {Rosa spp.), and snowberry
{Symphoricarpus albus), snowbush (Ceanothus velutinus), and aromatic sumac {Rhus
aromatica). Riparian communities along stream corridors include cottonwood {Populus
deltoides), red osier dogwood {Cornus stoloniferd), and willows and sedges.
Geographic Information System (GlS)-based mapping of vegetative cover types
within the study area was prepared by the Wildlife Spatial Analysis Lab (WSAL) at the
University of Montana in Missoula, Montana. The WSAL developed a vegetative cover
classification system for Montana as part of the USDA- Forest Service Upper Columbia
Basin Assessment. This system was subsequently modified to aid in the preliminary
classification of unsupervised Landsat TM imagery (1:100,000) in association with the
Montana GAP Analysis (Chris Wirme, WSAL, pers. comm.). The WSAL refined cover
mapping for the study area to a scale of 1:24,000 and conducted ground-truthing to verify
classifications and rectify discrepancies. Resulting cover maps recognize 98 potential
cover types with a minimum resolution of 0.4 ha (individual patches > 0.4 ha were
distinguished). These maps also identify riparian communities exceeding 50 meters in
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width. For the purposes of this study, I consolidated cover vegetative subtypes into 6
primary cover types including grassland, shrub, forest (>20 % canopy cover), riparian,
rock/talus, and bum.

Wildlife

The BWMA provides habitat for a diversity of game and non-game wildlife
species. Grassland and forest communities support numerous upland species while .
riparian communities support reptiles and amphibians and represent seasonal habitats for
many species including neotropical migrant birds.
Large mammals are abundant on the BWMA, and species inhabiting the area
include elk, mule deer, white-tailed deer (Odocoileus virginianus), pronghorn antelope
(Antilocapra americand), bighorn sheep, black bear (Ursus americanus), mountain lion,
bobcat (Felis rufus), and coyote (Canis latrans). Mountain goats (Oreamnos
americanus) also occasionally wander onto the study area from the adjacent GOMWA.
The diversity of wildlife species inhabiting the BWMA reflects the variety of local
vegetative communities and habitat types.
While the general distributions of mule deer and white-tailed deer overlap, the
species occupy distinct niches as mule deer utilize upland communities and white-tailed
deer are restricted to riparian zones. Mule deer concentrated in dense, low elevation
stands of Ponderosa pine and Douglas fir during winter months, a behavioral pattern
likely attributable to the fact that the trees intercept snowfall and provide thermal cover.
Deer then migrated to higher elevation areas in the spring to fawn and escape summer
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temperature extremes.
Currently, approximately 1,700 elk winter on the BWMA (Jim Williams, MF WP,
pers. comm.). A study by Feist et al. (1995) indicated that over 80% of the elk wintering
on the BWMA occupy adjacent private lands for the remainder of the year, including the
Sterling Ranch to the north, the Sieben and Dana Ranches to the east, and the Lane Ranch
to the southeast. A third of the marked elk summered in the Elk Ridge area (Feist et al.
1995), which is a high elevation, heavily timbered plateau that provides cover for calving,
relief from summer temperature extremes, and prolonged access to nutritious forage.
Figure 4 identifies the primary elk winter range on the BWMA and the Elk Ridge summer
use area.
Large predator species inhabiting the BWMA include mountain lions, coyotes,
bobcats, and golden eagles (Aquila chrysaetos), and bald eagles (Haliaeetus
leucocephalus). Mountain lions have historically occupied this area and were noted in
1971 by the manager of the Beartooth State Game Range (Hubert Ellwein, pers. comm.).
Winter ungulate concentrations represent a substantial prey base, and winter closure of
the BWMA minimizes hunting pressure on mountain lions. Coyotes are relatively
abundant as the result of a good food supply and an absence of significant hunting and
trapping pressure.
The area also supports a small bobcat population as a result of these same factors.
Golden eagles are relatively common throughout this region and are present in the study
area during all seasons, while bald eagles are summer residents.
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Figure 4. Primary elk winter range on the BWMA and Elk Ridge summer area.

History of Bighorn Sheep on the BWMA

Early descriptions of bighorn sheep in Montana are provided by Lewis and Clark,
who were captivated by “the bighomed animals which bound from rock to rock and stand
apparently in the most careless manner on the sides of precipices of many of hundreds of
feet” (Coues 1893). Their journals provided the first written records of bighorn sheep in
the vicinity of the BWMA as they documented sheep in the Gates of the Mountains area
in July 1805 (Coues 1893). Following extirpation of this sheep population, the Montana
Wildlife Restoration Division attempted to re-establish bighorn sheep population by
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relocating 14 individuals from the Sun River Canyon to the Gates of the Mountains area
in 1942 (Rognrud 1983). This and several subsequent efforts failed to establish a bighorn
sheep population in the area. In several instances, sheep dying from verminous
pneumonia were reported following the transplant events (Rognrud 1983).
In September 1968, the U.S. Forest Service sought to re-establish a bighorn sheep
population in the GOMWA. A site evaluation was completed, and the investigators
concluded that “terrain features appear to be suitable for bighorn sheep” and
recommended that transplants be released in Mann Gulch (Schlamp and Mitchell 1970).
A series of 3 transplants in the early 1970’s relocated a total of 113 bighorn sheep to
Mann Gulch (Rognrud 1983) and established a viable bighorn sheep population in the
GOMWA.
The MFWP initiated annual spring censuses of the population in 1977. Results of
annual census between 1978 and 1993 are presented in Figure 5. Spurred by high spring
lambrewe ratios (7-year mean = 58:100), the population grew steadily (r = 0.202) and
exceeded 300 individuals by 1983. This growth allowed the establishment of a permitonly hunting season for rams (3/4 curl+) in 1979. A total of 39 sheep were subsequently
harvested over 14 seasons, with annual harvests varying between I and 12 animals.
Twenty sheep were harvested between 1984 and 1992 when the hunting season was
discontinued (MFWP 1996).
During the initial growth phase, the herd expanded its distribution beyond the
Mann Gulch release site and into the adjacent BWMA. Based upon harvest records and
annual census data, it appears that the herd established a seasonal migration pattern

X
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through which sheep utilized higher elevation meadows in the Mountain Division during
summer months and lower elevation habitats in the Valley Division during winter
months. Establishment of seasonal migrations is atypical of re-established bighorn sheep
populations (Geist 1971).

230 -
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Year
Figure 5. Annual MFWP census results for the BWMA bighorn sheep population.

The 1984 spring bighorn sheep census indicated a decline in the population, and
subsequent field investigations revealed that the herd was in the midst of an die-off. This
die-off was coincident with respiratory diseases among other northern Rocky Mountain
populations including those in British Columbia, Alberta, Waterton National Park, the
East Kootenai Mountains, Glacier National Park, and the Sun River (Onderka and
Wishart 1984, Schwantje 1986, Johnsen 1993). The adjacent population inhabiting the
Sleeping Giant Wilderness Area also experienced a significant decline at this time. Two
ram carcasses found on the BWMA in September 1984 were necropsied, and Pasteurella
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spp. were isolated from tissue cultures. Diagnoses for the rams included verminous
pneumonia and pasteurellosis. A subsequent census conducted in fall 1984 at the
conclusion of the die-off located a total of 51 sheep, including only 7 rams.
Annual post-dieoff censuses conducted between 1985 and 1990 indicated that the
sheep population was relatively stable (rate of growth = 0.006) and fluctuated around a
equilibrium density o f» 70 individuals. Spring lamb:ewe ratios were consistently low
during this period (6-year mean = 21:100) and seasonal migrations ceased during this
period. Censuses conducted in 1991 and 1993 following the 1990 fire indicated a
declining population with 56 and 54 sheep, respectively.
The BWMA bighorn sheep population has apparently experienced the phases of
an eruptive oscillation (Caughley 1970) and has been in the final phase of relative
stability for approximately 14 years. In an attempt to stimulate growth of this population,
the MFWP conducted an augmentation program through which sheep were relocated to
the BWMA. Throughout this document, I refer to the relocated sheep as “transplants”
and the sheep inhabiting the BWMA prior to augmentation as “residents”.

Neighboring Populations

There are 2 bighorn sheep populations in relatively close proximity to the BWMA
(< 20 km). These populations inhabit the Sleeping Giant Wilderness Area immediately
adjacent to the BWMA and the Sheep Creek drainage approximately 20 km north of the
BWMA (Figure 6).
The Sleeping Giant population was re-established through a transplant program in
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1968, extirpated as a result of an die-off in the mid-1980’s, and re-established for a
second time in 1992. The population has remained relatively small (« 40 individuals),
and there is evidence of limited interaction between the Sleeping Giant and BWMA
populations.
Little is known of the Sheep Creek population. While as many as 20 sheep have
been observed in the Sheep Creek drainage during winter months, they utilize currently
unknown spring and summer ranges. Neither their migratory patterns nor the degree of
interaction between the Sheep Creek and BWMA populations are known, although I
observed movements by BWMA sheep which may have resulted in contact with
individuals from the Sheep Creek herd.

Figure 6. Locations of neighboring sheep bighorn populations.
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METHODS

Animal Capture and Marking

Bighorn Sheep
Bighorn sheep were relocated to the BWMA in association with a 2-phase
augmentation program. Individuals were captured via netgun by personnel from
Helicopter Wildlife Management, Inc. All sheep were processed by MFWP personnel at •
the capture sites. Processing included estimating ages of sheep (ewes by tooth wear and
rams by hom annuli), fitting individuals with either radiocollars (with unique frequencies
between 150.000 and 151.999 MHz) or individually identifiable neckbands, and marking
all sheep with numbered eartags. Personnel from the MFWP Research Laboratory took
temperatures, collected blood and fecal samples, obtained nasal and pharyngeal swabs,
and administered Vitamin B and Ivermectin® to all captured sheep. Subsequent
serological tests, fecal analyses, and swab cultures were conducted at the MFWP
Research Laboratory and the Montana Department of Livestock Diagnostic Laboratory in
Bozeman, Montana. Upon completion of processing, sheep were loaded into modified
horse trailers and transported to the BWMA for same-day release. There were no
instances of capture myopathy.
I sought to mark lambs on the BWMA in an effort to better assess lamb survival
and mortality. Due to limited lamb production in 1997 (n=l I), MFWP personnel
determined that the risk of injury/mortality did not warrant capture and handling, and no
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lambs were marked as part of this study. No adult resident sheep were marked.

Mountain Lions
Efforts were made to capture and radiocollar those mountain lions whose home
areas overlapped with occupied bighorn sheep range on the BWMA. Roads were
systematically searched for mountain lion tracks during 2 periods: January 1996 through
April 1996 and November 1996 through March 1997. Searches intensified immediately
following snowfall events to facilitate identification of fresh tracks arid to maximize
capture opportunities before snow cover was eliminated. Ungulate mortality sites, which
were often revealed by the presence of scavengers such as magpies {Pica pica), ravens
{Corvus corax), and golden eagles, were also investigated for the presence of mountain
lion tracks.
When fresh tracks were discovered, trained hounds were released to pursue and
tree mountain lions. Treed mountain lions were immobilized with Ketamine
hydrochloride injected intramuscularly by darts fired from a Palmer Cap-chur® gun.
Doses followed the recommendations of Clark and Jessup (1992). Initial darting efforts
were plagued by 2 problems. First, at temperatures < -23 °C the drugs solidified within
the dart chamber prior to firing. This problem was alleviated by keeping the darts warm
(i.e. in a shirt pocket) until immediately prior to loading and firing. A second problem
was associated with the use of darts from which the barbs had been removed to minimize
muscle/skin trauma. De-barbed darts bounced off the animal when the internal charge
fired and individuals received only partial doses which were inadequate for
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immobilization. I rectified this problem by utilizing darts with small barbs which secured
the dart as the internal charge went off.
Darted mountain lions that remained in the tree were lowered to the ground with a
rope. Those that jumped out of the tree upon being darted were trailed with leashed
hounds until the drug took effect. Upon immobilization, mountain lions were placed
facing down slope and their overall health and condition checked. Ophthalmic ointment
was administered to minimize drying of their eyes and to wash out debris. Sex was
determined, and age and weight were estimated for all captured individuals. Individuals
were categorized into one of 3 age classes following Williams (1992): kitten (0-6
months), juvenile (6 months - independence), and adult (post-independence).
All immobilized mountain lions were fitted with radiocollars (150.000 to 151.999
MHz) and small numbered eartags as secondary identification. Specialized collars were
utilized for kittens (smaller diameter) and juveniles (expandable). Upon completion of
processing, animals were monitored from a distance until they had recovered from the
effects of the drugs and regained their mobility.

Animal Relocation and Observation

Aerial Relocation
Marked bighorn sheep and mountain lions were aerially relocated from a Piper
Super Cub utilizing a Telonics TR-2 portable receiver and a retractable, bottom-mounted,
3-element Yagi antenna system. Relocation flights (n=28) were conducted approximately
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twice per month during periods of active fieldwork (January through December 1996 and
May through September 1997). All flights were conducted between 0700 and 1300 hours
local time on clear days with temperatures > -23° C.
I attempted to locate sheep without the receiver to avoid bias towards
radiocollared individuals and to develop sightability indices for the population. This
methodology was not feasible due to the topographic relief which reduced observability
and the local mountain air currents which prohibited low-altitude flights. Marked sheep
displayed aircraft avoidance behavior which involved hiding under trees as aircraft passed
overhead. Only locations of observed sheep were recorded and when a radiocollared
animal was located but not observed from the air, subsequent ground efforts were
undertaken to visually observe the individual.
Mountain lions were rarely visible from the air due to the habitat types and terrain
that they utilized. Radiocollared individuals were circled until the observer could
confidently pinpoint a location. The topographic relief and landscape heterogeneity of the
study area (i.e. patchiness of forested areas) facilitated relatively accurate relocations.
When feasible, mountain lion locations were subsequently verified on the ground. In
order to assess aerial telemetry error, aerial relocations of shed radiocollars (n=2),.
radiocollars on dead animals (n=5), and randomly placed radiocollars (n=2) were
compared to actual ground locations. These radiocollars were located in a variety of
habitat types and topographic conditions.
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Ground Relocation
Bighorn sheep and mountain lions were relocated on the ground utilizing a
Telonics TR-2portable receiver, a hand held, 2-element H-antenna, 8 x 42 binoculars, and
a variable 60X spotting scope. Animals were approached on foot and by boat, with the
latter method particularly useful for relocating sheep on lambing grounds along the
Missouri River. Sheep locations were recorded only when individuals were visually
observed. All sheep (natives and transplants) were extremely skittish and would flee
when approached within 400 m, although one could stalk within 30 meters of sheep if
conditions permitted. Sheep were relatively tolerant of boats and allowed them to
approach within 10 m. Ground relocations of mountain lions were recorded only if the
animal was actually observed or the location was pinpointed by triangulation at a distance
of < 300 m. Mountain lion tracks were not used as relocation points as I could not assign
them to a specific individual.
I attempted to relocate marked sheep twice per month from the air and 3 times per
week from the ground during active fieldwork, with less intensive relocation efforts from
April through November 1995 and from September 1997 through July 1998. Due to their
distribution and large home areas, mountain lions were relocated less frequently than
sheep.
Animal relocations were plotted on 1:24,000 United States Geological Survey
(USGS) topographic maps. The complex topography and natural physical features and
landmarks of the study area facilitated relatively accurate plotting of animal relocations
(within 10 meters). A Universal Transverse Mercator (UTM) grid was overlaid on the
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topographic maps and UTM coordinates were recorded for all relocations, as was date of
relocation, group size and composition, and habitat type.
Statistical analyses of relocation data assume that observations are independent
(Solow 1989). The assumption of independence can be violated due to several factors,
including grouping or aggregation of animals and inadequate time between successive
observations (Thomas and Taylor 1990). I attempted to minimize statistical dependence
and pseudo-replication (Hurlbert 1984) by maintaining a minimum period of 24 hours
between relocations of a given individual and analyzing sheep habitat selection based
upon group locations.

Bighorn Sheep

Integration and Association
Bighorn sheep are highly gregarious animals (Geist 1971) and the use of unique
markers allows researchers to identify and evaluate group constancy/cohesiveness,
population subdivisions; and integration of transplants with resident sheep. Cole (1949)
developed a.technique for quantitatively expressing interspecific association
(“coefficients of association”), and this method has been used to measure intraspecific
association within wildlife populations (Knight 1970, Erickson 1972).
I utilized relocation and group composition data to calculate coefficients of
association (COA’s) for the BWMA bighorn sheep population. COA’s were calculated
for marked individuals that remained in the study area for the duration of the study and
for which I obtained a minimum of 25 relocations. COA’s aided investigations of
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population subgroups and the degree of interaction between resident and transplanted
sheep and among the 2 transplant groups. Following Cole (1949), coefficient values o f-I
represent no association, 0 represents random association, and +1 represents complete
association. I further refined COA results by noting strong positive association (+0.61 to
+1.0), mild positive association (+0.3 to + 0.6), random association (-0.29 to + 0.29),
mild negative association (- 0.3 to -0.59), and strong negative association (-0.6 to -1.0).
Statistical analyses of COA’s were not conducted as their underlying distribution was
unknown.

Distribution and Core Use Areas
Bighorn sheep distribution and habitat use were determined through analyses of
relocation data utilizing the program CALHOME (Kie et al. 1994). Overall sheep
distribution was determined via the minimum convex polygon method (MCP; Mohr
1947) utilizing all sheep relocations. Polygons resulting from this method were modified
so as to exclude surface waters. Areas of all polygons are expressed in hectares.
Animals exhibit differential use of areas within their general distribution and
home areas (Samuel and Fuller 1994). Biologists have used several methods to determine
the geographical location of an animal’s greatest activity, most often by calculating
arithmetic mean or median centers such as Hayne’s (1949) center of activity, with the
underlying assumption that such centers are biologically meaningful. Yet even Hayne
(1949) recognized that the arithmetic center of activity may have no biological meaning
and might lie in seldom-utilized areas.
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The harmonic mean center of activity has been advocated as a biologicallyappropriate alternative to the center of activity (Dixon and Chapman 1980). Research has
shown that the harmonic mean is: I) biologically meaningful; 2) less influenced by
additional sampling points (more stable); and 3) less influenced by distant points (Lair
1987). I utilized the harmonic mean (HM) method to analyze relocation data and identify
sheep core use areas, which were those areas within the general distribution in which
activities were concentrated (Homer and Powell 1990). Core use areas were evaluated by
conducting HM analyses at several different levels (90%, 80%, and 70%) which allowed
me to discern detailed patterns of sheep habitat use. These analyses also aided in the
comparison of habitat use by the 2 sheep subgroups that were identified through
association analyses.
Distribution and use of specific core use areas were compared among seasons. I
identified four seasons of equal temporal length based upon general climatic conditions
and associated plant phenology as follows: winter (December 2 to March I), spring
(March 2 to June I), summer (June 2 to September I), and fall (September 2 to December
I).

Home Ranges
Bighorn sheep home ranges were determined for marked individuals that
remained within the study area for a minimum of I year and for which I obtained at least
25 relocations (n=18). Minimum convex polygons (MCP’s) were constructed based upon
all individual relocations except those associated with dispersal or exploratory
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movements (see Sheep Movements for definitions). There was no correlation between
home range size and the number of relocations for individuals with > 25 relocations. I
compared home range sizes among population cohorts via Mann-Whimey U tests (Neter
etal. 1993).

Sheep Movements
Movements of marked sheep beyond the study area boundaries, which represented
the extent of sheep distribution on the BWMA, were evaluated and categorized as either
migrations, exploratory movements, and dispersal events. I define these terms as follows:
I) migrations were repeated, non-random, predictable, seasonal movements between 2 or
more areas; 2) exploratory movements were random, non-repeated, unpredictable,
temporary movements beyond the boundaries of an individual’s normal distribution; and
3) dispersal events were emigration from the study area and permanent occupancy of new
areas.
Sheep movements were analyzed to determine whether this population undertakes
seasonal migrations and the degree of interaction occurs between members of the
BWMA, Sleeping Giant, and Sheep Creek populations. The identification and analysis of
dispersal aided in the evaluation of augmentation effectiveness relative to growth of the
BWMA population.

Habitat Use
Sheep habitat use was evaluated and compared among seasons. Habitat variables
analyzed included vegetative cover type, elevation (200-meter intervals), slope in percent
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(0-24, 25-50, 51-70, 71-85), aspect (flat, N, NE, E, SE, S, SW, W, NW), and distance to
escape terrain. Relocation data were stored as UTM coordinates and imported into
ArcView® GIS software (Environmental Systems Research Institute, Inc., Redlands,
California) for habitat use-availability analyses. I determined as available the area of total
sheep distribution (100% MCP) as suggested by Litvaitis et al. (1994). A chi-square
goodness-of-fit test was used to compare use and availability of all habitat variables (Neu
et al. 1974), and when test statistics indicated a significant difference I subsequently
constructed Bonferroni confidence intervals to determine specific preference/avoidance
patterns. Significance levels for all habitat analyses were p < 0.01.

Escape Terrain
Bighorn sheep have a strong affinity for escape terrain (Wakelyn 1984), a feature
which has been identified as the most critical component of bighorn habitat (Risenhoover
and Bailey 1985). Numerous studies have included analyses of sheep activity relative to
distance from escape terrain. While generally recognized as steep, rocky slopes on which
bighorn sheep can outmaneuver predators (Gionffiddo and Krausman 1986), escape
terrain is often not quantified in a manner which permits consistent evaluation and
comparison of habitat use among sheep populations.
Investigators have determined that sheep select areas which exceed 80% slope
(i.e. Cook 1990) but give no other physical attributes or dimensions. In developing a
habitat evaluation procedure for bighorn sheep, Smith et al. (1991) defined escape terrain
as slopes > 60% with occasional rock outcroppings. McCullough’s (1982) definition of
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escape terrain included areas with rock outcrops having the dimensions of 16 m in height
and 800 m in length, and exceeding 72% slope. I utilized McCullough’s (1982)
definition of escape terrain for the purposes of this study.

Ruggedness Indices
Land surface ruggedness is a vital habitat component for many species, yet
descriptive terms that implicate ruggedness such as precipitous and mountainous lack
quantification and preclude statistical evaluation (Beasom et al. 1983). Landscape
ruggedness indices have been implemented in wildlife studies on mountain lions
(Williams 1992) and muskoxen (Ovibos moschatus; Nelleman 1998). However, no
studies have utilized ruggedness indices to analyze bighorn sheep habitat use despite the
species’ reliance on rugged escape terrain.
I developed a land surface ruggedness index (LSRI) following Beasom et al.
(1983) as a quantitative index of local terrain characteristics. LSRI values were
determined using a dot grid overlay (49 uniformly spaced dots) which represented 20 ha
on a USGS- 7.5 minute topographic map. Dot-contour intercepts were then counted and
standardized for contour interval size (Beasom et al. 1983). Results were categorized as
smooth (0-64), moderate (65-132), rough (133-196).
A mean LSRI value for the study area was obtained by dividing the area into 0.52
km blocks (n=400) and then further subdividing each block into 100 points (Marcum and
Loftsgaarden 1980). A random number table was used to select 50 random points for
which LSRI values were calculated and averaged to obtain a mean study area value.
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LSRI values were also obtained for 3 random locations within each of sheep core use
area, as well as all sheep mortality and mountain lion kill sites.
The LSRI aided my evaluation of sheep habitat use and assessment of spatial
overlap between bighorn sheep and mountain lions. LSRI values were approximately
normally distributed, and I utilized Student’s t-test and ANOVA to compare values
(p < 0.05). All statistical analyses utilized the program STATISTICA® (StatSoft, Inc.,
Tulsa, Oklahoma).

Population Parameters

Reproduction. Annual lamb production was quantified by interpolating 1995
relocation data and by actively monitoring lambing grounds until all ewes and lambs
departed in 1996 and 1997. I recorded total annual lamb production for all 3 years to
facilitate assessment of annual reproductive variability.
Individual ewes producing lambs in 1996 and 1997 were identified and recorded
to aid analyses of sheep population dynamics and to quantify the reproductive
contribution of transplanted ewes; Percentages of mature ewes (resident and transplant)
bearing lambs were determined for 1995,1996, and 1997, and lambrewe ratios were
calculated for all 3 years. Individual ewe reproduction was analyzed to determine
whether ewes exhibited an alternate year reproductive pattern (Heimer 1978).
Lamb survival was assessed to identify significant periods with respect to lamb
mortality and to determine annual recruitment rates. Kaplan-Meier survivorship curves
(Pollock et al. 1989) were developed to aid comparisons of annual lamb survivorship.
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Investigators have found that the production and survival of ungulate young is
correlated with nutrition as mediated by climatic factors, particularly temperature and
precipitation (Knight 1970, Shackleton 1973, Carroll and Brown 1977, Picton 1984,
Hamlin and Mackie 1989). It is hypothesized that production of young is influenced by
monthly precipitation during the growing season (April - July) which directly influences
plant growth and forage quality (Hamlin and Mackie 1989). Mean monthly maximum
temperature (Tmax) is also related to plant growth and forage quality as it influences
evapotranspiration rates and plant senescence. Two critical periods relative to annual
lamb survival are the final trimester of gestation (late March - late May), during which
time the majority of fetal growth occurs, and the first 4 months of life.
To assess the role of nutrition in local sheep population dynamics, I compared
annual lamb production and survival with precipitation and temperature through
regression analyses. Significant associations were identified as those with p < 0.05.
MFWP census data do not provide information on annual lamb production, and I
was therefore limited to data collected during the 3 year study period. While correlations
were sought between growing season climate and lamb production, all results should be
interpreted cautiously due to limited sample sizes. MFWP census data do include spring
lamb counts which are representative of lamb survival. I utilized this database to evaluate
lamb survival relative to growing season precipitation and temperature during pre- and
post-die-off periods.
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Population Losses. I documented losses of adult sheep from the BWMA
population through mortality and dispersal. Radiocollars enhanced my ability to locate
mortalities and dispersers in a timely fashion, and given the frequency of relocations,
dates of death and dispersal were identified within a I-week period.
All known sheep mortalities were investigated, and cause, date, and location of
death were noted. Cause of death was classified as predation, disease, or unknown based
upon the evidence at the site (see Mountain Lion Food Habits for details on evidence of
predation). When condition of the carcass permitted, gross necropsies were performed at
the MFWP Research Laboratory in Bozeman, and histological analyses were completed
at the Montana Department of Livestock Veterinary Diagnostic Laboratory in Bozeman.
Dates of mortalities were analyzed to identify critical periods and seasonal trends.
Mortality sites were investigated with respect to habitat type, proximity to escape terrain,
and LSRI values.
Survivorship curves for the transplanted sheep were calculated utilizing the
Kaplan-Meier Staggered Entry Design (Pollock et al. 1989), which allows for censored
animals. This method was appropriate as during the study marked individuals were
added to the population (1996 transplant) and lost from the population through dispersal
and marker loss. While censored individuals were included in the primary survivorship
curve, I also constructed “worst” and “best” case survivorship curves in which censored
individuals were considered to be either all dead or all alive, respectively.
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Fecal Analyses
Performance of bighorn sheep populations is significantly influenced by
nutritional status, and malnutrition is frequently manifested through depressed herd
productivity (Geist 1971) and suppression of proper immune system functioning
(Chandra and Newbeme 1977). In conjunction with poor nutrition, limgworm parasitism
can also adversely affect population vigor by increasing susceptibility to pneumoniainducing pathogens and reducing lamb fitness (Arnett et al. 1993). Analytical techniques
which provide indices of individual nutritional status and lungworm shedding rates
(Samuel and Gray 1982, Hebert et al. 1984) represent useful, non-invasive tools
forevaluating lungworm parasitism and nutritional status of bighorn sheep.
Fecal samples were collected from known individual sheep over the course of this
study to assess the extent of lungworm parasitism and the relative nutritional status of
individual sheep throughout the year. Pellet groups were collected within 30 minutes of
deposition to ensure accurate identity and to minimize potential contamination. Pellet
samples from adult sheep were obtained between March 1996 and August 1997, while
lamb samples were obtained between July 1996 and April 1997. Date, location of
collection, and sheep identity were recorded for all samples. Each pellet sample was
divided into 2 portions and air-dried in paper bags for a minimum of 90 days prior to .
analysis.
I subjected one portion of each sample to the modified Baermann technique
(Beane and Hobbs 1983) in an effort to determine the presence and abundance of firststage Protostrongylid larvae. Dry pellets Were lightly crushed and 5 gram sub-samples
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were Baermannized in a small plastic funnel for 12 hours. One hundred milliliters of
liquid was drawn off into a small, scored petri dish, and larvae were counted under a
dissecting microscope. Baermann results are expressed as the number of larvae per gram
(LPG) of dry feces. The second portion of selected samples were submitted to the
Montana State University- Plant and Soils Analytical Laboratory for analysis of fecal
nitrogen levels via the Kjeldahl method (Horowitz 1975). Kjeldahl analyses were
conducted on individual samples and results are expressed as %TKN.
Statistical comparisons of Baermann and Kjelddil results were conducted to
determine whether differences existed among sexes, age classes, population subgroups,
and season utilizing Student’s t-tests and ANOVA with significance levels of p < 0.05.
Baermann results were positively skewed and were therefore subjected to a natural
logarithmic transformation prior to statistical analyses (Uhazy et al. 1973). Baermann
results for given individuals showed no correlation between samples, and all samples
were included in lungworm analyses (Festa-Bianchet 1991).

Population Estimates
Estimating population sizes and determining trends over time is critical to
evaluating population dynamics and successfully managing animal populations (Lancia et
al. 1994). The MFWP has conducted annual spring helicopter censuses of this sheep
population since 1978, recording total number of animals observed, animal locations, and
age/sex classifications for all sheep. These data permit comparison of the population
during pre- and post-dieoff periods (1977-1983 and 1985-1993, respectively), and pre-
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and post-augmentation periods (1985-1994 and 1995-1998, respectively).
Marked individuals provided an opportunity to develop population estimates and
to determine the accuracy of MFWP censuses. However, I could not meet the
assumptions .of either closed (Lincoln-Peterson) or open (Jolly-Seber) population models
(Lancia et al. 1994). First, extremely limited sightability and observability necessitated
use of a receiver to locate sheep groups which resulted in biased re-sighting probabilities.
Second, dispersal of marked sheep from the study area created an open population.
Third, several sheep lost their neckbands prior to completion of the study.
While unable to strictly adhere to model assumptions, I knew generally (within I
week) when sheep dispersed and and/or marks were lost and adjusted model parameters
accordingly. As a result, I determined that the Lincoln-Peterson estimator was
appropriate for developing population estimates. General population estimates were
developed from data obtained during: I) aerial surveys in which > 60% of marked sheep
were relocated; 2) ground surveys of both herd sub-units conducted on consecutive days;
and 3) annual MFWP censuses. Although I could not alleviate potential bias towards
radiocollared individuals, the estimates were used to identify general population sizes and
trends during the study.

Population Models
I utilized the program BOPEEP (McCarty and Miller 1998) to generate
deterministic, discrete time models of expected and observed population trends. I
constructed these models to evaluate population dynamics and to demonstrate the
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importance of local population dynamics in determining augmentation effectiveness. An
“expected” population model was constructed utilizing standard model parameters of
bighorn sheep population dynamics as provided by McCarty and Miller (1998). The
“observed model” utilized parameters obtained during this study. Finally, I constructed a
third model (“no predation”) which utilized observed parameters but eliminated mountain
lion predation of adult sheep. All 3 models initiate in 1991 and project population
trajectories through the year 2010.

Mountain Lions

Distribution and Habitat Use
Mountain lion relocation data were analyzed to determine general distribution and
habitat use and to identify individual home areas (Seidensticker et al. 1973) and core use
areas. Relocation data aided my evaluation of mountain lion utilization of bighorn sheep
range and, in conjunction with harvest data, patterns of dispersal from the study area.
Distribution and home area analyses were completed utilizing the MCP method
within the program CALHOME. Overall mountain lion distribution on the BWMA was
determined by analyses of all relocation data. Home area calculations were based upon
relocations of an individual or family group for which I obtained a minimum of 20
relocations over a 12-month period. Family groups (females with dependent kittens)
were considered a single relocation to ensure statistical independence. For the 3
mountain lion home areas calculated, home area size was not correlated with the number
of relocations (R2 < 0.01).
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The internal structure of home areas was analyzed by delineating core use areas
via the harmonic mean method in the program CALHOME. Core use areas were
evaluated with respect to cover types and other physical attributes, seasonal changes, and
intra- and inter-specific overlap. General mountain lion relocation data were analyzed
relative to cover type, elevation, and LSRI values, and I utilized chi-square statistics with
Bonferroni simultaneous confidence intervals (p < 0.01) to evaluate habitat selection.
Habitat use data were compared among seasons in an effort to detect any changes in the
types of habitats utilized and the locations of core use areas. Mountain lion relocation
data and LSRI calculations were also utilized to assess spatial overlap between the
individual mountain lions and bighorn sheep.
Food Habits
Mountain lion food habits were identified through evaluation of kill sites and
analysis of scat contents. The date, location, cover type, and prey species associated with
mountain lion kill sites were recorded. Prey carcasses were investigated to determine
species, age (via tooth wear) and sex, and general health via examination of femur bone
marrow (Cheatum 1949). Criteria for determining mountain lion predation followed
Williams (1992) and included: I) visual observation of mountain lion at the kill;
2) presence of tracks; 3) association with a telemetry location; 4) characteristic methods
of killing, caching, and consuming prey; and 5) association with scats and/or scrapes.
Scat analysis represents a relatively easy method for evaluating predator diets, and
scats have the advantage of being available year-round (Litvaitis et al. 1994). Potential
predators of bighorn sheep on the BWMA include mountain lions, which are known to
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prey on adult sheep (Williams 1992, Ross et al. 1997), and coyotes, which are known to
prey on lambs (Hass 1986, Hebert and Harrison 1988). Analyses of mountain lion and
coyote scats were incorporated into this study to help assess the role of predation in
bighorn sheep population dynamics and to supplement mountain lion food habits data.
Scats were collected on a year-round basis within occupied bighorn sheep range.
The location, date of collection, predator species, and association with a kill site were
recorded for all scats. Scats were air-dried in paper bags for > 9 months. Dried scats
were placed in nylon mesh sacks, and run through several cycles in an electric clothes
washer until all non-identifiable matter was removed. Washed scats were air dried for
>24 hours and then examined, with contents separated into hair, bones and bone
fragments, insect exoskeletons, and vegetation/seeds. Hair was identified based upon
color banding and scale pattern following Moore et al. (1974). Vegetation, seeds, and
insect exoskeletons were identified with the assistance of personnel from the Montana
C

State University Herbarium and Invertebrate Museum in Bozeman. While frequencies of
occurrence of prey species and vegetation/seeds were determined (Ackerman et al. 1984),
I did not attempt to inteipolate associated prey biomass due to potential biases resulting
from the limited number of scats collected (Litivaitis et al. 1994).

r
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RESULTS

Bighorn Sheep
Capture. Marking and Observation
A total of 39 bighorn sheep were transplanted to the BWMA, including 19
individuals (13 ewes and 6 rams) captured from the Plains, Montana herd in March 1995
and 20 sheep (16 ewes and 4 rams) captured from the Rock Creek, Montana herd in
March 1996. Seventeen sheep were fitted with radiocollars and 22 with individually
identifiable neckbands. A summary of data recorded for captured sheep is presented in
Appendix A.
Results of serological tests, nasal and pharyngeal cultures, and Baermann analyses
indicated the presence of Irmgworm larvae and various gastrointestinal parasites in
transplanted individuals (Keith Aune, MFWP, pers. comm.). While all of the sheep
designated for relocation to the BWMA tested negative for Pasturella spp., some
individuals captured during the same capture operation and designated for relocation to
the Elkhom Mountains did test positive. Laboratory results did not indicate any serious
or chronic health problems.
I obtained a total of 1,518 relocations of individual bighorn sheep within 644
groups within the study area. These totals do not include relocations of dispersers
subsequent to their emigration from the study area. Table 2 summarizes sheep
relocations by season. Relocation data were utilized to determine association and
integration, identify sheep distribution, delineate home ranges, and evaluate habitat use.
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Table 2. Bighorn sheep relocations by season.
Season
Winter
Spring
Summer
Fall
Total

Individual
197
434
630
257
1,518

Group
72
232
253
87
644

Flight of bighorn sheep in response to human approach usually involved.
movement to a different core use area (see Distribution and Core Areas'). Due to the
distribution of core use areas across the study, area, such displacement often necessitated
travel across terrain which conferred limited visibility (forested patches ans. riparian
areas) and thereby increased vulnerability to predation. Although I did not conduct any
statistical analyses to evaluate sheep flight, the mean distance for a series of 15 humaninitiated displacements between May 1996 and November 1996 was 2,197 m.
Sheep occupying habitats adjacent to the Missouri River/Holter Lake attracted
considerable attention from recreational and tour boats which could approach sheep
within IOm without eliciting a flight response. However, boaters who went ashore to
hike or camp in proximity to sheep would elicit displacement. This represents a potential
problem in May and June as primary lambing grounds are located along these waterways.

Integration and Association
Coefficients of association'(COA’s) were calculated for 17 marked individuals
(10 and 7 from the 1995 and 1996 transplant groups, respectively). Individual COA’s are
presented in Table 3. Row and column headings correspond with sheep identification
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numbers and column 20 represents resident sheep. The mean COA for all transplants
relative to resident sheep was +0.871 which indicates a high degree of integration of
transplants with natives. COA values for individual transplants ranged between +1.0 and
+0.522, with both transplant groups exhibiting significant integration (+0.908 for 1995
group and +0.818 for 1996 group). Mean transplant-resident COA’s were similar for
rams (n=4; +0.809) and ewes (n=13; +0.890).
Transplant-transplant COA values indicate that sheep expressed within-group
affinity (Table 3), with individuals from the 1995 transplant group (No.’s 1-18) generally
having positive associations with other individuals from the 1995 group and negative
association with members of the 1996 group. Individuals from the 1996 group expressed
a similar association pattern. Within both transplant groups there were several ewes who
had very high positive COA values (Table 3). These individual ewes, including No.’s I,
4, 6, 8,10, and 13 from the 1995 group and No.’s 29, 30, 32, and 36 from the 1996 group,
formed the core of 2 relatively cohesive subgroups within the population. Rams had low
COA values with all other transplanted individuals.

Distribution and Core Use Areas
General Population. Overall distribution of the BWMA bighorn sheep population
was limited to 6,539 ha in the western portion of the BWMA (Figure 7). The 100% MCP
constructed to delineate sheep distribution includes approximately 500 ha of surface area
(Missouri River/Holter Lake), reducing total land area occupied by this sheep population
to » 6,000 ha.

Table 3. Coefficients of association for selected transplanted bighorn sheep.
I

4

5

6

8

10

11

13

15

18

20

32

33

35

36

0.937

4

0.428

5

-0.609

6

0.498 0.307

-I

8

0.741 0.609

-I

0.785

0.917

10

0.431 0.313

-I

0.617 0.676

0.963

11

-0.67

13

0.742 0.546 -0.812 0.755

18

30

0.964

I

15

29

-I

0.919

-I

-0.71

0.462

0.9 7 .

-I

-0.488 0.252 -0.035

-0.726

0.885

-I

0.72

0.694 -0.215

-I

-0.397 0.222

0.912
0.865

-I

0.747

0.043 -0.046 0.051 0.115 0.113 0.085 0.053 0.107 0.204

29

-I

0.24

30

-I

-I

32

0.045 0.104 0.035

-I

0.03

0.041 0.031 0.059 0.739

0.175

-I

-I

-I

0.139

-I

0.165 -0.193 0.893 0.322

-I

-0.134 0.363

-I

-I

-I

0.291

-I

0.199 -0.758

33

-I

-0.349 0.292 -0.39 -0.507 -0.237 0.261

35

-I

0.164 0.054

-I

-I

-I

0.062

-I

36

-I

0.053 0.177

-I

-I

-I

0.152

-I

-0.087 -0.574 0.522 0.349 0.386 0.471 0.09 0.375

0.069 0.088 0.077

-I

0.042

-I

0.026

-I

0.189 -0.074 .0.939 0.17 0.202 0.138 0.201 0.118 -0.01

40

-0.3

.1

0.409 0.724

0.318 0.046 0.886 0.255 0.378 0.355
-I

0.047 0.745 0.208 0.371 0.134 0.119

40
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Figure 7. Total sheep distribution on the study area (100% MCP).

The internal structure of sheep distribution and locations of core use areas were
identified by harmonic mean (HM) analysis of group relocation data. The 90% HM
isopleth (Figure 8) indicates 2 distinct areas of concentrated activity within the general
sheep distribution. These areas, a “northern range” and a “southern range”, encompass a
total land area of 3,734 ha. Comparison of summer and winter 90% HM isopleths (not
shown) indicated slight seasonal changes in the geographic extent of these ranges with
seasonal differences primarily associated with the use of Willow Mountain during
summer months and not in winter.
I also constructed 100% MCP’s based upon relocations of each transplant group
and the resulting polygons (Figure 9) indicate similar overall distributions of the
transplant groups in geographic extent and size (6,509 ha and 5,670 ha for the 1995 and
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1996 groups, respectively). Ninety percent HM analyses of individual transplant groups
(not shown) indicated some small differences in geographic extent and area (4,523 ha and
3,011 ha for the 1995 and 1996 transplant groups, respectively).

Figure 8. 90% harmonic mean isopleths for all group relocations.

Subgroups. I analyzed the distribution of the 2 ewe subgroups which were
identified through association analyses. I refer to these subgroups relative to the
transplant group with which the ewes are associated (the 1995 subgroup and 1996
subgroup). The 100% MCP’s (not shown) reveal that over the course of the study,
members of both subgroups were relocated throughout the area of general sheep
distribution on the study area.
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Figure 9. 100% MCP’s of the 1995 (solid line) and 1996 (dotted line) transplant
groups.

HM analyses were used to identify the internal structure of subgroup ranges.
Ninety percent HM isopleths (Figure 10) indicate that subgroups utilized distinct portions
of the study area, with the 1995 (“southern”) subgroup occupying the southern portion of
the study area and adjacent GOMWA and the 1996 (“northern”) subgroup occupying the
northern portion of the study area. Eighty percent HM isopleths (Figure 10) indicate that
subgroup activities are concentrated within 3 core use areas within their respective
ranges. Core use areas utilized by the northern subgroup included Sheep Reef, the
Oxbow, and Leslie/Hillary Mountains and encompassed 1,332 ha. Southern subgroup
core use areas encompassed 1,168 ha and included Mann Gulch, Willow Mountain, and
Willow Canyon. Comparison of core use area size by subgroup group indicated no
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significant difference (Mann-Whitney U; p = 0.945).

Figure 10. Ewe subgroup 90% (bold line) and 80% (crosshatch) harmonic mean
isopleths.

Home Ranges
Home ranges were delineated for 18 marked sheep. The mean number of
relocations utilized for home range analysis was 55, and Pearson Product-Moment
Correlation analysis indicated that there was no correlation between the number of
relocations and home range size for individuals with a minimum of 22 relocations (R2 =
0.348). Table 4 summarizes results of home range analyses. Mean area of 100% MCP’s
for all sheep (n=18) was 3,015 ha. Areas of the 90% and 80% MCP’s were 31% and 53%
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smaller than the 100% MCP’s, respectively. Mean home range of the 1995 transplant
members (n=10) was approximately 16% larger than the mean for the 1996 transplant
group (n=8), but this difference was not statistically significant (Mann-Whimey U; p =
0.245).

Table 4. Mean sizes of 100%, 90%, and 80% Minimum Convex Polygons (ha).
Group
All (SD)
Range
1995 transplants
1996 transplants
Rams
Ewes

90%
1,870 (722)
546-3,978

80%
1,420 (689)
662-3,540

. 3,363
2,773

1,934
1,743

1,612
1,366

4,021
2,985

2,785
1,685

2,332
1,165

100%
3,015 (1,277)
1,308-5,487

Comparisons of home range size by sex indicated that rams (n=4) had larger home
ranges than ewes (n=14) at all levels of analysis (Table 4). Mean ram home ranges were
significantly larger than mean ewe home ranges at 100% MCP (Mann-Whimey U; p=
0.004), and mean 80% MCP for ewes was 50% smaller than for rams.
Figure 11 presents home range polygons (100% and 80% MCP) for selected ewes.
Individual ewe home ranges largely reflected the distribution of the subgroup to which the
ewe belonged. All ewe 100% MCP’s included areas along the Missouri River/Holter
Lake where lambing grounds are located. Figure 12 identifies home ranges for 2 rams.
The 100% MCP for ram No. 18 (mature at the time of relocation) indicates he ranged
throughout the study area, while the 80% MCP reveals several core use areas which differ
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from ewe subgroup core areas. Ram No. 33 (juvenile at the time of relocation) had
somewhat different home range characteristics. While the 100% MCP also indicates his
relocation throughout the study area, the 80% MCP reveals concentrated activity in the
same core use areas used by the northern ewe subgroup (Figure 13). Other relocated
immature rams expressed similar association with ewe subgroups and lacked the
independence exhibited by ram No. 18.

Figure 11 Florae ranges of 2 ewes.

I constructed 80% MCP’s for selected ewes to evaluate seasonal changes in home
ranges. Ram seasonal home ranges were not evaluated due to a limited number of winter
relocations (n=8). Seasonal polygons constructed for a ewe associated with the southern
subgroup (Figure 13) indicate her summer activities were concentrated on the Missouri
River cliffs (lambing habitat) and on Willow Mountain (post-lambing habitat) while
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Figure 13. Seasonal home ranges of 2 ewes.
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winter core use areas included Mann Gulch and Willow Canyon. Areas of summer and.
winter MCP’s differed by only 17 ha for this ewe. Seasonal home range polygons
constructed for a ewe associated with the northern subgroup indicate that she utilized
areas of similar size (Mann Whitney U; p= 0.945) and location among seasons.

Habitat Use
Sheep habitat use was evaluated to determine general and seasonal patterns of
selection and avoidance. Habitat variables examined for use-availability analyses include
cover type, elevation, slope, and aspect. Table 5 summarizes availability and use of
specific habitat variables.
Analyses indicated that sheep generally selected for grassland and rock/talus and
avoided all other cover types. Grassland was selected for in all seasons while rock/talus
was selected in spring and summer and utilized in proportion to availability in fall and
winter. The use of rock/talus in spring and summer is likely attributable to use of these
areas during and immediately following lambing in May and June. Shrub cover types
were utilized in proportion to availability in spring and fall and selected against in winter
and summer, while riparian cover types were utilized in proportion to availability in
winter and summer and avoided in spring and fall.
Elevations within the study area range between 1,092 m and 2,122 m with a mean
elevation of 1,310 m. Generally, sheep selected for lowest elevations (< 1,293 m), middle
elevations (1,293 m - 1,692 m), and utilized the highest elevations (1,693 m - 2,122 m) in
proportion to availability. While nearly half of the study area was < 1,293 m, this
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Table 5. Availability and use of habitat components by bighorn sheep on the BWMA.
Category
Cover Type
Forest
Grassland
Shrub
Rock/Talus
Riparian
Bum

PPN1 Overall
0.481
0.298
0.106
0.058 •
0.042
0.013

Winter Spring Summer

+

+

+'
0

+

+

0
0

+
_

+
0

0
0
o
0
0

+

+

0
0

0
0
0

+
0
0

+
0
0

_

Fall

+
0
0

Elevation (m)
1092-1292
1293-1492
1493-1692
1693-1892
1893-2122

0.475
0.332
0.140
0.036
0.017

+

0
0

0
+

•

0
0

Slope (%)
0-24

0.374

25-50

0.498
0.124

51-70
71-85

0.005

0
+
0
0

+

+
0
■

Aspect
N
NE
E
SE
S
SW
W
NW

■

0.148
0.050
0.052
0.098
0.134
0.170
0.168
0.180

1Proportion of study area.

0
+
0
0
0

0
0
0
0
0
0
0

0
0

0

+
0
0
0

+
0
0
0
0

0
0
0
0
0
0
0
0

55elevation class was selected for in spring and summer. Sheep expressed seasonal
variation in use of mid-elevations but no particular pattern could be discerned from the
data. Elevations above 1692 m, which comprise only 5.3% of the study area, were
utilized in proportion to their availability during all seasons. Mean elevation of sheep
groups was slightly higher in summer months (1313 m) than in winter months (1286 m):
Sheep generally avoided gentle slopes (<25%), selected for slopes of moderate
steepness (25-50%), and utilized the steepest slopes (>51%) in proportion to availability.
Sheep avoided gentle slopes in all seasons except for winter, during which this class was
utilized in proportion to availability. Moderate slopes, which comprised nearly half of the
study area, were selected for in all seasons. Steep slopes were utilized in proportion to
availability in all seasons except winter when they were avoided. Mean slope of group
relocations was 33% in winter, 34% in spring, 39% in summer, and 38% in fall.
As the study area was defined by the extent of sheep distribution, and sheep
distribution was largely determined by the presence of meadows with southerly and
westerly aspects, aspect analyses may be biased. Data indicate that sheep generally
avoided all northerly aspects (N, NW, NE) and used southerly aspects in proportion to
availability (Table 5). Analyses indicated slight seasonal variations in aspect use. Sheep
were observed on forested, northerly aspects in summer months where they sought relief
from temperature extremes. The selection for southeast aspects likely reflects the general
orientation of slopes within core use areas including Sheep Reef, the Oxbow, Leslie and
Hillary Mountains, and Mann Gulch.
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Escape Terrain
As indicated in Table 5, a relatively small portion of the study area (5.8%)
consisted of rock/talus cover type and an extremely small area (0.5%) had slopes > 70%.
Only 2 sites within the study area met McCullough’s (1982) dimension criteria; Willow
Mountain and the cliffs along the Missouri River south of Mann Gulch (Figure 14). Both
sites were located within the distribution of the southern subgroup and distribution
analyses indicated these sites represented seasonally-utilized core areas for this subgroup.
No escape terrain meeting the dimension criteria existed within the northern subgroup
distribution. However, the study area did contain several relatively small patches of
rocky terrain which exceeded 40% slope and were at least 150 meters long by 16 meters
high. These patches were distributed across the study area and were within/or adjacent to
sheep core use areas identified through distribution analyses (Figure 14).

Figure 14. Location of escape terrain (> 50%) within the study area (cross-hatched
areas > 70%).
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I evaluated sheep group relocation data relative to escape terrain and slope. Only
4% o f all groups were within IOOmof escape terrain meeting McCullough's criteria.
These were all associated with the southern subgroup and occurred during lambing and
post-lambing periods..The majority of groups (75%) were relocated within 100 m of
slopes > 35% while only 22% were within 100 m of slopes > 50%. No seasonal trends
were noted relative to sheep distance from slopes or escape terrain.

Ruggedness Indices
The mean standardized LSRI value for the study area was 22.84 with individual
values ranging from 28 to 168 (Table 6). Mean LSRI of the sheep core use areas was
significantly higher than the mean study area value (p = 0.004) indicating that sheep
activity was concentrated on relatively rugged sites within the study area. Mean LSRI
values were not significantly different either between subgroups (p = 0.148) or within
individual subgroup core use areas (northern p = 0.561; southern p = 0.232).

Sheep Movements
Marked sheep were sedentary and generally remained within the study area
throughout the year. Several mature, resident rams (n=4) annually immigrated into the
study area where they remained for a 2-month period coinciding with the rut. These rams
were not marked, and I was unable to identify their spring and summer ranges, but there
is evidence that they summer in the Sheep Creek/Stickney Creek drainages and the
GOMWA.
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Table 6. Mean LSRI values for the study area and sheep core use areas.
Area

Core Use Area

Study Area

Southern subgroup

Northern subgroup

All core use areas

Mean LSRI (S.D.)
91.36(28.39)

Mann Gulch
Willow Mountain
Willow Canyon

112.00(4.00)
125.33 (10.07)
110.67 (14.05)

Subgroup mean

116.00(11.31)

Sheep Reef
Oxbow
Hillary/Leslie Mtn.

104.00 (10.58)
108.00 (10.58)
111.33 (9.24)

Subgroup mean

108.44 (9.68)
112.22(10.93)

In fall 1996, a ram was observed near the northeast comer of the BWMA I day
before he joined the northern ewe subgroup. This location suggests that he might have
come from the Sheep Creek/Stickney Creek area to the north. A report of rams on Candle
Mountain in the GOMWA was received in 1997 (Jim Williams, MFWP, pers. comm.).
This area was part of the pre-die-off summer range and is in relatively close proximity to
the southern ewe subgroup. I was unable to substantiate summer occupancy of the
Candle Mountain area during ground investigations. I do not know whether these
resident rams are expressing remnant migratory patterns established prior to the 1984 die
off or if they have developed their own migratory routes. Despite observed interaction
between these resident rams and mature transplanted rams on the study area, no
transplants ever followed the resident ram seasonal movements.
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While non-migratory, some marked sheep made movements outside the study
area. I categorized these movements as either temporary exploratory movements or
permanent dispersal events depending upon whether the individual returned to the study
area. Four sheep demonstrated temporary, non-repeated, non-seasonal exploratory
movements. All individuals (3 rams from the 1995 transplant and I ewe from the 1996
transplant) returned to the study area and never repeated a specific movement pattern. I
present brief descriptions of these exploratory movements in Appendix B.
A total of 11 marked sheep permanently dispersed from the study area, which in
every case involved sheep swimming across the Missouri River/Holter Lake and
remaining on the west side for the remainder of the study. Dispersers included 8 ewes
and 3 rams. All of these individuals were members of the 1996 transplant group with the
exception of a young ram from the 1995 group. Table 7 presents a summary of dispersal
including ID, age and sex of dispersers, observation dates, and fate as of the conclusion of
fieldwork. One ewe (No. 40) dispersed in May 1996 but subsequently returned to the
BWMA in October 1996 where she remained for the duration of the study. This
individual is not included in dispersal analyses. After crossing the Missouri River/Holter
Lake, individual sheep either joined one of the existing subgroups of the Sleeping Giant
bighorn population (“sedentary behavior”) or they wandered about on their own and
never settled with a subgroup (“exploratory behavior”).
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Table 7. Summary of dispersal from the study area.
ID No.

Sex

Last observed
on study area

First relocated
outside study area

Post-dispersal
behavior

Fate

31
23
25
27
34
28
26
38
14
24
39

Ram
Ewe
Ewe
Ewe
Ram
Ewe
Ewe
Ewe
Ram
Ewe
Ewe

4/02/96
4/02/96
3/20/96
4/09/96
4/09/96
. 4/17/96
5/16/96
5/16/96
7/10/96
6/08/96
6/03/96

4/09/96
4/15/96
4/15/96
4/15/96
4/15/96
5/28/96
5/30/96
6/02/96
7/10/96
7/18/96
7/20/96

Sedentary
Exploratory
Exploratory
Exploratory
Sedentary
Sedentary
Sedentary
Sedentary
Sedentary
Exploratory
Sedentary

Dead
Dead
Dead
Dead
Dead
Alive
Alive
Alive
Alive
. ?
Alive

Dispersal appears to have been temporally clustered into 3 periods including early
April, late May/early June, and mid-July (Table I). The data indicate that all dispersal
events occurred after ice-out (necessitating swimming) and suggest that sheep dispersed
as groups rather than individually. Group dispersal is supported by observations of sheep
No. 14 crossing the Missouri River below Holter Dam accompanied by a resident
juvenile ram. While several of the 1996 transplant ewes (No.’s 23,25, and 27) dispersed
from the study area prior to the 1996 lambing season, others remained through and left
immediately following parturition (No.’s 26, 38, and 39). Ewe No. 38, produced a lamb
on the BWMA but dispersed immediately following the loss of her lamb 3 days after
parturition.
All 3 rams (No.’s 14,31, and 34) exhibited the sedentary post-dispersal behavior
and joined an existing ram band. This group, composed of 10-12 mature rams, occupied
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a small area opposite the Oxbow and only associated with ewe subgroups during the rut.
Two of the dispersing rams (No.’s 31 and 34) were killed by mountain lions prior to the
completion of fieldwork.
Ewes exhibited both types of post-dispersal behavior. Four of the dispersing ewes
expressed the sedentary behavior and joined existing ewe subgroups. Ewe No. 39, who
joined a small ewe group which occupied the ridges northwest of Wolf Creek,
successfully lambed in 1997 and was alive at the conclusion of fieldwork. The other 3
ewes (No.’s 26, 28, and 38) apparently dispersed simultaneously (Table 7) and joined a
relatively large ewe subgroup that occupied the area opposite the BWMA. All 3
produced lambs in 1997 and were alive when fieldwork ended.
The remaining 4 ewes (No.’s 23, 24, 25, and 27) all expressed the exploratory
post-dispersal behavior and appear to have dispersed simultaneously (Table 7). One of
these ewes (No. 24) was censored from the study due to radio failure, while the other 3
made unique and relatively extensive movements. All 3 died prior to completion of the
study, and brief descriptions of their movement patterns are presented in Appendix B.

Population Dynamics: Reproduction
Lambing areas within the study area were identified and monitored during
lambing seasons. Primary lambing sites were on steep, rocky cliffs along the Missouri
River/Holter Lake and included the Oxbow, Peregrine Rock, and the area south of Mann
Gulch (Figure 15). Ewes associated with the southern subgroup utilized the cliffs located
south of Manh Gulch while the ewes associated with the northern subgroup utilized the
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Oxbow and Peregrine Rock for lambing.

Figure 15. Lambing sites of resident and transplanted (cross-hatch) ewes.

Several transplant ewes did not show fidelity to specific lambing sites and lambed
in different locations during the 1996 and 1997 lambing seasons. Based on evaluation of
a limited sample (n=4), there was no evidence that changing lambing sites was associated
with lambing success/failure in the previous year. Transplant ewes occasionally utilized
“non-traditional” lambing sites, including steep, rocky terrain near the center and eastern
edge of the study area (Figure 15). Use of these sites was unique in that they were only
used once and were not utilized by resident ewes. Due to the limited sample sizes, I was
not able to compare survival of lambs bom in traditional versus non-traditional sites.
Lambing generally occurred between mid-May and mid-June and peaked during
the last week of May. A notable exception to this timing occurred in 1996 when ewes
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from the 1996 transplant group lambed during the first week in May, approximately 3
weeks earlier than the resident and 1995 transplant ewes. Lambing was generally
synchronous between all transplant and resident ewes in 1997. As not all lambs were
immediately observed, maximum lamb counts lagged behind the actual peak of lambing
by « 2 weeks.
Lambing areas were intensively monitored during lambing season, and I and my
field assistants typically visited each lambing site at least every other day. This
monitoring program allowed us to become familiar with the ewes on the lambing grounds
and to detect the appearance and disappearance of lambs. I am fairly confident in annual
lamb counts and associated estimates of lamb production. Due to the limited number of
lambs produced in any given year, I was also able to track of individual lambs throughout
the year and develop robust survival estimates.
The total number of lambs produced on the study area varied over the 3-year study
period, and annual production ranged between 11 and 19 lambs (Table 8). The
proportion of mature ewes producing lambs was consistently low (< 40%). As intensive
fieldwork was not initiated until 1996, the immediate influence of the 1995 transplant
group upon 1996 herd reproductive output is unknown. The addition of 13 mature ewes
in 1996 had little influence on either total lamb production or the proportion of ewes
producing lambs (Table 8). While the number of transplant ewes producing lambs did
vary over the 3 years, this variation likely reflects the addition of transplants which
influenced 1996 production levels and the subsequent dispersal of many transplant ewes
which influenced 1997 production levels. Over the 1996 and 1997 lambing seasons,
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transplant ewes produced a total of 16 lambs within the study area.

Table 8. Annual lamb production of the BWMA bighorn sheep population.

1995

1996

1997

Total number lambs produced
No. mature ewes in population1
Peak lamb:ewe ratio

14
37
38:100

19
47
40:100

11
31
35:100

No. transplants producing lambs
I^
...................
1Based upon population estimates.

5 of 7

10 of 21

7 of 13

As fewer than 50% of the mature ewes in the BWMA population produced lambs
in. any given year, I attempted to determine whether individual ewes exhibited an alternate
year reproductive pattern. The data indicate.that transplant ewe production varied
considerably in 1996 and 1997. In 1996, 38% of the 1995 transplatit ewes and 78% of the
1996 transplant ewes produced lambs. Relative proportions were reversed in 1997, when
73% of the 1995 ewes and 25% of the 1996 ewes produced lambs. Production by
individual ewes was highly variable. Two produced lambs in both 1996 and 1997,11
produced lambs in either 1996 or 1997, and 3 failed to produced a lamb in either year.
The limited duration of study and ewe dispersals and disappearances confounded
reproduction analyses, and I could not identify any distinct annual reproductive patterns
for the population. I was also unable to determine the relationship between failure to
lamb or lamb loss and ewe reproductive status the following year.
Regression analyses indicated that neither cumulative June-April precipitation
(p = 0.371) nor cumulative precipitation during the previous growing season (p = 0.299)
were significantly correlated with annual lamb production during the period of study.
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July precipitation was significantly and positively correlated with subsequent year
production (R2 = 0.999; p = 0.018). Tmax during the entire growing season was not
correlated with subsequent year lamb production (p = 0.433). I evaluated each growing
season month independently and found that August Tmax was nearly significant and
positively correlated with total subsequent year reproduction (R2= 0.963; p = 0.112).

Population Dynamics: Losses
The loss of individual sheep from the BWMA population occurred as a result of
lamb mortality, adult mortality, and dispersal and disappearance. Disappearance refers to
the loss of neckbanded sheep from the study population whose location and fate are
unknown. Nearly half of the relocated sheep were lost from the BWMA population
through either dispersal (28%) or disappearances (18%).

Lambs. Annual lamb mortality was evidenced through reduced numbers of
observed lambs during late summer and early fall. Lamb losses varied over the 3-year
study period (Table 9), and mortality (as a percent of lambs produced) was greater in
years with larger lamb crops. Survival of lambs bom to resident ewes was not
significantly different from those bom to transplant ewes in either 1996 or 1997 (Table
9), and no differences in patterns of lamb survival were discerned between the 1995 and
1996 transplant groups although such comparisons were limited by small sample sizes
and the short duration of the study.
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Table 9. Annual lamb mortality and recruitment during the study period.
1995

1996

1997

14
6 (43%)
8

19
13 (68%)
6

11
4 (36%)
7

•

Total lambs bom
Number lambs lost (%)
Number lambs recruited _
Subsequent spring lamb:ewe ratio .

22:100

13:100

23:100

Resident No. survived/No. produced

NA
NA

3/9
3/10

3/4

Transplant No. survived/No. produced

4/7

Kaplan-Meier survivorship curves indicate similar lamb survival patterns over all
3 years (Figure 16), with limited mortality on lambing grounds (May - June), significant
mortality between August I and September 15, and no mortality during fall and winter
months. Survivorship curves indicate that nearly half of the annual lamb crop was lost
during the late summer mortality period and that lambs which survived to October were
recruited into the population the following year. Despite minimal overwinter lamb
mortality, limited ewe productivity and the magnitude of late summer losses resulted in
low recruitment rates and low spring lamb:ewe ratios in all years (Table 9).
Causes of lamb mortalities were difficult to determine as no lambs were radioed
and dead lambs were extremely difficult to locate. While I was able to closely monitor
lambs while on lambing grounds, the frequency of displacement due to human approach
or other disturbance once ewes and lambs departed from lambing grounds limited my
ability to consistently monitor all lambs. I did investigate the death of 2 lambs in 1996
and 2 in 1997 (Appendix B).
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-O- 1996
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JULY 1
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NOV1

DEC 1

JAN 1

IVfcnth
1995 curve interpolated from MFWP relocation data.

Figure 16. Annual lamb survivorship curves1.

The 2 lamb mortalities discovered in 1996 were associated with disease. The late
summer/early fall of 1996 was the only period during this study in which the BWMA
sheep population exhibited obvious indications of disease. Significant coughing was
observed among ewes and lambs, and several individuals were sluggish in behavior and
ragged in appearance. The timing and cause of lamb mortality in 1997 was somewhat
different from the previous 2 years, with losses occurring in early summer while lambs
were on/adjacent to lambing grounds, and the mortalities were attributed to predation.
There were no indications of disease among the BWMA sheep population in 1997, and
the highest lamb survival rate was observed during this year (Table 9).
Multiple regression analyses indicated that lamb survival during the post-die-off
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period was significantly and positively correlated with April/May cumulative
precipitation and August Tmax (R2 = 0.713; p = 0.007). March precipitation had the
highest correlation of any single month during the post-die-off period but was not
significantly associated with lamb survival (R2 = 0.163; p = 0.219). During the pre-dieoff period, lamb survival was not correlated with April/May cumulative precipitation and
August Tmax (R2 = 0.125; p = 0.818) but was significantly correlated with March
precipitation (R2 = 0.701; p = 0.03 8).
Because lamb survival and recruitment is I factor that influences population
growth, I also attempted to determine the relationship between total population size and
precipitation/temperature. Multiple regression indicated that population size was
somewhat correlated with April/May cumulative precipitation and August Tmax during the
post-die-off period (R2 = 0.584; p = 0.030) but not during the pre-die-off period
(R2 = 0.220; p = 0.148). March precipitation was correlated with total population size
during the pre-die-off period (R2 = 0.880; p = 0.006) but not during the post-die-off
period (R2 = 0.002; p = 0.902).

Adults. The fates of individual marked adult sheep were evaluated from the time
.

of their release on the BWMA through the conclusion of field work utilizing 2 different
data sets. The first set was used to analyze fates of sheep remaining within the study area
for the duration of the study (non-dispersers) and includes dispersal as a potential “fate”
as it resulted in the loss of individuals from the study population. This analysis was used
to evaluate the effectiveness of augmentation relative to the BWMA bighorn sheep
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population. The second data set includes disperser fates and thereby facilitates an
assessment of overall transplant fate.
Data presented in Table 10 include dispersal as a potential fate. Slightly more
than a third (38%) of the sheep relocated to the BWMA through the augmentation
program remained alive and within the study area at the conclusion of fieldwork (Table
10). Dispersal was the most significant cause of loss from the population (28%) and
accounted for the loss of 50% of the 1996 transplant group. While the majority of
dispersing individuals were ewes (73%), dispersal was proportional to sex ratios in the
transplanted groups as 28% of all transplanted ewes and 30% of all transplanted rams
dispersed.
Mortality accounted for 18% of the transplant losses and was split equally
between predation and disease (Table 10). Disappearance of 6 neckbanded sheep
accounted for the remaining adult losses, with ewes from the 1995 transplant group which
were released prior to intensive monitoring representing 83% of all disappearances. .
Table 11 summarizes results from the second data set which includes the fates of
all dispersers. Over half (51 %) of the transplants survived through completion of the
study. Thirty-one percent died, with the specific causes of mortality including predation
(18 %), disease (10 %), and unknown (3 %). The remaining 18% disappeared during the
study (Table 11).
While similar proportions of the 1995 and 1996 transplant groups remained alive,
causes of loss differed among groups. The majority of losses from the 1995 group were
associated with disappearance (26%), and most losses from the 1996 group were

70
associated with mortality (45%). Of the adult sheep mortalities for which cause was
determined (n =12), mountain lion predation accounted for 58% and disease for 33%
(Table 11). While the majority of mortalities were ewes (n = 8), mortality rates were
proportional to sex ratios in the transplanted groups. All ram mortalities were due to
predation while ewe mortalities were associated with predation (37%) and disease (50%).

Table 10. Fates of marked adult bighorn sheep excluding dispersers.
Alive on BWMA

Dispersed

Mortality1
7 (3/3/1)

Disappeared
6

All (n=39)

15

Tl

1995 (n=19)
1996(n=20)

10
5

I
10

3 (2/0/1)
3 (1/3/0)

5
I

Ewe (n=29)
Ram (n=10)

11
4

8
3

5 (1/3/1) '
2 (2/0/1)

5
I

Radio (n=17)

5

7

5 (3/1/1)

0

^Predation/Disease/Unknown)

Table 11. Fates of marked adult sheep including dispersers.
Disappeared

Alive

Mortality1

All (n=39)

20

12 (7/4/1)

7

1995(n=19)
1996(n=20)

11.
9

3 (2/0/1)
9 (5/4/0)

5
2

Ewe (n=29)

15

6

Ram (n=10)

5

8 (3/4/1)
.4 (4/0/0)

Radio (n=17)

6

10 (7/2/1)

I

1(Predation/Disease/Unknown)

I
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Analyses of radiocollared individuals indicate that 29% remained alive on the
study area, 41% dispersed, and 29% died (Table 10). When disperser fates were
included, 35% were alive and 59% were dead (41% predation and 12% disease) at the
conclusion of fieldwork (Table 11).

Sheep Mortalities
I collected data on adult sheep mortalities to aid my evaluation of disease and
predation relative to sheep population dynamics. Table 12 summarizes data regarding 14
adult sheep mortalities including transplant (n =12) and resident (n= 2) mortalities.
Mortalities occurred throughout the study period with the majority (71%)
occurring in 1996, and 7 of the 10 mortalities which occurred in 1996 were 1996
transplants. Mortality dates identified in Table 12 indicate that there were 2 primary
mortality periods; a spring period (March - May) and a fall period (October - November).
The only exception to this temporal mortality pattern was the disease related death of a
ewe in July 1996 subsequent to her association with domestic sheep.
All sheep mortalities occurring during the spring period were due to mountain lion
predation (n=9) while all mortalities within the fall period (n=4) were disease related
(Table 12). This pattern held throughout the duration of the study for both resident and
transplanted individuals.
The physical characteristics of 12 known mortality sites within and outside the
study area were evaluated. While there was no geographical pattern to locations of sheep
mortalities, other than that those on the BWMA were located within or adjacent to sheep

Table 12. Summary of adult sheep mortalities.
Sheep ID/Sex

Date

12/Ewe

11/15/95

17/Ram

Location

Cause

Cover type

Dist. to escape terrain (m)

LSRI value

Near Oxbow

Unknown

Grassland/Shrub

50

112

3/1/96

Acres Gulch

M. Lion

Forest

10

136

19/Ram

3/9/96

Sheep Reef

M. Lion

Rock/Talus

10

140

22/Ewe

3/29/96

Cottonwood Creek

M. Lion

Riparian

30

92

Resident/Ewe

4/16/96

Near Peregrine

M. Lion

Riparian

50

108

23/Ewe

5/14/96

E. Jackson Peak

M. Lion

Rock/Talus

On

152

25/Ewe

7/3/96

Baucus Ranch

Disease

Grassland

1000

84

2 1/Ewe

10/21/96

Cottonwood Divide

Disease

Bum

5

124

35/Ewe

11/20/961 Sheep Reef

Disease

NA3

NA

NA '

36/Ewe

11/20/961 Sheep Reef

Disease

NA3

NA

NA

27/Ewe

11/23/96

Towhead Gulch

M. Lion

Forest

1200

136

34/Ram

3/15/97

Opposite Oxbow

M. Lion

Rock/Talus/Shrub

25

116

Resident/Ewe

5/29/97 '

Willow Mountain

M. Lion

Rock/Talus

On

172

31/Ram

5/13/982

Falls Gulch

M. Lion

Riparian

150

60

’Approximate date of death.
2Found after fieldwork had concluded.
3NA = no data available.
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core use areas, mortality site analyses did yield some discernible patterns. Sheep
mortalities were located in a variety of cover types including forest, grassland, riparian,
bum, and rock/talus. Only 2 sites associated with disease-mediated mortality were
investigated and they differed considerably in terms of cover type, distance to escape
terrain, and LSRI value (Table 12).
Predation sites were located within riparian communities (n=3), forested areas
(n=3), rock/talus slopes (n=2), and a grassland area with a small shrub and tree
component (n=l). Although no I did not obtain any statistical measurements at the
predation sites, all were characterized by limited visibility resulting from either vegetative
characteristics or topographic features. Predation sites were generally in close proximity
to escape terrain (Table 12), with 78% of sites within 50 m of escape terrain and 44%
within 10 m. Mean distance of all predation sites from escape terrain was 164 m and if I
exclude ewe No. 27, who roamed widely subsequent to dispersing, the mean distance
from escape terrain was 31m.
The mean standardized LSRI value for all sheep mortality sites was 119.33 (S.D.
= 30.98). Although mean predation site LSRI value (122.40) was larger than disease sites
(104.00), there was no statistically significant difference between them (p = 0.469).
Comparison of mean LSRI values of predation sites within (n=4) and outside (n=5) the
study area indicated no significant difference (p = 0.828). I also compared mean LSRI
values of predation sites and bighorn sheep habitat. While mean predation site LSRI was
significantly larger than the mean study area value (p = 0.017), there was no difference
between predation sites and sheep core use area LSRI values (p = 0.156).
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Transplant Survivorship
Kaplan-Meier survivorship curves were constructed for all marked adult sheep for
the period 3/1/95 to 9/1/97. The standard survivorship curve (Figure 17) accounts for
censored individuals whose fates are unknown. Best case and worst case scenarios
assume all censored individuals either lived and died, respectively (Figure 17), and
provide a general range which encompasses the true transplant survivorship function.
Figure 17 indicates that overall survivorship, including censored individuals, was
0.65 for the study period. Survivorship curves associated with the best case and worst
case scenarios did not significantly change the final survivorship values (0.68 and 0.46,
respectively) and suggest that between 1/2 and 2/3 of the relocated sheep were alive.
Survivorship curves are particularly valuable for identifying differential '
survivorship among population cohorts and critical mortality periods. Survivorship
varied among transplant groups, with the final value for the 1995 group (0.80) somewhat
higher than for the 1996 group (0.58). The curves also indicate that all losses among both
the 1995 and 1996 transplant groups occurred during their first year on the study area.
Survivorship at the end of their first year was 0.80 and 0.58 for the 1995 and 1996
groups, respectively. One ram from the 1996 group died in 1998 after fieldwork had
concluded and was not included in survivorship analyses.

Population Estimates
Estimates of the BWMA bighorn sheep population size were calculated for 1995,
1996, 1997, and 1998 (Table 13). As these estimates represent mean values derived from
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several sub-estimates made at different times during the year, I have also indicated the
number and ranges of sub-estimates. Table 13 also presents the minimum number known
alive based upon maximum counts and annual MFWP census results.

■& K-M c u r v e
- ♦ - B e s t s c e n a r io
-Hfr W o r s t s c e n a r iq

a a □□□

1 2

3 4
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7 8 9 10 11 12 13 14 1 5 16 I 7 1 8 1 9 20 21 22 23 24 25 26 27 28 29 30
M o n th ly I n te r v a l

1 Curves based upon survivorship during I-month intervals beginning 3/1/95.

Figure 17. Survivorship curves for transplanted sheep (n=39) for the period 3/1/95 to
9/1/97'.

Lincoln-Peterson estimates indicate that the population declined over the first
three years of the study period. While 95% confidence intervals are relatively large and
failure to met all model assumptions limits the robustness of these estimates, a similar
trend was identified in the MFWP census results. Although the 1996 estimate appears
similar to the previous year, the 1996 population included 20 transplanted sheep. After a
decline in 1997, the population appeared to have stabilized in 1998, although the 1998
estimate is based on limited data.
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Table 13. Estimates of BWMA bighorn sheep population size.
1995

1996

1997

1998

68

64

38

42

35-100

38-89

27-48

28-55

11 (48-94)

30(26-115)

11 (27-47)

2(39-44)

Minimum No. alive

52

42

35

24

MFWP census

45

30

20

24

Mean estimate
95% C. I.

No. sub-estimates (range)

Counts of maximum number of sheep observed during ground surveys or
relocation flights provide conservative population estimates which are assumption-free.
The minimum number alive (Table 13) reflected a similar trend to that identified by
Lincoln-Peterson estimates and MFWP censuses. The most significant variation between
minimum number alive and population estimates/censuses is for 1998 and is likely due to

limited data for this year.

Necropsy Results
Necropsies provided the only opportunity for detailed investigation of health and
disease processes in individual sheep during this study. I collected carcasses of a male
lamb and a transplant ewe which were in conditions that permitted necropsy. Table 14
summarizes necropsy results of these individuals as well as results of previous
necropsies conducted on sheep from the study area. Two rams were found during the
1984 die-off and a lamb several years later (Table 14), and these necropsies provide a

historical context relative to health and disease in this population. Full necropsy reports
for the lamb and the ewe are included in Appendix C.
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Table 14. Necropsy results for sheep from the B WMA population.
Date
Sex/Age Lungworm1 Nutrition2
Isolates3
09/20/84 ram/adult
Few
Poor
P. hemolytica, E.coli

I

Diagnosis
Pateurellosis

09/25/84 ram/adult

Many

Poor

07/24/91 ram/lamb

None

Fair

Streptococcus
zooepidemicus

Streptococcal pneumonia

07/31/96 ewe/lamb

None

Fair

NA

Unspecified pneumonia

10/22/96 ewe/adult

Few

Poor

T t

-I

I

P. multocida, E. coli Verminous pneumonia

Streptococcus spp. Streptococcal pneumonia

" ' T

1Relative lungworm burden based on examination of lung tissue and Baermann analysis.
2Relative nutritional status based upon Kidney Fat Index.
3Primary isolates obtained from tissue cultures.

Necropsy results indicate several similarities between the ewe and lamb found
during this study and other sheep from the BWMA population (Table 14). First, all
mortalities occurred during late summer and early fall. Second, diagnoses indicated that
all mortalities were pneumonia-induced, with Pasteurella spp. isolated from the 2 rams
but not the lambs or ewe. Due to the difficulty of isolating pathogens in carcasses which
have experienced tissue autolysis, the absence of Pasteurella spp. may be an artifact of
the time delay between death and necropsy. Finally, all individuals were in poor to fair
physical condition and, with the exception of I ram, had relatively low lungworm
burdens.

Fecal Analyses

Lungworm, Baermann analyses were conducted on 152 pellet samples obtained
from known individual sheep. Samples were obtained from resident and transplant ewes
and rams during all months, and from lambs between July 1996 and February 1997.
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Initial Baermann analyses utilizing dried, whole pellets yielded results that were biased
low and not reflective of actual larval shedding rates. A possible explanation for low
larval recovery from whole pellets is that the drying process creates an impenetrable outer
coat which is a barrier to larval migration during Baermannization. Subsequent
Baermann analyses utilized lightly crushed pellets which resulted in higher larval counts.
Correlation analysis indicated no relationship between LPG levels obtained from whole
and crushed pellets taken from the same individual.
Lamb samples were negative for Protostrongylid larvae until August, at which time
lambs were « 2 months old. Lamb LPG levels remained low throughout their first 8
months of life, with an overall mean of 7 LPG and a range of O- 44 LPG. The majority
of lamb samples (88 %) contained < 20 LPG. I did not collect an adequate number of
lamb pellet samples to assess differences among: I) lambs bom in different lambing
areas; 2) lambs bom to different subgroups; and 3) male versus female lambs.
Protostrongylid larvae were found in 98% of all crushed adult sheep pellet samples
(n=83). Figure 18 presents monthly LPG means/ranges for adult samples. The data
indicate that LPG levels were highly variable both within and between months and there
were no discernible patterns to larval shedding rates.
Table 15 summarizes and compares the results of Baermann analyses. Mean adult
LPG was 86 and individual samples ranged from Oto 535 LPG. High LPG values were
relatively uncommon with « 14% of adult samples exceeding 100 LPG and < 7%
exceeding 300 LPG. Pellet samples collected during fall months had significantly higher
LPG levels than all other seasons (p = 0.042). Elevated fall levels were largely due to an
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Figure 18. Mean monthly LPG levels for crushed adult sheep pellet samples.

Table 15. Summary of Baermann results.
Group
Adults
Season
winter
spring
summer

Sample size
83

Mean LPG (S.D.)
92(117)

18
19
27
19

87 (98)
75(99)
64(92)
119(144)

Ram

22

120 (142)

Ewe

61

83(108)

Resident
Transplant

35
48

81(94)
145 (133)

Southern subgroup
Northern subgroup

12
21

118(112)
117(138)

fall
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increase within the ram cohort during this period (mean = 152 LPG). While rams had a
higher mean LPG count than ewes (Table 15), the difference between genders was not
statistically significant (p = 0.450). No statistical differences existed in shedding rates
between transplant and resident ewes (p = 0.376) or between ewe subgroups (p = 0.254).

Fecal Nitrogen. Kjeldahl analyses were conducted on individual adult (n=54) and
lamb (n=l I) pellet samples collected between June 1996 and August 1997. Kjeldahl
results (Figure 19) indicate that adult fecal nitrogen levels (%TKN) exhibited a distinct
seasonal pattern. Mean fecal nitrogen levels declined rapidly between June 1996 and
October 1996, at which time they stabilized at »1.3 %TKN where they remained until
April 1997. Fecal nitrogen levels then increased and peaked in May (2.34 %TKN) before
declining through June, July, and August of 1997. Fecal nitrogen levels appear to have
declined at a slower rate during the drought summer of 1997 than during the summer of
1996. Lamb samples also revealed a similar seasonal trend, and lamb fecal nitrogen
levels were similar to adult levels.
Samples sizes limited precluded statistical comparisons of fecal nitrogen levels
among population cohorts. Table 16 indicates a wide range of fecal nitrogen levels
among adult bighorn sheep. There was no significant difference in mean annual %TKN
between rams and ewes (p = 0.426). There were seasonal differences (p < 0.001) in mean
%TKN which corresponded with changes in plant phenology through the year.
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I
□
□

6/96

8/96

Min-Max
25%-75%
Median

9/96 10/96 11/96 12/96 1/97

2/97

MONTH
Figure 19. Monthly % TKN for adult sheep.

Table 16. Summary of Kjeldahl analyses.
'

0ZoTKN1

Range

All adults

1.60 (0.49)

0.73-3.19

Ewes
Rams

1.73 (0.48)
1.53 (0.49)

0.90-3.19
0.73-2.54

Season
winter
spring
summer
fall

1.24(0.09)
1.66(0.53)
2.08 (0.37)
1.41 (0.33)

1.00-1.37
1.18-2.03
1.77-3.19
0.73-1.88

1Mean (Standard Deviation)

3/97

4/97

5/97

6/9 7

7/97

8/97
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Sheep Population Models

The expected model (Figure 20) indicates a stable sheep population until
augmentation after which the population grows steadily (r = 0.116), exceeding 200
individuals by the year 2010. The observed model (Figure 20) indicates a declining
population decline after augmentation (r = -0.07), with < 20 individuals at the end of the
model period. While this model indicates that the population is susceptible to extirpation
within 20 years, it must be noted that I do not have long-term data necessary for a
rigorous model and that the performance of this population is significantly affected by
unpredictable climatic variability. The model does not include “good” years in which
reproductive success and recruitment is improved and/or predation is reduced. Therefore,
the actual trajectory of the BWMA bighorn sheep population over the next 20 years, and
its ultimate vulnerability to extirpation, will be largely dependent upon environmental
variability.
The model in which there was no predation of adult sheep (Figure 20) indicates
that the elimination of predation on adult sheep would somewhat influence sheep
population dynamics and lead to a relatively stable population (r = - 0.004). This model
suggests that the elimination of predation would not result in growth of the BWMA sheep
population.

'B -B p e c te d
Observed
No predation

1991 1992 1993 1994 1995 1996 1997 1998 19992000 2001 2002 2003 2004 2005 20062007 2008 2009 2010

Year
Figure 20. Bighorn sheep population models.
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Mountain Lions

Capture. Marking, and Observation
A total of 8 mountain lions were captured and marked over the course of this
study. Additional mountain lions (n=5) were treed, but were either previously marked or
not adequately immobilized. The !roundsmen and I purposely re-captured 2 marked
individuals to replace a faulty collar and to replace a kitten collar with a juvenile collar.
All captures occurred between January 1996 and February 1997, and we relied on snow
cover to locate and trail animals in all but one instance. Capture opportunities were
limited by local snowfall patterns and Chinook winds. Table 17 presents a summary of
mountain lions captured during this study and indicates their fates through conclusion o f'
fieldwork.

Table 17. Summary of mountain lion captures, relocations, and fates.
ID1

Age

Date of Capture

No.ReIocations

Fate

Juvenile

1/17/96

31

Alive

F22

Adult

1/19/96

33

Harvested- Illegal

M l2

Kitten

1/19/96

25

Harvested- Legal

M2

Adult

3/8/96

11

Unknown

M3

■Adult

3/26/96

22

Harvested- Legal

F32

Kitten

5/17/96

7

Unknown

M4

Juvenile

12/18/96

6

Harvested- Legal

F4

Juvenile

1/18/97

2

Drowned

Fl

1F = female and M = male
2Members of family group."
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I obtained a total of 137 relocations of marked mountain lions. While the
majority of relocations were obtained aerially (n=l 13), some were obtained through
capture events (n=8), visual observations (n=8), and shed radiocollars and mortality
locations (n=8). All relocations, including observations of 3 unmarked mountain lions,
were utilized for distribution and habitat analyses.
Telemetry error associated with aerial relocations was determined by comparing
the distance between estimated radio locations and their true location (n= 8). Telemetry
error ranged from 39-180 m with a mean of 110 m. However, relocations were often
within forested patches or in topographically-distinct sites which allowed me to locate the
animal with greater precision than the estimated telemetry error and to accurately assign
cover types.

Distribution and Core Use Areas
Relocation data and supplemental field observations indicated that mountain lions
.were widely distributed across the BWMA (Figure 21) and overlapped considerably with
bighorn sheep distribution on the study area. Use of areas on the west side of the
Missouri River by 2 adult male mountain lions and use of the Elk Ridge area (« 20 km
southeast of the BWMA) by the family group are reflected in Figure 21.
The 80% HM isopleth (Figure 21) indicates that mountain lion activity was
concentrated in the western 2/3 of the BWMA and adjacent areas, including the
GOMWA to the south and private lands to the north. This isopleth encompasses 5 of 6
bighorn sheep core use areas and indicates significant mountain lion activity within and
adjacent to bighorn sheep range.
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Mountain lion distributions differed by season (Figure 22). Winter distribution
was concentrated in the western half of the BWMA and adjacent areas while summer
distribution encompassed almost the entire BWMA and adjacent areas. Total area of
summer distribution (29,000 ha) was 238% larger than the winter distribution (12,260
ha). Mountain lion winter activities were concentrated among core use areas in the center
and western portion of the BWMA (Figure 22). Winter core use areas encompassed a
total area of 3,288 ha. Summer core use areas included the Mann Gulch/Meriwether
Canyon area, the center of the BWMA, and Elk Ridge (Figure 22) and encompassed a
total area of 8,281 ha.
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Figure 22. Mountain lion summer (white line) and winter (dark line with cross-hatching)
core use areas.

Home Areas
I obtained an adequate number of relocations to conduct home area analyses on 4
mountain lions (Table 17). As 2 individuals were associated with family group, home
areas were ultimately calculated for 3 mountain lions including females Fl and F2 and
male M3. Table 18 summarizes home area (100% MCP) and core use area (80% HM)
characteristics of these 3 individuals.
The home area of female Fl encompassed approximately 5,615 ha in the western
portion of the BWMA and adjacent areas (Figure 23). Her home area significantly
overlapped with bighorn sheep distribution and encompassed 5 of 6 sheep core use areas.
Seasonal 100% MCP’s were similar in size. The 80% HM isopleths (Figure 23) indicated
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2 areas of concentrated activity within her home area including a small area along Log
Gulch and a larger area in the southwestern portion of the study area. These core areas
generally corresponded to seasonal-use areas within her home area and analyses indicated
that her activities were concentrated in the southern portion of the study area during the
summer and the Log Gulch and Peregrine Rock/Willow Canyon areas during the winter.
Mean elevations of summer and winter relocations were similar.

Table 18. Characteristics of mountain lion home areas (100% MCP)
and core use areas (80% HM).
Fl

F2

M3

No. Relocations

31

33

22

Home Area size
Total
Winter
Summer

5,615
4,618
3,726

17,481
4,458
9,732

13,500
1,130
9,741

Core area size
Total
Winter
Summer

1,829
585
694

6,085
582
851

1,670
326
973

Mean winter elevation (m)

1,350

1,430

1,218

Mean summer elevation (m) 1,392

2,011

1,541

Female F2, the mother of the family group, had the largest overall home area
which included the western 2/3 of the BWMA and extended out to Elk Ridge (Figure 24).
Her summer range was significantly larger than her winter range and 80% HM isopleths
indicate that the total area of her core use areas was > 3 times larger than those of Fl and
M3 (Table 18). Her core use areas (Figure 24) were located in the central portion of the
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Figure 23. Home area and core use areas for mountain lion FL

Figure 24. Home area and core use areas for mountain lion F2.
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BWMA and on Elk Ridge and were used differentially among seasons. Her winter
distribution was concentrated in the BWMA core use area while her summer distribution
was concentrated along the eastern edge of the BWMA and on Elk Ridge. Mean
elevation of F2 summer relocations was 581 m higher than winter relocations which
reflects her use of higher elevation habitat on Elk Ridge during summer months.
The 100% MCP ’s constructed for Fl and F2 indicate a substantial overlap of their
home areas. Comparison of the 80% HM isopleths indicates only slight overlap of their
core use areas (Figures 23 and 24). These data suggest that the females maintained
spatial separation by utilizing distinct core use areas.
Mountain lion MS’s home area (100% MCP) encompassed the western 3/4 of the
BWMA and a portion of the Sleeping Giant Wilderness Area (Figure 25). His home area
was intermediate in total size (Table 18) and overlapped with both female home areas.
Unlike Fl and F2, M3 utilized multiple, small core use areas that were distributed
throughout the BWMA and adjacent areas (Figure 25).
Winter distribution of M3 was limited to the extreme western portion of the
BWMA and adjacent areas (Figure 25), with winter core areas including the Log Gulch
and Peregrine Rock areas which were also utilized by FL 1Winter relocations for M3
were limited (n=8) which may have influenced the results of seasonal home area analyses.
His summer distribution included portions of the Sleeping Giant Wilderness Area and the
western 3/4 of the BWMA (Figure 25). Summer core use areas were generally located in
the center of the BWMA and encompassed a total area of 973 ha. Mean elevation of
summer relocations was 323 m higher than winter relocations (Table 18) indicating use of
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higher elevations during summer months.

Figure 25. Home area and core use areas for mountain lion M3.

Based upon mountain lion relocation data, distribution and home area analyses,
and field observations, I estimated the extent to which mountain lions were present on
bighorn sheep range. I utilized the concept of mountain lion-days to assess annual
temporal overlap between the 2 species. A mountain lion-day is equivalent to I adult
mountain lion present on bighorn sheep range for at least a portion of I day. While the
majority of the annual mountain lion-days occur in winter months, mountain lion Fl did
occupy portions of bighorn sheep range throughout the year. The data suggest that on
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average, there are an annual total of 400 mountain lion-days on the BWMA bighorn
sheep range.

Habitat Use
Habitat use analyses were based upon independent mountain lion relocations
(n=108). Table 19 summarizes availability and use of several habitat variables including
cover type, elevation, slope, and aspect.
Mountain lions generally avoided grasslands and selected for forested areas
including Ponderosa pine and Douglas fir cover types (Table 19). All other cover types
were utilized in proportion to availability. There was seasonal variation relative to cover
type use (Table 19). During winter months mountain lions avoided lodgepole pine
selected for Ponderosa pine and Douglas fir. During summer months, they selected for
Lodgepole pine and used Ponderosa pine and Douglas fir proportionately.
Mountain lions selected for mid-elevations (1293-1492 m) and avoided higher
elevations (1693-1892 m; Table 19). Seasonal elevation use was similar excepting
mountain lion avoidance of highest elevations in winter and avoidance of lower
elevations during the summer. These elevational changes corresponded to seasonal
changes in cover type use as they utilize low elevation Ponderosa pine and Douglas fir
forests in winter and lodgepole pine forests in summer.
Mountain lions generally avoided fiat slopes (0-14°) and utilized all other slope
categories in proportion to availability (Table 19). The only seasonal change to this,
pattern of slope use was avoidance of the steepest slopes in winter months. They also
selected for northern aspects, avoided eastern, southeastern, and southern aspects, and
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Table 19. Summary of mountain lion habitat use-availability analyses.
Habitat Variables
Cover Type
Grassland
Shrub
Forested
Aspen
Lodgepole
Ponderosa Pine
Douglas Fir
Other/Mixed
Riparian
Rock/Talus
. Bum

PPN1

Overall

Summer

Winter

0.266
0.094

0

0

0

0.019
0.020
0.120
0.165
0.166
0.057
0.054
0.042

0
0
+
+
0
0
0
0

Elevation (m)
1092-1292
0.267
1293-1492
0.290
1493-1692
0.282
1693-1892
0.143
1893-2092
0.018
Slope (percent)
0-24
0.265
21-50
0.640
51-70
0.092
71-85
0.003
Aspect
N
0.192
NE
0.093
E
0.090
SE
0.086
S
0.122
SW
0.163
W
0.140
NW
0.114
1Proportion of study area.

0
+
0
0
0
0
0

0
+
0
_

0
0
0
0

0

.

+
+
0
0
0
0

0
+
0

0
0
0

0
0
0

0
0

+
0
-

■ +
0
.-

+
0

0
0
0

,

0
0
0
0

0
0
0
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utilized all others in proportion to availability. The only seasonal change relative to
aspect was increased use of southerly aspects during summer months.

Movement and Dispersal
Relocation data indicated that some mountain lions were relatively sedentary
while others, particularly adult males and juveniles, exhibited large movements or
dispersed significant distances. Due to the limited period of monitoring, loss of marked
individuals, and inability to capture all individual mountain lions inhabiting the BWMA, I
was unabld to determine whether observed movements were associated with residents
moving about an established home area or transients in search of a home area.
The adult females (FI and F2) both appeared to be utilizing established home
areas which included portions of the BWMA and adjacent areas. Fl was sedentary and
utilized the western portion of the BWMA throughout the year while F2 migrated to
summer range on Elk Ridge. I only monitored F2 for I winter and I summer prior to her
death on Elk Ridge and, therefore, could not confirm whether this was an annual
migration pattern.
The adult males (M2 and M3) both crossed the Missouri River soon after they
were marked, and F4 drowned in the Missouri River. These observations suggest that the
river does not represent a physical barrier for mountain lions and that some individuals
may establish home areas which encompass lands on both sides of the river. While M2
had a radio failure and was censored from the study, M3 returned to the BWMA and was
subsequently harvested. I do not know whether he returned because of an interaction
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with a large adult male known to inhabit the opposite side of the river or it was part of his
natural movement pattern. Appendix B includes brief summaries of observed mountain
lion movement patterns.
Fourjuvenile mountain lions (F3, F4, M l, and M4) were captured during this
study. The 2 females were lost soon after capture while both males eventually dispersed
and were harvested within 16 months of their dispersal. Brief summaries of these
dispersals are presented in Appendix B.

Food Habits
Kill Sites. I analyzed a total of 34 mountain lion kill sites within (n = 29) and
outside (n = 5) the study area. All kill sites located outside the study area were
mortalities of radiocollared sheep that had dispersed from the BWMA. Table 20
)
summarizes kill site information including date, prey species, location, and physical
characteristics. While predation analyses were based upon all sites, prey species analyses
utilized only kill sites located within the study area to minimize potential bias resulting
from unequal monitoring and searching of “outside” areas.
Results should be interpreted cautiously with respect to general mountain lion
diets as efforts to locate kill sites were concentrated within the area of sheep occupancy
and are likely biased due to relative densities of prey species in this portion of the
BWMA. Estimated densities of large ungulates during the period of mountain lion
occupancy include 20 antelope, 30 elk ,45 bighorn sheep, and 100 deer.
Overall, deer accounted for 80% of mountain lion kill sites, with bucks and does
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Table 20. Summary of mountain lion kill sites.
Kill ID

D a te

P rey s p e c ie s

C overT ype

LSRI

2

1 /1 7 /9 6

B u ck

S h ru b

116
108

3

.1 /1 9 /9 6

B u ck

F o r e st

4

2 /0 4 /9 6

D oe

Riparian

92

5

2 /2 0 /9 6

Elk c a lf

S h ru b

92

6

3 /0 1 /9 6

R am 1

F o r e st

136

7

3 /0 9 /9 6

R am

R o c k /T a lu s

,1 4 0
76

8

3 /2 6 /9 6

B u ck

Riparian

9

3 /2 9 /9 6

Ewe

Riparian

92

10

4 / 1 0 /9 6

B u ck

F o r e st

120

D oe

Riparian

116

11

4 / 1 2 /9 6

12

4 / 1 4 /9 6

D oe

Riparian

100

13

4 / 1 6 /9 6

Ewe

R o c k /T a lu s

108

14

4 / 2 3 /9 6

B u ck

Riparian

96

15

4 / 2 4 /9 6

D oe

S h ru b

100

16

4 /2 5 /9 6

D oe

F o r e st

108

17

4 /2 9 /9 6

D oe

F o r e st

116

18

5 /1 4 /9 6

E w e1

F o r e st

152

19

1 0 /0 7 /9 6

B u ck

G rass

88

20

1 0 /0 8 /9 6

D oe

F o r e st

132

21

1 0 /1 5 /9 6

D oe

Riparian

68

22

1 1 /2 3 /9 6

E w e1

F o r e st

136
84

23

1 2 /1 7 /9 6

B u ck

G rass

24

1 /2 3 /9 7

B u ck

Riparian

96

25

3 /1 5 /9 7

R am 1

S h ru b

116

26

4 /1 8 /9 7

B u ck

S h ru b

104

27

5 /0 5 /9 7

D oe

F o r e st

128

28

5 /1 6 /9 7

D oe

S h ru b

116

29

5 /1 9 /9 7

B u ck

G rass

112

30

5 /2 2 /9 7

B u ck

G rass

104

31

5 /2 7 /9 7

B u ck

F o r e st

124

32

5 /2 9 /9 7

Ewe

R o c k /T a lu s

172

33

6 /0 1 /9 7

D oe

F o r e st

132

34

7 /0 1 /9 7

D oe

Riparian

84

35

5 /1 5 /9 8

R am 2

Riparian

60

.

1 Kill site located outside the study area.
2Killed after the completion of field work and outside the study area.
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preyed upon in relatively equal proportions (54% and 46%, respectively). Bighorn sheep
was the prey species at 17% of the kill sites with ewes and rams represented in equal
proportions. The only other prey species was a yearling elk that was killed.by the family
group during the winter of 1996.
I analyzed and compared physical characteristics of deer and bighorn sheep kill
sites. The majority of kill sites (63%) were located within forest and riparian cover types.
Mean elevations of sheep (1,256 m) and deer (1,208 m) kills were not significantly
different (p = 0.910). Mean slope of sheep kill sites (40%) was significantly larger
(p = 0.054) than mean slope of deer kills (29%). While no pattern of sheep kills relative
to aspect was discerned, deer kill sites showed a seasonal pattern. The majority of deer
kill sites during the winter (n = 13) were on westerly and southwesterly aspects while in
summer they were on northerly and northwesterly aspects. Comparison of kill site LSRI
values indicated that although the mean LSRI value of sheep kill sites (124) was higher
than deer kill sites (107), the difference was not statistically significant (p = 0.284).
Mountain lion kill sites located within the study area during 1996 and 1997
included 24 deer, 4 bighorn sheep, and I elk. Predation events were temporally limited to
the period between late fall and early spring, and generally reflected mountain lion
seasonal occupancy of the study area. The majority of mountain lion kills that were
located (95%) occurred between October and May (Table 20). Deer kills were found
throughout the year, while bighorn sheep kills occurred only between March and May.
Mountain lion Fl inhabited the study area on a year-round basis which likely explains the
deer kills that were found during the summer and early fall periods.
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Scat Analysis. Mountain lion scats (n=30) were collected between January 1996
and July 1997 to augment food habits analysis. Only relatively fresh scats were collected
(< 2 weeks) to allow for a relatively accurate estimate of the date of deposition. As some
scats were collected from different members of the family group and multiple scats were
collected at bighorn sheep kill sites, I analyzed only 21 scats to ensure sample
independence.
Deer hair was found in nearly half (48%) of the scat samples (Table 21) but I did
not distinguish deer species. Elk and bighorn sheep hair were found in equal proportions
among scat samples (24%), and a single sample (4%) contained mountain goat hair.
These results generally correspond with kill site data and indicate that deer represented
the primary prey species for mountain lions within the study area while elk and bighorn
sheep comprised lesser dietary components.
Scat dates and associated prey species (Table 21) also corresponded with kill site
analyses. Deer hair was identified in scats collected throughout winter and early spring
months. Elk hair was found in scats collected during January, February, and July.
Bighorn sheep hair was only identified in scats collected during the month of March.
Coyote scats (n=126) were collected in all months to help assess coyote predation
upon sheep, although presence of prey species in scats does not provide proof of
predation due to coyote scavenging behavior. Coyote diets were diverse and I identified
12 food categories in scats (Table 22). I consolidated 4 prey items that were each found
in one sample (bird, fish, porcupine, marmot) into a single Miscellaneous category. The
majority of coyote scats (67%) contained more than one type of food item, and there were
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a total of 221 food items in the 126 scats. Table 22 summarizes coyote scat components
relative to the percentage of scats containing each food item (total > 100% due to
multiple food items in scats) and as a proportion of all dietary items (total = 100%).
Seasonal dietary components are presented only as proportions.

Table 21. Results of mountain lion scat analysis.
ID
No.

Date
Deer
Collected

10
22

Elk

1713/96
•

Bighorn Mountain
sheep
goat

X

1 /2 5 /9 6

X

23

1/19/96

X
X

36

2 /0 5 /9 6

41

2 /1 4 /9 6

46

2 /2 0 /9 6

X

47

2 /2 6 /9 6

X

48

2 /2 7 /9 6 •

X

49

2 /2 8 /9 6

54

3 /0 8 /9 6

X

55

3 /1 4 /9 6

X

56

3 /1 4 /9 6

X

. 61

3 /1 8 /9 6

X

65

3 /3 1 /9 6

X

68

4 /1 5 /9 6

X

69

4 /2 3 /9 6

X

78

5 /1 2 /9 6

X

129

1/1 0 /9 7

X

151

6 /1 7 /9 7

143

7 /1 0 /9 6

X

144

7 /1 4 /9 6

X

X
'

X

X

Meat represented a significant component of the overall coyote diet on the
BWMA (Table 22). Rodents were the principle food item and were found in 67% of all
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samples. Ungulates were found in 63% of all samples, with deer in 1/3 of all samples and
somewhat lesser amounts of elk (22%) and bighorn sheep (11%). Insects were found in
8% of samples, and all other dietary items were found in trace amounts.
Table 22. Results of coyote scat analyses.
Deer Elk

Sheep Antelope Rodent Rabbit Vegetation Insect Misc

% samples1

31

21

11

I

67

2

31

8

PPN2 diet

.18

.12

.06

0

.38

.01

.18

.02

0

Winter3 (n=48)

.24

.08

.12

0

.36

.02

.18

0

0

Spring3(n=22)

.17

.11

0

0

.57

0

.06

.06

:03

Summer3(n=25)

.04

.22

.07

.02

.24

0

.26

.09

.02

Fall3 (n=31)

.20

.09

.02

0

.42

.02

.18

.07

0

4

In/
1% of 126 scats in which item was found (sum > 100%).
2 Overall proportion of 221 items found in scats (sum = 100%).
3Seasonal proportions of items found in scats (sum = 100%).

Of 221 total items, rodents (38%) and ungulates (36%) comprised the largest
proportion of coyote diets with deer and elk representing 83% of ungulate species.
Vegetation was also a significant dietary component (18%) while all other items were
relatively minor constituents (8%). Winter diets were predominantly meat-based, with
rodents and deer comprising the largest proportion of dietary items (60%). Vegetation,
bighorn sheep, and elk were also relatively abundant in winter scats.
Rodents were the principle spring food item (Table 22) with deer and elk also

•

found in significant proportions and vegetation, insects, and porcupine comprising lesser
dietary components. Summer coyote diets were predominately vegetation and rodents
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with consumption of elk and insects (primarily grasshoppers) increasing in summer
months. Small proportions of summer scats contained sheep, deer, antelope, and
marmots.
In the fall, coyotes returned to a rodent based-diet items (Table 22). Rodents, in
addition to insects and vegetation, accounted for 67% of the fall scat contents. There was
also a significant increase in the presence of deer in fall scats.
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DISCUSSION

Integration and Association
Given that sheep are gregarious and pass on knowledge of migration routes and
seasonal habitats through generations (Geist 1971), a key element to successful
augmentation is the integration of transplants with resident sheep. Theoretically,
integration allows the transplanted sheep to learn local habitat use patterns and improves
reproductive performance which stimulates population growth and “recovery”. There is
also evidence that transplant integration can improve genetic diversity of small
populations and reduce potential inbreeding depression (Skiba and Schmidt 1982).
Members of both the 1995 and 1996 transplant groups exhibited significant
integration with resident sheep. While transplant ewes had high positive association
values indicating transplant-resident integration, there was significant within-group
cohesiveness among transplant group members and I observed minimal transplanttransplant integration. Ewes of the 1995 and 1996 transplant groups formed independent
subgroups which occupied a distinct southern and northern range within the study area,
respectively.
The high degree of integration exhibited by transplanted ewes differs from other
augmented populations (Stevens and Hansen 1986, Roy and Irby 1994). Roy and Irby
(1994) found no transplant-resident integration in the southern Madison Range, Montana
during the first 2 years following supplementation. Transplanted sheep did not participate
in seasonal migrations but remained on winter range throughout the year. The within-
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group cohesiveness among the transplanted sheep observed in this study does not support
the hypothesis of Roy and Irby (1994) that helicopter capture methods result in lower
group cohesion at the relocation site. While source population herd structure and
helicopter capture patterns relative to this structure are difficult to determine, transplant
groups in this study exhibited significant within-group association at the study area. As
both sets of transplants were released in the same location on the BWMA, it is not known
why they occupied distinct, non-overlapping ranges and remained relatively separate
during the study. The fact that the 2 groups came from different source populations, in
conjunction with the strong inherent social bonds within sheep groups, may explain
transplant behavior on the study area.
Transplant rams exhibited association patterns which were determined by their
age at the time of relocation. Yearling and juvenile rams were highly associated with ewe
subgroups while mature rams did not associate with either transplant or resident sheep.
By the end of this study, the younger transplant rams had matured and joined the single
mature transplant ram to form a small ram band. Despite observed interaction between
mature transplant rams and mature resident rams, the transplant rams neither joined the
natives nor participated in their annual movement patterns and remained within the study
area throughout the year.

Bighorn Sheep Distribution and Habitat Use

Distribution
The BWMA bighorn sheep population is limited in distribution to the Valley
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Ecological Division (Pyrah 1985) which is characterized by low elevation, winter range
conditions. This distribution is reduced from the pre-die-off distribution largely due to
the cessation of seasonal migrations to high elevation summer ranges (> 2000 m) along
the southeast portion of the BWMA. Because migrational routes are traditionally passed
through generations (Geist 1971), it may be that migration knowledge was lost in the
1984 die-off. Cessation of seasonal migrations has been observed in other sheep herds
(Wakelyn 1984). Transplanted individuals that integrate with resident sheep would be
expected to Ieam local migration routes and habitat use patterns from the residents. This
likely explains the confinement of resident and transplanted sheep to Valley Ecological
Division and the absence of seasonal migrations among both resident and transplanted
cohorts.
Seasonal elevational migrations represent a behavioral mechanism through which
sheep avoid seasonal climatic extremes and temporally extend access to quality forage by
following elevationally-induced changes in plant phenology (Hebert 1973, Shackleton
1973). Migrations are relatively common among bighorn sheep populations inhabiting
the northern Rocky Mountain region (Geist 1971, Erickson 1972, Stewart 1975, Martin
1985, Roy and Irby 1994, Semmens 1996). As the bioenergetics of wild herbivores is
dictated by forage quantity and quality (Schwartz and Hobbs 1985), and forages on high
elevation summer ranges are of higher quality (digestible protein, digestible energy, and
various minerals) than low elevation forages by early summer, elevational migrations can
have tremendous implications for population quality as mediated by individual energy
balance (Klein 1965, Hebert 1973, Shackleton 1973).
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For non-migrational bighorn sheep populations restricted to low elevation ranges,
winter conditions are not extreme, and summer is a critical period relative to local
population dynamics due to the limited nutritional value of forage subsequent to plant
senescence (Cook 1990). Inadequate summer forage quality can result in nutritional
stress and significantly influence sheep population dynamics by limiting reproductive
potential and/or lamb survival by reducing immunocompetence (Festa-Bianchet 1986,
Cook 1990, Goodson et al. 1991, Hengel et al. 1992). Summer elevational migrations
may also be important for escaping seasonal temperature extremes and corresponding
physiological stress. Summer, during which temperature extremes often exceed 35°C, is
likely a physiologically stressful period for bighorn sheep on the BWMA. The absence of
annual summer migrations by the BWMA bighorn sheep population is more important
than simply a reduction in total range and has important implications for individual
physiological status, reproductive success, and immunocompetence.

Habitat Use and Escape Terrain
Numerous studies have concluded that steep escape terrain with adjacent foraging
habitats are the primary determinants of bighorn sheep spatial distribution and habitat use
patterns (Wakelyn 1984, Risenhoover and Bailey 1985, Cook 1990). Within the study
area, sheep were confined to relatively small, isolated core use areas which were based
upon rocky terrain with >45% slope. While these areas represented escape terrain within
the study area, their slopes and dimensions were significantly less than reported in the
literature for other herds (Tilton 1977, McCullough 1982, Tilton and Willard 1982,
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Fairbanks et al. 1987). My data indicate that the percent slope and areal extent of escape
terrain on the BWMA is less than preferred by bighorn sheep, and sheep are forced to use
available “pseudo”-escape terrain. The majority of sheep relocations were within 100 m
of slopes > 26% which contrasts with observations of sheep activities restricted to areas
in proximity to slopes > 70% (Tilton 1977, McCullough 1982, Fairbanks et al. 1987)..
My results suggest that sheep habitat use on the BWMA largely reflects local
availability (Riggs 1977, Roy 1992). While preferring rock outcrops 16 m high by 800 m
long with slopes > 80% for escape terrain, bighorn sheep appear to be adaptable to local
physiographic conditions as evidenced by the use of slopes > 30% in other low elevation
sheep populations (Tilton and Willard 1982, Fairbanks et al. 1987, Cook 1990, Kissell
1996).
The use of and reliance upon escape terrain should reflect local selection pressures
relative to nutrition and predation, and factors such as forage quality may be more
important than distance to escape terrain in determining sheep spatial distribution
(Shannon et al. 1975). Sheep extensively utilized open, moderately steep slopes within
the study area. Sheep use of moderately steep slopes was observed by Varley (1996) in
the Absaroka Range of Montana. He postulated that use of moderate slopes was related
to soil accumulation and associated vegetation development. Use of moderate slopes by
low elevation bighorn sheep populations such as that inhabiting the BWMA may reflect
beneficial soil moisture characteristics relative to steeper slopes. Soil development
patterns and slower run-off on moderate slopes likely result in beneficial phenological
patterns. The use of moderate slopes may, therefore, represent a local adaptation which
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improves access to quality forage.
Geist (1971) hypothesized that bighorn sheep affinity for steep rocky terrain was
an adaptation for predator avoidance, specifically highly cursorial wolves which were the
primary sheep predators in his study areas. The term “escape terrain” gained favor and is
widely accepted as the critical element of bighorn sheep habitat (Risenhoover and Bailey
1985, etc.). As a result of wolf extirpation, mountain lions currently represent the
primary predator for many sheep populations. Mountain lions utilize topographic features
and vegetative cover to conceal their movements (Homocker 1970) and are able to
circumvent sheep anti-predator strategies based upon use of escape terrain (Ross et al.
1997).
Data from this study indicated that not only was there spatial and temporal overlap
among bighorn sheep and mountain lions, but more significantly, both species utilized
steep rocky areas; sheep as escape terrain and mountain lions as travel corridors and
stalking cover. In this study 78% of all sheep predation events were within 50 m of
escape terrain suggesting that available escape terrain does not provide security from
mountain lions and use of pseudo-escape terrain may actually increase sheep vulnerability
to mountain lion predation. Extensive use of moderately steep, open slopes which confer
high visibility may be a local adaptation which increases predator detection and
avoidance. This would be a particularly useful strategy to avoid mountain lions which
possess a limited ability to pursue prey over open ground (Taylor 1976). Escape terrain
must be viewed in relation to habitat availability and the local predator community, and
generic “proximity to escape terrain” analyses provide limited information in the absence
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of the local ecological context. I conclude that use of moderate slopes by sheep
populations in certain ecological settings is a behavioral adaptation which actually
improves predator avoidance.
Sheep core use areas were oriented around relatively rugged portions of the study
area. Ruggedness is easily quantifiable and may be a better indicator of habitat suitability .
than subjectively-defined escape terrain. Ruggedness may be an important landscape
feature in locations where escape terrain quality is marginal and in settings where
mountain lions are the primary predator. Ruggedness has also been linked to increased
forage accessibility in winter (Nelleman 1998). While no studies exist to permit inter
population comparisons, I advocate the evaluation of ruggedness as an additional habitat
parameter for future sheep studies.

Sheen Movements

Transplanted sheep exhibited both temporary exploratory movements and
permanent dispersal movements. While exploratory movements by transplanted sheep
may be expected, another study of an augmented population did hot report similar
movements (Irby and Roy 1994). Four hypotheses for exploratory transplant movements
include: I) the presence of a habitat “search image” causing sheep to search for areas
which look like their resident habitat; 2) the exhibition of inherent migratory tendencies;
3) the seeking/following of resident sheep; and 4) age-dependent exploratory behavior
associated with “non-calculated migration” (Baker 1978). Exploratory movements
occurred along 2 routes. One was northwest to Acres Gulch along a NW-SE ridgeline
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that originates in the study area and represents a natural travel corridor (Appendix B).
The Missouri River valley lies north of Acres Gulch and explains why individuals never
traveled beyond Acres Gulch. The second route, north towards Sheep Creek, was used by
2 rams and may be used by resident rams traveling to or from the BWMA for the rut.
The fact that very few transplanted individuals exhibited exploratory movements
does not support the search image or inherent migration hypotheses. Because no resident
sheep were associated with exploratory movements and the majority of transplants joined
resident groups within the study area, there is no support for the “search for conspecifics”
hypothesis.
Baker (1978) proposed that non-calculated exploratory movements, in which
animals have no information regarding their destination, is necessary as a suitability
assessment of the surrounding habitats and are a necessary precursor to the establishment
of annual and/or seasonal migratory patterns. He also suggested that such movements
would be exhibited by pre-reproductive individuals (Baker 1978) . Three of the four
sheep expressing movements in this study were post-reproductive adults which does not
support the age-dependent hypothesis. The observed exploratory movements may have
resulted from the transplants unfamiliarity (lack of geographic knowledge) with their new
surroundings, particularly as all movements occurred within the individuals’ first year on
the BWMA. As vision represents the primary sensory input for sheep, they may simply
move towards terrain which appears to be suitable to them. While exploratory
movements are not uncommon among established bighorn sheep populations, such
movements typically involve yearlings. Transplanted sheep often express movements
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from the release site as a result of either local unfamiliarity and/or social intolerance
between transplant and resident sheep (Dr. Valerius Geist, pers. comm.).
Dispersal (emigration) is a highly subjective term referring to the act of leaving an
arbitrarily delineated study area. While dispersal is atypical of bighorn sheep (Geist
1971) it may relatively common among transplants that are relocated to an unfamiliar
area. Observed dispersal was generally limited to transplanted individuals in this study.
Dispersal resulted in significant loss of transplants from the BWMA population including
50% of the 1996 group. While the Missouri River/Holter Lake is a political and
administrative boundary, it does not represent a barrier to sheep movement. As sheep are
gregarious and highly visual (Geist 1971), the ability of sheep on the BWMA to see
individuals and/or recognize suitable habitat in the Sleeping Giant area may have induced
dispersal. Interaction among the Sleeping Giant and BWMA bighorn sheep populations
appeared to be minimal as only I individual from the Sleeping Giant area was observed
on the study area. These data suggest that the 2 sheep populations do not regularly
interact nor represent a metapopulation (Levins 1970). However, as the Sleeping Giant
population is relatively new, there may be increased movement between these populations
in the future.
The survival of dispersers was highly correlated with their post-dispersal
behavior. Individuals that joined existing subgroups in the Sleeping Giant area had a high
survival rate during the study period, while those that displayed an exploratory behavior
and roamed around the Sleeping Giant Wilderness and adjacent areas had increased
vulnerability to disease and predation. All individuals expressing the exploratory
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behavior died prior to completion of the study. These results agree with the hypothesis of
Geist (1971) that sheep were poor dispersers largely because dispersal increases
vulnerability to a variety of mortality agents.

Population Dynamics
Lambing Areas
Bighorn sheep minimize lamb loss subsequent to parturition by sequestering
young lambs on remote, inaccessible cliffs. The use of lambing grounds is thought to be
traditional with ewes exhibiting fidelity to an area (Geist 1971). Over several
generations, ewes will likely maximize lamb survival by selecting and utilizing lambing
areas which confer high security and accessibility to food and water resources.
Transplanted ewes in this study not only used non-traditional lambing areas but
also changed lambing locations between years. There is little in the literature regarding
selection of lambing areas in augmented populations, and the duration of this study
limited my ability to detect trends/pattems relative to ewe selection o f lambing sites. Use
of non-traditional areas may reflect either an unfamiliarity with local terrain features or
the absence of learning resident habitat use patterns. Significant transplant-resident
integration resulted in year-round, cohesive subgroups, and the only time that transplant
ewes exhibited different habitat use patterns than resident ewes was during the lambing
season. This indicates that subgroup bonds are temporarily broken during lambing and
that transplant ewes are to some degree consciously deciding to utilize non-traditional
lambing grounds.

112
The lack of annual fidelity to a particular lambing site is difficult to explain but
may be a behavioral adaptation through which individual ewes can improve lamb
survival. If a ewe lambs at a particular site and her lamb does not survive due to
predation, inadequate nutrition, etc., use of an alternative site the subsequent year may
increase the chances for lamb survival by eliminating the mortality factor. My data,
which indicated no significant difference in survival rates between resident-bom and
transplant-bom lambs, was inadequate to test hypotheses regarding selection of alternate
lambing locations.

Lambing Period
The timing of lambing among bighorn sheep is temporally correlated with local
plant phenology so that parturition and lactation occur when plant nutritional quality is
peaking (Bunnell 1982). Parturition on the BWMA peaked in late May which is similar
to the timing exhibited by other regional populations occupying higher elevation ranges
(Schallenberger 1966, Berwick 1968, Roy 1992, Johnsen 1993, Semmens 1996). Fecal
nitrogen analyses indicate that the BWMA growing season begins in late March or early
April with forage quality subsequently peaking in May and then rapidly declining during
summer months. Given the milder winters and earlier spring green-up on the BWMA
relative to higher elevation ranges in the region, parturition would be expected to occur
somewhat earlier, and the observations of this study suggest that lambs may be bom late
relative to local plant phenology. Evidence for relatively late lambing within the study
area was also derived from observations in 1996 when lambing by 1996 transplant group
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ewes from Rock Creek, Montana peaked during the first week in May (2-3 weeks earlier
than the resident ewes). The Rock Creek range is located at an elevation of 2,250 m and
receives « 120 cm snow annually (Western Regional Climate Center 1999). Based upon
differences in climatic conditions and associated phenological development, the BWMA
ewes would be expected to lamb earlier than the Rock Creek ewes.
A possible explanation for the apparent late parturition relates to ewe nutritional
status. Studies have found ruminant gestation periods to be flexible in duration and can
vary up to 3 weeks based upon the female physiological status (Verme 1969). The length
of gestation is inversely correlated with female nutritional status, and females in poor
nutritional condition have longer gestation periods than those in good condition (Verme
1969). While I did not conduct physiological evaluations of ewes, fecal nitrogen values
suggest that ewes on the BWMA are at maintenance nutritional levels for approximately
6 months and may have difficulty in recovering energy reserves used during lactation.
Poor ewe nutritional status on the BWMA may increase the length of gestation and result
in late parturition.

Reproduction

Lamb Production. Reproductive rates (total lambs bom and proportion of mature
ewes producing lambs) were low in all 3 years and were characteristic of a low quality
population (Geist 1971). Lamb production was positively correlated with total
precipitation in the previous July and negatively correlated with previous August Tmax.
These results suggest that inadequate post-partum forage quality had a significant
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influence on subsequent year reproduction.
Sheep population quality is largely a function of reproductive performance (Geist
1971), and reproductive success is highly correlated with female nutritional status (Venue
1969, Geist 1971, Gunn 1983, Cook 1990, Sodor et al. 1995). Individual nutritional
status is ultimately determined by forage quality, which is highly correlated with
precipitation during the growing .season in semi-arid habitats (Hebert 1973, Sinclair
1977). Strong correlations exist between growing season precipitation, temperature, and
forage quality and ungulate reproduction and survival of the young (Talbot and Talbot
1963, Sadlier 1969, Meslow and Keith 1971, Picton 1979, Picton and Knight 1988,
Hamlin and Mackie 1989). Low precipitation and high temperatures (drought conditions)
in spring and summer can result in a shorter growing season, earlier plant senescence and
a shorter temporal availability of quality forage (Schwartz and Hobbs 1985). '
The influence of poor forage quality upon lamb production has been identified
(Heimer 1978), and the specific problem of summer nutritional quality in non-migratory,
low elevation populations has been documented (Douglas and Leslie 1986, Cook 1990,
Kissel 1996). Lactation is energetically demanding (« 3 times maintenance level; Oftedal
1985), and ewes often have to contribute considerable body reserves to maintain adequate
milk yields. Summer and fall dietary quality is a determinant of reproductive success in
herbivores (Verme 1967, Verme and Ullrey 1984). If summer/fall nutritional levels do
not facilitate recovery of ewe body reserves, subsequent year reproductive success can be
significantly reduced (Clutton-Brock et al. 1982, Thome et al. 1984, Cook 1990).
Nutrition is known to affect fertility rates (Cheatum and Severinghaus 1950), and even if

115
ewes are in sufficient condition to ovulate and conceive, prolonged nutritional stress can
result in embryonic mortality or fetal resorption (Edey 1976).
During this study, lamb production was lowest in 1997 (45% below previous year)
following a summer drought in 1996 (May-August precipitation 60% of normal). As a
non-migratoiy population, summer drought conditions result in an abbreviated growing
season and limit the temporal availability of quality forage. Under these conditions, ewes
are unable to recover body energy reserves and attain physiological condition necessary
for successful reproduction in the subsequent year. Forage quality was reflected in fecal
nitrogen levels, which decreased rapidly in the summer of 1996 and remained at
maintenance levels between September 1996 and March 1997. Supporting evidence of
drought influences on sheep reproduction derives from a domestic sheep herd located
«10 km north of the study area. Despite winter diet supplementation, 1997 lamb
production was 30% below normal in this herd which the rancher attributed solely to
1996 summer drought conditions (Scott Blackman, Sterling Ranch Co., pers. comm.).

Lamb Survival. Lamb survival during this study varied between 1/3 and 2/3 of
the annual lamb crop, and survivorship curves identified a late summer/early fall critical
mortality period. Observations and necropsy results indicated that disease processes
likely represented the primary cause of death during this period, as I observed minimal
predation and little over-winter lamb mortality. Similar temporal patterns of diseaserelated summer lamb mortality have been observed in other bighorn populations, and
summer lamb mortality has been noted in many populations following an die-off (Coney
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1950, Forrester and Senger 1964, Woodward 1972, Woodard et al. 1974, Spraker and
Hibler 1977, DeForge at al. 1982, Onderka and Wishart 1988, Festa-Bianchet 1988,
Foreyt 1990, Coggins and Matthews 1990, Cook 1990, Akenson and Akenson 1992).
Cook (1990) and others have found that forage quality on low elevation ranges is often
inadequate for lamb survival and concluded that the ultimate cause of summer lamb
mortality is poor forage quality.
There are 2 periods relative to lamb growth and development during which
nutrition is critical. The first period is the last third of gestation during which 85% of
fetal growth occurs (Robinson 1983). Ewe nutritional status during this period is a
primary determinant of lamb birth weight (Subandriyo 1984), and birth weight is
positively correlated with lamb survival. Therefore, forage quality in the 2 months
preceding parturition (April and May on the BWMA) greatly influences lamb survival
(Burfening and Kott 1993, Sodor et al. 1995). Ewe nutritional stress during this period
also adversely affects colostrum production (Robinson 1983). Colostral antibodies
provide primary immunity for lambs during their first 8 weeks post-partum (Foreyt 1990),
and inadequate colostrum production by the ewe can suppress lamb immunocompetence
and increase susceptibility to disease.
The second period is during post-partum lactation. Ewe milk yield is dictated by
forage quality and largely determines lamb nutritional status (Berger 1979, FestaBianchet 1989, Cook 1990). Poor forage quality during lactation reduces milk yield and
forces lambs to compensate by increasing forage intake and weaning earlier (Horejsi
1976). However, as Cook (1990) noted, if forage quality is inadequate for ewe milk
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production it likely does not meet requirements for lamb growth. This is of particular
concern for low elevation, non-migratory sheep populations where lambs bom late
relative to peak phenology are unlikely to obtain sufficient milk in mid-late lactation
(Horejsi 1976, Bunnell 1982, Festa-Bianchet 1989) and are, therefore, subject to
immunosuppression (Roberts and Adams 1990).
Lamb survival rates in the BWMA population subsequent to the 1984 die-off have
been influenced by nutritional quality during both the pre- and post-parturition periods.
Lamb survival over the last 14 years was positively correlated with cumulative
precipitation during April and May and negatively correlated with August maximum
temperatures. April/May precipitation dictates forage quality during the last 2 months of
gestation and significantly influences lamb survival by determining lamb birth weights,
ewe milk yields, and colostral production. High August maximum temperatures
accelerate plant senescence and reduce the duration of the growing season and availability
of quality forage. August also represents the period in which lambs are being weaned and
forced into greater reliance upon forage, losing colostral immunity, developing burdens of
1st stage Protostrongylid larvae (see Luneworm and Nutrition'), and subject to high
ambient temperatures. The lack of nutritious forage, in conjunction with these additional
physiological stressors, likely increase lamb susceptibility to disease and is responsible
for observed patterns of lamb mortality.
Pre-die-off lamb survival was significantly positively correlated with March
precipitation, which significantly influences spring plant growth in the study area. The
observed correlation could reflect either the absence of disease from the pre-die-off
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population ecology during this period during which lamb survival was more dependent
upon ewe nutritional status during fetal development than post-partum stress or the
potential that microsites with favorable phenology are exhausted more rapidly at higher
population densities (Cook 1990).
There is also evidence that inadequate nutrition during fetal development and
post-partum growth can have long term, persistent effects upon lifetime reproductive
performance (Gunn 1983). Sheep populations restricted to low elevation ranges and
subject to relatively frequent years of nutritional stress may have inherent physiologic
limitations relative to reproductive potential. Causes of the observed lack of reproductive
success in low quality populations, such as that inhabiting the BWMA, may include
limited individual reproductive potential resulting from nutritional deficiencies during
fetal and neo-natal development.

Adult Mortality
Primary causes of adult mortality included mountain lion predation and disease.
Mortality agents were temporally correlated with all predation events occurring in winter
and spring and all disease mortalities occurring in the fall. An exception to this timing
was a resident ewe that died of disease in July 1996 subsequent to her association with
domestic sheep. Numerous studies have demonstrated transmission of pathogenic
bacteria from domestic sheep to bighorn sheep and subsequent mortality of bighorns
(Foreyt and Jessup 1982, Coggins 1988, Onderka and Wishart 1988, Foreyt et al. 1994).
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Predation. Between January 1996 and September 1997, a total of 4 bighorn sheep
kills were found within the study area, including 2 resident and 2 transplanted sheep.
During this period, I estimate that there were a total of 600 mountain lion-days spent
within bighorn sheep habitat. These numbers suggest that mountain lions are not seeking
out bighorn sheep as a prey species. Considering mortalities outside the study area, 18%
of all transplanted sheep (h=7) were casualties of mountain lion predation. While this
number of predation events is somewhat more significant, it reflects increased ,
vulnerability associated with exploratory movements and dispersal events.
Mountain lions have long been recognized as a potential predator of bighorn
sheep (Coney 1950, Buechner 1960). The extent to which mountain lions prey upon
sheep appears to vary considerably and is largely determined by local deer and elk
densities (Homocker 1970, Harrison and Hebert 1988). While Homocker (1970) found
no evidence of mountain lion predation upon sheep, researchers have found low-moderate
(Cronemiller 1947, Harrison and Hebert 1988, Williams et al. 1995, Logan et al. 1996,
Murphy 1998) and high predation levels (Boyce et al. 1996, Wehausen 1996, Ross et al.
1997).
High rates of sheep predation by mountain lions appear to be somewhat rare and
to occur in relatively unique ecological settings. Ross et al. (1997) attributed the majority
of bighorn sheep predation to a female mountain lion that had become “specialized” in
sheep. Wehausen (1996) found significant mountain lion predation of sheep in an area
supporting “sparse” mule deer populations. The majority of predation events in a study
by Boyce et al. (1996) occurred around water holes which represented the primary water
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supply for sheep and greatly increased sheep vulnerability.
Bighorn sheep were preyed upon in winter and spring when lions occupied sheep
range, and sheep appeared to represent a seasonal prey item. Similar seasonality of sheep
predation was noted by Williams (1992) along the Rocky Mountain Front in Montana.
The temporal pattern of sheep predation suggests that mountain lions utilized sheep as an
alternative prey when seasonal movements by elk and deer reduced the effective densities
of these preferred prey species (Haldane 1953).
As noted by Homocker (1970: 24) “any animal placing itself in a vulnerable
position is subject to lion predation”. The landscape matrix between core use areas
necessitated that sheep travel through riparian and forested cover types which increased
their vulnerability. The number of predation events within the study area (n-4) and their
locations suggest that sheep were preyed upon opportunistically by mountain lions when
in habitats that conferred limited visibility. Most sheep kill sites were relatively close to
escape terrain and within relatively rugged portions of the study area.
I estimate that approximately 2-6 sheep were killed annually by mountain lions
within the study area. While mountain lions could significantly impact the local sheep
population if they became specialized, there was no evidence of specialization, and sheep
behavior was not significantly influenced by interactions with mountain lions. In 1997,
the southern subgroup watched a pair of mountain lions kill a ewe on Willow Mountain.
The subgroup temporarily vacated the area but did not exhibit any long-term aversive
behavior and returned to the exact location only 2 days later.
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Disease. The most significant loss of adult sheep from disease followed the 1996
summer drought and was likely attributable to poor forage quality. This is substantiated
by necropsy findings that the ewe that died during this period had a full rumen but was in
poor nutritional condition. My results suggest that both lambs and adult sheep were
susceptible to disease during a drought summer, and this was the only period during th e.
study in which coughing was observed among ewes and lambs. While a low plane of
nutrition reduces individual immunocompetence, ewes may also shift energy reserves
from the immune system to milk production when food resources are limited (Festa,Bianchet 1989). This may have influenced the necropsied ewe as she was supporting a
lamb at the time of her death.
The sources and transmission vectors of pathogens in this population are
unknown. While I ewe died subsequent to association with domestic sheep outside the
study area, it is not known whether pathogens responsible for adult mortalities within the
study area were residual from the 1984 die-off, obtained through contact with other
bighorn sheep, or arrived with the transplants.

Lunsworm and Nutrition
Baermann results indicated that protostrongylid larval shedding rates in adult
sheep were low to moderate compared with other Montana bighorn sheep populations
(Dr. David Worley, Montana State University, pers. comm.). There was no apparent
seasonal patterns to shedding levels. Results of necropsies conducted on BWMA sheep
during and previous to this study recovered few adult lungworms from sheep lung tissue.
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I suggest that while lungworms alone do not appear to be an important influence on sheep
health, they may represent a significant stressor which increases susceptibility to
pathogens during periods when sheep immune systems are compromised.
Analyses of lamb pellet samples indicated that lambs did not shed protostrongylid
larvae until August (« 8 weeks of age) and had low shedding rates for the remainder of
their first year. Transplacental transmission of Protostrongylus spp. has been long
recognized (Fillmore 1959, Hibler et al. 1972). In a seminal study, Spraker (1979)
outlined the course of pulmonary protostrongylosis in bighorn lambs. He found that
third-stage Protostrongylus spp. larvae migrate from the ewe to the fetus during the
middle third of pregnancy and enter the fetal liver where they remain until parturition.
Subsequent to parturition, the larvae migrate to the lungs where they mature and, in « 6
weeks, begin reproducing and laying eggs. The eggs hatch into first stage larvae in lambs
» 8 weeks old, and these first stage larvae can initiate bronchopneumonia in the infected
lamb.
My observations regarding the timing of larval shedding by lambs correspond
with Spraker (1979) relative to the timing of protostrongylosis in lambs subject to trans
placental Imgworm transmission. The timing of lungworm development is such that
lungworm burdens become a significant physiological influence in August at the time
lambs are increasingly reliant on resident forage and colostral immunity is waning.
Lungworms may, therefore, play a significant role in summer mortality on the BWMA by
either directly inducing bronchopneumonia or indirectly by increasing physiological stress
and exacerbating existing nutritional deficiencies.
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Fecal nitrogen levels exhibited typical seasonal variation, declining from peak
spring levels through the summer and reaching a minimum in early fall through winter.
Fecal nitrogen has been utilized as an index of protein levels in animal diets and an
indicator of general forage quality (Leslie et al. 1989, Cook 1990, Howery and Pfister
1990, Irwin et al. 1993, Kucera 1997), but this method has been criticized due to the
effect of tannins (Mould and Robbins 1981, Hobbs 1987). Tannins are natural
compounds which bind with proteins, thereby inhibiting protein digestion by ruminant
microbes and increasing protein excretion. The presence of tannins in an individual’s diet
can elevate nitrogen excretion in which case fecal nitrogen levels do not accurately reflect
dietary protein. Tannins do not reduce fecal nitrogen levels, and in studies such as this
where low fecal nitrogen levels are of concern, their effect is not critical to the
interpretation of fecal nitrogen results.
Seasonal fecal nitrogen levels found in this study were comparable to other
bighorn sheep populations (Hebert et al. 1984, Irwin et al. 1993). Irwin et al. (1993)
suggested that 1.3% fecal nitrogen represents winter maintenance levels for. bighorn
sheep. Fall and winter fecal nitrogen levels among high quality populations have been
shown to be well above 1.3% (Semmens 1996). The BWMA sheep population was at or
below maintenance from October through March of each year. As ungulates in northern
seasonal environments are adapted to low quality winter forages, digestible protein levels
during the growing season and the extent of the growing season are likely of greater
importance to population dynamics because they influence ewe milk yields, lamb
nutritional status, and the ability of ewes to recover from lactation. Changes in fecal
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nitrogen levels were largely influenced by summer precipitation as evidenced by fecal
nitrogen levels which declined more rapidly during the 1996 drought summer than during
the summer of 1997.
Mountain Lion Habitat Use

Distribution
Mountain lions were generally distributed throughout the BWMA, but activities
were concentrated within seasonal core use areas. Mountain lion habitat use patterns
generally reflected seasonal changes in deer and elk distributions which are the preferred .
prey of mountain lion in the northern Rocky Mountain region (Homocker 1970,
Seidensticker et al. 1973, Williams et al. 1995, Ross et al. 1997, Murphy 1998). Ungulate
populations in this region often undertake seasonal elevational migrations, and Feist et al.
(1995) identified seasonal migrations by the BWMA elk herd. Mule deer were observed
to exhibit similar seasonal movements during this study. Elk and deer concentrations on
the BWMA during winter months and in surrounding higher elevation areas in summer
months explain locations of seasonal lion core use areas and seasonal changes in
mountain lion habitat use relative to cover type and elevation. As a result of their
association with ungulate concentrations, mountain lions were seasonal occupants of
bighorn sheep range in the study area with the exception of a young female that resided in
sheep range throughout the year.
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Home Areas
Mmintain lion total home area sizes were similar to those reported in the literature

(Seidensticker et al. 1973, Murphy 1983, Ross and Jalkotzy 1992, Williams 1992). Core
use areas were relatively small and, as core area size is negatively correlated with prey
densities (Gittleman and Harvey 1982), the concentration of activities within small core
areas likely reflects high prey densities. In contrast to other studies (Maehr et al. 1989,
Ross and Jalkotzy 1992, Williams et al. 1995), the female with dependent juveniles had
the largest home area. However, the relatively large home area was largely an artifact of
the family ’s use of 2 disjunct seasonal core use areas on the BWMA and Elk Ridge.
Comparisons indicated that all individuals in this study utilized core areas of similar
sizes. This analysis underscores the importance of evaluating the internal spatial
characteristics of home areas (Homer and Powell 1990) rather than simply constructing a
home area MCP.
Relocation data indicated that female mountain lion home areas overlapped
significantly, and while only one male home area was calculated, field observations
identified overlap among males within the study area. While reports of overlapping
female home areas are fairly common (Homocker 1970, Seidensticker et al. 1973, Ross
and Jalkotzy 1992), overlapping male home areas are relatively uncommon (Williams
1992). Mountain lion spatial organization is largely determined by food resources with a
decrease in territoriality and increase in spatial overlap of individual ranges when prey
densities increase (Sandell 1989). The fact that range overlap occurred in winter months
when ungulate densities are at their peak supports the assertion that abundant food
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resources influenced mountain lion spatial organization and were responsible for intra
specific tolerance.
Analyses indicated that despite overlapping home areas, the 2 female mountain
lions concentrated activities in separate, distinct core use areas. The use of non
overlapping core use areas is likely an behavioral adaptation through which the females
partition resources and minimize conflict. This pattern of habitat use was not discernible
when home areas were expressed as minimum convex polygons and became apparent
only when I evaluated home area internal structure. Age and reproductive status may also
influence female home ranges. The older female with kittens occupied that portion of the
study area in which ungulate densities vary considerably throughout the year (high in
winter and low in summer) while the younger female utilized an area with relatively low
ungulate densities throughout the year. The older female followed seasonal elk
migrations likely due to the high food demands associated with raising a family. The
younger female did not migrate, but did utilize different core areas within her home area
which reflected seasonal ungulate habitat use patterns.

Mountain Lion Movements and Dispersal

' Mountain lions exhibited considerable movement within home areas. Two male
mountain lions moved between the BWMA and the Sleeping Giant area which indicates
that although the Missouri River is a political/administrative boundary, it is not a physical
barrier to mountain lion movements. The family group moved between the BWMA and
Elk Ridge in response to elk seasonal migrations. Such large-scale movements are
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characteristic of predators that rely upon prey species that are widely distributed across a
heterogeneous landscape (Sunquist and Sunquist 1989).
There were 2 documented cases of juvenile dispersal from the BWMA. Juvenile
dispersal is common (Hemker et al. 1984, Ross and Jalkotzy 1992) but not absolute in
mountain lion populations (Williams 1992). Dispersal is dependent upon local mountain
lion densities and prey densities (Hemker et al. 1984). Prey was seasonally abundant
within and adjacent to the study area and, therefore, dispersal was likely due to
interspecific competition rather than food limitations.
Although the BWMA is closed in winter months, which alleviates hunting
pressure on this mountain lion population, individuals moved beyond the BWMA
boundaries. Mountain lion movements onto adjacent private and public lands greatly
increased their vulnerability to hunting. Bothjuvenile males that dispersed from the
study area were harvested. Lindzey et al. (1988) also noted increased vulnerability
. associated with dispersal. Of the 8 mountain lions marked during this study, 4 were
killed outside the BWMA and 2 disappeared after leaving the BWMA. The only marked
mountain lion to survive through this study was FI, a female that did not exhibit seasonal
migrations or long range movements and never left the study area.

Predator Food Habits

Mountain Lions
Deer represented the primary mountain lion prey species based upon analyses of
kill sites and scats found within the study area. This is consistent with other studies on
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mountain lion populations in the northern Rocky Mountain region (Seidensticker et al.
1973, Williams 1992, Ross et al. 1997, Murphy 1998). While only I elk kill site was
located during this study, this reflects low elk densities within the study area, and I
believe elk predation to be underestimated by kill site analyses. Reliance upon elk
predation was evidenced by mountain lion movements and seasonal core use areas that
corresponded with elk migration patterns, and scat analyses which indicated a higher
abundance of elk in mountain lion diets.
Riparian zones and ecotones are used extensively by mountain lions in the Rocky
Mountain region (Homocker 1970) because these areas represent important deer and elk
foraging habitats (Picton 1960, Knight 1970, Kasworm 1981). Mountain lions rely upon
the “vegetation-terrain/prey abundance-vulnerability complex” for foraging (Williams
1992) and studies have emphasized the importance of vegetative cover and topographic
relief to conceal movements (Homocker 1970, Seidensticker et al. 1973, Murphy 1983,
Hemker et al. 1984, Logan and Irwin 1985, Williams 1992). The use of these landscape
features resulted in encounters with bighorn sheep while sheep were travelling between
core use areas.
Ross et al. (1997) suggested that mountain lion predation on bighorn sheep is not
associated with densities of either sheep or preferred prey species. I suggest that sheep
predation levels on the BWMA were associated with both sheep and preferred prey
densities. The majority of sheep predation on the BWMA occurred when preferred prey
was unpredictable and in that portion of the BWMA that supported the lowest densities of
deer and elk. These observations suggest that sheep predation is related to preferred prey
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densities.
The fact that mountain lions killed 4 sheep during 400 mountain lion-days within
the study area, and that all predation events were within riparian and forest cover types
which sheep utilized only while travelling between core use areas, suggests that mountain
lions were not actively seeking out or selecting sheep as prey. Sheep predation was
opportunistic, resulting from chance encounters in habitats which conferred limited
visibility to sheep, and in which mountain lions regularly foraged for preferred prey
species. I expect that such opportunistic predation would likely increase at higher sheep
densities due to a greater number of sheep-mountain lion encounters, and that the number
of sheep killed by mountain lions on the BWMA is associated with sheep densities.

Covotes
Scat analyses indicated that coyote diets were diverse and reflected seasonal
availability of food items. These findings generally concur with other studies that have
found highly variable coyote diets associated with seasonal changes in plant phenology
and development (Litivaitis and Shaw 1980, Andelt et al. 1987). Todd and Keith (1983)
noted that coyotes are efficient and opportunistic predators that consume prey in
proportion to availability.
Rodents, insects, and vegetation comprised the bulk of spring, summer, and fall
coyote diets which is similar to the findings of Bekoff and Wells (1980). Elk represented
a significant summer resource and, as this corresponded with elk calving on the BWMA,
coyotes likely preyed upon elk calves during summer months. Deer remains were
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identified in a greater proportion of fall coyote scats which is likely reflective of
scavenging gut piles and/or deer wounded by hunters. The variability of coyote scat
contents supports the assertion of Gese et al. (1988) that coyote diets are based upon prey
availability and vulnerability.
There was an increase in the proportion of coyote scats containing ungulates
(deer, elk, and sheep) in winter months. Coyotes formed small packs of 4-8 individuals
during winter, and these packs were observed to run deer onto the Missouri River ice
where they became easy prey. Coyote packs also displaced mountain lions from kills and
usurped the carcasses. I observed coyotes displace female mountain lion Fl on 3 separate
occasions during this study. Winter pack formation appears to be an adaptive foraging
behavior during periods when preferred food items (rodents, vegetation, insects) are not
abundant which improves predation efficiency and allows coyotes to obtain larger prey
(Bowen 1981). Pack formation also allows coyotes to displace mountain lions from kills,
a phenomenon that has been observed in other studies (Murphy 1998) and which greatly
benefits coyote winter energy balance.
Sheep remains were found in 11% of coyote scats obtained during this study,
primarily in winter and summer scats. As there was little winter sheep mortality, it is
likely that coyotes scavenged sheep that were either killed by mountain lions or died of
disease. Limited sheep remains in summer coyote scats, in conjunction with field
observations, suggest that coyotes did not prey extensively upon bighorn sheep lambs in
the study area. Ewes with lambs did not exhibit aversive behavior to coyotes as has been
noted in populations subject to high coyote predation levels (Hass 1989).
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The role of lamb predation by coyotes has interested researchers for decades.
While a few studies have reported significant lamb losses due to coyote predation (Hass
1989, Scotton 1996), the majority of investigators have concluded that coyotes play a
minor role in lamb mortality (Mills 1937, Honess and Frost 1942, Smith 1954, Berwick
1968, Woodard 1974, Cook 1990, Akenson and Akenson 1992). Honess and Frost
(1942) believed low recruitment rates resulted from coyote predation, but a 75%
reduction in coyote densities produced no change in lamb survival. The authors did note
that they were able to find more sick lambs after coyote reduction. Ryder et al. (1992)
indicated the difficulty in distinguishing coyote predation from disease-mediated lamb
mortality as they found lambs that died of disease “within hours of death” and the
carcasses had been nearly consumed by coyotes.
Coyotes are extremely adaptive in both behavior and food habits. Coyote diets
largely reflect the local prey availability-vulnerability complex, and studies have shown
an ability by coyote to switch between prey/food items (Hamlin et al. 1984). The degree
to which coyotes prey upon bighorn sheep lambs likely reflects local food availability. In
ecological settings such as the BWMA, where there is an abundance of microtine rodents,
vegetative resources, and deer/elk, sheep probably represent a relatively unimportant food
resource for the local coyote population. While I did not collect adequate data to
determine coyote ecology or precise coyote-prey relationships, my observations indicate
that coyotes are not a significant influence in the BWMA bighorn sheep population
. i

dynamics.
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Predator Regulation Theory

The role of predation in bighorn sheep population dynamics continues to be a
topic of interest among both wildlife researchers and game managers. As noted,
investigators have found mountain lion and coyote predation to exert varying degrees of
influence upon sheep populations depending upon the local ecological setting. While
predation necessarily causes losses to a population, its ultimate influence on sheep
dynamics is determined by the degree to which it affects population growth (Boutin
1992).
Mountain lions prey upon sheep opportunistically and coyotes seldom killed
sheep. The loss of 4 sheep between January 1996 and September 1997, during which
time a total of » 400 mountain lion-days were spent within the study area, suggests that
predation was not a limiting factor for sheep (Sinclair 1989). The specific effect of
predation upon sheep population growth is difficult to determine as there are likely to be
a number of limiting factors acting simultaneously (Watson and Moss 1970). While the
loss o f« 2-6 sheep annually does influence sheep population dynamics, predation appears
secondary in importance to limited annual lamb production and survival.
While I cannot conclusively determine which, if any, of Boutin’s hypotheses
apply to the BWMA, evidence suggests that predation is not the primary factor limiting
sheep densities (Predator Limitation Hypothesis) and sheep do not appear to be in a
Predator Pit (higher densities would not alleviate the effect of predation). The duration of
this study precluded rigorous evaluation of the Stable Limit Cycle Hypothesis.

L
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Mountain lion predation potentially had a slight regulatory effect which would
correspond with the Predator Regulation Hypothesis. While I was unable to adequately
test the Predator Regulation Hypothesis, Boutin (1592) noted that observed characteristics
of predator regulation would include:
1. density-dependent predation at low prey densities;
2. sheep densities show a low level equilibrium;
3. if predator densities were experimentally reduced, the proportion of sheep
killed by predators would decrease and sheep densities would increase;
4. predator recovery from reductions would result in a decrease in sheep densities.
)

Augmentation Effectiveness and Population Models

Augmentation is a wildlife management technique utilized to promote population
growth and thereby reduce the risk of extirpation and/or attain densities which provide a
harvestable surplus. The effectiveness of bighorn sheep augmentation programs in
meeting the goal of stimulating population growth necessitates that transplanted
individuals: I) remain within a targeted location; 2) integrate with resident sheep and
Ieam local habitat use patterns; and 3) survive and contribute to herd reproductive output
(produce lambs). Ultimately, augmentation success is determined by positive changes in
population size. The most important biological expectation of augmentation is that by
increasing the number of ewes in a population, there will be a corresponding increase in
lamb production which ultimately results in herd growth.
Successful augmentation is often arbitrarily defined by biologists and managers as
the growth of a population to a specified level which may or may not have biological
relevance, and the success of an augmentation program is usually evaluated by comparing
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expected population growth with observed population trends. This study provided an
opportunity not only to monitor transplants but also to evaluate local influences upon
sheep population dynamics and thereby assess the effectiveness of augmentation in terms
of expected and observed results.
MFWP census data indicate that the BWMA bighorn sheep population has
fluctuated around a low level equilibrium in the 14 years subsequent to the die-off. Given
the correlations between climate and reproductive success and lamb survival identified in
this study, the post-die-off population trends may be represent a steady state condition in
response to average weather conditions over this period. The introduction of disease into
the ecology of this population likely increased the sensitivity of sheep to climatic
variability and associated changes in forage quality.
The augmentation program added 19 and 20 sheep to this population in 1995 and
1996, respectively. Post-augmentation population estimates and census results both
indicate that the total BWMA bighorn sheep population decreased during the study. This
may indicate a density-dependent response to augmentation. Despite the addition of 29
transplanted ewes, there were fewer ewes at the conclusion of the study than prior to
augmentation. The observed population trends and inability to increase the number of
mature ewes in the population suggest that the BWMA augmentation program was not
effective. Primary reasons for. the lack of success include (in order of relative
importance):
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1. limited reproductive output and lamb survival associated with variable
productivity;
2. dispersal of 28% of the transplants (primarily ewe cohort) from the study area;
3. mortality of 18% of the transplants through predation and disease;
4. unknown losses of 15% of the transplants.

The fact that reproduction is regulated by climatic factors rather than the base
number of mature ewes is the principle reason that augmentation did not result in
population growth. Augmentation effectiveness was also likely influenced by general
timing as the transplant groups were released immediately prior to and during a drought
summer which appears to have significantly influenced reproductive output and lamb
survival rates.
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CONCLUSIONS AND RECOMMENDATIONS

The BWMA bighorn sheep population inhabits small patches of low elevation
habitat. As a non-migratory population, forage quality as determined by summer
precipitation and temperatures appears to be the primary population regulation
mechanism. The importance of high-quality microsites in sheep nutritional ecology on
the BWMA is unknown. Lamb production and survival rates were highly correlated with
summer climatic variables. Low annual recruitment rates were primarily responsible for
a declining population. Disease influenced local population dynamics, particularly during
periods of nutritional stress, but the source of pathogens and transmission vectors remain
unknown.
Mountain lions occupied bighorn sheep range during winter and spring periods
during which they preyed opportunistically on sheep. Mountain lions utilized forested
and riparian cover types as well as rocky reefs as important movement and foraging
corridors. The distribution of core use areas and interspersion of forested/riparian patches
increased sheep vulnerability to predation as they traveled between core use areas. Data
indicate use of similar habitat components by sheep and mountain lions and suggest that
“pseudo”-escape terrain utilized by this bighorn sheep population does not provide
adequate protection from mountain lion predation. '
Augmentation had little influence on population growth as a result of transplant
dispersal, mortality, and limited reproductive output. Transplant ewes produced a total of
22 lambs in 3 years of which 13 survived through recruitment. These results suggest that
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augmentation will have little effect for populations regulated primarily by densityindependent limiting factors such as climatic variability, and emphasize the importance of
understanding local sheep population dynamics prior to initiating augmentation programs.
I developed a conceptual model which identifies the principle regulatory features
of the BWMA bighorn sheep population (Figure 26). This model is relatively simplistic
' and does not identify all relationships among factors, including negative and positive feed
back loops. Rather, it is intended to simply summarize my conclusions and provide an
overview of the system dynamics.
Based upon the results of this study, I have developed some recommendations
relative to the BWMA bighorn sheep population and augmentation programs in general.
My primary recommendations include the following:

I.

Further augmentation of the BWMA population will likely be ineffective

unless conducted during a “good” period relative to climatic influences on forage
production and/or sheep are able to re-establish seasonal migrations. As climate is
unpredictable, conducting augmentation during or preceding a period of good summer
forage conditions would require a great deal of luck. While it appears that the current
BWMA bighorn sheep population has lost the knowledge of previous summer migration
routes, it may be possible to initiate seasonal migrations.
While some investigators have proposed releasing transplants on high elevation
summer ranges to aid in the re-establishment of seasonal elevational migrations (Cook et
al. 1992), results of field studies have indicated that transplanting is an ineffective
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Figure 26. Conceptual model of primary influences on BWMA bighorn sheep population dynamics.
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method of expanding bighorn sheep ranges and/or inducing seasonal migrations (Stevens
and Hanson 1986, Dr. Valerius Geist, pers. comm.). As those transplants released in
Mann Gulch in the early 1970’s established seasonal migration routes on their own (did
not Ieam from other sheep), perhaps the source population of transplant/augmentation
programs is an important determinant of their success and ability to develop migration
routes.
The 1970’s transplants came primarily from the Sun River, a population which
has well-established seasonal migrational behaviors (Erickson 1972). This may have
been an important factor in the ability of those transplants to develop migration routes in
their new home. Sheep relocated through the augmentation program during this study
came from source populations which don’t exhibit extensive seasonal migrations. This,
in conjunction with their association with a sedentary resident population on the BWMA,
may have influenced their ability to develop migration routes.
Thus, consideration should be given to matching source herds with the target
location with respect to habitat use patterns and seasonal migrations. Little research has
been conducted to determine what effect, if any, source population habitat characteristics
have on the success of augmentation and development of seasonal migrations.

2.

It may also be possible to train young sheep to use migration routes (Dr.

Valerius Geist, pers. comm.). By imprinting a few lambs on habitats and migration
routes, and introducing additional young sheep which would follow these lambs, it may
be possible to re-establish migrations and expand sheep distribution. Field experiments
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with young caribou were conducted in Canada with relatively good success, as the
transplanted caribou remained within targeted habitats.

3. Mountain lions appeared to utilize sheep opportunistically and seasonally
within the study area, and coyote predation was limited. Based upon evidence from this
study, including the population models, predator control would not significantly improve
sheep population dynamics in the absence of simultaneous improvements in lamb
production and survival. Predator control programs aimed at improving ungulate survival
often require a constant, long-term effort. The potential benefit to the sheep population
would not likely justify the expense and effort needed for effective predator control.

4. Lungworm and disease processes continue to influence this population, and
efforts could be undertaken to limit these elements of the local sheep ecology. No
effective methods of inoculating free-roaming sheep, and eliminating pathogens from a
population, have been developed yet. There are, however, relatively simple, low cost
methods of controlling lungworm burdens. Treated apple pulp and salt blocks have been
used to deliver anti-helmitic substances to sheep and successfully control lungworm
distribution and abundance. While lungworm levels were low to moderate among adults
and lambs, lungworms may be a significant factor in sheep susceptibility to disease
during periods of physiological stress. Lungworm control represents a relatively simple,
cost-effective method of eliminating I factor in the disease complex which might
ultimately be beneficial to sheep population dynamics.
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Concerns regarding such treatments include the potential habituation of animals
and problems associated with congregating animals at specific sites, such as the potential
for increased disease transmission and increased predation. A well-planned treatment
program could, however, successfully treat sheep while minimizing potential adverse
consequences. Such a program could be devised which not only treats adult sheep, but
also reduces the potential for transplacental transmission and thereby reduces limgworm
burdens in lambs.

5. As summer forage quality appears to be an important factor in local sheep
population dynamics, experimental manipulations to improve summer forage quality
might improve sheep reproduction and survival. Specific programs could include
protein-rich supplements (i.e. alfalfa) and/or irrigation of small patches of bunchgrass
meadow in the vicinity of escape terrain during summer months. Diet supplementation,
particularly during the last month of gestation and first month of lactation, has been
demonstrated to significantly improve lamb survival in domestic sheep (Burfening and
Kott 1993). Additionally, supplementation of ewes prior to conception might increase
annual lamb production rates.

6. Rnming has been advocated as a method of improving sheep habitat by
impeding successional changes of serai grasslands and improving forage quality (Stelfox .
'1976, Riggs and Peek 1980, Woodard and Vannest 1988). The ultimate effect of
prescribed fires upon bighorn sheep population dynamics remains largely unknown due to
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the lack of rigorous investigations (Peek et al. 1979). Based upon MFWP census data,
the 1990 fire which burned a portion of bighorn sheep range on the BWMA did not have
a positive influence on sheep densities, and the population actually declined in the years
following the fire. Experimental prescribed bums could be conducted to improve forage
quality, but based upon the response to the 1990 wildfire, I would not expect such habitat
manipulation to result in any long-term benefits to the population.

7. Due to the predisposition of these sheep to flee in response to human presence,
which increases energy expenditure and vulnerability to predation, efforts to minimize
disturbance of sheep could be made. This is particularly important along the Missouri
River/Holter Lake during lambing season (mid-May - early July). Despite being illegal
under existing BWA regulations, people commonly camp overnight adjacent to the
Peregrine Rock and the Oxbow lambing grounds and disturb sheep utilizing these areas.
Campers are often accompanied by dogs which can also be problematic.

8. The willingness of management agencies to influence wildlife populations
through predator control, inoculation against parasites and pathogens, and dietary
supplementation largely depends upon the agency’s philosophical position. MFWP has
traditionally embraced a hands-off policy relative to the manipulation of wildlife
populations, particularly with respect to supplemental feeding. Philosophical and ethical
positions are integral in developing and considering management options and ultimately
determine the course(s) of action.
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The various management alternatives presented here to benefit the BWMA
bighorn sheep population all require some degree of human intervention in the ecology of
a wild population. Humans have already altered the local landscape and currently
influence wildlife through a rest-rotation system designed to allow cattle grazing and
improve elk forage on portions of the BWMA and recreational uses within the study area
which initiate flight response of bighorn sheep. Perhaps the question is not “Should
humans intervene?” in wildlife population dynamics, but rather “To what degree should
the hand of man be present?”.
Other free-ranging bighorn sheep populations in Montana receive various food
supplements by foraging in agricultural lands. Prior to a die-off in 1996, the HighlandPioneer herd included some 400 individuals and provided some of the largest trophy rams
taken in the State of Montana. This herd regularly fed in fields of alfalfa (Medicago
sativd) which were located adjacent to sheep habitat (Semmens 1996). The herd in the
Missouri River breaks area in north-central Montana is currently expanding and
producing large rams. Members of this population frequently forage on winter wheat
(Triticum aestivum) located adjacent to sheep habitat (Wayne Hickey, Montana State
University, pers. comm.).
These sheep populations obviously benefit from these supplemental food sources
which are of higher nutritional value than native forages during certain periods of the
year. Supplemental feeding of wild bighorn sheep populations does occur in Montana,
and this fact should be included during consideration of supplemental feeding of the
BWMA bighorn sheep population.
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9. Augmentation programs are resource intensive and expensive (« $40,000 per
event). Management agencies wishing to maximize efficiency and effectiveness of such
programs should conduct preliminary analyses relative to the dynamics of target
populations. The results of such analyses could identify: I) appropriate times and
locations for transplanting; 2) necessary site preparation activities; and 3) necessary
health-related issues and potential treatments. Inadequate understanding of targeted
populations will likely result in continued variability in augmentation success.

10. The State of Montana has numerous populations of Rocky Mountain bighorn
sheep occupying a variety of habitat types, exhibiting all ranges of population quality, and
under varying influences of disease and at different stages of recovery from epizootics.
Given these resources, Montana could develop a strategic plan to direct and coordinate
future bighorn sheep management and research activities, including a systematic
biological procedure for designating source and target populations. A long-term adaptive
plan could explicitly: I) outline specific goals regarding bighorn sheep abundance and
distribution throughout the State; 2) direct and coordinate research programs which
would improve our knowledge of sheep ecology and understanding of population
dynamics and disease processes; and 3) guide future augmentation and re-establishment
programs.
A strategic plan would establish a structured and logical research and management
program and ultimately improve our knowledge and successful management of bighorn
sheep. Such a plan would likely cost less to prepare than the cost of a single transplant
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event.
Finally, there is something to be said for local experimentation in wildlife
management. A strategic plan would not necessarily end local experimentation but would
allow cost/benefit analysis and comparison of alternative management activities, and
ultimately improve the effectiveness and efficiency of money spent on sheep management
activities.
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Table 23. Marked bighorn sheep in the BWMA study (No.’s 1-19 from 1995 and
No.’s 21-40 from 1996).
ID
I
2
3
4 .
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
21
22
23
24
25
26
27
28
29
30 .
31
32
33
34
35
36
37
38
39
40

Sex
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe
Ram
Ram .
Ram.
Ram
Ram
Ram
Ewe
Ewe
Ewe
Ewe
Ewe .
Ewe
Ewe
Ewe
Ram
Ewe
Ram
Ewe
Ram
Ram
Ewe
Ewe
Ewe
Ewe
Ewe
Ewe

Age
0.5 '
0.5
1.5
1.5
1.5
1.5
2.5
2.5
3.5
3.5
3.5
4.5
4.5
0.5
0.5
0.5
1.5
3.5
6.5
3.5
2.5
3.5
3.5
. 4.5
3.5
4.5
5.5
0.5
2.5
1.5
5.5
1.5
2.5
3.5
4.5
3.5
4.5
1.5
1.5

Mark
Neckband
Neckband
Neckband
Neckband
Neckband
Neckband
Radio
Neckband
Neckband
Neckband
Radio
Radio
Radio
Neckband
Neckband
Neckband
Radio
Radio
Radio
Radio
Radio
Radio
Radio
Radio
Radio
Radio
Neckband
Neckband
Neckband
Radio
Neckband
Radio
Radio
Neckband
Neckband
Neckband
Neckband
Neckband
Neckband

Symbol
Yellow 2's
Arrows
Bars
Circles
Dots
Triangles
Crescents
Chevrons
Y's
M's
Black square
Blank
Black dot
X's
Stars
H's
Red cross
Red slashes
Red triangle
Vs
3's
7's
2's
Blank
5's
4's
x's
Triangles
Dots
Squiggles
Slashes
Triangles
Bars
Chevrons
44's
H's
%
77's
M's
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Bighorn sheep exploratory movements

Ram No. 17: This 1.5 year old ram was observed on the study area on several
occasions in the months subsequent to his release. On 7/13/95, he was relocated
near the main buildings on the BWMA. On 7/18/95 he was observed in the
company of 2 resident juvenile rams heading north along the access road ~ 8 km
northwest of the BWMA. The full extent of this particular movement is unknown,
. but he was relocated back in the study area on 8/17/95 where he remained until his
death in March 1996.

Ram No. 18: This 3.5 year old ram was observed in the study area on 5/4/95. He
was relocated on 6/21/95 in Little Stickney Creek «13 km north of the study area.
On 7/15/95, he was relocated in Mann Gulch and remained in the study area for the
duration of this study.

Ram No. 19: This 6.5 year old ram was observed on the BWMA on 5/4/95. On
6/21/95 he was relocated on the north Fork of Stickney Creek « 17 km north of the
study area (19a). He was observed in Wegner Creek (13 km north) with a resident
ram on 7/15/95 and relocated (but not observed) in Sheep Creek (21 km north) on
8/10/95. On 10/24/95, he was back in the study area where he remained through
the 1995 rutting season. Last observed in the study area on 1/15/96, he was not
again relocated until his carcass was discovered in Acres Gulch (« 8 km northwest)

168
on 3/12/96 (19b).

Ewe No. 21: This was the only ewe that exhibited exploratory movements.
Observed on the BWMA on 4/3/96, she was subsequently relocated in Acres Gulch
on 4 occasions between 4/9/96 and 4/22/96. On 5/6/96 she was back in the study
area where she lambed later that month. She remained on the study area until her
death in October 1996.

Figure 27. Sheep movement patterns out of the study area (numbers refer to summaries).
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Bighorn sheep post-dispersal movements

Ewe No. 23 (Figure 28): Last observed on the Oxbow, this ewe was subsequently
relocated near Spring Gulch on 4/15/96. She was next observed on a ridge west of
Holter Dam on 4/22/96 and then near Jackson Peak on 5/7/96. I discovered her
carcass on 5/14/96 along eastern base of Jackson Peak where she had been killed
by a mountain lion the previous day.

Figure 28. Post-dispersal movements of ewe No. 23.

Ewe No. 25 (Figure 29): This ewe was relocated with ewe No. 23 on 4/15/96 and
4/22/96. On 5/7/96 she was relocated near Mitchell Mountain « 22 km west of her
previous relocation. She then moved in the following sequence to: I) lands of the
Wirth Ranch (5/12/96); 2) the Lyons Creek drainage (5/16/96); 3) cliffs at the head
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of Wolf Creek canyon along Interstate 15(5/30/96 - 6/13/96); 4) lands of the
Sieben Ranch (6/28/96). I located her carcass on 7/18/96 in a domestic sheep
pasture on the Sieben Ranch. Her death was disease-related.

Figure 29. Post-dispersal movements of ewe No. 25.

Ewe No. 27: This ewe exhibited significant movement subsequent to dispersal
from the study area and was in a different location on each of her 15 relocations.
In 1996, she lambed on Beartooth Mountain and briefly joined a lamb-ewe group.
She lost her lamb in August 1996 and began to wander again until killed by a
mountain lion in Towhead Gulch in November 1996.

171

Lamb mortality summaries

Lamb No. I: A male bighorn lamb was found along a stream in the Log Gulch
campground on the northern boundary of the study area on 7/29/96. He was « 2
months old at the time and the carcass was frozen until necropsied on 9/26/96. The
lamb was in fair-good body condition, had a full stomach, and showed no evidence
of trauma. While tissue autolysis associated with freezing precluded bacteriological
and histological analyses, pleuritis on the lungs was suggestive of a pneumonia
process.

Lamb No. 2: A female bighorn lamb was found along lower Cottonwood Creek on
9/4/96. She was « 3 months old and had been dead for « 4 days when located. The
condition of the carcass precluded necropsy and a field examination indicated that
she was in relatively good nutritional condition and there were no indications of
trauma. The evidence indicates that this was also a disease-mediated mortality.

Lamb No. 3: This lamb was bom on 6/13/97 to ewe No. 13 on the cliffs south of
Mann Gulch. The pair remained on the lambing grounds with other ewe/lamb pairs
and were last observed together on 7/16/97, at which time the lambs appearance
and behavior indicated relatively good health. All ewe/lamb pairs left the lambing
area the following day except for ewe No. 13, who remained behind and expressed
typical lamb loss behaviors (Akenson and Akenson 1992). I conducted an intensive
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search of the area on 7/18/97 and located remnants of the lamb which consisted of a
mound of hair and a single hoof. While no predator-specific evidence was found, I
assume the cause of death to be predation .

Lamb No. 4: This lamb was bom to ewe No. 5 on 5/27/97 on Peregrine Rock. The
pair left the lambing area within a few days and joined a ewe-lamb group on the
Oxbow, where they remained for approximately I month. This group departed
from the Oxbow but remained in the vicinity for a several days during which time
the lamb disappeared (7/19/97). Lamb behavior and appearance at the time of
disappearance indicated good health. Despite intensive ground searches, the
carcass was never located and the timing, location, and health of the lamb are all
suggestive of predation.
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Mountain lion seasonal movements

F l- This adult female occupied the western portion of the BWMA and adjacent
areas and her home area significantly overlapped with bighorn sheep distribution on
the BWMA. She exhibited no significant seasonal changes in distribution and
never made any movements out of the study area. She was alive at the completion
of this study.

F2- This adult mother was captured along with her son (Ml) and daughter (F3).
This family group utilized the center of the BWMA during the winter of 1996 and
migrated to Elk Ridge in the spring of 1997. While at Elk Ridge, both Ml and F3
shed their collars and F2 was illegally killed. Ml was subsequently harvested in the
winter of 1997 hear White Sulphur Springs. The location and fate of F3 is
unknown.

F4- This juvenile female and her brother (M4) had recently been kicked off by
their mother and were captured within a week of one another in 1997. It is not
known whether they had been raised on the BWMA or were transients. F4 drown
in the Missouri River after only 2 relocations. M4 left the study area soon after
F3’s death and was subsequently harvested near Neihart.
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M2- This adult male crossed the Missouri. River soon after his capture. He was
relocated in the Sleeping Giant Wilderness several times before his radio ceased
transmitting. His fate is unknown.

M3- An adult male that also crossed the Missouri River soon after capture. He
spent approximately 2 months in the Sleeping Giant Wilderness Area and while
there, killed a radiocollared ewe that had dispersed from the BWMA. He returned
to the BWMA and remained in the vicinity until he was harvested in Log Gulch in
January 1997.

Mountain lion dispersal
M l- This male was last relocated in June 1996 on Elk Ridge where he shed his
collar and his mother (F2) was subsequently killed. He was legally harvested On
1/21/98 near Gypsy Lake, located at the southern end of the Big Belt Mountains «
75 km south of the BWMA. While his exact dispersal route is unknown, his
harvest location suggests that he traversed the Big Belt Mountain corridor.

M4- This male was last relocated on private land » 8 km north of the BWMA in
October 1996. He was legally harvested on 12/7/97 near Neihart, Montana » 88 km
east of the BWMA. His dispersal likely necessitated crossing the Smith River
Valley utilizing riparian corridors/coulees which provide topographic relief and
vegetative cover.
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R e p o rt o f L a b o ra to ry
D a te R e c e iv e d :
F ro m :
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U n iv e rs ity .

1 . 0 / 2 3 / 9 6 _______________

How D e l i v e r e d :
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E n k ________________________
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1 8 1 6 0 6 ____________

A d d r e s s : M o n ta n a S t a t e

B o z e m a n . MT 5 9 7 1 7 _____________________
v ia

tru c k

SU B M IT TE D : W h o le c a r c a s s

E x a m in a tio n D e s ir e d :

E x a m in a tio n

of a

____________
fe m a le b ig h o r n

sheep

C a u s e o f d e a t h _____________ _______________________

D ia g n o s is :

N o n e ___________ _________________________________

LABORATORY F IN D IN G S :
A n a d u l t f e m a l e b i g h o r n s h e e p w a s d e l i v e r e d t o t h e MFWP W i l d l i f e
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C e n tr a l M o n ta n a .
T he fe m a le w as a g e d a t a p p r o x im a te ly 5 y e a r s .
S h e w a s o b s e r v e d w i t h a la m b i n t h e f i e l d .
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L u n g w o rm
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