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ABSTRACT

Fifty male mule deer were captured and radio collared 

in the northwest slope of the Bridger Mountains, Montana, 

during the years 1990-93. The animals were monitored from

> ground and air using radio telemetry. From the data

collected, it was found that the deer occupy one population- 

habitat unit in which there were distinct winter and summer

geographic activity centers. Among other things, climate and 

topography influenced the deer's movements. High mortality 

was evident in the male segment of the population. Hunting 

was the predominant cause of mortality among adult males. 

Natural causes of mortality had a significant impact on fawn 

survival. Knowledge of deer activity, along with a good 

management plan, is needed in order for a stable population 

of mule deer to exist in the Bridger Mountain ecosystem.
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Introduction and Literature Review

Mule deer (Odocoileus hemionus) are found in a broad 

spectrum of habitats throughout their range. Although the
• life history and demographic variation among populations of

deer has been well known, documentation was generally 

lacking. Recently completed studies in several northern 

plains habitats in Montana with mule and white-tailed deer

(Hamlin and Mackie, 1989; Wood et al., 1989; Dusek et al., 

1989; Pac et al., 1991) have provided new knowledge 

concerning deer-habitat relationships and the role of 

environmental and behavioral factors on population ecology.

Mule deer in the Bridger Mountains, Montana are 

distributed in relation to 7 major winter ranges located 

around the periphery of the mountains (Mackie et al., 1978). 

The deer using each winter range appear to comprise discrete 

populations that occupy fairly distinct and definable 

yearlong herd ranges located around and within 8 to 16 km of 

the winter ranges (Mackie and Pac, 1980). Previous studies 

have shown that each population has a different pattern in 

response to the use of its range. Population dynamics also 

vary between ranges. These differences seem to reflect the 

responses of deer to the entire environmental complex of 

their particular herd range (Mackie and Pac, 1980). Each of 
the seven herd ranges differs in physiological,

topographical, vegetational, climatic, and land-use 

characteristics (Mackie and Pac, 1980).
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My study provides some baseline information on mule 

deer ecology in one of the seven ranges, the northwest 

slope. I compiled and analyzed data collected by the Montana 

Department of Fish, Wildlife and Parks (MDFWP).
t

Specifically, I interpreted the results in relation to those 

reported in Pac et al. 1991 and Pac and Ross 1993.

Objectives were to determine yearly distribution and 

migrational behavior along with mortality of male mule

deer.

Study Area

The northwest slope study area was located in the west 

central portion of the Bridger Mountain Range (figure 1).

The Bridger Mountain Range is on the eastern flank of the 

northern Rocky Mountains located 45° 53' north latitude,

110° 53' west longitude in southwestern Montana. This area 

is semiarid with relatively long cold winters and short cool 

summers. Precipitation, snow cover, and temperature were 

determined from the Montana State University weather station 

located in Bozeman, about ten miles away from the study

area.

• The northwest slope spans the Bridger Divide and

encompasses 186 square kilometers between Ross Pass and 

Flathead Pass. The highest elevation, including the Bridger 

Divide, and most rugged terrain of all seven PHUs occurred
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here (figure 2). Three major vegetation zones occurred in 

this area: 1. Steppe dominated by open grassland and shrub- 

grassland communities; 2. A montane forest zone dominated 

largely by Douglas fir (Pseudotsuga menziesii) and/or 

lodgepole pine (Pinus contorta), white-bark pine (Pinus 

albicaulus), limber pine (Pinus flexilis), subalpine fir 

(Abies lasiocarpa) or Engelman spruce (Picea engelmanni); 3. 

A subalpine-alpine zone. Most habitat types are represented 

by serai communities.

Figure 1. The Northwest Slope population/habitat unit (PHU 
1) from the west.
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Bozeman ®
Livingston

Figure 2. Location of seven mule deer PHUs in the Bridger 
Mountains, Montana. Shaded areas are winter ranges.
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This land is largely federally owned, with a small 

portion privately owned. Because of the rugged terrain, land 

use is limited. Livestock grazing (mainly cattle) occurred 

in the foothill zone and along drainage bottoms at higher 

elevations during the summer. Due to the steep mountains, 

timber harvest was limited. However, logging has intensified 

in recent years. Other major wildlife species include elk 

(Cervus elaphus), mountain goats (Oreamnos americanus), 

moose (Alces alces), black bears (Ursus americanus), 

mountain lions (Felis concolor), bobcats (Felix rufus), 

wolverines (Gulp gulp), and coyotes (Canis latrans). White

tailed deer (Odocoileus virginianus), and pronghorn antelope 

(Antilocapra americana) are occasionally seen.

Materials and Methods

My studies included analyzing captured and monitored 

mule deer in the Bridger Mountains. A total of 50 male mule 

deer were caught from 1990 until 1993 in the northwest 

slope. Several techniques were used to capture deer 

including helicopter drive-netting, corral trapping, 

helicopter net-gunning, darting from a helicopter with
• carfentinal, cannon netting, and clover trapping. Clover

trapping and helicopter net-gunning were most often used. 

These deer were sexed, aged by tooth eruption and dental 

cementum wear methods, measured around the girth, tagged
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with metal ear identification tags, and marked with radio 

collars. With radio collars, they could be monitored through 
radio telemetry.

The radio collared deer were relocated two to four 

times a month using a PA-18 Piper SuperCub aircraft with a 

belly mounted antennae. Most relocations were done in the 

early morning hours. All relocated deer were plotted on air 

photos showing their location using radio telemetry. Marked 

deer relocations were coded into Universal Transverse

Mercator (UTM) coordinates and elevation to the nearest 30 

meters. Seasonal home ranges and elevations along with 

average activity radii were calculated using TELDAY 

software. If possible, visual assessment was also made to 

note the deer's physical condition.

Marking, including radio collaring, was restricted to 

periods when deer were easily seen and caught which was from 

January to March of each year. These marking procedures were 

restricted to this period when deer were concentrated on 

their winter ranges. Population surveys were then taken in 

late March-April when deer were highly observable seeking 

new, green forage on open meadows.

Mortality was determined by a telemetry signal from the 

• radio collar. The mortality sensor on the radio collars gave

off a signal with a different pulse rate when the collar 

remained motionless for over 6 hours. Upon receiving the 

mortality signal from the air or ground, the transmitter was
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recovered expeditiously. Cause and timing of death,

description of carcass, diagnostic characteristics such as 

tooth marks, signs of trauma, etc. and site description were 

recorded on a standardized form. Hunter harvest surveys were 

also sent out to hunters who received permits for the 

northwest slope area. Determination of losses of marked deer 

permitted calculations of age-specific rates of mortality.

Results

Fifty deer were captured and radio collared from 1990 

through 1993 (table 1). These deer inhabiting the study area 

were distributed in one population-habitat unit (PHU). A PHU

is "a rather discrete association of individual deer bonded

together by traditional use of individual home ranges within 

a definable unit of yearlong habitat" (Pac et al., 1991) .

The winter range was the nucleus of the PHU. From there, 

deer distributed themselves through migration to the

boundaries of the PHU.
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Table 1. Number of mule deer bucks captured, marked, and 

released in PHU 1 during 1990 through 1993.

year captured adult males male fawns
1990 7 3

1991 3 13

1992 2 3

1993 10 9

total 22 28

The winter ranges were at lower elevations compared to 

the summer ranges (figure 3). Fifteen of the 50 marked deer

were used to determine the size and location of the

geographic activity center (GAC) for those deer on the 

northwest slope (figure 4). Fifteen deer were used due to 

the high mortality of the sampling and a need for at least 

12 months' of relocation data. If deer with less than a year 

of mapped positions were used, their seasonal movements from 

winter to summer ranges, along with sizes of ranges would be 

biased. The winter (Jan-March) cluster of GACs encompassed a 

maximum area of 22.87 square kilometers at an average 

elevation of 1892 meters with a maximum of 2438 meters and a

minimum of 1646 meters. This winter range occupied 12.3% of 

the total area in PHU 1. The winter ranges were generally 

snow free, uniform habitats that were capable of supporting 

a limited number of deer annually.
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Figure 3. Average monthly elevation (m) for 42 male mule 
deer in PHU 1 from June 1990 to June 1993.
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Figure 4. Distribution of 15 mule deer bucks (>_ 1 year old) 
that were radio-tagged in PHU 1. Each arrow connects 
winter and summer activity centers of an individual 
buck. Arrow base is winter GAC, arrow head is summer 
GAG.
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The summer cluster of GACs for the 15 deer spanned a 

maximum of 64.57 square kilometers, 34.7% of the total 

northwest slope area. The average elevation was 2425 meters, 

with a maximum of 2896 meters and a minimum of 1829 meters.e
The area encompassing the GACs for the entire population 

covered a maximum area of 110.67 square kilometers, 59.5% of 

the total study area, with an average elevation of 2110

meters with the maximum elevation of 2896 meters and a

minimum of 1646 meters.

The deer in the northwest slope reached their highest 

elevation in the late summer from July to September. 

Generally at this time temperature was at its highest point 

of the year, and no significant snow pack was evident (table 

2). Towards the end of summer, the deer began to migrate 

down the mountain to their winter range. While inhabiting 

their winter range in March or April, they reached the 

lowest elevations of the year. During their stay on the 

winter ranges, temperature was at its lowest and snow pack 

at its greatest. As the snow began to melt, the northwest 

slope deer began moving up the mountain seeking new, green 

vegetation and thus repeating their annual cycle.

•
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Table 2. Mean monthly temperature (C), and snowfall (cm) 
from 1990 through 1993, M.S.U. weather station (U.S. 
Dept. of Commerce).

1990 1991 1992 1993
Month Temp. Snow Temp. Snow Temp. Snow Temp. Snow
Jan. -4.7 17.8 -1.9 20.3 -7.8 33.0

Feb. 3.3 12.7 2.3 7.6 -7.0 30.5
Mar. 1.5 40.6 6.3 - 3.5 25.4

Apr. 5.3 38.1 8.6 5.1 6.4 17.8

May 10.1 - 13.6 -

June 15.8 - 15.0 - 16.8 -

July 20.2 - 20.6 - 16.9 -

Aug. 19.4 - 21.5 - 17.9 -

Sept. 17.3 - 15.2 - 13.7 -

Oct. 8.4 5.1 6.9 15.2 9.8 -

Nov. 3.3 10.2 -1.3 20.3 -0.4 12.7

Dec. -9.2 15.2 -1.4 20.3 -7.3 25.4

Age structure of adult males in the northwest slope was 

determined for three years beginning in 1990. High mortality 

in all age classes resulted in greater instability in age 

structure among males (figure 5). In addition to this, 70%
® of the entire sampling (50) died and 6% lost their radio

collars making relocation difficult.
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Percent
Mortality

Age in Months at Death
Figure 5. Age-specific mortality for 35 mule deer bucks in 

PHU 1.
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Figure 6. Causes of mortality of 35 male mule deer in PHU 1.

There were many causes for mortality (figure 6). By 

analyzing hunter questionnaires, as well as field-death data 

collected by the MDFWP, I was able to classify the cause of 

death into six subgroups. Winter-related mortality was

attributed to malnutrition and winter stress. Unknown
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natural mortality included those deaths in which the exact 

cause could not be ascertained, yet it was known that humans 

did not have a direct role in their deaths. Predator deaths 

were those primarily caused by coyotes, bears, and mountain 

lions. Coyotes made up 44.4% of the identified kills. Hunter 

mortality occurred during the fall hunting season. None of 

the deer were killed illegally. Some deer died trying to 

cross barb wire fences. Another mortality subgroup was 

study-related deaths. These deaths resulted from

accidentally killing a deer after marking it.

The data show that a large cause of "natural" mortality

include winter-related and predator deaths, which together 

result in 26% of the total. In determining if predators 

select weak prey, girth sizes were taken. A linear 

relationship between chest circumference immediately behind 

the axilla (heart girth) and body weight has been 

demonstrated for white-tailed deer (Smart et al., 1973) . 

Girth size was also easier to measure in the field compared 

to body weight.

Figure 7 shows that winter kill primarily occurs in the

smaller fawns. Those fawns which are small and weak are more

likely to succumb to the stresses of winter. The figure also 

shows that predators are less selective in their killing of 

fawns. Contrary to many beliefs, predators do not prey 

primarily on the sick and weak.
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Girth
Size
(cm)

Figure 7. Mean heart-girth measurements (cm) for 9 male mule 
deer fawns killed by natural causes from 1990-93 .

82

80

Girth
Size 78
(cm)

76

74
N= 2 11 1 8

year 1990 1991 1992 1993
Average Girth Sizes

Figure 8. Mean heart-girth measurements (cm) for 22 male 
mule deer fawns captured during 1990-93 in PHU 1.

Figure 8 shows the mean girth size of fawns has been 

falling annually (figure 8). This can possibly be attributed 

to many reasons. Overpopulation resulting in smaller-sized 

fawns could be a cause for the smaller sizes. Easy winters 

in which small and weak fawns are not naturally selected 

against could also result in smaller average girth sizes.
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Hunting, which was the leading cause for mortality, was 

unevenly dispersed over the younger age classes and tapered 

off in the older bucks (figure 9). In this particular study 

group, there were no fawns shot by hunters. The northwest 

slope also has a unique hunting season which allows hunting 

of all bucks for the first three weeks of the hunting 

season, after which only two points or spikes could be taken 

for the remaining two weeks of the hunting season.

P
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Age of Harvested Bucks
Figure 9. Age-specific distribution for 11 harvested bucks 

in PHU 1 during 1990-93.

Mortality was more likely to occur in the winter range 

rather than on the summer ranges (figure 10). This higher 

mortality could be attributed to higher population density
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along with lower temperatures and limited foraging

conditions as compared to the summer ranges. All of the deer 

which died from natural causes died from November through 

May of each year. In March, when virtually all of the deer 

were on their winter range, fawn mortality was the highest.

Percent Mortality

Figure 10. Monthly distribution of natural deaths of 15 
marked males in PHU 1.

May
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Discussion and Conclusions

In this study, we assumed that the sample of marked 

deer represented the male segment of the population on the 

northwest slope. Even though we can estimate movements, we 

cannot determine how a certain deer will migrate. Each deer 

responds to its habitat differently. My results, similar to 

Hamlin and Mackie (1989) and Pac et al. (1991), demonstrated

that deer responded to their environment as unique 

individuals. There were no "average" deer in the population.

The distribution of snow significantly determined where 

suitable winter habitat occurred around the periphery of the 

mountain range. Much like populations described in Pac et 

al. (1991), I found that snow depth interacting with low

temperatures was important in increasing energy expenditures 

by deer during feeding, resting, and travel. Early studies 

viewed seasonal movements and migration as collective 

responses by a population to snowfall and/or forage

availability (Russell, 1932; Leopold et al., 1951). More 

recent interpretations suggest that seasonal migrations are 

instead driven and controlled by changes in energetic 

requirements and by the quality and quantity of forage
• within the year-round range of the animals (Garrott et al.,

1987). In the northwest slope, the utilization of winter 

habitat was determined by the distribution of snow cover. 

Winter ranges along the west slope of the Bridger Mountains
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were small and linearly oriented along the base of the steep 

mountains. During winter, deer use was primarily restricted 

to the steep mountain slope due to a larger open-surface 

area and absorption of more solar radiation reducing snow 

accumulation on the steep mountain slopes. PHU 1 had 2.96 

square km, or 9.5% of its area, with a gradient of 20°-30°.

It also contained 2.14 square km, or 6.9% of its terrain, 

steeper than 30°. Many of these slopes were south-facing. 

According to Pac et al. (1991), snowfall may be reduced as

much as 29% on 45° slopes, and about 85% more solar

radiation could be absorbed compared to level ground. Due to 

the reduced snow depth, deer were able to winter at higher 

elevations and occupy higher zones of precipitation.

During the summer (July-Sept.) deer, usually moved to 

higher elevations where diverse, mesic habitats provided 

higher quality forage that supported deer reproduction and 

maintenance. This summer range spanned the Bridger Divide 

providing many different vegetation types in narrow zones as 

a result of the elevation change over a short distance. The 

Bridger Divide, which ranges from 7382 feet to 9662 feet 

with an average of 8399 feet, was important in the 

distribution and movement of deer. Among marked deer who
• were followed for at least one year, 27% crossed the Bridger

Divide during seasonal movements. This divide was generally 

oriented perpendicular to the vectors for movements to and

from winter and summer GACs.



21
Numerous authors have indicated that males select 

habitat on the basis of foraging opportunities while females 

select habitat suitable for raising young (Geist, 1981; 

Clutton-Brock et al., 1987). This hypothesis is based on 

energy requirements and the differing reproductive

strategies that exist between sexes in polygamous ungulates 

(Main and Coblentz, 1990).

Leopold et al. (1951) also reported that mule deer

summer ranges were more than twice as large as the size of 

their winter ranges. My data showed that the summer ranges 

were almost three times larger than the winter ranges. 

Sanderson (1966) stated that male deer have larger home 

ranges than females. Not only are bucks affected by disease, 

heredity, population density, topography, season,

availability of food, cover, and water in forming home 

ranges like females, but also by rutting activities 

(Zalunardo, 1965; Robinette, 1966). The population that I 

studied has its peak rut in November and December.

The magnitude and timing of fawn mortality were 

difficult to predict. This problem resulted from the complex

of factors that interacted to affect survival of the fawns.

Some of these factors included those that operated during 
• the first year of life, as well as the environmental

conditions that influenced adult female physical condition 

prior to the birth of the fawn. Snow and low temperature 

also interacted, making deer more vulnerable to predators
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and hunters.

White et al. (1987) indicated that weight of mule deer

fawns was the best predictor of over-winter survival. 

However, their data suggested that not all mortality 

selected for small-bodied fawns. Like my results, 

variability in body size was greatest for fawns taken by 

predators. This indicated that they killed fawns regardless 

of their physical condition (Hamlin and Mackie, 1989; Pac et 

al., 1991). That is, it was found that predators killed all 

sizes, or took a sample of the entire population, while

starvation selected out smaller animals. These results were

supported by White (1987).

The PHU concept provides an ecological foundation for 

building a responsive approach to management. By using this 

concept, a manager can determine where a population lives, 

why the population performs as it does, and how the habitat

is distributed and used within the PHU.

In managing the population, I believe that a specific 

number of sex-dependent tags should be issued to harvest 

deer. Such objectives could be applied to try to remove a 

certain percentage of all sex and age classes. In doing so, 

managers must not assume that a legal harvest will 

compensate for natural mortality among all sex and age

classes.

Habitat management must include the importance of 

preserving winter ranges. These winter ranges are very
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specific and relate to special conditions of climate and 

topography. The impact of timber management and rural 

housing developments on winter range preservations must also 

be evaluated. Timber management should emphasize retention 

of timber stands on winter ranges. Timber management 

practices that avoid extensive clearcuts and retain adequate 

hiding cover should be considered. Location and use of roads 

must also be carefully managed. When properly managed, these 

roads can also improve mule deer harvest distribution. 

Conversely, when mountain roads are constructed without 

regard for deer management, they become a significant impact 

on habitat quality and hunter opportunity. Stansberry (1991) 

stated that disturbance and harassment during the summer due 

to high road density could result in poor physical condition 

of deer arriving on winter ranges and a subsequent high 

mortality. By integrating knowledge of timing of deer 

movements and road management, impacts on the population

could be reduced.

Summer and transition ranges between summer and winter 

habitats must also be managed properly. Such management 

policies could include seasonal road use and limited off

road activities. Often these areas are sacrificed as a

result of poor management or lack of knowledge of

environmental impact. Gradually, alteration of these areas 

can lead to subtle long-term declines in populations and

quality of their habitat. As Pac et al. (1991) stated,
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"preservation of diversity should be the hallmark of habitat 

management for mule deer."
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