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ABSTRACT

I examined the dominance relationships and resource use 
of mountain sheep (Ovis canadensis nelsoni) in a 3.2 km2 
enclosure on the Desert National Wildlife Range, Nevada, 
from 1990 to 1991. There was no difference in forage use 
between dominants and subordinates. Females consumed more 
forbs in winter than did males (P < 0.01). Grasses and 
forbs were selected for, and browse was selected against, in 
all seasons. Females foraged at sites with more forbs 
during winter (P < 0.05), and more grass during spring 
(P < 0.05), than males. Neither the entire population 
(4 males, 8 females), nor the females when considered alone, 
had hierarchies that were linear (H = 0.87 and H = 0.69, 
respectively). The largest mean group size (7.3) was in 
fall (n = 63) and the smallest (5.8) in spring (n = 57). 
Mixed sex groups made up the majority of the group types in 
fall (76%) and the least of all types in spring (22%).
Moving rates decreased as group size increased (P < 0.05).



11

INTRODUCTION

The results of my thesis research are divided into 2 
papers. Both have been submitted to peer-reviewed journals 
for publication. I followed the authorship guidelines of J. 
G. Dickson et al. (1978, Guidelines for authorship of 
scientific articles, Wildl. Soc. Bull. 6:260-261). Co
authors had to be involved in > 2 of the 5 basic parts of an 
investigation: conception, design, data collection, data 
analysis, or manuscript preparation.

The first chapter, 'RELATIONSHIPS BETWEEN RESOURCES AND 
DOMINANCE OF MOUNTAIN SHEEP', has been submitted to 
Behavioral Ecology. The second chapter, 1 RESOURCE USE BY 
MOUNTAIN SHEEP IN A LARGE ENCLOSURE', has been submitted to 
the Desert Bighorn Council Transactions. I am senior author 
on both articles. Dr. Paul R. Krausman served as my major 
advisor and guided me in all aspects of the study, and is 
junior author on both articles. Dr. Mark C. Wallace 
assisted in the conception and data analysis, and Louis R. 
Berner collected and analyzed data concerning habitat 
delineation for the second article.
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CHAPTER I
RELATIONSHIPS BETWEEN RESOURCES AND DOMINANCE 

OF MOUNTAIN SHEEP

Abstract: We quantified dominance relationships of Nelson's
mountain sheep (Ovis canadensis nelspni) related to forage 
in a 3.2 km2 enclosure on the Desert National Wildlife 
Range, Nevada, from 1990 to 1991. The population (4 males 
and 8 females) hierarchy was not linear (H = .87). Dominant 
individuals were involved in more interactions than 
subordinates (p < .01) over the year, and foraged less (p < 
.01) while bedding more (p = .01) in spring. There was no 
difference in the use of forage between hierarchical levels; 
both selected for grass and forbs, and against browse. The 
subordinate group (7 females) foraged in areas with more 
grass in spring (p < .01), and more forbs in winter (P < 
.01), than the dominant group (4 males, 1 female). Group 
size (p < .05) and structure (p < .001) changed seasonally. 
The largest mean group size (7.3) was in fall (n = 63), and 
the smallest (5.8) was in spring (n = 57). Mixed sex 
groups made up the majority of the group types in fall 
(76%), and the least in spring (22%). Movement decreased as 
group size increased (p < .05). Our results were similar to 
studies of free-ranging populations of mountain sheep.
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Key words: dominance hierarchy, enclosure, forage, group
structure, Ovis canadensis, use.

Mountain sheep are distributed over the broadest 
geographic area of any living member of the Bovidae family. 
However, occupancy of this area has declined so that only 
small, widely scattered populations exist (Geist, 1967; 
Krausman et al. 1989). Adequate management of these 
remaining populations requires more information (Krausman et 
al., 1989) and a closer examination of their social system.

Animal populations are regulated ultimately by a 
limited resource (e.g., food, water), and proximately by the 
social behavior and organization that may inhibit 
reproduction and limit the population of breeding 
individuals (Tamarin, 1983). Therefore, management would 
benefit if the social relationships of a species were better 
understood. For example, Buechner (1971) found that a 
management regime that took into account the social system 
of Uganda kob (Adenota kob thomasi) permitted high annual 
cropping with no adverse effects on population stability.
In this species, territorial males maintain a "high quality 
of genetic variability in the population", high natality 
rate, and spacing of the population that is important for 
the distribution of foraging pressure (Buechner, 1971).
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However, sustained harvest is a management tool that is 
criticized more often as being a "numbers game" that fails 
to consider the "social organization of a population and the 
role of social behavior in numerical regulation" (Buechner, 
1971). The potential impacts of selective harvests are 
particularly important for mountain sheep (Cowan, 1971).
The older members are important for passing on information 
concerning ranges, lambing grounds, and escape terrain 
(Geist, 1967), and reduce harassment of females by 
subordinate males (Geist, 1971b), but these are the same 
individuals that are pursued by trophy hunters. Hogg (1983) 
concluded that harvesting trophy males alters population 
size, sex ratios, and male age structure. In some species 
the removal of the dominant individual (usually the trophy 
males in bighorn sheep) results in increased aggression 
within the group (Wilson, 1975), which may increase the 
chance of injury and make the group less efficient (Chase 
I., cited by Wilson, 1975). Other concerns reviewed by Hogg 
(1983) include the abandonment of traditional ranges; an 
increase in energy expenditure by sheep in response to human 
disturbance; the effects of the removal of trophy males on 
the "social stability" of a group; and the possibility that 
artificial selection of trophy males may, over time, reduce 
the genetic quality of mountain sheep, consequently
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adversely affecting growth, reproduction, and/or survival. 
These possibilities become increasingly apparent in lieu of 
the small size, and limited gene flow, of current 
populations of mountain sheep (Berger, 1990; Krausman et 
al., 1989) .

Habitat management is another management tool that is 
used by wildlife biologists. The animal-habitat 
relationship is of such fundamental significance that the 
social organization and evolution of gregarious ungulates 
such as mountain sheep has been attributed to habitat 
(Geist, 1974; Jarman, 1974; Lagory, 1985; Wilson, 1975).
The clumping of resources may increase aggression between 
individuals (Barash, 1977; Drickamer and Vessey, 1986). In 
northern races of mountain sheep, for example, Petocz (1973) 
found males forcibly outcompeting subordinates for limited 
forage in deep snow. Espmark (1971) found the same 
situation occurring with roe deer (Caoreolus capreolus) and 
reindeer (Rangifer tarandus), and concluded that the 
subordinate individuals may consequently suffer from 
malnutrition.

The clumping of resources may have negative impacts in 
desert races of mountain sheep with respect to limited water 
availability (Simmons, 1980). Jones (1980) cites accounts 
by biologists in which a definite 'peck order1 existed at
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water holes, where the oldest rams finished off the 
remaining water to the detriment of the smaller males, 
females, and lambs. Whether standing water is a required 
resource of all desert races of mountain sheep, however, is 
still undetermined (Krausman et al., 1985, Morgart, 1990).

Fourie and Perrin (1987) state that "local environments 
can modify the expression of behavioral characteristics of a 
species so that distinct populations may show different 
behavioral patterns under different environmental selection 
pressures". They add that studies of mammalian behavior 
should be area specific, as results for a species under 
study may not be consistent throughout it's geographic 
range. Silk (1987) supported this conclusion.

Because environmental conditions may have profound 
effects on the expression of behavior, and because 
biologists need to have a better understanding of mountain 
sheep social behavior for better management, we examined the 
relationships between forage and dominance for a desert race 
of mountain sheep. Leslie and Douglas (1979) and Simmons 
(1980) noted that there was a lack of detailed studies on 
the social behavior in the desert races, whereas the 
northern races have received a considerable amount of 
attention (Bennett, 1986; Eccles and Shackleton, 1986;
Geist, 1971a; Hass, 1991; Hass and Jenni, 1991; Hogg, 1983).



17

Augsburger (1970) qualitatively described the behaviors 
used by a desert race of mountain sheep, and quantitatively 
examined sex/age class interactions. Berger (1979) examined 
the social ontogeny of three races of mountain sheep, 
including a desert race. Of the northern races, Eccles and 
Shackleton (1986) intensively studied the correlations of 
social status of supplementally fed female sheep (Oyis 
canadensis californiana) in a 40 ha enclosure, Bennett 
(1986) examined the linearity of captive female Rocky 
Mountain bighorn dominance relationships (Oyis canadensis 
canadensis) in a 1.25 ha enclosure, and Hass and Jenni 
(1991), and Hass (1991), investigated the social behavior of 
semi-captive Rocky Mountain bighorn in the National Bison 
Range, Montana. The 75 km2 National Bison Range is bounded 
by a fence. Although the sheep in the semi-captive studies 
were semi-domesticated and could be approached to within 
20 m, these authors had many potential pairings of 
individuals that had very few, or no interactions at all. 
Hass (1991), for example, had 28% of all possible female 
dyads interacting in 1 year of a 3 year study, and 74% in 
another year.

These studies exemplify the potential problems 
associated with studying social structure in captive and 
free-ranging populations. The captive studies involved



18

supplementally fed sheep in small enclosures that did not 
allow for daily or seasonal movement, or escape from 
conspecifics or public pressures, but did protect from 
predators. Conversely, in studying wild, free-ranging 
populations it would be difficult to establish a social 
order within the whole population of sheep, even if all 
individuals are known and identifiable. It would be 
difficult to obtain enough interactions between all 
individuals to socially rank each member of the population, 
and subsequently, to establish the linearity of the social 
structure (Eccles and Shackleton, 1986). Richards (1974) 
notes that a high frequency of social interactions is 
important for accurate assessment of social rank.

It is difficult to study behavior of mountain sheep in 
deserts because they exist in areas with limited access, are 
low in number and density, and have large home ranges 
(Horgart, 1990). To circumvent artificial rearing 
conditions and the difficulties of free-ranging populations 
(Morgart, 1990), we studied mountain sheep foraging behavior 
and social structure in one of the largest enclosures 
constructed for mountain sheep (3.2 km2). The enclosure 
provided food resources and escape terrain. Water was 
provided and there was no supplementation of diet. The 
sheep within the enclosure were wild-caught representatives
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of the surrounding population that were captured 50 km from 
the study site. We were rarely closer than 200 m to the 
animals. No one other than the biologists associated with 
the project had access to the enclosure. This study 
provided an opportunity to consistently monitor bighorn 
behavior and habitat relationships.

Our objectives were to 1) describe and quantify the 
dominance relationships of an enclosed population of 
mountain sheep, 2) quantify forage use, and forage site 
characteristics with respect to hierarchical level, and 3) 
quantify activity related to group size, hierarchical level, 
and season.
STUDY AREA

The study site was in the northeast corner of the 
Desert National Wildlife Range (DNWR), 150 km north of Las 
Vegas, Nevada. Established in 1936 for the preservation of 
mountain sheep, the 6,000 km2 DNWR encompasses 6 mountain 
ranges varying in elevation from 625 to 3,724 m. Land use 
on the refuge included livestock grazing until 1966. The 
western half of the DNWR has been used as a bombing and 
gunnery range by the Department of Defense since 1940 
(Burger, 1985).

Lying at the south end of the Pahranagat Range, the 
study site is north of the Sheep Range, an area noted for
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abundant water availability (Burger, 1985). The Sheep 
Range, and the neighboring Las Vegas and Desert Ranges, made 
up the largest block of habitat for desert races of mountain 
sheep in Nevada, and supported the largest population of 
this race in the U.S. (Burger, 1985). Unlike trends of the 
early part of this decade, Delaney (1988) stated that 
Nevada's population of desert bighorn sheep had grown 26% 
from 1977 to 1987, to approximately 5,600 individuals.

Climatic data was recorded 10 km east of the enclosure 
at Pahranagat National Wildlife Refuge. The average daily 
high/low temperatures for the summer (Jun-Aug), fall (Sep- 
Nov), winter (Dec-Feb) and spring (Mar-May) were 36/17,
26/6, 13/-4, 21/4 C, respectively. These temperatures were 
similar to the average of 15 years of data between 1965 and 
1987. Approximately 33% of the annual rainfall (12.55 cm) 
fell in both winter and summer, and 17% fell in both fall 
and spring. This was 24% lower than the average annual 
precipitation of 16.5 cm from 17 years of data collected 
from 1965 to 1987, and is representative of the drought 
occurring throughout the western states since the mid- 
1980's.

The 3.2 km2 enclosure was bounded by a 2.4-m high fence 
(1.5 m of net wire and 3 strands of barbed wire spaced 0.3 m 
apart). The encompassed portion of the mountain was in a



21

north-south direction, and was characterized by steep, 
precipitous slopes on the south and northeast end, and 
relatively moderate slopes on the northwest. Deep drainages 
exist on the southern half and east side of the mountain. 
There is a long, relatively flat portion of the enclosure on 
the east side, running the length of the mountain and 
approximately 200 m wide from fence to bajada (the 
topographic area between midslopes and the flats, <25 
degrees in slope). The west side fence runs closer to the 
mountain, thus, only rolling bajada exist in the northwest 
corner. Elevation ranges from 1,267 m in the wash along the 
west fence, to 1,562 m at the highest point.

Two 11,400 L water tanks were placed on the upper 
bajada of the northwest side of the enclosure. One tank was 
filled by tanker truck, the other was filled by water piped 
from an adjacent drainage. The watering trough was small 
(45 cm x 61 cm), to reduce evaporation.

The enclosure was entirely within the desert scrub 
vegetation association described by Bradley (1964). Plants 
found on the flats are creosote bush (Larrea tridentatal, 
and joshua tree (Yucca brevifolia). The bajadas are 
represented by big galleta (Hilaria rigida),bush muhly 
(Muh1enberqii porteri), and Mormon tea (Ephedra nevadensis). 
Higher up the south slopes four-winged saltbush (Atriolex



22

canescens) and shadscale (Atriplex confertifolia) began to 
dominate vegetation. Winter fat (Ceratoides lanata) was 
prevalent in the washes, and blackbrush (Coleoavne 
ramossissima) was most often found on the east side. 
Scientific nomenclature of plants follows Bradley (1964). 
METHODS

Fourteen sheep were captured on 1 and 2 May 1990 (5 
males, 9 females); 1 male and 1 female died. The sheep were 
located with a helicopter and subsequently captured with a 
net gun (Krausman et al., 1985). After capture sheep were 
transported 50 km north to the enclosure and released. The 
population within the enclosure consisted of 1 yearling 
female, 7 adult females, 1 yearling male, and 3 adult 
males.

Ten of the 12 sheep were radio-collared with 5 
differently colored, mortality sensitive (model HP), collars 
(Telonics, Inc., Mesa, Ariz.) to assist in the location and 
identification of individual sheep. The 2 sheep without 
collars were females that were physically distinguishable.
We color coded the collars so that the individuals with the 
same color were of opposite sex. The exception to this were 
2 females sharing red collars; these sheep were also 
physically distinct from each other.

From May 1990 to June 1991 we collected data daily on
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the enclosed population of sheep. We used scan sampling 
with 10 minute sampling intervals (Altmann, 1974; Martin and 
Bateson, 1986), and recorded the first behavior that lasted 
10 consecutive seconds as foraging, bedding (plus noting 
whether the individual was in the shade), standing without 
foraging, moving without foraging, or social (i.e., 
interacting with another individual). We first recorded the 
behavior of the animal located with radio-telemetry, and 
then the behavior of all other members of the group were 
recorded. The sequence of observation of group members was 
randomly ordered before the first scan. The individuals 
located with radio-telemetry were randomly selected without 
replacement until every member of the group had been 
selected. We recorded the location of all individuals at 
the first scan of each observation period using universal 
transverse mercator (UTM) grids. If an individual was 
foraging, the vegetation class used was recorded as browse 
(woody perennials), forb (herbaceous perennials and 
annuals), grass, other (primarily succulents), or unknown. 
We made observations in bouts of <4 hours, with >4 hours 
between each observation period.

We used line transects to assess the availability of 
the vegetation classes at the site of the first foraging 
scan in a foraging bout (Canfield, 1941). The UTM
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coordinates were used to record the location of the first 
foraging scan, and we mapped specific physical features of 
the site to facilitate relocation. We returned to the 
foraging site within 48 hours and assessed the total crown 
area of each class (Gysel and Lyon, 1980), provided that we 
were able to identify the vegetation class in >50% of the 
forage scans in a foraging bout. Foraging bouts were 
recorded as independent as long as the individual exhibited 
behaviors other than foraging, and/or was out of sight, for 
>2 consecutive scans, and the distance between the location 
of the initial forage scan was >30 m (the length of a 
transect). We determined the direction of the transect from 
a random numbers table.

We compared the availability of browse, forbs, and 
grasses at the foraging site to their use with Chi-square 
analysis and Bonferroni simultaneous confidence intervals at 
the 0.05 level of significance (Byers et al., 1984). We 
used Mann-whitney U-tests (2-tailed, 0.05 level of 
significance) to compare forage class use by dominant and 
subordinate groups within seasons, and to compare the 
availability of forage classes at the foraging site. We 
used Kruskall-Wallis one-way analysis of variance (ANOVA) 
tests to examine forage use between seasons for both groups, 
as well as forage availability between season. We did not
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include summer vegetation availability data because of small 
sample size.

We used all occurrences samples to evaluate dominance 
relationships (Altmann, 1974; Martin and Bateson, 1986). A 
dominant-subordinate interaction was defined as an exchange 
of behaviors between individuals, with the intent of each to 
gain priority to a preferred resource (Geist, 1971a), or an 
assertion of rank. The resources competed for were 
classified as food, water, bed sites, reproduction, or other 
(primarily play and rank assertion not associated with a 
resource). The dominant animal was the individual that 
displaced another individual from a resource, directed 
dominant behaviors towards another individual, or the one to 
which submissive behavior was directed (Eccles and 
Shackleton, 1986; Geist, 1971a).

The behaviors used to assess the dominant-subordinate 
relationship of any two individuals were a combination of 
those described by Geist (1971a) and Shackleton (1973).
Those considered to be used by the dominant individual in a 
dyadic interaction included: low-stretch, front kick, mount, 
butt, rush, chase, and approach. An approach was recorded 
as a 'win' for the individual displaying if the receiver 
retreated, or squatted and urinated. We considered the horn 
body (in which a subordinate rubs it's horns against the
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head and/or body of a dominant), retreat, and squat/urinate 
as behaviors used by subordinates.

We assessed dominance relationships by using win-loss 
matrices based on the outcome of dyadic interactions 
(Appleby, 1983; Bennett, 1986; Brown, 1975; Hass, 1991; Hass 
and Jenni, 1991). The number of possible combinations of 
two individuals in a group size (n) is n(n-l)/2 (Brown,
1975). An individual dominated another if it 'won' >50% of 
their interactions. We calculated a dominance value (DV) 
for each group member from these data, which was then used 
to assess hierarchical level. We also used DV in a simple 
regression of DV and the number of interactions involved, 
and DV and the percent of interactions that were initiated 
(Bielharz and Mylreas, 1963; Eccles and Shackleton, 1986; 
Hass, 1991). The DV is the arcsine transformation of the 
proportion of group members an individual dominates, and has 
a value range of 0 (dominates no one) to 90 (dominates every 
group member). We used the Mann-Whitney U-test to compare 
the interaction rates of dominant and subordinate groups.
We used one-way ANOVA tests to examine seasonal and temporal 
differences in interaction rates, and Chi-square contingency 
table analysis to compare the distribution of interaction 
classifications (i.e., resources 'competed' for) between the 
four seasons. We used Spearman rank nonparametric tests to
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We used Landau's index (H) to assess the linearity of 
the hierarchy (Bekoff, 1977; Bennett, 1986; Eccles and 
Shackleton, 1986; Hass, 1991; Landau, 1951; Lehner, 1979; 
Wilson, 1975). Values for this index range from 0 (all 
members equal) to 1 (absolute linearity). Chase (1974) 
described an H value of >0.90 as strong, and approaching 
linearity. Three factors that affect the linearity index 
include the percent of all possible interaction combinations 
we observe, the number of non-transitive relationships, and 
group size (Brown, 1975; Chase, 1974; Wilson, 1975). Non
transitive relationships are those in which animal A 
dominates animal B, animal B dominates animal C, and animal 
C dominates animal A (as opposed to being dominated by 
animal A as might be expected in a transitive hierarchy) 
(Chase, 1974). We calculated the number of non-transitive 
relationships, and the significance of the hierarchy (i.e., 
the probability that the hierarchy occurred by chance) 
following Appleby (1983).

We assessed group size and structure (male, female, 
mixed) for each season. We considered individuals part of 
the same group when they showed some form of cohesive

examine correlations between DV scores and the number of
interactions individuals were involved in, and the number of
interactions individuals initiated.
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behavior (Lagory, 1985). Group size was compared between 
seasons with a one-way ANOVA test, and group structure was 
compared with the Chi-square contingency table analysis. We 
calculated an association index (Leslie and Douglas, 1979? 
Johnson, 1989) to examine the degree of association between 
the male and female groups by season. The range is from 0 
(no association) to 100 (never seen apart).

The activity budgets were derived from scan sampling 
(Altmann, 1974). We transformed the percent data using the 
square-root arcsine transformation for the use of parametric 
statistics (Hass, 1991; Zar, 1974). We used one-way ANOVA 
tests to examine dominant and subordinate activity between 
seasons and to compare activity between hierarchy levels 
within each season. We used linear regression to examine 
differences in activity with respect to group size.
RESULTS
Dominance Relationships

We observed 464 dyadic interactions in 2,295 hours of 
observations (mean = 0.4 interactions/hour of obs). Of 
these, 79% resulted in 1 individual displacing another. Of 
the 96 interactions in which there was no apparent dominant 
individual, 91 were classified as 1 other1. We observed 91% 
of the 66 possible pair combinations for the entire 
population (Table 1), and 79% of the 28 possible female
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pairings (Table 2).
The hierarchy of the entire group was not linear, had 9 

non-transitive relationships, and was non-random (H = .87, 
Chi-square = 67.1, df = 21, p < .001). The female hierarchy 
was more non-linear than the group as a whole, had 7 non
transitive relationships, and was non-random (H = .69, Chi- 
square = 37, df = 21, p < .05). Groups comprised of <6 
individuals cannot have a statistically significant level of 
linearity (Appleby 1983; Chase 1974), so linearity was not 
calculated for the males in the population.

More interactions occurred from sunrise to 0900 than 
during any other part of the day (F = 9.5, df = 3,44, p < 
.001) (Fig. 1), and more interactions occurred during summer 
(the first full season sheep were put together) than in any 
other season (F = 7.97, df = 3,44, p < .001). The 
interaction classifications differed between seasons 
(Chi-square = 136.18, df = 9, p < .001) (Fig. 2). 
Interactions over bed site made up the greatest percent of 
summer classifications, and reproduction dominated fall.
The winter and spring 1 other1 classifications were due to 
high male-to-male interaction in which play, and rank 
assertion not associated with a resource made up the 
majority of the 1 other1 interactions (79% and 61%, 
respectively) (Fig. 3).
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We used calculated DV scores (Table 1) to determine the 
hierarchical level of members of the population. Those with 
scores >45 were placed in a 1 dominant1 group, and 
individuals placed in the 1 subordinate1 group had DV scores 
<45. The dominant group was comprised of all 4 males in the 
enclosure, plus 1 adult female. The remaining 7 females 
made up the subordinate group.

The dominate group had significantly more interactions 
than the subordinate group (W = 50, df = 5,7, p < .01). 
Dominance values were highly correlated with the number of 
interactions an individual was involved in (rs = 0.92, 
df = 11, b  < .001), and the percent of those interactions 
that the individual initiated (rs = .96, df = 11, p < .001). 
Resource Use

Dominant and subordinate groups did not differ in 
forage selection in any season (Table 3). The dominants use 
of browse, forbs, and grasses varied between seasons (H = 
13.52, df = 3, p > .05; H = 11.82, df = 3, p > .05; H = 
12.99, df = 3, p > .05; respectively) (Table 3). Browse use 
by dominants was greatest in spring and lowest in fall.
Forb use was greatest in winter and lowest in summer. Grass 
use was greatest in fall and lowest in spring. The 
subordinates also varied seasonally in their use of browse 
(H = 18.63, df = 3, p < .05), forbs (H = 18.36, df = 3, p <
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.05), and grasses (H = 22.61, df = 3, $> < .05) (Table 3).
The use of browse, forbs, and grasses by subordinates was 
similar to the use by dominants, with the exception that 
forb use was at its lowest in fall. Both groups used browse 
species less than expected based on availability, and forb 
and grass species greater than, or equal to expectancy based 
on their availability, in every season (Table 4).

Subordinates foraged in areas that had more grass 
during spring (W = 16, df = 5,7, p < .01), and more forbs 
during winter (W = 15, df = 5,7, p < .01), than the areas 
dominants foraged in. The area of available grass (H = 9.5, 
df = 2, p < 0.05) differed at the foraging sites of dominant 
individuals over fall, winter, and spring. Grass peaked in 
availability during fall and was least available during 
spring. The availability of browse, forbs, and grasses at 
the foraging sites of subordinates did not vary seasonally. 
Activity

Dominants spent a greater percent of their time in 
social interactions than the subordinates in every season 
except summer (Table 5). Dominants spent more time bedding 
(and a greater percent of that activity in the shade than 
subordinates), while foraging less, during the spring season 
(Table 5). Subordinates differed in the percent time 
bedded, bedded in the shade, standing, and moving between
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seasons (F = 4.88, df = 3,909, E < .01; F = 17.92,
df = 3,909, E < .001? F = 9.53, df = 3,909, £ < .001? F =
7.68, df = 3,909, £ < • 001, respectively) (Table 5).
Dominants also varied seasonally in the percent time spent 
bedded (F = 5.14, df = 3,505, £ < .01), bedded in the shade 
(F = 11.64, df = 3,505, £ < .001), standing (F = 6.12, df =
3.505, £ < .001), and socially interacting (F = 3.22, df =
3.505, £ < .05) (Table 5). Both dominant and subordinate 
groups spent more time bedded in the shade in summer than in 
any other season. Dominants spent more time bedded in 
spring, and subordinates bedded more in winter, than in any 
other season. Dominant individuals spent more time in 
social activity in fall than in any other season.
Group Structure

Group size varied between seasons (F = 3.64, df =
3,214, £ < .05), with summer, fall, winter, and spring mean 
group sizes of 6.1, 7.3, 7.2, and 5.8, respectively. Only 
the rate of moving changed with group size, significantly 
decreasing with increasing numbers of individuals in a group 
(F = 9.06, df = 1,10, £ < .05).

Group structure changed with seasons (Chi-square = 
42.33, df = 6, £ < .001) (Fig. 4), with mixed groups making 
up the greatest percent of all groups in fall (76%), and 
smallest percent of all groups in spring (22%). Male-female
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association indexes for the summer, fall, winter, and spring 
were 52.83, 86.49, 67.42, and 34.78, respectively.
DISCUSSION

The use of a large enclosure in suitable habitat proved 
to be a useful tool for assessing mountain sheep dominance 
relationships and resource use (Zine et al. 1992). The 
assessment of linearity compares well with other studies of 
mountain sheep (Bennett, 1986; Eccles and Shackleton, 1986; 
Hass and Jenni, 1991), regardless of study conditions. 
Enclosure size between these studies ranged from 0.013 to 75 
km2, suggesting that linearity of a hierarchy is not 
adversely affected by enclosure size. This is supported by 
Dewsbury (1982), who notes that although increased 
aggression (i.e., more interactions) may occur as enclosure 
size decreases (Hogan et al., 1988), this may simply make it 
easier to detect underlying hierarchies. Bennett (1986) 
reached similar conclusions.

The degree of linearity for the entire population (H = 
.87) is similar to the level expressed by semi-captive male 
groups (Hass 1991), and females in zoos (Bennett, 1986).
The lack of studies examining linearity in groups comprised 
of both sexes of mountain sheep prevents further comparison, 
although the calculated value appears high given the 
decreasing possibility of a linear hierarchy as group size
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increases (Appleby 1983). The non-linear (H = .69) female 
group is consistent with the calculated values of 0.66-0.77 
by Hass (1991), higher than the indices of Eccles and 
Shackleton (1988), and lower than the value calculated by 
Bennett (1986). With the exception of Hass (1991), these 
values support the likelihood that linearity in a hierarchy 
will decrease with increasing group size. Eccles and 
Shackleton (1986) reported H values of 0.59 and 0.46 for the 
16 females in their study; our H = .69 was with 8 females, 
and Bennett's (1986) 6 females had a calculated H of 0.89.
A relatively unstable, non-linear hierarchy of females has 
also been reported for red deer (Ceryus elaphus) (Glutton- 
Brock et al., 1982) .

The establishment of all 4 males higher in rank than 7 
of the 8 females is not uncommon for species possessing a 
hierarchical social system (Brown, 1975; Wilson, 1975). 
Wilson (1975) notes that sometimes juvenile males will have 
to work their way up through the female ranks before 
entering at the bottom of the male hierarchy. In our study, 
a yearling male (no. 07) was the only male ranked below a 
female (no. 08), but this was likely a result of how we 
assessed rank. This male 'lost' a number of interactions 
with females in the first 3 months (May to August) of our 
year long study, but never lost an interaction after that
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period. Because we assessed rank and linearity for 
interactions occurring over the entire year, this male was 
ultimately ranked below the female when in fact he was not 
subordinate to her once the rut started (Aug). Hass and 
Jenni (1991) had similar findings with yearling males in 
Rocky Mountain bighorn sheep.

The high rate of interactions in the early part of the 
study, with a subsequent fall decrease and levelling off 
could represent the establishment of hierarchical positions 
(Wilson, 1975). The presence of strangers increases levels 
of aggression (Drickamer and Vessey, 1986), and may have 
been the situation in the summer when individuals were put 
together for the first time. The high rate of interactions 
in summer could have been a function of extreme temperature 
conditions. Dominant and subordinate sheep spent the 
majority of their bedding time in the shade during the 
summer (90% and 73%, respectively), more interactions were 
over bed sites during summer than any other interaction 
classification, and the percent of interactions classified 
as bed site was greater in summer than in any other season. 
In addition, although the interaction rate over water did 
not differ significantly between seasons, it was greatest in 
summer. The high interaction rate in the early morning hours 
has not been reported for mountain sheep.
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General correlations reported with high rank include 
priority access to food, bed sites, females, decreased 
stress, and increased survival (Brown, 1975; Drickamer and 
Vessey, 1986; Wilson, 1975). High ranking male mountain 
sheep have increased access to females in estrous (Geist, 
1971a), food (Petocz, 1973), and water (Jones, 1980). High 
ranking male mountain sheep may also have increased 
mortality rates (Geist, 1971a, Shackleton, 1973), and high 
ranking females may not have higher quality diets, lower 
activity costs, or higher productivity, according to Eccles 
and Shackleton (1986). Bennett (1986) found no hierarchical 
advantages in terms of access to preferred resting sites for 
female mountain sheep, and Hass (1991) did not detect any 
difference in offspring survival between dominant and 
subordinate females.

Of the 11 copulations we observed, 7 were by the 
highest ranking male, 3 by the second highest ranking male, 
and 1 by a third male. This supports increased access to 
females in estrous by high ranking males.

We did not detect any differences in diet between the 
groups, but we did find a differences in the availability of 
grass in the spring, and forbs in the winter, between the 
forage sites of dominant and subordinate groups. Because 
there was a preference for forbs and grasses by both groups
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(Table 4), subordinates may be selecting better sites (i.e., 
more forbs and grasses) in the winter and spring, than 
dominants. This may be an attempt to meet the high 
energetic demands placed upon females during lactation 
(Glutton-Brock and Godfray, 1991; Berger, 1991), as 5 of the 
7 females comprising the subordinate gave birth to lambs 
one-third of the way through the spring season (Zine et al., 
1992) . In addition, the subordinates spent more time 
foraging and less time resting in the spring than the 
dominants, a difference noted by Glutton-Brock et al. (1982) 
as an attempt by lactating red deer to increase their 
nutrient intake. Geist and Petocz (1977) concluded that 
sexual segregation of Rocky Mountain bighorn sheep may 
increase the fitness of males by decreasing the competition 
and disturbance for the mothers of their offspring (Zine et 
al., 1992).

The differences in spring activity may have been a 
function of social status. Eccles and Shackleton (1986) 
hypothesized that dominants would bed more, while foraging 
less when high quality forage was at a premium. Dominants 
would have priority access to high quality sites and would, 
therefore, spend less time foraging to maintain adequate 
plane of nutrition. We did not examine plant phenology, and 
because precipitation is so closely tied to plant phenology
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in the Mojave desert, it is unwise to extrapolate 
phenological information from other studies.

Given the high correlation between DV scores and 
interaction rate, it is not surprising that the dominants 
spent a greater proportion of their activity budget socially 
interacting than subordinates in the fall, winter, and 
spring seasons. There may have been no significant 
difference in the time spent socially interacting in the 
summer because dominance was being established between all 
individuals in the population.

Group sizes were similar in size to those reported by 
Chilelli and Krausman (1981) and Morgart (1990), but larger 
than most studies (Golden and Ohmart, 1976; Krausman et al., 
19897 Leslie and Douglas, 1979; Russo, 1956; Simmons, 1969; 
Welles and Welles, 1961). The relationship between resource 
levels and group size is unclear (Krausman et al., 1989), 
and it may not be realistic to make that association in our 
enclosure (although individuals were able to spatially 
segregate). Our largest average group size occurred in fall 
due to the rut. Other studies found the largest groups 
occurring in the late winter and spring (Welch, 1969; 
McQuivey, 1978; Morgart, 1990), or summer (Chilelli and 
Krausman, 1981), but this was probably because these 
researchers included lambs in their counts. It is likely
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that the spring group size would be smallest, as it is the 
one season in which males and females would most likely be 
segregated throughout the three month period. Chilelli and 
Krausman (1981) and Welles and Welles (1961) attribute 
greater gregariousness to an increase in the availability of 
forage, but because we only measured availability at the 
foraging site, we cannot distinguish between seasonal 
changes in availability and forage site selection.

Group structure was similar to that reported by 
Chilelli and Krausman (1981) and Morgart (1990). As female 
groups made up the greatest percent of group types in the 
spring and summer, mixed groups made up the highest percent 
in the fall and winter. Lenarz (1979) also found the 
greatest occurrence of mixed groups in the fall season.

This type of study permits a level of control and 
analysis not available in the field (Dewsbury, 1982).
Results are comparable to other studies examining free- 
ranging populations of mountain sheep, and may prove useful 
in examining certain aspects of a species behavior (e.g., 
dominance relationships) that do not lend themselves to 
study in free-ranging populations. It is with the use of 
this type of manipulative study that science has advanced 
most rapidly (McNab, 1983).
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Figure Legends:

Fig. 1. The distribution of dyadic interactions of mountain 
sheep in a 3.2 km2 enclosure on the Desert National Wildlife 
Range, Nevada, 1990-1991. Summer = Jun-Aug, fall = Sep-Nov, 
winter = Dec-Feb, and spring = Mar-May.

Fig. 2. The classification of the dyadic interactions of 
mountain sheep in a 3.2 km2 enclosure on the Desert National 
Wildlife Range, Nevada, 1990-1991. Summer = Jun-Aug, fall = 
Sep-Nov, winter = Dec-Feb, and spring = Mar-May.

Fig. 3. Inter and intra-sexual distribution of dyadic 
interactions of mountain sheep in a 3.2 km2 enclosure on the 
Desert National Wildlife Range, Nevada, 1990-1991. Summer = 
Jun-Aug, fall = Sep-Nov, winter = Dec-Feb, and spring = Mar- 
May.

Fig. 4. Group composition of mountain sheep in a 3.2 km2 
enclosure on the Desert National Wildlife Range, Nevada, 
1990-1991. Summer = Jun-Aug, fall = Sep-Nov, winter = Dec- 
Feb, and spring = Mar-May.
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Table 1. Dyadic interaction matrix of mountain sheep (adult
= > 2 yr old) in a 3.2 km2 enclosure in the Desert National
Wildlife Range, Nevada, 1990-1991.

No. No. Loser
Age/ Win-__________________________
Sex DV8 ner 01 03 05 08 07 04 09 10 12 11 02 06
3/M 90.0 01 16 6 15 8 5 1 10 6 13 4 2
3/M 59.7 03 12 3 9 3 3 3 3 6 1 4
2/M 53.7 05 11 1 4 3 5 7 2 4 2
A/F 54.8 08 1 1 15 10 13 14 13 3 2
1/M 54.9 07 1 7 6 5 7 2 7 15 17
A/F 33.3 04 2 4 *b 4 3 3
A/F 30.4 09 1 4 5 7 2 4 2
A/F 26.9 10 5 * 3 * 2 *
A/F 26.6 12 4 1 2 * * * 2
A/F 21.0 11 3 1 1 * * 1
A/F 18.7 02 * * 4
1/F 00.0 06 *

8 DV = dominance value, the arcsine transformation of 
the proportion of individuals dominated. A score of 0 = 
dominates no one, and 90 = winner of all interactions.

b * indicates no interaction between the pair



51

Table 2. Dyadic interaction matrix of female mountain sheep
(adult = > 2 yr old) in a 3.2 km2 enclosure in the Desert
National Wildlife Range, Nevada, 1990-1991.

Acre DV*
No.

llo. loser

winner 08 04 11 09 02 10 12 06
Adult 90.0 08 15 13 10 3 13 14 2
Adult 40.6 04 4 3 *b 4 3
Adult 34.2 11 3 1 * 1 * 1
Adult 33.8 09 3 5
Adult 31.1 02 * * 4
Adult 30.9 10 * 3 2 * *
Adult 27.8 12 1 * 2 * * 2
Year 00.0 06 1 *
ling

0 DV = dominance value, the arcsine transformation of 
the proportion of individuals dominated.

b * indicates no interaction between the pair.
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Table 3. The vegetation use (median %) of dominant (Dorn) 
and subordinate (Sub) mountain sheep in a 3.2 km2 enclosure 
on the Desert National Wildlife Range, Nevada, 1990-1991.

Forage Type

Season0 Browse _____Forb_____ Grass

Summer
Dorn 35.25 0.00 64.75
Sub 29.20 2.70 66.70
P-valueb 0.40 0.26 0.78

Fall
Dorn 16.70 2.10 83.10
Sub 15.20 1.90 83.30
P-value 0.42 1.00 0.47

Winter
Dorn 35.30 5.10 59.30
Sub 32.40 14.60 52.50
P-value 0.75 0.05 0.19
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Table 3. (continued)
Forage Type

Season* Browse Forb Grass

Spring
Dom 50.00 22.20 22.20
Sub 52.60 13.50 34.00
P-value 0.87 0.10 0.26

* Summer = Jun-Aug, Fall = Sep-Nov, Winter = Dec-Feb,
Spring = Mar-May.

b Mann-Whitney U-tests calculated on the percent use of 
each forage class for each individual. Dominant n = 5, 
subordinate n = 7.
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Table 4. Forage use by mountain sheep (D = dominant, S =
subordinate) in a 3.2 km2 enclosure in the Desert National
Wildlife Range, Nevada, 1990-1991.

Hierarchy Forage Expected Observed Use vs.1
Season8 levelb

Fall D
S

Type
Br
Br

U s e m
67
75

Use(%) Availability
20
15

<

<

D
S

Fb
Fb

3
4

4
3

D
S

Gr
Gr

30
21

77
82

>

>

D
S

Br
Br

74
76

33
30

<

<

D
S

Fb
Fb

2
3

7
15

D
S

Gr
Gr

24
21

60
56

>

>

Winter
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Table 4. (continued)
Hierarchy Forage

Season* S 8 levelb____Tvpec
Spring D Br

S Br

D Fb
S Fb

D Gr
S Gr

Expected Observed Use vs.d
Use(%)____ Usef%) Availability

86 54 <
76 53 <

3 21 >
3 16 >

11 25 >
21 32 >

8 Summer = Jun-Aug, Fall = Sep-Nov, Winter = Dec-Feb, 
Spring = Mar-May.

b Hierarchy level based on calculated dominance value 
score (Bielharz and Mylreas 1963).

c Br = browse, Fb = forb, Gr = grass.
d Use versus availability calculated following Byers et 

al. (1984) at the 0.05 level of significance for each 
comparison.
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Table 5. Activity budgets (%) of dominant and subordinate
mountain sheep in a 3.2 km2 enclosure on the Desert National
Wildlife Range, Nevada, 1990-1991.

Activity®

Seasonb For Bed Bshc Std Mov Soc

Summer
Dominant 34.89 43.40 89.60 14.41 5.38 1.56
Subordinate 35.84 40.69 72.71 15.96 6.72 0.53

P-valued 0.99 0.89 0.37 0.58 0.39 0.17

Fall
Dominant 31.29 45.38 64.12 16.63 3.64 2.60
Subordinate 36.24 41.35 55.49 17.50 4.38 0.30

P-value 0.08 0.18 0.30 0.58 0.81 <0.01

Winter
Dominant 32.04 51.40 13.09 11.74 3.05 1.50
Subordinate 37.73 45.75 11.13 12.88 2.89 0.27

P-value 0.28 0.45 0.91 0.37 0.73 <0.01
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Table 5. (continued)
Activity8

Season^ For Bed Bshc Std Mov Soc

Spring
Dominant 31.99 52.35 37.12 9.46 4.69 1.09
Subordinate 42.40 41.65 31.17 11.92 3.18 0.27

P-value 0.01 0.01 0.02 0.43 0.24 <0.01

8 For = Foraging, Bed = Bedding, Bsh = Bedding in the 
shade, Std = Standing, Mov = Moving, Soc = Socially 
interacting with another individual.

b Summer = Jun-Aug, Fall = Sep-Nov, Winter = Dec-Feb, 
Spring = Mar-May.

c Bsh = % time that bedding was in the shade. 
d T-test used to compare groups after the percent data 

was transformed with the square-root arcsine transformation.
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CHAPTER IIRBSOURCE USE BY MOUNTAIN SHEEP IN A
LARGE ENCLOSURE

Abstract: We examined habitats used for foraging, and the
forage consumed by mountain sheep (Oyis canadensis nelspni) 
in a 3.2 km2 enclosure on the Desert National Wildlife 
Range, Nevada. Sheep selected the mid-slope elevations of 
habitats with a western aspect for foraging; 91% of the 
forage sites had slopes ranging from 26 to 75%. Females 
foraged more on forbs during winter than did males 
(P = 0.01). Female foraging sites had more forbs during 
winter (P < 0.05), and more grass during spring (P < 0.05), 
than did male foraging sites. Browse was used less than, 
and forbs and grasses were used greater than or equal to, 
expectancy based on availability in all seasons.

Desert Bighorn Counc. Trans. 00(0):000-000 
Key words: availability, enclosure, forage, habitat, Ovis
canadensis, use.

Population sizes of desert races of mountain sheep 
(Ovis canadensis) are significantly smaller now than in the 
early 19th century and there is little sign of increasing 
recruitment rates, or independently increasing geographic
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distribution (Bailey 1980, Krausman et al. 1989). Among 
other things, management of these remaining populations 
requires an understanding of the interactions sheep have 
with their habitats, including the relationship between 
these animals and their food supply (Owen-Smith and 
Novellie 1982, Krausman et al. 1989).

The forage consumed by mountain sheep in the Southwest 
has frequently been quantified, but with few exceptions, 
this information has not been supplemented with data on 
availability of forage classes. Yoakum (1964, 1966) had 
small sample sizes, only examined male sheep harvested 
during the hunting season, and had few transects to assess 
the availability of vegetation over large areas. Elenowitz 
(1984) looked at use versus availability on an annual basis, 
but did not examine seasonal or sexual differences. Miller 
and Gaud (1989) only examined seasonal use and availability 
of perennial plant species, and based availability on 
transects covering whole mountain ranges. Morgart (1990) 
studied seasonal forage use of perennial plant species by 
male and female sheep in a 283 ha enclosure.

Our objectives were to examine: 1) habitat used for 
foraging relative to availability; 2) forage consumed by 
season for males and females; and 3) microsite forage use 
versus availability on a seasonal basis.
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STUDY AREA

A 3.2 km2 enclosure was constructed on the northeast 
corner of the Desert National Wildlife Range, 150 km north 
of Las Vegas, Nevada (Fig. 1). This paper presents some 
results of research conducted from May 1990 to June 1991, 
which will in turn be used as baseline data for a larger 
project examining the effects of military jet overflights 
on the behavior and physiology of mountain sheep (Wallace et 
al. 1992).

The enclosed portion of a mountain included most of the 
habitats considered available to mountain sheep according to 
Burger (1985), with the exception of the pinyon pine (Pinus 
monophvlla)/Utah juniper (Junioerus osteosoerma) 
association. Burger (1985) found mountain sheep using this 
association less than expected based on availability in 3 of
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5 seasons examined, but considered it used equal to 
expectancy based on availability overall. This study, 
therefore, examined use of habitats within the enclosure 
with respect to their availability; knowing that those 
habitats within the enclosure did not include all of the 
habitats available to free-ranging mountain in the 
surrounding ranges.

The enclosed mountain had a north-south axis, with 
elevation ranging from 1,267 m in the wash along the west 
fence, to 1,562 m at the highest point. Two 11,400 L water 
tanks were placed on the upper bajada of the northwest side 
of the enclosure. The average daily high-low temperatures 
for summer (Jun-Aug), fall (Sep-Nov), winter (Dec-Feb) and 
spring (Mar-May) were 36-17, 26-6, 13-(-4), 21-4 C, 
respectively. Approximately 33% of the precipitation from 
May 1990 to May 1991 (12.6 cm) fell in both winter and 
summer, and 17% fell in both fall and spring. The rainfall 
for the year long study was 24% lower than the average 
annual precipitation of 15.5 cm for 17 years of data from 
1965 to 1987.

The enclosure lies entirely within the desert scrub 
vegetation association described by Bradley (1964). Plants 
found on the flats are creosote bush (Larrea tridentata), 
and joshua tree (Yucca brevifolia). The bajadas are
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represented by big galleta (Hilaria rigida)#bush muhly 
fMuhlenberaii porteri), and Mormon tea (Ephedra nevadensis). 
Higher up the south slopes four-winged saltbush (Atriolex 
canescens) and shadscale (Atriolex confertifolia) began to 
dominate vegetation. Winter fat (Ceratoides lanata) was 
prevalent in the washes, and blackbrush (Coleoavne 
ramossissima) was most often found on the east side. 
Scientific nomenclature of plants follows Bradley (1964). 
METHODS

Twelve sheep were captured with a net gun (Krausman et 
al. 1985) on 1 and 2 May 1990, and were transported 50 km 
north to the enclosure and released. The population within 
the enclosure consisted of 1 yearling female, 7 adult 
females, 1 yearling male, and 3 adult males.

We radio-collared 10 of the 12 sheep with 5 differently 
colored collars (Telonics, Inc., Mesa, Ariz.) to assist in 
the location and identification of individual sheep. The 2 
sheep without collars were females that were physically 
distinguishable. The collars were color coded so that 
individuals with the same color were of opposite sex. The 
exception to this were 2 females with the same color collar 
that were physically distinct.

From May 1990 to June 1991 we collected data daily on 
the enclosed population of sheep. We used scan sampling
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with 10 minute sampling intervals (Altmann, 1974; Martin and 
Bateson, 1986), and recorded the first behavior that lasted 
10 consecutive seconds as foraging, bedding (plus noting 
whether the individual was in the shade), standing without 
foraging, moving without foraging, or social (i.e., 
interacting with another individual). If an individual was 
foraging, the vegetation class used was recorded as browse 
(woody perennials), forb (herbaceous perennials and 
annuals), grass, other (primarily succulents), or unknown.

We used line transects to assess the availability of 
the vegetation classes at the site of the first foraging 
scan in a foraging bout (Canfield, 1941). We used universal 
transverse mercator (UTM) grids to record the location of 
the first foraging scan, and mapped specific physical 
features of the site to facilitate relocation. We returned 
to the foraging site within 48 hours and assessed the total 
crown area of each class (Gysel and Lyon, 1980), elevation, 
and slope, provided that we were able to identify the 
vegetation class in >50% of the forage scans in a foraging 
bout. Foraging bouts were recorded as independent as long 
as the individual exhibited behaviors other than foraging, 
and/or was out of sight, for >2 consecutive scans, and the 
distance between the location of the initial forage scan was 
>30 m (the length of a transect). We determined the
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direction of the transect from a random numbers table.
We compared the availability of browse, forbs, and 

grasses at the foraging site to their use with Chi-square 
analysis and Bonferroni simultaneous confidence intervals at 
the 0.05 level of significance (Byers et al., 1984). We 
used Mann-Whitney U-tests to compare forage class use, and 
availability of forage classes at the foraging site, of male 
and female sheep within seasons. We used Kruskall-Wallis 
one-way analysis of variance (ANOVA) tests to examine forage 
use, and availability, between seasons for both groups. We 
did not include summer vegetation availability data because 
of small sample size.
RESULTS

Mountain sheep selected habitats on the western side of 
the mountain for foraging (n = 1,068, Table 1), with 91% of 
the forage sites (n = 539) having slopes between 25 and 75% 
(Fig. 2). The bajada (< 1,219 m) and ridgetop (> 1,342 m) 
were used less for foraging than expected based on 
availability in the enclosure, and the lower (1,220 to 
1,280) and upper (1,281 to 1,341) midslope elevations were 
used greater than they were expected based on availability 
(P < 0.05) (Fig. 3).

Males and females used each forage class differently 
between seasons (Table 2). Males and females used browse
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more in spring, and less in fall, than in any other season. 
Both groups used grass more in fall, and least in spring. 
Forb use was greatest for males and females in winter. 
Females used significantly more forbs than males in winter 
(W = 10, 4,8 df, P < 0.01; Table 2).

Females foraged at locations with more forbs during 
winter (W = 11, 4,8 df, P < 0.05), and more grass during 
spring (W = 12, 4,8 df, P < 0.05), than male foraging 
locations. Only the availability of grass at the foraging 
sites of male (H = 7.35, 2 df, P < 0.05) and female (H = 
7.44, 2 df, P < 0.05) sheep differed between seasons, 
peaking in fall for both groups (Fig. 4).

Male and female sheep used browse less than expected 
based on availability, and forbs and grasses were used 
greater than or equal to expectancy based on availability in 
every season examined (Table 3).
DISCUSSION

Mountain sheep use of elevation for foraging was 
similar to other studies examining general activity in 
relation to elevation (Elenowitz 1984, Cunningham and Ohmart 
1986). Cunningham and Ohmart (1986) did, however, note 
mountain sheep using slopes much greater than our study for 
some activities.

Selection of habitats on the western side of the
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mountain is difficult to interpret. Foraging may have 
occurred primarily on the western aspects because of the 
availability of water on the northwest area of the 
enclosure, as the population of mountain sheep used water 
during all months of the year. On the other hand, use of 
the western aspects of mountains has been found in other 
studies (Elenowitz 1984, Cunningham and Ohmart 1986).

Beatley (1974) discussed seasonal variation in forage 
availability with respect to rainfall in the Desert National 
Wildlife Range. Because we measured availability at the 
foraging site, we cannot differentiate between seasonal 
variation in availability and selection of foraging sites. 
Seasonal variation in availability of browse species was 
noted, however, by Kirkeeng (1985), and general variation in 
forage availability by Miller and Gaud (1989).

The male and female mountain sheep in our enclosure 
only differed in forb use during winter. This is consistent 
with studies by Smith and Krausman (1987), Krausman et al.
(1989) , Miller and Gaud (1989), and Morgart (1990), who 
found that with few exceptions, use of forage by mountain 
sheep generally does not vary with respect to sex. Morgart
(1990) , in a similar enclosure study (< 100 km from our 
study site), found the highest nutritional indices for forbs 
in fall and winter. It may be, therefore, that females
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utilize forbs in ways that maximize nutritional intake 
during pregnancy (Berger 1991), as at least 6 of the 8 
females were pregnant during winter. However, because 
rainfall in the Mojave desert is so closely tied to plant 
phenology (Beatley 1974), caution should be taken when 
making conclusions with the use of phonological information 
from other studies.

Mountain sheep are preferential grazers as indicated by 
this and other studies examining the forage use of mountain 
sheep in the Mojave Desert ecosystem. Of 13 studies 
examining forage use, 9 found grass making up the greatest 
part of the diet (Barrett 1964; Yoakum 1964, 1966; Hansen 
and Martin 1973; Brown et al. 1975; Brown et al. 1976; 
McQuivey 1976; Brown et al. 1977; Morgart 1990). Only 3 of 
the 13 studies found browse species consumed as the greatest 
percent of the diet (Ginnett and Douglas 1972, Bates and 
Workman 1983, King and Workman 1984). However, mountain 
sheep (0_t_ Cj. mexicana) in the Sonoran and Chihuahan deserts 
differ in their diets when compared to those in the Mojave 
desert. Browse was the dominant plant consumed in 9 of 11 
studies (Russo 1956; Weaver 1973; Walker and Ohmart 1978; 
Seegmiller and Ohmart 1981; Elenowitz 1984; Dodd and Brady 
1986, 1988; Krausman et al. 1989; Miller and Gaud 1989).
Only Hailey (1968) found grass making up the bulk of the
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diet in Texas. Leslie (1977), Seegmiller and Ohmart (1981), 
and Miller and Gaud (1989) all have attributed the increased 
consumption of browse in the Sonoran Desert as being a 
function of decreased availability of grasses.

It would be constructive for future studies examining 
the forage use of mountain sheep to assess the availability 
of the forage classes as well. Furthermore, to compare 
results from different studies, consistency in how use 
versus availability is analyzed is necessary. Of the 
studies that have examined use of forage versus its 
availability in mountain sheep (Yoakum 1966, Elenowitz 1984, 
Miller and Gaud 1989, Morgart 1990), no consistent pattern 
has emerged. This may be due to the different methods of 
analysis and/or data collection used in each study.
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Table 1. Habitat use by mountain sheep in a 3.2 km2
enclosure in the Desert National Wildlife Range, Nevada,
1990-1991.

% % Bonferroni
Expected Observed Confidence

Habitat® Use Use Interval U/Ab
1 9 15 0.15 + 0.030 >
2 16 35 0.30 + 0.040 >
3 9 26 0.26 + 0.037 >
4 2 1 0.01 + 0.008 <
5 10 9 0.09 + 0.024
6 18 10 0.10 + 0.025 <
7 28 4 0.04 ± 0.017 <
8 6 1 0.01 ± 0.008 <
9 3 <1 0.004+ 0.005 <

® 1 = west bajada, 2 = west midslope, 3 = west
drainage, 4 = ridgetop, 5 = east drainage, 6 = east
midslope, 7 = east bajada, 8 = blackbrush, 9 = flats.

b Use relative to availability assessed at the 0.05 
level of significance for each comparison, following Byers 
et al. (1984).



79
Table 2. Forage class (median %) use by mountain sheep in a
3.2 km2 enclosure on the Desert National Wildlife Range,
Nevada, 1990-1991.

Diet
Season

Browse Forb Grass
M F M F M F

Summer8 30.00 29.45 0.00 2.35 70.00 65.80
Fall 18.35 14.65 1.05 2.30 81.65 83.20
Winter 31.35 32.45 4.40 14.80 64.25 52.00
Spring 55.55 52.40 21.95 13.75 19.45 34.55
P-valueb <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

8 Summer = Jun-Aug, Fall = Sep-Nov, Winter = Dec-Feb, 
Spring = Mar-May.

b Kruskall-Wallis one-way ANOVA results of forage class 
use by season.
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Table 3. Forage use by mountain sheep in a 3.2 km
enclosure in the Desert National Wildlife Range, Nevada,
1990-1991.

Season Sex
Forage Expected Observed 
type______use ____ use ____ U/Ac

Fall M
F

Br
Br

68
74

23
37

<

<

M
F

Fb
Fb

3
4

3
3

M
F

Gr
Gr

29
22

74
61

>

>

Winter M
F

Br
Br

74
76

29
31

<
<

M
F

Fb
Fb

3
3

4
15

M
F

Gr
Gr

24
21

67
54

>

>
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Table 3. (continued)
Forageb

Season8 Sex _____ type

Spring M Br
F Br

M Fb
F Fb

M Gr
F Gr

Expected Observed
use (%)____ use (%) U/Ac

84 55 <
77 53 <

4 25 >
3 15 >

12 20
19 32 >

8 Fall = Sep-Nov, Winter = Dec-Feb, Spring = Mar-May. 
b Br = browse, Fb = forb, Gr = grass. 
c Use relative to availability measured at the 0.05

level of significance for each comparison, following Byers 
et al. (1984).
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FIGURE HEADINGS:

Fig. 1. Enclosure location in the Desert National Wildlife 
Range, Nevada, 1990-1991.

Fig. 2. The slope (%) of mountain, sheep foraging sites (n = 
539) in a 3.2 km2 enclosure in the Desert National Wildlife 
Range, Nevada, 1990-1991.

Fig. 3. The use and availability of elevation (m) for 
foraging by mountain sheep (n = 525) in a 3.2 km2 enclosure 
in the Desert National Wildlife Range, Nevada, 1990-1991. 
Elevations <1,220 m are bajadas, 1,220 to 1,341 represent 
midslopes, and >1,341 include ridgetops.

Fig. 4. The mean availability of forage classes at the 
foraging site (n = 525) of mountain sheep in an enclosure in 
the Desert National Wildlife Range, Nevada, 1990-1991.
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CONCLUSIONS
This research was part of a larger study examining the 

effects of U.S. Air Force jet overflights on the behavior 
and physiology of mountain sheep. Mountain sheep were 
because they are sensitive to human encroachment. My 
investigation provided the control (or pre-treatment) part 
of a study; ensuing studies provided data on the treatment 
(i.e.# overflights).

The results presented within compare well with studies 
of free-ranging populations of mountain sheep, and reveal 
the usefulness of examining mountain sheep ecology in a 
captive situation. The relatively large enclosure size 
provided adequate food resources and escape terrain, and an 
opportunity to consistently monitor bighorn behavior and 
habitat relationships. Ten general conclusions can be made 
from my studies.
1. There was no difference in the use of browse, forb, or 

grass species between dominants and subordinates. 
Females used more forbs in winter than males.

2. Browse species were used less than expected based on 
availability in all seasons. Forbs and grasses were 
used greater than, or equal to, expectancy based on 
availability in all seasons.
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3. Dominants and males foraged at locations with less 

forbs in winter, and less grass in spring, than 
subordinates and females, respectively.

4. Foraging was primarily on the mid-slope of habitats 
with a western aspect, with slopes between 26 and 75%.

5. The entire population (4 M, 8 F), and the females when 
considered separately, had significant hierarchies. 
Hierarchies were not linear.

6. Dominant individuals (4 M, 1 F) were involved in more 
interactions than subordinates (7 F).

7. Dominants foraged less, while bedding more, than 
subordinates in the spring.

8. Group size changed seasonally, with the largest groups 
in the fall and the smallest in spring.

9. Group structure changed seasonally, with mixed sex 
groups making up the majority of the group types in 
the fall and the smallest percent of group types in the 
spring.

10. Movement rates decreased as group size increased.
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