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ABSTRACT 

I identified habitat used by 12-18 mountain sheep (Ovis canadensis 

nelsoni) in a 320-ha enclosure between June 1990 and June 1991 on the 

Desert National Wildlife Refuge, Nevada. The enclosure included 9 

vegetation associations and 5 slope classes. I used a non-mapping 

technique and line transects to determine availability of vegetation 

associations and slope classes, and species composition, respectively. I 

determined use of habitats by mountain sheep with instantaneous sampling. 

Mountain sheep used midslopes and draw associations on the west side of 

the study area, and slope classes of 36-80% more than expected based on 

availablility. I tested Hansen's (1980) habitat evaluation model on the study 

area. The model was >98% accurate in predicting mountain sheep use of 

habitat. Habitat use by mountain sheep in the enclosure was similar to 

habitat use of free-ranging mountain sheep. 



INTRODUCTION 

Desert races of mountain sheep (Ovis canadensis californiana. O. 

cremnobates. O. £. mexicana. O. jc. nelsoni. and .0. £. weemsi) have 

declined during the past 100 years (Beuchner 1960, Bailey 1980, Monson 

1980). Mountain sheep in North America historically ranged from western 

Canada and Alaska, across the mountainous areas of the western United 

States to northern Mexico and Baja California (Manville 1980). 

Declines have been attributed to habitat destruction and competition 

from domestic livestock (Buechner 1960), disease, overhunting, and human 

encroachment (Krausman and Leopold 1986, Krausman et al. 1989). Bailey 

(1980) states that only relict populations remain; desert races of mountain 

sheep occur in isolated populations scattered throughout their former range 

(Monson 1980, Burger 1985, Krausman et al. 1989). 

Many inherent difficulties exist in gathering accurate habitat use 

information from free-ranging ungulates (Wallmo et al. 1973). Habitat 

occupied by mountain sheep is often remote, and data collection is difficult 

because animal densities are low and home-range sizes are large. 

During spring 1990 the University of Arizona built a 320-ha enclosure 

on the Desert National Wildlife Refuge (DNWR) as part of a study to 

investigate the effects of noise from low-elevation military jet overflights on 

mountain sheep in southern Nevada (Fig. 1). I collected baseline data 
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Figure 1. Location of the 320-ha mountain sheep enclosure, 
Desert National Wildlife Refuge, Nevada, 1990-1991. 
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related to the Air Force study prior to overflights and also examined habitat 

use by mountain sheep. 

One advantage of studying an enclosed population is the opportunity 

to observe animals at close range for extended periods. A disadvantage of 

studying animals in an enclosure is that habitat preference and home range 

can not always be investigated. However, Hogan et al. (1988) reported that 

large enclosures allowed captive Asiatic wild horses (Eouus przewalski) to 

exhibit natural activity patterns and social interactions compared to small 

enclosures. The enclosure used in this study was large enough to contain a 

representative cross-section of available topographic and vegetation types, 

yet small enough to limit animal movements so that they could be 

consistently monitored. 

Habitat is the complex of physical and biological variables on the 

range occupied by a species (Whittaker et al. 1973). The concept of habitat 

selection order was outlined by Johnson (1980) through a ranking of 

selection processes. Determination of the physical or geographical range of 

a species is defined as first-order selection. Second-order selection 

determines placement of the home range of an individual or social group. 

Third-order selection addresses the use of habitat components within 

the home range, and fourth-order selection determines use of habitat 

components (e.g., consumption of forage species at the microhabitat level) 
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(Johnson 1980, Steel and Workman 1990). 

Peek (1986) defines habitat selection as a choice among available 

resources, while habitat preference implies choice of 1 habitat area over 

another without regard to its availability. Habitat use implies occupation of 

a habitat without regard to preference (Peek 1986). Preferred foraging, 

bedding, and lambing habitat, escape cover, and water resources have been 

described for desert races of mountain sheep (Wilson et al. 1980, Scotter 

1980). 

Several habitat factors influence movements of mountian sheep: 

water availability, climatic conditions, topographic features, breeding 

activity, and the age of individual animals (McQuivey 1978). Attachment to 

perennial water sites can restrict dispersal of mountain sheep in southwest 

Arizona (Witham and Smith 1979), and in southern Nevada (Douglas and 

White 1979). Decreased dependence on perennial water sources during 

winter months and during periods of summer rainfall allowed mountain 

sheep to expand their range in southern New Mexico (Elenowitz 1984). 

Mountain sheep dispersal is also affected by sex and age of individuals. 

Adult females and female-lamb groups remain near release sites, while adult 

males tend to have larger home ranges because of exploratory forays (Bavin 

1980, Ravey and Schmidt 1981, Cochran et al. 1983). 

Models that accurately predict animal movements and habitat use 



13 

have become increasingly important as human development encroaches on 

wildlife habitat (Tipton 1980, Cunningham 1989). Habitat models are used 

to identify key areas: essential habitat, areas that may be improved by 

manipulation of some habitat component, and areas that may be suitable for 

translocation of animals (Hansen 1980). Several habitat models have been 

developed for desert races of mountain sheep (Ferrier and Bradley 1970, 

Hansen 1980, Holl 1982); none of them have been field tested for their 

predictive abilities. 

Habitat models for mountain sheep rate .>3 basic habitat features: 

forage, water availability, and topographic conditions. Hansen's (1980) 

model was designed to assist land managers in determining areas that are 

important for mountain sheep, and areas that can be managed for other uses 

without loss of mountain sheep habitat. 

The objectives of my study were to; 1) quantify resource availability in 

the enclosure for mountain sheep; 2) evaluate mountain sheep use of 

vegetation associations and topography by age, sex, and season; 

3) determine if resources are used differently than expected based on 

availability, and; 4) evaluate Hansen's (1980) habitat evaluation model. 
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STUDY AREA 

My study area was a 320-ha enclosure in the northeastern corner of 

DNWR, approximately 150-km north of Las Vegas, Nevada. The refuge 

encompassed >6,000-km2 of desert and mountain wilderness. The DNWR 

provides the largest continuous block of habitat for desert races of mountain 

sheep in Nevada, and supports the largest single population in the United 

States (Brown et al. 1977). The refuge, established in 1936, is used 

primarily for the management and preservation of mountain sheep. 

Approximately 9-km of fence was used to form the sides of the 

enclosure. The fence line enclosed the south half of a steep ridge with a 

north-south orientation. The fence was made of net wire 2.5-m high with 3 

strands of barbed wire along the top to create a 3.0-m barrier (Fig. 2). The 

fence was designed so that sheep could not get into or out of the enclosure. 

The elevation and vegetation characteristics in the study area were 

similar to .>50% of the habitat occupied by mountain sheep in southern 

Nevada (D. Delaney, Nev. Dep. Wildl., pers. commun.). Vegetation inside 

the enclosure was typical of the desert scrub vegetation described by Allred 

et al. (1963) and Bradley (1964). Topography in the study area varied from 

low, rolling foothills to steep and rugged terrain characteristic of mountain 

sheep habitat; elevation ranged from 1,100 to 1,500-m. In addition, free-

ranging mountain sheep occurred in the nearby Pahranagat and Sheep 
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ranges (McQuivey 1980). 

January and July temperatures averaged 7 and 30-C, respectively. 

Seasons were spring (Mar-May), summer (Jun-Aug), fall (Sep-Nov), and 

winter (Dec-Feb), based on rainfall and temperature data from Pahranagat 

National Wildlife Refuge, Nevada, 15-km northeast of the study area. 

Rainfall varied from 2.5 to 13-cm a year, and occurred mostly during winter 

and spring. Snow covered the higher peaks in winter, and scattered 

cloudbursts occurred mostly during summer (Hansen 1980). Water was 

scarce; most drainages had only intermittent flows that depended on local 

weather conditions. 

Two 10,000-L water tanks were placed at 1,300-m on the bajada of 

the west-facing slope (Fig. 2). The tanks were connected to a diversion dam 

and filling system on the uphill side, and a 0.25-m2 drinking trough on the 

downhill side. One tank was filled by tanker truck after the guzzler project 

was finished. The drinking system provided a constant source of water for 

animals in the pen. 

METHODS 

Capture 

During 1-3 May 1990, 14 mountain sheep were captured in the north 

end of the Sheep Range (Desperation Canyon to Lamb Canyon), DNWR, 



Figure 2. Fence line and water catchment in a 320-ha mountain sheep 
enclosure, Desert National Wildlife Refuge, Nevada, 1990-1991. 
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Nevada, by personnel from the Nevada Department of Wildlife, U.S. Fish and 

Wildlife Service, and the University of Arizona. Five adult females, 3 adult 

males, 1 yearling male, and 1 yearling female were fitted with radio 

transmitters (Telonics, Inc., Mesa, Ariz.) and released into the enclosure 

(Appendix A). Two other adult female mountain sheep were captured and 

released into the enclosure without collars. 

All animals were captured with a net-gun (Krausman et al. 1985a) 

from a Bell Jet Ranger. Captured individuals were blindfolded, hobbled, 

placed upright in a sling and transported to a base camp. At the camp, 

captured sheep were aged, collared, and placed in a modified horse trailer 

until their release into the enclosure at the end of the day. The enclosure 

was located 60-km north of the capture site. 

Habitat Evaluation 

I described vegetation associations in the enclosure using 3 dominant 

plant species as indicators for each association. I calculated relative 

availability of vegetation associations with a non-mapping technique 

(Marcum and Loftsgaarden 1980) using 525 random points (Thompson 

1987) plotted on a 7.5 minute topographic map of the study area. I 

assigned every random point to 1 of the vegetation associations and 

summed the number of points in each area to calculate the relative 
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availability of each association. I determined relative availability of slope 

using the same non-mapping technique with 525 random points (Marcum 

and Loftsgaarden 1980, Thompson 1987). Habitat availability for 

vegetation associations and slope were drawn onto 7.5 minute topographic 

maps. Botanical nomenclature follows Kearney and Peebles (1951). 

I quantified composition of vegetation associations using the line 

intercept method (Canfield 1941). I randomly placed 16, 30-m line intercept 

transects in each vegetation association during summer and winter seasons. 

I used the width of each intercept plant and the length of vegetation 

intercepting the transect to calculate relative percent cover for plant species 

in each vegetation association (Canfield 1941). I recorded vegetation that 

provided thermal cover (i.e., any structure or vegetation >. 1-m high beneath 

which a standing or bedded mountain sheep could seek shelter from direct 

sunlight [Gionfriddo and Krausman 1986]) for all transects. 

Habitat Use 

I collected activity data using instantaneous sampling (i.e., observing 

1 animal at a time) to monitor the 12 individuals (Altmann 1974) during 4 

daylight time periods (i.e., dawn-0900, 0901-1300, 1301-1700, and 1701-

dark). I randomly determined individuals and time periods each day 

observations were made so that an equal number of data points were 
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obtained for all individuals during each time period. 

I observed each group member in turn and noted the first activity that 

occupied that individual for 10 continuous seconds (Krausman et al. 1989). 

I recorded bedding, foraging, standing, moving, drinking, and nursing by 

lambs. I recorded location and movement data on a 7.5 minute topographic 

map. I classified locations for each animal to the vegetation association and 

slope category in which they occurred. I calculated estimates for the 

percentage of time each sex and age class spent in each vegetation 

association and each slope category (White and Garrott 1990). I began 

observations of location and activity on 1 June 1990, 4 weeks after release. 

I quantified habitat use patterns by mountain sheep by season for 4 

sex and age classes: adult males, adult females, juvenile males, and juvenile 

females. I used locations of undisturbed individuals to determine relative use 

by sheep of each of the vegetation and slope categories in the enclosure. I 

used Chi-square statistics to test the hypotheses that vegetation 

associations and slope classes were used in proportion to availability (Neu et 

al. 1974, Byers et al. 1984). If the null hypothesis was rejected (P < 0.05), 

I employed Bonferroni simultaneous confidence intervals to construct a 90% 

confidence interval for proportions of time spent in each vegetation 

association and slope category by each sex and age class (Zar 1984, Byers 

et al. 1984). If the percent occurrence of each vegetation association fell 
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outside of the corresponding confidence interval, I considered use to be 

different from availability. Statistical treatment of data for use of slope 

classes were the same as those for use of vegetation associations. 

Habitat Model 

Several methods of evaluating mountain sheep habitat have been 

developed (Ferrier and Bradley 1970, Breyen 1971, Hansen 1980, Holl 

1982). I used a model developed on the DNWR, in southern Nevada by 

Hansen (1980). 

Hansen's (1980) method is based on evaluating the condition of 

habitat components that directly affect the presence of mountain sheep: 

food, cover, water, space, weather, and the activities of man. Habitat is 

evaluated by dividing the area of interest into sections or quadrants on a 

map. Each quadrant is scored according to point values (Table 1) for 7 

habitat components. Sums of points for habitat components in scored 

quadrants determine the value of quadrants as mountain sheep habitat 

(Table 2). Scores for quadrants allowed comparison of the importance of 

different parts of the evaluated area. Plotting sheep locations within the grid 

system allowed evaluated habitat to be compared to areas known to be used 

by mountain sheep. 

I divided the habitat inside the enclosure into 400-m2 quadrants. I 



Table 1. Habitat components and point values for land evaluated as 
mountain sheep habitat (Hansen 1980) in a 320-ha enclosure, Desert 
National Wildlife Refuge, Nevada, 1990-1991. 

Category Habitat component Points 

I Topography 0-20 

II Vegetation 0-20 

III Precipitation 1-5 

IV Evaporation 1-5 

V Water 2-40 

VI Mountain sheep use 2-20 

VII Human use 0-20 
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Table 2. Classification of total scores for land evaluated as mountain sheep 
habitat (Hansen 1980) in a 320-ha enclosure, Desert National Wildlife 
Refuge, Nevada, 1990-1991. 

Total score Classification 

0-50 Not important as mountain sheep habitat, or of high value 
for human use. 

51-64 Buffer zone or zone of deficiency as mountain sheep habitat; 
or area of potential economic value or of moderate human use 

65-79 Periodic use or zone of deficiency as mountain sheep habitat; 
or area of potential economic value for occasional human use. 

80-100 Important as mountain sheep habitat. 

>100 Vital as mountain sheep habitat; sections that are vital to 
mountain sheep are those that have some feature without 
which mountain sheep cannot survive. On Desert National 
Wildlife Refuge, the only sections in this category are those 
with water holes. 
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used scores generated with the model to determine the percentages of vital, 

important, and deficient habitat (Table 2). I used Chi-square statistics to 

test the hypotheses that evaluated habitat in these 3 score categories was 

used in proportion to availability (Neu et al. 1974, Byers et al. 1984). If the 

null hypothesis was rejected (P < 0.05), I employed Bonferroni simultaneous 

confidence intervals to construct a 90% confidence interval for proportions 

of time spent in each score category by each sex and age class (Zar 1984, 

Byers et al. 1984). If the percent occurrence of quadrants in a score 

category fell outside of the corresponding confidence interval, I considered 

use to be different from availability. This analysis allowed me to correlate 

habitat use with availability of evaluated habitat. 

RESULTS 

Habitat Evaluation 

I described 9 vegetation associations (Table 3). Dominant plant 

species had the highest percent cover in each vegetation association. There 

were measurable differences in percent cover of forage classes (i.e., grass, 

shrubs, forbs, and succulents) in the different associations (Appendix B). 

There was no season effect on relative frequency or percent cover of grass 

or shrub species (P > 0.05). 

Bajada associations were located below the east and west sides of 
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Table 3. Species indicators for 9 vegetation associations in a 
320-ha mountain sheep enclosure, Desert National Wildlife Refuge, 
Nevada. 1990-1991. 

Availabilitv (%) Indicator SDecies Common name 

Main wash 2.1 Larrea tridentada 
Ambrosia eriocentra 
EDhedra nevadensis 

Creosote bush 
Wooly bursage 
Mormon tea 

West bajada 9.2 Yucca brevifolia 
AtriDlex confertifolia 
Ephedra nevadensis 

Joshua tree 
Shadscale 
Mormon tea 

East bajada 27.7 Coleoavne ramossissima 
Larrea tridentada 
Menodora SDinescens 

Blackbrush 
Creosote bush 
Spiny menodora 

West midslope 15.5 AtriDlex confertifolia 
EDhedra nevadensis 
StiDa SDeciosa 

Shadscale 
Mormon tea 
Desert needlegrass 

East midslope 18.4 AtriDlex confertifolia 
EDhedra nevadensis 
Hilaria riaida 

Shadscale 
Mormon tea 
Big galleta 

West draws 9.2 Artemesia biaelovii 
EDhedra nevadensis 
Muhlenberaia Dorteri 

Flat sage 
Mormon tea 
Bush Muhly 

East draws 9.5 Falluaia oaradoxa 
AtriDlex confertifolia 
Coleoavne ramossissima 

Apache plume 
Shadscale 
Blackbrush 

Ridgetop 2.1 Coleoavne ramossissima 
Artemesia biaelovii 
EDhedra nevadensis 

Blackbrush 
Flat sage 
Mormon tea 

Blackbrush 5.7 Coleoavne ramossissima 
Yucca brevifolia 
Larrea tridentada 

Blackbrush 
Joshua tree 
Creosote bush 



the ridgeline between the midslope and the fence (1,100-1,300 m) (Fig. 3). 

Bajadas on the east side supported a blackbrush (Coleopvne ramosissima)-

creosote bush (Larrea tridentada)- spiny menodora (Menodora spinescens) 

association. The vegetation association for bajadas on the west side was 

joshua tree (Yucca brevifolia)-shadscale (Atriplex confertifolia)- Mormon tea 

(Ephedra nevadensis). 

The main wash along the fence line on the west and south sides of 

the study area was a creosote bush association, interspersed with wooly 

bursage (Ambrosia eriocentra) and burro bush (Hvmenoclea salsola). 

Midslope associations occurred between 1,300-1,500 m. On the west side 

of the ridge, midslopes and south-facing slopes were dominated by 

shadscale, Mormon tea, and desert needlegrass (Stipa speciosa). and on the 

east side by shadscale, Mormon tea, and galleta grass (Hilaria riaida). In the 

south and southwest sections of the study area, the midslope extended 

down to the main wash. 

Draw associations occurred from the ridgetop at 1,500-m to the main 

wash at 1,100-m. Draws and north-facing slopes had similar plant 

composition, and contained the highest number of plant species in the study 

area. Dominant plants in draws and north-facing slopes on the west side 

were flat sage (Artemesia biaelovii). Mormon tea, and bush muhly 

(Muhlenberaia porteri). On the east side, draws and north-facing slopes 



Midslope/Draws 

Blackbrush, 5.7% 
East midslope, 18.4% 

Ridgetop, 2.1% 

West midslope, 15.5% 

East draws, 9.5% 

West bajada, 9.2% 

East bajada, 27.7 

Main wash, 2.7% 

West draws, 9.2% 

Figure 3. Locations and percent composition of 9 vegetation 
associations in a 320-ha mountain sheep enclosure, Desert 
National Wildlife Refuge, Nevada, 1990-1991. 
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were dominated by Apache plume (Falluaia paradoxal, shadscale, and 

blackbrush. 

The ridgetop association ran north-south through the center of the 

enclosure. The ridgetop consisted of a blackbrush-flat sage-Mormon tea 

association. The northeast corner of the study area had a vegetation 

association that contained a nearly pure stand of blackbrush, interspersed 

with joshua trees and creosote bush. 

Terrain providing escape cover (>60% slope) occurred in 22.1% of 

the enclosure. Thermal cover provided by vegetation structure was available 

under joshua trees on the west (22.1 % cover) and east side bajadas (11.0% 

cover). 

Habitat Use 

Use of vegetation associations 

Mountain sheep did not use the 9 vegetation associations in 

proportion to availability. The blackbrush association, the main wash, east 

side bajadas, and east side draw associations were used less than expected 

in all seasons. All other associations were used in equal or greater 

proportion than expected based on availability during >.1 season by _> 1 sex 

or age class. All sex and age classes used the west aspect of the ridge 

more than the east aspect during all seasons (P < 0.001). 
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Summer 

Habitat use in summer was concentrated on the west side of the 

enclosure (98.2%) (Fig. 4). The juvenile female used the west bajadas in 

proportion to their availability. Adult males used west draws in proportion to 

their availability. Bajadas, midslopes, and draws on the west side were used 

significantly more than expected by chance (P < 0.05) by all other sex and 

age classes. The ridgetop was used less than available by adult males, adult 

females, and the juvenile female, but was used more than expected by 

chance by the juvenile male. He was observed standing on top of the ridge 

several times for extended periods. Midslopes on the east side of the study 

area were used less than expected by chance by all age and sex classes. 

Fall 

Habitat use in fall was concentrated on the west side of the enclosure 

(93.1 %) (Fig. 5). Draws and midslope areas on the west side of the study 

area were used by all sheep more than expected by chance based on 

availability. Bajadas on the west side were used more than expected by 

chance by adult males, the juvenile male, and adult females. The juvenile 

female used west bajadas in proportion to availability. The ridgetop was 

used more than expected by chance by all sheep. 
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1 Juvenile male 
(A/=20) 

3 Adult males 
(A/=29) 

7 Adult females 
(A/=109) 

1 Juvenile female 
(A/=14) 

Figure 4. Summer (Jun-Aug) distribution of mountain sheep 
(4 sex and age classes) in a 320-ha enclosure, Desert National 
Wildlife Refuge, Nevada, 1990-1991 (A/= no. locations). 
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1 Juvenile male 
(W=32) 

3 Adult males 
(A/=111) 

7 Adult females 
(A/=287) 

1 Juvenile female 
(A/=43) 

Figure 5. Fall (Sep-Nov) distribution of mountain sheep 
(4 sex and age classes) in a 320-ha enclosure, Desert National 
Wildlife Refuge, Nevada, 1990-1991 {N= no. locations). 
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Winter 

Habitat use in winter was concentrated on the west side of the 

enclosure (87.9%) (Fig. 6). Draw areas on the west side were used less 

than expected by chance by all sheep except adult females, who used draws 

more than expected. Bajadas on the west side were used more than 

expected by chance by adult males and the juvenile male, in proportion to 

availability by the juvenile female, and less than expected by adult females. 

Of the 4 west side vegetation associations, midslope areas were used most 

(65.9%) by all sheep. The ridgetop was used in proportion to availability by 

the juvenile male, and used less than expected for all other mountain sheep. 

The east midslope was used less than expected by chance. 

Spring 

Habitat use in spring was more evenly distributed than in other 

seasons; 57.0% of all locations occurred in the 3 west-side vegetation 

associations (Fig. 7). West-side bajadas were used more than expected by 

chance by males, and less than expected by females. Draws and midslope 

associations on the west side were used more than expected by all sheep. 

The ridgetop was used more than expected by chance by adult males, adult 

females, and the juvenile male, and in proportion to availability by the 

juvenile female. 
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1 Juvenile male 
(A/=29) 

3 Adult males 
(A/=84) 

1 Juvenile female 
(A/=29) 

7 Adult females 
(A/=184) 

Figure 6. Winter (Dec-Feb) distribution of mountain sheep 
(4 sex and age classes) in a 320-ha enclosure, Desert National 
Wildlife Refuge, Nevada, 1990-1991 (N= no. locations). 
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1 Juvenile male 
(A/=28) 

3 Adult males 
(N=77) 

1 Juvenile female 
(A/=26) 

7 Adult females 
(A/=163) 

Figure 7. Spring (Mar-May) distribution of mountain sheep 
(4 sex and age classes) in a 320-ha enclosure, Desert National 
Wildlife Refuge, Nevada, 1990-1991 (A/= no. locations). 
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Use of east side midslopes increased in spring compared to summer, 

fall, and winter seasons. Females used east midslopes more than expected 

by chance during the spring season. Use of east midslope associations by 

males increased in spring, but use was still less than expected by chance 

based on availability. 

Use of slope classes 

Mountain sheep were observed on 2 slope classes (36-60 and 61-

80%) more than others (Table 4). Middle slope areas (36-80%) represented 

31.3% of available terrain (Fig. 8), and contained 53.5% of all locations. 

Use of 5 slope classes differed from availability (P < 0.001). Areas of 

<.36% slope were used less than expected by chance (P < 0.05) in all 

seasons by all sheep, while slopes >.80% were used in proportion to 

availability. 

Use of thermal cover 

Thermal cover was most abundant in steep canyons and on north-

facing slopes. Thermal cover available from vegetation was limited to areas 

under joshua trees and large creosote bushes. Joshua trees on the west 

bajada represented 22.1% of available plant cover for that association. 

Vegetation was used by bedded mountain sheep for thermal cover during 



Table 4. Relative availability, percent use, and Bonferroni confidence 
intervals for 5 slope classes in a 320-ha mountain sheep enclosure, Desert 
National Wildlife Refuge, Nevada, 1990-1991. 

Slope class (%) Expected use Actual use Bonferroni CI Use 

0-10% 0.219 0.066 0.036 <. P, <. 0.096 < 

11-36% 0.365 0.286 0.236 <. P2 <. 0.336 < 

37-60% 0.195 0.361 0.311 <. P3 <. 0.411 > 

61-80% 0.118 0.174 0.134 <. P4 <. 0.214 > 

>80% 0.103 0.112 0.082 <. P5 <. 0.142 
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Slope 
class 

Percent 
availability 

0-10% 21.9 

11-35% ^  Wa 3 6 5  

36-60% !J! • 19-5 ' 

61-80% lllllli 111 11.8 

>80% 11 10.3 

m 

Figure 8. Distribution and availability of 5 slope classes 
in a 320-ha mountain sheep enclosure, Desert National 
Wildlife Refuge, Nevada, 1990-1991. 
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20.2% of observations of bedded individuals. 

Habitat Model 

Precipitation, evaporation, availability of free-standing water, use by 

mountain sheep, and use by humans received equal scores for all quadrants. 

For example, the category for human use considers proximity to roads, 

buildings, recreation areas, and potential for economic use of each evaluated 

quadrant. Equal scoring occurred because the distance to human 

developments (i.e., buildings, roads) was the same for every evaluated 

quadrant on the study area, or I had no data to indicate differences. 

The 2 habitat components that did show variation were vegetation 

and topography; scores for vegetation and topography, therefore, were the 

basis for differences in scores for evaluated sections. Use of quadrants in 

the 3 point categories that occur on the study area was significantly 

different than expected (Table 5) based on availability (P < 0.001). There 

were no quadrants that had scores <65 points. 

Areas of periodic use or zones of deficiency (65-79 points) made up 

28% of the study area. Quadrants scored as zones of deficiency were used 

significantly less than expected based on availability; only 1.0% of observed 

locations occurred in these areas. Lower bajadas and other flat areas 

containing mostly creosote bush were areas of periodic use or zones of 
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Table 5. Relative availability, percent use, and Bonferroni confidence 
intervals for quadrants evaluated as mountain sheep habitat in a 320-ha 
enclosure, Desert National Wildlife Refuge, Nevada, 1990-1991. 

Score Relative area Observed use Bonferroni CI Use 

0-50 0.00 None 

51-64 0.00 None 

65-79 0.28 0.01 0.006 <. P3 <. 0.022 < 

80-100 0.53 0.65 0.620 <. P4 <. 0.684 > 

101+ 0.19 0.33 0.302 <. P5 <. 0.366 > 
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deficiency. 

Quadrants in the 80-100 point range represented 53% of scored 

quadrants by availability. They contained 65% of observed locations, and 

were used significantly more than expected by chance based on availability. 

These important mountain sheep habitats were located on midslopes, in 

draws, and on north-facing slopes in areas of high visibility. Vegetation in 

these quadrants consisted of shadscale, flat sage, and Mormon tea 

associations, and always included .>5% grass. 

The third category is for areas receiving >100 points. These areas 

were vital mountain sheep habitat, and were used significantly more than 

expected by chance based on availability. Quadrants in this category were 

similar in vegetation composition to quadrants in the 80-100 point category. 

They also contained >5% grass, but were located in the steepest and 

rockiest terrain on the study area. This category was represented by 19% 

of scored quadrants, and contained 34% of observed locations. 

DISCUSSION 

Studies of large ranging animals in enclosures suffer from questions 

concerning the ability to transfer conclusions to free-ranging populations. I 

cannot entirely overcome the criticisms directed at enclosure studies, but my 

study was conducted in the largest existing mountain sheep enclosure. The 
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only other study of mountain sheep habitat use in a large enclosure was 

conducted by Morgart (1990) in the Virgin Mountains, Arizona. The size 

and placement of the enclosure for my study and that used by Morgart 

(1990) ensured that the basic biological needs of mountain sheep could be 

met (Gysel and Lyon 1980). Such conditions allowed intensive monitoring 

of habitat use patterns of individual animals for extended periods. Other 

studies have used smaller enclosures (Howard and DeLorenzo 1975, 

McCutchen 1975, Bavin 1980, Elenowitz 1984), or provided supplemental 

feed (Hailey 1971, McCutchen 1975). Furthermore, other enclosure 

projects have placed less emphasis on ecological questions, instead 

concentrating primarily on producing stock for release programs. 

Habitat Use Patterns 

Animals in my study exhibited habitat use patterns that were 

characteristic of free-ranging mountain sheep. For example, numerous 

studies have reported that adult male and female mountain sheep seasonally 

segregate, both spatially and by use of habitat (Geist 1971, McQuivey 

1978, Lenarz 1979, Tilton and Willard 1982, Burger 1985). Female-juvenile 

groups are often found on more rugged, precipitous terrain compared with 

male groups (Geist and Petocz 1977, Lenarz 1979, Leslie and Douglas 

1979). 
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Segregation behavior was observed in my study during 2 seasons. 

During winter (Dec-Feb), adult males used the west bajada and west draw 

associations more and less than expected, respectively, while adult females 

used the same 2 associations less and more than expected, respectively. 

During spring (Mar-May), females used east and west bajada associations 

less than expected, and east and west midslopes more than expected. 

Males used west bajadas more than expected during the spring season. 

Elenowitz (1984) and Morgart (1990) found that females tended to 

isolate themselves in higher and more rugged terrain during lambing. In my 

study, females remained isolated from male groups through the spring 

season, and used higher elevation areas with abundant escape cover. Males 

used bajadas and lower midslopes during spring. 

One hypothesis proposed to explain seasonal segregation during non-

breeding seasons is that segregation reduces intraspecific competition for 

forage resources, and minimizes disturbance of pregnant or lactating females 

(Geist and Petocz 1977, Lenarz 1979, Seegmiller and Ohmart 1982, Miller 

and Gaud 1989). 

Large portions of the study area were not used or used less than their 

proportion of availability. There are several explanations for low use. 

Forage availability is an important habitat requirement for mountain sheep 

(Graham 1971, Browning and Monson 1980, Tilton and Willard 1982, Van 
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Dyke et al. 1983, Krausman and Leopold 1986). Specifically, the availability 

of perennial bunch grass appears to affect microhabitat suitability (Steel and 

Workman 1990), and has been used as an index of forage suitability for 

mountain sheep (Barrett 1964, Ferrier and Bradley 1970, Hansen 1980, 

Wilson et al. 1980, Holl 1982, Brown 1983). As the percentage of 

perennial bunch grass increases, the suitability of the area as mountain 

sheep habitat also increases (Ferrier and Bradley 1970, Hansen 1980, Holl 

1982). 

In my study, vegetation associations containing <5% grass species 

were not used for foraging. East and west bajadas had <3% cover of grass 

species (Table 6). West-side bajadas were the only vegetation association 

with <5% grass that were used more than expected based on availability. 

High use on west-side bajadas may have occurred because the bajada was 

commonly used for bedding activities, the proximity of bed sites to available 

grass on the midslope, and the location of the water catchment on the west 

bajada. All other associations with <5% available grass were used less 

than expected by chance by all sex and age classes in all seasons. 

East side midslopes and draws contained >10% grass, but neither 

association was used until the spring season. Given the favorable forage 

and topographic conditions in draw and midslope areas on the east side of 

the study area (i.e., >5% grass cover, abundant escape cover), it is difficult 
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Table 6. Relative availability and percent cover of forage classes for 9 
vegetation associations in a 320-ha mountain sheep enclosure, Desert 
National Wildlife Refuge, Nevada, 1990-1991. 

Vegetation Relative % cover of forage classes 
association availability Shrubs Grasses Forbs Succulents 

Ridgetop 0.021 82.94 9.89 4.22 2.94 

Blackbrush 0.057 76.78 1.38 T" 21.79 

Main wash 0.027 98.41 T T 1.28 

West bajada 0.092 74.60 2.95 T 22.10 

East bajada 0.277 83.84 2.39 2.76 11.01 

West midslope 0.155 80.96 11.63 3.56 3.85 

East midslope 0.184 75.41 15.59 2.96 6.04 

West draws 0.092 66.29 26.28 4.29 3.14 

East draws 0.095 82.8 14.26 1.78 1.17 

°T = <1%. 
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to explain why these areas were generally not used. 

Leslie and Douglas (1979) and Douglas and White (1979) documented 

the importance of free-standing water to mountain sheep in the Mojave 

desert. Elenowitz (1984) reported that mountain sheep movements away 

from water sources were restricted during rainless periods in summer, and 

that movement patterns expanded after summer rains in New Mexico. The 

presence of free-standing water on the west bajada in my study seems to 

have affected movement patterns of mountain sheep in the enclosure. Adult 

males, particularly during spring and summer, showed a concentration of 

activity near the water catchment. A similar concentration was observed for 

adult males during winter. 

Although habitat use studies generally agree that forage is selected at 

the microhabitat level (McQuivey 1978, Holl 1982, Van Dyke et al. 1983, 

Bates 1982), Steel and Workman (1990) offer 3 possible explanations for 

situations where forage selection may not occur at the microhabitat level. 

The forage base may be homogenous, eliminating the possibility of forage 

selection (Steel and Workman 1990). Provided a homogenous forage base, 

mountain sheep should select foraging habitat close to escape cover 

(Simmons 1980, Steel and Workman 1990). Although mountain sheep 

locations were concentrated close to escape cover in my study, there were 

measureable differences in availability of forage classes (i.e., shrubs, 
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grasses, and forbs) in the enclosure. 

The second possibility is that the need for security factors exceeded 

the need for forage (Steel and Workman 1990). If this explanation is 

correct, I could expect to see changes in forage use over time in natal 

habitat (Geist 1967, 1975). 

A third possible explanation is that moderate forage quantity may 

supply adequate nutrition for growth and reproduction, reducing the need for 

forage site selection. Newly introduced mountain sheep populations may 

encounter suitable, previously unforaged habitat. In this case, low 

population density might allow small groups to meet their nutritional needs 

with less forage than what is available (Caughley 1977, Elenowitz 1984). 

This explanation is the most likely, as mountain sheep foraged in vegetation 

associations containing high proportions of graminoid species availability. 

As animal numbers increase in the enclosure, the forage base may 

decline. A declining forage base may increase the impact of forage 

availability on microhabitat use and result in changes in forage site selection 

(Caughley 1977). Declining availability of grass species on the west side of 

the enclosure may explain the increased use of east side midslope and draw 

associations during the final season of observation. Continued observation 

of mountain sheep location and activity data in the enclosure may have 

shown increased use of east midslope and draw areas containing previously 
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unused vegetation. 

Use of Slope Classes 

Escape cover is defined as steep, rocky terrain on which mountain 

sheep can safely outdistance or outmaneuver predators (Gionfriddo and 

Krausman 1986). Mountain sheep require areas of steep, rocky habitat, 

consisting to a large degree of rugged, broken terrain (Leslie and Douglas 

1979, Hansen 1980, Holl 1982, Elenowitz 1984, Krausman and Leopold 

1986). Desert races of mountain sheep are rarely found .>1 km from 

escape cover (Jorgenson 1974, Hicks and Eider 1979, Bates and Workman 

1983, Dodd 1983, Cunningham and Ohmart 1986). Also, the distance 

between rocky terrain with >60% slope and other habitat components may 

influence how often such components, such as forage (Leslie 1978, 

McQuivey 1978), or water (Douglas and White 1979, Leslie and Douglas 

1979) are used. 

Although all areas of the enclosure were <.1 km-from escape cover, 

>95% of all mountain sheep locations were <_0.5-km from areas of escape 

cover. In my study, sheep used 36-80% slopes more than expected by 

chance based on availability. Elenowitz (1984) documented that >90% of 

all mountain sheep locations were within 75-m of escape cover during all 

seasons. 
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Activity Patterns 

Activity patterns were crepuscular in all seasons. Krausman et al. 

(1985k) reported that mountain sheep activity is inversely correlated with 

ambient temperature. Crepuscular activity is a strategy used by mountain 

sheep to avoid excessive heat or exposure to direct solar radiation during 

mid-day hours. In my study, most feeding activities occurred early and late 

in the day, while the majority of bedding occurred during mid-day. Foraging 

and bedding patterns were similar for males and females. Similar activity 

patterns have been documented in other studies (Wilson 1968, Golden and 

Ohmart 1976, Chilelli and Krausman 1981, Krausman et al. 1985Ll 

McCutchen 1984). 

Habitat Model 

The test I have conducted provided a quantitative analysis of 

Hansen's (1980) habitat evaluation model. My results correlate well with 

Hansen's (1980) description of areas used by desert races of mountain 

sheep on the DNWR. However, demonstration that 1 habitat is selected 

over another does not mean it is critical. A particular habitat is critical only 

if its loss affects an animal's fitness, and thus, the population level (White 

and Garrott 1990). 

Over 98% of mountain sheep locations in my study area occurred in 
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habitat that was rated by the model as important to mountain sheep, while 

<2% of observed locations were in zones of deficiency. These results do 

not indicate the presence of critical habitat, they simply show a strong 

positive correlation between Hansen's (1980) habitat evaluation model and 

documented mountain sheep use areas. 

The predictive ability of Hansen's (1980) model could be more 

rigorously tested in an area that contains more variation in habitat features, 

or some variation in the human use category. Nevertheless, the model 

accurately defines use areas for mountain sheep, and could be used to 

evaluate the potential of mountain sheep release sites. 

CONCLUSIONS 

Patterns of habitat use in the enclosure used in this study are similar 

to those described for free-ranging mountain sheep populations in other 

habitats (Geist and Petocz 1977, Chilelli and Krausman 1981, Elenowitz 

1984, Gionfriddo and Krausman 1986, Krausman et al. 1989). In general, 

mountain sheep foraged in vegetation associations that had >5% available 

grass, on terrain with >36% slopes, and within 0.5 km of escape cover. 

Segregation of sexes was observed during winter and spring months. 

Hansen's (1980) model had good ability to predict mountain sheep 

use areas. Use of quadrants smaller than the mile-square sections of land 



used by Hansen (1980), (i.e., similar to the 400-m2 grid size I used) may 

improve the predictive ability of his technique. 

Populations held in large enclosures can successfully be used to 

observe habitat use patterns of mountain sheep. Intensive observation 

under controlled conditions, as shown in this study, can improve our 

understanding of mountain sheep microhabitat selection. 
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APPENDIX A 

Identification of mountain sheep captured on Desert National Wildlife 
Refuge, Nevada, 1-3 May 1990. 

Lamb Collar 
Collar no. Frequency Age Sex in 1991 color 

36701 164.540 1Y F X White 

36702 164.550 2Y M White 

36703 164.670 3Y M Yellow 

36704 164.740 Adult F X Yellow 

36705 164.930 Adult F X Blue 

36706 164.950 1Y M Blue 

36707 165.009 4Y F X Red 

36708 165.410 4Y F Red 

36709 165.429 Adult F X Orange 

36710 165.540 3Y M Orange 

Uncollared 1 — Adult F X — 

Uncollared 2 Adult F 
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APPENDIX B 

Percent cover of plant species for 9 vegetation associations in a 320-ha 
enclosure on the Desert National Wildlife Refuge, Nevada, 1990-1991. 

Species Common nama Vegetation associations* 

Shrubs 1 2 3 4 5 6 7 8 9 

Ambrosia dumosa White bursage 2.0 1* 1.3 T 1.7 T 3.0 2.3 

A. eriocentra Wooly bursage 12.7 

Artemisia bioelovii Flat sage 18.1 17.8 13.8 5.1 

Atriplex canescens Four-wing saltbush 7.1 T T 

A. confertifolia Shadscale 3.2 T 3.1 16.9 7.6 23.4 25.1 6.5 9.5 

A. hvmenelvtra Desert holly T T 

Ceratoides lanata Winter fat 1.0 T 6.3 T T T T 

Coleoavne ramossissima Black brush 14.7 64.6 7.9 29.2 10.0 9.9 

Encelia frutescens Brittle bush T 3.3 1.2 1.2 T 

Eohedra nevadensis Mormon tea 21.9 2.2 5.4 21.5 8.2 25.8 20.2 16.6 7.5 

Falluuia paradoxa Apache plume 1.3 11.1 21.2 

HaDloDaDDUs so. Haplopappus T 

Hvmenoclea saisola Burro bush T 16.5 1.3 T T T 2.6 8.6 

Kramaria oarvifolia Range ratany 9.0 T T 1.3 1.6 T 2.1 1.4 

Larrea tridentada Creosote bush 2.7 35.9 3.6 14.1 T T 

Lvcium andersonii Wolfberry 4.7 12.7 T 2.6 T T 

Menodora SDinescens Spiny menodora T 1.1 T 10.8 10.7 T 1.9 

Psorothamnus fremontii Indigo bush T 1.4 4.7 T 4.7 T T T 

Salazaria mexicana Bladder sage T T T 4.8 7.0 

Salvia dorii Purple sage T 1.1 

Stenhanomeria SD. Stephanomeria T T T 2.8 T 5.6 3.5 

Totradvmia olabrata Littleleaf horsebrush 1.4 T 4.0 T T 2.4 T T 

T. spinosa Horsebrush T 
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Species 

Grass 

Common name Veaatation associations 
6 

Aristida SD. Three-awn T T T 1.2 

Bromus rubens Red brome T T T T T T 

Erioneuron Dulchallum Fluff grass T T T T T T T T T 

Hilaria riaida Big galleta T 1.1 T T 2.0 11.9 T 4.6 

Muhlenberaia oorteri Bush Muhly T T T T 14.2 3.0 

OrvzoDsis hvmenoides Indian ricegass T T T 1.7 T 3.9 T 

Sitanion hvstrix Bottlebrush T T 

StiDa SDeciosa Needlegrass 9.2 T T T T 9.4 1.6 6.3 5.0 

Succulents 

Aaave utahensis Utah agave T T T 

Echinocerus enaelmanii Hedgehog cactus T 

Ferrocactus acanthodes Barrel cactus T T T T T T T 

ODUntia basilaris Prickly pear T T T 

Yucca brevifolia Joshua tree 1.6 21.7 1.3 22.1 11.0 T 5.7 2.4 1.1 

Forbs 4.2 T T T 2.8 3.5 3.0 4.3 1.8 

'1 =Ridgetop, 2 = Blackbrush, 3 = Main wash, 4=West bajada, 5 = East bajada, 
6 = West midslope, 7 = East midslope, 8=West draw, 9 = East draw. 

T = <  1 % .  
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