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ABSTRACT 

I examined habitat use by desert bighorn sheep (avis 

canadensis mexicana) in the Little Harquahala Mountains, 

Arizona from 1989 to 1992. I compared microsites used among 

male, female, and mixed-sex grou~s. I also compared use of 

microsites by sheep to random sites during the breeding and 

nonbreeding seasons. There were no differences in use of 

microsites between the breeding and nonbreeding seasons. 

However, microsites used by sheep had steeper slopes, more 

barrel cacti (Ferocactus wislizenii), higher topographic 

position, and more foothills palo verde (Cercidium 

microphyllum) than random sites. I examined seasonal diets. 

There were no seasonal differences between the diets of 

males and females. Brittle bush (Encelia farinosa), desert 

ironwood (Olneya tesota), fairy duster (Calliandra 

eriophylla), foothills palo verde, janusia (Janusia 

gracilis), Mormon tea (Ephedra torreyana), ratany (Krameria 

parvifolia), wild buckwheat (Eriogonum fasciculatum), grama 

grass (Bouteloua spp.), bedstraw (Galium spp.), borage 

(Borage spp.), and barrel cacti were present in diets all 

seasons. Barrel cactus is a seasonally important part of 

the diet, providing moisture during hot, dry periods. 

Porage selection is not a factor in the sexual segregation 

of desert bighorn sheep in the Little Harquahala Mountains. 
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I examined habitat use by female sheep relative to the 

timing of parturition from 1989 to 1991. I compared use of 

vegetation associations, range size, and microsite habitat 

components of female sheep prior to and following 

parturition to random sites. Nineteen lambs were born to 10 

females and 6 lambs survived ~6 months. Lambs that died 

lived an average of 34 days. Five females did not raise any 

lambs that lived ~6 months in any year. No female raised a 

lamb that lived ~6 months 2 years consecutively. Females 

altered their use of vegetation associations and reduced 

their range sizes as lambing approached. Individual females 

used the same lambing areas repeatedly. Microsites used by 

female sheep were steeper and more rugged than random sites. 

Microsites used by females for 8 weeks after parturition had 

significantly less barrel cacti than were found at random 

sites. The traditional use of parturition sites in rugged 

terrain may outweigh the increased need for water by 

lactating females. 
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INTRODUCTION 

I present the results of my dissertation research in 3 

papers. I will submit all of them to peer-reviewed 

professional journals for publication. I followed the 

authorship guidelines of 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 a scientific investigation: conception, 

design, data collection, data analysis, or manuscript 

preparation. 

The 3 chapters of my dissertation, IIHome range and 

habitat use of desert bighorn sheep in western Arizona ll
, 

"Diets of desert bighorn sheep in western Arizona", and 

"Parturition of desert bighorn sheep in western Arizona" 

will be submitted to The Journal of wildlife Management. I 

am the senior author of all 3 articles. Dr. Paul R. 

Krausman assisted in all aspects of this work, and is a 

coauthor on all articles. 
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CHAPTER I 

HOME RANGE AND HABITAT OSE OF DESERT BIGHORN 

SHEEP IN WESTERN ARIZONA 

Abstract: Most populations of desert bighorn sheep (Ovis 

canadensis mexicana) in Arizona have ~50 individuals, yet 

little is known about their use of habitat. scientific 

management of these small populations requires an 

understanding of the relationships between sheep and their 

Rabitat. We examined seasonal horne range, vegetation 

association use, and microsite habitat use by desert bighorn 

sheep in the Little Harquahala Mountains, Arizona, from 1989 

to 1991. We compared microsites used by desert bighorn 

sheep to random sites. We also compared microsites used by 

groups (i.e., adult male, female, and mixed) of sheep during 

the breeding and nonbreeding seasons to examine sexual 

segregation. We developed models that described areas used 

by desert bighorn sheep. We also developed a model that 

differentiated between microsites used by male, female, and 

mixed groups of sheep. Horne-range sizes of males and 

females were larger during the breeding season than during 

the nonbreeding season (E < 0.05). During the breeding 

season home-range sizes of males were larger than those of 

females (E < 0.05). Desert bighorn sheep did not use 

vegetation associations in the same proportions during the 

breeding or the nonbreeding seasons. Microsites used had 
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steeper slope, more barrel cacti (Ferocactus wislizenii), 

higher topographic position, and more foothills palo verde 

(Cercidium microohyllum) than random sites. None of the 

variables identified by our model were different between the 

breeding and nonbreeding seasons for bighorn sheep. 

However, percent slope, number of barrel cacti, elevation, 

percent browse, and percent foothills palo verde were 

different (E < 0.05) among the microsites used by male, 

female, and mixed groups and random sites. Mixed groups had 

larger group sizes than male and female groups which may 

have allowed mixed groups to use less secure areas. 

~ Wildl. Manage. 00(0) :000-000 

Key words: Arizona, desert bighorn sheep, habitat use, home 

range, sexual segregation. 

Desert bighorn sheep are distributed throughout many of 

the precipitous desert mountain ranges of the southwestern 

United states (Cowan 1940, Monson 1980). Bighorn sheep 

inhabit remote and rugged habitats, are a relatively rare 

species, and have declined in number and distribution since 

1900 (Russo 1956, Buechner 1960). 

T~~ ~~~li~e of desert bighorn sheep has been attributed 

to a number of man-induced factors: overgrazing by 

livestock (Gallizioli 1977) and feral burros (Seegmiller and 

Ohmart 1981), mining activities, highway construction, 

16 



overhunting, and water projects (Russo 1956, Buechner 1960). 

Consequently, land-use managers should understand the 

impacts of present-day land use practices on desert bighorn 

sheep populations and their habitat. Many of these 

populations are subject to habitat loss to roads (Leslie and 

Douglas 1979), canals (Krausman 1985), housing developments 

(Gionfriddo and Krausman 1986), and fire suppression 

(Etchberger et al. 1989). An ultimate goal for managers of 

bighorn sheep habitat is to devise guidelines based upon the 

ecological requirements of desert bighorn sheep that will 

provide maximum predictability for assessing and mitigating 

land use impacts. An important prerequisite to this is a 

firm data base and conceptual framework regarding the ways 

desert bighorn sheep naturally use the landscape. 

This is especially important when a species' range is 

comprised of small, isolated areas subject to alteration by 

humans. Generally, desert bighorn sheep occur in small 

populations in isolated habitats (Krausman and Leopold 

1986£). Over 60 populations of desert bighorn sheep exist 

in Arizona, however, ~7 have ~100 individuals (Krausman and 

Leopold 1986£). Small populations of bighorn sheep, like 

the one in the Little Harquahala Mountains (N<35), create a 

challenge for wildlife scientists because populations of <50 

desert bighorn sheep may be susceptible to local extinction 

(Berger 1990, P. R. Krausman et al., unpubl. data). 
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The use of an area by animals has been related to 

habitat quality (Halloran and Kennedy 1949, Barrett 1964, 

Deming 1964), however, most studies have examined broadly 

defined habitat components (Leslie and Douglas 1979, 

Seegmiller and Ohmart 1981, Holl 1982) or habitat components 

within vegetation associations (Krausman et al. 1989, Steel 

and Workman 1990). Each of these studies provided useful 

management information for a particular habitat and 

contributed to the general data base. However, few studies 

have related habitat use to specific attributes and 

availability of various habitat features (Gionfriddo and 

Krausman 1986, Krausman and Leopold 1986Q, Etchberger et al. 

1989). This level of detail may be necessary to construct a 

conceptual framework that yields insights into the reasons 

why desert bighorn sheep use certain areas and not others. 

Habitat use can be examined on many levels including: 

the distribution of local populations, the home ranges of 

individuals within that population, and the use of specific 

components by individuals or groups of individuals (Johnson 

1980). The least studied of these is the third. The level 

at which habitat selection occurs is difficult to predict 

and has not been considered often in the management of 

desert bighorn sheep. Region-wide management plans and 

habitat models may not adequately address the needs of all 

populations (Steel and Workman 1990). 
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Habitat components of desert bighorn sheep have been 

described for a number of areas (Leslie and Douglas 1979, 

Krausman and Leopold 1986Q, Etchberger et ale 1989) 

including the Little Harquahala Mountains, Arizona (Krausman 

et ale 1989). In this mountain range, desert bighorn sheep 

did not use vegetation associations in proportion to their 

availability in any season or year, however, they did use 

all associations except the flats separating foothills and 

mountains (Krausman et ale 1989). 

Krausman et ale (1989) examined habitat components 

within vegetation associations in the Little Harquahala 

Mountains but were not able to predict habitat use by 

bighorn sheep. However, they did not examine how desert 

bighorn sheep used microsites, which may provide information 

as to why desert bighorn use certain areas more than others. 

Our objectives were to identify habitat components of 

microsites used by desert bighorn sheep in the Little 

Harquahala Mountains and to examine seasonal microsite 

habitat relationships of male, female, and mixed groups. 

STUDY AREA 

Our study was conducted in the Little Harquahala 

Mountains, Arizona, approximately 147 km west of Phoenix. 

This mountain range provides habitat for a small population 

of desert bighorn sheep that is representative of >50% of 
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the desert bighorn populations in Arizona (P. R. Krausman et 

al., unpubl. data) and much of the Southwest. Elevations 

ranged from 458 m on the desert floor to 940 m at Harquar 

Peak. The topography varied from flat areas to rugged 

cliffs fronted by broken slopes. The Little Harquahala 

Mountains were oriented northeast-southwest and encompassed 

approximately 113 krn2 of creosote bush (Larrea tridentata) 

flats and 66 km2 of mountainous terrain (Krausman 1985). 

We obtained rainfall and temperature data from Salome, 

Arizona, 19 krn southeast of the Little Harquahala Mountains 

from 1989 to 1991. Precipitation averaged 3.85, 0.83, 4.85, 

and 1.95 cm for winter (Jan, Feb, Mar), spring (Apr, May, 

Jun), summer (Jul, Aug, Sep), and fall (Oct, NOv, Dec), 

respectively. These seasons were delineated using 

temperature and rainfall data (Chilelli and Krausman 1981). 

Temperatures ranged from -6.7 to 48.9 C and for the 4 

seasons averaged 12.6, 26.0, 31.1, and 15.4 C, respectively. 

The Little Harquahala Mountains lie entirely within the 

desert scrub vegetation formation. Within this formation 

there were 2 basic communities: creosote bush-burs age 

(Ambrosia spp.) between 458 and 792 m, and foothill palo 

verde-cholla cactus (Opuntia spp.) from 793 to 940 m (Lowe 

1964) . 

Land use within the study area included cattle grazing, 

mining, and recreational hunting. Permits were issued to 

20 



hunt desert bighorn sheep, however, no sheep were harvested 

in the Little Harquahala Mountains. Coyotes (Canis 

latrans), gray fox (Urocyon cinereoargenteus), bobcats (Lynx 

rufus) and their sign were observed on the study area. 

METHODS 

We quantified vegetation and physiographic 

characteristics and used cluster analysis to delineate 

vegetation associations. We sampled perennial vegetation 

with 4 30.3-m line-intercept transects (Canfield 1941) at 

randomly determined sites and recorded species composition. 

We also recorded percent thermal (Gionfriddo and Krausman 

1986) and ground cover. Earlier studies (Krausman et al. 

1989, warrick and Krausman 1989) suggested that desert 

bighorn used barrel cacti to meet their water requirements 

so we indexed the relative occurrence of barrel and 

mammillaria (Mammillaria spp.) cacti by recording all those 

located within 2 m of both sides of the transect. We 

indexed the relative occurrence of annual forbs by randomly 

dropping a 0.25 m2 sampling frame at 2 locations on each of 

the 4 transects. We recorded the number and species of 

annual forbs that were inside the frame. Physiographic 

variables recorded at each location included percent slope, 

aspect, topographic position, and elevation. The desert 

floor had a difference of about 200 m from the east side to 

the west side. Thus, an animal could be at 800 m elevation 
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at 2 locations with 1 at the top of a slope and 1 at the 

bottom. We believe that topographic position is a more 

accurate measure of location on a slope than elevation. We 

determined the availability of vegetation associations by 

measuring the area of each association on U.S. Geological 

survey (USGS) 15-minute series topographic maps (scale 

1:62,500) with a compensating polar planimeter. 

We captured desert bighorn sheep in the Little 

Harquahala Mountains using a net gun fired from a Bell Jet 

Ranger helicopter (Krausman et al. 1985). We attached 

color-coded radio collars with mortality sensors (Telonics 

Inc., Mesa, Ariz.) around the neck of each animal. 

We visually located radio-collared animals randomly 

during diurnal hours. We classified desert bighorn sheep as 

lambs, yearling males or fe~ales, and adult males or 

females. We classified groups as female or male if no 

adults from the other sex were present. If adult females 

and males were present we classified the group as mixed. We 

plotted locations on USGS 15-minute series topographic maps 

using the Universal Transverse Mercator grid. 

We compared average home-range sizes of adult male and 

female desert bighorn sheep during the breeding and 

nonbreeding seasons. We calculated home ranges as minimum 

convex polygons (MCP) (Southwood 1966) for adult male and 

female desert bighorn sheep during the breeding and 
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nonbreeding seasons. We compared these home ranges with 

one-way analysis of variance (ANOVA) and, if there was a 

significant interaction (R ~ 0.05), with Duncan's multiple 

range test. 

There is controversy concerning the various methods for 

determining home-range size (Mares et ale 1980). We used 

the MCP technique because it is easy to calculate, is used 

extensivelY in the literature, and has not been shown 

conclusively to be less accurate than more complex methods 

(Mares et ale 1980). We ensured our sampling effort was 

adequate by examining the relationship between percent 

change in home-range size and the number of locations (Mares 

et al. 1980). 

We observed animals for ~1 hour when possible with 10 X 

50 binoculars and a 20-36 X 50 spotting scope. We waited 

20-30 minutes after visually locating sheep to begin data 

collection to determine if sheep were disturbed by our 

presence. We collected data only if sheep appeared 

undisturbed. If sheep exhibited alarm postures we 

terminated data collection. We included data for analysis 

only if ~20 minutes of information were collected. We 

determined desert bighorn sheep use of vegetation 

associations by visual observations. We compared use of 

vegetation associations to availability with Chi-square 

goodness of fit tests (Sokal anc Rohlf 1969). If the result 
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was significant (£ ~ 0.05), we used Bonferroni simultaneous 

confidence intervals (Byers et ala 1984) to determine if 

vegetation associations were selected, avoided, or used in 

proportion to availability. 

We determined seasonal microsite habitat llse by desert 

bighorn sheep from observations of radio-collared 

individuals. While observing sheep, we mapped and visually 

determined the center of the microsite being used by the 

group. If we could not visit the microsite without 

disturbing the sheep, we returned approximately 24 hours 

later to collect data. 

We collected the same information at each microsite that 

was collected to classify vegetation associations. We also 

sampled random sites for vegetation and physiographic 

components to compare microsites used by sheep to the 

availability of habitat components. We stratified sam~ling 

of random points by percent use of vegetation associations 

by desert bighorn sheep groups. We also recorded time of 

day, date, group size, and sex and age composition. 

We reduced the number of habitat variables in 2 ways. 

First, any vegetation that occurred on <1% of the transects 

was recorded as trace species and not analyzed. Second, we 

used a discriminant function analysis (DFA) as a descriptive 

model to identify variables most likely to differentiate 

between microsites and random sites. We interpreted the DFA 
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by examining the correlations between the discriminating 

variables and the canonical discriminant functions (Morrison 

et al. 1992). We examined data for normality and 

transformed them if needed. We transformed variables 

expressed as percentages using the arcsine transformation. 

We examined variable correlation with Pearson correlation 

coefficients and only included 1 variable in the model if 

the correlation was >0.6. 

We developed a model describing desert bighorn sheep 

microsites in the Little Harquahala Mountains using a DFA 

with stepwise inclusion of variables (Williams 1983). We 

selected variables for inclusion in the model by maximizing 

Mahalanobis' distance between group centroids. Variables 

were entered when I-to-enter was ~0.05. We used a jackknife 

routine to randomly divide the data into 2 groups. One 

group developed the model and the other estimated the true 

misclassification rate of the derived model (Morrison 1969). 

We also developed a DFA model to identify variables that 

best differentiated between microsites used by groups and 

random sites. 

using the variables identified by the DFA models we 

examined the relationship between microsites of male group, 

female group, mixed group, and random sites with one-way 

ANOVA and, if the ANOVA was significant (R ~ 0.05), Duncan's 

multiple range test. We analyzed those data that did not 
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meet the assumptions of ANOVA by using the Kruskal-Wallis 

test on ranks of the data (E ~ 0.05). 

RESULTS 

vegetation Associations 

We identified 5 vegetation associations using vegetation 

and physiographic variables collected at 490 randomly 

located points (Fig.l, Table 1). The 5 vegetation 

associations we identified were modifications of those 

described by Krausman et al. (1989). 

Creosote bush, brittle bush, palo verde, and bursage 

were the most common plants on the study area. Average 

elevations and aspects were similar for all associations 

(Table 1). Average slopes and topographic positions were 

similar for all associations except the creosote bush

bursage-flats where slope and topographic position were less 

(Table 1). 

The creosote bush-bursage-flats association comprised 

64.8% of the study area and was the largest association. 

Creosote bush and bursage were found here in their greatest 

occurrence for the Little Harquahala Mountains (Table 1). 

The fewest barrel cacti occurred in this association (Table 

1). This flat association surrounded the foothills and 

mountains. It had the lQT.o]est average topographic position 

(60%) and least mean slope (5.5%) (Table 1). 
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The creosote bush-brittle bush-volcanic association 

formed the southwest boundary of the Little Harquahala 

Mountains (Fig. 2). This association comprised 4.7% of the 

study area and consisted of mountains of volcanic boulders. 

Ground and thermal cover occurrence was least (12.3 and 

3.4%, respectively) on the study area. creosote bush and 

brittle bush were the dominant species (5.8 and 3.6%, 

respectively). The fewest number of annual forbs occurred 

in this association (Table 1). 

The creosote bush-brittle bush-precipitous association 

covered 18.1% of the Little Harquahala Mountains. creosote 

bush was the dominant plant species (Table 1). Brittle bush 

occurrence was greatest (5.1%) in this association. 

Topography ranged from rugged foothills to large boulders. 

The northeast edge of the Little Harquahala Mountains 

was bounded by the creosote bush-palo verde-precipitous 

association (Fig. 2). Creosote bush and brittle bush 

dominated this association (Table 1). The greatest number 

of annual forbs occurred in this association (Table 1). 

Palo verde, ground cover, and thermal cover occurrence was 

greatest on this association in the study area (Table 1). 

Topography here was rugged with broken slopes and many 

cliffs. The creosote bush-brittle bush-precipitous 

asscciation covered 6.9% of the study area. 
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The creosote bush-brittle bush-foothills association 

covered 5.5% of the study area. The vegetation composition 

was similar to the creosote bush-brittle bush-precipitous 

association (Table 1), however, the topography was rolling 

foothills and the elevations were lower. The greatest 

number of barrel cacti occurred in this association (Table 

1) • 

Home Range and Vegetation Association Use 

We captured 11 desert bighorn sheep (4 M and 7 F) in 

April 1989 and 5 sheep (2 M and 3 F) in April 1990. Radio-

collared animals comprised 57% of the desert bighorn sheep 

population in the Little Harquahala Mountains (Krausman and 

Etchberger 1993). Sreeuing occurred from mid-July to early

February. The remainder of the year was classified as 

nonbreeding season. Mixed groups comprised from 5 to 21% of 

all groups during the nonbreeding season and from 28 to 63% 

during the breeding season (Fig. 2). 

We calculated horne ranges for animals that had an 

adequate number of locations (n ~ 15/season) (Mares et ale 

1980). Horne-range sizes of males and females were larger 

during the breeding season than during the nonbreeding 

season. During the breeding season male horne range sizes 

2 were larger than those of females (M = 41.1 ± 4.9 [SE] km , 

F = 28.7 ± 2. (3 km2) (Table 2). 
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Desert bighorn sheep did not use vegetation associations 

in the same proportions during the breeding (X2 = 60.502, 8 

df, R < 0.0001) or the nonbreeding (X2 = 146.748, 8 df, R < 

0.0001) seasons (Table 3). The proportion of use of 

vegetation associations also differed between the breeding 

and nonbreeding season for adult male (X2 = 68.130, 4 df, R 

< 0.0001), female (X2 23.153, 4 df, R < 0.0001), and mixed 

(X2 = 26.372, 4 df, R < 0.0001) groups. 

During the breeding season all groups avoided the 

creosote bush-bursage-flat association and selected the 

creosote bush-brittle bush-precipitous, creosote bush

brittle bush-foothill, and creosote bush-palo verde

precipitous associations (Table 3). Male and female groups 

selected the creosote bush-brittle bush-volcanic association 

(Table 3). Mixed groups used the creosote bush-brittle 

bush-volcanic association in proportion to its availability 

(Table 3). 

During the nonbreeding season all groups avoided the 

creosote bush-bursage-flat association and selected the 

creosote bush-brittle bush-precipitous and creosote bush

palo verde-precipitous associations (Table 2). Female 

groups selected all other associations. Mixed groups 

avoided the creosote bush-brittle bush-volcanic association 

and male groups used this association in proportion to its 

availability during the nonbreeding season (Table 2). Male 
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groups avoided and mixed groups selected the creosote bush

brittle bush-foothill association during the nonbreeding 

season (Table 2). 

Microsite Habitat Use 

The first DFA model identified 4 variables that 

differentiated random sites from microsites used by desert 

bighorn sheep (Table 4). Microsites used by desert bighorn 

sheep had steeper slope, more barrel cacti, higher 

topographic position, and more foothills palo verde than 

random sites (Table 5). The overall classification success 

of the derived model was 70.3%. None of the variables 

identified by this model were different between the breeding 

a .. d nonbreeding seasons for any of the groups, so we pooled 

these data for further analysis. 

The second DFA model differentiated between microsites 

used by male, female, and mixed groups of desert bighorn 

sheep and random sites. The first canonical discriminant 

function explained 88.7% of the variance and we used it as 

the model. Percent slope, number of barrel cacti, 

elevation, percent browse, and percent foothills palo verde 

were the variables in the model that best differentiated 

microsites used by male, female, mixed groups and random 

sites. The overall classification success of the second 

model was 61.5%. 
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Male and female groups used microsites with steeper 

slopes than mixed groups (Table 6). Male, female, and mixed 

groups used microsites with steeper slopes than random sites 

(Table 6). 

Male, female, and mixed groups used microsites with more 

barrel cacti than random sites (Tahl~ 6). There were no 

differences between the number of barrel cacti on microsites 

used by male, female, and mixed groups. 

Male groups used microsites with higher elevations than 

female or mixed groups and at random sites (Table 6). 

Female groups used microsites with higher elevations than 

mixed groups and random sites (Table 6). Mixed groups used 

microsites with lower elevations than male and female groups 

and random sites (Table 6). 

Male groups used microsites that had more browse than 

female or mixed groups and random sites (Table 6). 

Microsites used by female groups had more browse than sites 

used by mixed groups, however, female microsites were not 

different than random sites (Table 6). Mixed groups used 

microsites that had less browse than random sites (Table 6). 

Male and female groups used microsites with more 

foothills palo verde than microsites used by mixed groups or 

random sites (Table 6). Microsites used by mixed groups 

were not different than random ~ites (Table 6). 
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DISCUSSION AND MANAGEMENT IMPLICATIONS 

We measured habitat variables of desert bighorn sheep at 

the microsite level. However, our results were similar to 

Krausman et ale (1989) and their measurements were on a 

broader level (i.e., vegetation associations). For 

management purposes, the vegetation association level of 

habitat evaluation may be adequate to describe habitat 

characteristics for large, mobile animals. This is also a 

more cost-effective level (i.e., less time) to measure 

habitat components. However, identification of specific 

areas of importance (e.g., parturition sites) may be of 

value for management objectives and would require more 

intensive observations. 

Differential use of the 5 vegetation associations by 

desert bighorn sheep may reflect the relative adequacy of 

these associations to meet their ecological requirements. 

The creosote bush-bursage-flat association was avoided in 

all seasons by all sheep. This association does not have 

rugged terrain; the average slope was only 5.5% and the mean 

topographic position was the nearly flat areas at the base 

of mountains. However, this association comprises almost 

65% of the Little Harquahalas and must be crossed to move 

between the other associations. 

Krausman et ale (1989) concluded that horne-range size 

was not related to climatic factors in the Little Harquahala 
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Mountains. Habitat quality may influence the horne-range 

size of desert bighorn sheep. Sheep had smaller horne ranges 

when resources were closer together as compared to the 

larger home ranges required when resources were more 

dispersed (Krausman et al. 1989). However, we observed that 

all sheep used all 5 vegetation associations during at least 

part of this study and no radio-collared sheep left the 

study area. Ranges of males generally are larger than 

ranges of females in most ungUlates (Sanderson 1966) and 

male desert bighorn sheep have been observed to travel long 

distances (Simmons 1980, Bleich et al. 1990). The seasonal 

pattern of changes in horne-range sizes we observed by males 

and females indicates that home-range size may be influenced 

by the search for mates during the breeding season. Wilson 

(1968, 1971) observed male desert bighorn sheep over a 2-

year period that did not leave a 4.8-km2 area except during 

the breeding season. Furthermore, home ranges of females 

are reduced when they are caring for neonates. Reduced use 

of areas has been observed in other ungUlates during 

neonatal care (Sanderson 1966, Fox 1992) . 

In the Little Harquahala Mountains, desert bighorn sheep 

used microsites with steeper slopes, more barrel cacti, a 

higher topographic position, and more foothills palo verde 

than random points. The steeper slopes and higher 

topographic positions are not surprising; these are 
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characteristic of escape terrain in desert bighorn sheep 

habitat (Bates and Workman 1983, Gionfriddo and Krausman 

1986, Etchberger et al. 1989). Models of desert bighorn 

sheep habitat in desert areas have identified slope and 

topographic position as the most significant variables 

relative to habitat use (Cunningham 1989, wakeling and 

Miller 1990). Bighorn sheep do not run long distances to 

evade predators but depend on their vision to locate 

predators (Risenhoover and Bailey 1985) and their climbing 

ability on rugged terrain for escape (Hansen 1980). The 

distance to escap~ terrain is an important determinant of 

habitat use by desert bighorn sheep in desert ecosystems 

(Hansen 1980, Bates and Workman 1983, Krausman and Leopold 

1986~) . 

The greater occurrence of barrel cacti on microsites 

used by desert bighorn sheep may be associated with water 

requirements of sheep. The distribution of water in desert 

ranges where desert bighorn sheep occur has been proposed as 

limiting population size (Welles and Welles 1961, Hansen 

1965). Permanent standing water was not available in the 

Little Harquahala Mountains until water catchments were 

installed in 1986. Since that time, desert bighorn sheep 

have used these catchments very little (Krausman and 

Etchberger 1993). Desert bighorn sheep in these mountains 

can survive during the hottest and driest part of the year 
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without standing water (Krausman et ale 1985). Warrick and 

Krausman (1989) described the seasonal patterns of barrel 

cacti use in this area and concluded that sheep meet water 

demands by eating barrel cacti when standing water is not 

available. Bighorn sheep consumed barrel cacti in all 

seasons (Krausman et ale 1989, Chap. 2, table 1). During 

the hot, dry summer months barrel cacti comprised 13.9% of 

desert bighorn sheep diets (Chap. 2, table 1). In the Big 

Hatchet Mountains, New Mexico desert bighorn sheep diets 

were 53% prickly pear (opuntia spp.) during the summer 

months (Watts 1979). Increased consumption of succulents 

appears to be a behavioral response to lack of standing 

water. 

Foothills palo verde is a common forage species of 

desert bighorn sheep in the Sonoran Desert (Krausman et ale 

1989, Miller and Gaud 1989, Mazaika et ale 1992). Palo 

verde comprised almost 10% of annual desert bighorn sheep 

diets in the Little Harquahala Mountains and was the most 

used browse species (Chap. 2, table 1). Unlike annual 

grasses and forbs, palo verde was available all year. 

Seegmiller et ale (1990) found that palo verde, and browse 

species in general, contained high levels of protein 

throughout the year. Palo verde also may be an important 

source of thermal cover for desert bighorn sheep. Bedding 

areas are selected in areas that provide thermal cover 
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(Wakeling and Miller 1989). During hot periods of the year, 

sheep bed down in shaded areas to avoid heat gain (Simmons 

1969). Bedding was the main activity by desert bighorn 

sheep during the middle of the day in the summer months in 

the Little Harquahala Mountains (Chilelli and Krausman 

1981) • 

Desert bighorn sheep habitat in the Little Harquahala 

Mountains is comprised of vegetation associations in which 

important parameters are variable and unevenly distributed. 

These conditions are consistent with the proposition that 

for sexual segregation to occur, heterogeneous environments 

must exist (Miquelle et al. 1992). Otherwise, in a 

homogeneous environment there would be no nutritional 

advantage to separating or selecting different sites (Bowers 

and Smith 1979, Miquelle et al. 1992). 

Sexual segregation is common in north temperate 

ungUlates, however, the adaptive advantage of this behavior 

remains the topic of debate (Main and Coblentz 1990). 

Sexual segregation has been investigated in large ungUlates 

as a mechanism determining habitat use (King and Smith 1980, 

Bowyer 1984, Scarborough and Krausman 1988). Behavioral 

differences may lead to differential use of resources (Geist 

and Petocz 1977, McCullough 1979) and the resulting resource 

partitioning may lessen intersexual competition and improve 

reproductive success (Geist and Petocz 1977, Shank 1982). 
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spatial separation of the sexes has been proposed as a 

way to maximize individual fitness in Rocky Mountain races 

of bighorn sheep (~ ~ canadensis) (Geist and Petocz 1977, 

Morgantini and Hudson 1981, Shank 1982). Males and females 

are segregated throughout most of the year (Geist 1971, 

Krausman et ale 1989) but during the breeding season they 

are together and use the same habitat. During this time 

males search for estrous females and become lax in forage 

consumption and predator avoidance. These behaviors are 

typical of the males of most polygamous, sexually dimorphic 

ungulates (Geist 1971, 1974; Leuthold 1977). 

Krausman et al. (1589) found that male and female desert 

bighorn sheep used vegetatio~ associations similarly in the 

Little Harquahala Mountains, however, they were spatially 

segregated throughout much of the year. Adult males and 

females usually were located in mixed groups only during the 

breeding season (Krausman et al. 1989). 

Female ungulates tend to occupy different habitats than 

males (Watson and staines 1978, Bowyer 1984, McCullough et 

ale 1989) or to consume more nutritious forage during 

gestation and lactation (Staines and Crisp 1978, staines et 

ale 1982, Beier 1987). Females also may select areas that 

are more secure for neonates (Geist and Petocz 1977, 

Morgantini and Hudson 1981, Gionfriddo and Krausman 1986). 

Female ungulates in good nutritional condition have a better 
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chance to successfully raise their young (Taber and Oasmann 

1957, Thorne et al. 1976, Clutton-Brock et al. 1982). 

Microsites used by mixed groups resembled random sites. 

The classification results of the OFA model showed that 68.8% 

of microsites used by mixed groups were misclassified as 

random sites. Mountain sheep in the Little Harquahala 

Mountains appear to use microsites that are less rugged when 

they are in mixed groups than when they are segregated into 

male and female groups and this difference may be related to 

group size. Mixed groups (~ = 4.6) were significantly 

larger (E = 0.00001) than male (~ = 1.9) or female (~ = 2.9) 

groups (Chap. 3). The relationship between group size and 

activity is affected by parameters such as openness of 

terrain (Risenhoover and Bailey 1985) and predation pressure 

(Berger 1978). Larger groups of desert bighorn sheep forage 

more efficiently than smaller groups (Berger 1978). One of 

the benefits proposed for larger group sizes is the 

protection from predators (Berger 1978). This protection 

can be through the increased number of individuals for 

observing a predator or by reducing the probability of being 

the individual selected by a predator (Berger 1978). There 

were no differences between the breeding and nonbreeding 

seasons for any of the OFA variables and we speculate that 

the larger group sizes found in mixed groups allow mixed 

groups to use areas that are less rugged and less secure. 
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The amount of time that sheep spent standing (warrick and 

Krausman 1987) and scanning their surroundings (Risenhoover 

and Bailey 1985) increased as group size decreased. 

Male and female desert bighorn sheep in the Little 

Harquahala Mountains had similar seasonal diets, regardless 

of seasonal spatial segregation. It does not appear that 

male and female sheep are segregating based upon forage use 

or availability of vegetation associations. 

Berger (1990) concluded that small populations of 

bighorn sheep are in imminent need of enhanced management to 

ensure their persistence. However, an understanding of the 

habitat requirements of sheep is needed for management to be 

effective. Forage availability appears adequate in areas 

used by sheep and does not appear related to habitat use in 

the Little Harquahala Mountains. Seasonally, desert bighorn 

sheep use habitats with different characteristics. Small, 

low density populations may use habitats differently than 

large, high density populations because potential group 

sizes are smaller. Potential predation pressure may 

influence habitat use, especially during times when group 

sizes are small. Male and female sheep are segregated 

during the time surrounding parturition. At this time 

female sheep are solitary or with their lambs. Females have 

small range sizes and exhibit strong fidelity over time to 

parturition sites (Chap. 3). Recruitment is low due to high 
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lamb mortality in the Little Harquahala Mountains but the 

population has remained relatively stable over time 

(Krausman and Etchberger 1993). Identifying the causes of 

lamb mortality should be a priority of future research. 
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Figure 1. Vegetation associations in the Little Harquahala 

Mountains, Arizona. 
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female, and mixed groups of desert bighorn sheep in the 

Little Harquahala Mountains, Arizona, 1989-91. 
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Table 1. Vegetation and physiographic characteristics of vegetotion associotions In the Little Harquahula 

Mountains, Arizona. 

vegetation associations 

Creosote bush· Creosote bush· Creosote bush· Creosote bush· Creosote bush· 

bri tt Ie bush· brittle bush· brittle bush· bursage' palo verde' 

Variable volcanic preei pi taus foothill flat pree I pi taus 

Elevation (m) 496.3 582.3 536.5 506.5 607.2 

Topographic 

positionS 41.6 49.6 59.2 4.8 43.2 

ASpectb 4.4 4.4 5.8 4.9 4.5 

Slope (X) 31.5 40.1 42.0 5.5 34.3 

Creosote bush (X) 5.8 5.4 4.5 9.6 6.0 

Brittle bush (X) 3.6 5.1 4.5 0.1 4.7 

(Encelia farinosa) 

Little·leaf 

palo verde (X) 0.5 2.4 2.2 1.0 3.9 

Bursage (X) 1.3 0.9 0.9 2.3 1.6 

Barrel .:actusC 0.5 1.5 6.3 0.1 5.8 

Indian wheatd 19.6 17.9 20.3 4.5 29.9 

(Plantago ;nsular;s) 

Annual forbsd 13.6 31.9 36.3 20.5 80.3 

Ground cover 12.3 16.5 14.8 15.0 19.6 



Table 1 (cont.). Vegetation and physiographic characteristics of vegetation associations in the Little 

Harquahala Mountains, Arizona. 

Vcgctation associations 

Crcosote bush· Creosote bush- Creosote bush- Crcosote bush- Creosote bush-

brittle bush- brittle bush- brittle bush- bursage- polo verde-

Variable volcanic precipi taus foothill flat precipitous 

Thermal cover 3.4 6.0 4.8 6.7 7.4 

Availability (X) 4_7 18.1 5_5 64.8 6.9 

a Topographic position Indexed as 0-15 = flat, 16-31 = bottom slope, 32-48 

slope, 66- 82 = upper slope, 83-100 = top of ridge or mountain. 

lower slope, 49-65 = middle 

b Aspect recorded as 1 = 0-45°, 2 = 46-90°, 3 = 91-135°, 4 136-180°, 5 181-235°, 6 = 236-270°, 7 

271-315°, 8 = 316-360°. 

c No. barrel cactus occurring within 2 m of eiU",f "iJ.:: <J( 4 30_3-m line-intercept transects_ 

d No_ occurring/2 m2 at site_ 
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Table 2. Home-range sizes (km2 ) of male and female desert bighorn sheep during 

the breeding and nonbreeding seasons in the Little Harquahala I~ountains, 

Arizona, 1989-91. 

Males Females 

Season n ~ SE n ~ SE 

Breeding 16 41.1ab 4.9 29 28.7bc 2.8 

Nonbreeding 19 14.4a 3.1 29 16.9c 2.7 

aMeans sharing letters are different (£ < 0.05). 

~ 



Table 3. Vegetation association use by adult male, female, and mixed groups of desert bighorn sheep during the breeding 

and nonbreeding seasons in the little Harquahala Hountains, Arizona, 1989·91. S habitat use> expected. A 

habitat use < expected. Blanks denote use proportional to availability. 

Vegetation ~ociations 

Creosote bush· Creosote bush- Creosote bush- Creosote bush- Creosote bush-

brittle bush- brittle bush- brittle bush- burs8ge- palo verde-

Season and group volcanic precipitous foothill flat precipitous 

Breeding 

Hale groups S S S A S 

Female groups S S S A S 

Hixed groups S S A S 

Naroreeding 

Hale groups S A A S 

Female groups S S S A S 

Mixed groups A S S A S 

Ul 
Ul 



Table 4. Standardized discriminant function coefficients of habitat variables on 

microsites used by desert bighorn sheep groups as compared to random sites in 

the Little Harquahala Mountains, Arizona, 1989-91. 

Variable 

% slope 

No. barrel cactus 

% topographic position 

% foothills palo verde 

Coefficienta 

+0.945 

+0.230 

+0.124 

+0.091 

Rank Significance 

1 steeper 

2 More 

3 Higher 

4 More 

a Relative importance of variable based on absolute value of coefficients. 
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Table 5. Differences (E < 0.05) between variables identified by a discriminant 

function model of random sites (n = 490) and microsites used by desert bighorn 

sheep (n = 383) in the Little Harquahala Mountains, Arizona, 1989-91. 

Random sites Mountain sheep microsites 

Variable ~ SE ~ SE 

% slope 30.9 0.7 47.5 0.7 

No. barrel cactus 1.9 0.2 4.6 0.3 

% topographic 

position 51. 6 0.6 59.7 0.7 

% foothills 

palo verde 1.8 0.1 2.6 0.1 
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~~able 6. Descriptive statistics of variables at random sites (n = 490) and 

microsites used by groups of male (n = 117), female (n = 128), and mixed (n 

138) desert bighorn sheep in the Little Harquahala Mountains, Arizona, 1989-91. 

R~ sites Male groups Female grou'Q$ Mix~d, grou'Qs 

variable ~ SE ~ SE ~ SE ~ SE 

% slope 30.8 0.7 49.5ab 1.4 50.5ac 1.2 43.1abe 1.0 

No. barrel 

cactus 1.9 0.2 4.4a 0.5 5.3a 0.6 4.0a 0.6 

Elevation (m) 552.5 3.7 637.2abc 7.6 575.0abd 6.8 534.9aed 6.2 

% browse 13.8 0.3 15.9ab 0.7 13.8b 0.6 l1.4ab 0.5 

% foothills 

palo verde 1.8 0.1 2.6ab 0.2 2.9ae 0.3 2.3be 0.2 

a x different from random sites (£ ~ 0.05). 

bed Means within a row sharing a letter are different (£~0.05). 
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CHAPTER II 

DIETS OF DESERT BIGHORN SHEEP IN WESTERN ARIZONA 

Abstract: We examined seasonal diets of desert bighorn 

sheep (Ovis canadensis mexicana) from 1989 to 1991 in the 

Sonoran Desert, western Arizona, by analyzing fecal pellets. 

There were no seasonal differences between the diets of 

males and females. Twelve plant species were present in the 

diets of male and female sheep for all seasons in all years. 

Eight plant species occurred in >5% of the annual diet and 

comprised 63.6% of the annual diet: foothills palo verde 

(Cercidium microphyllum), ratany (Krameria parvifolia), wild 

buckwheat (Eriogonum fasciculatum), grama grass (Bouteloua 

spp.), bedstraw (Galium spp.), borage (Borage spp.), lupine 

(Lupinus spp.), and barrel cactus (Ferrocactus wisli.zeni). 

Forage selection is not a factor in the spatial sexual 

segregation by desert bighorn sheep in the Little Harquahala 

Mountains. These data are important to further understand 

relationships between desert bighorn sheep and their 

habitat. 

~ wildl. Manage. 00(0):000-000 

Key words: Arizona, desert bighorn sheep, diet, sexual 

segregation. 

Desert bighorn sheep in the southwestern United states 

occur as small populations (N < 100) in rugged, isolated 
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habitat (Krausman and Leopold 1986, Bleich et ale 1990). The 

scientific basis for determining minimum viable population 

size is still being developed, however, Berger (1990) 

suggests that populations <50 desert bighorn sheep may be 

susceptible to extinction. Krausman and Leopold (1986) 

emphasized the importance of understanding the ecology of 

these small popUlations. Resource managers are responsible 

for maintaining these small populations, however, there are 

few long-term data upon which to base decisions. Berger 

(1990) concluded that small and especially isolated 

populations are in imminent need of enhanced management to 

maximize popUlation persistence. 

The popUlation of desert bighorn sheep in the Little 

Harquahala Mountains, Arizona (li < 35) provides a unique 

opportunity to examine sheep ecology be~ause extensive 

baseline data are available to build upon (Krausman et ale 

1989). This long-term information is valuable to resource 

managers because the size of this popUlation is 

representative of >50% of the desert bighorn sheep 

popUlations in Arizona (Krausman and Leopold 1986) and the 

Southwest. 

Male and female ungUlates are often spatially segregated 

throughout the year (Geist 1971, Shank 1982, Bowyer 1984) 

but during the breeding season they are together. This 

pattern has been observed in the Little Harquahala Mountains 
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(Krausman et al. 1989; Chap. 3). Main and Coblentz (1990) 

reviewed the hypotheses proposed to explain sexual 

segregation in ungulates and concluded that males and 

females select areas according to different criteria related 

to reproductive strategies. Females select areas suitable 

for raising offspring and males select areas for maximizing 

body condition (Main and Coblentz 1990). Berger (1991) 

concluded that predation pressures affect the sexes 

differently and override increased nutrient demands of 

females in late pregnancy. 

Sexual segregation into different habitats can result in 

differential forage selection (Shank 1982, McCullough 1985, 

Beier 1987, Weckerly and Nelson 1990). The diets of desert 

bighorn sheep have been studied throughout the Southwest 

(Brown et al. 1977, Ginnett and Douglas 1982, seegmiller and 

Ohmart 1982). These studies have generally examined diets 

during limited time periods or with limited sample sizes. 

More recent studies in Arizona (Miller and Gaud 1989, 

Krausman et al. 1989) have documented seasonal variation and 

sexual differences in the diets of desert bighorn sheep. 

Miller and Gaud (1989) found no consistent pattern in the 

simila=ity of diets between sexes; male and female diets 

were most similar during the breeding season but less so 

otherwise. Miller and Gaud (1989) also observed that there 

was no consistent pattern in the similarity of male and 
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female diets for 3 different mountain ranges. Krausman et 

al. (1989) concluded that differences in diet between the 

sexes were not pronounced in any of the seasons except 

winter in the Little Harquahala Mountains; however, the 

diets were not compared between the breeding and nonbreeding 

seasons. 

Reintroductions of desert bighorn sheep to areas they 

historically inhabited are an important management tool in 

the Southwest. However, for these reintroductions to be 

successful it is important to explore different ways male 

and female ungulates segregate. This will further the 

understanding of habitat and nutritional requirements of 

desert bighorn sheep, the selective pressures exerted upon 

individuals, and the influence of these pressures on 

populations (Miquelle et al. 1992). 

Our objectives were to examine the seasonal diets of 

male and female desert bighorn sheep in the Little 

Harquahala Mountains, Arizona. We also compare these data 

to previous results from this area (Krausman et al. 1989). 

Because male and female desert bighorn sheep have seasonally 

different energy requirements and are seasonally segregated 

into different vegetation associations their diets may not 

be the same. 
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STUDY AREA 

The study area was the Little Harquahala Mountains, 

Arizona. These mountains lie approximately 147 km west of 

Phoenix, Arizona. Elevations ranged from 458 m on the 

desert floor to 940 rn at Harquar Peak. The topography 

varied from flat areas to rugged cliffs fronted by broken 

slopes. The Little Harquahala Mountains were oriented 

northeast-southwest and encompassed approximately 113 km2 of 

creosote bush (Larrea tridentata) flats and 66 km2 of 

mountainous terrain (Krausman 1985). 

We obtained rainfall and temperature data from the 

Salome, Arizona climatological station located 19 km 

southeast of the Little Harquahala Mountains. Precipitation 

averaged 3.85, 0.83, 4.85, and 1.95 cm for winter (Jan, Feb, 

Mar), spring (Apr, May, Jun) , summer (Jul, Aug, Sep) , and 

fall (Oct, Nov, Dec), respectively. Temperatures ranged 

from -6.7 to 48.9 C and for the 4 seasons averaged 12.6, 

26.0, 31.1, and 15.4 C, respectively. 

The Little Harquahala Mountains lie entirely within the 

desert scrub vegetative formation. within this formation 

there are 2 basic communities: creosote bush-burs age 

(Ambrosia spp.) between 427 and 792 m, and foothill palo 

verde-cholla cactus (Opuntia spp.) from 793 to 940 m (Lowe 

1964) . 
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Permanent standing water was not available in the Little 

Harquahala Mountains until 2 wildlife water catchments were 

built in 1985. Until that time water was limited to pools 

that lasted <7 days following rain (Krausman et al. 1989). 

During this study the catchments frequently were dry during 

the late-summer months. Mountain sheep never used one of 

the catchments and the other was used < lOX/year (Krausman 

and Etchberger 1993). Land use within the study area 

includes cattle grazing, mining activity, and recreational 

hunting. Permits are issued to hunt desert bighorn sheep in 

the study area, however, no sheep have been harvested in the 

Little Harquahala Mountains. 

METHODS 

We captured 10 adult desert bighorn sheep (3 M and 7 F) 

in April 1989 and 5 adult sheep (2 M and 3 F) in April 1990 

in the Little Harquahala Mountains using a net gun fired 

from a Bell Jet Ranger helicopter (Krausman et al. 1985). 

We attached radio collars with mortality sensors (Telonics 

Inc., Mesa, Ariz.) to the neck of each animal. All collars 

were color-coded for field identification. 

We visually located collared animals during diurnal 

hours. We plotted locations on U.S. Geological Survey 15-

minute series topographic maps (scale 1:62,500) using the 

Universal Transverse Mercator grid. 
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We determined diet by examining vegetation composition 

of fecal pellets collected from desert bighorn sheep. Todd 

and Hansen (1973) tested the fecal analysis technique on 

desert bighorn sheep fecal pellets and found no differences 

between fecal and rumen samples. When we observed a sheep 

defecate we recorded the sex of the animal and collected the 

fecal pellets. If immediate collection would disturb sheep 

we collected pellets within 24 hours of defecation. We 

froze pellets at -10 C until analyzed at the university of 

Arizona Forage Analysis Laboratory. Fecal samples were 

blended until particle sizes were consistent and evenly 

distributed within the medium. One slide/sample was analyzed 

and 20 randomly selected microscope fields/slide were 

sampled (Holechek and Vavra 1981). Plant species were 

identified using epidermal or cuticular characteristics. 

Frequencies (Fracker and Brischle 1944) and densities 

(Sparks and Malechek 1968) were calculated. Plant species 

were classified as woody plants (perennial shrubs) and 

cacti, forbs (annual, herbaceus plants), or grasses, for 

analysis. 

We compared diets of adults between sexes by using the 

coefficient of overlap (Marisita 1959). We considered 

overlap values ~0.60 to be significant. We chose this 

ffi8asure of dietary difference because it has been used 

previously on this study area (Krausman et ale 1989) and 
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thus would allow comparison to past studies. We used Mann

Whitney U tests (E < 0.05) to compare the average occurrence 

of plant species found in the diets of males and females. 

We also compared diets between males and females for the 

breeding and nonbreeding seasons. We delineated the 

breeding season as the time of the year when males and 

females were together and breeding activity was observed 

(mid-July to early-November). 

RESULTS 

From April 1989 to March 1991 we collected 411 fecal 

samples (~10 pellets/group). We identified 33 species of 

plants in the diets of desert bighorn sheep from 1989 to 

1991 (Table 1). The annual composition of forage classes in 

diets of males and females was similar. Average annual 

diets of females were comprised of 10.8% grasses, 35.7% 

forbs, and 53.5% woody plants and cacti. Average annual 

diets of males consisted of 10.9% grasses, 33.1% forbs, and 

56.0% woody plants and cacti. 

Seasons 

There were no significant differences in the use of 

forage classes within seasons between males and females 

(Table 1). Woody plants and cacti comprised the greatest 

portion of the diet in all seasons followed by forbs and 

grasses (Table 1). Brittle bush (Encelia farinosa), desert 

ironwood (Olneya tesota), fairy duster (Calliandra 
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eriophylla), foothills palo verde, janusia (Janusia 

gracilis), Mormon tea (Ephedra torreyana), ratany, wild 

buckwheat, grama grass, bedstraw, borage, and barrel cacti 

were present in the diets of male and female sheep for all 

seasons in all years. Borage, foothills palo verde, barrel 

cacti, ratany, wild buckwheat, grama grass, lupine, and 

bedstraw each occurred in > 5% of the annual diet and 

comprised 63.6% of the average annual diet. Marisita 

coefficients of diet overlap indicated there were no 

differences in average diet between males and females for 

any season (Table 1). 

Of the 12 vegetation species found in diets in all 

seasons for all years, only 2 were significantly different 

between males and females. Males consumed significantly 

more Mormon tea than females in summer (E = 0.033) and 

significantly more foothills palo verde in fall (E = 0.018). 

Breeding versus nonbreeding seasons 

There were no significant differences in the use of 

forage classes by male and female desert bighorn sheep 

between the breeding and nonbreeding seasons (Table 2). 

Woody plants and cacti occurred in the greatest amounts 

followed by forbs and grasses in diets of males and females 

during the breeding and nonbreeding season (Table 2). 

During the nonbreeding season diets of males were comprised 

of 12.2% grasses, 33.4% forbs, and 54.4% woody plants and 
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cacti. Diets of females were comprised of 9.7% grasses, 

33.2% forbs, and 57.1% woody plants and cacti during the 

nonbreeding season. During the breeding season diets of 

males consisted of 11.1% grasses, 36.3% forbs, and 52.6% 

woody plants and cacti (Table 2). Diets of females were 

comprised of 12.1% grasses, 34.5% forbs, and 53.4% woody 

plants and cacti during the breeding season. 

Marisita coefficients of diet overlap indicated no 

differences in diets between males and females for the 

breeding (0.985) or nonbreeding (0.933) seasons (Table 2). 

During the breeding season males consumed significantly more 

foothills palo verde (E = 0.009) and Mormon tea (E = 0.044) 

than females. Females consumed more ratany (E = 0.018) 

during the nonbreeding season (Table 2). 

DISCUSSION AND MANAGEMENT IMPLICATIONS 

Forage selection does not explain the reasons for sexual 

segregation of desert bighorn sheep in the Little Harquahala 

Mountains. spatial separation of the sexes has been 

proposed as a way to maximize individual fitness in Rocky 

Mountain bighorn sheep (~~ canadensis) (Geist and Petocz 

1977, Morgantini and Hudson 1981, Shank 1982). 

Physiographic characteristics may be seasonally important 

for habitat use by ungulates (Main and Coblentz 1990). 

Females may select areas that are more rugged and secure for 
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their young (Geist and Petocz 1977, Morgantini and Hudson 

1981, Gionfriddo and Krausman 1986) even if this strate~y 

overrides the nutritional needs of pregnancy (Berger 1991). 

Male and female desert bighorn sheep in the Little 

Harquahala Mountains segregate spatially throughout the year 

and use different vegetation associations seasonally 

(Krausman et al. 1989; Chap. 1, table 3). When 

segregated, desert bighorn sheep used sites during the 

nonbreeding season that had significantly steeper slopes 

and higher elevations than sites used during the breeding 

season. However, there were no differences between sites 

used by males and females within these seasons (Chapter 1). 

Our results are similar to the findings of Krausman et 

al. (1989). Krausman et al. (1989) found that desert 

marigold (Bailyea multiradiata), trichopes buckwheat 

(Eriogonum trichopes), franseria (Franseria deltoidea), 

jojoba (Simmondsia chinensis), prickly pear (Opuntia spp.), 

and stick-leaf (Mentzelia spp.) were in diets of sheep but 

we did not. All of the species we recorded in diets also 

were found by Krausman et al. (1989). Of th~ species we did 

not document, only prickly pear and stick-leaf comprised 

significant portions of the diets described by Krausman et 

al. (1989). The diets of desert bighorn sheep during the 

breeding and nonbreeding seasons were not significantly 
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different. This result is similar to that found by Miller 

and Gaud (1989) for bighorn sheep in the Sonoran Desert. 

Similarity of diets may be explained by at least 2 

reasons: uniform forage quality and similar rumino

reticular volume to body weight ratios. Female ungulates in 

good nutritional condition have a better chance to 

successfully raise their young (Taber and Dasmann 1957, 

Thorne et al. 1976, Clutton-Brock et al. 1982). Female 

cervids tend to occupy different habitats than males (Watson 

and staines 1978, Bowyer 1984, McCullough et al. 1989) or to 

consume more nutritious forage during gestation and 

lactation (staines and Crisp 1978, staines et al. 1982, 

Beier 1987). However, previous work in this study area has 

suggested that sexual segregation was not related to any 

difference in plant species in the diet of sheep (Krausman 

et al. 1989). Furthermore, desert bighorn sheep did not 

necessarily select the most nutritious forage species 

available (Krausman et al. 1989). Seegmiller et al. (1990) 

examined the nutritional composition of desert bighorn sheep 

forages in the Harquahala Mountains, 6 km east of the Little 

Harquahala Mountains. When we compare those data with ours, 

we could detect no pattern between the quality of forage and 

its use by desert bighorn sheep. 

The rumino-reticular volume to body weight ratio is an 

index to the type of food that ruminants are most efficient 
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in digesting (Hanley 1982). High rumino-reticular volume to 

body weight ratios are an adaptation to digesting larger 

amounts of lower quality forage (Hanley 1982). Differences 

in rumen volume have been suggested as being important 

factors in resource partitioning in ungulate communities 

(Milchunas et al. 1978, Demment 1982). Rumino-reticular 

volume to body weight ratios and diet qualities between 

species of African ungulates support this relationship 

(Hofmann 1973). However, data on bighorn sheep do not 

indicate a difference between the sexes £or rumino-reticular 

to body weight ratios (Krausman et al. 1993). This may be a 

reason why male and female desert bighorn sheep do not have 

different diets. 

The winter diets of Rocky Mountain bighorn sheep were 

different between males and females, however, this was 

attributable to differing availabilities of forage (Shank 

1982). Desert bighorn sheep are generalists and eat a wide 

variety of forage (Krausman et al. 1989, Miller and Gaud 

1989). This may be dictated by the unpredictable climate of 

the desert and the occurrence of plant species in the diets 

of sheep was probably related to seasonal availability of 

forage. 

The restocking of desert bighorn sheep into historic 

ranges has been successful in a number of areas (Monson 

1980, Shaw 1986, Bailey 1990). However, there are many 
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unanswered questions and few attempts to measure long-term 

effectiveness of restocking (Bailey 1990). Some populations 

of desert bighorn sheep may have developed different 

strategies to cope with nutritional requirements that are 

suited to their particular situation (i.e, unique habitats). 

Bighorn sheep in the Little Harquahala Mountains can survive 

~10 days in the hottest and driest part of the summer 

without drinking free-standing water (Krausman et al. 1985). 

Warrick and Krausman (1987) described the seasonal patterns 

of barrel cacti use in this area and concluded that sheep 

meet water demands by eating barrel cacti when free water 

is not available. Barrel cacti were found in the diet of 

males and females for all seasons in all years (Table 1) and 

barrel cacti use was about 2X as great during the 

nonbreeding season (the hottest and driest time of the year) 

as during the breeding season (Table 3). In contrast, 

Miller and Gaud (1989) found that barrel cacti were avoided 

by sheep in the Dome Rock and North Plomosa mountains of 

western Arizona, 60 krn from the Little Harquahala Mountains. 

A major difference in the ranges is that permanent standing 

water was not available in the Little Harquahala Mountains 

until 1986. There is permanent water in the North Plomosa 

and Dome Rock mountains. While the ability of desert 

bighorn sheep to use a wide variety of forage may be 

beneficial when restocking historic range (Miller and Gaud 
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1989), it is important to consider the details of local 

diets. Otherwise, sheep may be restocked into areas with 

inadequate resources. 
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Table 1. Average seosoilal cOO'pOsition (X) of diets ot male and female desert bighorn sheep in 

the Little Harqullhala HOI.I'Itains, Arizona, 1989-91. 

Season 

Spring Surmer Fall \linter 
(Apr-Jun) (Jul-Sop) (Oct-Dec) (Jon-Hor) 

Species M H M H F 

Grasses 

Big galleta 

(~ rigida) 2.2 2.6 0.9 1.1 1.8 2.2 2.1 3.5 

Bush rruh l Y 

(Huh lef'\berg i a porteri) 0.2 0.3 0.7 0.3 0.3 0.1 0.4 0.4 

Drop seed 

(Sporobolus spp. ) 1.3 0.9 0.3 0.5 0.3 0.6 2.2 2.0 

Fluff grass 

(~ pulchellus) 0.1 0.2 0.0 0.0 0.1 0.3 0.2 0.1 

Grama grass 7.7 6.2 4.4 4.7 4.5 4~5 8.1 7.6 

Ked; terraneen 

grass 

(Schisl1'lJs barbatus) 0.1 0.4 0.0 0.0 0.0 0.1 0.3 0.4 

Three-own 

(Aristida spp.) 1.2 0.6 0.2 0.0 1.3 0.7 0.5 0.2 

Total 12.8 11.2 6.5 6.6 8.3 8.5 13.8 14.2 

Forbs 

Bedstraw 5.9 5.1 4.8 4.3 8.4 7.9 4.4 5.0 
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Table 1 (cont.). Average seasonal composition (X) of diets of male and female desert bighorn 

sheep in the Little Harqullhala MOU'ltains, Arizona, 1989·91. 

Season 

Spring SlIT1l1Cr Fait IJinter 
(Apr'Jun) (Jul 'Sep) (Oct-Dec) (Jan-Mar) 

Species H H M H 

Bladder sage 

(Salazarla ~) 0.4 0.5 0.0 0.2 0.3 0.1 0.0 0.1 

Borage 10.1 10.1 16.3 17.1 9.6 8.7 12.7 10.4 

Eri astrun 

(Er I ast run spp.) 1.2 1.1 0.6 0.3 0.2 0.5 1.3 0.6 

Filaree 

(ErodillTl cicutaril.lT1) 2.3 3.6 1_0 1.0 1.0 1.7 0.0 0.1 

I ndi an wheat 

(Plantago Insularis) 0.8 0.8 2.0 1.7 0.2 0.4 0.0 0.1 

Lupine 3.3 4.3 8.2 9.1 7.2 5.6 4.0 4.9 

Hi Ik vetch 

(Astragalus spp. ) 0.1 0.1 O.J 0.0 0.1 0.0 0.3 0.0 

Phlox 

(L. di ffuslITI) 0.6 0.6 0.0 0.0 0.5 0.2 0.2 0.3 

IJitd 

buckwheat 7.4 5.6 6.8 5.0 4.8 7.8 9.5 6.5 
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Table 1 (cont.). Average seasonal composition (~) of diets of male end female desert bighorn 

sheep in the Little Harquahala Mountains, Ari tona, 1969-91. 

~ 

Spring Slm1lCr FoIL IJinter 
CApr- Jun) (Jul-Sep) (Oct-Dec) (Jan-Mar) 

Speci es M M M M 

IJooly 

tidestromia 

(Tidcstromia oblonqifol!o) 0.1 0.2 0.0 0_0 6.1 10.0 0.3 1.3 

Total 32.5 32.0 39.7 36.7 36.4 42_9 32.7 29.3 

lIoody plants 

and cactus 

Adonis 

blazing star 

(!:!..:. IIIJltiflora) 2.7 3.7 1.9 0.4 0.1 0.0 0.2 0.1 

Barrel cactus 17.4 15.7 4.8 4.9 6.4 6.5 5.8 7.7 

Brittle bush 1.1 1.4 0.9 0.7 1.6 0.6 2.1 2.2 

Desert 

ironwood 2.7 2.9 4.1 3.9 2.5 2.9 1.7 2.6 

Desert 

lavender 

(~ emoryi) 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 
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Table 1 (cont.). Average seasonal composition (X) of diets of male and female desert bighorn 

sheep In the Little Harquahala Mountains, Arizona, 1989-91. 

~ 

Spring SUlIlICr Fall IJinter 
(Apr-Jun) (Jul-Sep) (Oct'Dec) (Jan-Mar) 

Species M M M F M 

Oitaxis 

(0 I tax; s lanceolota) 3.4 0.7 0.0 0.0 0.0 0.0 0.0 0.0 

Fairy duster 6.4 6.4 3.0 4.8 4.4 5.2 3.4 3.1 

Footh ills 

palo verde 4.2 4.3 10.4 13.2 15.1 11.7 15.0 10.4 

Globe mallow 

(Sphaeralcea spp.) 5.3 9.8 4.9 2.3 1.8 3.1 3.2 6.9 

Janusia 1.5 1.9 5.2 5.3 3.9 1.4 3.6 6.4 

Mesqui te 

(Prosopis jul i flora) 2.3 3.3 3.7 2.1 3.0 5.5 6. I 6.3 

Mormon tea 3.9 2.7 2.4 2.7 3.3 2.3 5.0 3.1 

Ratany 1.4 1.3 12.5 13.7 9.1 9.4 7.4 7.4 

\Jh i te bursage 

(~ dunosa) 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.1 
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Table 1 (cont.). Average seasonal COllllOsltion (X) of diets of male and female desert bighorn 

sheep In the Little Harquahola MOl61tlllns, Arizona, 1989·91. 

Season 

Spring Surmer Fall I/Inter 
(Apr-Jun) (Jul'Sep) (Oct·Der.) (Jan'Mar) 

Species M M M M 

I/ooly·frulted 

bursage 

(~ eriocentra) 1.8 2.4 0.0 0.6 0.1 0.0 0.0 0.2 

Total 54.7 56.8 53.8 54.7 53.3 48.6 53.5 56.5 

Grard total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Overlap 

coeff i c i ent 0.931 0.939 0.909 1.000 



Table 2. Percent composition of plant species in the diets of adult desert 

bighorn sheep during the breeding and nonbreeding seasons in the Little 

Harquahala Mountains, Arizona, as determined from fecal composition analysis, 

1989-91. 

Season 

Nonbreeding Breeding 

Species M F M F 

Grasses 

Big galleta 1.9 2.2 2.0 3.0 

Bush muhly 0.3 0.3 0.4 0.3 

Drop seed 1.2 0.8 1.2 1.5 

Fluff grass 0.1 0.1 0.1 0.1 

Grama grass 7.5 5.6 6.2 6.5 

Mediterranean grass 0.1 0.3 0.2 0.3 

'l'hree-awn 1.1 0.4 1.0 0.4 

Total 12.2 9.7 11.1 12.1 

ffi 



Table 2 (cont.). Percent composition of plant species in the diets of adult desert 

bighorn sheep (M = male, F = female) during the breeding and nonbreeding seasons 

in the Little Harquahala Mountains, Arizona as determined from fecal composition 

analysis 1989-1991. 

Season 

Nonbreeding Breeding 

Species M F M F 

Forbs 

Bedstraw 5.7 4.9 6.6 6.1 

Bladder sage 0.3 0.4 0.2 0.1 

Borage 11.1 12.2 11.0 9.8 

Eriastrum 0.5 0.5 0.4 0.3 

Filaree 2.1 2.8 0.5 0.7 

Indian wheat 1.0 1.1 0.1 0.2 

Lupine 4.1 4.7 5.7 5.2 

1I1i1k vetch 0.1 0.1 0.6 0.0 

Phlox 1.1 0.9 0.8 0.6 ffi 



TallIe 2 (cant.). Percent composition of plant species in the dlets of adult desert 

bighorn sheep (M = male, F = female) during the breeding and nonbreeding seasons 

in the Little Harquahala Mountains, Arizona as determined from fecal composition 

analysis 1989-1991. 

Season 

Nonbreedinq Breedinq 

Species M F M F 

Hild buckwheat 7.3 5.4 7.0 7.0 

Wooly tidestromia 0.1 0.2 3.4 4.5 

Total 33.4 33.2 36.3 34.5 

Woody plants and cactus 

Adonis blazing star 2.6 2.7 0.1 0.1 

Brittle bush 1.1 1.2 1.1 1.6 

Desert ironwood 2.9 3.2 2.2 2.7 

Desert lavender 0.0 0.1 0.0 0.0 

Ditaxis 2.9 0.5 0.0 0.0 

Fairy duster 5.8 5.9 3.4 3.9 ~ 



Table 2 (cant.). Percent composition of plant species in the diets of adult desert 

bighorn sheep (M = male, F = female) during the breeding and nonbreeding seasons 

in the Little Harquahala Mountains, Arizona as determined from fecal composition 

analysis 1989-1991. 

Season 

Nonbreeding Breeding 

Species M F M F 

Foothills palo verde 5.2 7.0 14.8 10.9 

Globe mallow 5.2 7.6 2.4 5.5 

Janusia 2.1 2.9 3.8 4.6 

11esquite 2.5 2.9 4.4 5.3 

Horman tea 3.7 2.7 4.1 2.6 

Ratany 3.2 5.9 8.7 8.2 

Hhite bursage 0.3 0.2 0.0 0.6 

Hooly-fruited bursage 1.5 1.9 0.4 0.2 
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Table 2 (cont.). Percent composition of plant species in the diets of adult desert 

bighorn sheep (M = male, F = female) during the breeding and nonbreeding seasons 

in the Little Harquahala Mountains, Arizona as determined from fecal composition 

analysis 1989-1991. 

Species 

Barrel cactus 

Total 

Grand total 

No. species 

Diet overlap 

Nonbreeding 

M 

15.4 

54.4 

100.0 

F 

12.4 

57.1 

100.0 

32 33 

0.985 

Season 

Breeding 

M 

7.2 

52.6 

100.0 

F 

7.2 

53.4 

100.0 

30 30 

0.933 

IB 



CHAPTER III 

PARTURITION OF DESERT BIGHORN SHEEP IN WESTERN ARIZONA 

Abstract: We examined habitat use and timing of parturition 

by desert bighorn sheep (Ovis canadensis mexicana) in the 

Little Harquahala Mountains, Arizona from 1989 to 1991. We 

compared range size and components of microsites used by 

female sheep prior to and following parturition and to 

random sites. Nineteen lambs were born to 10 females. six 

lambs survived ~6 months but 13 lambs only lived an average 

of 34 days. One lamb died from a fall and 1 died from being 

stepped on by its mother; the causes of the other 11 

mortalities are unknown. Females reduced their range sizes 

as lambing approached and used the same lambing areas 

repeatedly. Microsites used by female sheep included 

terrain that was steeper and more rugged than random sites. 

Microsites used by females for 8 weeks after parturition had 

significantly less barrel cacti (Ferrocactus wislizenii) 

than were found at random sites. The traditional use of 

parturition sites in rc~ged terrain may outweigh the 

increased need for water by lactating females. Parturition 

sites are used for relatively short periods of time and 

their importance may be underestimated by broad scale 

habitat use studies. Data on sites used by female sheep 
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during parturition can help rescurce managers conserve areas 

important for sheep reproduction. 

~ wildl. Manage. 00(0):000-000 

Key words: Arizona, desert bighorn sheep, female, habitat 

use, mortality, parturition, range size. 

The relationships between wildlife population dynamics, 

habitat, and population viability have been addressed (Leigh 

1981, Shaffer 1981, Soule 1987) and there is growing concern 

that the extinction of many populations is imminent as a 

resul t of habitat loss (wilcox and I1urphy 1985, Goodman 

1987). Population isolation via habitat fragmentation has 

increased dramatically for many species (Harris 1984, Gilpin 

1987) including desert bighorn sheep (Bleich et al. 1990). 

Desert bighorn sheep inhabit remote, rugged, patchily 

distributed habitats, are a relatively rare species, and 

have declined in number and distribution since the turn of 

the century (Russo 1956, Buechner 1960, Krausman and Leopold 

1986) • 

Understanding how wildlife use th~ir habitat is 

necessary for conservation. An ultimate goal of wildlife 

conservation is to devise guidelines based upon data that 

will provide maximum predictability to meet established 

objectives. An important prerequisite to this is a firm 

data base and conceptual framework regarding habitat use. 
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This is especially important when the range of a species 

such as desert bighorn sheep is comprised of small, isolated 

areas subject to alteration by humans. Generally, desert 

bighorn sheep occur in small populations (Krausman and 

Leopold 1986, Bleich et al. 1990); >60 populations of desert 

bighorn sheep occur in the deserts of Arizona, however, ~7 

are known to have ~100 individuals (Krausman and Leopold 

1986). Empirical evidence suggests that desert bighorn 

sheep populations that were initially <50 individuals were 

very unlikely to persist for >75 years (Berger 1990). Many 

of these small populations are subject to increasing 

pressure from human encroachment and habitat loss 

(Etchberger et al. 1989, Harris 1992). 

The general characteristics of habitat use by desert 

bighorn sheep in Arizona (Etchberger et al. 1989, Krausman 

et al. 1989, Miller and Gaud 1989) and patterns of sexual 

segregation have been studied (Krausman et al. 1989). 

Krausman et al. (1989) found that male and female desert 

bighorn sheep used vegetation associations similarly in the 

Little Harquahala Mountains, Arizona, however, they were 

spatially segregated throughout much of the year. Adult 

males and females usually were located in mixed groups only 

during the breeding season (Krausrnan et ale 1989). 

Main and Coblentz (1990) reviewed the literature on 

sexual segregation in ungulates and suggested that males and 
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females used areas according to different criteria. When 

segregated, females should use areas suitable for raising 

offspring. Furthermore, Main and Coblentz (1990) proposed 

that as offspring became older and better able to escape 

predators, patterns of habitat use should change. Female 

desert bighorn sheep in the santa Rosa Mountains, California 

reduced their ranges and used areas with precipitous terrain 

for parturition (DeForge and Scott 1982). Evidence from the 

Sonoran Desert, the Great Basin, and Badlands National Park, 

South Dakota suggests that pregnant desert bighorn sheep 

shifted broad-scale habitat use to more rugged areas 

containing less nutritious forage because potential 

predation pressure overrode increased nutrient demands 

during the late stages of pregnancy (Berger 1991). Predator 

avoidance during parturition also influences habitat use in 

mule deer (King and Smith 1980, Fox 1992). Mortality of 

desert bighorn sheep neonates historically has been high 

(Bradley and Baker 1967, DeForge and Scott 1982, Douglas and 

Leslie 1986, Krausman et al. 1989). The effects of disease 

(DeForge and Scott 1982), weather and density (Douglas and 

Leslie 1986), and habitat (Berger 1991) on successful lamb 

recruitment have been studied. However, the characteristics 

of microsites and site fidelity during the period 

surrounding parturition have not been investigated. Female 
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sheep are thought to use discrete areas for parturition, 

however, little is known of these areas. 

Our objectives were to compare habitat microsites used 

by female desert bighorn sheep before and after parturition 

to microsites used by females during the rest of the year. 

We also compared characteristics of microsites used by 

female desert bighorn sheep during parturition to random 

sites to examine patterns of habitat use. Lastly, we 

examined site fidelity of females during parturition. This 

information contributes to the understanding of habitat use 

by desert bighorn sheep and should enhance habitat 

management by identifying areas used by females during 

parturition. 

STUDY AREA 

The Little Harquahala Mountains were in La Paz county 

approximately 150 km west of Phoenix, Arizona. These 

mountains were oriented northeast-southwest and encompassed 

113 km2 of creosote bush (Larrea tridentata) flats and 66 

km2 of mountainous terrain (Krausman 1985). Elevations 

ranged frclli ~~a m on the desert floor to 940 m at Harquar 

Peak. The topography varied from flat areas to steep, 

rugged cliffs fronted by broken slopes. 

Precipitation averaged 3.85, 0.83, 4.85, and 1.95 cm for 

winter (Jan, Feb, Mar), spring (Apr, May, Jun) , summer (Jul, 

Aug, Sep), and fall (Oct, Nov, Dec), respectively. These 
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seasons were delineated using temperature, rainfall, and 

animal behavior data (Krausman 1985). Temperatures ranged 

from -6.7 to 48.9 C and averaged 12.6, 26.0, 31.1, and 15.4 C 

for winter, spring, summer, and fall, respectively. 

The Little Harquahala Mountains were entirely within the 

desertscrub vegetation formation. creosote bush-bursage 

(Ambrosia spp.) between 427 and 792 m, and foothill palo 

verde (Cercidium microphyllum)-cholla cactus (Opuntia spp.) 

from 793 to 940 m were the 2 dominant associations (Lowe 

1964). Plant names followed Lehr (1978). Krausman and 

Etchberger (1993) quantified the vegetation and 

physiographic characteristics of the study area and 

delineated 5 vegetation associations (Fig. 1). 

Land use within the study area included 0attle grazing, 

mining activity, and recreational hunting. Permits were 

issued to hunt desert bighorn sheep in the study area, 

however, no sheep were harvested in the Little Harquahala 

Mountains. Coyotes (Canis latrans), gray fox (Urocyon 

cinereoargenteus), bobcats (Lynx rufus) and their sign were 

observed on the study area. 

METHODS 

We captured desert bighorn sheep in the Little 

Harquahala Mountains using a n2t gun fired from a Bell Jet 

Ranger helicopter (Krausman et al. 1985). We attached 
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color-coded radio collars with mortality sensors (Telonics 

Inc., Mesa, Ariz.) around the neck of each adult. We 

captured 2 lambs and attached expandable radio collars with 

mortality sensors (Telonics Inc., Mesa, Ariz.) around their 

necks. We visually located radio-collared animals during 

diurnal hours and plotted locations on u.s. Geological 

Survey 15-minute series topographic maps (scale 1:62,500) 

using the Universal Transverse Mercator grid. 

We accurately determined parturition because we visually 

located sheep ~3 X/week. We monitored females daily 

immediately post-parturition for 2 weeks. Subsequent 

locations (until the lamb was ~6 months old or died) were 

made ~4 X/week to monitor lamb survival. We calculated the 

date of death for lambs as the day after the last visual 

location following the second location of a female without 

her lamb. When a lamb was missing from its mother and 

presumed dead, we searched the area of its last location. 

If we found a dead lamb, we transported it to the 

veterinary DiagnostIc Lab, University of Arizona to 

determine the cause of death. 

We calculated ranges of adult female desert bighorn 

sheep before and after the birth of lambs as 95% ellipses 

(Jennrich and Turner 1969). For each female, we divided the 

time before and after birth of the lamb into 3 4-wcek 

periods and calculated a range for each period. We compared 

96 



the mean range sizes for each 4-week period with the 

Kruskal-Wallis test (E ~ 0.05). We also compared the range 

sizes of females whose lambs died to those with lambs. We 

examined parturition site fidelity for each female by 

plotting the location of parturition sites with the rest of 

her locations for each year. 

We determined seasonal microsite habitat use by adult 

female sheep with observations of radio-collared 

individuals. We randomly selected bighorn sheep microsites 

for sampling. While observing sheep, we mapped and visually 

determined the center of the microsite being used. If data 

on the microsite could not be collected without disturbing 

the sheep, we would return approximately 24 hours later. 

Habitat characteristics of microsites used by desert bighorn 

sheep have been identified and modeled in the Little 

H~rquahala Mountains (Krausman and Leopold 1986; Chap. 1, 

table 4). We quantified the vegetation composition at 

each microsite by sampling perennial vegetation with 4 30.3-

m line-intercept transects (Canfield 1941). Desert bighorn 

sheep in the Little Harquahala Mountains meet their water 

demands in hot, dry periods by eating barrel cacti (Warrick 

and Krausman 1989) so we indexed the relative occurrence of 

barrel cacti by recording all of these cacti that were 

located within 2 m of both sides of the transect. 

Physiographic variables recorded at each location included 
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percent slope, aspect, topographic position, and elevation. 

We compared the means of vegetation and physiographic 

variables between each of the 4-week sampling periods before 

and after parturition with one-way analysis of variance 

(ANOVA). If the result was significant (£ ~ 0.05) we used 

Duncan's multiple range test to identify differences. We 

used ANOVA to compare the microsite variables from the 

periods surrounding parturition to parallel data from random 

sites. 

RESULTS 

We captured 7 adult female desert bighorn sheep in April 

1989 and 3 in April 1990. Radio-collared animals comprised 

57% of the desert bighorn sheep population in the Little 

Harquahala Mountains (Krausman and Etchberger 1993). We 

obtained 558 visual locations of female desert bighorn sheep 

and their lambs following parturition in 1989, 1990, and 

1991. We located female sheep 1,401 times prior to 

parturition. We always separated locations by ~24 hours to 

maintain independence of observations. 

Nineteen lambs were born to 10 females from 1989 to 1991 

(Table 1). Six lambs survived ~6 months. In 1989, 3 of 5 

lambs lived >6 months, In 1990, 1 lamb of 7 lived and in 

1991, 2 lambs of 7 born lived. Lambs that died (n = 13) 

lived an average of 34 ± 16.9 (SE) days. The radio-collared 

lamb of female F5410 died from internal injuries after 
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falling off a 30-m cliff in 1990. The other radic-collared 

lamb slipped out of its collar, howeveT., we maintained 

contact because the mother was radio collared. We found the 

dead lamb of female F5230 in 1991 in the area of its birth 

<1 day after parturition. The lamb's mother or another 

sheep stepped on the lamb's head and the lamb never nursed. 

The causes of the other 11 mortalities are unknown because 

we could not find their bodies. Five females did not raise 

any lambs that lived ~6 months in any year (Table 1) and no 

female raised a lamb that lived ~6 months in 2 consecutive 

years. Lambs that lived >6 months were born throughout the 

lambing season (Jan-May; Table 1). 

Females reduced their range sizes as parturition 

approached and as their larr~s grew older range sizes 

increased (Fig. 2). Females whose lambs died increased 

their range sizes, however, these ranges were significantly 

larger (R = 0.036) than those of females with living lambs 

only at 12 weeks following parturition (Fig. 2). Females 

returned to the same areas each year to have their lambs. 

The mean distance between yearly parturition sites for each 

female was 450 ± 280 (SE) m (n = 10). All females showed 

strong parturition site fidelity, however, parturition sites 

did not overlap between females (Figs. 3,4,5,6). 

We sampled 31, 17, and 61 microsites 12, 8, and 4 weeks, 

respectively, prior to parturition. We sampled 31, 12, and 
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22 microsites 4, 8, and 12 weeks, respectively, following 

parturition. We sampled 87 random sites prior to 

parturition and 67 following parturition. Microsites used by 

sheep had steeper slopes and higher topographic positions 

than random sites for all time periods before and after 

parturition (Table 3). Prior to parturition, microsites 

used by sheep had more barrel cacti than random sites, 

however, for 8 weeks after parturition sheep microsites had 

less barrel cacti than random sites (Table 3). The amount 

of foothills palo verde was not different between rnicrosites 

and random sites during any time period. 

There were no differences between any of the time 

periods before and after parturition for the microsite 

characteristics of percent slope, elevation, or amount of 

foothill~ r.alo verde (Table 3). Topographic position and 

the number of barrel cacti were significantly different (E 

~ 0.05) between time periods (Table 3). As parturition 

approached, females used microsites with lower topographic 

position and after parturition they used areas with higher 

topographic positions (Table 3). 

DISCUSSION AND MANAGEMENT IMPLICATIONS 

Sexual segregation has been documented fur a number of 

ungulate species (Main and Coblentz 1990) including bighorn 

sheep (Geist and Petocz 1977, Morgantini and Hudson 1981, 
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Krausman et ale 1989). Bighorn sheep in the Little 

Harquahala Mountains segregated seasonally (Krausman et ale 

1989: Chap. 1). Adult males and females were together 

primarily during the breeding season. Vegetation and 

physiographic characteristics of microsites used by male and 

female groups of sheep were similar, however, microsites 

used by mixed groups of sheep during the breeding season 

were different (Chap. 1). Although desert bighorn sheep 

were spatially segregated in the Little Harquahala 

Mountains, their diets were not different (Krausman et ale 

1989: Chap. 2). 

Changes in habitat use relative to parturition have been 

documented for elk (Wallace and Krausman 1990), desert mule 

deer (Bellantoni and Krausman 1990, Fox 1992), and bighorn 

sheep (Festa-Bianchet 1988, Berger 1991j. In migratory 

populations of bighorn sheep, pregnant females migrated to 

higher elevations sooner than females that were not pregnant 

(Festa-Bianchet 1988). Successfully raising young may 

require balancing the energy requirements of pregnancy and 

lactation against predation pressures (King and smith 1980). 

Survival of neonate ungulates has been positively correlated 

with reduced predation in habitat with increased cover 

quality (Carroll and Brown 1977). Female bighorn sheep 

with lambs avoided areas ~.,ith high predation risk etC the 
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9xpense of reduced access to high quality forage (Festa

Bianchet 1988). 

Poor forage quantity and quality have been suggested as 

limiting survival of desert bighorn lambs (DeForge and Scott 

1982, seegmiller and Ohmart 1982). Energy requirements of 

domestic sheep are significantly greater (3X) for pregnant 

and lactating females than for nonpregnant females (National 

Academy of Sciences 1986). Additionally, lactating domestic 

female sheep require 100% more water than nonlactating 

females (National Academy of Sciences 1986). Permanent 

standing water was not available in the Little Harquahala 

Mountains until 2 water catchments were built in 1986. 

Since that time, use of the catchments by bighorn sheep has 

been limited (Krausman and Etchberger 1993). Krausman et 

al. (1989) found that lamb mortality averaged 57% from 1980 

to 1985. Lamb mortali~y in the Little Harquahala Mountains 

averaged 68% from 1989 to 1991. Adding water catchments to 

the range has not improved recruitment, possibly because 

water was not a limiting factor for the population. Desert 

bighorn sheep in the Little Harquahala Mountains meet their 

water requirements by eating barrel cacti when free 

standing water is not available (Warrick and Krausman 1989; 

Chap. 2). 

Female sheep in the Little Harquahala Mountains have 

strong site fidelity during parturition. Site fidelity may 
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influence survival and was ~trong for males in a number of 

populations (Geist 1971, Festa-Bianchet 1986). Female sheep 

in the Little Harquahala Mountains appear to be using areas 

during parturition that will minimize predation. Timing of 

parturition varied yearly (Table 1), however, females 

returned to the same areas to have their lambs (Figs. 

3,4,5,6). Parturition sites were dispersed widely between 

females and none overlapped (Fig. 3,4,5,6). Female number 

F5010 was monitored during a previous study in these 

mountains (Krausman et al. 1989). Her parturition sites 

from 1984 and 1985 were < 300 m from the sites where she had 

her lambs in 1989 and 1990. These data support the argument 

that site fidelity is important during parturition. The 

timing of parturition of desert bighorn sheep has received 

considerable attention (Lenarz 1979, Bunnell 1982, Lenarz 

and Conley 1982). Temporal variation in the availability of 

forage may be important for survival of lambs. However, it 

appears that parturition site selection is independent of 

temporal vegetation variability in the Little Harquahala 

Mountains. Predation pressure more likely is a major 

influence on parturition site selection and site fidelity. 

Females with young have smaller ranges and, as the lamb 

grows older, their ranges expand. Coyotes can be a major 

mortality factor in ungulate neonates (Trainer 1975, Hamlin 

et al. 1984). We observed coyotes ~nd their sign frequently 
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during this study, however, we did not document any coyote 

predation on sheep nor did we examine coyote diets or 

population densities. We did not see any mountain lions 

(Felis concolor) or their sign, however, lions have preyed 

on sheep in the Little Harquahala (Krausman et al. 1989) and 

Harquahala Mountains (Krausman et al. 1989, Cashman et al. 

1992) and scat analysis revealed that 90% of the sheep 

remains were of lambs or young sheep (Cashman et al. 1992). 

While there was no difference in diet compared with male 

sheep during this period (Chap. 2), there was a difference 

in availability of barrel cacti at microsites (Chap. 1). 

From January to June, barrel cacti comprised from 7.7 to 

15.7% of diets of female desert bighorn sheep (Chap. 2, 

table 1). However, microsites used by females after 

parturition had significantly less barrel cacti than random 

sites and microsites used by female sheep without lambs. 

These data support the contention that females minimize 

potential predation by changing habitat use, even at the 

expense of reduced energy availability (Berger 1991, Main 

and Coblentz 1990). Following parturition, female desert 

bighorn sheep and their lambs are solitary for as long as 2 

weeks. This small group size also may influence habitat 

use. Larger groups of sheep foraged more efficiently 

(Berger 1978) and used microsites that were less rugged 

(Chapter 1). 
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The desert bighorn sheep population in the Little 

Harquahala Mountains is small (N < 35) but has remained 

relatively stable since 1979 (Krausman and Etchberger 1993). 

This size is representative of >50% of the sheep populations 

in Arizona (P. R. Krausman et al., unpubl. data). However, 

the high lamb mortality and inability of females to recruit 

lambs in consecutive years are indicative of the fragile 

nature of these small, isolated populations. Parturition 

site fidelity has i~portant management implications. 

Compared with the rest of the year, little time is spent at 

parturition sites and short-term habitat use studies 

commonly conducted may not identify these areas. 

Additionally, because parturition sites did not overlap 

between females it may be difficult to identify sites. 

Fragmentation may render habitats unsuitable (Morrison et 

ale 1992). In the Little Harquahala Mountains, daily 

construction traffic by large trucks eliminated use of an 

area by bighorn sheep for 3 years (Krausman et ale 1989). 

This area contained the parturition sites for at least 2 

females. The effects of this disturbance on recruitment of 

young are unknown. 

Female sheep are using sites for parturition that have 

less amounts of barrel cacti. Throughout the rest of the 

year, the availability and use of barrel cacti are important 

for sheep in the Little Harquahalas. The direct effects of 
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reduced amounts of barrel cacti on the survival of young are 

not known. During parturition it is possible that the 

available forage can still provide the amount of moisture 

needed by lactating females. The recruitment of young has 

been closely correlated with the health of the mother during 

the last third of gestation (Thorne et ale 1976, Clutton

Brock et ale 1982). Neonates that were born to healthier 

mothers were larger at birth, had increased growth rates, 

and had a higher probability of survival than others 

(Clutton-Brock et ale 1982). 

If recruitment is limited by inadequate nutrition during 

pregnancy, resource managers might consider habitat 

manipulations. Parturition sites are discreet so if 

management objectives are to increase recruitment, the areas 

surrounding parturition sites would be the places to improve 

habitat. However, if nutrition is not limiting recruitment 

these manipulations may not meet objectives. Additionally, 

because females are avoiding predation during parturition, 

any disturbances should be minimized during this time. 

One of the key questions facing resource managers of 

desert bighorn sheep is the causes of mortality of lambs. 

During our study 13 of 19 lambs died when <6 months old. 

However, we were able to determine the cause of death for 

only 2 lambs. Both deaths were accidental and these data do 

little to help resource managers understand the causes of 
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chronic, high mortality of desert bighorn sheep neonates. 

Future research should concentrate on identifying the causes 

of lamb mortality. To determine the causes it is important 

to find the dead lambs as soon as possible after death. We 

visually monitored radio-collared sheep intensively and 

attempted to locate dead lambs with little success. A more 

practical approach would be to radio collar the lambs with 

mortality-sensing collars and retrieve the bodies for 

analysis immediately after death. until the causes are 

known, managers can only speculate on how to resolve this 

challenge. 
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Figure 1. Vegetation associations in the Little Harquahala 

Mountains, Arizona. 
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Figure 2. Range size (kro2 ) of adult female desert bighorn 

sheep 4; 8, and 12 weeks before and after parturition in the 

Little Harquahala Mountains, Arizona, 1989-91. 
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Figure 3. Minimum convex polygon of range and parturition 

sites for female desert bighorn sheep F5180, Little 

Harquahala Mountains, Arizona, 1989, 1990, and 1991. 
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Figure 4. Minimum convex polygon of range and parturition 

sites for female desert bighorn sheep F5230, Little 

Harquahala Mountains, Arizona, 1989 and 1991. 
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Figure 5. Minimum convex polygon of range and parturition 

sites for female desert bighorn sheep F5410, Little 

Harquahala Mountains, Arizona, 1989, 1990, and 1991. 
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Figure 6. Minimum convex polygon of range and parturition 

sites for female desert bighorn sheep F5010, Little 

Harquahala Mountains, Arizona, 1984, 1985,1989, and 1990. 
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Table 1- Birth and death dates of desert bighorn sheep lambs born in 

the Little Harquahala Mountains, Arizona, 1989-91. 

Year and 

female number Birth date Death datea Cause Days 

.!2!l2 

1"5010 17 Apr 1989 26 May 1989 Unknown 41 

1"5230 17 Apr 1989 Livedb 

1"5410 17 Apr 1989 Lived 

1"5180 18 Apr 1989 6 Jun 1989 Unknown 51 

LLW 27 Apr 1989 Lived 

1990 

1"5010 26 Feb 1990 Lived 

1"5410 24 Mar 1990 23 Apr 1990 Fall 31 

LLW 2 Apr 1990 21 May 1990 Unknown 50 

1"5500 3 Apr 1990 6 Jun 1990 Unknown 45 

1"5430 8 Apr 1990 11 Jun 1990 Unknown 45 

1"5180 15 Apr 1990 6 Jun 1990 Unknown 52 

SLW 4 May 1990 17 Jun 1990 Unknown 44 
~ 



Table 1 (cont.). Birth and death dates of desert bighorn sheep lambs 

born in the Little Harquahala Mountains, Arizona, 1989-91. 

Year and 

female number Birth date Death datea Cause Days 

1991 

F5410 16 Jan 1991 Lived 

F5180 17 Feb 1991 5 Nar 1991 Unknm.,.n 17 

F5500 5 Mar 1991 15 Apr 1991 Unknown 42 

F5230 5 Mar 1991 7 Mar 1991 Accident 2 

F5480 15 Mar 1991 8 Apr 1991 Unknown 25 

F5430 18 Mar 1991 24 Apr 1991 Unknown 38 

F5470 18 May 1991 Lived 

a Date of second location of female without lamb. 

b Lamb is assumed to have survived if with female > 6 months. 

~ 



Table 2. Descriptive st~tistics of physiographic and vegetation variables measured at random sites and 

microsites used by female desert bighorn sheep 4, 8, and 12 weeks before and after parturition in the Little 

Harquahala Mountains, Arizon8, 1989-91. 

~ 

Before parturition After parturition 

~ sites g l! ~ ~ l! g 

Vllriuble ~ SE ~ SE ~ SE ~ SE ~ SE ~ SE Ii SE 

" slope 30.8a 
0.7 36.3

a 
4.4 44. fl 3.9 41.fl 1.6 46.0a 2.3 .,2.1 a 2.6 44.3a 2.6 

Elevetion(m) 552.3 3.7 530.0 34.9 509.68 28.9 534.4 9.2 519.28 9.5 544.0 22.4 503.fl 16.4 

Topographic 

position b 51.6 1.2 88.08 6.0 76.08 4.0 58.08 2.0 58.08 4.0 74.011 6.1 64.211 
6.1 

Bllrrel 

cactus c 1.9 0.2 3.1 a 0.7 2.9a 0.7 4.08 0.9 1.18 0.7 0.08 0.0 4.811 1.6 

~ 



Table 2 (cont.). Descriptive statistics of physiographic and vegetation variables measured at random sites and 

microsites used by female desert bighorn sheep 4, 8, and 12 weeks before and after parturition in the little 

Harquahala Mountains, Arizona, 1989-91. 

lIeeks 

Before parturition After parturition 

~ sites R ~ i i ~ 12 

Variable ~ SE ~ SE ~ SE ~ SE ~ SE ~ SE ~ SE 

X foothills 

palo verde 1.6 0.1 2.3 0.7 1.9 0.6 1.9 0.2 2.3 0.3 1.9 0.9 2.7 0.5 

e Means are different (e < 0.05) than random sites. 

b Topographic position indexed as 0-15 = flet, 16-31 = bottom slope, 32-46 = lower slope, 49·65 = middle 

slope. 66·62 = upper slope, 63-100 = top of ridge or mountain. 

c No. barrel cactus occurring within 2 m of either side of 4 30.3·m line-intercept transects. 
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CONCLUSIONS 

Knowledge of desert bighorn sheep habitat use patterns 

will provide information to scientifically manage 

populations and their habitats. with the increasing amount 

of disturbance and fragmentation in wildlife habitat, it is 

important that resource managers have insights into these 

patterns. The conclusions presented here were the result of 

a hierarchical approach to understanding desert bighorn 

habitat use. 

1. There were no differences between the breeding and 

nonbreeding seasons in microsite use by males and 

females. Sheep microsites had steeper slopes, more 

barrel cacti, higher topographic position, and more 

foothills palo verde than random sites. 

2. Forage selection is not a factor in the spatial sexual 

segregation by desert bighorn sheep in the Little 

Harquahala Mountains. 

3. There were no seasonal differences between the diets of 

males and females. Brittle bush, desert ironwood, fairy 

duster, foothills palo verde, janusia, Mormon tea, 

ratany, wild buckwheat, grama grass, bedstraw, borage, 

and barrel cacti were present in diets all seasons in 

all years. 
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4. Barrel cacti are seasonally important in the 

diet, providing moisture during the hot, dry portion of 

the year. 

5. Parturition site fidelity was strong and individual 

females used the same lambing areas repeatedly. 

6. Microsites used by female sheep were comprised of 

terrain that was steeper and more rugged than random 

sites, however, microsites used by females for 8 weeks 

after parturition had significantly less barrel cacti 

than was found at random sites. 

7. The traditional use of parturition sites in rugged 

terrain may outweigh the increased need for water by 

lactating females. 
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