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The management of bighorn sheep in Mexico is not based on empirical data. We 

conducted phone interviews and a literature review to determine published information 

on desert bighorn sheep in Mexico. Most information on bighorn sheep was published 

prior to 1983 and focused on population size and structure. We concluded that desert 

bighorn sheep in Mexico are in need of further research. To provide better management to 

bighorn sheep, research needs to focus on basic life history strategies (e.g., minimum 

viable population size, diet, habitat relationships, movements, predation, diseases, and 

metapopulation dynamics). 

Bighorn sheep in Mexico have been scarcely studied. We conducted a habitat 

use study in Rancho el Plomito, Sonora, Mexico from April 1997 to December 1998 

and the data were used to determine causes of sexual segregation. Vegetation 

associations were not used according to their availability. Segregated females formed 

larger groups, were closer to escape terrain and occupied more rugged areas than 

males. Sexual segregation exhibited by desert bighorn sheep in Rancho el Plomito may 

result from different energetic and reproductive strategies for males and females. 

Females tend to optimize conditions suitable for rearing offspring and males maximize 

body condition. Bighorn sheep in Mexico are important game animals and are confined 

to scattered populations (Villa 1959). Little research has been conducted on desert 

bighorn sheep and consequently the species is listed in appendix II of CITES (i.e., 

vulnerable) (Valdez 1997). Tarango and Krausman (1997) emphasized food selection 



composition in Sonora, Mexico from April 1997 to December 1998. We identified 41 

plant species consumed by desert bighorn sheep. The mean annual diet was composed 

of browse, forbs. succulents, and grasses. Composition of forage categories in diets of 

males and females was similar. The coefficient of overlap (Morisita 1959) of diets of 

male and female bighorns for seasons indicated significant overlap. Se-xual segregation 

of desert bighorn sheep in Sonora. Mexico was not related to forage selection (i.e.. 

botanical composition, forage quality), and suggested that other factors (i.e., 

physiographic characteristics) were responsible for this segregation. 
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INTRODUCTION 

Explanation of the Problem 

In Mexico, bighorn sheep (Ov^is canadensis) have steadily declined since 1900 and 

have been confined to scattered populations (Villa 1959). Consequently, the desert 

bighorn sheep in Mexico is included in appendix II of CITES (i.e., vulnerable) (Valdez 

1997). Historically, Mexican bighorn sheep (Q. £. mevicana) occurred in Coahuila, 

Chihuahua, Durango, Nuevo Leon, and Sonora (Cossio 1975. Monson 1980). Now. 

however, they occur only in Sonora within the Sonoran Desert (Hansen 1980). In 

Mexico, no formal studies have been conducted on habitat selection and diet composition 

of desert bighorn sheep (Tarango and Krausman 1997). We examined the use of habitat 

components and diets to determine important factors regulating sexual segregation by 

desert bighorn sheep in Sonora, Mexico. 

Response to the Problem; Explanation of Objectives of Study 

Objective /.—In Mexico desert bighorn sheep are a valuable game animal. Of the 

6 mountain sheep races found in North America only the Mexican bighorn sheep, 

peninsular bighorn sheep (Q. £. cremnnhares) and VVeems bighorn sheep (Q. £. weemsi'> 

occur in Mexico (Manville 1980). Historically, desert bighorn sheep occurred in desert 

mountains throughout nonhern .Mexico (Cossio 1975). However, due to habitat 

destruction (.Axaujo 1976), introduction of domestic species (Villa 1959. Mendoza 1976. 

-Axaujo 1976, Jaramiilo-Monroy and Castellanos-Vera 1992), overhunting (Villa 1959. 

Leopold 1959, Jaramillo-.Monroy and Castellanos-Vera 1992). and poaching (Cossio 
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1975. Mendoza 1976), desert bighorn sheep are now restricted to Sonora (i.e., VIexican 

bighorn sheep), Baja California (i.e.. peninsular bighorn sheep, VVeems bighorn sheep), 

and Baja California Sur (i.e., VVeems bighorn sheep). The intrinsic, scientific and 

economic v alues of these animals makes them of particular interest for federal and state 

wildlife management agencies. The objectives of this paper were to determine the kind of 

research being conducted in Mexico related to bighorn sheep and to assess their status 

and management. 

Objective 2.~In the United States, bighorn sheep populations and their habitat 

have been studied intensively (Bleich et al. 1990. McCarty and Bailey 1994). Studies 

of Mexican bighorn sheep focused on die! activity (Alderman et al. 1989), habitat use 

(Gionfriddo and Krausman 1986, Krausman and Leopold 1986, Etchberger et al. 1989, 

Wakeling and Miller 1989). and diets (Seegmiller and Ohmart 1982, Elenowitz 1983. 

Dodd and Brady 1988. Krausman et al. 1989. Miller and Gaud 1989. Warrick and 

Krausman 1989, Etchberger 1993, Holtetal. 1992). In Mexico, although desert 

bighorn sheep are important game animals, little research has been conducted on die 

species (Tarango and Krausman 1997). The studies that have been conducted focused 

on population sizes and structure. Population studies were designed to help shape 

future management practices for desert bighorn sheep, and sustainable harvest 

programs. However, this effort, by itself, is not sufficient to accomplish these 

management objectives and more information is needed on how these animals allocate 

the available resources. 
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Several hypotheses have been presented to explain sexual segregation in 

ungulates (Main and Coblentz 1990, Main et al 1996, Bleich et al. 1997). The 

reproductive-strategy hypothesis predicts that males use areas that have more nutritious 

resources during all seasons, except during the rut (Main et al. 1996). In contrast, 

females use areas with more predictable food sources and water during parturition and 

lactation, and areas that increase security to offspring when they are more vulnerable to 

predation. The sexual-dimorphism body size hypothesis predicts that males, having 

larger bodies, meet their nutritional requirements by foraging in areas with low-quality 

forage whereas females obtain high-quality forage during gestation and lactation. 

Our objectives were: (I) to determine the use of habitat components by desert 

bighorn sheep in Rancho el Plomito of northwestern. Sonora, Mexico, (2) to compare 

areas used by groups of desert bighorn sheep and random plots, and (3) to compare 

habitat use among groups of males, females, and mixed groups and among seasons, and 

between females with and without lambs. We hypothesized that during the period of 

sexual segregation (i.e.. winter, spring, and autumn [gestation, parturition and 

lactation]) groups of segregated females will occupy more rugged areas that offer 

greater opportunities to evade predators than do groups of males. 

ObjiLctive i.--Tarango and Krausman (1997) emphasized habitat selection as a 

fundamental research topic for bighorn sheep in Mexico. Food is an essential habitat 

component of desert bighorn sheep, and diet composition studies of Mexican bighorn 

sheep have been conducted in New Mexico (Sandoval 1979. Watts 1979. Elenowitz 
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1983) and Arizona (Smith and Krausman 1987. Dodd and Brady 1988. Alderman et ai. 

1989. Krausman etal. 1989, Miller and Gaud 1989, Warrick and Krausman 1989. 

Holt et al. 1992. Mazaika et ai. 1992. Etchberger 1993). These studies have provided 

important information for managing Mexican bighorn populations in the United States. 

In contrast, in Mexico, die only formal diet composition study was for Weem's and 

peninsular bighorn sheep (Sanchez 1976). No data on diet composition exist for 

Mexican bighorn sheep of northwestern Sonora, Mexico. Attempts to repopulate areas 

where bighorns had been extirpated in Sonora and Baja California Sur tlirough sheep 

translocations recently have been conducted by private organizations and the Mexican 

government. In 1994. the National Association of Diversified Ranchers (ANGADI) 

captured sheep in Sonora and released them into enclosures where sheep are fed and 

protected from predators (Valdez 1997, Tarango et al. 1998). Organizacion Vida 

Silvestre (OVIS. A.C.), the Mexican government, and ranch owners captured sheep in 

Baja California Sur and introduced them to EI Carmen Island (Jimenez et al. 1996. 

1997). The main goal of these programs was to repopulate areas where sheep had been 

extirpated. In the process of identifying potential release sites, diet composition studies 

provide managers with information for successful translocation programs. 

To provide desert bighorn sheep populations in Mexico with long-term survival 

opportunities, wildlife managers need to go beyond traditional management practices 

and obtain a more specific understanding of causes of sexual segregation in desert 

bighorn sheep. Sexual segregation in polygynous ungulates (e.g.. mule deer 
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[Odoroiieii'; hemiontisj. white-tailed deer [Q. virginianiis] desert bighorn sheep) occurs 

when males and females are separated during the nonbreeding season and large males 

and females stay on separate wintering areas (Geist 1971. McCullough 1979). Several 

hypotheses have been presented to explain sexual segregation in ungulates (Main and 

Coblentz 1990. Main et al. 1996). Bleich et al. (1997) analyzed hypotheses explaining 

sexual segregation in ungulates and identified 4 potential hypotheses (i.e.. I. males to 

enhance dieir own fitness avoid competition with females, 2. allometric differences lead 

to segregation, 3. differential water requirements cause spatial segregation, 4. females 

avoid predation by segregating from males). These hypotheses are contained in the 

framework of the 2 general hypotheses suggested by Main et al. (1996). The 

reproductive-strategy hypothesis predicts that males use areas that have more nutritious 

resources during all seasons, except during die rut (Main et al. 1996). In contrast 

females use areas with more predictable sources of food and water during parturition 

and lactation, and areas that increase security to offspring when they are more 

vulnerable to predation. The sexual-dimorphism body size hypothesis predicts that 

males, having larger bodies, meet their nutritional requirements by foraging on areas of 

low-quality forage; in contrast, females require high-quality forage during gestation and 

lactation. Main and Coblentz (1990) concluded that sexual segregation is a 

consequence of different energetic and reproductive strategies of males and females. 

The objectives of our study were to 1) identify composition of diets of Mexican 

bighorn sheep in northwestern Sonora. Mexico and 2) compare diet composition 
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between sexes and among seasons. During autumn, winter, and spring, male and 

female desert bighorn sheep were mostly segregated. We tested the hypothesis tliat 

male desert bighorn sheep select different and higher quality diets relative to females. 

Explanation of Dissertation Format 

The papers that comprise the appendices of this dissertation communicate the 

results of work pertaining to desert bighorn sheep in Mexico. These studies investigated 

aspects related to status and management, habitat selection, and diet compositions of 

desert bighorn sheep in Mexico. Habitat selection and diet composition data were used to 

explain causes of sexual segregation by desert bighorn sheep in Sonora, Mexico. 

-Appendix A, B, and C relate to objectives 1. 2, and 3 described in the introduction, 

respectively. 

All papers included in this dissertation are the results of work conducted by the 

Ph. D. candidate while enrolled as a student at The University of .Arizona. The candidate 

was supervised and guided by his major advisor and committee members, but was 

responsible for collecting and analyzing data, and presenting the results as a dissertation. 

I will be the senior author of the papers and coauthors include P. R. Krausman, R. 

Valdez, and R. Kattnig who were involved in different phases of this study. 
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PRESENT STLT3Y 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important findings 

of these papers. The first paper included a literature review of desert bighorn sheep 

studies in Mexico and their status and management. The other two papers derived from a 

study on habitat selection and diet composition by desert bighorn sheep conducted in 

Rancho el Plomito, northwestern Sonora, Mexico. 

Study .Axea 

Rancho el Plomito is located in the southern portion of Sierra el Viejo 

approximately 70 km south of Caborca. northwestern Sonora, .Mexico (Secretaria de 

Programacion y Presupuesto). Rancho el Plomito is located in the Sonoran Desert where 

the terrain is rugged, rocky, and often interspersed by canyons and washes (Hansen 1980). 

The area is Sonoran desertscrub within the subdivision of the Lower Colorado River 

Valley (Brown 1994). This is the largest and most arid subdivision of the Sonoran Desert 

(Brown 1994). 

Methods 

We conducted a literature review to find published information related to desert 

bighorn sheep in Mexico. We searched The .Journal of Wildlife Management. .Journal of 

Ra/ige .Wa/iagemenr. .Journal of .\lanimalogy. Deserl Bighorn Council Transactions, and 

Ecologica. We assumed that these sources provided most of the information on desert 

bighorn sheep in Mexico. We also contacted wildlife biologists from each of the 



17 

Mexican states where desert bighorn sheep occur. 

We collected habitat use information in plots used by groups of males, females, 

and mixed groups of desert bighorn sheep and in random plots. We used chi-square 

statistics to determine if vegetation associations, categories of slope, aspect and 

elevation were used in proportion to their availability by groups of males, females, and 

mixed groups by seasons. We also identified preferences by groups of segregated 

males and females (Neu et al. 1974. Byers et al. 1984). Habitat features were also 

compared between areas used by groups of sheep and at random plots through logistic 

regression analyses. Analyses pertaining to comparison of habitat variables between 

groups of male and female bighorn sheep were conducted tlirough a 3-way analysis of 

variance. We used I tests to examine differences of habitat use between females with 

and without lambs. 

We used micro histological e.xamination of epidermal or cuticular characteristics 

of plant material found in fecal pellets to determine diets of male and female desert 

bighorn sheep (Sparks and Malecheck 1968). Frequency for each plant species was 

recorded and converted to relative density following Fracker and Brischle (1944:285. 

Table I). Data were collected by seasons and plant species found in die diet were 

classified as browse (i.e., perennial shrubs), forbs (i.e., annual, herbaceous plants), 

grasses, or succulents (i.e., cacti). We used the Morisita index of overlap (Morisita 

1959). as modified by Horn (1966) and Zaret and Rand (1971) to compare diet 

composition data between males and females by seasons. Indexes of diet overlap were 
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calculated following Alcoze and Zimmerman (1973). Diversity of diets of males and 

females by seasons was also identitled with the Shannon-Wiener index and tested (« 

0.05) for differences between male and female diversity indices (Zar 1996). 

Results and Discussion 

Objectivt: /.—There were few published scientific studies on bighorn sheep in 

Mexico. Most of the information (66.6%) was published prior to 1983 and focused on 

distribution, abundance (46.1%) and management techniques (15.4%). Much of the 

existing information for desert bighorn sheep in Mexico is scant and old. The studies that 

have been conducted there have focused on population sizes and structure. The main 

purpose of the population studies was to shape fijture management practices for desert 

bighorn sheep and develop sustainable har\'esting programs. However, this effort, by 

itself, is not sufficient to accomplish those management objectives. The lack of sufficient 

and well trained federal and state personnel to enforce laws has been another factor that 

limits the management of wildlife. We conclude that: I) little has been published on 

-Mexican desert bighorn sheep populations; 2) the information that exists for desert 

bighorn sheep in Mexico is outdated; 3) there is a lack of continuous systematic surveys 

of desert bighorn sheep; 4) continuous changes of personnel in the agencies managing 

bighorn sheep are not beneficial; and 5) biologists need to understand more about the 

basic life histor>' strategies of desert bighorn sheep in Mexico (i.e.. minimum viable 

population size, diets, habitat relationships, movements, predation. diseases, and 

metapopulation dynamics). 
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Objective J.—Most bighorn sheep in Rancho el Plomito were on ridgetops. 

Gionfriddo and Krausman (1986) also found Mexican bighorn sheep on upper slopes or 

ridgetops. Bighorn sheep depend on their visual capabilities for detection of predators 

(Geist 1967). Ridgetops can provide maximum fields of view (Wakeling and Miller 

1990). Most males and females were sexually segregated from October to June and 

aggregated from July to September. Medium-sized and large groups of sheep were 

mostly groups of segregated females during winter and spring, and by mixed groups 

during summer. Sheep foraging in larger groups can use less secure areas (Risenhoover 

and Bailey 1985. Warrick and Krausman 1987, Etchberger 1993) because the likelihood 

of detecting predators increases as group size increases (Berger 1978, Risenhoover and 

Bailey 1985). 

Vegetation associations were not used according to their availability during the 

study. Elephant tree (Bursera microphylla)-salvia (Salvia mellifera^-limherhiish 

fJarrophn ctineam) association (ESL) was preferred and the palo verde (Cercidium 

microphyllum)-desert ironwood (OIneya resorn^ association (FDI) was avoided by all 

groups of sheep. The ESL may have provided bighorn sheep with green forage 

throughout the study (Appendix C). 

Land surface ruggedness index and visibility at 40 m were important habitat 

features for groups of segregated males and females (i.e.. odds ratio > 1). However, 

groups of females were more likely to be found on more rugged areas than groups of 

males and mixed groups. On the other hand, vegetative ground cover and visibility at 
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40 m were more important for rams whereas ruggedness and being on escape terrain 

were important features for mixed groups. 

Sexual segregation exhibited by desert bighorn sheep in Rancho el Plomito may 

have been a response of different energetic and reproductive strategies of males and 

females. Our data indicated tliat males and females seek areas that provide better 

opportunities to evade predators. However, the chances for females to evade predators 

were higher because they formed larger groups, occupied more rugged areas, and were 

closer to escape terrain dian were males. 

Objective J.—We identified 41 plant species consumed by desert bighorn sheep 

in Rancho el Plomito Sonora, Mexico from April 1997 to December 1998. The mean 

annual diet was composed of browse (44.1%) forbs (33.0%), succulents (17.7%), and 

grasses (5.2%) (Table I. Appendix C). The mean annual composition of forage 

categories in diets of males and females was similar. Males consumed > 18 different 

plants each season. However, seasonal diets of males concentrated on a few species 

throughout the study (e.g., 8 plants in winter constituted >83% of the total diet). 

Females consumed a diet more diverse than males (>23 species each season). 

However, females also concentrated on a few plant species. Seven species comprised 

>76% of the diet in winter and >63% of the total diet in autumn. 

There was seasonal variation in the use of plants by desert bighorn sheep. 

Consumption of succulents was higher in spring, decreased during summer, and winter 

and increased in autumn. The decrease of succulent plants in the diet of bighorn sheep 
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from spring co summer (rainy season) could be due to the presence of rain water 

collected in natural catchments (tinajas) that usually lasts for several days. Warrick and 

Krausman (1989) reported that potholes provided water for bighorn sheep after rains 

for up to 7 days in western Arizona. In our study area, bighorn sheep did not drink 

from man-made catchments. 

The coefficient of overlap of diets (Morisita 1959) of male and female bighorn 

sheep for winter, spring, summer, and autumn was 0.970, 0.926, 0.972. and 0.906. 

respectively. All values indicated significant overlap (i.e.. > 60) for all seasons (Zaret 

and Rand 1971). 

Desert bighorn sheep in Sonora exhibited temporal segregation; however, spatial 

separation by sexes was not clearly defined and consequently differences in composition 

of diets between males and females during segregation (i.e., autumn, winter, spring) 

were not noticeable. We encountered groups of males and females foraging in the same 

areas at different times. Furthermore we found no statistical differences of diversity of 

diets for any of the seasons within years or during segregation. Males and females in 

our study area shared most of the plant species throughout the study and used them in 

similar proportions. Diets of males and females have indicated diat sexual segregation 

by desert bighorn sheep in Sonora. Mexico was not related to forage selection (i.e.. 

botanical composition, forage quality) and other factors (i.e.. physiographic 

characteristics) must be responsible for this segregation. 
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MANAGEMENT AND RESEARCH RECOMMENDATIONS FOR DESERT 

BIGHORN SHEEP IN MEXICO 

Management 

I. A fundamental tool to manage desert bighorn sheep in Mexico is protection, 

maintenance, and improvement of sheep habitat. 

3. Management of bighorn sheep requires cooperation among ranchers, the Mexican 

government, and ejido people thnt own bighorn sheep populations. 

4. Poaching is one of the major causes of population declines of bighorn sheep. The 

creation of a warden team is important for this management. 

5. A single agency should be established to manage bighorn sheep and odier wildlife. 

The agency should be autonomous and independent of the frequent changes that occur 

in Mexican society. 

6. To assure long term survival to the species, cooperative efforts between Mexican 

and U.S. scientists need to be implemented. 

7. The current management efforts of placing bighorn sheep in confined areas where 

they have not historically existed need to be seriously examined. 

8. The introduction of domestic species into sheep habitat has been one of tlie major 

causes of bighorn sheep decline throughout their range. Livestock activities, especially 

of domestic sheep and goats in sheep habitat must be minimized. 

9. Because bighorn sheep populations depend on recruitment, the identification and 

protection of key lambing areas is needed. 
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10. Managers need to pay special attention to areas that support larger numbers or 

bighorn sheep (i.e.. Sierra el Viejo and Tiburon Island) that could serve as potential 

sources for translocation programs. 

Research 

1. Behavioral patterns of sheep, including movements need to be determined. In general 

more information is needed on metapopulation dynamics. 

2. Studies on predator-bighorn sheep relationships will assist managers on conducting 

predator control programs if necessary. 

3. A study to examine resource partitioning by sheep and livestock throughout the areas 

where both occur is recommended. 

4. Continuous desert bighorn sheep surveys are needed to establish population trends 

and harvesting rates. 

5. To better understand relationships between sheep and their habitat, more information 

is required for other areas on habitat use. diet composition, nutritional quality of 

forage, and habitat quantification. 

6. Need studies to demonstrate the importance of bighorn sheep to Mexico's natural 

heritage. 
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APPENDIX A. Desert bighorn sheep in Mexico. Published in the Desert Bighorn 

Council Transactions 41:1-7; 1997. 
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DESERT BIGHORN SHEEP IN MEXICO 

LUIS A. TARANGO, School of Renewable Natural Resources, University of Arizona, 
Biological Sciences East 325, Tucson, Arizona 85721 

PAUL R. KR-AUSMAN, School of Renewable Natural Resources, University of 
-Arizona, Biological Sciences East 325, Tucson, .Arizona 85721 

Abstract: Desert bighorn sheep (Ovis canadensis) are valuable game animals in Mexico. 
Bighorn sheep were abundant in their southernmost range in Mexico and were present in 
Coahuila and Chihuahua. However, due to habitat loss, introduction of domestic 
livestock, overhunting, and poaching, desert bighorn sheep now inhabit only 3 Mexican 
states; Sonora (Mexican bighorn sheep [O. c. mexicana]); Baja California (Peninsular 
bighorn sheep [O. c. cremnobates], Weems bighorn sheep [O. c. weemsi]); and Baja 
California Sur (Weems bighorn sheep). We conducted phone interviews with wildlife 
biologists and a literature review to describe the status and management of bighorn sheep 
in Mexico Desert bighorn sheep populations in Mexico are in need of further research; 
little has been published. Currently, harvesting is allowed in Sonora and Baja California 
Sur, but prohibited in Baja California. The types of research to adequately manage desert 
bighorn sheep in Mexico include diet, predation, movements, diseases, and habitat data. 
These data will provide managers with better management tools for bighorns. 

Key words: abundance, Baja California, bighorn sheep, distribution, habitat. 
management, Sonora, status. 

LNTRODUCTION 

In Mexico desert bighorn sheep are a valuable game animal. Of the 6 mountain 

sheep races in North America only the Mexican bighorn. Peninsular bighorn sheep, and 

Weems bighorn sheep occur in Mexico (Manville 1980). Historically, desert bighorn 

sheep occurred in Chihuahua, Coahuila, Durango, Nuevo Leon, Sonora. Baja California, 

and Baja California Sur, Me.xico (Cossio 1975). However, due to factors such as habitat 

destruction (.Axaujo 1976). introduction of domestic species (Villa 1959, Mendoza 1976. 

•Araujo 1976. Jaramillo-.VIonroy and Castellanos-Vera 1992), overhunting (Villa 1959. 

Leopold 1959, Jaramillo-Monroy and Castellanos-Vera 1992), and poaching (Cossio 



26 

1975, Mendoza 1976), desert bighorn sheep were extirpated from Nuevo Leon, Coahuila, 

Durango, and Chihuahua (Cossio 1975, VIonson and Sumnerl980). Bighorn distribution 

is now restricted to Sonora (Mexican bighorn sheep), Baja California (Peninsular bighorn 

sheep, VVeems bighorn sheep), and Baja California Sur (VVeems bighorn sheep). The 

intrinsic economic value of these animals makes them of particular interest for federal 

and state wildlife management agencies. The objectives of this paper were to determine 

the kind of research being conducted in Mexico related to bighorn sheep and to assess 

bighorn sheep status and management. 

We acknowledge the people who provided us with information regarding desen 

bighorn sheep research in Mexico: (Eric Mellink, Centro de Investigacion Cientifica y de 

Educacion Superior en Ensenada Baja California), (Raul Valdez, New Mexico State 

University), (Sergio Alvarez, Centro de Investigaciones Biologicas del Noroeste, Baja 

California Sur), (Gerardo Lopez, Colegio de Postgraduados, Campus San Luis Potosi), 

and (Mario Cirett, Secretaria del Medio Ambiente Recursos Naturales y Pesca). We also 

acknowledge personnel from CONACyT and Colegio de Postgraduados that provided 

economic support for the study. 

METHODS 

We conducted a literature review to determine what had been published related to 

bighorns in Mexico. The review included periods: 1897-1983 and 1984-1995. For 1897-

1983. we reviewed the bibliography by Krausman et al. (1984). For 1984-1995. we 

searched: Journal of Wildlife .Management, Journal of Range Management, Journal of 
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Mammalogy, Desert Bighorn Council Transactions, and Ecologica. We also reviewed the 

1996 issue of the Desert Bighorn Council Transactions. Ecologica was only searched up 

to 1994. We assumed that these sources provided most information on desert bighorn 

sheep studies in Mexico. To complement our data, we also contacted wildlife biologists. 

We tried to include a wildlife biologist from each of the states where desert bighorn sheep 

occur State and federal agencies' reports and papers presented in annual conferences 

were not included in this paper. 

RESULTS 

1897-1983 

Krausman et al. (1984) reported 548 papers related to desert bighorn sheep. Only 

17 (3.1%) were related to desert bighorn sheep in Mexico. Krausman et al. (1984) 

reported papers on distribution and abundance (Lumholtz 1912, Merriam 1916, Burt 

1938, Halloran 1954, Leopold 1959, Davila I960, Valdez 1982), management and 

techniques (Gates 1972, Wilson 1975, Gonzales 1976), physical characteristics (Gonzales 

1976), transplant (McDowell and Gates 1972), welfare factors (Dominguez 1976), 

disease and mortality (Fonseca 1979), behavior (Fonseca and Gonzalez 1976), habitat 

(Guzman 1961), and general ecology (Monson and Sumner 1980). Other studies were 

related to distribution and abundance (Villa 1959, Mendoza 1976), management and 

techniques (.Arellano 1961, Corzo 1963, Montoya and Gates 1975), and other general 

papers (Davila 1961, Oliver 1970, .Axaujo 1976, .AJvarez 1976). 
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1984-1996 

We found 13 studies related to distribution and abundance (DeForge et al. 1984. 

Alvidrez-Hernandez and Campoy-Fabela 1989, Jaramillo-Monroy et al. 1991, Jaramillo-

Monroy and Castellanos-V'era 1992, DeForge et al. 1993, Lee and Lopez-Saavedra 1993. 

1994, Lopez et al. 1995, Lee and Mellink 1996), transplants (Jimenez et al. 1996), and 

other general papers (Sandoval 1985, Winkler 1987, Nabhan 1993). For both periods 39 

articles were published between 1912 and 1996. Of these, 26 articles (66.6%) were 

published in the period 1897-1983, while 13 articles (33.3%) were published during 

1984-1996. For both periods research was focused on distribution and abundance 

(46.1%) and management and techniques (15.4%). Less research was directed towards 

transplants (5 .1%), physical characteristics (2.5%), welfare factors (2.5%), disease and 

monality (2.5%), behavior (2.5%), habitat (2.5%), and general ecology (2.5%). 

POPULATION ESTLVLATES 

Sonora - Based on direct sightings, and on information gathered from local 

people, at 9 mountain ranges, VIendoza (1976) estimated the Sonoran bighorn sheep 

population to be approximately of 1,000 individuals. DeForge et al. (1984) made an 

estimate of the population on Tiburon Island of about 100-120 animals. For the same 

area, .AJvidrez-Hernandez and Campoy-Fabela (1989) estimated this population at 100 

individuals. Currently the population estimate for Tiburon Island is >300 sheep (R M. 

.Arizona Game and Fish Dept. pers. comm.). Lee and Lopez-Saavedra (1993) conducted 

an helicopter survey of the state and counted 155 groups in 25 mountain ranges. Using 



29 

obsen-ation proportions of 30-60% they estimated the Sonoran population to be between 

880 and 1,760 sheep. They concluded that the population could support a hunting 

program of 30 permits. Lee and Lopez-Saavedra (1994) conducted a second aerial survey 

for Sonora, they flew 14 different sites in addition to many of the 25 sites surveyed in 

1993. Combining both surveys, the population estimate for Sonora was 1,488 to 2,977 

sheep. Lee and Mellink (1996) reported on the population estimate from sur\'eys 

conducted in 11 mountain ranges (ranges previously surveyed) in Sonora. They pointed 

out the high densities at Sierra el V[iejo and Sierra Kun-Kaak. Because most of the 

observations rates were higher in 1996 than in previous surveys, they indicated that in 

Sonora, sheep populations are probably increasing. Hunting in Sonora is allowed. 

Baja California - Cossio (1975) reported that in Baja California there were 

between 3,000 and 6,000 sheep. Alvarez (1976) estimated the population of Baja 

California to be between 4,500 and 7,800. Cossio (1975) reported 1,500 to 3,000 desert 

bighorn in Bahia San Luis Gonzaga and El Marmol. In 1992, DeForge et al. (1993) 

conducted an aerial survey over Bahia San Luis Gonzaga. Using 40-60% observation 

proportions their estimate was 780-1,170 adult bighorns. However, DeForge et al. (1993) 

indicated their estimates could over or under estimate the sheep population for the area. 

In 1995, Lee et al. (1995) conducted a 3,000 km"aerial survey concentrating their efforts 

in rugged areas such as San Pedro Martir, Sierra Santa Isabel, Sierra San Felipe, Sierra 

Juarez, and Sierra Las Tinajas. Lee and Mellink (1996) compared the results from the 

surv eys of 1992 and 1995 and stated that there is no evidence to say that there was a 
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decrease of sheep between 1992 and 1995. Hunting in Baja California was banned in 

1990 until further investigations could be conducted. Lee and Mellink (1996) 

recommended a hunting program to harvest 9-12 rams as a conservative harvest 

compared to the number of hunting permits issued in the past. 

Baja California Sur - Jaramillo-Nlonroy and Castellanos-Vera (1992) estimated 

500 to 700 sheep in Baja California Sur. They based their estimate on data collected by 

technicians from Secretaria de Agricultura y Recursos Hidraulicos (SARH) and Secretaria 

de Desarrollo Urbano y Ecologia (SEDLTE) during 1976-1987. Sheep were distributed 

along 3 important mountain ranges of Baja Sur: Las Virgenes-La Reforma (110-160 

sheep). La Giganta-Loreto (300-350), and El Mechudo (30-50). In Baja California Sur 

sheep hunting is allowed under the category of special permits (SEiVLARN.AP 1995). 

•Although in Baja California Sur sheep hunting is allowed, no aerial surveys have been 

conducted for the area. Furthermore, Jaramillo-Monroy and Castellanos-Vera (1992) 

suggested that bighorn sheep populations have been declining throughout the state. 

\LA.NAGEMENT 

Wildlife species in Mexico are federal property and have been managed mainly by 

the federal government through federal and state agencies (e.g., S.ARH). In 1974, the 

federal government authorized the Consejo Nacional de la Fauna (CNF), an organization 

formed by big game hunters whose objectives were to promote conservation and to be in 

charge of the management of desert bighorn sheep. The CNF was under the supervision 

of federal and state agencies of SARH. In 1982, Miguel de la Madrid created SEDLT!. 
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Because the creation of this new secretariat, SEDLTE was given the responsibility to be in 

charge of the Department of Wildlife that used to be within S.\RH (Mellink 1993). 

President Carlos Salinas de Gortari. a few years later, created the Secretaria de Desarrollo 

Social (SEDESOL) in place of SEDL'E. Ernesto Zedillo formed the Secretaria del Medio 

.Ajnbiente Recursos Naturales y Pesca (SEMARNAP) CNT, which was operating under 

the superv ision of ail these secretariats, is not longer managing the desert bighorn sheep 

populations in Mexico. Presently, bighorn sheep in Baja California are managed by 

SEM.ARN.AP in coordination with Fundacion Mexicana para la Conservacion del 

Borrego Cimarron which was created in 1993 (Gerardo Lopez, Colegio de Postgraduados, 

pers. comm.). The Fundacion Mexicana para la Conservacion del Borrego Cimarron is 

supported by the Foundation for North .Ajnerica Wild Sheep (FNAWS) (Lee and Mellink 

1996). In Baja California Sur bighorns are managed directly by SENL\R-N'AP (Sergio 

-AJvarez, Centro de Investigaciones Biologicas del N'oroeste, pers. comm.). In Sonora, 

part of the bighorn populations are managed by the National Association of Diversified 

Ranchers (.ANGADI), This association obtained the concession for its members to 

manage the game on their properties (Mellink 1993). The ANGADI in Sonora is under 

the supervision of SEM.ARN.AP (Mario Cirett, Secretaria del Medio .Ainbiente Recursos 

Naturales y Pesca, pers. comm.). 

DISCUSSION 

There are few scientific studies on bighorn sheep in Me.xico Most of the 

information (66.6%) was published prior to 1983 and was mainly focused on distribution 



and abundance (46.1%) and management and techniques (15.4%). Scant information 

exists for transplants, physical characteristics, welfare factors, disease and mortality, 

behavior, habitat, and general ecology. 

More recently, surveys have provided information on numbers and distribution 

(Lee and Lopez-Saavedra 1993, 1994). .A.lthough they counted bighorns at 39 sites, most 

populations were <100. Only 5 areas supported >100 individuals. The population size at 

7 sites was between 50 and 100. while N at the remaining 17 bighorn areas was <50. 

Simulation models using historical records of bighorn sheep have shown that all 

southwestern United States bighorn sheep populations declining to N < 50 went extinct 

within 50 years, while those having N > 100 continued to persist beyond 70 years; 

populations between 50 and 100 persisted for about 60 years (Berger 1990). If it is true 

for naturally occurring populations, we may expect that only 5 (17%) of the Sonoran 

populations will persist beyond 70 years, while the remaining 34 (83%) will disappear 

within 60 years. However, Krausman et al. (1996) could not detect significant differences 

in extinction rates between populations with < 50 individuals and populations with > 50 

individuals. Clearly, more work needs to be conducted related to minimum viable 

population size. 

.•Mthough a great deal of information exists for bighorn sheep populations in the 

United States, in Mexico, the information that e.xists for bighorns is scant and out of date. 

The studies that have been conducted have only focused on population estimates and 

structure of the population. The main purpose of the population studies is to help shape 
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future management practices for desert bighorn sheep, their conservation, and sustainable 

harv esting programs. However, this effort, by itself is not sufficient to accomplish those 

management objectives. The existence of a > 20-year gap of bighorn sheep-related 

studies is hampering management efforts. The presence of small (<100) bighorn sheep 

populations over S3% of their range in Sonora suggests that intense management efforts 

are necessary. Because sheep are slow colonists, managers need to focus their efforts on 

the conservation of traditional habitats (Bleich et al. 1990) and to maintain viable 

populations, habitat management needs to be implemented. Emphasis should be stressed 

in protecting critical habitats and development of larger blocks of suitable habitat (Bailey 

19S0). Bighorn habitat must be protected in critical areas (Bailey 1980). To better 

understand relationships between sheep and their habitats, data are needed on habitat use, 

diet and nutritional quality, and habitat quantification. 

Sandoval (1985) pointed out that wildlife management in Mexico was still in its 

infancy Management for desert bighorn sheep and other wildlife species is severely 

limited by economic constraints (Leopold 1959, Sandoval 1985, .AJcerreca et al. 1988). 

Conservation is not cheap, but it is a necessity to maintain Mexico's natural heritage. 

Hunting species without basic biological data can severely affect wildlife populations. 

The lack of sufficient and well trained federal and state personnel to enforce laws has 

been another factor that limits the management of desert bighorn sheep in Mexico 

(Leopold 1959. .AJcerreca et al. 1988). Furthermore, continued changes in federal and 

state wildlife agencies also limit the management of wildlife species. Political changes 
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cause resentment, and enhance lack of communication and cooperation between federal 

and state agencies (Sandoval 1985). This lack of communication and cooperation limits 

the continuation of ongoing wildlife management programs. 

Desert bighorn sheep management in Mexico appears to be driven by hunting. 

According to Caughley and Sinclair (1994) we can not provide management for wildlite 

populations if we do not understand them. We conclude that; 1) little has been published 

on Mexican desert bighorn sheep populations; 2) the information that exists for desert 

bighorn sheep in Mexico is outdated; 3) there is a lack of continuous systematic surveys 

of desert bighorn sheep; 4) continuous changes in the agencies managing bighorn sheep is 

not beneficial; and 5) biologists need to understand more about the basic life history 

strategies of desert bighorn sheep in Mexico including minimum viable population size. 

diet, habitat relationships, movements, predation, disease and metapopulation dynamics 
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APPENDIX B. Habitat use by desert bighorn sheep in Sonora. Mexico. 
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Abstract: In Mexico desert bighorn sheep (,Ovis canadensis) are important game 

animals, but little research has been conducted on the species and no studies have 

addressed sexual segregation by desert bighorn sheep. We examined use of several 

habitat components by desert bighorn sheep to explain sexual segregation of sheep in 

Sonora, Mexico. We evaluated 265 plots used by bighorns and 278 random plots fi-om 

April 1997 to December 1998. We determined the use of vegetation association and 

categories of aspect, slope, and elevation. We used chi-square analyses to determine if 

these habitat variables were used in proportion to their availability. We then used 

Bonferroni confidence intervals to identify habitat preferences. We also compared 
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information of habitat features between areas used by groups of sheep and information 

from random plots tlirough logistic regression analyses. We compared information for 

groups of males and females, seasons, and years with a 3-way analysis of variance 

(ANOVA). Most sheep used ridgetops more than riparian areas. Vegetation 

associations were not used according to their availability by all groups of sheep. 

Groups of segregated males and females preferred tlie elephant tree (Bursera 

microphylla)-S3.\\\di {Salvia meUifera)-\\mbQr bush {Jairopha cuneata) association (ESL) 

and avoided the foothill palo verde {Cercidium microphyllum)-d&stn ironwood {Olneya 

tesota) association (FDI). Land surface ruggedness index and visibility at 40 m were 

important features for segregated males and females. However, segregated females 

selected the ocotillo {Fouquieria splendens)-dtstn agave (Agave spp.)-hop bush 

{Dodonoea viscosa) (OAH) vegetation association, formed larger groups, were closer to 

escape terrain, and occupied more rugged areas during autumn and spring than males. 

Segregated females selected areas that provided more opportunities to evade predation 

than did males. A better understanding on how groups of sheep select specific habitat 

features during certain times of the year in this particular area will provide management 

insights and tools available to manage bighorn sheep in Mexico. 

JOURNAL OF WILDLIFE MANAGEMENT 00(0):000-000 

Key words: Desert bighorn sheep, habitat, Mexico, Ovis canadensis mexicana, sexual 

segregation, Sonora 
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Of the 6 bighorn sheep races that occur in Nortli America, only the Mexican 

bighorn sheep {Ovis canadensis mexicana). peninsular bighorn sheep {O. c. 

cre/nnobates), and the Weem's bighorn sheep (O .c. weemsi) occur in Mexico 

(Manville 1980). Historically desert bighorn sheep in Mexico occurred in Chihuahua, 

Coahuila, Durango, N'uevo Leon, Sonora, Baja California Norte and Baja California Sur. 

Mexico (Cossio 1975). However, due to habitat destruction (.Axaujo 1976). introduction 

of domestic livestock (.Axaujo 1976, .VIendoza 1976, Jaramillo-Monroy and Castellanos-

Vera 1992). overhunting (Leopold 1959, Jaramillo-.VIonroy and Castellanos-Vera 1992), 

and poaching (Cossio 1975, Mendoza 1976, Mellink 1993) desert bighorn sheep were 

extirpated from N'uevo Leon, Coahuila, Durango, and Chihuahua (Cossio 1975, Monson 

1980) Bighorn sheep are now restricted to the states of Sonora (Me.xican bighorn sheep). 

Baja California Norte (peninsular bighorn sheep. Weem's bighorn sheep) and Baja 

California Sur (Weem's bighorn sheep). 

In the United States, bighorn sheep populations and their habitat has been 

studied intensively (Krausman et al. 1989, Bleich et ai. 1990, McCarty and Bailey 

1994). Studies of Mexican bighorn sheep focused on die! activity (Alderman et al. 

1989), habitat use (Gionfriddo and Krausman 1986), and diets (Krausman et al. 1989). 

In Mexico, although desert bighorn sheep are important game animals, little research 

has been conducted on the species (Tarango and Krausman 1997). The studies that have 

been conducted there have focused on population size and structure (Tarango and 

Krausman 1997). The main purpose of population studies was to shape future 
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management practices for desert bighorn sheep, and develop sustainable harvesting 

programs (Tarango and Krausman 1997). However, tliis effort, by itself, is not 

sufficient to accomplish those management objectives. Furtliermore. there have been no 

systematic studies of desert bighorn sheep in Mexico since 1980 (Tarango and 

Krausman 1997). The existence of a > 20-year gap of bighorn sheep-related studies 

(Tarango and Krausman 1997) is hampering effective management efforts. 

Several hypotheses have been presented to explain sexual segregation in 

ungulates (Main and Coblentz 1990, Main et al. 1996, Bleich et al. 1997). The 

reproductive-strategy hypothesis predicts that males use areas that have more nutritious 

resources during all seasons, except during the rut (Main et al. 1996). In contrast, 

females use areas with more predictable sources of food and water during parturition 

and lactation, and areas that increase security to offspring when they are more 

vulnerable to predation. The sexual-dimorphism body size hypothesis predicts that 

males, having larger bodies, meet their nutritional requirements by foraging in areas 

with low-quality forage while females obtain high-quality forage during gestation and 

lactation. 

Our objectives were: (1) to determine use of habitat components by desert 

bighorn sheep in Rancho el Plomito. northwestern Sonora, Mexico, (2) to compare 

areas used by groups of desert bighorn sheep and random plots, (3) to compare habitat 

use data among groups of males, females and mixed groups among seasons, and 

between females with and without lambs. We hypothesized that during the period of 
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sexual segregation (i.e., winter, spring and autumn [gestation, parturition and 

lactation]) groups of segregated females will occupy more rugged areas tliat offer 

greater opportunities to evade predators than do groups of males. 

STLDY AREA 

This study was conducted in Rancho el Plomito located in the southern portion 

of Sierra el Viejo approximately 70 km south of Caborca. northwestern Sonora. 

Mexico (30'' 12' and 30" 20' N. 112" 18' and 112" 22' W) (Secretarfa de Programacion 

y Presupuesto 1980) (Fig. I). The ranch privately owned includes 3.576 ha of flat and 

4,376 ha of mountainous terrain and is used . Rancho el Plomito contains 9 major 

canyons (i.e.. El Serrucho. El Recodo. El Solitario, El Coliseo. San Francisco, La 

Cueva, El Colorado, El Muro, and Dos Minas) and is bordered by private ranches (Fig. 

I). There are 2 artificial water tanks (capacity 10,000 L each) on the ranch and 13 

smaller water sources strategically distributed within the ranch to provide water for 

wildlife. There are also natural water catchments that had been improved for water 

collection. Livestock have been excluded from the ranch since 1994. The ranch is used 

exclusively for the conservation and management of native wildlife. 

The study area was selected because of the presence of an indigenous population 

of Mexican bighorn sheep {N ^ 300), which is the largest bighorn sheep population on 

the mainland of Sonora (Lee and Lopez-Saavedra 1993,1994). 

Rancho el Plomito is located in the Sonoran Desert where the terrain is rugged, 

rocky, and often interspersed by canyons and washes (Hansen 1980). The area is 
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Sonoran desertscrub within the subdivision of the Lower Colorado River Valley (Brown 

1994). This is the largest and most arid subdivision of the Sonoran Desert (Brown 

1994). 

Elevations ranged from 300 to 1,050 m (Secretarfa de Programacion y 

Presupuesto 1980). Mean daily temperatures at 0800 for 1997 and 1998 were 26.2 

and 22.8 '^C, respectively. The lowest mean minimum temperature for both years 

occurred in autumn (October-December) (i.e., 12.5 "C in 1997 and 7.8 "C in 1998). 

whereas the highest mean maximum temperature occurred in summer (July-September) 

(i.e., 4L0 "C in 1997 and 41.1 "C in 1998). Annual precipitation for 1997 and 1998 

was 227.2 and 148.7 mm, respectively and it rained more during summer in both years 

(i.e., 169.6 mm in 1997 and 110.0 mm in 1998). 

Seasons for the study area were determined from bimodal precipitation and 

temperature regimes (Holt et al. 1992). Seasons were: cold-wet (January-March), hot-

dry (April-June), hot-wet (July-September), and cold-dry (October-December). 

However, for convenience, we named tlie seasons as winter, spring, summer, and 

autumn, respectively. 

Common plants include foothill pale verde {Cercidium microphyllum), desert 

ironwood {OLneya tesota). honey mesquite (Prosopis glandulosa), saguaro {Carnegia 

gigantea). opuntias {Opuntia spp.). jojoba (Simmondsia chinensis). and yucca {Yucca 

baccata) (Hansen 1980, Hernandez 1998). Co-dominant plants include creosote bush 

{Larrea trideniata), white thorn {Acacia constricia), brittle bush {Encelia farinosa). 
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ocotillo (Fouquieria splendens), desert agaves {Agave spp.), and elephant tree {Bursera 

microphylLa) (Hernandez 1998). Grasses in tliis area include grama {Bouteloa spp.). 

galleta (Hilaria rigida) and sacaton (Sporoboliis spp.) (Hansen 1980). 

We identified 3 vegetation associations within the study area based on field 

reconnaissance and following Hernandez (1998). The elephant tree-salvia (Salvia 

melliferaj-llmber bush Uatropha cuneata) association (ESL) (2,144 ha) occurs in 

foothills and mountains on steep slopes. Other plants found within this association are 

ocotillo. brittle bush, opuntias, Mexican jumping bean {Sapium biloculare}, desert 

lavender {Hyptis emoryi). mammillarias (Mammillaria spp), hibiscus {Hibiscus 

denudatiis). desert agaves, and scattered foothill palo verde and desert iron wood trees. 

The foothill palo verde-desert ironwood association (FDI) (1,138 ha) is commonly 

found along bajadas and riparian areas (arroyos and washes) and is accompanied with 

coursetia {Courseiia glandidosa), catclaw acacia {Accacia greggii), brittle bush, 

garabatillo {Mimosa laxiflora). limber bush, salvia, woltberry {Lycium calif orniciim). 

range ratany {Krameria parvifolia). and helianthus {Helianthus spp.). The ocotillo-

desert agave-hop bush {Dodonoea viscosa) association (OAH) (1.094 ha) occurs at high 

elevations and is commonly found along ridgetops with scattered foothill palo verde and 

desert ironwood trees. Plant nomenclature followed Kearney and Peebles (1942), 

Britton and Rose (1963). Lehr (1978), and Gentry (1982). 

Larger mammals present in the area other than bighorn sheep include Coues 

white-tailed deer {Odocoileus virginianus coiiesi). desert mule deer {Odocoileus 
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heniionus eremicus). collared peccary (Pecari tajacu). mountain lion (Puma concolor). 

coyote (Canis latrans), bobcat (Lynx rufiis). jackrabbit {Lepus spp.), cottontail rabbit 

(Sylvilagus audubonii), raccoons (Procyon locor). and kit fox {Vulpes macrotis). 

METHODS 

This study was conducted from April 1997 to December 1998. Direct 

observations of free-ranging groups of desert bighorn sheep formed the basis of this 

study. To identify patterns of habitat use by groups of desert bighorn sheep, we 

traveled the area on foot and surveyed sheep by inspecting each major canyon 

systematically. Canyons were surveyed along arroyos, washes and ridgetops from 

Monday to Friday. Sheep were observed with a pair of 10 \ 50 binoculars and a 

30 X 16 spotting scope, and aged and sexed by size and horn development (Geist 1968 

1971). Habitat use information was collected for groups of males, females and mi.xed 

groups of desert bighorn sheep. 

We classified sheep as lambs (< 1 year old), adult females (>2 years old), young 

(yearling females and males 1-2 yrs old), subadult males (class I and II males, 2-3 yrs 

old) and adult males (class 111 and IV males > 4 yrs old). A group of females was any 

group consisting of adult females with or without lambs or a group of adult females 

accompanied by yearlings and subadult males or any combination of these categories. 

A group of males included class III or class IV males, any combination of adult males, 

or any combination of adult males with subadult males. If a group of sheep consisted of 

adult males and females, it was classified as a mi.xed group. Groups of sheep consisted 
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of > 1 individuals and were classified as small (1-3), medium (4-6) and large (>6). 

Individuals < 50 m apart from one another were considered in tlie same group. For 

statistical purposes, we considered each observation of a group of bighorn sheep as an 

independent observation (i.e., we did not consider a group of sheep twice in a survey-

day). 

Once a group of sheep was located, we established a 30m-habitat-evaluation plot 

within the center of the area being used. The definition of the center of diis plot was 

based on the spread of the group the first time seen. At each plot, we recorded: group 

size and composition, landscape location (i.e., ridgetop, middle slope, bajada. and 

riparian [arroyos and washes]), slope, aspect, elevation, land-surface ruggedness, 

visibility at 20 and 40 m from the center of the plot, distance to escape terrain 

(i.e..those areas having >60% slope), vegetation association, vegetative ground cover 

and density (number of plants/ha) of agaves and mamillarias, and thermal cover (i.e.. 

any topographic structure or vegetation > 2 m high beneath which a standing or bedded 

desert bighorn sheep could seek shelter from direct sunlight [Gionfriddo and Krausman 

1986]) per ha. 

Locations of animals were recorded with a Global Positioning System and . All 

locations of sheep were plotted on topographic maps (scale 1:50,000) and entered into 

Arc/View (Desktop Mapping System. ESRI, Redlands, California). Landscape location 

was visually estimated. Slope was measured with a clinometer (Suunto. Finland). We 

measured aspect along the slope with a compass in degrees as northeast (NE, 1-9Q'). 
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southeast (SE, 91-180°), southwest (SW, ISl-ZTC), and nordiwest (NW, 271-360°). 

Elevation (m) was recorded with an altimeter (Gischard. Germany). We 

determined a land-surface ruggedness index (modified from Beasom et al. 1983) for the 

location of each group. To determine the ruggedness index we overlaid a dot-grid of 42 

equally-spaced dots on a 50-ha area of a topographic map and counted the number of 

dots that intersected contour lines (20 m apart), ruggedness increased with a subsequent 

increase in intersected contour lines. Visibility is the "percentage of each quarter of tlie 

compass over which an object 90 cm tall (i.e., about shoulder height of an adult sheep) 

could be seen at 40 m from the observer" (Risenhoover and Bailey 1985). We also 

visually estimated visibility at 20 m (Risenhoover and Bailey 1985). 

We measured distances from the center of the plots to escape terrain (i.e., areas 

> 60 % slope) widi Geographic Information Systems (GIS) using a 3-dimensional 

surface model from commercially available digital-elevation models (SoftWright, 

Aurora. Colorado) with the triangulated irregular network (TIN) module of ARC/INFO 

(Environmental Systems Research Institute, Redlands, California). We also identified 

coverages of slope, aspect, and elevation with these programs. 

Vegetative ground cover (%), density of agaves, mammillarias, and thermal 

cover were measured along a 30-m line transect (Canfield 1941). This transect was 

established at a random direction using the center of the plot as the middle of the 

transect. Also > 36 random plots were established each season within areas used by 

sheep from a grid generated for the study area. Habitat data on areas used by groups of 
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sheep were collected during the first 2 months of each season while habitat data on 

random plots were collected during the third and last month of the season. The amount 

of each vegetation association within tlie study area was estimated through 400 random 

plots. We calculated die amount of each vegetation association based on die number of 

random plots within each association. 

We used chi-square analysis to determine if vegetation associations, categories 

of slope, aspect, and elevation were selected (i.e.. used more in proportion to 

availability), or avoided (i.e., used less than proportion to availability) by groups of 

males, females, and mixed groups by seasons. If a statistical difference {P < 0.05) was 

detected between use and availability of these components, we used simultaneous 

Bonferroni confidence intervals (Byers et al.l984) to identify habitat preferences. We 

also identified preferences by groups of segregated males and females (Neu et al. 1974). 

Habitat features were also compared between areas used by segregated females 

and males, and aggregated mi.xed groups with their respective random plots through 

logistic regression analyses. We first fitted full models consisting of all variables 

(Table I) and systematically eliminated variables with P > 0.10. For these analyses, 

we considered the N'W' aspect as the "standard" or "Yeference" aspect. Similarly, the 

vegetation association O.AH was used as the "standard" vegetation association. Locations 

of animals outside or on escape terrain were also considered as an indicator variable. 

Data were transformed when necessary to meet assumptions of standard parametric 

statistical tests such as homogeneity of variances and normal distribution. 



Analyses pertaining to the comparison of habitat variables between groups of 

male and female bighorn sheep, seasons, and years were conducted through a 3-way 

ANOVA. We were interested if there were differences between sexes, the interaction 

among seasons, sex and the 3-way interaction of year, season, and sex. For these 

analyses, we excluded die data from winter 1998 and mixed groups in summer of botli 

years (because no data were available for winter 1997 nor for mixed groups for the 

other seasons). We also excluded all groups of sheep that were at 0 m from escape 

terrain (66 locations) to comply with statistical parametric tests assumptions and 

compared groups of females with lambs and females without lambs witli t tests. We 

examined data and performed transformations (In and arcsin) to meet assumptions of 

parametric statistical tests. Statistical tests were run with SAS and JMP IN statistical 

packages. 

RESULTS 

Data on habitat use were obtained on 265 plots used by desert bighorn sheep and 

compared with information from 278 random plots. We evaluated 116 plots used by 

groups of females. 105 by groups of males, and 44 by mixed groups. Habitat data were 

collected for 872 sheep where >50% were females and lambs, adult males (29.3%) 

and young (yearlings and subadults) sheep (14.4%) (Table 2). We found most sheep 

(> 65%) in small groups. 20.8% in medium, and 11.3% in large groups. Medium-

sized and large groups were mostly groups of females during winter and spring and 

mixed groups during summer (Table 3). We found most sheep on ridgetops (55%), 



middle slope (33.9%), bajadas (6.0%). and riparian areas (4.9%). 

The NE, SE, SW, and NW included 421, 854, 1,796 and 1,305 ha, respectively. 

Flat, middle-slope, steep, and very steep areas covered 1.786, 1.701, 824. and 65 ha, 

respectively. Low elevational areas covered 2,547 ha. middle-elevational areas 1.601 

while high-elevational areas 228 ha. 

Vegetation associations throughout the study were not used according to their 

availability by all groups of sheep. The ESL was always selected {P < 0.05), while 

FDI was always avoided (P < 0.05) except during winter when it was used in 

proportion to its availability. The vegetation association OAH was always used in 

proportion to its availability (Table 4). 

The NE aspect was selected during winter and the SW aspect was avoided 

during winter and autumn. There was not preference for a particular aspect during 

spring (.\- = 4.63.0.25 <i°<o.io-. .v-oo<, = 7.81) or summer a" = 2.70.0.25 <P<0 50. = 

7 SI) (Table 4). Flat areas were always avoided by bighorns, whereas steep terrain was 

selected by all groups of sheep throughout the study except during winter when was 

avoided. Low-elevational areas were mostly avoided throughout the study. Middle-

elevational areas were preferred during winter and summer, while high-elevational 

areas were preferred in spring and summer (Table 4). However, there were < 5 

observations in some of the categories of vegetation association, aspect, slope, and 

elevation (Table 4). 

Groups of segregated males and females selected ESL. males avoided OAH and 
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FDI and females avoided FDf. The NE was selected by males and females while SW 

aspects were avoided by males. Also females selected steep terrain, bat avoided flat 

areas as did males. Males and females selected high and avoided low elevational areas 

(Table 5). 

Land surface ruggedness was an index important for all groups of sheep (Table 

6). However, the odds of finding females as the ruggedness index increased were higher 

than finding either groups of males or mixed groups. The likelihood of finding sheep as 

visibility at 40 m increased was similar for males and females and had not effect for 

mixed groups (Table 6). The probability of selection of NVV aspects by males was 

higher than for any other aspect and the likelihood of finding females on NW aspects 

was greater than for SVV aspects (odds ratio = 0.320, P < 0.001). The probability of 

finding male and mixed groups on ESL was higher than finding them on OAH. On the 

other hand, the odds of finding female groups on OAH was higher than finding them on 

FDI (Table 6), and the probability of selection for areas of escape terrain by mi.xed 

groups was greater than the probability of selection for areas out side of escape terrain 

(Table 6). 

We found no significant effect for elevation for the year X season (F ,17^ = 

0.59, P = 0.551), year X sex (F,,,7i. = 0.06, P = 0.799), and season X sex interaction 

(F, =0.69, P = 0.499), but there was an effect for elevation for the year X season X 

s e x  i n t e r a c t i o n  ( F ^ . , - „  =  3 . 0 6 .  P =  0 . 0 4 9 )  w h e r e  y e a r  e x p l a i n e d  m o r e  v a r i a t i o n  {F^  

= 35.78, P £ 0.001) followed by season (F, = 13.33. P < O.OOl) (Table 7). For 
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the variable group size, no effect was found for year (F, 170 = 0.07, P = 0.770), season 

I7U = 0.71, P = 0.489) and year X sex interaction = 0.40. P = 0.528): 

however, a significant year X season X sex interaction did occur = 2.67. P = 

0.072) where sex explained most for the variation (F, ,7(, = 35.49, P < 0.001). 

Females formed larger groups than did males (x = 3.4 ± 0.30 versus 1.5 ± 0.09). 

We found a year X season (F,= 8.07, P < 0.001) and season X sex interaction 

(^2.iTu = 2.65, P = 0.002) for ruggedness index where sex contributed more to this 

variation = 11.65, P < 0.001). Females used more rugged areas during autumn 

and spring than did males (Fig. 2). We also found a 3-way interaction for vegetation 

ground cover (F, ,7u = 4.04, P = 0.019) and year explained more of the variation (F, 

= 64.1, P <; 0.001), followed by season (F, = 5.91, P = 0.003) and sex (Fi ,7^ = 

3.63, P = 0.058) (Table 7). 

Of 66 plots that were on escape terrain, 41 (62.1 %) were locations of groups of 

females and 25 (37.1%) were locations of groups of males. In addition, groups of 

females found outside of escape terrain occupied areas closer to escape terrain than did 

groups of males (x = 77.26 ± 7,03 m versus x = 119.86 ± 11.31 m). We found no 

difference between females with lambs and females without lambs on the use of slope; 

however, females with lambs used areas with a higher density of mammillarias than did 

females without lambs (x = 742.5 versus 376,2, P = 0.027). Females formed larger 

groups, occupied more rugged areas, and were closer to escape terrain than were males. 

We identified two lambing areas within our study area (The criadero and Puerto 
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Guero). These areas are high-elevational areas located on escape terrain and are open 

areas tliat offer better fields of views. The criadero area is surrounded by the Serrucho 

Canyon and the Puerto Guero area is located east of Colorado Canyon. Segregated 

females formed larger groups, were closer to escape terrain, and occupied more rugged 

areas during autumn and spring than males, thus supporting the hypothesis that females 

minimize predation by using rugged habitat features. 

DISCUSSIO.N 

Most sheep in Rancho el Plomito were found on ridgetops. Gionfriddo and 

Krausman (1986) also found Mexican bighorn sheep in upper slopes or on ridgetops. It 

has been suggested that bighorn sheep depend on their visual capabilities for detection 

of predators (Geist 1971). Ridgetops can provide locations for maximum fields of view 

(Wakeling and Miller 1990). Field of view for bighorn sheep was better from upper 

slopes than those from lower slopes (i.e., riparian areas and bajadas in our study) 

(Wakeling and Miller 1990). Selection of areas with a high degree of visibility may be 

a result of predator-evasion strategy displayed by bighorn sheep. Predators are visually 

detected, and the presence of danger is communicated among sheep by visual signals 

(Geist 1971). We observed a mountain lion on an area frequently used by sheep and 

another one on a flat area. We also found carcasses of 3 adult females. 2 yearlings and 

2 lambs on escape terrain in a high-elevational area (La Ventana site) where puma scats 

were found nearby. Carcasses of 7 males were found along washes and in caves where 

puma scats were found. Although, we never witnessed an attack of mountain lion on 
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sheep, bighorn sheep in our study area constitute an important food source for mountain 

lions (Octavio Rosas, New Mexico State University, personal communication). 

Males and females generally were sexually segregated from October to June and 

aggregated from July to September. Medium-sized and large groups of sheep were 

mostly of groups of segregated females during winter and spring, and mixed groups 

during summer. Groups of females were larger than groups of males. In California, 

mixed groups were larger than groups of females and males (Bleich et al. 1997). 

Bighorn sheep foraging in larger groups can use less secure areas (Risenhoover and 

Bailey 1985, Warrick and Krausman 1987. Etchberger 1993) because the likelihood of 

detecting predators increases as group size increases (Berger 1978, Risenhoover and 

Bailey 1985). 

Vegetation associations were not used according to their availability, ESL was 

preferred and FDI was avoided by all groups of sheep. The ESL may have provided 

bighorn sheep with green forage throughout the study (Appendix C). Elephant tree was 

the only plant that provides green forage all year-long to bighorns, even during the hottest 

and driest time of the year and was a common plant within ESL. Limber bush was also 

found within this vegetation association and constitutes an important food source for 

lambs during the spring. The FDI vegetation association occurs mainly along riparian 

areas where only 5 % of the locations of sheep were recorded. In contrast, ESL and 0.AJ4 

are located at higher elevations on areas that may provide sheep with higher fields of 

visibility (W^akeling and Miller 1990) and locations closer to escape terrain. 



Preferences for steep, middle and high elevational areas by sheep indicate a 

predator avoidance strategy displayed by bighorns. Sheep on these areas were closer to 

escape terrain and consequently safer especially on northeast facing areas. The NE aspects 

could also have provided shade for bighorns (Merrit 1974) or other ways that allow 

bighorns to cope with desert conditions. 

Land surface ruggedness index and visibility at 40 m were important features for 

segregated males and females (i.e., odds ratio > 1). However, groups of females were 

more likely to be found on more rugged areas than groups of males and mixed groups. 

On the other hand, vegetation ground cover and visibility at 40 m were more important 

for males while ruggedness index and being on escape terrain were important features 

for mixed groups. All groups of sheep use habitat features that provide security. 

However, we found females forming larger groups, being closer to escape terrain, and 

occupying more rugged areas than males. Gionfriddo and Krausman (1986) also found 

that males and mixed groups preferred less rugged terrain than female-juvenile groups. 

In contrast, groups with lambs selected steeper and lower areas than did groups without 

lambs. Bleich et al. (1997) also report that females groups with lambs occurred on 

steeper slopes and in more rugged and open areas during segregation. Female-juvenile 

groups were found more frequently on more rugged terrain compared with groups of 

males (Geist and Petocz 1977. Lenarz 1979). However, we found no differences on the 

use of slope between females with and without lambs {P = 0.17). Geist and Petocz 

(1977) found that although male and female bighorn sheep may occupy a continuous 
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range of habitat, they selected particular areas: males for open slopes and females for 

cliffs. Etchberger (1993) noticed that females use the same lambing area repeatedly and 

were on steeper and more rugged terrain than at random sites. Berner (1992) also 

found females using areas of higher elevations with abundant escape cover, while males 

used bajadas and lower slopes. Haas (1980) documented tliat all observations of 

bighorns on ridgetops were within 100 m of escape terrain. In Pusch Ridge Wilderness. 

Arizona, bighorn sheep were mostly seen in areas < 50 m from escape terrain. In 

addition. Sandoval (1979) reported that 76% of all desert bighorn sheep observed in 

New Me.xico were within 100 m of escape terrain. Most bighorn sheep in Colorado 

were found within 240 m of cliffs and rocky outcrops were used as escape terrain 

(McCollough 1982). Lactating female nubian ibexes (Capra ibex nubiana) with young 

used areas closer to escape terrain to minimize predation. the contrary occurred with 

females alone that foraged on areas outside escape terrain and in smaller groups 

(Kohlmann et al. 1996). In Sonora. groups of females occupied areas closer to escape 

terrain than did males. Haas (1980) also reports that steep terrain was selected by 

females during lambing. Bighorns selected the upper portion of slopes (61%) in all 

seasons. Fairbanks et al. (1987) state that visibility is important to bighorn sheep; 

however, being in the proximity of escape terrain is more important. We found no 

difference for visibility at 20 or 40 m between groups of males and females, but 

visibility at 40 m for males and females was important when compared to visibility at 

random locations. 
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Bleich et al. (1997) also found females closer to permanent water sources 

compared with mature males. In our study area, females with lambs used areas with 

higher density of mammillarias than females without lambs. Mammillarias could have 

been a source of water for sheep. Also greater consumption of succulents occurred 

(Appendix C) during the peak of lambing (end of March to early spring, April) when 

lactating females also require more water and energy (Sadlier 1969). 

Altliough females and males in Rancho el Plomito used a continuous range, 

selection did occur for particular habitat features such as northwestern aspects by males 

and females, and ESL vegetation association by groups of males and mixed groups. 

Segregated females used OAH. formed larger groups, were closer to escape terrain, and 

occupied more rugged areas during autumn and spring than males. Our results support 

the findings by Bleich et al. (1997). Females selected areas that provide more predator 

avoidance opportunities and areas that maximize security to their offspring. In 

California, males were found on areas where forage was more abundant (Bleich et al. 

1997). In Sonora, selection for areas of higher vegetative ground cover appears to be 

more important than selection for rugged areas by males. Our results agreed with the 

studies of Bleich et al. (1997), and Main and Coblentz (1990). Sexual segregation 

exhibited by desert bighorn sheep in Rancho el Plomito could have been a response of 

different energetic and reproductive strategies of males and females where females tend 

to optimize conditions suitable for rearing offspring and males maximize body 

condition. Furthermore, Bleich et al. (1997) pointed out that the way food and risk of 
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predation are arranged in tiie environment may affect tlie way males and females use the 

range as well as which sex moves to produce spatial separation. Our data indicated that 

males and females seek areas that provide better opportunities to evade predators: 

however, females selected safer areas. 

MANAGEMENT IMPLICATIONS 

The understanding of habitat selection by groups of segregated male and female 

desert bighorn sheep will complement the management tools available to managers of 

desert bighorn sheep in Me.xico. We noticed preferences for specific habitat features by 

segregated males and females. Habitat selection at this scale is important when habitat 

improvement and conservation programs are to be implemented. The presence of small 

(< 100) bighorn sheep populations over >80% of their range in Sonora suggests that 

intense management efforts are necessary. Because sheep are slow colonists, managers 

need to focus their efforts on the conservation of traditional habitats (Bleich et al. 

1990). Habitat use by segregated males and females in Rancho el Plomito, Sonora, 

Mexico provided basic information of wild sheep in Sonora and data upon which to base 

management programs such as habitat improvement and protection of key lambing areas 

in the Sierra el Viejo. 
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Table 1. Factors examined to assess relationships between locations of males, females, 

and mixed groups of bighorn sheep in relation to random locations, in Rancho el Plomito, 

Sonora, Mexico, 1997-1998. 

Factor 

Slope (%) 

Elevation (m) 

Visibility at 20 m (%) 

Visibility at 40 m (%) 

Escape terrain (on or out)"* 

Agave density (No./ha) 

Mammillaria density (No./ha) 

Thermal cover (No./ha) 

Ruagedness index 

Vegetative ground cover (%) 

NE aspect" 

SE aspect"* 

SW aspect" 

NW aspect" 

ESL vegetation association" 

FDI vegetation association" 

OAH vegetation association" 

' Factor analyzed as an indicator variable. 
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Table 2. Number of bighorn sheep observed by seasons in Rancho el Plomito, Sonera, 

Mexico, 1997-1998 

Season Females Lambs Young Adult males 

Winter 42 29 13 65 

Spring 119 56 57 63 

Summer 100 31 26 63 

Autumn 87 27 30 64 

Observations 348 143 126 255 
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Table 3. Number of observations of group sizes of desert bighorn sheep in Rancho el 

Plomito, Sonora. Mexico, 1997-1998. 

G r o u p  S i z e  

Season Group Small (1-3) Medium (4-6) Large (>6) 

Winter M 13 6 I 

F 5 12 2 

Spring M 35 2 0 

F 19 9 10 

Mixed 9 1 3 

Summer M 17 0 0 

F 24 1 1 

Mixed 2 14 6 

Autumn M 27 2 2 

F 29 2 2 

Mixed 0 6 J 
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Table 4 Use versus availabilitv" of vegetation associations, aspect, slope, and elevation used by desert 

bighorn sheep in Rancho el Plomito, Sonora Mexico, 1997-1998. 

Vanable Size of 
area 
(ha; 

E.xpected Observed 
use use 

(Ei=npj (o,) 

E.xpected 
proportion 

of usage 

(PJ 

.Actual 
proportion 

of usage 

BoiUerroni intervals 
forp,(=' = 0.05) 

Winter (A" = 6.39. 0.025 < P <  0.05-.. Q05.: 5.99) 

ESL' 2.144 19.11 27 0.490 0.692 0.515 i P, s 0.869»> 

OAH 1,094 9.75 6 0.250 0.154 0.015 ; P, c 0.292 

FDI 1.138 10.14 6 0.260 0.154 0.015 £ P, £ 0.292 

Spnng (A' '= 17.9, jP<O.OOr.A-(3o..: = = 5.99) 

ESL 2,144 38.71 57 0.490 0.722 0.601 - P, c 0.280''> 

OAH 1,094 19 75 14 0.250 0.177 0.074 i P, i 0.280 

FDI 1,138 20.54 8 0.260 0.101 0.020 £ P, - 0.183»< 

Summer (A" = 30. 5, P<O.OOI,A-oo!.; = 5.99) 

ESL 2,144 35.28 58 0.490 0.806 0.694 c P, £ 0.917*> 

O.AH 1,094 18.00 11 0.250 0.153 0.051 c P, <: 0.254 

FDI 1,138 18.72 3 0.260 0.042 0.000" - P, £ 0.098*< 

Autumn r=15.6, Z' < 0.001. A"o05.: = 5.99) 

ESL 2,144 36.75 50 0.490 0.667 0.536 c  P ,  c  0.797* > 

O.AH 1,094 18.75 20 0.250 0.267 0.144 £ P, r; 0.389 

FDI 1,138 19.50 5 0.260 0.067 0.000" £ P, - 0.136*< 

Aspect 

Winter (A* = 22.6. P <0.001. .roo5..< = = 7.8b 

N E '  421 3.75 12 0.10 0.308 0.123 i P, £ 0 492*> 

SE 854 7 61 6 0.20 0.154 0.009 £ P; £ 0 298 

SW 1.796 160 S 0.41 0.205 0.043 •. P, •: 0.367»< 

N'W 1.305 I 1.63 13 0 30 0.333 0.145 £ P, 0 522 

Spnng(A" = 4.63. 0.05 <P <0.10: .V- 0 05. ' ~ ' • «1) 

NTE 421 7.59 12 0.10 0.152 



Table 4. Continued. 

Variable Size of 
area (ha) 

Expected 
use 

( E i = n p J  

Observed 
use 

i o j  

E.xpected 
proportion 

of usage 

( P J  

Actual 
proportion 

of usage 
( p , . o , n )  

Bonterroni mterv^als 
for p, O = 0.05) 

SE 854 15.42 19 0.20 0 241 

SVV 1.796 32.42 29 0 41 0.367 

NW 1,305 23 56 19 0 30 0.241 

Summer (A'^ = 2.70. 0.25 < P < 0 . 5 Q  • 0 0!. .' ~ 7.81) 

NE 421 6.92 10 0.10 0.139 

SE 854 14.06 17 0.20 0.236 

SW 1.796 29.54 26 0.41 0.361 

MW 1,305 21 48 19 0.30 0 264 

•Autumn (.\^= 14.09. .0.001 <f <0.005: A'-,o,. ., = 7.81) 

N E  421 7 21 13 0.10 0.173 0.064 P. c 0 283 

SE 854 14 64 17 0.20 0.227 0.106 ; P; £ 0.348 

SW 1,796 30.78 16 0 4 1  0.213 0.095 •_ P, i 0.332*< 

N'W 1,305 22.37 29 0.30 0.387 0 246 < P, i 0.527 

Slope 

Winter (A* = 2S,S2. P  <  0.001. , = 7.81) 

Flat ai'eas 1.786 15 92 6 0.41 0.154 0.009-.: P, -J 0.298*< 

Middle-
slope areas 1,701 15.16 12 0.39 0.308 0.123 i P; £ 0.492 

Steep areas 824 7.35 19 0.19 0.487 0.287 •: P, s 0.687 

Ver\' steep 
areas 65 0.58 2 0.01 0.051 0 000" P, i 0.140 

Spnnu( X '  ' = 4 4  8 2 .  P <  0 . 0 0 1 :  =  7 8 1 )  

Flat areas 1 ."86 32.24 10 0 41 0,12" 0.033 P, L 0 220''< 

.Middle-
slope areas 1.701 30.7(J 37 0 39 0.4(5S 0.328 - P. •- 0 609 

Steep areas 824 14.88 26 0.19 0 329 0.197 P, •: 0 461'-> 
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Table 4. Continued. 

Vanable Size of Expected Observed Expected Actual 
area (ha) use use proportion proportion 

(.E/=np,„j (oj ofusage ofusage 
< P , o )  ( p , . o , n )  

Very' steep 
areas 65 1.17 6 0.01 

Summer ( X '  = 83.92, P  <  0 001. A'*;;55 , = 7.S 1) 

Flatarea^s 1,786 29 39 6 0.41 

Bonlerroru interv als 
for p, I® = 0.05,1 

0.076 0.001 ̂  P,0.150 

0.083 0.002 •- P,-J 0.165'< 

Middle-
slope areas 

Steep areas 

Ver\' steep 
areas 

1,701 

824 

27.98 

13.56 

2 1  

41 

65 1.07 4 

Autumn Q" = 55.35, P  <  0.001, = 7.S 1) 

Flat areas 1,786 30.61 6 

Middle-
slope areas 

Steep areas 

Ver>' steep 
areas 

1,701 

824 

29.15 

14.13 

31 

34 

0.39 

0.19 

0  01  

0.41 

0.39 

0,19 

65 1.1 I 4 0.01 

Elevation 

Winter (A-= 10.50, 0.005 < P <0.01, ; = 5.99) 

LEA" 

IV!E,A 

HEA 

2,547 

1,601 

228 

22.70 

14.27 

2.03 

14 

24 

1 

Spnng(A'= 22l.93,P<0.001-.A-oo5,: =5.99) 

LEA 2,547 45 98 16 

.ME.A 1.601 28.90 30 

t-IEA 228 4.12 33 

Sunimer i,X"=42.68. P <0.001. .X"=5.99) 

L E A  2 . 5 4 7  4 1 9 0  2 1  

0.58 

0.37 

0.05 

0.58 

0.37 

0 05 

0.58 

0.292 0 158 •-P. I 0.426 

0.569 0.424 ; P, - 0,715*> 

0.056 0.000" i P, i 0.123 

0.080 0.002 - Pi < 0.158*< 

0.413 0.271-. P. c 0 555 

0.453 0 310 •- P, - 0.597»> 

0.053 O.OOO" •_ P, n 0 118 

0.359 0.175 i P, 0.543»< 

0.615 0.429 - P; •_ 0 802''> 

0.026 0.000" ; P, -j 0.086 

0.020 0.094-_ P, 0.31 !*< 

0.380 0 249 •, P, •. 0 51 1 

0 418 0.285 •_ P., 0 551*> 

0.292 0 l63-_ P. •- 0 420*< 
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Table 4. Continued. 

Vanable Size of 
area 
(ha> 

E.xpected 
use 

{ E i = n p J  

Observed 
use 
(o,) 

Expected 
proportion 

of usage 

•Actual 
proportion 

of usage 

Bonlerrom mtervals 
for p.c = 0.05") 

MEA 1,601 26.34 37 0.37 0.514 0.373 0 655*> 

HEA 22S 3.76 14 0.05 0.194 0.083 c P, -J 0.306»> 

.A.utumn (.\^= 13. 55, 0.001 <P<0.005: = 5 99) 

LEA 2.547 43.65 30 0.5S 0.400 0.265 ; P, £ 0.535 

ME.A 1.601 27.44 36 0.37 0.480 0.342< P, < 0.618 

HEA 228 3.91 9 0.05 0.120 0.030 ; P, £ 0.210 

*ESL = elephant tree-salvia-limber bush, OAH = ocotillo- desert agave-hop bush. ETDI = foothill palo 

verde-desert ironwood. 

'' negative value was replaced with 0 000. 

'NE = northeast aspect. SE = southeast aspect. SW = southwest aspect, NW = northwest aspect. 

''LEA = low-elevational areas, MEA = middIe-ele\ational areas, HEA = high-elevational areas, 

o, number of male, female, and mi.\cd groups. 

*> category that was used more than expected by chance. 

*< categorv" that was used less tlian expected by chance. 
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Table 5. Use versus availabilit}' of vegetation associations, aspect, slope, and elevation osed by groups of 

segregated male and female desert bighorn sheep in Rancho el Plomito, Sonora Mexico, 1997-1998. 

Vegetation 
association 

Size of 
area (.ha) 

Expected 
use 

{ E i = n p J  

Observed 
use 
(oj 

E.xpected 
proportion 

of u.sage 

( P J  

Actual 
proponion 

of usage 
' < P , ' 0 / n )  

Bonlerrom intervals 
forpS" ~ 0.05) 

Males i,A'' • = 1 4  1 8 ,  P  < 0 . 0 0 1 . .  ; = 5.99 

ESL' 2.144 41.65 59 0 490 0.694 0.574 c P, £ 0.814-> 

0 . \ H  1.094 21.25 13 0.250 0.153 0.059 •_ E', £ 0.246*< 

FDI 1.138 22.10 13 0.260 0.153 0.048 ?, £ 0.207*< 

Females (A'-= 19.22. ,  P < 0  0 0 1 . A ^ o o m  = 5 . 9 9  

ESL 2.144 45.57 61 0.490 0.656 0.538 c P, £ 0.774*> 

OAH 1.094 23.25 26 0.250 0.280 0.168 < P; £ 0.391 

FDI 1.138 24.18 6 0.260 0.065 0.004 < P, £ 0.126»< 

Males (A- = 11.29, 0 01 < P  < 0 . 0 2 5  ' 0 0*. ' .81) 

NE^ 421 8.17 14 0.10 0.165 0.064 •_ P, £ 0.265''> 

SB 854 16.6 19 0.20 0.224 0.1 1 1 < P- £ 0.336 

SW 1.796 34 88 21 0.41 0.247 0.130 ; P, £ 0.364*< 

NW 1.305 25.35 31 0.30 0.365 0.234 £ P. £ 0 495 

Females (A'^= 16.41. P < 0 . 0 0 h  ,  = 7 . 8 1 )  

ME 4 2 1  8 94 20 0.10 0.215 0 109 c P, £ 0.322*> 

SE 854 18.16 18 0.20 0.194 0.091 < P- £ 0.296 

SW 1,796 38.16 28 0.41 0.301 0.182 P, £ 0.420 

NW 1.305 27.74 27 0.30 0.290 0.173 •- P, £ 0.408 

Vlales (A^ = 42.67,/'< 0.001. .V-'oo., •, = 7.81) 

Flat areas 1.786 34.o9 16 0.41 0.188 0.082 £ P. £ 0.294*< 

.Middle-
slope areas 1.701 3304 36 0.39 0.424 0 290 u P. 0.558 

Steep areas 824 lb 0! 26 0.19 0 306 0 181 •: P-, •_ 0.431 
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Tabic 5. Corviinued. 

Vegetation Size of E.xpected Observed E.xpected Actual Bonlerroni intervals 
association area (ha) use use proportion proportion for p , ( = '  = •  0.05) 

( E i = n p J  ofusage of usage 

i P , - O r  n )  

V'cr>' steep 
aieas 65 1.26 7 0.01 0.082 0.008 •: P, •: 0 157 

Females = 79.54, F  <  0.001; ~ 7.81) 

Flat areas 1.786 37.96 6 0.41 0.065 0,001 - P,-. 0 12S*< 

Middle-
slope areas 1,701 36.14 37 0.39 0.398 0,271 J P, c 0 525 

Steep areas 824 17 52 45 0.19 0,484 0,354 - P, - 0 613*> 

Verv' steep 
areas 65 1.38 5 0.01 0.054 0.000" •_ P, •_ 0.112 

Males (A" = 38.31, P< 0.001; o a ^ :  = 5 - 9 9 )  

LE.A^ 2,547 49.47 28 0.58 0.329 0.207i P, < 0.452"'< 

MEA 1.601 3 1 . 1 0  42 0.37 0 494 0.364 - P, -J 0 624 

HEA 228 4.43 15 0.05 0.176 0.077 c P, - 0.276*> 

Females (.\*= 100. 1 5 . P < 0 . 0 0 1 .  = 5 - 9 9 )  

LEA 2,547 5 4 . 1 2  26 0.58 0.280 0 168 c P, - 0 391*< 

ME.A 1.601 34.02 42 0.37 0.452 0.328 P, - 0,575 

HE.A 228 4.85 25 0.05 0 269 0,159 - P, 0 379*> 

•"ESL = elephant iree-salvia-limber bu-sh. OAH = ocDtillo- desert agave-hop bush, FDl = tbothill palo 

verde-desert ironu ood. 

'• negative value was replaced vvitli 0.000 

•"NE = nortlieast aspect. SE = southeast aspecL SW = soutlivvest aspect. NW = northwest aspect. 

•^LEA = low-elevational areas. .ME.A. = middle-elevational areas. HE.A. = high-elevational areas. 

o . number of male, female, and mixed groups 

*> categoiA- that wa.s used more than expected by chance. 

*< category' that was u.scd less ihaii expcctcd by chance 
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Table 6. Factors tliat distinguished (^P < 0.10) between locations of groups ofsegregated males and 

females, and mixed groups relative to random locations. Results are trom 3 logistic regression models'" 

Factor Odds'* A"^ P  

ratio 

Males (A- =61.5. d / =  l . P  <  0.00 \ . n  =  283)" 

Vegetation ground cover (%) 40.32 14.50 0.001 

Ruggedness index 26.37 19 99 <0.001 

Visibility at 40 m (%) 4.40 3.57 0.059 

ESL \egetation association 1.88 4.18 0.041 

SE vs NW aspect 0.3899 5.35 0.021 

NE vs N'W a.spect 0.2916 5 95 0,015 

SW vs NW aspect 0.1922 19.21 <0.001 

Females (A'" = 144.25. d f =  4. P < 0,001. /i = 291)" 

Ruggedness index 4.464 27 67 95 <0.001 

Visibility at 40 m 4.41 3.41 0.065 

SW vs NW aspect 0,320 11 34 0.001 

FDI vegetation association 0.20S S.Ol 0.005 

Mi.xed (A"= 24,38. d f =  3, P <0,001. /i = 109)" 

Ruggedness inde.x 141.05 10.81 0.001 

ESL vegetation association 3.03 3,76 0.052 

On escape terrain vs out of escape terrain 2.91 4 66 0.031 

'Odds ratio > I indicates tliat the increase of a given factor by 1 unit, when all other factors are hold 

constant, increases the likelihood of tinding a given sheep group by tJie odds ratio, odds ratio < 1 

indicates tiie opposite etiect. 



Table 7, Means and .standard errors (original data) for the ycar.v season .V sex interaction for ground cover (%), elevation (ni), 

and group size, Ranclio el Ploniito, Sonora Mexico, 1997-1998, 

Vegetative ground cover (%) Ivlevation (ni) Group size 

Year Season Sex x sn x SK x sn 

1997 Autumn 1< M.2 1,4 679,7 2 1 7  2.9 0.5 

1997 Autunui M 12.0 1,4 655,7 27,0 1.4 0.2 

1997 Spring I- 22,0 2,2 854.7 17.7 5.2 0.9 

1997 Spring M 20,6 2,3 743,4 3 1 9  17 0 2 

1997 Summer F 10 8 1,3 687.9 3 1.9 1.8 0 3 

1997 Summer M 15.7 2,2 734.2 36.5 1.6 0.4 

1998 Autumn I- 20,8 2,9 597.4 36.0 2.7 0.4 

1998 Autumn M 31,1 3,3 5 1 1 4  37 8 1.8 0.2 

1998 Spring r 24,5 2,5 645.9 35.0 4.4 0.7 

1998 Spring M 31.5 2,3 655.3 24.3 1.4 0 2 

1998 Summer r 30,0 2,5 635.0 56 6 2.0 0.4 

1998 Summer M 28,3 4,0 592 0 36.5 1.0 0.0 

CX> 
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List of Figures 

Figure I. Rancho el Plomito in Sierra el Viejo, 70 km south of Caborca. northwestern 

Sonora, Mexico. The mountain range contained 9 major canyons: A, El Serrucho; B. 

El Recodo; C, El Coliseo; D, El Solitario; E, San Francisco, F, Puerto la Cueva: G. El 

Colorado; H. El Muro. and I, Dos Minas. 

Figure 2. Means and standard errors of the interaction season X sex for the variable 

land surface ruggedness in Rancho el Plomito, Sonora, Mexico (F, = 6.42. P = 

0.0021). 
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APPENDIX C: Desert Bighorn Sheep Diets in Northwestern Sonora, Mexico. 
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1 Abstract 

2 We used micro histological analyses of fresh fecal pellets to determine diets of 

3 desert bighorn sheep {Ovis canadensis mexicana Merriam 1901) in northwestern 

4 Sonora, Mexico from April 1997 to December 1998. We identified 41 plant species 

5 (22 browse, 10 forbs, 5 grasses, and 4 succulents) in diets of bighorns. For both 

6 sexes the diet included: browse (45.7%), forbs (32.0%), succulents (17.8%), and 

7 grasses (4.5%). The consumption of succulents was higher during spring, decreased 

8 during summer, increased in autumn, and decreased in winter. Consumption of forbs 

9 was higher during winter and summer. We found no differences between diets of 

10 males and females for season, and diet diversity between sexes was similar (P > 

11 0.05). Male and female bighorn sheep shared plants and consumed them in similar 

12 proportions. Common shared plants were those that contributed more to the diets 

13 throughout die study: globemallow {SphaeraLceae spp.), desert agaves {Agave spp.), 

14 range ratany {Krameria panifoLia Benth.), buck-wheatbrush {Eriogonum spp.), 

15 foothill pale verde {Cercidium microphyllum [Torrey] Rose & Johnst.). Engelmann 

16 prickly pear {Opuntia engelmanii Salm-Dyck), desert ironwood {OLneya tesota A. 

17 Gray), and elephant tree (Bursera microphyLla A. Gray). Sexual segregation exhibited 

18 by desert bighorn sheep in Rancho el Plomito, Sonora, Mexico was not due to forage 

19 selection. These data will support management and conservation practices for bighorn 

20 populations in Mexico by assisting in the identification of translocation sites. 
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1 Introduction 

2 Bighorn sheep in Mexico have steadily declined since 1900 (Villa 1959) and are 

3 now confined to scattered populations. Consequently, the desert bighorn sheep in 

4 Mexico is included in appendix II of CITES (i.e.. vulnerable) (Valdez 1997). Several 

5 autliors have reported potential causes of population declines of desert bighorn sheep 

6 in Mexico (Leopold 1959, Villa 1959, Cossio 1975, Araujo 1976, Mendoza 1976, 

7 Jaramillo-Monroy and Castellanos-Vera 1992, Mellink 1993), but few have addressed 

8 the research needed to better understand and manage bighorn sheep in Mexico 

9 (Krausman et al. 1997, Tarango and Krausman 1997, Andrew et al. 1999). Tarango 

10 and Krausman (1997) emphasized habitat selection as a fundamental research topic for 

11 the species in Mexico. Diet composition studies for Mexican bighorn sheep have been 

12 conducted in New Mexico (Sandoval 1979, Watts 1979, Elenowitz 1983) and Arizona 

13 (Smith and Krausman 1987, Dodd and Brady 1988, Alderman et al. 1989, Krausman 

14 et al. 1989, Miller and Gaud 1989, Warrick and Krausman 1989. Holt et al. 1992, 

15 Mazaikaetal. 1992, Etchberger 1993). These studies have provided important 

16 information for managing Mexican bighorn populations in the United States. In 

17 contrast, in Mexico, the only formal study of diet composition was for Weem's (O. c. 

18 weemsi Goldman 1937) and peninsular bighorn sheep {O.c. cremnobates Elliot 1904) 

19 (Sanchez 1976). No data on diet composition exist for Mexican bighorn sheep (O.c. 

20 mexicana Merriam 1901) of northwestern Sonora, Mexico. Attempts to repopulate 

21 areas where bighorns have been extirpated in Sonora, and Baja California Sur tlirough 
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1 sheep translocations have recently been conducted by private organizations and the 

2 Mexican government. In 1994, the National Association of Diversified Ranchers 

3 (ANGADI) captured sheep in Sonora and released them into enclosures where sheep 

4 are fed and protected from predators (Valdez 1997, Tarango et al. 1998). 

5 Organizacion Vida Silvestre (OVIS, A.C.), the Mexican government, and land tenants 

6 captured sheep in Baja California Sur and introduced them to El Carmen Island 

7 (Jimenez et al. 1996, 1997). The goal of these programs is to repopulate areas where 

8 sheep have been extirpated. In the process of identifying potential release sites, 

9 studies of diet composition will provide managers with information that might be 

10 essential for successful translocation programs. 

11 To provide desert bighorn sheep populations in Mexico with long-term survival 

12 opportunities, wildlife managers need to go beyond traditional managment practices 

13 and obtain a specific understanding of causes of sexual segregation in desert bighorn 

14 sheep. Sexual segregation in polygynous ungulates occurs when males and females are 

15 separated during the nonbreeding season and large males and females stay on separate 

16 wintering areas (Geist 1971, McCollough 1979). Several hypotheses have been 

17 presented to explain sexual segregation in ungulates (Main and Coblentz 1990, Main 

18 et al. 1996, Bleich et al. 1997). The reproductive-strategy hypothesis predicts tliat 

19 males use areas that have more nutritious resources during all seasons, except during 

20 rut (Main et al. 1996). In contrast females use areas with more predictable sources of 

21 food and water during parturition and lactation, and areas that increase security to 
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1 offspring when they are more vulnerable to predation. The sexual-dimorphism body 

2 size hypothesis predicts that males having larger bodies meet their nutritional 

3 requirements by foraging on areas of low quality; in contrast, females obtain high-

4 quality forages during gestation and lactation. 

5 The objectives of our study were to 1) identify composition of diets of Mexican 

6 bighorn sheep in northwestern Sonora, Mexico and 2) compare diet composition 

7 between sexes and among seasons. During autumn, winter, and spring (i.e., period of 

8 gestation, parturition, and lactation), male and female desert bighorn sheep were 

9 mostly segregated. We tested the hypothesis that male desert bighorn sheep select a 

10 different diet containing forage higher in crude protein relative to females. 

11 Materials and Methods 

12 This study was conducted in Rancho el Plomito located in the southern portion 

13 of Sierra el Viejo about 70 km south of Caborca, northwestern Sonora, Mexico (30" 

14 12' and 30" 20' N, 112" 18' and 112" 22' W) (Secretaria de Programacion y 

15 Presupuesto 1980) (Fig. 1). The ranch privately owned includes 3,576 ha of flat and 

16 4.376 ha of mountainous terrain. Rancho el Plomito contains 9 major canyons (i.e., 

17 El Serrucho, El Recodo. El Solitario. El Coliseo, San Francisco. La Cueva, El 

18 Colorado, El Muro, and Dos Minas) and is bordered by private ranches (Fig. 1). 

19 There are 2 artificial water tanks (capacity 10,000 L each) on the ranch and 13 smaller 

20 water sources strategically distributed within the ranch to provide water for wildlife. 

21 There are also natural water catchments that have been improved for water collection. 
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1 Livestock have been excluded from the ranch since 1994. The ranch is used 

2 exclusively for the conservation and management of native wildlife. 

3 The study area was selected because of the presence of an indigenous population 

4 of Mexican bighorn sheep (yV = 300). which is the largest bighorn sheep population 

5 on tlie mainland of Sonora (Lee and Lopez-Saavedra 1993,1994). 

6 Rancho el Plomito is located in the Sonoran Desert where the terrain is rugged. 

7 rocky, and often interspersed by canyons and washes (Hansen 1980). The area is 

8 Sonoran desertscrub within the subdivision of the Lower Colorado River Valley 

9 (Brown 1994). This is the largest and most arid subdivision of the Sonoran Desert 

10 (Brown 1994). 

1 1 Elevations ranged from 300 on flat areas to 1,050 m (Secretan'a de 

12 Programacion y Presupuesto 1980). The mean daily temperature at 0800 for 1997 and 

13 1998 was 26.2 "C and 22.8 "C. respectively. The lowest mean minimum temperature 

14 for both years occurred in autumn (October-December) (i.e., 12.5 °C in 1997 and 7.8 

15 "C in 1998), while the highest mean maximum temperature occurred in summer (July-

16 September) (i.e., 41.0 "C in 1997 and 41.1 °C in 1998). The annual precipitation for 

17 1997 and 1998 was 227.2 and 148.7 m.m, respectively and it rained more during 

18 summer in both years (i.e., 169.6 mm in 1997 and 110.0 mm in 1998). 

19 Seasons for the study area were determined from bimodal precipitation and 

20 temperature regimes (Holt et al. 1992). Seasons were; cold-wet (January-March), 

21 hot-dry (April-June), hot-wet (July-September), and cold-dry (October-December). 
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1 However, for convenience, we named the seasons as winter, spring, summer, and 

2 autumn, respectively. 

3 Common plants include foothill palo verde {Cercidium microphyllum [Torr.] 

4 Rose & Johnst.), desert ironwood {Olneya tesota A. Gray), honey mesquite {Prosopis 

5 glandulosa [Torrey] Cockerell). saguaro {Carnegia gigantea [Engelman] Briton & 

6 Rose ), opuntias {Opuntia spp.), jojoba {Simmondsia chinensis [Link] Schneid.), and 

7 yucca (y/fcca Torrey) (Hansen 1980, Hernandez 1998). Co-dominant plants 

8 include creosote bush {Larrea tridentata [Moc. 8c. Sesse] Cov.), white-thorn {Acacia 

9 constricta Benth.), brittle bush (Encelia farinosa A. Gray), Ocotillo (Fouquieria 

10 splendens Engelm.), desert agaves (Agave zebra Gentry and A. pelona Gentry ) 

11 (Gentry 1972), and elephant tree {Bursera microphyUa A. Gray) (Hernandez 1998). 

12 Grasses in diis area include grama {Bouteloa spp.), galleta {Hilaria rigida Thurb) and 

13 sacaton {Sporobolus spp.) (Hansen 1980). 

14 We identified 3 vegetation associations within the study area based on field 

15 reconnaissance and following Hernandez (1998). The elephant tree-salvia {Salvia 

16 mellifera)-\\mb&r bush {Jatropha cuneata Wiggins & Rollins) association (ESL) 

17 (2,144 ha) occurs in foothills and mountains on steep slopes. Other plants found 

IS within this association are ocotillo, brittle bush, opuntias, Mexican jumping bean 

19 (Sapium biloculare Wats;, desert lavender (Hyptis emoryi Torr.j, mammillarias 

20 {Mammillaria spp), hibiscus {Hibiscus denudatus Benth), agaves, and foothill palo 

21 verde. The foothill palo verde-desert ironwood association (FDI) (1,138 ha) is 



90 

1 commonly found along bajadas and riparian areas (arroyos and washes) and is 

2 accompanied with coursetia (Coursetia glandulosa Grayj. white-thorn acacia (Accacia 

3 greggii A. Gray), brittle bush, garabatillo {Mimosa laxiflora Benth), limber bush, 

4 salvia, wolfberry (Lycium californicum Nutt.), range ratany {Krameria parvifolia 

5 BenthJ. and helianthus (Helianthus spp.). The ocotillo-desert agave-hop bush 

6 (Dodonoea viscosa JacqJ vegetation association (OAH) (1,094 ha) occurs at high 

7 elevations and is commonly found along ridgetops with scattered foothill palo verde 

8 and desert ironwood trees. We followed Kearney and Peebles (1942), Britton and 

9 Rose (1963), Lehr (1978), and Gentry (1982) for plant nomenclature. 

10 Larger mammals present in the area other than bighorn sheep include Coues' 

11 white-tailed deer {Odocoileus virginianus couesi Zimmerman, 1780), desert mule deer 

12 {Odocoileus hemionus eremicus Rafinesque, 1817), collared peccary {Pecari tajacu 

13 Linnaeus, 1758), mountain lion (P«ma conco/or Linnaeus, 1771), coyote {Canis 

14 tatrans Say, 1823), bobcat (Lyntx riifus Schreber. 1777). jackrabbit {Lepus spp.). 

15 cottontail rabbit (Sylvilagus audobonii Baird, 1858), raccoons {Procyon Lotor 

16 Linnaeus, 1758 ), and kit fox (Vulpes macrolis Merriam, 1888). We followed Wilson 

17 and Reeder (1993) for animal nomenclature. 

18 We determined diets of desert bighorn sheep based on fecal pellets collected 

19 each season from April 1997 to December 1998. We systematically traveled the area 

20 on foot across washes, ridgetops and cliffs and observed sheep with a pair of 10 x 50 

21 binoculars and a 30x16 spotting scope. Sheep were aged and sexed by size and horn 
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1 development (Geist 1968, 1971). 

2 We collected fresh fecal pellets from male and female bighorn sheep within 24 

3 hours of deposition; most pellets were collected within 2 hours following deposition. 

4 We avoided disturbing the animals. We collected 10-18 samples of > 40 pellets for 

5 each sex/season. After fecal samples were collected, they were air dried and stored in 

6 paper bags until analyses at the Fecal Analyses Laboratory of the University of 

7 Arizona. Diets of desert bighorn sheep were analyzed through micro histological 

8 examination of fecal samples (using epidermal or cuticulcir characteristics) (Sparks and 

9 Malecheck 1968). Although some disadvantages related to differential digestibility of 

10 forage plants has been reported in the use of this technique (Fitzgerald and 

i 1 Waddington 1979, Holechek et. al. 1982. Gill et ai. 1983, Smith and Krausman 

12 1987), we assumed that the bias equally affected composition of diets of males and 

13 females. 

14 We randomly prepared a composite sample from fecal-pellet samples per 

15 sex/season (Holechek and Vavra 1981). Ten slides were prepared and 20 fields were 

16 read from each slide (200 fields/season). Frequency for each plant species were 

17 recorded and converted to relative density following Fracker and Brischle (1944:285, 

18 Table 1). We determined percent relative composition by dividing the density of each 

19 plant species that occurred on the slide by the total plant density on that slide and 

20 multiplied by 100. Data were collected by seasons and plant species found in the diet 

21 were classified as browse (perennial shrubs), forbs (annual, herbaceous plants). 
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1 grasses, or succulents (cacti). Comparisons of diet between males and females by 

2 seasons were made using the Morisita index of overlap (Morisita 1959), as modified 

3 by Horn (1966) and Zaret and Rand (1971). Diet overlap indexes were calculated 

4 with the following formula (Alcoze and Zimmerman 1973): 

5 

6 s 
7 2  Y X i  Y i  
8  ,  = 1  

9 
10 C= 

1 1 s  
1 2  Y X i - ^ Y i -
13 ,  =1 

14 Where C is the coefficient value, s is the total number of plant species and Xi and Yi 

15 are the proportions of the total diet of males ( X )  and females ( Y )  .  The value of this 

16 coefficient ranges from 0 when no plant species are shared to 1 when diets are equal. 

17 We used this index of overlap because this index uses the number of plants that 

18 overlap and considers the proportions of those plants in the diet. This index has been 

19 previously used in studies of composition of diets of desert bighorn sheep (Krausman 

20 et al. 1989, Etchberger 1993). Diversity of diets for males and females by seasons 

21 were also identified with the Shannon-Wiener index and tested (P < 0.05) for 

22 differences between male and female diversity indices (Zar 1996). To identify 

23 differences of forage quality between males and females during segregation, two 

24 plants (i.e., desert ironwood and elephant tree consumed by sheep) were analyzed for 
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1 crude protein. Crude protein content of forage was determined by the macro-kjeldhal 

2 procedure and was calculated multiplying the nitrogen content by 6.25 (100/16) 

3 (McDonald et al. 1981). 

4 Results 

5 We identified 41 plant species consumed by desert bighorn sheep from April 

6 1997 to December 1998 in Rancho el Plomito Sonora. Mexico. The mean annual diet 

7 was composed of browse, forbs, succulents, and grasses (Table 1). The mean annual 

8 composition of categories of forage in diets of males and females was similar. Diets 

9 of males were composed of browse (47.3%), forbs (31.1%), succulents (17.8%), and 

10 grasses (3.8%). Mean annual diets of females were browse (44.1%). forbs (33.0%). 

11 succulents (17.7%), and grasses (5.2%) (Table 1). 

12 Male bighorns consumed > 18 different plant species each season (Table 1). 

13 However, seasonal diets concentrated on a few plants in all seasons, in winter (e.g., 8 

14 plants constituted >83% and 1 plant constituted >36%), spring (e.g., 9 plants 

15 constituted > 74% of the diet), summer (2 plants made up >29% of the diet), and 

16 autumn (9 plants constituted >65% of the diet) (Table 2). Female bighorn sheep 

17 consumed a diet slightly more diverse than males (>23 plants each season). However, 

18 females also concentrated on a few plants seasonally; 7 plants comprised >76% in 

19 winter and >63% in autumn. In spring and summer, 6 plants constituted >50% of 

20 the diet. Globemallow (Sphaeralcea spp.) made up 38% of the winter and >18% of 

21 the summer diet (Table 2). 
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1 Desert bighorn sheep consumed desert hackberry (Celtis pallida Torr.), foothill 

2 palo verde, buck-wheatbrush {Eriogonum spp.), ocotillo, range ratany, desert 

3 ironwood, elephant tree, globemallovv, Engelmann prickly pear (Opuntia engelnmnnii 

4 Salm-Dyck.), and desert agave throughout the study (Table 2). However, foothill 

5 palo verde, buck-wheatbrush, range ratany, globemallow, and desert agave each 

6 occurred in >5% of the annual diet and constituted 58.0% of the average annual diet 

7 (Table 2). 

8 There was seasonal variation in the use of plants by desert bighorn sheep. 

9 Consumption of succulents was higher in the spring, decreased during summer and 

10 winter and increased in autumn (Table 1). Forbs were more important during wet 

11 conditions (winter and summer) and less during dry conditions (spring and autumn; 

12 (Table 1). Grasses were more important for females in spring and in diets of males 

13 and females during autumn (Table I). Content of globemallow in the diet ranged 

14 from 5.5 to 38.0% and averaged 19.5%. This forb has also been reported to be an 

15 important component of diets of bighorns in other areas (Sanchez 1976, Krausman et 

16 al. 1989, Bleich et al. 1992, Etchberger 1993. Dodd and Brady 1988, Smith and 

17 Krausman 1987) and in mule deer (Krausman et al. 1989, Anderson et al. 1965, 

18 Leopold and Krausman 1987). 

19 The coefficient of overlap (Morisita 1959) of diets of male and female bighorn 

20 sheep for the winter, spring, summer, and autumn was 0.970, 0.926, 0.972, and 

21 0.906, respectively. All values indicated significant diet overlap (i.e., > 60) for all 



95 

1 seasons (Zaret and Rand 1971). Male and female bighorn sheep in Sonora consumed 

2 the same plant species and used them in similar proportions (Table 2). Those species 

3 that contributed the highest percentages of combined diets in both years were: 

4 globemallow, desert agave, range ratany, buck-wheatbrush, foothill palo verde, 

5 sagebrush {Artemisia spp.), desert ironwood, elephant tree, and Engelmann prickly 

6 pear. 

7 Plant diversity in diets of males and females was very similar among seasons. 

8 During winter, spring, summer, and autumn the diversity indices for males were 

9 0.474, 0.512, 0.506, and 0.514, while for females were 0.433, 0.513, 0.497, and 

10 0.545, respectively. Shannon-Wiener diversity indices (Zar 1996) indicated that diets 

11 of desert bighorn sheep were less diverse in winter compared to the other seasons. 

12 although no statistical significance (P > 0.05) was detected between diversity indices 

13 of males and females for any of the seasons. Crude protein content of elephant tree 

14 plants consumed by males during winter, spring, and autumn were 9.4, 11.3, and 

15 12.6%, while of desert ironwood were 14.6, 14.8, and 17.0%, respectively. Also 

16 during these seasons, content of crude protein of elephant tree plants consumed by 

17 females were 8.7, 10.9, and 11.0%, while of desert ironwood were 14.4, 14.9, and 

18 13.9%, respectively. Because males and females were temporally segregated, we 

19 expected a bigger difference between male and female diversity indexes and less 

20 coefficient of overlap. In addition, males consumed elephant tree and desert ironwood 

21 plants slightly higher in crude protein than females particularly during autumn, the 
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1 time of the year when males are exhausted by the rut and supposedly seek more 

2 nutritious plants; however, no statistical difference was found on crude protein content 

3 (P = 0.527) between plants consumed by segregated male and female bighorn sheep. 

4 We rejected the hypothesis that male desert bighorn sheep select different and higher 

5 quality diets elative to females. 

6 Discussion and Conclusions 

7 Forage categories used by bighorn sheep in Rancho el Plomito. Sonora, Mexico 

8 were similar to other studies in Arizona. In the Harquahala and Little Harquahala 

9 mountains, bighorn sheep fed also on browse (woody plants and cactuses), forbs and 

10 grasses, respectively (Krausman et al. 1989, Etchberger 1993). Annual diets in the 

11 Dome Rock. North Plomosa. and Kofa Mountains Arizona, averaged 64, 23 and 13% 

12 browse, forbs and grasses, respectively (Miller and Gaud 1989). However, in 

13 Aravaipa Canyon, the average annual diet of bighorns was shrubs (56%), grasses 

14 (39%). and forbs (5%) (Dodd and Brady 1988): similar results were obtained by Holt 

15 et al. (1992) in the Superstition Mountains, Arizona, and by Elenowits (1983) in the 

16 Peloncillo Mountains, New Mexico. In contrast. Sanchez (1976) reported that forbs 

17 constituted the majority of the diet in Baja California Sur, Mexico. Smith and 

IS Krausman (1987) reported 53.5% forbs. 27.3% browse, 16.6% grasses and 2.4% 

19 succulents in the Virgin Mountains, Arizona. We found that grasses constituted a 

20 small portion of diets of desert bighorn sheep, the annual mean was 3.8 and 5.2% for 

21 males and females, respectively. Browning and Monson (1980) state that wild sheep 
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1 of the world are grazers. However, desert bighorn sheep preferred browse over other 

2 forms of plants. Seegmiller and Ohmart (1982) stated that the preference for browse 

3 over grass species is due to their availability rather than preferences. In Nevada. 

4 bighorn sheep consumed mainly grasses and used forbs and browse as secondary food 

5 sources (Yoakum 1966). 

6 Selection of plants is directly related to their availability (Yoakum 1966). 

7 Bighorn sheep prefer more browse in desert conditions because of the low grass 

8 density (Yoakum 1966). In addition, climatic conditions that exist in southwestern 

9 Arizona and northwestern Sonora are hotter and drier compared to other regions of 

10 the Sonoran Desert (Brown 1994). This may prevent the establishment and 

11 availability of grasses for desert bighorn sheep (Browning and Monson 1980). Also, 

12 fluctuations in the amount of precipitation and its duration, greatly influence the 

13 quantity, quality, and palatability of food available for bighorn sheep (Russo 1956. 

14 Welles and Welles 1961, Browning and Monson 1980). 

15 There was seasonal variation in the use of plant species. The consumption of 

16 succulents by bighorn sheep was higher during spring than in any other season and 

17 tended to decrease during summer, increase in autumn and decrease again during 

18 winter. In the Harquahala and Little Harquahala mountain sheep consumed more 

19 barrel cactus {Ferocactiis acanthodes [Lemaire] B. & R.) during summer, autumn, 

20 and winter (Warrick and Krausman (1989). Weather conditions in the area during 

21 spring and autumn are dry (Holt et al. 1992). When weather conditions are very dry. 
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1 bighorn sheep consume barrel cacti and other species of cacti (Sanchez 1976, Smith 

2 and Krausman 1987, Dodd and Brady 1988, Warrick and Krausman 1989, Alderman 

3 et al. 1989, Krausman et al. 1989, Etchberger 1993). Barrel cacti have higher water 

4 content than other forage plants and this is a major source of water for bighorn sheep 

5 in some areas during dry conditions (Warrick and Krausman 1989). In addition, 

6 Etchberger (1993) found that groups of males, females, and mixed groups of bighorn 

7 sheep use micro sites with more barrel cacti that random sites. We commonly 

8 observed bighorn sheep consuming agaves, prickly pear, and mammillarias. Sheep eat 

9 the central portion of the agave by breaking off the spines with their horns and fi"ont 

10 legs, by hitting, pulling and chewing the leaves until they reach the central portion. 

11 Water content in the central stalk of the plant is likely high. We also found that 

12 females with lambs occupied areas with higher densities of mammillarias than females 

13 without lambs (Appendix B). Greater succulent consumption occurred during the 

14 lambing peak (end of March to early spring, April) when lactating females also 

15 require more water and energy (Sadlier 1969). 

16 The decrease of succulent plants in the diet of bighorns from spring to summer 

17 (rainy season) could be due to the presence of rain water collected in natural 

18 catchments (tinajas) that usually lasts for several days. Warrick and Krausman (1989) 

19 reported that potholes provided water to bighorn sheep after rains for up to 7 days in 

20 western Arizona. In our study area, bighorn sheep did not drink from man-made 

21 catchments. In 1998, during June, July and August (the hottest period of the year), we 
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1 monitored the use of a artificial water-tank (capacity. 10.000 L) constructed for the 

2 use of wildlife and never recorded use by sheep. Hailey (1967) reported that natural 

3 water sources are preferred to artificial sources. Krausman and Etchberger (1995) 

4 monitored the use of 2 water catchments in the Harquahala Mountains and only one of 

5 them was used infrequently. On the other hand. Watts (1979) reported that desert 

6 bighorn sheep populations can survive without free standing water as was the case for 

7 the Big Hatchet Mountains, New Mexico. Bighorn sheep in Arizona will seek surface 

8 water when available but can survive without free water during the hot and dry 

9 seasons by consuming barrel cacti and other succulents in western Arizona (Warrick 

10 and Krausman 1989). It also seems to be the case for the bighorn population in our 

1 1 study area where desert agaves. Engelmann prickly pear, desert Christmas cactus 

12 (Opuntia leptocaidis DC.), barrel cactus, and mammillarias could fulfill sheep water 

13 requirements. 

14 The consumption of desert agave by bighorn sheep in the Sonoran desert was 

15 reported by Browning and Monson (1980) and the consumption of other succulents 

16 was reported in other areas of Arizona; however, that consumption was lower than the 

17 reported for the studied population of bighorn sheep. The high consumption of agaves 

18 in our study area could be related to their availability. Agave plants are common in 

19 Rancho el Plomito and reach densities of 683 agaves/ha (L. Tarango, unpublished 

20 data). The elephant tree is an important food source for bighorn sheep during hot and 

21 dry seasons. This plant is present year round and was the only green forage available 
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1 to bighorns during the hottest and driest seasons. Other plants that did not occur in the 

2 diet analysis, but were observed being eaten by sheep were limber bush {Jatropha 

3 cuneata Wiggins & Rollins) a plant preferred by Iambs, coursetia {Coursetia 

4 glandulosa A. Gray), and salvia (Salvia mellifera) by males and females. 

5 Consumption of forbs increased during winter and summer. In the Santa 

6 Catalina Mountains, Arizona, forbs were always higher in protein than browse and 

7 grasses throughout the year (Mazaika et al. 1992). Furthermore, Morgart et al. 

8 (1986) report that forbs in the spring contained more phosphorus and protein than 

9 browse and grasses eaten by bighorns. In addition, in winter, annuals enhanced the 

10 physical condition of females during late pregnancy and early lactation (Smith and 

11 Krausman 1987). 

12 Coefficient values (Morisita 1959) obtained for male and female Mexican 

13 bighorn sheep suggested a significant diet overlap between male and female within 

14 seasons. These values indicated that desert bighorn sheep diet composition in the 

15 study area was not affected by sex nor seasons. Smith and Krausman (1987) did not 

16 find significant difference between diets of males and females either. Although, 

17 Miller and Gaud (1989) reported that diets of females and lambs were more similar 

18 than diets of males in the spring, Krausman et al. (1989) did not fmd a significant 

19 difference between diets of segregated males and females in Arizona except for 

20 spring. In addition, Etchberger (1993) recorded seasonal spatial segregation among 

21 sexes in his study area; however, he did not find significant differences during the 
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1 breeding and nonbreeding season between diets of males and females in the Little 

2 Harquahala Mountains. Furthermore he found that this spatial segregation was not 

3 due to forage use and availability nor to use of vegetation associations. 

4 Desert bighorn sheep in Sonora e.xhibited temporal segregation, however, spatial 

5 separation by sexes was not clearly defined and consequently differences in 

6 composition of diets of males and females during segregation (autumn, winter, spring) 

7 were not noticeable. We encountered groups of males and females using the same 

8 foraging areas at different times. Furthermore we found no statistical difference of 

9 diet diversity for any of the seasons within years and during the nonbreeding period. 

10 Males and females in our study area shared most of the plants species throughout the 

11 study and used them in similar proportions. 

12 Diet similarities between male and female bighorns can be explained in two 

13 ways first, the use of vegetation associations by males and females during the study 

14 was similar. Male and female bighorns used the elephant tree-salvia-limber bush 

15 vegetation association more and the palo verde-desert ironwood less than expected by 

16 chance (P < 0.05) (Appendix B), and codominant forage species found within these 

17 vegetation associations were also similar second, the rumino-reticuiar volume to body 

18 weight ratio (rrbr) is a morphological factor that determines the kind of food 

19 processed by animals (Hanley 1982). Animals with a high rrbr (i.e., cattle and 

20 domestic sheep) are adapted to digesting a diet high in cellulose (i.e., grasses). In 

21 contrast, animals with a small rrbr are adapted to digesting a high soluble and/or high 
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1 lignin (i.e., forbs and browse) (Hanley 1982). Although data for rrbr in mountain 

2 sheep exist (Krausman et al. 1993), the sample size they used was small (i.e., a = 

3 12), data came from different areas, and no comparison between male and female 

4 bighorns rrbr was made. High values of Morisita coefficients obtained for the 

5 composition of diets of males and females and the plants species shared may suggest 

6 that male and females bighorns in our study area could have a similar rumino-reticular 

7 to body weight ratio. 

8 Diets of males and females have indicated that sexual segregation by desert 

9 bighorn sheep in Sonora, Mexico was not related to forage selection (i.e., botanical 

10 composition, forage quality) and other factors (i.e., physiographic characteristics) 

11 must be responsible for this segregation. The average consumption of desert ironwood 

12 was 4.6 and 2.2% and 3.9 and 3.7% of elephant tree by segregated males and 

13 females, respectively. Although males consumed plants slightly higher in crude 

14 protein than females particularly during autumn, the time of the year when males are 

15 exhausted by the rut and supposedly seek more nutritious plants, no difference was 

16 found on crude protein content (P = 0.527) between segregated males and females 

17 bighorns. In contrast, Bleich et al. (1997) report that in California segregated mature 

18 males obtained a diet of higher quality than segregated females. In our study area 

19 sexual segregation was caused more by differential use of habitat features. We found 

20 segregated females closer to escape terrain and occupied more rugged areas than 

21 males (Appendix B). Females selected areas that provide more opportunities to evade 
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1 predators as reported by Geist and Petocz (1977) and Gionfriddo and Krausman 

2 (1986) even it" this strategy overrides the nutritional needs of pregnancy (Berger 

3 1991). [n California, females used steeper and more rugged areas closer to water 

4 sources and open habitats than mature males (Bleich etal. 1997). Berger (1991) found 

5 females with lambs using areas with plants of lower crude protein than areas used by 

6 females without lambs. Similar results were found for lactating female caribou 

7 (Rangifer spp.). Female caribou used areas with forage of less quality, but more 

8 secure areas (Bergerud et al. 1984). Calving occurred at high elevational areas 

9 allowing females and young being closer to more rugged terrain where food was less 

10 abundant and forage quality lower (Bergerud et al. 1984). In general lactating females 

11 seek areas that minimize predation on their neonates (Edwards 1983) because they are 

12 the most vulnerable to predation (Geist and Petocz 1977). We rejected the hypothesis 

13 that male desert bighorn sheep select a different diet containing forage higher in crude 

14 protein relative to females. 
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Table I.  Pcrccnl relative composition of plant species in diets ofdesert bighorn sheep in Rancho el I ' loiiiito, Sonora, Mexico. 

1997-1998, 

Season Annual 

Category Winter Spring Summer Autumn 

(Jan -Mar.) (Apr.-June) (July-Sep.) (Oct.-Dec) 

M r  M I- M r  M r M !• 

Browse 4 1 4  43 1 5 1 2  48 9 45.1 42,0 51.5 42.5 47.3 44,1 

Forb 41.4 40.5 2 1 6  21.3 35,3 38,2 25,9 31.9 31.1 33.0 

Grass - 0.3 3.8 7.5 4.7 6,3 7 6 6 3.8 5.2 

Succulents 17.2 16.1 23,4 22.3 14,9 13,5 15,6 19.0 17.8 17.7 

Grand total 100 100 100 100 100 100 100 100 100 100 

No. species 18 24 27 32 29 32 28 23 25,5 27.8 



Table 2 Pei cenl relative composition of plant species in diets of desert bighorn sheep in Rancho el Plon^to, Sonora, Mexico. 

1997-19% 

Winter Spring 

(Jan -Mar.) (Apr-June) 

M M I" 

Summer 

(July-Sep.) 

M I 

Autumn 

(Oct -Dec.) 

M 

Browse 

White-thorn 

Caichuv acacia 

Kagweed 

{Aiiihro.sid anihrosoules Cav.) 

Sagebrush 

(An e t u i  s i  a  spp.) 

Fourwing saltbusli 

{Alriphx caiu'scens [Pursh] Nutt.) 

Broom baccharis 

{Hdcclniris  sarolhwkles A. Gray) 

raii"y-duster 

(( ' i i l l ianilni  eriophylla Bentli .)  

Desert hackberry 

l- 'oothill  palo verde 

3.5 2.5 3.7 

0.7 0,3 0.9 1.0 

7.6 5.6 5.5 

2.2 5.9 - 0.4 

0 . 1  1 2  2 . 2  0 . 6  

0.7 - 0.9 

3.7 3.1 1.0 0.5 1.5 

0.4 

3.5 

0,4 

5.1 

0,4 

0,6 

7,2 7.3 4.9 2.8 4.4 

12 

1.6 

2 1 

2 . 1  

5.4 

0.5 

0 6 

2.5 

7,1 

1 . 6  

5.2 

1.0 

1.3 

8.9 



Table 2 contiiuied 

Winter Spring Summer Aiitiinin 

Species (Jan.-Mar.) (Apr,-June) (July-Sep ) (Oct-Dec ) 

M F M !• M [• M 

Mormon-tea 

( E p i h ' i l m  spp.) 

- 16 - 1,2 - - - -

Buck-wheatbmsh 9,7 6.0 4.5 6,6 7.6 8,5 10 0 7.5 

Ocotillo 1,7 0 5 2.3 IS 12 1 2 10 2.7 

Snake-weed 

H'lUlicnczia sarolhrac [Miirsh] B, & R.) 

- 4.5 - - - - - -

Haploppapus 

{Ihtploppapiis  tenuiseclus [Greene] 

Blake) 

1.0 0.3 1,2 

Range raiany 7,2 9.2 13.5 11.6 8.5 76 8,2 6,6 

Wolf berry 

l . y c i u m  spp. 

0.3 0,1 - - - - - -

Desert ironwood 6,0 2,8 3.7 0,9 4.0 3.8 4.3 3.0 

l-lepliant tree 2,0 0,4 4.5 6 3 4.1 3 3 4.9 4.7 

Brittle busb - - - 12 08 - •• -

Velvet niesqiiite 

{I'r o s o p i . s  v e l i i l i n a  Wool.) 

1.3 0.1 1.0 2.5 1,7 2.5 0.5 -



Tabic 2 continued 

Winter Spring Summer Autumn 

Spccics (Jan -Mar.) (Apr -June) (July-Sep) (Oct.-Dec.) 

M F M F M F M F 

Russian thistle - - 0.2 - - 0.7 - -

Jojoba 0.1 0 1 1.0 - 0.2 - 2,3 -

Total 41.4 43.1 51.2 48.9 45.1 42 0 51.5 42.5 

No species II 16 14 17 15 16 14 10 

I 'orbs 

I 'ringed amaranthus 

(Aiiiamnlhtisfimhricii t is  [Torr.] Bentli .)  

0.6 - 0.1 - - 0.1 0,3 -

Milk-vetch 

{A s l r a ^ ^ a l u s  spp.) 

- - 2.1 2.0 2.7 1.7 3.7 3.6 

Rorage 

(Hord^inaceiic spp.) 

- - 3 1 .3.S 4 7 3.7 6 9 2 1 

Hyssop spurge 

( E i i p h o i h i i i  spp.) 

- 0,7 - - 12 1.8 0.2 -

Janusia 

{ .h i n i i s i a  spp ) 

- - 2 6 .S.l 1.0 4.5 0.5 6.3 

Sida 

{SU/(i  spp.) 

- - - - 0.1 00 0.8 1.1 



' I 'ablc 2 continued 

Winter Spring Summer Autimin 

Species (Jan -March) (Apr -June) (July-Sep) (Oct-Dec.) 

M I' M !• M F M 

(ilobemallow 36.1 38,0 10.9 3.3 19.2 18 2 11.1 16.6 

' l idestromia 

{Tiik'siromiii  lanuginosa [Nutt] Standi.) 

1.7 - - 1.5 - 1.6 2.4 1.4 

Trixis 

(  Trixis califoniica Kellogg) 

- - 0.6 0.3 1.7 13 - 0.8 

Unidentiried 3.0 1.8 2.2 3.4 4.7 4.4 - -

Total 41.4 40.5 21.6 21.3 35.3 38.2 25,9 31.9 

No Specics 4 3 7 7 8 10 8 7 

Grasses 

Three-awn 

( A r i s l i c i a  spp.) 

- - - 06 0,3 2 6 - -

Grama grass 

{ B o i i t e / o a  spp.) 

- - 2.8 1.8 3.5 2,2 3,2 2.6 

Red hrome 

( B r o n n i . ' i  spp ) 

- - - 1.0 0.9 - 1,3 2.4 

Bush muhly 

(Mii h l e n h e v g i a  spp.) 

- 0.2 0.7 3,6 - 1.1 2,5 16 



Table 2 coiitiiuieci 

Winter Spring Summer Autumn 

Species (Jan-Mar.) (Apr.-Jiuie) (July-Sep.) (Oct.-Dec.) 

M F M F M F M 

Diop-seed 

Spot oho!us sp|),  

- 0.1 0.3 0.5 - 04 - -

Total 0.0 0.3 3.8 7 5 4.7 6 3 7.0 6 6 

No. species 0 2 3 5 3 4 3 3 

Succulents 

liarrel cactus - - 0.2 0,7 0 3 - 0.8 0.8 

Prickly pear cactus 5.0 3.3 8.3 5.1 4 1 3.8 6.6 6 3 

Chiistmas cactus 4.0 4.0 - - - - - -

Desert ayaves 8.2 8 8 14.9 16.5 10.5 9.7 8.2 11.9 

Total 17,2 16.1 23.4 22.3 14.9 13 5 15.6 19.0 

No species 3 3 3 3 
*> 
.> 2 3 3 

Grand total 100 100 100 100 100 100 100 100 

'I 'otal no. species IS 24 27 32 29 32 28 23 
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List of Figures 

Figure I. Rancho el Plomito in Sierra el Viejo. 70 km south of Caborca, northwestern 

Sonora, Mexico. The mountain range contained 9 major canyons: A, El Serrucho; B, El 

Recodo; C, El Coliseo; D, El Solitario; E, San Francisco; F, Puerto la Cueva; G, EI 

Colorado; H, El Muro, and I, Dos iVlinas. 
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