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Abstract 

From April 1988 to August 1988 and from March 1989 to 

August 1989 I studied habitat utilization of the endangered 

Sonoran pronghorn (Antilocapra americana sonoriensis) on the 

Cabeza Prieta National Wildlife Refuge and the Organ Pipe 

Cactus National Monument in southwestern Arizona. Pronghorn 

groups were small (x = 2.5) and dispersed widely throughout 

the study area. I never saw Sonoran pronghorns drinking 

water. Cacti were the major diet components in the dry 

seasons. Forbs were the major diet component in the wet 

season. Cover, plants, and vertical obstruction was 

generally greater in occupied areas than in unoccupied 

areas. Plants in occupied areas were higher in protein than 

plants in unoccupied areas. The percentage of indigestible 

material (e.g., cellulose) in plants from occupied areas was 

generally less than in unoccupied areas. My data represent 

the characteristics of vegetation in areas used by Sonoran 

pronghorn. They could be applied in an intensive habitat 

management program to improve the quality of pronghorn 

habitat. 
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INTRODUCTION 

Sonoran pronghorns were named and described by Goldman 

(1945). The type specimen was paler and had smaller skull 

characteristics than other pronghorn subspecies. Since 

Goldmans' classification, Paradiso and Nowak (1971) and the 

U.S. Fish and Wildlife Service (USFWS) (1988) have measured 

additional specimens. The USFWS (1988) and Paradiso and 

Nowak (1971) concluded that the specimens are different in 

size from other subspecies but question the validity of the 

classification because of small sample size; however, 

A. a. sonoriensis is still classified as a subspecies. 

Historic observations indicate that pronghorns were 

once seen frequently and in large numbers in southern 

Arizona and northern Sonora, Mexico (Mearns 1907, Leopold 

1959, Davis 1982). By the late 1800s and early 1900s, 

pronghorn numbers in Arizona and Mexico were low and 

declining (Mearns 1907). 

Reasons for the decline are unclear, but they probably 

include illegal hunting (Arizona Game and Fish Department 

[AGFD] 1981), competition from livestock (USFWS 1966), and 

the drying of the Gila and Sonoyta rivers (AGFD 1981). 

Climatological changes that have altered the ecological 

coiamunities of the lower Sonoran desert (Hastings and Turner 



10 

1972) might have contributed to the decline of the 

subspecies. 

The USFWS listed the Sonoran pronghorn as an endangered 

subspecies in 1967. Establishment of an international game 

range and research into the animal's ecologic needs were 

proposed to ensure the continued existence of the subspecies 

(USFWS 1966). The USFWS developed a recovery plan for 

Sonoran pronghorns in 1982 (USFWS 1982). 

When the subspecies was classified endangered, the AGFD 

intensified investigations of Sonoran pronghorn. From 1969 

to 1982, AGFD researchers investigated population number, 

sex and age composition, and seasonal distribution of 

Sonoran pronghorn (Carr 1969-1973, Phelps 1974-1978). In 

1983, the AGFD initiated a study to document life history, 

natality, mortality, and population movements and dynamics 

(Wright and deVos 1986). Ten pronghorns were captured, 

equipped with radio-transmitter collars and then 

periodically located by aircraft and on the ground. Nine 

more pronghorns were captured and equipped with radio-

transmitter collars by the AGFD in 1987. 

I studied these radio-equipped pronghorns and other 

non-equipped pronghorns in 1988 and 1989. The objectives of 

my study were to describe Sonoran pronghorn habitat use 

relative to vegetational characteristics and the 



distribution of water. The purpose of the study was to 

increase knowledge concerning Sonoran pronghorn habitat 

requirements so that land managers could manage habitats to 

increase the numbers of Sonoran pronghorns. 

STUDY AREA 

Location 

I studied Sonoran pronghorns in western Pima and 

eastern Yuma county in southwestern Arizona. The study area 

encompassed the eastern one-third of the Cabeza Prieta 

National Wildlife Refuge (CPNWR) and the northwest corner of 

the Organ Pipe Cactus National Monument (OPCNM). 

Climate 

Eastern Yuma county and Western Pima county are the 

most arid portions of Arizona (Sellers and Hill 1974). The 

area receives an average of <13 cm of precipitation a year. 

The rainfall pattern is bimodal in the study area (Brown 

1982). Summer rains are generally brief and torrential; 

winter rains are gentle and prolonged (Appendix 1). 

During the past several decades, temperatures in 

southwestern Arizona have ranged from -8 to 49 C (Institute 

of Atmospheric Physics 1960). Average minimum temperatures 

in the winter are rarely below freezing (Sellers and Hill 

1974). During the summer, average daily maximum 



temperatures generally exceed 32 C at elevations below 150 m 

(Sellers and Hill 1974) (Appendix 2). 

Vegetation 

The study area is within the Lower Colorado River 

Valley subdivision and the Arizona Upland subdivision 

(Shreve 1951). Most of the study area is Arizona Upland. 

Creosote bush (Larrea tridentata), triangle leaf bursage 

(Ambrosia deltoidea), palo verde (Cercidium sp.), mesquite 

(Prosopis juliflora), iron wood (Olneya tesota), and 

ocotillo (Foucmieria splendens) are common throughout. 

Jumping cholla (Opuntia fulgida), teddy bear cholla (0. 

bigelovii), staghorn cholla (O. versicolor), and saguaro 

(Carneqiea aigantea) are the most common cacti. Prickly 

pear (Opuntia sp.), pencil cholla (0. arbuscula), " hedgehog 

cacti (Echinocereus sp.) and barrel cactus (Ferocactus 

acanthodes) are less abundant than other cacti. 

The Lower Colorado River Valley vegetation is less 

diverse than in the Arizona Upland. Creosote bush and 

triangle leaf bursage are common throughout. Trees and 

cacti are not abundant and are usually confined to drainages 

and upper bajadas. Ephemeral forbs (e.g., plantain 

[Plantago insularis]) and grasses, (e.g., Mediterranean 

grass [Schismus barbatus]) grow after summer and winter 

rains. 
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METHODS 

Locating Pronahorn 

The AGFD, in cooperation with the USFWS and the 

Department of Defense, captured 9 Sonoran pronghorns in 

October 1987 (deVos and Scott 1988). These animals were 

equipped with radio-transmitter collars (Telonics, Inc., 

Mesa, Arizona). The AGFD periodically located the radio-

equipped pronghorns from the air. 

I located radio-equipped pronghorns with a TR-2 radio 

receiver (Telonics, Inc., Mesa, Arizona) on the ground. I 

scanned for radio-signals in areas were AGFD had located 

pronghorns most recently. I walked in the direction of the 

strongest radio-signal until signal strength indicated that 

the animals were near. I then climbed a hill or mountain to 

gain a better view of the surrounding valley. Once atop the 

hill, I scanned the valley to locate pronghorns. If there 

were no hills or mountains near the radio-equipped animal, I 

walked until I saw the animal. If I was unable to receive a 

radio-signal, I traveled to areas where I had located 

pronghorns in the past. I visually observed those areas 

with binoculars and the un-aided eye until I located 

pronghorns. During all observations, I recorded the 

following data: 

initial time of observation 
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final time of observation 

group size and composition 

location of the observation 

habitat type at observation site 

pronghorn reactions to human disturbance 

pronghorn activities and behaviors 

Pronghorn location information and group size and 

composition information are listed in Appendix 3a and 3b. 

Pronghorn behavior date (e.g., foraging, resting, sparring) 

are discussed in Appendix 4a and 4b. 

Describing Habitat Utilization Relative to Water 

Distribution 

Determining Distance to Water 

I recorded the observed location of each pronghorn on 

U.S. Geological Survey 1:250,000 scale topographic maps. I 

measured the distance from each location to the nearest 

source of permanent water. There were 3 water-catchments 

with windmill or solar driven pumps, 3 earthen tanks, and 1 

parabolic water collector. I checked each of these sources 

of water once a week to determine water availability. I 

divided both field seasons into a wet and dry season. 

Seasons were based on temperature and rainfall data from 

local weather data collection stations. For each season, I 



estimated the average distance from pronghorn observations 

to the nearest source of water. 

Observing Water Use 

I constructed observation blinds at 3 water sources in 

areas used by pronghorn. From 20 June to 24 June 1988, I 

observed wildlife use of water sources from 1 hour before 

dawn to 1 hour after dusk. I chose this time because CPNWR 

records indicated that mid to late June was the hottest 

driest period of the year, the period animals might need 

free-standing water the most. I did not attempt to observe 

nocturnal use of water by wildlife. I recorded the wildlife 

species that visited the water sources, time and length of 

the visit, and animal behavior (e.g., drinking, resting, 

inter-species interactions). 

Intensive Tracking 

I located a radio-equipped female pronghorn twice a day 

from 26 June to 1 July to document movement in relation to a 

water source. The first location was made from 0630 to 

0930, and the second observation was made from 1430 to 1700. 

I also observed the nearest water source from 0530 to 0730 

each day of the intensive tracking period. I was unable to 

observe the water source during other portions of the day 

because of temporal and physical constraints. 
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Describing Habitat Utilization Relative to Vegetational 

Characteristics 

Estimating Cover 

I estimated the percent ground cover of shrubs, trees, 

and cacti by species with a line transect (Canfield 1941) in 

areas occupied and unoccupied by pronghorn. I established 

30-m random transects and measured canopy cover on the day 

of each pronghorn observation. I began the first transect 

where pronghorns were first observed, chose a random compass 

direction and oriented the transect in that direction. At 

the end of the transect, I chose another random compass 

direction, paced 15 m in that direction, and established the 

beginning of the second transect. A compass direction was 

randomly chosen, to establish the direction for the second 

transect. The third transect was oriented and established 

in the same manner. Random compass directions were chosen 

by randomly spinning the compass dial. I defined canopy 

cover as the distance any plant intercepted a upward 

vertical projection of the transects. I excluded gaps in 

canopy cover > 10-cm. 

I estimated the percent ground cover of shrubs, trees, 

cacti, grasses, and forbs by species (Daubenmire 1959). At 

3-m intervals along each 30-m transect, I established a 

20-cm x 50-cm plot, totaling 30 plots/observation site. 
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I estimated the percent cover of vegetation within each 

Daubenmire plot. I assigned each species a midpoint cover, 

based on the Daubenmire classes: 0-5, 6-25, 26-50, 51-75, 

76-95, and 96-100-cm. Vegetation frequency was also 

obtained from this method. 

Estimating Plant Vertical Structure 

I estimated the species composition and vertical 

obstruction of vegetation in areas occupied and not occupied 

by pronghorns (Robel 1970). I placed a 2-m tall pole, 

marked in 10-cm increments at 3-m intervals along each 

transect, totaling 30 pole measurements at each pronghorn 

observation site. To estimate the vertical structure of 

vegetation, I stood 4 m from each pole, perpendicular to the 

transect, and viewed the pole with my eye 1 m above the 

ground. The heights at which the view of the pole was 

obstructed by vegetation and the species of obstructing 

vegetation were recorded. 

Estimating Pronghorn Diet Composition 

I collected 50 fresh samples of pronghorn feces and 

selected 2 samples from each month for analysis. Only two 

samples were selected from each month because of monetary 

constraints. The University of Arizona Range Lab estimated 
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the diet of Sonoran pronghorns microhistologically (Davitt 

and Nelson 1980). 

Estimating Plant Moisture Content 

I collected samples of plants at each pronghorn 

observation site that have been identified as Sonoran 

pronghorn forage (AGFD 1981). I collected other species 

that I saw pronghorns eat, and plants I suspected pronghorns 

might eat. All plant samples were collected from 0530-1200. 

I weighed each sample on a digital scale immediately after 

collection. Later, samples were frozen, dried at 38°C for 5 

days, and reweighed. The difference in field weight and dry 

weight divided by field weight and multiplied by 100, was 

the estimate of percent plant moisture. 

Estimating Plant Nutritional Value 

The samples from which plant moisture contents were 

estimated were also analyzed for nutritional quality. I 

lumped plant samples by species, season, and occupancy 

status (i.e., occupied or unoccupied). The University of 

Arizona Animal Nutrition Lab analyzed the nutritional 

quality of plant samples. They used the Van Soest technique 

for forage analysis (Church and Pond 1982). They analyzed 

for levels of average percent lignin, cellulose, ash, 

hemicellulose, protein, ether extract (fats), and organic 

matter. 
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Data Description and Statistical Methods 

I measured the vegetational characteristics of the 

observation site on the day of each pronghorn observation. 

I considered these data to represent occupied habitat. Each 

month after initial observations, I remeasured each site. 

If I did not see pronghorns, if there were no recent 

pronghorn tracks, scrapes, or feces within a 3 00-m radius of 

the initial transect point, and if radio signal indicated 

that the radio-equipped animal originally located at the 

site was not present, I classified the site as unoccupied by 

pronghorns. Unoccupied areas were areas that had been 

previously occupied by pronghorns. If there were 

indications that pronghorns still used the area (e.g., 

pronghorn sightings or visual observation of fresh pronghorn 

sign), I considered the site occupied. 

I divided the data into seasons, based on temperature 

and rainfall data from weather stations in the study area 

and 4 weather stations surrounding the study area. In 1988, 

the dry season was from 1 May to 21 July, and the wet season 

was from 22 July to 16 August. In 1989, the dry season was 

from 1 April to 27 July, and the wet season was from 28 July 

to 26 August. I ended the field seasons on 16 August, 1988 

and 26 August, 1989 because of course work commitments 

during the fall semesters. 
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There are 4 data sets for each field season: 

Wet season - occupied areas 

Wet season - unoccupied areas 

Dry season - occupied areas 

Dry season - unoccupied areas 

I compared vegetational characteristics in occupied 

areas with the same characteristics in unoccupied areas. 

For example, I compared percent cover in areas occupied by 

pronghorns during the dry season with percent cover in areas 

unoccupied by pronghorns during the dry season. 

I tested all data sets for normality and homogeneity of 

variances with the Kolmogorov-Smirnov test and Cochrans-C 

test respectively (Zar 1984). I used the Mann-Whitney U 

rank sum test to test for differences between means for 

occupied and unoccupied areas within seasons. The number of 

plants by plant group (e.g., shrubs and trees) were compared 

between season and occupied or unoccupied by t-tests of 

means. Statistical significance was established at the 0.05 

probability level. 

The null hypotheses tested were: 

1) Pronghorns are located randomly relative to available 

water at permanent water sources. 

2) Percent plant cover does not influence Sonoran 

pronghorn habitat use. 
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3) Frequency of plants does not influence Sonoran 

pronghorn habitat use. 

4) Vertical obstruction of plants does not influence 

Sonoran pronghorn habitat use. 

5) Moisture content of plants does not influence Sonoran 

pronghorn habitat use. 

6) Nutritional quality of plants does not influence 

Sonoran pronghorn habitat use. 

RESULTS 

Pronghorn Diet 

Fecal samples were collected only in the dry portion of 

the 1988 field season. The range lab analyzed 8 fecal 

samples for this season. Cacti were the major diet 

components (44%), and forbs (33%), shrubs (11%), trees (11%) 

and grasses (0.4%) were lesser components. Pronghorns 

consumed 20 plant species: 5 shrub, 2 tree, 1 cactus, 1 

grass, and 11 forb species in the 1988 dry season. Ambrosia 

dumosa (9%) , Olneva tesota (7%), Qpuntia sp. (44%), Erodium 

cicutarium (12%), and Lesauerella qordoni (9%) were major 

species in the diet of pronghorns (Table 1). 

Fecal samples were collected in both climatic seasons 

of the 1989 field season. The range lab analyzed 8 fecal 

samples for the dry season and 4 fecal samples for the wet 

season of 1989. Cactus (53%) was the major diet component 
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in the 1989 dry season. Trees (14%), shrubs (6%), and forbs 

(28%) were lesser components. Pronghorns consumed 19 plant 

species: 7 shrub, 2 tree, 1 cactus, and 9 forb species in 

this season. Krameria sp. (3%), Prosopis nuliflora (8%), 

Olneva tesota (6%), Qpuntia sp. (53%), and Erodium 

cicutarium (15%) were major species in the diet of 

pronghorns (Table 2). 

Forbs (41%) were the major diet components in the 1989 

wet season. Shrubs (21%), trees (17%), cacti (22%), and 

grasses (2%) were lesser components. In the 1989 wet 

season, pronghorns consumed 23 plant species: 5 shrub, 

2 tree, 1 cactus, 3 grass, and 12 forb species. Janusia 

gracilis (8%), Olneva tesota (15%) , Qpuntia sp. (22%), 

Camissonia sp. (13%), Plantago insularis (7%), and Erodium 

cicutarium (9%) were major species in the diet of pronghorns 

(Table 3). 

Habitat Utilization Relative to Water Distribution 

The average distance from pronghorn locations (n = 3 0) 

to water was 5.8 km (range: 0.1-16.2 km, SE = 4.34) in the 

1988 field season. In the 1988 dry season, the average 

distance from pronghorn locations (n = 15) to water was 4.8 

km (range: 2.5-11.8 km, SE = 2.96). In the 1988 wet season, 

the average distance to water from all locations 

(n = 15) was 7.14 km (range:0.1-16.2 km, SE = 5.68). 
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Table 1 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona in 
the 1988 dry season. 

Plant Group Frequency Composition 

Shrub 

Ambrosia dumosa 18.0 9.0 

Viauieria deltoidea 0.6 0.4 

Galium sp. 0.6 0.4 

Arabis perennans 0.6 0.4 

Hvotis emorvi 0.6 0.4 

Tree 

Prosopis iuliflora 10.0 4.0 

Olneva tesota 16.0 7.0 

Cacti 

Qpuntia sp. 64.0 44.0 

Grass 

Unknown grass sp. 0.6 0.4 
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Table 1. (continued) 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona in 
the 1988 dry season. 

Plant Group Frequency Composition 

Forb 

Plantaao insularis 9. 0 4.0 

Lesauerella aordoni 19. 0 9.0 

Eriocronum trichoos 2. 0 1.0 

Camissonia SD. 3. 0 1.0 

Unknown forb sp. 1. 0 0.4 

Erodium cicutarium 24. 0 12.0 

Boracrinaceae SD. 2. 0 1.0 

Luoinus SD. 3. 0 1.0 

SDhaeralcea SD. 3. 0 1.0 

Euphorbia SD. 4. 0 2.0 

Baileva multiradiata 0. 6 0.4 
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The average distance from all locations (n = 64) to 

water was 7.1 km (range: 0.5-14.6 km, SE = 4.8) in the 1989 

field season. In the 1989 dry season, the average distance 

from pronghorn locations (n = 39) to water was 7.1 km 

(range: 1.0-17.8 km, SE = 4.8). In the 1989 wet season, the 

average distance from pronghorn locations (n = 25) to water 

was 7.2 km (range: 0.5-13.6 km, SE = 4.8). 

Mean distance to water in the dry season compared to 

mean distance to water in the wet season was not 

statistically different in either 1988 (P = 0.3722) or 1989 

(P = 0.8257). 

I observed water sources in pronghorn use areas for 156 

hours from 20 June to 24 June in 1988. I observed many 

species of wildlife drinking but saw no pronghorns drinking. 

I found many ungulate tracks near the water sources, but I 

could not distinguish between mule deer (Odocoilius 

hemionis) and pronghorn tracks and none was identified as a 

pronghorn track. No pronghorns were observed near the water 

sources. 

I intensively tracked a radio-equipped female pronghorn 

from 26 June to 1 July in 1989. I located her once in the 

morning and once in the evening each day. The average 

distance from all locations (n = 9) to water was 3.6 km. 

(range: 2.7-4.6 km, SE = 0.63). 
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Table 2 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona in 
the 1989 dry season. 

Plant Group Frequency Composition 

Shrub 

Ambrosia dumosa 3.0 1.0 

Krameria so. 8.0 3.0 

HVDtis emorvi 1.0 0.4 

Arabis oerennans 0.6 0.4 

EDhedra so. 0.6 0.4 

Artemisia so. 0.6 0.4 

ProsoDis iuliflora 18.0 8.0 

Olneva tesota 13.0 6.0 

Opuntia sp. 74.0 53.0 
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Table 2(Continued) 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona in 
the 1989 dry season. 

Plant Group Frequency Composition 

Forb 

Lescruerella aordoni 0.6 0.4 

Plantaao insularis 3.0 1.0 

Erodium cicutarium 31.0 15.0 

Camissonia SD. 18.0 8.0 

Luoinus SD. 0.6 0.4 

Boraainaceae SD. 6.0 2.0 

Unknown forb sp. 1.0 0.4 

Nvctaainaceae SD. 0.6 0.4 

Erioaonum 0.6 0.4 
fasciculatum 
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Table 3 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona in 
the 1989 wet season. 

Plant Group Frequency Composition 

Shrub 

Ambrosia dumosa 13.0 4.0 

Encelia frutescens 9.0 3.0 

Aravthamnia 16.0 5.0 
lanceolata 

Janusia gracilis 23.0 8.0 

Krameria sp. 1.0 0.3 

Simmondsia chinensis 1.0 0.3 

Tree 

Olneva tesota 39.0 15.0 

Prosopis iuliflora 6.0 2.0 

Cacti 

Qpuntia sp. 51.0 22.0 

Grass 

Hilaria sp. 3.0 0.9 

Muhlenberoia sp. 1.0 0.3 

Unknown grass sp. 3.0 0.9 
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Table 3 (continued) 

Frequency (%) and composition (%) of plants found in Sonoran 
pronghorn fecal samples collected in southwest Arizona 1989 
wet season. 

Plant Group Frequency Composition 

Forb 

Lesauerella aordoni 5. 0 2. 0 

Plantaao insularis 20. 0 7. 0 

Erodium cicutarium 26. 0 9. 0 

Camissonia sp. 35. 0 13. 0 

Luoinus SD. 5. 0 2. 0 

SDhaeralcea SD. 6. 0 2. 0 

Unknown forb sp. 1.  0 0 .  3 

Boraainaceae SD. 5. 0 2. 0 

Erioaonum trichoDs 3. 0 0.  9 

Sida SD. 5. 0 2. 0 

Erioaonum 1.  0 0 .  3 
fasiculatum 
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I also observed the nearest water source for 

approximately 2 hrs (0530-0730) each morning of the 

intensive tracking period. I saw no evidence of pronghorns 

drinking nor evidence that they came near the water source. 

Habitat Utilization Relative to Vegetational Characteristics 

Cover 

I estimated cover on 72 30-m transects and 720 20-cm x 

50-cm Daubenmire plots in 1988. In 1989, I estimated cover 

on 144 30-m transects and 1,440 20-cm x 50-cm Daubenmire 

plots. Pronghorns occupied areas with 4-16% total ground 

cover. Shrub cover ranged from 1-13%, tree cover ranged 

from 2-6%, cacti cover ranged from 0.4-2.0%, grass cover 

ranged from 0.1-2.0%, and forb cover ranged from 0.1-1.0% in 

occupied areas (Tables 4-7). 

Total cover along transects was significantly greater 

(P = 0.01) in occupied areas than in unoccupied areas in the 

1989 dry season (Table 4). In the same season, in plots, 

the cover of trees and forbs was significantly greater (P = 

0.018 and 0.001 respectively) in occupied areas than in 

unoccupied areas. In the 1989 wet season, in plots, grass 

cover was significantly greater (P = 0.006) in unoccupied 

areas than in occupied areas. 
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Frequency 

I estimated the frequency of plant occurrence in 1,440 

Daubenmire plots. The frequency of occurrence of plants 

ranged from 4.6-9.0 in areas that pronghorns occupied (Table 

8). Cacti and grasses occurred more frequently (P = 0.016 

and 0.044 respectively) in occupied areas than in unoccupied 

areas in the 1989 wet season. Other differences in 

frequency of plant occurrence between occupied and 

unoccupied areas were not significant. 

Vertical Structure 

I estimated frequency of vertical obstruction of plants 

at 1,440 range pole sites. Plants occurred more frequently 

(P = 0.002-0.012) in all vertical classes in occupied areas 

than in unoccupied areas in the 1989 dry season (Table 9). 

Vertical obstruction in occupied areas did not statistically 

differ from vertical obstruction in occupied areas in the 

wet season. 

Plant Moisture 

The average moisture contents of plants varied from 16-

79% in the areas that pronghorns occupied (Tables 10 and 

11). Shrub moisture contents ranged from 29-46%, tree 

moisture ranged from 50-59%, cactus moisture ranged from 69-

79%, grass moisture ranged from 16-35%, and forb moisture 

ranged from 22-46% in occupied areas. 



32 

The moisture contents of shrubs, trees, forbs, and the 

average moisture contents of all vegetation in occupied 

areas were significantly greater (P = 0.001, 0.043, 0.001, 

and 0.001 respectively) than in unoccupied areas in the 1989 

dry season. In the wet season, the moisture content of 

grass and the average moisture content of all vegetation 

were significantly greater (P = 0.038) in occupied areas 

than in unoccupied areas. 

Plant Nutritional Quality 

The protein contents of plants in areas occupied by 

pronghorn ranged from 3-21% in the 1989 field season (Table 

12). Protein contents of plants in occupied areas and 

unoccupied areas did not differ significantly (P > 0.055) 

from one another (Tables 12 and 13). 

The fat contents of plants in areas occupied by 

pronghorns ranged from 1-13% (Table 12). Fat contents of 

plants in occupied areas and unoccupied areas did not differ 

significantly (P > 0.134) from one another (Tables 12 and 

13) . 

The cellulose contents of plants in areas occupied by 

pronghorns ranged from 13-40% (Table 12). Cellulose 

contents of plants in occupied areas and unoccupied areas 

did not differ significantly (P > 0.090) from one another 

(Tables 12 and 13). 
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The hemi-cellulose contents of plants in areas occupied 

by pronghorns ranged from 9-24% (Table 12). Hemi-cellulose 

contents of plants in occupied areas and unoccupied areas 

did not differ significantly (P > 0.182) from one another 

(Tables 12 and 13). 

The lignin contents of plants in areas occupied by 

pronghorns ranged from 5-11% (Table 12). The lignin 

contents of trees in occupied areas were significantly 

greater (P = 0.040) than in unoccupied areas in the dry 

season of 1989 (Tables 12 and 13). In the wet season, the 

average lignin content of all vegetation was significantly 

less (P = 0.041) in occupied areas than in unoccupied areas 

(Tables 12 and 13). 

The ADF contents of plants in areas occupied by 

pronghorns ranged from 23-55% (Table 12). In the wet 

season, the ADF contents of shrubs and the average ADF 

contents of all vegetation in occupied areas were 

significantly less (P = 0.033) than in unoccupied areas 

(Tables 12 and 13). 

The NDF contents of plants in areas occupied by 

pronghorns ranged from 32-77% (Table 12). In the wet 

season, the NDF contents of shrubs in occupied areas were 

significantly less (P = 0.031) than in unoccupied areas. 
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Table 4 

Comparison of plant cover (%) along transects in areas 
occupied and areas unoccupied by Sonoran pronghorns in 
southwest Arizona, April-August, 1988. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrubs 

Trees 

Cacti 

Total 

WET SEASON 

Shrubs 

Trees 

Cacti 

Total 

6 

6 

2 

14 

4 

5 

2 

11 

3 

3 

2 

8 

3 

3 

1 

7 

0.1280 

0.0720 

0.3229 

0.0181 

0.5125 

0.2828 

0.9999 

0.2422 
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Table 5 

Comparison of plant cover (%) along transects in areas 
occupied and areas unoccupied by Sonoran pronghorns in 
southwest Arizona, March - August, 1989. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrubs 

Trees 

Cacti 

Total 

WET SEASON 

Shrubs 

Trees 

Cacti 

Total 

13.0 

2.0 

1.0 

16.0 

11.0 

3.0 

0.4 

14.0 

10.0 

3.0 

0.3 

13.0 

8 . 0  

2.0 

0 . 2  

12.0 

0.0739 

0.4540 

0.4851 

0.1543 

0.0722 

0.6816 

0.8338 

0.4560 
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Table 6 

Comparison of plant cover (%) in plots in areas occupied and 
areas unoccupied by Sonoran pronghorns in southwest Arizona, 
1988. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrub 4 

Tree 4 

Cacti 1 

Grass 2 

Forb 1 

Total 12 

WET SEASON 

Shrub 3 

Tree 2 

Cacti 1 

Grass 2 

Forb l 

Total 9 

3 0.3889 

4 0.6834 

1 0.6167 

2 0.0727 

1 0.1118 

11 0.4796 

3 0.7777 

1 0.6667 

1 0.5000 

1 0.9999 

0.1101 

0.6076 
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Table 7 

Comparison of plant cover (%) in plots in areas occupied and 
areas unoccupied by Sonoran pronghorns in southwest Arizona, 
1989. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrub 

Tree 

Cacti 

Grass 

Forb 

Total 

WET SEASON 

Shrub 

Tree 

Cacti 

Grass 

Forb 

Total 

1.2 

2.1 

1.5 

0.2 

0.1 

5.1 

1.1 

2.4 

0.7 

0.1 

0.1 

4.4 

1.1 

2.8 

0.7 

0.2 

0.1 

4.9 

1.0 

2.1 

1.6 

0.2 

0.1 

5.0 

0.0569 

0.0183 

0.0600 

0.1000 

0.00001 

0.4908 

0.4123 

0.7630 

0.4430 

0 . 0 0 6 2  

0.2907 

0.0176 
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Table 8 

Comparison of frequency of plant occurrence in plots in 
areas occupied and areas unoccupied by Sonoran pronghorns in 
southwest Arizona, 1989 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrub 9.0 7.0 0.335 

Tree 1.0 0.5 0.230 

Cacti 0.4 0.3 0.467 

Grass 9.0 9.0 0.131 

Forb 26.0 22.0 0.383 

Mean 
Frequency 9.0 7.0 0.213 

WET SEASON 

Shrub 7.0 9.0 0.201 

Tree 1.0 2.0 0.496 

Cacti 1.0 0.2 0.016 

Grass 10.0 4.0 0.044 

Forb 4.0 6.0 0.488 

Mean 
Frequency 4.6 4.1 0.564 
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Table 9 

Comparison of frequency of occurrence of plants obstructing 
4 vertical classes in areas occupied and areas unoccupied by 
Sonoran pronghorns in southwest Arizona, March - August 
1989. 

Vertical 
Class Occupied Unoccupied P 
(cm) (n) (n) 

DRY SEASON 

1 - 5 0  18.2 13.2 0.007 

51 - 100 •
 

H
 

H
 7.0 0.002 

101 - 150 7.9 4.7 0.023 

151 - 200 5.5 2.3 0.012 

WET SEASON 

1 - 5 0  16.2 16.0 0.939 

51 - 100 10.4 9.5 0.640 

101 - 150 6.6 7.7 0.557 

151 - 200 4.2 3.1 0.827 
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Table 10 

Comparison of moisture contents (%) of plants collected in 
areas occupied and areas unoccupied by Sonoran pronghorns in 
southwest Arizona, April-August 1988. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrubs 

Trees 

Cacti 

Grass 

Forbs 

Average 

WET SEASON 

Shrubs 

Trees 

Cacti 

Grass 

Forbs 

Average 

38.2 

54.3 

78.0 

16.0 

22.1 

33.0 

46.0 

54.2 

77.3 

21.4 

22.0 

39.4 

37.3 

54.0 

78.3 

12.4 

13.1 

28.4 

47.0 

52.0 

81.0 

14.0 

21.0 

35.0 

0.9389 

0.9999 

0.8946 

0.1350 

0.2352 

0.2931 

0.7486 

0.4030 

0.7059 

0.4313 

0.9024 

0.3913 
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Table 11 

Comparison of moisture contents (%) of plants collected in 
areas occupied and areas unoccupied by Sonoran pronghorns in 
southwest Arizona, March-August 1989. 

Season and 
Plant Group Occupied Unoccupied P 

DRY SEASON 

Shrubs 

Trees 

Cacti 

Grass 

Forbs 

Average 

WET SEASON 

Shrubs 

Trees 

Cacti 

Grass 

Forbs 

Average 

29.8 

50.4 

69.1 

18.6 

46.2 

40.6 

41.8 

56.3 

79.2 

35.6 

38.2 

42.6 

19.2 

45.1 

78.8 

10.9 

8.3 

2 6 . 0  

29.4 

48.0 

78.4 

10.5 

27.3 

29.7 

0 . 0 0 0 8  

0.0431 

0.4335 

0.8277 

0.00001 

0.00001 

0.0009 

0.0873 

0.3912 

0.0387 

0.1075 

0.00001 



Table 12 
Nutritional quality of plants collected from areas occupied by Sonoran pronghoms in southwest Arizona in 1989. 

Plant 
Group Protein 

Nutritional Quality of Plants in the 1989 Dry Season (%) 

Ether Hemi-
Extract Cellulose Cellulose Lignin 

Acid 
Detergent 
Fiber 

Neutral 
Detergent 
Fiber 

Shrubs 11 11 16 9 10 27 35 

Trees 17 4 21 15 9* 30 45 

Cacti 4 5 18 21 5 23 45 

Grasses 3 2 34 28 10 47 77 

Forbs 21 5 19 13 11 34 44 

Average 11 5 24 22 9* 32 49 

Nutritional Quality of Plants in the 1989 Wet Season (%) 

Plant 
Group Protein 

Ether 
Extract Cellulose 

Hemi-
Cellulose Lignin 

Acid 
Detergent 
Fiber 

Neutral 
Detergent 
Fiber 

Shrubs 10 13 14 11 9** 24** 35** 

Trees 15 4 26 18 8 35 52 

Cacti 4 5 18 24 5 23 48 

Grasses 5 1 40 17 9 55 71 

Forbs 11 4 13 10 7 23 32 

Average 9 5 22 22 %** 32" 42 

* significantly greater in occupied areas vs. unoccupied areas 
•* significantly less in occupied areas vs. unoccupied areas 



Table 13 
Nutritional quality of plants collected from areas unoccupied by Sonoran pronghorns in southwest Arizona in 1989. 

Plant 
Group Protein 

Nutritional Quality of Plants 

Ether 
Extract Cellulose 

in the 1989 Dry Season (%) 

Hemi-
Cellulose Lignin 

Acid 
Deteigent 
Fiber 

Neutral 
Detergent 
Fiber 

Shrubs 11 12 17 8 9 26 35 

Trees 14 4 24 18 7* 31 45 

Cacti 5 6 24 18 6 29 45 

Grasses 4 2 36 27 10 51 77 

Forbs 12 4 21 8 11 35 44 

Average 9 6 24 24 8* 34 49 

Nutritional Quality of Plants in the 1989 Wet Season (%) 

Plant 
Group Protein 

Ether 
Extract Cellulose 

Hemi-
Cellulose Lignin 

Acid 
Deteigent 
Fiber 

Neutral 
Detergent 
Fiber 

Shrubs 9 8 17 11 11** 30** 35** 

Trees 16 5 26 14 7 34 52 

Cacti 5 5 20 11 6 26 48 

Grasses 5 2 36 25 10 52 71 

Foibs 10 3 23 11 13 39 32 

Average 9 5 24 24 10" 36** 42 

* significantly greater in occupied areas vs. unoccupied areas 
significantly less in occupied areas vs. unoccupied areas 
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DISCUSSION 

Habitat Utilization Relative to Water Distribution, water 

Requirements, and Plant Moisture 

The average distance from relocations of 10 pronghorns 

to water sources throughout Wright and deVos' (1986) study 

area in southwest Arizona was 5.1 km (4.6 for 6 females and 

6.8 for 4 males). In 1988 and 1989, I estimated the average 

distance from all locations to available water at permanent 

water sources to be >6.1 km. I did not estimate an average 

distance to water separately for males and females because 

groups often contained both males and females. 

My estimates may be higher than those of Wright and 

deVos because I sampled a smaller subset of the population. 

Furthermore, the distribution of water on my study area may 

have been different than the water distribution on the 

larger Wright and deVos study area. 

Wright and deVos (1986) found that radio-equipped 

pronghorns were closer to water than would be expected by 

random chance. Monson (1968) concluded that Sonoran 

pronghorns do not need free-standing water and Phelps (1978) 

suggested that Sonoran pronghorns do not drink water from 

May to August. Reynolds (1984), during a study of pronghorn 

movement in southeastern Idaho, recorded no directional 

movement to water sources. Only 1 of the 5 animals that 
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Reynolds studied had home ranges that included water 

sources. Reynolds implied that vegetative moisture provided 

sufficient water for metabolic maintenance. 

I assumed that if Sonoran pronghorns rely upon free

standing water to meet their metabolic requirements the 

average distance to water would be less in the dry season 

than in the wet season. I found no significant difference 

in average distance to water between the dry and wet seasons 

in either year of the study (P = 0.37 and P = 0.82). In 

addition, I found no confirmed evidence (e.g., pronghorn 

sightings, tracks, feces) near water sources in pronghorn 

use areas to suggest that Sonoran pronghorns drink water. 

Beale and Smith (1973) found that pronghorn water 

consumption varied inversely with the quantity and 

succulence of preferred forage species. In Utah, if forbs 

were abundant and their moisture content was greater than 75 

percent, pronghorns did not drink water even when it was 

readily available. When vegetation desiccated, pronghorns 

began drinking and imbibed 2.9 liters/animal/day during 

extremely dry periods. Conversely, Smith and Malechek 

(1974) found no correlation between percent occurrence of 

plants in the diet and percent plant moisture. In the 1988 

and 1989 summer dry seasons, I found that the average 

moisture content of all vegetation was 36 percent and 41 
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percent respectively, but I did not see pronghorns drinking, 

nor did location data indicate that pronghorns used areas 

near water sources. Cactus was the major diet component 

during the summers of 1988 and 1989 (44% and 53% 

respectively). Cactus water contents remained high 

throughout the dry seasons (78% and 69% respectively). 

Sonoran pronghorns may meet their water needs from moisture 

obtained from plants. 

Plant moisture was often significantly greater in 

occupied areas in both seasons in 1989, and although no 

significant differences were found in 1988, plants in 

occupied areas contained more moisture during the dry season 

than did plants in unoccupied areas. This observation 

suggests that Sonoran pronghorns select forage for plant 

moisture to meet water requirements during the driest times 

of the year. The conclusions of Wright and deVos (1986) 

that ephemeral washes were used by Sonoran pronghorn in 

greater proportion than expected supports this contention. 

Typically, greater proportions of woody species exist in and 

adjacent to ephemeral washes, and I found that in the dry 

season, woody species generally have the second highest 

moisture contents, the highest being cacti. 

After the summer rains began, the moisture content of 

all vegetation increased and the percent of cactus found in 
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the diet decreased. This diet shift suggests that cactus is 

used to meet water requirements but is not a preferred 

forage when other plants have comparable moisture contents. 

Habitat Utilization Relative to Nutritional Requirements and 

Plant Nutritional Quality 

Wesley et al. (1973) suggested that because pronghorns 

have a high metabolic rate their energy requirements are 

high and they may forage selectively to meet their metabolic 

requirements. Dirschl (1963) found that pronghorns in 

Saskatchewan appeared to prefer plants having the highest 

protein contents in all seasons. In Utah, Smith and 

Malechek (1974) found crude protein contents in pronghorns 

diets to be from 10 percent to 22 percent. 

Forbs had the highest protein content (21%) of all 

plant groups, and occurred second most frequently (28%) in 

the diets of Sonoran pronghorns in the 1989 dry season. 

Cacti were the most frequent diet item (53%), but were low 

in protein (4%). This observation suggests that pronghorns 

not only forage selectively to meet both protein and water 

requirements, but also, that meeting water requirements may 

be more important than meeting protein requirements in the 

driest time of the year. The metabolism of protein by 

mammals creates nitrogenous metabolites that require water 
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to excrete. Eating a diet with a high protein content 

coupled with water shortage would exacerbate the effects of 

stress caused by restricted intake of water. Squires (1988) 

reported that cattle and sheep voluntarily restrict water 

intake and turnover when fed low quality forage. Vercoe 

(1971) reported that when high water intake was combined 

with low levels of nitrogen, urea was flushed from the 

plasma and thus; was not available for recycling. 

Trees had the highest protein contents (15%) but 

occurred fourth most frequently in the diet (17%) in the 

1989 wet season. Forb species were second highest in 

protein (11%) and were found most frequently in the diet 

(41%). Cacti occurred second most frequently in the diet 

(22%) but were low in protein (4%). Woody species and cacti 

were highest in moisture. Cacti were less important in the 

diet during the wet season than in the dry season. This 

shift probably occurred because the moisture content of 

woody plants is greater in the wet season, and they also 

have more protein than cacti. 

Fats supply energy for normal maintenance and 

productive functions, provide essential fatty acids, and 

carry fat soluble vitamins (A, D, E, K) (Church and Pond 

1982) . I hypothesized that fat content of forage would be 

higher in forage from occupied areas than in forage from 
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unoccupied areas if Sonoran pronghorns forage selectively 

for plants with higher nutritional quality; however, I found 

that fat contents differed little between occupied and 

unoccupied areas, and that the differences were not 

statistically significant. 

Cellulose is a major component of plant cell walls and 

together with hemi-cellulose and lignin, form a biologically 

unavailable portion of forage (Church and Pond 1982). I 

assumed that levels of these basically indigestible 

substances would be greater in forage from unoccupied areas 

if pronghorns forage selectively for plants with greater 

nutritional quality. I found this to be generally true of 

cellulose levels of forage in the 1989 field season (P = 

0.06-0.99); however, hemicellulose levels were greater in 

forage from occupied areas, and lignin contents of plants in 

occupied areas in the dry season were greater than in 

unoccupied areas. That fiber values (ADF and NDF) were 

greater in unoccupied areas seems to support my assumption. 

Habitat Utilization Relative to Vegetational Characteristics 

Cover 

Cover provides pronghorns with food and shade. Up to a 

point, it also affords fawns protection from predation. 

Autenrieth (1984) indicated that pronghorn fawns in Idaho 

selected areas with greater cover. He suggested that areas 
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with greater cover had higher fawn production. Conversely, 

Beale and Smith (1973) found high predation on pronghorn 

fawns in tall shrub lands in Utah. Shade is likely very 

important to Sonoran pronghorns during the summer; but, the 

risk of predation, especially to fawns, may be greater in 

areas where dense vegetation provides shade. 

The minor differences I reported in cover of shrubs, 

trees, and cacti in occupied and unoccupied areas appear to 

be inexplicable, but are clarified when the composition of 

the sample plots is considered. The cover of shrubs, cacti 

and trees were different in occupied and unoccupied areas 

because plots sampled during the later part of each field 

season had not been sampled early in the season: thus, the 

vegetation would not be expected to be identical. Cover of 

shrubs was the only difference that was nearly significant 

(P = 0.07 and 0.07). These differences were probably caused 

by phenological changes of the plants. 

Frequency 

Generally, plants were more numerous in occupied areas 

than in unoccupied areas. Plants were generally more 

numerous in occupied areas in the dry season than in 

occupied areas in the wet season. The greater frequency of 

most classes of plants in occupied areas may indicate that 

pronghorns select areas with more plants to meet their 
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nutritional and water requirements. The greater frequency 

of plants in the dry season in occupied areas than in 

occupied areas in the wet season may indicate the increased 

need for moisture during the hot, dry period. 

Vertical Structure 

According to Yoakum (1972), plant structure is directly 

related to pronghorn occupancy of rangelands. In the Great 

Basin rangelands, he found that pronghorns occupied areas 

with vegetation >60 cm less frequently than they occupied 

areas with shorter vegetation. He assumed that pronghorns 

avoided these areas because of increased susceptibility to 

predation. 

I found that frequency of vertical obstruction was 

greater at sites occupied in the dry season than at sites 

occupied during the wet season in 1989. This difference 

probably reflects a greater need for shade during the 

driest, hottest time of the year. Greater frequency of 

obstruction in the 100 to 200 cm range in areas occupied 

during the dry season indicates that there are more trees or 

larger shrubs in these areas. This type of vegetation 

provides shade but it may also increase the risk of 

predation on fawns. 
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SUMMARY AND MANAGEMENT/RESEARCH RECOMMENDATIONS 

Sonoran Pronghorn Use of Water 

My data indicated that pronghorns use habitat randomly 

in relation to permanent water sources, and that they ate 

plants with high moisture contents more in the summer dry 

season than in the summer wet season. I therefore do not 

recommend development of water sources for Sonoran 

pronghorns. Instead, I recommend further investigations of 

Sonoran pronghorn water requirements, with emphasis on water 

intake and turnover and forage moisture. 

If Sonoran pronghorns rely on vegetation moisture to 

meet water requirements, I suggest investigations of habitat 

modifications methods that will either enhance, promote, or 

sustain the growth of high moisture plant species that are 

typically eaten by Sonoran pronghorns. 

Plant Structure in Sonoran Pronghorn Habitat 

Cover 

My cover data represent average vegetation cover and 

composition in the areas I observed pronghorn. Because 

Sonoran pronghorn range may have been altered by past human 

activity, primarily cattle grazing, I hesitate to recommend 

these average cover values as optimal for Sonoran pronghorn. 

Sonoran pronghorn numbers may be low because the habitat has 

been altered. If so, these values may represent vegetation 



cover and cover composition that is only marginal for 

pronghorn. 

I recommend investigations of the historical 

distribution and composition of vegetation in Sonoran 

pronghorn range. If habitats have been altered, I recommend 

investigations of habitat management methods and 

conservation practices that would allow the habitat to 

recover more rapidly, if necessary, from past degradation. 

Habitats frequented by pronghorns during the hottest and 

driest periods could be managed to encourage establishment 

and growth of native plants that increase cover and retain 

moisture throughout the dry period. Construction of low 

earthen dams or embankments that would hold, divert or slow 

the flow of water might hasten the establishment of 

desirable plant components. 

Frequency 

My data do not indicate that plant frequency influences 

Sonoran pronghorn use of habitat. However, I recommend 

investigation of structural manipulations of the habitat 

similar to the ones mentioned above that would increase the 

frequency of plants eaten by Sonoran pronghorns, and 

generally speed or enhance habitat recovery if existing 

habitats have been altered by human activity. 
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Vertical Structure 

My data indicate that vertical obstruction can 

influence Sonoran pronghorn habitat use in the hottest, 

driest portions of the year. Shrubs and trees contributed 

most to visual obstruction in my study area. Trees and 

shrubs are structurally most useful for shading in hot dry 

periods. I recommend that managers investigate methods of 

modifying the habitats to increase thermal protection in 

pronghorn range. Because other pronghorn studies have shown 

that vertical structure of vegetation can influence 

predation on pronghorn, I also recommend predation studies 

with an emphasis on how vegetation structure affects 

predation on Sonoran pronghorns. 

Moisture Content and Nutritional Quality of Plants in 

Sonoran Pronghorn Habitat 

Vegetation Moisture 

My data indicate that vegetation moisture can influence 

Sonoran pronghorn use of habitat. I recommend that managers 

investigate methods to manipulate habitats to increase the 

density and abundance of high moisture plants typically 

eaten by pronghorn, especially in the hottest driest seasons 

(Tables 1-3). I also recommend investigations of water 

requirements with emphasis on water intake and water 

turnover in this pronghorn sub-species. 



Plant Nutritional Quality 

Plant nutrition data do not indicate that Sonoran 

pronghorn use of habitat is influenced by the nutritional 

quality of plants. My data represent the nutritional 

quality of the plants Sonoran pronghorns ate; however, they 

do not infer that forage of Sonoran pronghorns was 

nutritionally adequate. The nutritional requirements of 

Sonoran pronghorns are unknown, and information about the 

nutritional requirements of other sub species of pronghorns 

is limited. Because nutritional deficiencies can cause 

reduced reproduction, low recruitment, and lessened survival 

I recommend that nutritional requirements of Sonoran 

pronghorn be investigated. 

Population Management and Other Recommendations 

Management of Sonoran pronghorns is oriented toward 

protecting the sub-species and its habitat from further 

degradation by humans. This style of management has 

probably saved the sub-species from extinction; however, 

population levels of Sonoran pronghorns have apparently 

remained extremely low since the 1930's. If the population 

trend is correct, then habitat protection oriented 

management may have only sustained marginal habitat and 

marginal numbers of animals. I therefore recommend a more 

proactive management approach. 
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I recommend that the extent of Sonoran pronghorn range 

be clarified. CPNWR personnel have received unconfirmed 

reports that Sonoran pronghorns have been seen in various 

areas outside of CPNWR, OPCNM, and Barry M. Goldwater Range 

(BMGR). If pronghorns do occur in these areas then their 

habitats are probably not protected from degradation by 

humans (e.g., over-grazing). 

To clarify the extent of Sonoran pronghorn range so 

that a larger portion of the entire Sonoran population can 

be managed, I suggest simultaneous aerial surveys by 

helicopter or fixed-winged aircraft on BMGR, CPNWR, OPCNM, 

Sonora, Mexico and adjacent areas where pronghorns have been 

reported. If land adjacent to areas currently managed for 

Sonoran pronghorns supports pronghorn, then I suggest 

including those areas in protection and management. 

Population size, composition and trend also need to be 

clarified before specific research projects can be 

initiated. Population size, trend and composition data 

could be gathered during aerial range censuses mentioned 

above. Managers could eventually ascertain whether the 

Sonoran pronghorn population is growing, decreasing or 

remaining relatively constant if this data is collected. If 

the population is remaining constant or is declining, then 

composition data could be investigated to determine were the 



problem lies. If the population is declining or remaining 

constant at a low level I suggest intensifying 

investigations of fawn production and survival, adult 

mortality, and productivity of the habitat. 
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Appendix 1 

Total monthly rainfall (cm) in southwestern Arizona, 1988, 
1989. 

Month Weather Station 

Tacna Yuma Citrus Ajo OPCNM* 

1988 

January 0.94 0.51 0.97 1.4 

February 

March 0.10 0.13 1.4 3.4 

April 1.7 2.6 2.6 0.91 

May 0.0 0.0 0.0 T** 

June 0.0 0.94 0.26 0.0 

July 0.94 T 0.76 6.25 

August 3.3 1.1 7.1 9.2 

September 0.05 0.0 0.28 0.25 

October 0.25 0.58 1.8 6.3 

November 0.0 0.0 0.26 T 

December 

*OPCNM= Organ Pipe Cactus National Monument 
** Trace 
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Appendix 1 (Continued) 

Total monthly rainfall (cm) in southwestern Arizona, 1988, 
1989. 

Month Weather Station 

Tacna Yuma Citrus Ajo OPCNM* 

1989 

January 2.9 2.3 4.6 6.4 

February 0.0 0.0 0.03 0.05 

March 0.56 0.23 2.7 1.6 

April 0.0 0.0 0.0 0.0 

May 0.0 0.0 0.0 0.03 

June 0.0 0.0 0.0 0.0 

July 2.2 8.9 2.0 2.6 

August 0.58 5.0 1.5 6.2 

September 0.0 T** 0.05 0.0 

October T T 1.1 1.4 

November 0.08 0.13 0.10 0.0 

December 

*0PCNM= Organ Pipe Cactus National Monument 
**Trace 
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Appendix 2 

Average monthly temperature (C) in southwestern Arizona, 
1988, 1989. 

Month Weather Station 

Tacna Yuma Citrus Ajo OPCNM* 

1988 

January 10.3 11.6 12.4 

February 

March 16.8 17.5 17.8 17.1 

April 20.5 19.8 21.3 20.1 

May 24.8 24.2 24.3 

June 29.5 28.8 29.9 29.3 

July 33.4 32.6 31.9 

August 32.2 31.6 31.8 31.7 

September 28.3 28.3 27.6 

October 25.7 26.1 25.2 

November 15.8 17.1 18.3 16.8 

December 

*OPCNM= Organ Pipe Cactus National Monument 



Appendix 2(Continued) 

Average monthly temperature (C) in southwestern Arizona, 
1988, 1989. 

Month Weather Station 

Tacna Yuma Citrus Ajo OPCNM* 

1989 

January 10.1 11.1 11.3 

February 19.1 19.1 20.8 19.2 

March 13.9 13.7 15.2 14.9 

April 23.4 23.7 23.8 

May 24.3 25.2 26.2 24.8 

June 28. 6 29.4 30.6 29.4 

July 32.7 33.5 32.6 

August 31.1 31.8 31.2 30.11 

September 29.0 29.9 29.3 

October 22.6 23.3 24.8 23.3 

November 15.6 17.2 17.7 

December 

*OPCNM= Organ Pipe Cactus National Monument 
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Appendix 3a 

Location (UTM), group size, date and habitat of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge, April to August, 1988 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

4/4 303950 3549300 1M S/PV 

4/5 292900 3558500 lFlMlf CB 

4/13 304500 3567500 1M S/PV 

5/17 292900 3550500 1M PV/MC 

5/21 307050 3580900 1M PV/MC 

5/24 314450 3569300 3F2f S/PV 

5/28 285250 3554050 4U CB 

5/28 291900 3556750 1M CB 

5/31 311650 3584350 1M S/PV 

6/2 295100 3552200 1M PV/MC 

6/4 305500 3586400 If 2U PV/MC 

6/12 304100 3585600 1M1F 

6/15 312900 3569800 lFlf 

6/16 311700 355990 1M2F CB 

6/18 30650 356800 2F1U PV/MC 

6/27 314650 3569625 1U PV/MC 

6/27 314650 3569625 1M2F3U PV/MC 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, CB = creosote-bursage 
CM=creosote-mesquite, S/PV=saguaro/palo verde 
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Appendix 3a(Continued) 

Location (UTM), group size, date and habitat of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge, April to August, 1988 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

6/30 306300 3585800 2M1F CB 

6/30 315150 3559700 1M2F 

7/4 316800 3584200 1M 

7/7 293950 3552900 1M PV/MC 

7/8 293350 3552250 2M3F2f PV/MC 

7/11 314100 3557500 1M3F S/PV 

7/11 315000 3558800 lFlf 

7/12 306500 3556950 2Flf 

7/13 312700 3569900 1M PV/MC 

7/14 306050 3584100 2M1U PV/MC 

7/19 306050 3568350 IF PV/MC 

7/19 291200 3553500 1M PV/MC 

7/19 315000 3561000 1M PV/MC 

7/22 305200 3585500 IF S/PV 

7/23 314650 3572200 lM2Flf CB 

7/28 294700 3554500 lMlFlf PV/MC 

7/31 305300 3854400 1M6F PV/MC 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, CB = creosote-bursage 
CM=creosote-mesquite, S/PV=saguaro/palo verde 
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Appendix 3a (Continued) 

Locations (UTM), group size and habitats of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge April to August, 1988 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

8/2 31300 3561100 2F PV/MC 

8/8 306100 3588600 1M PV/MC 

8/8 311200 3584500 IF 

F = female, M = male, f = fawn, U = unclassified 

PV/MC = palo verde/mixed cacti, CB = creosote-bursage 
CM = creosote-mesquite, S/PV = saguaro/palo verde 
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Appendix 3b 

Locations, group size, and habitats of Sonoran pronghorns on 
Organ Pipe Cactus National Monument and Cabeza Prieta 
National Wildlife Refuge March to August, 1989 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

3/5 300100 3566800 1F2M CM 

3/5 301400 3565400 3U CM 

3/5 301900 3565400 1M CM 

3/9 301700 3565400 1F1M CM 

3/9 299800 3566700 IF CM 

3/9 299600 3566900 IF CM 

3/9 296800 3569400 1F2M CM 

3/9 293700 3584900 2F1M CB 

3/11 299100 3587050 2F4M PV/MC 

3/15 293700 3584900 2F1M CB 

3/15 300100 3566800 IF CM 

3/15 301800 3565200 1M CM 

3/17 315250 3556850 1F1U PV/MC 

3/30 294400 3572300 1F3U CB 

4/5 292200 3578050 4M CM 

4/7 294150 3558350 1M CB 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, M = Mesquite 
S/PV = saguaro/palo verde, CB = creosote-bursage 
CM = creosote-mesquite 
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Appendix 3b(Continued) 

Locations (UTM), group size and habitats of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge March to August, 1989 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

4/9 30700 3548200 1M CB 

4/14 308600 3577400 1M2F PV/MC 

4/22 309100 3574600 lMlFlf PV/MC 

4/28 313800 3578900 1F1M PV/MC 

5/4 310800 3573100 3M1F PV/MC 

5/13 314100 3558100 1M CM 

5/17 310900 3572900 3FlMlf PV/MC 

5/18 314100 3558100 2F1U PV/MC 

5/24 311600 3572250 lF2Mlf PV/MC 

5/30 308400 3577200 4F PV/MC 

6/1 313800 3557900 lFlM2f PV/M 

6/5 310350 3557900 lFlMlf CM 

6/7 293450 3553000 1M PV/MC 

6/7 290800 3552300 1M CB 

6/8 314300 3558250 lFlf M 

6/14 307900 3577400 lFlf PV/MC 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, M=Mesquite 
S/PV = saguaro/palo verde, CB = creosote-bursage 
CM = creosote-mesquite 
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Appendix 3b(Continued) 

Locations (UTM), group size, and habitats of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge March to August, 1989 

Date 
Location 
UTM 

Easting Northing 

Group 
Size' Habitat2 

6/15 314800 3558350 3F2f PV/MC 

6/15 315200 3554500 2FlMlf PV/MC 

6/19 314800 3568850 3FlMlf PV/MC 

6/19 286400 3554100 1M PV/MC 

6/22 314700 3558300 lFlf PV/MC 

6/23 313900 3557300 lFlf PV/MC 

6/26 315200 3570100 1F3M PV/MC 

6/27 315500 3569900 2F2Mlf1U PV/MC 

6/27 315500 3570100 2Flf PV/MC 

6/28 315600 3569900 3FlMlf PV/MC 

6/29 315500 3567900 1M PV/MC 

6/29 315500 3567900 1F1M PV/MC 

6/29 315500 3567900 2F1M PV/MC 

6/29 314100 3570200 lFlMlf PV/MC 

6/30 314200 3569800 1M PV/MC 

6/30 314300 3569600 1M PV/MC 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, M = Mesquite 
S/PV = saguaro/palo verde, CB = creosote-bursage 
CM = creosote-mesquite 
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Appendix 3b(Continued) 

Locations (UTM), group size and habitats of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge March to August, 1989 

Location Group 
Date UTM Size' Habitat2 

Easting Northing 

6/30 314100 3569100 lFlf PV/MC 

7/1 313900 3568500 lFlf PV/MC 

7/6 314400 3570100 lFlf PV/MC 

7/6 314400 3570100 1M1U PV/MC 

7/7 316400 3554600 3FlMlf PV/MC 

7/10 313400 3557400 lFlf PV/MC 

7/14 315600 3568500 1F1M PV/MC 

7/14 315600 3568500 1F1M PV/MC 

7/18 315300 3558200 lFlf PV/MC 

7/20 311600 3571200 1M PV/MC 

7/21 314300 3567800 2F1M PV/MC 

7/21 314300 3567800 lFlMlf PV/MC 

7/28 31300 3557100 lF2Mlf PV/MC 

7/31 314200 3572500 3Flf M 

7/31 304700 3585000 1M PV/MC 

8/3 314200 3557600 lFlMlf PV/MC 

F = female, M = male, f = fawn, U = unclassified 
PV/MC = palo verde/mixed cacti, M = Mesquite 
S/PV = saguaro/palo verde, CB = creosote-bursage 
CM = creosote-mesquite 
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Appendix 3b(Continued) 

Locations (UTM), group size and habitats of Sonoran 
pronghorns on Organ Pipe Cactus National Monument and Cabeza 
Prieta National Wildlife Refuge March to August, 1989 

Location Group 
Date UTM Size' Habitat2 

Easting Northing 

8/9 313200 3559200 IF PV/MC 

8/9 313700 3557800 lFlMlf PV/MC 

8/9 313400 3559100 IF PV/MC 

8/11 317800 3569500 2FlMlf PV/MC 

8/17 313500 3556900 lFlMlf PV/MC 

8/26 314400 3557200 lFlMlf PV/MC 

F = female, M = male, f = fawn, U = unclassified 

PV/MC = palo verde/mixed cacti, M = Mesquite 
S/PV = saguaro/palo verde, CB = creosote-bursage 
CM = creosote-mesquite 
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Appendix 4a 

Results of anecdotal observations of pronghorns during 1988 
and 1989 field seasons. 

Results 

Life History.—I observed pronghorns 37 times in 1988 

and 70 times in 1989. In 1988, 21 observations included 

radio-equipped individuals, and in 1989, 36 observations 

included radio-equipped individuals. All other observations 

(n = 50) were of groups without radio-equipped animals. 

Group Size and Composition.—In 1988 and 1989, the 

average group size was 2.5 (range = 1-7). Composition of 

groups associated with radio-equipped animals was variable 

(range = 1-6). 

Fawns.—In 1988, I saw fawns 7 times, the first on 4 

May. The fawn to doe ratio was 30:100. 

In 1989, I saw the first fawn on 22 April, and it was 

apparently born between 14 April and 22 April. I saw fawns 

28 more times. The fawn to doe ratio was 40:100. 

Adults.—In 1988, I observed 34 adult females and 28 

adult males. The male to female ratio was 84:100. In 1989, 

I observed 83 adult females and 58 adult males. The male to 

female ratio was 70:100. 

Movements.—Between 30 March and 2 April 1989, a radio-

equipped female in upper Growler Valley moved approximately 
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Appendix 4a(Continued) 

Results of anecdotal observations of pronghorns during 1988 
and 1989 field seasons. 

17.6 km southeast into Daniels Arroyo. She moved shorter 

distances in a roughly circular pattern in Daniels Arroyo 

until mid-August. In mid-August, she returned to the area 

in upper Growler Valley where she was before 30 March 1989. 

She moved similarly in 1988. Prior to the long range 

movement, the pronghorn occupied a creosote-bursage habitat 

bordered by a desert wash with palo-verde and ironwood. In 

plots along transects at the observation site I estimated 41 

percent total cover. I found 3 shrub species, 2 grass 

species, and 9 forb species with 23, 1, and 17% ground cover 

respectively. Shrubs, trees, grasses, and forbs had 22, 52, 

17 and 19% moisture contents respectively. Cacti were not 

collected because fruits were unavailable in the observation 

area. The average moisture content of vegetation at the 

observation site was 26%. 

After the long range movement, the pronghorn occupied a 

creosote/bursage habitat bordering a palo-verde/mixed cacti 

habitat. In plots along transects at the observation site I 

estimated 30 percent total ground cover. I found 2 shrub 

species, 1 tree species, 2 cacti species, 1 grass species 

and 5 forb species. Percent ground cover of shrubs, cacti, 
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Appendix 4a(Continued) 

Results of anecdotal observations of pronghorns during 1988 
and 1989 field seasons. 

and forbs were 16, 4, and 10 respectively. I encountered no 

tree and grass species in plots, but collected grass samples 

for percent moisture estimate and nutritional analysis. 

Tree leaves were unavailable for sampling. Percent moisture 

contents of shrubs, cacti, grass, and forbs were 20, 77, 

45,and 16, respectively. The average moisture content of 

vegetation at the observation site was 39%. 

Another radio-equipped female was less mobile in 1989. 

She moved shorter distances in a roughly circular pattern in 

Growler Wash throughout the study period. Location data for 

other radio-equipped animals was too limited to define 

movement patterns. 

Social Behavior.—Thirty three observations were long 

enough to allow me to describe inter- or intra-group 

behavior. Males were loosely associated with female groups 

in early summer but tended to interact more with female 

groups later in the summer. Females were chased, herded, 

and un-bedded by males. Adult males were more aggressive to 

adult females and juvenile males than to one 

another. Adult males postured aggressively toward one 

another, but did not physically interact (e.g., head to head 
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Appendix 4a(Continued) 

Results of anecdotal observations of pronghorns during 1988 
and 1989 field seasons. 

sparring and butting). Juvenile males were aggressive to 

one another and to females. I observed head to head 

sparring and aggressive posturing among juvenile males. I 

observed adult males marking low shrubs 4 times and void-

marking the ground once. I saw fresh void marks throughout 

both field seasons. 

Foraging Behavior.—I observed pronghorns eating 

triangle-leaf bursage, cholla fruits, mesquite, mistletoe 

(Phorodendron sp.), and palo verde. Seventy percent (n= 25) 

of foraging observations included observations of pronghorns 

foraging on cholla fruits. When I observed pronghorns 

foraging at ground level, I could not identify the species 

being consumed. After pronghorns left observation sites I 

inspected all ground-level plant species for evidence of 

foraging. I found evidence of foraging on: Erodium texanum. 

Monolepis nuttalliana. Plantago insularis, Daucus pusillus. 

and Gallardia arizonica. Forbs such as these were available 

to pronghorn for short periods after summer or winter rains. 

Pronghorns occupied creosote bursage habitats only when 

forbs were available. In Growler valley, pronghorns 

occupied creosote-bursage playas in April and early May of 
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Appendix 4a 

Results of anecdotal observations of pronghorns during 1988 
and 1989 field seasons. 

1988 and 1989 when forbs were abundant. Later in the field 

seasons, when most forbs were desiccated, I saw no 

pronghorns in these areas. 

When foraging, pronghorns walked slowly in single file, 

grouped together, and then foraged. If pronghorn groups had 

males, females and fawns, adult females led groups, fawns 

and juveniles followed females, and adult males were always 

in the rear of the groups. When groups stopped to forage, 

adult males often foraged then briefly chased or herded 

females and juvenile males. 



76 

Appendix 4b 

Discussion of anecdotal observations of pronghorns during 
1988 and 1989 field seasons. 

Discussion 

Life History 

Group Size.—Wright and deVos (1986) reported an 

average monthly group size for Sonoran pronghorn ranging 

from 2.0-8.6, and an annual mean of 5.0 from 1983-1985. 

During the months of March to August, the months comparable 

to when I gathered most of my group size data, their average 

of monthly groups size was 3.9. The averages I estimated 

(2.4 and 2.5) were smaller. Perhaps these differences arose 

because their data were taken from aircraft and mine from 

the ground. Possibly, my study area did not represent the 

larger area encompassed by their study. 

Mitchell (1980) found that the average size of 

pronghorn groups in Alberta fluctuated monthly. He observed 

average group sizes of 2.9 to 38.4. The largest groups were 

observed in the winter and the smallest in the summer. 

Group sizes of Sonoran pronghorns (Appendix 3a and 3b) 

were generally smaller, and varied less seasonally than 

pronghorn groups in northern areas. I detected no apparent 

trend in group size changes from month to month, but some of 

my monthly samples were too small to estimate group sizes 
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Appendix 4b 

Discussion of anecdotal observations of pronghorns during 
1988 and 1989 field seasons. 

adequately. Inability to view pronghorns in taller 

vegetation biases group size estimates in Sonoran desert 

habitat, probably more from the ground than from the air. 

Group Composition.—Wright and deVos (1986) estimated group 

composition of 56 pronghorns seen from the air on 22 

December 1984 to be 60 males:100 females:50 fawns. 

Beale and Smith (1973) state that the potential fawn to 

female ratio is 200:100. They observed fawn to female 

ratios of 100:100 to 181:100 in Utah. Bruns (1977) observed 

a similar ratio in Alberta and Montana. He considered such 

estimates to be low. My estimated fawn to female ratios are 

even lower, but were influenced by repeated observations of 

radio-equipped animals; un-equipped animals could not be 

identified as individuals. 

During a 5 year period, Carr (1973) estimated the male 

to female ratio on CPNWR to be 56:100 (n = 493) and Wright 

and deVos (1986) estimated the ratio to be 60:100 on a 1-

day aerial count in winter, whereas, their estimates of 

ratios from relocated animals from 1983-85 varied, being 24-

44:100 in fall and 68:100 in winter and 63:100 in July. 
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Discussion of anecdotal observations of pronghorns during 
1988 and 1989 field seasons. 

Bruns (1977) reported a male to female ratio of 

52:100 and Armstrong (1968) reported a male to female ratio 

of 72:100 for Alberta, Canada and northern Montana. 

My estimates were 84:100 in 1988 and 70:100 in 1989. 

These estimates were higher than those mentioned above but 

are probably biased for the reasons mentioned above. If, 

however, the male to female ratio is higher or getting 

higher, and the total population numbers are stable or 

decreasing, overall productivity would probably suffer 

because fewer females would be available to produce 

offspring. 

Movements.—According to Mclean (1944), Cole and 

Wilkins (1958), and Martinka (1966) seasonal movements of 15 

to 50 km are common for pronghorns. Reynolds (1984) 

documented daily movements of male and female pronghorns 

that averaged 15.9 ± 4.4 and 20.4 ± 8.1 km, respectively 

(total distance traveled). The movement of 17.6 km that I 

observed appears to be within the range considered normal 

for pronghorn movement. 

Hoskinson and Tester (1980) suggested that plant 

moisture stimulates fall migration of pronghorns in Idaho. 
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Appendix 4b(Continued) 

Discussion of anecdotal observations of pronghorns during 
1988 and 1989 field seasons. 

The pronghorn I observed, moved to an area with a 13 percent 

higher average plant moisture content, less cover, and a 

less diverse plant community. Cacti have the highest 

moisture contents of all plants on the study area, and the 

area that the pronghorn moved to had 4 percent greater cacti 

cover. However, because I observed only 1 long range 

movement, I can not draw conclusions about the stimulus for 

pronghorn long range movement in southwest Arizona. 

Behavior.—According to Kitchen (1974) the pronghorn 

society on the National Bison Range in Montana is organized 

around the herd, with a territorial breeding system. 

Organization was maintained by sex/age hierarchies. Female 

hierarchies mediated competition for resources. Bachelor 

male hierarchies also mediated resource competition, but 

ultimately determined which males bred. Territories were 

marked visually, by the presence of the male, with scent 

from subauricular and interdigitary glands, with feces and 

urine, and possibly acoustically. Males defended 

territories longer than was required for breeding. 

Copulatory success for territorial males was correlated with 

the size of the female group held on a territory. Female 
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Discussion of anecdotal observations of pronghorns during 
1988 and 1989 field seasons. 

group size depended upon range condition. Kitchen therefore 

suggested that territories were placed in relation to 

resources. 

I saw signs of territorial marking and hierarchical 

maintenance throughout the study period, but resources 

within the range of distribution of Sonoran pronghorn may be 

limited and spatially separated such that well defined 

territorial systems can not be established. Pronghorns may 

have to travel longer distances and move more often to 

obtain life requirements in this habitat than in others, and 

then may either defend larger territories or defend areas 

only as long as the resources, annual forbs for instance, 

are available. Males may also have to travel further during 

the breeding season because of the patchy distribution of 

pronghorn groups and the low number of pronghorns. 

Foraging behavior of Sonoran pronghorn appears similar 

to the foraging behavior of other subspecies. I observed 

pronghorns walking slowly in single file, then stopping to 

forage. Reynolds (1984) observed foraging behavior of 

pronghorns in southeast Idaho and described foraging 

behavior as a prolonged slow walk associated with browsing 

activity. 
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