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ABSTRACT

A smallt isolated population of white-tailed deer (Odoeoileus 

virginianus couesi) in the Ajo Mountains of Organ Pipe Cactus National 

Monument was studied from June 1976 to July 19?8 to evaluate the fac

tors influencing their distribution, abundance, and probability of sur

vival.

The population, estimated at 6 to 12 individuals, is separated 

from the nearest neighboring population by 20 miles of lowland desert. 

The deer were most commonly observed below 4000 ft elevation, where 

the vegetation is described as Sonoran desertscrub.

Key factors determining suitability of habitat were forage, 

topography, and water availability. Preferred forage species were 

abundant throughout the Ajo Range and were not considered to be limit

ing the deer's distribution. Areas of relatively gentle slope were 

preferred to steeper, rockier terrain. Permanent water may be the most 

important factor affecting white-tailed deer distribution in this 

desert region.

Measures of competitive overlap with desert bighorn sheep (Ovis 

canadensis mexicana), indicated that severe competition was probably 

not occurring. White-tailed and mule deer (0. hemionus crooki) occu

pied exclusive territories, and thus avoided competition. Range of 

domestic cattle overlapped that of white-tailed deer only in limited 

areas. Predation, intraspecific aggression, and human interference
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were suggested as possible factors contributing to deer mortality. 

Threat of extinction is great due to the extremely wmqll size of the

population.



INTRODUCTION

The Coues white-tailed deer (Odocoileus virginianus couesi 

Coues and Yarrow) is a common species in most of the higher desert 

mountain ranges of southeastern Arizona. They are generally found at 

elevations where there is oak(Quercus)-woodland, pinyon(Firms)-juniper 

(Juniperus), or other coniferous forest. They are seldom found in 

desert habitat (White 1957)• National Park Service records (OPCNM 

wildlife observation cards) indicated that there was a small population 

of white-tailed deer in the Ajo Mountains, Organ Pipe Cactus National 

Monument (OPCNM), Arizona. This rugged, isolated range rises from less 

than 2000 ft (610 m) above sea level to a height of 4808 ft (1465 m) on 

Mount Ajo. The majority of the mountain mass is less than 4000 ft 

(1220 m), and is characterized by desert-shrub vegetation (Brown, Lowe 

and Pase 1977)i high temperatures, and limited water.

Published information on white-tailed deer which inhabit many 

of the desert mountain ranges in southwestern Arizona is limited.

Emory (1857) recorded the wildlife he observed while surveying the in

ternational boundary, but only noted the occurrence of bighorn sheep 

in the area of the monument. W. T. McDougal of the Carnegie Institute 

collected a white-tailed deer in the Cubabi Mountains of Sonora, south 

of OPCNM (Hornaday 1909), and Huey (1942) conducted a vertebrate faunal 

survey of the monument, but made no mention of whitetails. Recently,
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Schultz (1966) reported an estimate of 18 white-tailed deer in the 
monument. This figure was based on visitor observation records.

The whitetails in the Ajo Mountains are representative of the 

many small island populations that occur on the isolated desert ranges 

in southwestern Arizona. These populations are exceptional by occur

ring in habitats that are exposed to the extreme desert environment, 

in the extremely small size and insular nature of their populations, 

and in their persistence despite continual interference from cattle 

grazing, unregulated hunting by the Papago Indians, and in the case of 

the Ajo Mountain population, increasing tourist traffic through their 

habitat.

This study was initiated to describe the population of white

tailed deer in the Ajo Mountains and to evaluate the processes that 

might be affecting their distribution, abundance, and probability of 

survival. Field work was conducted from June 1976 through July 1978. 

The main objective was to determine what management practices could be 

initiated by the National Park Service to prevent the premature extinc

tion of this unique population of deer.
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STUDY AREA

The Organ Pipe Cactus National Monument is situated in south

western Arizona along the border with Sonora, Mexico. It is bounded on 

the east by the Papago Indian Reservation and on the west by the Cabeza 

Prieta National Wildlife Refuge (Fig. 1). Located in the north-central 

part of the Sonoran desert, the monument's 350,874 acres (133i901 ha) 

preserve a diverse desert flora and fauna, including approximately 300 

species of plants, 45 mammalian species, 45 species of reptiles, and 

39 species of breeding birds (U.S. Department of Interior 1975)•

The monument is a part of the Basin and Range Physiographic 

Province (Keith 1971) with the generally flat desert floor broken by 

several northwest-southeast running mountain ranges. The highest of 

these ranges, the Ajo Mountains, marks the eastern boundary of the park. 

Other major ranges are the Puerto Blanco, Bates, and Growler Mountains, 

all running across the center of the monument, and all peaking at just 

over 3000 ft (950 m). The vegetation of these mountains and their 

surrounding slopes is characteristic of the saguaro-paloverde (Cereus- 

Cercidium) community, part of the Arizona Upland section of the Sonoran 

desert. Only the Ajo Mountains contain a more mesic vegetation type, 

that being small patches of relict juniper woodland. The more arid 

intermountain alluvial valleys range in elevation from 1000 ft (305 m) 
at the western boundary of the monument to about 2000 ft (610 m) in 
the eastern section. The valley soils are generally fine sands and
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silts, but grade to rocky soils on the upper bajadas, and typically 

support the creosote bush-bursage (Larrea-Ambrosia) community (Cali

fornia Microphyll section)•

The Ajo Range was the only locality in OPCNM that harbored a 

population of white-tailed deer; it thus became the primary study site. 

The range is the highest and largest in the monument, 10 miles (16 km) 

long and 2 to 3 miles (3 to 5 km) wide, and rises from a base at 2200 

ft (670 m) on the west, or 2600 ft (790 m) on the east side, to over- 
4000 ft (1220 m) on the higher peaks and ridges.

The Ajo Mountains are composed entirely of volcanic materials 

that were block-faulted and uplifted during the Tertiary (Keith 1971)• 

Rapid water runoff in the arid environment has eroded and formed the 

range with steep, rocky slopes, jagged-edged and barren ridgetops, 

deeply incised canyons, and extensive areas of rock outcrops and cliffs. 

Water in the mountains is found mainly in tinajas, where rainwater 

runoff is trapped in bedrock potholes. Most of these hold water for 

only days or weeks, but several last for most of the year, and fewer 

still are large enough to contain water year-round. Only one perennial 

spring is known in the Ajos: a small seep at a low elevation on the

eastern slope of the range in the Papago Indian Reservation. Temporary 

seeps in South Alamo Canyon and the Bull Pasture will create flowing 

streams for several weeks or months during very wet seasons.

The vegetation of nearly the entire Ajo Range is classified by 

Brown et al. (1977) as Sonoran desertscrub, and more precisely, the 

paloverde-mixed cacti series. The highest elevations tend toward
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6
desert-grassland (Brown 1978), and a few small patches of a relict 

juniper woodland exist.

National Weather Service records maintained at monument head

quarters at an elevation of 1670 ft (509 m) from 1949 to 1973 indicate 
the area received an average of 9.19 in (25.3) of annual precipitation. 

Rainfall is somewhat biseasonal, with k7% from July through September, 

and the remainder spread from October to March, peaking in December.

A distinct and predictable dry season occurs from April to about mid- 

July. April, May, and June average 0.21 (0.5 cm), 0.13 (0.3 cm), and 

0.11 (0.3 cm) inches of rain, respectively, and many years have no rain 

during this season. Since 1962 the National Park Service has main
tained a rain gauge at Arch Canyon, on the lower slopes of the Ajos, at 

2560 ft (780 m) elevation. Additionally, I recorded rainfall amounts 

during the study in the Bull Pasture at 3200 ft (975 m) and on Mount 

Ajo at 4760 ft (1450 m) (Table 1). The three stations in the Ajo 

Mountains had similar rainfall, showing only a slight increase with 

altitude. The Arch Canyon gauge had a 14-year mean of 13.3 in (33.8 

cm), from 1962 to 1978, excluding 1973 to 1975 because of incomplete 

readings. This figure would seem to be a reasonable estimate of mean 

rainfall for the Ajo Mountains.

The temperature regime for the region is typical for the Sonoran 

desert, with hot summers and mild winters. Records kept at monument 

headquarters show average daily maximum temperatures ranging from 67CF 

(19.4°C) in January to 103°F (39«4*C) in July; average minimums from 

38°F (3.3°C) in January to 74eF (23.3°C) in July. The temperature 

typically rises to 100eF (37.8°C)or over on 79 days of the year, while



Table 1. Rainfall, in inches, at four elevations in Organ Pipe" Cactus National Monument, from 
1976 to 1978. —  The three highest stations are in the Ajo Mountains. Twelve-month 
totals are shown in parentheses.

Date
Location and 1976 1977 1978
Elevation(ft) Jul-Sep Oct-Dec Jan-Mar Apr-Jun Jul-Sep Oct-Dec Jan-Mar Apr-Jun

Visitor Center 
1760 ft

3.31 1.55 0.64 0.15 1.57
(5.65)

2.58 4.37 0.22
(8.74)

Arch Canyon 
2560 ft

5.85 1.69 0.97 0.56 1.15
(9.07)

2.98 7.23 0.46
(11.82)

Bull Pasture 
3200 ft

1.57 0.12 1.39 
( —  )

3.80 7.10 0.18
(12.47)

Mount Ajo 
4760 ft

6.72 2.66 1.10 0.34 1.26
(10.82)

3.92 7.39 0.15
(12.72)
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it drops below freezing on only 19 days. Maximum temperatures in the 

mountains are somewhat lower. I measured temperatures at the Bull 

Pasture, 3200 ft (975 m), for 6 days in July 1978, with a maximum- 

minimum thermometer and a continuous recording thermograph. The daily 

maximum temperatures were 5.5eF (3.1*0) lower than at monument head

quarters, and 5.8°F (3.2*0) warmer at night. High temperatures on 

these 6 days ranged from 100°F (37.8*0) to 102*F (38.9*0), and could 

be expected to range up to 110*F (43.3*0).



METHODS AND MATERIALS
J

Distribution and Abundance

To determine the occurrence of white-tailed deer in and around 

the Organ Pipe Cactus National Monument, I relied upon my own obser

vations and those of observers whom I considered reliable. These 

people included Dave Brown of the Arizona Game and Fish Department, 

present and former personnel at the Cabeza Prieta National Wildlife 

Refuge, and members of the Papago Indian Tribe. Among the latter, 

Milton Blaine gave me the most information about the present status of 

deer on the Papago Reservation. I determined the distribution and 

numbers of white-tailed deer within the Ajo Mountains by visual obser

vation and by the use of five time-lapse movie cameras set at watering 

sites.

Habitat

I quantified two components of white-tailed deer habitat: 

vegetation and topography. Three study areas were selected in the Ajo 

Mountains based upon the locations of white-tail observations. I con

sidered these areas to be "suitable habitat." The vegetation within 

each area was measured by the line intercept method (Canfield 1941). 

Data obtained are percent ground cover and percent species composition. 

A total of 70, 98-ft (30-m) transects were measured. A vegetation 

cover map of the entire Ajo Range was constructed using color and
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10
black-and-white aerial photography, verified by ground check. I quan

tified topography by measuring the angle of slope at each vegetation 

transect location using a protractor and level. I also used a computer 

and digitizer to construct a slope map of the entire Ajo Range, using 

a computer mapping program called SYMAP. The program uses the data on 

a topographic map to calculate values for the average slope angle in 

cells representing 8.0 acres (3.2 ha) of land surface.

Diet

The diets of white-tailed deer and bighorn sheep were deter

mined using a microscopic fecal analysis technique developed by Hansen 

(1971)• The technique is based on two assumptions: each plant species

has unique epidermal characteristics, and at least part of the cuticle- 

encased epidermis survives digestion and is passed out in the feces.

The validity of the method to accurately describe the forage intake of 

herbivores has been verified by several investigators (Storr 1961; 

Sparks and Malechek 1968; Todd and Hansen 1973; Anthony and Smith 1974; 
Bearden, Pegau and Hansen 1975)•

Use of this technique requires the preparation of a set of 

reference slides and the collection and preparation of fresh fecal 

samples. I made a reference collection of the appropriate leaf, stem, 

flower, or fruit parts of 105 species of plants found on the study 
area. Reference material was prepared to simulate the condition of 

plant fragments as seen in fecal samples in order to aid in the iden

tification of the fecal material. The fresh or dried plant material 

was placed in water in a blender and ground at high speed for one to



11
five minutes. The contents of the blender were poured onto a 0.1 mm 

mesh sieve and washed in hot water. A small amount of the washed mate

rial was spread evenly and mounted on a microscope slide, using 

Hertwig*s solution and Boyer's solution. The slides were then placed 

in a drying oven at 131°F (55°C) for two to three days until the 

Boyer's solution had hardened to form a permanent mount. Fecal slides 

were prepared exactly as reference slides except the ground material 

was first passed through a 1 mm mesh sieve before washing over the 0.1 

mm sieve in order to reduce all fragments to a uniform size.

One or two slides were prepared for each fecal sample. Twenty 

systematically located fields were examined for each sample under a 

compound binocular microscope at lOOx magnification. Identification of 

plant fragments was based on characteristics of epidermal or cuticular 

tissues. Presence of plant species at each location was recorded.

Data taken from readings of slides were expressed as percent of fre

quency. Percent of frequency, F, can be converted to 'density, D, by 

the formula F = 100(l-e-^), (Fracker and Brischle 1944). Density of 

particles for a plant species was converted to relative density, which 

was then used as an estimate of percent composition of that species in 

the animal's diet (Sparks and Malechek 1968). Field observations of 

feeding deer or sheep provided additional qualitative information on 

the animal's food habits and aided in the selection of appropriate 

reference materials.

Because of possible confusion between the pellets of different 

species of ungulates, only fresh fecal samples were collected after an 

animal was observed defecating. This precaution was necessary; however,
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it limited the number of fecal samples from deer to 38 and samples from 
bighorn sheep to 39• Fresh pellets were stored in formal acetic 

alcohol until laboratory analysis could be performed.

Each animal's diet was described on a seasonal basis according 

to plant phenologies and climate (after Truett 1971): (1) spring is

the period 1 February to 30 April when new growth of perennial plants 
occurs and annuals are abundant; (2) early summer is the hot, dry- 

season of 1 May to 15 July when most plants are dormant except for some 

fruit growth; (3) late summer is 15 July to 15 October when plants 

grow and mature in response to the summer monsoon rains; and (4) winter 

is 16 October to 31 January when most perennial plants are dormant, 

although some cool season annuals are appearing.

Water Use

I located the important waterholes by searching the mountain 

canyons on foot. I was able to determine their use by deer and sheep 

by visual observation and by the use of time-lapse movie cameras set at 

the watering places. Five cameras were operated simultaneously near 

the end of the summer dry season when water needs are greatest (Elder 

1956). Other data obtained from the time-lapse surveys included water

ing and drinking times. Important waterholes were measured when full 

and periodically during the dry season to monitor their permanence.

Competition

Interspecific competition, defined as the process in which in

dividuals of different species are striving against each other to 

secure some resource that is in limited supply (Hasselll976) was
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examined by measuring overlap in spatial distribution and diet of 

white-tailed deer and bighorn sheep and by observing any interspecific 

behavioral interactions. When I observed an animal in the field, I 

marked its location on a topographic map and recorded its elevation. 

Dietary similarity was measured with Spearman’s rank correlation co

efficient (Sokal and Rohlf 1969)» Percentage overlap of the diets was 

calculated by the method of Anthony and Smith (1977)•

Predation

I collected 140 scats of bobcats (Felis rufus) and 9 scats of 

mountain lions (Felis concolor) in the Ajo Mountains. They were dried 

and stored in plastic bags until they could be examined in the labora

tory. After soaking the scats in a soap and water mixture, I broke 

them apart and separated the food remains by hand. Identification of 

hairs, bone fragments, claws, and teeth was made with the aid of refer

ence collections. Hairs were also identified using a published key to 

mammalian hair characteristics (Moore, Spence and Dugnolle 1974). 

Frequency of food item occurrence was tabulated.



RESULTS

Distribution and Abundance

The white-tailed deer is common on many of the high mountain 

ranges of southeastern Arizona. However, farther west the mountains 

are generally much lower and white-tailed deer are more dispersed. The 

Baboquivari Mountains, 60 miles (100 km) east of Organ Pipe, is the 

westernmost mountain range with extensive areas of Upper Sonoran vege

tation and a large, relatively stable population of white-tailed deer. 

West of the Baboquivari Mountains and south of Interstate Highway 8 are 

44 ranges with elevations of at least 2500 ft. (?60 m), though all of 
them are less than 5000 ft (1525 m). Only a few contain limited 

patches of Upper Sonoran vegetation (Brown 1978). The ranges are sepa

rated from each other by broad, relatively level, alluvial valleys. 

Yearly rainfall totals in Arizona correlate closely with altitude 

(Sellers and Hill 1974); therefore, the mountain ranges are actually 

patches of higher rainfall, and thus denser vegetation, within the 

matrix of the more arid, sparsely vegetated desert floor.

The mule deer in southern Arizona is the primary large herbivore 

of the desert and mountain foothills. White-tailed deer are residents 

of many of the larger mountain masses of the region. Figure 2 shows 

the distribution of white-tailed deer in southwestern Arizona. I 

visited several of these ranges during the study. Others listed as 

having white-tailed deer have had at least one reliable sighting of

14
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Figure 2. Distribution of the white-tailed deer in southwestern Arizona. —
Known populations are present only in mountain ranges that are shaded.
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deer within the last 15 years. Some of the ranges listed as having no 

deer may actually have them, as these ranges are little visited and a 

very small population of deer can easily go unreported.

The Ajo Mountains are the western extension of white-tailed 

deer range in Arizona. Historical records (OPCNM wildlife observation 

cards) report whitetails as far west as the Agua Dulce Mountains in 

1919 and possibly as late as the 1930's (Bob Montgomery, personal com

munication 1978). There is one recent record, from 1963, of two white- 
tails at Dripping Springs in the Puerto Blanco Mountains. However, 10 

searches of this range revealed no sign of deer, and a time-lapse movie 

camera, placed at Dripping Springs for eight consecutive days during 

the dry season of 1977, recorded no deer. If deer were present in 1963
they failed to establish a viable population. The Growler Mountains,

\immediately north of the monument, have had several unconfirmed reports 

of whitetails. However, this range is within the Cabeza Prieta 

National Wildlife Refuge, and records kept there since 19^2 indicate 

that no white-tailed deer are resident there (Gale Monson, personal 

communication 1978).

The nearest population of white-tailed deer to the Ajo Moun

tains is in the Cubabi Mountains of Sonora. This granitic range, lying 

only 20 miles (35 km) south and slightly west of the Ajos, was first 

reported to contain whitetails by Homaday (1909). I visited the 

Cubabis in the fall of 1976 and found that a population of Coues deer 

still exists there. In a thorough search of the Mesquite Mountains, 

the closest range east of the Ajos, I was unable to find any sign of 

deer. The next closest range to contain whitetails is the Quijotoa
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Mountains, about 30 miles (50 km) due east of the Ajos. To the north, 

and 28 miles (45 km) away, the Sauceda Mountains has a population of 

whitetails (Dave Brown, personal communication 1978). The size of none 

of these populations has ever been quantified, though they are all most 

likely very small.

The Ajo Mountain range is the only range in GPCNM to have
i

whitetails. Figure 3 shows the locations of white-tailed deer sight

ings within the Ajo Range from June 1976 to July 1978. Each symbol 

represents an observation of one deer or a group of deer. Sightings 

were almost entirely confined to three areas. From north to south 

these were called the North Alamo habitat area, the South Alamo habitat 

area, and the Bull Pasture habitat area. The relative numbers of sight

ings in the three areas do not represent relative numbers of deer since 

observation time was not equally distributed between the areas. The 

sightings of whitetails in the South Alamo area were all made in the 

winter and spring. Deer were never seen there in the summer, and only 

one pair of deer was recorded at South Alamo Tinaja in 15 days of 

camera survey time in June and July. The pair did not stay in the 

area, and were probably in transit between North Alamo and Bull Pas

ture. Diaz Peak is a 4000 ft (1220 m) mountain about 2 miles (3 km) 

south of Bull Pasture. I considered it as part of the Ajo Range and 

searched it on five occasions for sign of deer but found none there.

Time-lapse movie surveys of all the waterholes in the Ajo Range 

showed that deer were using only those waterholes that were within or 

near the three study sites (Fig. 3).
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Figure 3» Locations of sightings of white-tailed deer in the Ajo Moun
tains, June 1976 to July 1978. —  Circled points represent 
waterholes that were used by deer.
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Although the population size of whitetails in the Ajo Mountains 

is quite small, a total count could not be positively made because of 

the large area in which they could be found. An indication of the low 

density of deer can be obtained from the effort required to observe a 

deer. In 201 foot trips into the mountains only 84 observations, of a 

total of 120 individual deer, were made. This is 2.4 trips of one-half 

to three days duration for each group of deer seen.

An estimate of the number of deer in the range can be made from 

the results of waterhole surveys conducted during the hot, dry summer 

seasons of 1977 and 1978. The data obtained from three such surveys are 

presented in Table 2. Different waterholes are listed for different 

surveys because some dried up. However, all waterholes suspected to be 

used by white-tailed deer were covered during each survey, with the 

exception of Barajita #4, which was discovered in the spring of 1978.

The most easily interpreted set of data is that from July 1978. 

During this period all waterholes were dry except those listed. The 

Bull Pasture listing includes four waterholes, all of which could be 

seen by an observer concealed in a blind. Observers were in the blind 

daily from 0500 to 2000 and could oversee the entire Bull Pasture study 

site. There were six deer in Bull Pasture at this time, two adult 

females, two yearlings, and two fawns. They each had identifiable 

markings. The only other deer recorded were at Barajita #4. The three 

waterings there could represent one, two, or three deer. By this 

method, I would estimate a population size of seven to nine deer.

This population estimate is substantiated by observations made 

throughout the study. Some deer had unique markings and could
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Table 2. Results of three time-lapse camera surveys of waterholes in 

the A jo Mountains. —  For each waterhole named, the number 
of animals seen and the number of consecutive days of 
observation are given.

Waterhole
White-tailed Deer 

Deer Days
Bighorn Sheep 
Sheep Days

June 1977
Spring #1 and #2 2 7.5 22 7.5
W. Arroyo #5 11 7.5 7 7.5
NW Alamo 4 7 16 7
South Alamo 2 5.5 11 5.5
Alamo Well 0 6 0 6

July 1977 
Spring #1 0 8 2 8
Spring #2 5 8 27 8
Diablo Tank 0 8 19 8
Dripping Springs 0 9 1 9
Alamo Well 0 8.5 0 8.5

July 1978
Bull Pasture 28 9 20 6
Barajita #4 3 6.5 0 6.5
South Alamo 0 9 22 9
Diablo Tank 0 6.5 1 6.5
Alamo Well 0 10 0 10

•Spring #1, Spring #2, and W. Arroyo #5 are in Bull Pasture.
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repeatedly be found in the same localities. I visited various parts 

of the Ajos regularly from June 1976 to July 1977. During most of this 

time a single doe with fawn was in the Bull Pasture. A single doe with 

fawn was seen only once in South Alamo and several times in North 

Alamo. It is not known if the North and South Alamo pairs were the 

same. Also, at least two adult males were seen in North Alamo. Addi

tionally, several deer were seen but not classified. All sightings 

could be accounted for by two adult males, two adult females, and two 

fawns. Thus a minimum population estimate would be six deer, or only 

four adults. A liberal estimate would be twice that number, or 12 

deer.

Habitat

Vegetation

Figure 4 shows the vegetation types of the Ajo Mountains and 

surrounding area. It is based on the nomenclature of Brown et al. 

(1977)i and was constructed with the assistance of the Applied Remote 

Sensing Program, Office of Arid Lands Studies at The University of 

Arizona.

On the rocky, well-drained bajadas that surround the mountain 

range, and up to an elevation of about 2200 ft (670 m), is the paloverde- 

bursage (Cercidium-Ambrosia) association. Visual dominants in this 

type are the foothill paloverde (Cercidium microphyllum) and saguaro 

cactus (Cereus giganteus) with organ pipe cactus (Cereus thurberi) on 

many south facing slopes. On the foothills of the mountains, between 

about 2200 ft (670 m) and 2600 ft (790 m), the paloverde-bursage
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Figure 4. Vegetation types of the Ajo Mountains, Organ Pipe Cactus 
National Monument,



continues but added to the species assemblage is the jojoba (Simmondsia 

chinensis) along with several low shrubs such as Psilostrophe cooperi, 

Ditaxis lanceolate, Encelia farinosa, and Krameria grayi. Coinciding 

with the abrupt change in relief at the base of the mountains at 

around 2400 ft (730 m) to 2600 ft (790 m) is the relatively sharp 
boundary between the paloverde-bursage association and the jojoba- 

mixed scrub association (here including the Encelia farinosa-mixed 

scrub association). This relatively lush desert formation as it exists 

in the Ajo Mountains is characterized by a diverse assemblage of shrubs 

and suffrutescent semi-shrubs such as Simmondsia chinensis, Eriogonum 

spp., Janusia gracilis, Viguiera deltoidea, Gutierrezia sarothrae, 

Encelia farinosa, Fouquiera splendens and several species of cacti 

(Fig. 5)e Nearly the entire Ajo Mountain mass is included in this 

association, though the species composition and density is extremely 

variable from slope to slope, and even within a slope as elevation and 

soil type changes. The result is a highly diverse patchwork of plant 

species associations, but with several things in common to all: (1)

They are similar structurally, composed mainly of shrubs and semi- 

shrubs less than 1 meter tall, with occasional arborescent species such 

as Cercidium microphyllum, Fouquiera splendens, Cereus giganteus, and 

C. thurberi. Total ground cover is 20-40%. (2) The shrub species,

though in different combinations, are » n  from a single list of about 

60 associated shrub species. (3) Jojoba is nearly ubiquitous.

In a few localities, mainly above 3800 ft (1160 m) and under 

the protection of cliffs, and best developed on north slopes, are small 

patches of relict juniper-rosewood association, characterized by

23
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Figure 5- The jojoba-mixed scrub association. Bull Pasture, Ajo 
Mountains. —  Elevation is 3200 ft (975 m).
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Juniperus monosperma and Vauquelinia californica. Other associated 

species are beargrass (Nolina microsperma), yucca (Yucca deserti), 

Artemisia ludoviciana, Opuntia chlorotica, and various grasses (Fig. 6).
Several riparian situations exist in the Ajos, ranging from 

rather small, open drainages with Ambrosia spp., Acacia greggii, Celtis 

pallida. Coursetia microphylla, and Selloa glutinosa, to deep, shaded 

canyons containing small trees of Quercus ajoensis, _J. monosperma, and 

Celtis reticulata, with a dense understory of shrubs. Most of these 

riparian areas are not labelled on the map, since they are extremely 

linear and confined to the very bottoms of washes. However, the South 

Alamo Canyon contains a unique situation that is extensive enough to be 

included in Figure 4. A riparian oak (Quercus spp.)-juniper woodland 

extends nearly unbroken from Alamo Well at 2400 ft (730 m) elevation up 

to South Alamo Tinaja at 3200 ft (975 m) (Fig. 4). Some of the highest, 

most mesic north-facing canyons, as in the upper parts of Arch Canyon 

(Fig. 4), contain thickets of chapparal-type species such as gooseberry 

(Ribes quercetorum), barberry (Berberis spp.), narrowleaf hoptree 

(Ptelea angustifolia), and hackberry (Celtis spp.). Dense stands of 

Agave schottii are found in two localities. A 25 acre (10 ha) stand on 

the west slope of the Bull Pasture is at an elevation of 3200 ft (975 

m) to 3400 ft (1040 m), and several smaller patches are found at 3000 
ft (910 m) to 3200 ft (975 m) on adjacent ridges in the Diablo Moun
tains, foothills of the Ajos.

The desert-grassland community, usually occurring between the 

desert below and woodland above, is poorly developed in the Ajo Range. 

Perhaps, as suggested by Shreve (1915)i the lack of deep soils on the
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Figure 6. The juniper-rosewood relict woodland association. South 
Alamo Canyon, Ajo Mountains, —  Elevation is 3800 ft 
(1160 ra).
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steep, rocky slopes precludes development of extensive grassland. A 

wide variety of grasses occur, many characteristic of the desert- 

grassland (Whittaker and Niering 1965), though they make only a small 

contribution to the total plant cover. Important species include 

Bouteloua curtipendula, B. filiformis, Hilaria berlangeri, Muhleribergia 

microsperma, Heteropogon contortus, and Setaria macrostachya.

The two lowest occurring plant associations, the paloverde- 

bursage and the jojoba-mixed scrub, are both within the paloverde- 

mixed cacti series (Arizona Upland) and considered as Sonoran desert- 

scrub. They comprise 93# of the Ajo Mountain area. The juniper- 

rosewood woodland association, together with the riparian types, covers 

only 910 acres (370 ha), or 7# of the total area.
Results of intensive vegetation analyses in the three study 

areas where white-tailed deer were most often seen are presented in 

Tables 3-5• Annual forbs are of such seasonal and erratic occurrence 

that they were not sampled. The Bull Pasture study area included an 

extensive stand of Agave schottii with associated foothill paloverde, 

resulting in the unusually high occurrence of these two species. The 

South Alamo habitat area was the highest in elevation and contained 

rather extensive juniper-rosewood woodland. The North Alamo area was 

mostly jojoba-scrub association with small patches of woodland.

Topography

The Ajo Mountains are composed of volcanic materials, mostly 

rhyolite, andesite, tuffs, and basalt (Keith 1971). The Soil Conser

vation Service classified virtually all of the Ajo Mountains as "Rock
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Table 3» Percentage cover and composition of vegetation in the Bull

Pasture study site, Ajo Mountains, Arizona. —  Data are from
3150 ft (960 m) of line transects.

Shrubs and Perennial Forbs % Cover % Composition
Agave schottii 
Cerdidium microphyllum 
Simmondsia chinensis 
Calliandra eriophylla 
Janusia gracilis 
Encelia farinosa 
Gutierrezia sarothrae 
Viguiera deltoidea 
Coursetia microphylla 
Echedra nevadensis 
Aloysia wrightii 
Eriogonum wrightii 
Lycium berlandieri 
Opuntia acanthocarpa 
Fouquiera splendens 
Jatropha cardiophylla 
Acacia greggii 
Dodonaea viscosa 
Cereus thurberi 
Abutilon sp.
Anisacanthus thurberi 
Acalypha pringlei 
Eriogonum fasiculatum 
Selloa glutinosa 
Brickellia coulteri 
Larrea divaricata 
Porophyllum gracile 
Galium stellatum 
Psilostrophe cooperi 
Trixis californica 
Salvia pinguifolia 
Opuntia phaecantha 
Mimosa laxiflora 
Lotus rigidus 
Echinocereus engelmannii 
Artemisia ludoviciana 
Agave deserti 
Sohaeralcea laxa 
Pitaxis lanceolata 
Mammilaria microcarpa 
Ayenia microphylla 
Opuntia chlorotica 
Opuntia fulgida 
Hibiscus coulteri

4.98 15.42
3.33 10.32
3.07 9.51
2.40 7.42
2.20 6.80
1.92 5.94
1.79 5.531.68 5.191.60 4.94
1.27 3.94
0.82 2.55
0.81 2.50
0.77 2.39
0.64 1.97
0.59 1.83
0.56 1.74
0.53 1.64
0.40 1.23
0.37 1.16
0.36 1.10
0.33 1.02
0.21 0.65
0.21 0.64
0.17 0.53
0.14 0.43
0.13 0.42
0.13 o.4o
0.11 0.33
0.10 0.32
0.10 0.31
0.09 0.29
0.09 0.28
0.08 0.24
0.06 0.20
0.06 0.19
o.o4 0.13
0.04 0.12
0.04 0.11
0.03 0.08
0.03 0.07
0.02 0.05
0.01 0.04
0.01 0.02
0.01 0.01

Total 32.33 100.00
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Table 3— Continued

Grasses

Bouteloua filiformis 
Hilaria berlangeri 
Unknown perennials 
Muhlenbergia microsnerma 
Bouteloua rothrockii 
Setaria macrostachya 
Trichacne californica 
Heteropogon contortus 
Bouteloua curtipendula 
Hilaria mutica 
Stipa sp. (annual) 
Unknown (annual)
Aristida sp.
Andropogon barbinodis

% Cover % Composition

0.29 36.32
0.21 27.10
0.10 12.63
0.04 5.66
0.03 3.550.03 3.29
0.02 2.24
0.02 2.11
0.01 1.84
0.01 1.45
0.01 1.18
0.01 1.18
0.01 0.92
0.01 0.53
0.80 100.00Total
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Table 4. Percentage cover and composition of vegetation in the North

Alamo Canyon study site, Ajo Mountains, Arizona. —  Data are
from 2265 ft (690 m) of line transects.

Shrubs and Perennial Forbs
Simmondsia chinensis 
Janusia gracilis 
Vauquelinia californica 
Eriogonum fasiculatum 
Gutierrezia sarothrae 
Artemisia ludoviciana 
Viguiera deltoidea 
Ambrosia cordifolia 
Atriplex polycarpa 
Dodonaea viscosa 
Acacia greggii 
Aloysia wrightii 
Eriogonum wrightii 
Ephedra nevadensis 
Krameria parviflora 
Coursetia microphylla 
Encelia farinosa 
Porophyllum gracile 
Selloa glutinosa 
Menodora scoparia 
Happlopanpus laricifolias 
Lycivun berlandieri 
Fouquiera splendens 
Lotus rigidus 
Zinnia pumila 
Agave deserti 
Echinocereus englemanii 
Ayenia microphylla 
Carlowrightia arizonica 
Jatropha cardiophylla 
Ditaxis lanceolata 
Acalypha nringlei 
Brickellia coulteri 
Abutilon sp.
Crossosoma bigelovii 
Galium stellatum 
Hibiscus coulteri 
Dalea sp.
Sphaeralcea laxa

% Cover % Composition
5 .4 3 24.18
2.03 9.05
2.02 8.98
1.97 8.79
1.60 7.10
1.01 4.51
0.95 4.22
0.79 3.52
0.76 3.390.64 2.87
o.6l 2.72
0.57 2.52
0.56 2.48
0.44 1.97
o.4o 1.77
0.35 1.57
0.34 1.52
0.28 1.23
0.21 0.94
0.20 0.88
0.19 0.86
0.19 0.83
0.13 0.56
0.13 0.56
0.12 0.51
0.09 0.39
0.07 0.33
0.05 0.24
0.05 0.24
0.05 0.21
0.04 0.19
0.04 0.18
o.o4 0.18
0.03 0.15
0.03 0.12
0.02 0.07
0.01 0.06
0.01 0.05
0.01 0.04

Total 22.45 100.00
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Table 4— Continued.

Grasses % Cover % Composition

Bouteloua curtipendula 0.17 30.63
B. filiformis 0.17 29.84
Unknown perennials 0.08 14.92
Muhleriberftia microsperma 0.06 11.00
Hilaria berlangeri 0.05 8.64
Heteropogon contortus 0.01 1.83
Aristida sp 0.01 1.05
Unknown annuals 0.01 1.05
Trichacne californica 0.01 0.52
Setaria macrostachya 0.01 0.52

Total 0.58 100.00
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Table 5» Percentage cover and composition of vegetation in the South

Alamo Canyon study site, Ajo Mountains, Arizona. —  Data are
from 1473 ft (450 m) of line transects.

Shrubs and Perennial Forbs % Cover % Composition
Simmondsia chinensis 
Vauquelinia californica 
Viguiera deltoidea 
Nolina microcarpa 
Rhamnus crocea 
Juniperus monosperma 
Quercus a.ioensis 
Selloa glutinosa 
Gutierrezia sarothrae 
Eriogonum fasiculatum 
Eriogonum vrightii 
Menodora scoparia 
Acacia greggii 
Encelia farinosa 
Yucca deserti 
Artemisia ludoviciana 
Coursetia microphylla 
Janusia gracilis 
Happlopappus laricifolius 
Aloysia wrightii 
Forestiera phyllerioides 
Celtis reticulata 
Lotus rigidus 
Krameria parviflora 
Dodonaea viscosa 
P.telea angustifolia 
Porophyllum gracile 
Opuntia acanthocarpa 
Jacobinia ovata 
Acalypha pringlei 
Ferocactus covillei 
Abutilon sp.
Prosopis juliflora 
Crossosoma bigelovii 
Salvia pinguifolia 
Opuntia chlorotica 
Ribes quercetorum 
Brickellia coulteri 
Ephedra nevadensis 
Fouquiera splendens 
Ayenia microphylla 
Sphaeralcea laxa

5.57 17.72
3-38 10.75
3.26 10.38
2.55 8.10
2.50 7.94
2.42 7.70
1.26 4.02
1.20 3.81
1.20 3.80
0.83 2.65
0.82 2.61
0.70 2.23
0.68 2.16
0.54 1.72
0.46 1.46
0.43 1.36
0.42 1.32
0.37 1.18
0.35 1.11
0.32 1.01
0.31 0.99
0.29 0.92
0.22 0.70
0.20 0.64
0.18 0.56
0.16 0.50
o.l4 0.45
0.12 0.38
0.09 0.28
0.08 0.25
o.oB 0.24
o.o6 0.18
0.05 0.16
o.o4 0.13
o.o4 0.11
0.03 0.09
0.03 0.09
0.03 0.08
0.02 0.08
0.02 0.07
0.01 0.04
0.01 0.03

Total 31.47 100.00
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Table 5— Continued.

Grasses % Cover % Composition

Bouteloua filiformis 0.09 27.08
Hilaria berlangeri 0.0? 22.22
Bouteloua curtiuendula 0.06 17.36
Heteronogon contortus 0.04 13.20
Muhlenbergia microsperma o.o4 11.11
Unknown perennials 0.02 7.64
Stipa sp. 0.01 1.39 •

Total 0.33 100.00
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Land” or "Rock Outcrop” Series (U.S. Department of Agriculture 1972)• 

They describe "Rock Land” as a steep to very steep unit with slopes 

from 30 to 75?*i many vertical escarpments, with rock outcrop 50 to 905» 
of the area. "Rock Outcrop” slopes range ftom 50 to 759*, with more 

than 909* of the unit as rock outcrops. Soils of both units are de

scribed as shallow to very shallow; stony, cobbly, and very gravelly. 

During the present study, notes were kept on percentage soil surface 

covered by gravel or loose rocks at randomly selected sites. Most 

sites were at least 70# covered by loose rocks.

The angle of slope was the only other component of topography 

quantified. In the Bull Pasture study area, measured slopes ranged 

from 8° to 31° with a mean of 20.7® • South Alamo slopes ranged from 

8° to 34® with a mean of 25.8*, and North Alamo ranged from 5® to 35® 

with a mean of 25.0®. A slope map of the entire Ajo Range was gener

ated by computer from a topographic map. Only three regions with area 

greater than 300 acres (125 ha) have slopes that average less than 25®. 
These regions correspond with the three habitat areas and include over 

90# of the white-tailed deer sightings.
I selected a minimum area of 300 acres (125 ha) to represent 

an approximate average home range size for white-tailed deer. Data on 

home ranges is lacking for whitetails in this habitat or at this popu

lation density. I was able to recognize an adult female in Bull 

Pasture and over a two year period I saw her enough times to make an 

estimate of her home range at 250 to 300 acres (100 to 125 ha). Knipe 

(1977) reported several deer in southeastern Arizona with home ranges
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from 160 acres (65 ha) to 450 acres (l80 ha) with a mean of 511 acres 
(126 ha).

Diet

Plant species used as food by white-tailed deer in the Ajo 

Mountains are listed in Table 6. Food items are presented as a per

centage of the diet during each of four seasons and over the whole year. 

The plant species are grouped into three major vegetation classes: 

shrubs, grasses, and forbs. The shrub grouping includes shrubs, trees, 

suffrutescents, and any plants showing some degree of woodiness. The 

totally herbaceous species are classified as forbs, as is the conmon 

mosslike perennial, Selaginella sp.

The deer depended heavily on shrubs. During the summer of 1976 

and 1977 woody species comprised over 9096 of the diet, and averaged 7896 
for the entire year. In winter and spring, when herbaceous annuals 

became available, they were taken rather heavily, totalling 2096 and 

3696s respectively, during these two seasons. From May to October, 

forbs represented less than 396 of the diet. Grasses were relatively 

unimportant to the white-tailed deer, comprising less than 196 of their 

diet except during their major period of growth which follows the late 

summer rains. Even at this time grasses comprised less than 596 of the 

diet.

There are only 8 species of plants that made up more than 596 of 

the diet of the white-tailed deer in any one season. Of these, six 

are shrubs: jojoba, desert vine (Janusia gracilis), fairy duster

(Calliandra eriophylla), copperleaf (Acalpyha pringlei), wild buckwheat



Table 6. Percentage occurrence of plant species in the diet of white-tailed deer in the Ajo Moun
tains, Arizona, 1976 to 1978. —  Sample sizes for each season are in parentheses.

Spring(9) Early Sum(ll) Late Sum(6) Winter(12) Year-round

Shrubs
Simmondsia chinensis 38.8 43.7 4.2 27.6 28.2

(leaves, stems) (37.5) (36.2) (3.0) (27.6) (26.0)
(fruit) (1.3) (7.5) (1.2) (0) (2.2)

Janusia gracilis 1.0 19.0 38.6 13.0 17.7
Calliandra eriophylla 4.7 4.6 29.4 8.3 11.9
Abutilon sp. 0.9 0.6 8.4 2.6 3.2
Eriogonum fasiculatum 2.4 0.4 0 6.7 2.6
Acalypha pringlei 2.0 1.3 0 8.2 2.4
Artemisia ludoviciana 1.2 4.8 0.4 1.9 1.9
Ditaxis lanceolata 1.7 1.9 1.2 1.9 1.7
Eriogonum wrightii 1.7 1.7 0 1.1 1.1
Agave spp. 0 4.5 0.4 0 1.0
Mammilaria microphylla(fruit) 0 0 3.9 0 1.0
Opuntia spp. 0.3 1.9 1.2 0.1 0.8
Hibiscus coulter! 0.3 0.1 1.2 0.9 0.6
Cercidium microphyllum 0.5 1.0 0.4 0.4 0.5
Ferocactus covillei(fr) 0.1 1.6 0 0.5 0.5
Prosopis juliflora 0 1.7 0.4 0 0.5

(leaves, stems) (0) (1.4) (0) (0) (0.3)
(fruit) (0) (0.3) (0.4) (0) (0.2)

Vauquelinia californica 0.1 o.l 0 1.2 0.4
Encelia farinosa 1.2 0 0 0 0.3
Carlowrightia arizonica 0.9 0 0.2 0 0.3
Cereus giganteus(fr) 0 l.l 0 0 0.2
Viguiera deltoidea 0 0 0 0.8 1 0.2
Ayenia microphylla 0 0 0 0.7 0.2
Coursetia microphylla 0.1 0.7 0 0.1 0.2
Mirabilis bigelovii 0 0 0 0.4 0.1
Mimosa laxiflora 0.1 0.4 0 0 0.1



Table 6— Continued.

Spring(9) Early Sum(ll) Late Sum(6) Winter(12) Year-round

Brickellia coulter! 0.1 0.3 0 0 0.1
Celtis pallida 0.3 0 0 0.1 0.1
Fouquiera splendens 0 0 0.6 0 0.1
Acacia gregflii 0 0 0.2 0 0.1
Ambrosia cordifolia 0 0 0 0.1 0.1
Cereus thurberi(fruit) 0 0.1 0 0 0.1
Dalea sp. 0 0.1 0 0 0.1
Ephedra nevadensis 0.1 0 0 0 0.1
Hoffmeisteria pltiriseta 0 0 0.2 0 0.1
Menodora scoparia 0.1 0 0 0 0.1
Psilostropha cooper! 0.1 0 0 0 0.1
Quercus ajoensis 0.1 0 0 0 0.1
Rhus trilobata 0 0.1 0 0 0.1

Total Shrubs 59.1 91.7 90.7 76.4 78.3
Grasses

Gramineae spp. 0.3 0.1 4.4 0 1.1
Total Grass 0.3 0.1 4.4 0 1.1

Forbs
Malvaceae 27.5 1.4 0.6 8.3 9.7
Bichelostemma pulchella 5.2 0 0 11.5 4.7
Lupinus sp. 1.0 0.6 0 0 0.4
Nama hispidum 1.4 0 0 0.1 0.4
Oenothera sp. 0 0.1 o.4 0 0.1
Selaeinella sp. 0 0.3 0 0 0.1
Unknown 1.0 0.1 1.2 0.1 0.6

Total Forbs 36.2 2.5 2.1 20.0 16.0
Unknown 4.6 5.8 2.8 3.6 4.1

4.6 5.8 2.8 3.6 4.1
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(Eriogonum fasiculatum), amd Indian mallow (Abutilon sp.). Two are 

winter annuals: a mallow (family Malvaceae) and covena (Dichelostemma

pulchella).

Jojoba, an evergreen shrub, was the single most important 

species to the deer, comprising over 25# of their diet during most of 

the year. Only after the summer rains, when succulent new growth be

comes available on other shrubs like Janusia gracilis and Calliandra 

eriophylla did the importance of jojoba diminish.

The extremely dry season of early summer has been identified as 

the critical time of year for deer in southern Arizona (White 1957i 

Anthony and Smith 1977)• During this period the deer relied heavily on 

woody browse. Two species, jojoba and Janusia gracilis, together made 

up 63# of the diet. An additional boost came from ripened fruit such 

as those of jojoba, barrel cactus (Ferocactus covillei), saguaro, and 

organ pipe cactus and the succulent flower stalks of Agave deserti and 

Agave schottii.

Selection and avoidance of individual plant species is demon

strated in Table 7« The selection-avoidance coefficient is the ratio 

of a plant species' occurrence in the habitat to its occurrence in the 

deer's diet. A value of the coefficient larger than one indicates that 

a species occurred in the diet in a greater proportion than in the 

habitat and thus was being selected. Of the 16 most important species 

(on the basis of habitat or diet composition), only four were being 

actively selected: jojoba, Janusia gracilis, Abutilon sp., and

Artemisia ludoviciana. The most abundant composites, Encelia farinosa,

Gutierrezia sarothrae, and Viguiera deltoidea, were completely avoided
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Table ?• Occurrence of plant species in the habitat and in the diet 

of white-tailed deer in the Ajo Mountains, Arizona, —  
Species that comprise 296 or more of the habitat or diet are 
listed. Data are from Bull Pasture only.

Species
Habitat 

96 Composition

Selection-
Avoidance

Diet Coefficient
96 Composition (Diet/Habitat)

Agave spp. 15.5 3.3 0.2

Cercidium microphyllum 10.3 0.9 0.1

Simmondsia chinensis 9.5 35.7 3.8

Calliandra eriophylla 7.4 11.8 1.6

Janusia gracilis 6.8 26.5 3.9
Encelia farinosa 5.9 - -

Gutierrezia sarothrae v 5.5 - -

Viguiera deltoidea 5.2 - -

Coursetia microphylla 4.9 0.5 0.1
Ephedra nevadensis 3.9 - -

Aloysia wrightii 2.6 - -

Eriogonum wrightii 2.5 1.2 0.5
Lycium berlandieri 2.4 - -

Opuntia spp. 2.3 1.8 0.8
Abutilon spp. 1.1 4.4 4.0

Artemisia ludoviciana 0.1 3.5 35.0
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Water Use

Waterholes

Most waterholes in the Ajo Mountains are potholes that have 

been scoured out of the bedrock in major watercourses (Fig. 7)• Some 

are small and very temporary, holding water for only a few days after 

rain, while a few last most of the year, drying up for only a short 

period during the early summer drought. In addition to these semi

permanent tinajas, Spring #2 and Barajita #3 are essentially permanent, 

and carry water throughout the year. In a few areas, notably the Bull 

Pasture and South Alamo Canyon, seeps run water in the canyons through

out all or part of the winter during wet years, or at the least, 

several days to weeks after heavy rains. Barajita #4, on the Papago 

Reservation side of the range, is apparently fed by a permanent seep 

under its surface. Additionally, a well and cattle trough have his

torically been maintained in the mouth of Alamo Canyon.

Once a tinaja has been filled by a rain, it loses water by 

seepage through cracks in the bedrock, by animals drinking, and pri

marily by evaporation, until the next rain heavy enough to cause run

off. The rate of evaporation varies depending on the time of year, 

weather conditions, shade and wind. All of the major waterholes in 

the Ajo Mountains (Fig. 8) were monitored to determine rate of loss 

of water to all causes during the critical hot, dry months of summer. 

The average water loss ranged from 0.3 in/day (0.8 cm/day) at Spring 

#2 to 0.8 in/day (2.1 cm/day) at Northwest Alamo Tinaja. With a typi

cal dry season lasting from 15 April to 15 July, a tinaja must enter 

the dry period with at least 28 in (72 cm) of water to have any chance
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Figure 7. Spring #2 Tinaja in the Bull Pasture, Ajo Mountains. —  
One of the largest in the range, it measures 10 ft (3 
wide by 25 ft (7.5 m) long and 7.5 ft (2.3 m) deep.



Figure 8
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, Locations of waterholes in the Ajo Mountains. —  Those with 
recorded use by white-tailed deer are circled.



of lasting until the next rainfall. Realistically, a 54 in (137 cm) 

deep tinaja should be considered permanent, at an average water loss 

rate of 0.6 in/day (1.5 cm/day).

Behavior at Watering Sites

Deer were observed drinking from the large tinajas only during 

the hot summer months. Small open rainpools were used when available, 

rather than the major waterholes. In the cool season, it was not 

apparent whether they were using free standing water, as water was 

generally available in numerous places.

Estimating the dependency of deer on free standing water in the 

Ajo Mountains was difficult. Although time-lapse cameras covered most 

or all of the waterholes simultaneously for eight straight days•on 

three different occasions, it was impossible to estimate the frequency 

of watering without marked deer, or knowing how many deer were using a 

waterhole. However, during July 1978 I was able to organize a team of 

observers to help watch the Bull Pasture for six consecutive days. The 

entire Bull Pasture could be seen, along with the waterholes within it. 

Because the deer there could each be identified using a 15-60x variable 

spotting scope, we determined that six whitetails were using the Bull 

Pasture during that period. The following pattern of waterhole visi

tation was observed:

Number of Deer 
Day Watering

4 July 2
5 July 1
6 July 6
7 July 0
8 July 2
9 July 6

Total 17



On some days, the deer were not classified, so that the pattern of in

dividual deer can only be implied. All six deer watered on 6 July and 

9 July but some also watered on other days. Two deer in particular 

watered at least on the 6th, 8th, and 9th, while four others waited 

three days, from the 6th to the 9th. Even in this small sample, deer 

watered on consecutive days, two days apart, and three days apart. A 

regular watering pattern was not apparent. The average frequency for 

17 visits of six deer on six days is a deer watering every 2.1 days. 

Waterholes in the Bull Pasture acre close to feeding areas and therefore 

convenient. Daily high temperatures in Bull Pasture during the six 

days ranged from 100°F (37.8°C) to 102°F (38.9°C). Relative humidity 

averaged 159$ at 1600. Observations at another waterhole in 1977 indi

cated that two deer were watering every four days. It appears then 

that the white-tailed deer watered every one to four days during the 

summer, averaging about once every two days. Watering frequency in the 

winter was not determined.

One aspect of whitetail watering behavior stood out: their

extreme reluctance to enter the area of the tinaja. They would typi

cally spend many minutes standing by the waterhole, nervously looking 

around, leaving and returning repeatedly. One yearling female behaved 

in this manner for 40 minutes before actually going down to the water. 

She left immediately and then proceeded to a different waterhole 500 

ft (150 m) away where, after 20 minutes more, she entered and drank. 

The whitetails spent a minimum amount of time actually drinking. In 

24 measured observations, time spent standing at the water ranged from 

one to three minutes, and averaged 2.2 minutes.
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Figure 9 is a graph of the time of day of watering. White

tailed deer watered at any daylight hour but preferred the early morn

ing from 0600 to 1000. Sunrise occurred around 0500 for all observa

tions. There was no indication of nighttime watering. Other investi

gators have reported nighttime watering by Cones deer to be uncommon 

(Knipe 1977).

Interspecific Competition

Four species of large herbivores were considered as possible 

competitors with white-tailed deer. Feral burros (Equus asinus) ranged 

across the southern and western portions of the monument but none were 

seen in the vicinity of the Ajo Mountains. The Park Service considered 

these burros to be trespass livestock and removed the total population 

of 104 animals during 1977 and 1978. Domestic cattle have grazed the 

monument lands continuously since at least 1920 and probably much 
longer (Schultz 1966). Cattle rarely ventured far up the slopes of 

the Ajos though they did forage on the upper bajada areas surrounding 

the mountains (Fig. 10). Two thousand head of trespass cattle were 

removed from the monument in 1977 and 1978. However, cattle belonging 

to the Papago Indians forage heavily in the area around the Barajita 

#4 waterhole and often venture onto monument lands in the North Alamo 

Canyon area and Rustler Canyon area. Cattle range overlaps white

tailed deer range in these areas. In this arid region, cattle are 

primarily browsers due to the lack of grasses and forbs (Humphrey i960). 
Many of the browse species important to deer were also observed to be 

taken by cattle. These included jojoba, Janusia gracilis, Eriogonum 

spp., Abutilon sp., and Acalypha pringlei. Schultz (1966) reported
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WT DEER

4 5 6 7 6 9 10 II 12 13 14 15 16 17 »  19 20 21
Time

n= 33

BH SHEEP

4 5 6 7 8 9 10 1112 13 14 15 16 17 18 I9°20 21

Figure 9. Time of day of watering of white-tailed deer and bighorn 
sheep in June and July, 1977 and 1978. —  Time of sunrise 
and sunset is indicated by a circle (o).
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Figure 10. Locations of sightings of white-tailed deer, mule deer, and 
bighorn sheep, and approximate range of cattle in the 
vicinity of the Ajo Mountains, 1976 to 1978.
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heavy damage by cattle to jojoba on the foothills of the Ajos. An 

account of the history of cattle grazing in OPCNM and its effect on 

the plant and small mammal communities has been presented by Steenbergh 

and Warren (1977) •

Desert mule deer occur throughout most of the valleys and upper 

bajadas surrounding the Ajo Mountains; however, I never saw them in 

the mountains above the bajadas (Fig. 10). Mule deer density was so 

low that only data on distribution were collected for the species. 

Anthony and Smith (1977), Kramer (1973), Krausman (1976), and Martinka 

(1968) have demonstrated that mule deer and white-tailed deer have 

similar forage preferences. If a plant species is palatable, it will 

likely be taken by both species. The diet of the white-tailed deer in 

the Ajos was nearly identical to that of mule deer in similar habitat 

(Urness, Green and Watkins 1971)• Nevertheless, there appears to be a 

difference in habitat use by the two species; the mule deer avoid the 

mountains. Whether this is due to competitive exclusion, as was demon

strated by Anthony and Smith (1977) to be occurring in some areas of 

southeast Arizona, or to habitat selection, possibly based on topo

graphic parameters, was not determined in this investigation.

There is extensive range overlap between bighorn sheep and the 

white-tailed deer in the Ajo Mountains and their niche relationships 

were investigated. Diet and distribution patterns were used as meas

ures of possible niche overlap. Behavioral interactions were also 
noted.

The locations of sightings of deer and bighorn groups are 

plotted in Figure 10. Although all areas of whitetail use were shared
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with bighorn sheep, the deer were restricted to three limited areas 

while bighorns ranged throughout the mountains. The sheep were often 

observed in rugged and rocky terrain that was mostly avoided by deer. 

They utilized the high benches, ridges and peaks where deer were rarely 

seen. If the locations of deer and sheep are plotted on a map with the 

areas of low slope angle outlined, it is seen that 91% of white-tailed 

deer were in areas of low relief (averaged slopes less than 25°) while 

only 42% of bighorn sheep were in those areas. Sightings of white

tailed deer ranged from an elevation of 2450 ft (750 m) to 3950 ft 
(1200 m), with a mean of 3200 ft (975 m). Bighorn sheep were observed 

from 2450 ft (750 m) to 4700 ft (1430 o), and were seen at a higher 

mean elevation of 3600 ft (1100 m) (Fig. 11). Sixty percent of sight

ings of bighorn sheep were above 3600 ft (1100 m) elevation, while only 

17% of white-tailed deer observations were that high.

Dual use of the low to mid-elevations occurred in the summer 

months when both species were forced to stay near the major waterholes, 

all of which are below 3600 ft (1100 m). Although there is consider

able overlap in spatial distribution between the two species, it is 

apparent that the bighorn sheep prefer the higher, steeper, and more 

rugged areas while white-tailed deer are restricted almost entirely to 

areas of low relief.

The diets of white-tailed deer and bighorn sheep are compared 

in Table 8 and Figure 12. The deer consistently ate more browse, 

ranging from 59 to 92% of their diet, while the diet of bighorn sheep 

varied from 36 to 56% browse species. The most striking difference 

between the two was in use of grasses. While grass was a negligible
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Table 8. Percent composition of major food items in the diets of white-tailed deer and bighorn
sheep in the Ajo Mountains, 1976 to 1978. —  Plant species or groups of species make up 
at least 2# of the diet of either animal species in at least one season.

Spring Early Sum Late Sum Winter
WT BH WT BH WT BH WT BH

Shrubs
Simmondsia chinensis 38.8 22.1 43.7 19.3 4.2 7.7 27.6 7.1
Janusia gracilis 1.0 0.2 19.0 2.8 38.6 2.3 13.0 9.7
Calliandra eriophylla 4.7 0.2 4.6 1.1 29.4 0.4 8.3 1.3
Abutilon sp. 0.9 0.9 0.6 2.2 8.4 2.1 2.6 3.9
Eriogonum fasiculatum 2.4 5.5 0.4 6.3 0 3.2 6.7 6.5
Acalypha pringlei 2.0 7.2 1.3 2.2 0 1.0 8.2 11.6
Artemisia ludoviciana 1.2 0.5 4.8 6.9 0.4 9.6 1.9 1.8
Agave sp. 0 0 4.5 6.9 0.4 9.6 1.9 1.8
Mammilaria microcarpa( fruit) 0 0 0 0 3.9 0.2 0 0
Opuntia sp. 0.3 0.2 1.9 2.8 1.2 1.1 0.1 1.6
Vauquelinia californica 0.1 0.6 0.1 4.2 0 4.0 1.2 3.2
Dalea sp. 

Grasses
0 0.3 0.1 1.6 0 12.4 0 4.0

Gramineae spp. 0.3 6.3 0.1 31.5 4.4 38.5 0 31.2
Forbs

Malvaceae spp. 27.5 9.4 1.4 3.6 0.6 2.1 8.3 2.9
Dichelostemma pulchella 5.2 1.4 0 0 0 0 11.5 0
Selaginella sp. 0 0 0.3 0.8 0 4.2 0 0.2
Lesquerella sp. 0 7.0 0 0 0 0 0 0.6
Unknown #4 0 32.0 0 1.9 0 4.0 0 4.4

Spearman’s Rank Correlation 
Percentage Overlap

rs = 0.43 
66%

r = —O.03 
8 39%

r = -0.33 
18%

r = 0. s
51%

12
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portion of the deer diet, it comprised 31 to 399» of sheep foods during 

three-fourths of the year, dropping to 6# only when succulent annuals 

were abundant. Deer ate only a significant amount of grass during the 

late summer, when grasses were green and growing. However, bighorns 

were often observed feeding on dry, mature grasses during all seasons 

of the year. Use of forbs was comparable, though sheep averaged 

slightly greater use during most of the year. Percentage overlap of 

use of individual food items during each of the four seasons varied 

from 18% during late summer to a high of 66# during spring. Spearman's 

rank correlation coefficient, which measures the similarity of the 

order in which the two species select food items, indicates little or 

no correlation in all seasons except the spring, when the value is 

0.43 (Table 8). The correlation coefficient ranges from -1 to +1, +1 

indicating a perfect positive correlation, -1 indicating perfect nega

tive correlation, and 0 meaning no correlation at all. The high simi

larity values for spring are due to the high dual use of forbs, which 

were lumped for the analysis, and jojoba, and the relatively low use of 

grasses by both. Jojoba was the only shrub species that was consis

tently used to a large extent by both species. Apparent differences in 

selection of forb species may be due to sampling biases caused by the 

ephemeral nature of the annuals. Neither jojoba nor forbs were in 

limited supply in the spring.

Observations of deer-bighorn interactions were rare. Both 

species are at such low densities that they rarely encounter each other, 

except during the dry season when both frequent the same waterholes.

It was at waterholes that I made the only three observations of

53
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behavioral interactions between the two species. In one instance a 

whitetail doe and fawn approached a tinaja where a bighorn ewe was 

drinking. The two deer stopped about 30 ft (10 m) from the sheep and 

watched until she left the tinaja. The deer moved away slightly as the 

sheep passed within 20 ft (6 m) of them. There were no aggressive 

actions, only mutual curiosity. In another case, two whitetails and a 

bighorn ram entered a rather enclosed tinaja at the same time. Al

though they were out of view, no aggressive activity was apparent. In 

a third instance, two bighorn rams and two whitetails, a doe and fawn, 

were 30 ft (15 m) apart near a waterhole, and again only watched each 

other.

Predation

The mountain lion, bobcat, and coyote (Cams latrans) are po

tential predators of white-tailed deer in OPCNM. Observations of 

predators and predator sign were recorded during this study in an 

attempt to determine the presence and relative abundance of these three 

species in white-tailed deer range. Scats of bobcats and mountain 

lions were collected when found and analyzed for prey remains.

Coyotes are known to be important predators of whitetail fawns 

in some areas (Beasom 1974; Cook et al. 1971). Coyotes are very com

mon throughout most of the monument, and range up to the base of the 

mountains. They were often seen at the Estes Canyon picnic area and 

28 coyotes were recorded drinking water at Alamo well during six days 

in June 1977• However, in 240 days spent in the Ajo Mountains, I never 

saw nor heard coyotes. Since coyotes mainly take only very young fawns
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(Cook et ale 1971) and very young deer would not travel to the foothill 
areas* coyotes were not considered as a serious predator of the white

tailed deer in the Ajo Mountains.

Bobcat sign was common throughout the Ajos and several bobcats 

were recorded on film at waterholes# The results of analysis of 140 

bobcat scats are presented in Table 9» Over 90& of their diet con

sisted of rodents. Lagomorphs, birds, bird eggs, and lizards made up 

the bulk of the remainder of their diet. No deer remains were found.

The mountain lion is known to range through Organ Pipe Cactus 

National Monument, though the number present is unknown. During this 

study, lion sign was occasionally seen in the Ajo Mountains but not 

often enough to suggest that any were resident there. It is likely 

that lions are only transients in all the small mountain ranges of the 

area. Fresh tracks were found in the Bull Pasture in June of 1976, and 

two lions were recorded by time-lapse camera, visiting waterholes in 

the Bull Pasture in June and at North Alamo tinaja in July 1977• In 

July 1978 a freshly killed mule deer doe was discovered about 100 ft 

(30 m) from a cattle water trough at Bates Well, at the north end of 

the Bates Mountains. The vegetation-covered carcass, tracks, and drag 

marks all were evidence that a mountain lion had made the kill. In 

1964 a park ranger discovered a lion-killed white-tailed deer at the 

Spring #2 tinaja in Bull Pasture (H. Cass, personal communication 1978). 

These incidents suggest that lions may purposely visit the few water- 

holes that persist during the dry season in search of prey. The wari

ness of whitetails at waterholes and their avoidance of the major and
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Table 9. Frequency of prey items in the diet of bobcats and mountain 

lions in the Ajo Mountains, 1976 to 1978.

Frequency of
Item Occurrence

Bobcat (n = 140)

Rodentia 96
Neotorca albigula 55
Spermophilus variegatus 12
Other rodent 51

Plant 37a
Invertebrates 22
Bot fly larvae
Insect 7b
Centipede 1
Worm 1
Tick 1

Bird 16
Lagomorpha 10
Lizard 9
Bird egg 1
Unknown 1

Mountain Lion (n = 9)
Tayassu tajacu 56
Canis latrans 22
Odocoileus sp. 11
Taxidea taxus 11
Unknown 11

^In all cases, plant material was present in trace amounts.
^Insect material (mostly grasshoppers) amounted to as much as 9Q& 
of the scat.
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enclosed tinajas also suggest that they feel especially vulnerable to 

predators at these sites.

Deer are the most important prey of mountain lions in the west

ern United States. Hibben (1939)» Robinette, Gashwiler and Morris 

(1959), Hornocker (1970), and Krausman (1976) all reported at least 7Q& 

of the mountain lion's diet to consist of deer. The lion's size de

mands, in terms of energy expenditure versus gain, that large prey 

items must be taken (Rosenzweig 1966). In the Organ Pipe area, appro

priate prey species are limited to deer, javelina (Tayassu tajacu), 

domestic and feral livestock, and to a lesser extent lagomorphs and 

carnivores such as skunks (Conepatus leuconotus. Mephitis spp.,

Spilogole putorius), badgers (Taxidea taxus), coyotes, foxes (Urocyon 

cinereoargenteus, Vulpes macrotis), and ringtails (Bassariscus astutus)• 

Only nine lion scats were analyzed for prey remains (Table 9)« Jave- 

lina was the most common prey; deer was found in only one of the scats.

It appears that the mountain lion may be the only predator of 

deer in the Ajo Mountains. Though it probably takes only an occasional 

whitetail, its impact on the very small population of these deer could 

at times be considerable.

Human Interference

Park Visitors

The impact of park visitors on the white-tailed deer could not 

be measured directly. However, some inferences can be made after 

observing the reactions of deer to human interference and noting the 

trends in park visitation statistics.
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The number of visitors to OPCNM has increased from 8800 in 

1954 to 140,000 in 1977 (Learning et al. 1970; NPS Reports 1971-1977). 

Records of backcountry use are scanty and incomplete. Some indication ' 

of an upward trend in numbers of visitors to the Ajo Mountains can be 

seen on the two graphs in Figure 13. The Bull Pasture trail is the 

only maintained footpath into the Ajo Range. The lower register is 

situated about 300 ft (100 m) from the start of the trail at the Estes 

Canyon picnic area. Data from the register show an erratic upward 

climb in visitation from about 1000 in 1970 to 2230 in 1978, more than 

a 100# increase. The Mount Ajo register shows an equally dramatic in

crease from three persons in 1963 to over 60 in 1975• The major route 

to Mount Ajo takes the hiker through the middle of the Bull Pasture.

Of the three major whitetail use areas, two of them, North 

Alamo and South Alamo Canyons, are relatively inaccessible and receive 

only light visitation. The Bull Pasture, with its well maintained 1.5 

mile (2.4 km) trail, is a popular destination for day-hikers. A 

register located at the end of the trail in Bull Pasture was monitored 

closely during 1977 (Table 10). Personal observations indicated that 

about two of every three hikers actually signed the register. The 

total number of visitors to the area was therefore near 1500. Over

night visits in 1977 at the Alamo Canyon campground, located at the 

mouth of Alamo Canyon, totaled 735• Many of these campers hiked into 

the mountains. Also, 772 backcountry permits were issued in 1977 for 

overnight visits. Many of these were for the Ajo Mountains. In total 

then, at least 2000 hikers entered the Ajo Mountains in 1977, and a 

majority of these entered one of the white-tailed deer use areas. A
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Figure 13 Visitor use of Mount Ajo and the lower Bull Pasture trail, 
both in the Ajo Mountains.



60
Table 10. Number of visitors to the Bull Pasture by month in 1977•

Month Number of Visitors

January 30a

February 204

March 282

April 162

May 66

June 25
July 13
August 8

September 3
October 31
November 127
December 120

1071

aShould be higher; several pages of the register were lost.
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further impact may result from the 24,000 visitors that traveled the 

Ajo Mountain Drive in 1977. This road encircles the Diablo Mountains 

(Fig. 3) and for 7 miles (11 km) traverses an area along the base of 

the Ajo Mountains where white-tailed deer have occasionally been seen.

Visitation to the backcountry of the Ajo Mountains is increas

ing at a rather rapid rate, and human-whitetail encounters must neces

sarily be increasing in proportion. The white-tailed deer of the Ajos 

exhibited extreme wariness at all times. Most of the human-whitetail 

encounters that I observed resulted in the deer running away. Several 

times the deer were driven from waterholes, and they were occasionally 

seen to fall while running in rocky terrain.

Hunting

The boundary between Organ Pipe Cactus National Monument and 

the Papago Indian Reservation runs along the crest of the Ajo Mountains. 

Small rock cairns 1 mile (1.6 km) apart are the only boundary markers 

along the entire 10 mile (16 km) crest of the range. Hunting has not 

been allowed in the monument since its establishment in 1938. However, 

the east slope of the mountains is within the Papago Reservation and 

unrestricted hunting is allowed members of the tribe. The actual 

extent to which Papagos hunt the Ajo Mountains is unclear. Numerous 

spent rifle cartridges were found during this study, many in the white- 

tail habitat areas. On only one occasion were hunters known to be in 

the mountains. This group of four Indians were looking for bighorn 

sheep.
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Members of the tribe have indicated in conversations that the 

white-tailed deer of the desert mountains are considered to be diffi

cult animals to hunt and usually not worth the effort. Very few 

Papagos actively pursue the whitetail and prefer to take easier game, 

such as the mule deer. Bighorn sheep are considered a prize, and 

doubtless a few white-tailed deer are encountered and killed on bighorn 

sheep hunts.



DISCUSSION

A population of organisms on the edge of a species’ range is 

often subjected to the harshest environment that can be tolerated by 

that species (Schmidt 1950). No viable populations of white-tailed 

deer presently exist west of the Ajo Mountains in the Southwest. The 

conditions that become intolerable to whitetails farther west (mois

ture, elevational, and topographic gradients drop to the west) operate 

in the Ajos to limit their spatial distribution and abundance. This 

study attempted to identify and evaluate some of the factors affecting 

the distribution and abundance of white-tailed deer in the Or gam Pipe 

Cactus National Monument.

Factors' Affecting Present Distribution in Ajos

Vegetation

Adequate habitat for white-tailed deer must include vegetation 

dense enough to provide food and escape cover (Severinghaus and Cheatum 

1956). White (1957) concluded that whitetails in southern Arizona are 

generally not found in desert shrub associations, are not abundsmt in 

desert-grasslamd, and reach their greatest densities in oak and pifton- 

juniper woodlands. However, except where there are a few small patches 

of relict juniper woodland, the deer in the Ajo Mountains are entirely 

confined to Sonoran desertscrub. The majority of whitetail sightings 

were in jojoba-mixed scrub associations, a part of the Arizona Upland
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subdivision of the Sonoran desert. The vegetation, dominated by 

shrubs, is low and not dense, averaging about 30$ ground coverage. It 

is probably marginal habitat for whitetails. However, the 13 in (33 

cm) of annual rainfall that the area receives permits growth of a rela

tively denser and more diverse flora than the surrounding desert 

valleys.

Vegetation does not appear to be limiting the distribution of 

white-tailed deer within the Ajo Mountains. Jojoba-mixed scrub associ

ations cover most of the range; the white-tailed deer, however, are 

restricted to limited areas. Factors other than vegetation type there

fore must explain the restricted distribution of the deer.

Topography

I believe that topography, as quantified by angle of slope, is 

a limiting influence on the distribution of deer in the Ajos. The evi

dence is mostly circumstantial —  nearly all sightings of whitetails 

were in regions of least slope angle. Mountain slopes in the Ajos are 

covered with loose rocks and very little soil. Observations indicated 

that deer had difficulty traversing steep, cobbly slopes. White (1957) 

proposed that steep topography limited deer abundance in parts of the 

Santa Rita Mountains in southeast Arizona. Steep, rock-covered slopes 

are avoided by whitetails and a large area with relatively gentle 

slopes is important to white-tailed deer. In the Ajo Mountains, large 

areas with mild slopes are few and isolated, surrounded by cliffs, 

canyons, and rock outcrops. Only three areas meet the criteria of 

size and low average slope angle —  North Alamo Canyon, South Alamo 

Canyon, and the Bull Pasture (Fig. 3)«



Water

Open water is a minimum requirement for white-tailed deer 

during the hot months of the year (Nichol 1938; Elder 1956; Welch I960). 

The deer tended to avoid large permanent waterholes whenever other 

water was available. During the hot, dry season of early summer, they 

drank every one to four days, probably less frequently during cooler 

seasons. Whitetails move large distances to be near water in summer 

(Welch i960). One recognizable doe was observed in the Bull Pasture in 

the summer of 1976, 1977, and 1978, but was never seen there between 

October and June. In July of 1977 she was seen to move with her fawn 

over 5 miles (8 km) in two days from North Alamo Canyon to the Bull 

Pasture, where water was available. White-tailed deer, then, are re

stricted to habitats within the service area of water. Size of this 

area for whitetails is unknown, although McCulloch (1972) reported that 

mule deer does stay within 0.6 miles (1 km) of watering places in mid

summer.
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Factors Affecting Abundance

The same environmental conditions that dictate where an or

ganism can live also determine in part the number of individuals of 

the species that the habitat will support. Area of suitable habitat, 

based on vegetation, topography, and water availability, is quite 

limited in the Ajo Mountains. An attempt to estimate the carrying 

capacity for deer in the Ajos, based only on resource availability, 

would be little more than speculation. The total area of optimal habi

tat is difficult to estimate: it is that area that meets the minimum
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criteria of the above three categories, and is probably limited to 

North Alamo Canyon and the Bull Pasture on a year-round basis. How

ever, since impact on these two areas is greatest only for a short time 

near the end of the dry season, the carrying capacity of the habitat 

may be increased by the ability of the deer to forage over a much wider 

area, including but not limited to South Alamo Canyon, when water is 

more available during 9 or 10 months of the year. Complicating the 

calculation even further is the fact that neither Bull Pasture or North 

Alamo are undisturbed. Unknown impact of heavy tourist use in Bull 

Pasture and heavy grazing pressure by domestic cattle in North Alamo, 

especially around the only permanent waterhole, Barajita #4, may lower 

the potential saturation density of white-tailed deer.

I saw no evidence that resources were directly limiting deer 

numbers in the Ajo Mountains. The quantity of forage appeared ade

quate. I could not detect any amount of overbrowsing outside the areas 

of cattle use, even near the major waterholes. The ability of the 

forage to meet the nutritional requirements of the deer is uncertain, 

however. It appears adequate for maintenance needs (Urness et al. 

1971)i but may be less than optimal for reproduction. There may be a 

deficiency of protein and energy in summer when more than 9096 of the 

deer’s diet was browse (Swank 1956) and during drought periods (Anthony 

1976). Nutritional deficiencies may limit productivity (Verme 1962) 

and increase mortality (Dietz and Nagy 1976). A population size of 

6-12 deer may be below the carrying capacity of the habitat. Miller 

(1967) suggests that food becomes limiting unless: (l) some form of

interference acts as a regulating mechanism; or (2) extrinsic factors



such as climate prevent the level of population from reaching a criti

cal value.

In the first case, the equilibria! population size is not set 

directly by resource availability but through behavioral interactions 

of the deer themselves. This is the interference component of intra

specific competition as defined by Miller (1967). There is evidence 

that at low densities white-tailed deer may exhibit some degree of 

territorial behaviorism (Eisenberg and McKay 197^? Moore and Marchinton 

197*0• The early summer, when deer are concentrated at waterholes, is 

also just prior to fawning time in July and August. It is the .time 

that female deer are most intolerant of each other and of their pre

vious year’s offspring (Hawkins and Klimstra 1970; Hirth 1977)• During 

this study, at least two fawns survived to one year of age in each of 

three reproductive seasons, and yet no recruitment was made to the 

population. None of these deer were seen with their mothers after 

their second summer. Exclusion of individuals from optimal habitat 

areas by aggressive interactions may determine a maximum density level, 

or at the least, contribute to mortality of the excluded deer.

The extrinsic factors referred to by Miller (1967) may increase 
mortality rates and tend to keep the population size small. Predation 

by mountain lions was shown to be a likely cause of occasional mor

talities, though I found little direct evidence to indicate that it 

occurs often.• This population of deer is living in marginal habitat 

at the very edge of the species range, and as such, is probably sub

jected to conditions that are near the tolerance levels of the species. 

In particular, they are exposed to all the severities of the desert
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environment. Temperatures over 100°F (37.8*0) are common in the Ajos 

and extended droughts are frequent. Physiological stress caused by 

environmental extremes may further contribute to mortality.

The small size of the white-tailed deer population in the Ajo 

Mountains probably results from a cumulative effect of several mor

tality factors, low productivity, and a high dispersal rate.

Extinction Probability

The small population of white-tailed deer in the Ajo Mountains 

possibly contained only two breeding females in 1978. With any popula

tion of this size, there exists a definite possibility of extinction 

occurring. Rosenzweig (1975) lists four causes of extinction: (1) its

fundamental niche might disappear; (2) it may become involved in over- 

exploitation; (3) it may be outcompeted; and (4) it may be a victim of 

an accident.

All four of these causes may be operative with white-tailed 

deer in the Ajo Mountains, including the very real possibility of the 

whitetail's fundamental niche disappearing. Hastings and Turner (1965) 

concluded that a climatic change has been occurring in Arizona since 

the 1870's,' leading to dryer, warmer conditions. Average rainfall may 

have decreased 3 in (7.6 cm) and caused an upward shift of vegetation 

zones of 1000 ft (300 m). A continuation of this trend would bring 

lower desert conditions to the top of the Ajos and likely eliminate 

white-tailed deer habitat. This may already have occurred in other 

ranges in southern Arizona (Anthony and Smith 1977; Dave Brown personal 

communication 1978).
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That these deer may become extinct because of overexploitation 

of their food resources seems unlikely to occur. Given the abundant 

forage available, the low population level, high mortality (or disper

sal) rate, and the possibility that social interactions may limit 

density, it would be difficult for the population to increase suffi

ciently to overutilize the resource.

I do not believe that competition with any of the native ungu

lates is severe enough to cause extinction of the whitetail population. 

Though there is significant niche overlap with both mule deer and 

desert bighorn sheep, differences in habitat selection should allow the 

three species to coexist in the area. Although domestic cattle have 

damaged the vegetation of the monument and reservation, most white

tailed deer habitat is avoided by cattle and thus precludes the direct 

elimination of deer by competition with cattle, though removal of 

forage and damage to the vegetation may lower the carrying capacity for 

whitetails in areas of overlap and thus indirectly increase the proba

bility of extinction by other causes.

Accidental extinction is the fourth cause listed by Rosenzweig 

(1975)• I believe it is the most relevant to the monument’s white

tailed deer population. I include in this category stochastic extinc

tion: that caused by mere random fluctuations in population size.

With the present number of deer, the probability is high that random 

birth and death processes will allow the population to drop to zero in 

the near future. Additionally, random accidents such as a hungry 

predator or drought could easily destroy the entire herd (only the mem

bers of one sex would have to be removed, which may be as few as two
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to three animals). The problem is compounded by any extrinsic factors 

that tend to decrease the size of the population or the survival 

ability of the individual deer. Any management will have to be 

directed toward assuring a population large enough to lower the prob

ability of a stochastic extinction occurring or of a random accident 

eliminating the breeding stock.

The small size of many of the white-tailed deer populations in 

southwestern Arizona would suggest that extinctions occur often. 

MacArthur and Wilson (1967) demonstrated that the expected time to ex
tinction decreases rapidly with decreasing size of a population. One 

explanation for the apparent persistence of these populations for 

hundreds of years is that a series of extinctions and recolonizations 

is occurring. Recolonization would require that deer occasionally move 

between mountain ranges. Evidence of this movement is lacking, al

though several Papago Indians claimed to have seen white-tailed deer 

crossing the intermountain valleys. The appearance of deer on pre

viously uninhabited ranges would be direct evidence of movement. The 

two deer reported in the Puerto Blanco Mountains in 1963 may have been 

recent colonists.

Theories of dispersal imply that deer likely will occasionally 

move between mountain ranges. "The survival of a species is as de

pendent on dispersal as it is on reproduction and longevity. To sur

vive, a species must contain at least some individuals capable of 

dispersing from one area of habitat to another" (Caughley 1977, p. 57). 

White-tailed deer are physically capable of walking across the 20 miles
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(32 km) or more of lowland desert that separates the mountain ranges of 

the region. Successful colonization would need to occur only as often 

as extinctions in order to maintain a population in any given mountain
range.



SUMMARY AND RECOMMENDATIONS

A small, isolated population of white-tailed deer in the Ajo 

Mountains of Organ Pipe Cactus National Monument was studied from June 

1976 to July 1978# White-tailed deer in southwestern Arizona are dis

tributed as small island populations, living in discrete patches of 

mostly marginal habitat, and separated by wide expanses of uninhabit

able low desert. The Ajo Mountain population is at the distributional 

limit of the species and is isolated from the nearest neighboring popu

lations in the Cubabi Mountains of Sonora, and in the Sauceda and 

Quijotoa Mountains of Arizona, by more than 20 miles (35 km) of lowland 

desert.

Within the Ajo Mountains, they are restricted on a year-round 

basis to two loosely defined areas: the Bull Pasture and the North

Alamo Canyon. Conditions requisite for deer survival appear to be a 

large area with relatively gentle slopes and the presence of a per

manent water supply. The vegetation on the range, though marginal for 

whitetails, is not considered to be limiting their distribution.

Almost the whole of the Ajo Mountains is within the Sonoran desertscrub 

vegetation type, here dominated by the evergreen shrub, Simmondsia 

chinensis. Some of the white-tailed deer are living entirely within 

this plant association.

The population size is at a critically low level, estimated at 

6 to 12 deer in 1977 and 1978. Resource limitations may primarily
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determine the ultimate population size, but several biotic factors were 

identified as being capable of depressing deer numbers. Measures of 

competitive overlap with bighorn sheep indicated that severe competi

tion is probably not occurring between these two species. Desert mule 

deer occur in the desert and foothills surrounding the Ajo Mountains 

but were never seen in the mountains themselves. Mule deer and white

tailed deer occupied exclusive territories, with slight overlap on the 

upper bajadas, but the separating mechanism is not known. I feel that 

domestic cattle Eire detrimental to whitetails in limited areas of range 

overlap, primarily in North Alamo Canyon around Barajita #4 tinaja, and 

on the foothills bordering the east side of the Ajo Mountains. Preda

tion was not documented, but probably occurs irregularly, as mountain 

lions were observed to frequent the same waterholes as the white-tailed 

deer. Intraspecific aggression may act as a dispersal mechanism and 

tend to regulate deer numbers.

Due to the small size of the population the possibility of 

extinction occurring is a very real threat. In order to reduce the 

probability of a human-related extinction, the following recommenda

tions are made to the National Park Service.

—  Exclude reservation cattle from North Alamo and Rustler Canyons.

A fence along the park boundary will accomplish this purpose, but it 

may interfere with movements of deer and bighorn sheep. A better and 

more permanent solution would be to obtain control of Barajita i lk  

waterhole and the surrounding area.

—  Remove trespass cattle and burros that enter the monument. These 

are incompatible with the stated purposes of a national monument and
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would likely compete with the white-tailed deer if they became estab

lished in the Ajo Mountains#

—  Prevent any type of disturbance to all major waterholes identified 

in this study. This could include prohibiting entry to the Bull Pas

ture and North Alamo Canyon areas during the early summer dry season 

until rains replenish water supplies.

—  There was no evidence that white—tailed deer used artificial water

ing sites during the years of this study. Maintenance of these sites 

will probably not benefit white-tailed deer. However, mule deer did 

use the cattle trough at Alamo Well, and are probably dependent on it#
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