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ABSTRACT

I studied vertebrate use of 2 artificial water developments on the

Cabeza Prieta National Wildlife Refuge in southwestern Arizona from March

1994 to August 1995 to assess their use by wildlife, especially regarding

endangered Sonoran pronghorn (Antilocapra americana sonoriensis).  The

water developments lie within designated wilderness, and were constructed

in the late 1950s specifically for Sonoran pronghorn. I used remote cameras

to detect large mammals, live trapping for small mammals, pitfall trapping

for reptiles, transect surveys for birds, pond surveys for amphibians, and

mist-netting to detect bats. I observed 201 vertebrate species, but Sonoran

pronghorn were not detected in remote camera photos. Large mammals,

bats, birds, and amphibians used free-standing water, but the distribution of

species within all taxa may have been affected by the dense growth of

mesquite trees (Prosopis glandulosa) at each site. Maintenance of the sites

may not benefit Sonoran pronghorn, and conflicts with wilderness

management.
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INTRODUCTION

Water developments are frequently used as a wildlife management

tool in the southwestern United States. In Arizona, approximately 800

water developments are maintained each year by the Arizona Game and Fish

Department, and nearly $800,000 are spent annually on their maintenance

and construction (deVos and Clarkson 1990). In the Sonoran Desert of

southwestern Arizona, water resources have been developed primarily

within the last 60 years (Elder 1956, deVos and Clarkson 1990, Broyles

1995). Early managers of the Cabeza Prieta National Wildlife Refuge

(CPNWR) developed water resources to increase numbers of desert bighorn

sheep (Ovis canadensis mexicana) and Sonoran pronghorn (Antilocapra 

americana sonoriensis) (Halloran 1949, Halloran and Deming 1958), a

subspecies listed as endangered by the U.S. Fish and Wildlife Service in

1967. However, use of developments built specifically for pronghorn has

not been monitored, and effects on wildlife are not known.

Because water is scarce in deserts, it is often assumed that free-

standing water is required by all wildlife, and water developments have been

used primarily to increase population numbers of ungulates and upland game

birds (Turner and Weaver 1980, Yoakum et al. 1980, Werner 1985,

Tsukamoto and Stiver 1990, Burkett and Thompson 1994, Kie et al. 1994).

Although the use of waterholes has been documented for some desert

species, the necessity of these water sources for their persistence is poorly
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understood (Leopold 1933, deVos and Clarkson 1990, Krausman and

Etchberger 1995). Desert bighorn sheep are known to drink when water is

available, but they may persist in areas of little or no water (Watts 1979,

Krausman and Leopold 1986, Lee 1993). Use of water by Sonoran

pronghorn in the United States was not confirmed until 1995 (Hervert

1996), and the effect of water developments on the population is not

known (Monson 1968, Wright and deVos 1986, Hughes 1991).

Animals obtain water in a number of ways, including drinking,

metabolism, from preformed water in food, or in the form of dew (Leopold

1933, Schmidt-Nielsen 1964, Nagy 1987); amphibians may obtain water by

absorption through the skin (Nagy 1987). For some species, metabolic

water may be a relatively unimportant means of obtaining water because

metabolism usually decreases or remains the same during stressful times,

and animals are not capable of increasing water production in response to

increased needs (Nagy 1987). Animals lose water by evaporation from the

lungs, eyes, and skin, and through defecation and urination (Louw and Seely

1982, Nagy 1987). Within the body, water is used as a solvent, and is a

necessary component of hydrolytic reactions, temperature control, transport

of metabolic products, excretion, lubrication of skeletal joints, and sound

and light transport within the ear and eye (Yoakum 1994).

Insectivores and carnivores consume a relatively steady amount of

water from their prey year-round, and may be less likely to need drinking
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water than herbivores which rely on moisture in vegetation (Nagy 1987)

However, ungulates such as bighorn sheep (Leopold 1933, Warrick and

Krausman 1989, Krausman and Etchberger 1995) and pronghorn antelope

(A. americana) (Leopold 1933, Beale and Smith 1970, Yoakum 1994) may

be able to subsist on moisture from succulent forage alone. Pronghorn may

not drink if forage moisture content is greater than 75% (Beale and Smith

1970), and drinking behaviors vary seasonally with moisture in forage

(Leopold 1933, Hughes 1991). If deprived of water when it is needed,

pronghorn may lose weight, decrease forage intake, reduce activity, and

decrease fawn production or lactation (Beale and Smith 1970, Wesley et al.

1970, Whisler 1984, Yoakum 1994).

Wright and deVos (1986) found that Sonoran pronghorn locations

were significantly associated with water sources, but Hughes (1991) found

that they used habitat randomly in relation to water. Pronghorn used habitat

with higher plant moisture content and thermal cover in the summer dry

season than in the summer wet season (Hughes 1991). Physiological and

behavioral adaptations of Sonoran pronghorn to survive periods of drought

could be as or more important than the use of free-standing water,

especially considering that historically and presently, natural water sources

are rare within their range (Yoakum 1994).

There is some concern that the drying of the Gila and Sonoyta rivers

due to agricultural practices has been detrimental to Sonoran pronghorn
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populations (Halloran and Deming 1958, Wright and deVos 1986).

Although the desiccation of the rivers may justify the re-establishment of

water sources within Sonoran pronghorn range, there is little evidence to

support or refute the contention that they drank from these rivers,

historically. Nagy (1987) suggested that humans can substantially impact

desert herbivore populations by pumping groundwater and subsequently

lowering the water table throughout the desert. In the Mojave Desert, many

natural desert oases may have disappeared, reducing the number of places

where black-tailed jackrabbits (Lepus californicus) can survive drought (Nagy

1987). Although such desert oases may not include free-standing water,

they may provide succulent forage necessary for the persistence of

herbivore populations. The provision of artificial water sources, especially

those that promote the growth of lush vegetation, may mitigate such losses.

However, the drying of natural oases may not have occurred on the CPNWR

(G. Monson, former CPNWR manager, pers. commun.).

Desert organisms may exhibit a "feast or famine" pattern (MacMahon

1981, Polis 1991, Vitt 1991, Weins 1991) in which they will

opportunistically drink water or consume food when it is available to prepare

for times when resources are limited. Noy-Meir (1974) has referred to this

as the "pulse-reserve hypothesis". Desert organisms continue to evolve

under conditions of long and irregular periods of drought where such

opportunistic drinking behavior may be advantageous in an unpredictable
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environment.

Desert animals may benefit from artificial water provisions by devoting

less energy to obtaining water and more energy to other activities such as

breeding and territory defense. Also, food resources for insectivores,

herbivores, and carnivores may be abundant and concentrated at water

developments. The lush vegetation growth found at some artificial water

sources may provide cover for desert animals, as well as stopover habitat

for neotropical migrant birds and bats. On a larger scale, water provisions

may allow some species to inhabit areas that would otherwise be unsuitable

(Bellantoni et al. 1993, Broyles 1995). Removing water sources could force

animals out of suitable habitat, increasing their susceptibility to predators

and lowering their nutritional status and reproductive success (Bellantoni et

al. 1993). Other beneficial results could include increasing the ecological

carrying capacity of the range, holding populations in areas so that they do

not need to migrate, and preventing population crashes during drought

(Broyles 1995).

Artificial waterholes could have direct negative effects on vertebrates

due to poor water quality, especially during spring and summer months

(deVos and Clarkson 1990, Kubly 1990, Carmichael 1994), and the spread

of diseases such as the bluetongue virus (Trainer 1970, Cunningham 1989,

Kubly 1990), leptospirosis (Roth 1970), foot-and-mouth disease (Fletch

1970), avian cholera (Friend 1987), and avian tuberculosis (Roffe 1987);
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diseases are more likely to be spread at water developments due to

increased contact among individuals, transmission via water or moist soils,

or from the prevalence of arthropod vectors. Mortality of mule deer due to

entrapment in mud has drawn attention to the problem of siltation (Baber

1983, deVos and Clarkson 1990).

The development of water sources could also have indirect negative

effects on native animals by facilitating competition with non-native species

for water and food resources (Krausman and Leopold 1986, Burkett and

Thompson 1994), especially at times when water resources are limited

(Weins 1991). Burkett and Thompson (1994) recommended that water

developments not be constructed when feral and exotic animals will benefit

to the detriment of native species. There may also be increased predation

risk to native desert species that frequent water sources (deVos and

Clarkson 1990, Krausman and Etchberger 1995). Water developments may

benefit predators directly by increasing interaction between predators and

prey (Mclvor et al. 1994), or indirectly by benefiting their health or

reproductive rates. Beck et al. (1973) speculated that the presence of

raptors inhibited the daily activity patterns of Gambel's quail (Callipepla 

gambelii) at Jose Juan Tank on the CPNWR, and also suggested that

drinking patterns of prey evolve to minimize capture by predators.

In the Sonoran Desert, most research on the use of water

developments has been concentrated on desert bighorn sheep (Simmons
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1969, Krausman et al. 1984:157-165, Warrick and Krausman 1989, deVos

and Clarkson 1990, Krausman and Etchberger 1993) and desert mule deer

(O. h. crooki) (Elder 1954, Hervert and Krausman 1986, Hazam and

Krausman 1988, Rautenstrauch and Krausman 1989, Krausman and

Etchberger 1993). Elder (1956) completed the first study including both

birds and mammals at Sonoran Desert waterholes in the Tucson Mountains,

but concentrated on game species. Game species make up only a small

percentage of the vertebrate species inhabiting southwestern deserts;

therefore, studies of nongame as well as game species are necessary to

assess the role of artificial waterholes in desert ecosystems.

Few studies have investigated the use of waterholes by nongame

species, or at the community level; information on small mammals and

reptiles is especially lacking. Burkett and Thompson (1994) reported the

use of waterhole and comparison sites by birds, mammals, and

herpetofauna in the Chihuahuan desert of southern New Mexico. Results

indicated no significant differences in species richness or composition

between water units and paired comparison sites. However, the close

proximity of comparison sites may have precluded their independence from

water developments (Burkett and Thompson 1994), especially for large and

mobile taxa such as birds or large mammals.

Historical accounts indicate that waterholes on the CPNWR and

nearby Organ Pipe Cactus National Monument are used as stopover sites by
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neotropical migrant landbirds (Gubanich 1966, Johnson et al. 1983;

Groschupf et al. 1988). There is much concern over the decline of

neotropical migrants due to loss of breeding, wintering, and stopover habitat

(Robbins et al. 1989, Terborgh 1989). However, little is known about the

location and types of stopover habitat involved (Moore et al. 1992). Long-

distance flight over seas and oceans may be the most challenging obstacle

for migrating birds (Carmi et al. 1992); successful migration requires that

birds can locate stopover sites and resources quickly, and avoid predation in

unfamiliar habitats (Finch 1991, Moore et al. 1992, Moore and Simons

1992). Carmi et al. (1992) found that dehydration rather than energy was

the most limiting factor to the flight duration of birds migrating over the

Saharan Desert; therefore, water developments may be ideal stopover sites

for migrating birds. Similarly, water developments may be important to

resident and migrating bat species. Some species of desert bats depend on

free-standing water (Carpenter 1969, Cockrum 1981, McNab 1982), and

the construction of water developments may facilitate the expansion of

some species into xeric habitats (Geluso 1978, McNab 1982).

My objectives were to 1) determine if Sonoran pronghorn used 2

artificial water developments on the CPNWR in southwestern Arizona, 2)

determine what other vertebrate species used the sites, and the distribution

of small mammal, bird, and reptile species at each site, 3) address possible

management strategies for the sites based on the management goals of the
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CPNWR, and on results from my first 2 objectives. Although I preferred to

investigate a greater number of water developments, it was necessary to

devote all resources intensively at 2 sites within the Growler Valley to

detect use by rare Sonoran pronghorn and to document use by all vertebrate

species on an annual basis.
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STUDY AREA

The CPNWR (350,000 ha) is located in the Sonoran Desert of

southwestern Arizona along the United States/Mexico border (Figure 1);

about 93% of the refuge is designated wilderness (Arizona Desert

Wilderness Act of 1990) and about 95% of the refuge lies under the

airspace of the Barry M. Goldwater Air Force Range. During the study

period, military activity above the refuge was limited to mock duels and

computer-analyzed flight maneuvering. Cattle grazing has not occurred on

the refuge since the mid-1980s.

The 2 water developments that were studied are in Pima County, in

the Growler Valley, on the east side of the CPNWR (Figure 2); the valley is

composed of clay and silt alluvium deposited from sheet erosion and

ephemeral streams. The surrounding mountains run primarily southeast to

northwest, and are generally less than 950 m in elevation. Most mountains

are block faulted, either a sierra type composed of metamorphic rock and

granitic material, or a mesa type composed of igneous basalt (Wright and

deVos 1986).

The 2 study sites, Jose Juan Tank and Red Tail Tank, are located at

about 300 m elevation in the San Cristobal Wash and the Growler Wash,

respectively. Each site is about 4 km from the nearest mountains.

Vegetation at both sites is characterized by the lower Colorado subdivision

of the Sonoran desertscrub vegetative community, consisting primarily of
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. Red Tail Tank

CABEZA PRIETA NATIONAL WILDLIFE REFUGE
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t North

,, Phoenix

. Tucson

Figure 1. Location of study sites: Jose Juan Tank and Red Tail Tank,
Cabeza Prieta National Wildlife Refuge, southwestern Arizona, 1994- 1995.
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Figure 2. Aerial photographs of Jose Juan Tank (above) and Red Tail Tank
(below), Cabeza Prieta National Wildlife Refuge, southwestern Arizona,
1994- 1995.
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creosotebush (Larrea tridentata) and triangle-leaf bursage (Ambrosia 

deltoidea) (Turner and Brown 1994), although pure stands of creosotebush

are common at both sites. Temperatures exceed 38 °C during the summer

months, and annual maximum temperature may approach 50 °C. Minimum

annual temperature occasionally falls below 0°C. Rainfall averages 15.2 cm

per year. Precipitation occurs in a bimodal pattern, with sporadic local

thundershowers July through September, and gentle rains December

through March.

Jose Juan Tank and Red Tail Tank are earthen tanks constructed in

1956 and 1957, respectively, specifically for use by Sonoran pronghorn

(Figure 2). They are located about 20 km apart, and were originally spaced

to accommodate roaming antelope (L. Thompson-Olais, CPNWR, pers.

commun.). A third site, Antelope Tank, was also constructed, but is

currently not functional. The tanks were constructed using bulldozers to

create levees that divert water from washes to artificial catchments (Figure

2). Each tank can fill to approximately 2.6 million liters of water at

maximum capacity (B. Broyles, CPNWR volunteer, unpubl. data). Currently,

each tank may achieve a maximum diameter of about 60 m, and a maximum

depth of about 3 m, although originally their maximum depth was about 7

m; the tanks have silted in considerably since their original construction.

Vegetation immediately surrounding the tanks consists mainly of honey

mesquite (Prosopis glandulosa) trees (> 3 m tall), and gradually changes to
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honey mesquite shrubs and creosotebush (< 3 m tall) at greater distances

from the tanks (Figure 2).

There are also 2 guzzlers at each site, each consisting of a drinker and

storage tank of approximately 10,000 liter capacity. The purpose of the

guzzlers is to provide an alternative water source when the waterhole is dry.

At each site, 1 of 2 guzzlers was installed in 1994 because the original

guzzler was thought to be surrounded by too much vegetation for pronghorn

use (L. Thompson-Olais, CPNWR, pers. commun.). During my study the

guzzlers at Red Tail Tank were inoperative, and the earthen tank did not fill

with water; occasionally, water was present in the guzzlers for up to a week

after local rains. Water was hauled to the guzzlers at Jose Juan Tank

periodically by refuge personnel, and the earthen tank filled with water

periodically.
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METHODS

I collected data from March 1994 through August 1995. Because

wildlife use of waterholes was expected to change seasonally in relation to

heat stress and availability of natural water sources, I considered 3 seasons:

spring/summer, summer/fall, and winter (Table 1). Seasons were

considered as the framework in which data were collected throughout the

study period, but not all data were analyzed and discussed in terms of

seasons. All methods were completed at least once per season. I defined

seasons based on local precipitation patterns at both sites: spring/summer

was defined as the date of the last winter rain to the date of the first

summer monsoon; summer/fall was defined as the date of the first

monsoon to the date of the first winter rainfall; winter was defined as the

date of the first winter rainfall to the date of the last winter rainfall.

I did not replicate my field methods at other sites with and without

water, therefore it is possible that my results reflect differences other than

the presence or absence of water at the sites. Due to logistic constraints, I

was not able to conduct field work simultaneously between sites; this may

have introduced bias due to the timing of sampling.

I used a web design (Anderson et al. 1983) as the basis for small

mammal trapping, pitfall trapping, and to establish bird survey transect lines

(Figure 3,4, and 5). I selected this design to compare the distribution and

abundance of wildlife species with increasing distances from the center of
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Table 1. Seasons considered for data collection at Jose Juan Tank and Red

Tail Tank, Cabeza Prieta National Wildlife Refuge, 1994- 1995.

Season
	

Year	 Dates

Winter	 1994	 < 7 March

Spring/summer	 1994	 7 March - 28 July

Summer/fall	 1994	 29 July - 13 November

Winter	 1994/1995	 14 November - 20 April

Spring/summer	 1995	 21 April - 15 July

Summer/fall	 1995	 > 15 July



Figure 3. Trapping web (220 m radius) used for small mammal trapping,
Jose Juan Tank and Red Tail Tank, Cabeza Prieta National Wildlife Refuge,
1994- 1995 (* = trap station, 20 m apart).

27



525 m from center	 28

Figure 4. Trapping web (525 m radius) used for small mammal trapping,
Jose Juan Tank and Red Tail Tank, Cabeza Prieta National Wildlife Refuge,
1994 - 1995 (• = trap station, 25 m apart).
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1 km across

Figure 5. Bird survey routes (1 km long), Jose Juan Tank and Red Tail
Tank, Cabeza Prieta National Wildlife Refuge, 1994- 1995 (• = calibration
marker, 50 m apart).
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the earthen tank. I assumed that animals were less associated with the

earthen tank as they occurred farther from it. I did not calculate density

estimates as outlined in Anderson et al. (1983) and Wilson and Anderson

(1985) because I inherently violated the required assumptions; primarily,

that animals are not attracted to or do not avoid the center of the web for

any reason. My sampling design also included fewer traps spaced farther

apart than is desired for calculating an estimate of density (Anderson et al.

1983, Wilson and Anderson 1985).

Statistical analyses were performed using software packages

GraphPad lnStatTM and SPSSPC +e (Noru§is 1990). For all analyses, nearly

significant differences occurred at the 10% significance level, significant

differences occurred at the 5% significance level, and highly significant

differences occurred at the 1% significance level (Zar 1996:82-83).

Nonparametric statistical methods were used because most data were not

normally distributed, variances were not equal, and data transformation was

unsuccessful towards meeting these assumptions (Norutis 1990:224-241,

Zar 1996:146-147).

Use of animals in this study followed the United States Public Health

Service and Animal Welfare Act guidelines enforced by the Institutional

Animal Care and Use Committee (Protocol no. 93-189), The University of

Arizona, Tucson. I also complied with animal handling guidelines of the
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American Society of Mammalogists (1987) and the American Society of

Ichthyologists and Herpetologists, Herpetologist's League, and Society for

the Study of Amphibians and Reptiles (1987). In accordance with the

CPNWR research permit for this study, I was not allowed to collect voucher

specimens unless they were a result of trapping mortality.

Ambient Temperature and Attributes of Water Developments

I recorded minimum and maximum ambient temperature, monthly,

from permanent weather stations at each site to determine the hottest and

coolest months of the year. I also recorded the presence of water in the

earthen tanks and guzzlers, monthly, to determine during which months

water was available to wildlife. Water depth (m), water surface length (m),

and water surface width (m) were measured monthly at each earthen tank,

and the presence or absence of water in each guzzler was noted.

Approximate surface area of an earthen tank was calculated using the

formula for the area of a circle; the radius used was an average of the

length and width recorded.

Although water quality standards for wildlife are poorly understood

(Autenreith 1983, deVos and Clarkson 1990, Broyles 1995), Autenreith

(1983) suggested that total dissolved solids (TDS) and pH may be the most

critical parameters for pronghorn. I used a conductivity meter to determine

if TDS from the earthen tanks and guzzlers was less than 4,500 ppm, a

maximum desired level for big game species (Autenrieth 1983). Water
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samples were collected on 4 different days at Jose Juan Tank in March and

April 1995. Each day, 1 sample was taken from the south guzzler, north

guzzler, and from the earthen tank. Water was collected by gently

submerging a plastic bottle into the middle of each guzzler or at the waters

edge of the earthen tank. Specific conductance (micromhos/cm) was

measured at 25 °C ambient temperature within 10 days after the sample

was collected. Total dissolved solids was calculated as ppm equivalents of

NaCI using the formula: (specific conductance) (0.0068) (58.4428) =

concentration of TDS (ppm), where 0.0068 is the conversion factor from

micromhos/cm to millimho/cm, and 58.4428 is the molecular weight of NaCI

(Brower et al. 1990:55-67). Although I did not measure the pH of water at

my sites, I report unpublished data collected by other researchers at Jose

Juan Tank from June 1995 to January 1996 to determine if pH was less

than 9.2, a maximum value suggested by Autenrieth (1983) for pronghorn.

Vegetation

Initially, I recorded vegetation and substrate variables at plots

associated with small mammal, reptile, and bird sampling points to relate

detailed habitat variables to the abundance of each species. However,

because I did not obtain large enough sample sizes for multivariate analysis

(Johnson 1981, Morrison 1984), I used this information to assess

differences in vegetation and substrate between sites, and to determine how

vegetation and substrate changed with distance from the center of the
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earthen tank at each site. Additionally, the time constraints required to

sample multiple taxa precluded the sampling of numerous detailed variables

appropriate for each taxa (Morrison et al. 1992:123-137), and the sampling

of variables at too course of a level can lead to erroneous conclusions (Best

and Stauffer 1986).

The availability of vegetation types for small mammals and reptiles

was quantified by classifying each trap station into 1 of 3 vegetation types:

mesquite tree thicket, mixed mesquite shrub/creosotebush, and

creosotebush. A station was classified as "mesquite tree thicket" if any part

of a 5 m radius plot surrounding the station included mesquite trees (> 3 m

tall); there were too few plots at the edge of the thicket to warrant the

inclusion of a fourth "edge" vegetation type. A station was classified as

"mixed mesquite shrub/creosotebush" if the plot included creosotebush and

mesquite shrubs ( < 3 m tall), but not mesquite trees. A station was

classified as "creosotebush" if it did not contain mesquite shrubs or trees.

The proportion of each vegetation type available to birds was

determined by examining aerial photographs for mesquite thicket (including

shrubs and trees), creosotebush/wash (including washes extending beyond

the mesquite thicket), and creosotebush vegetation types. The area within

100 m to the side of each bird survey route was partitioned into 560 blocks,

and each block was classified as 1 of the 3 vegetation types. The

proportion of a vegetation type was calculated by dividing the number of
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blocks of each type by 560.

At each site vegetation and substrate variables were recorded at 80

plots corresponding to small mammal and pitfall trapping stations on a 220

m radius trapping web (Figure 3), 80 plots corresponding to small mammal

trapping stations on a 525 m radius trapping web (Figure 4), and at 40 plots

along bird survey lines (Figure 5). Plots on the small trapping web were

completed from May to July 1994, plots on the large trapping web were

completed from June to July 1995, and plots along bird survey lines were

completed in July and August 1994. Distance to the center of the earthen

tank was recorded as the distance from the center of the tank to the center

of each plot.

At each small mammal and pitfall trap station, I surveyed a 10 m

diameter circular plot. Eight transect lines 5 m long radiated from the center

of each plot, the direction of the first line was chosen randomly, and the

remaining lines were placed 45° apart. Along each line, 5 survey points

were established at 1 m intervals, for a total of 40 points per plot. At each

point, a vertical line was sampled for substrate and all vegetation contacts

intersecting the line at 6 height intervals: 0 - 0.25 m, 0.25 - 0.50 m, 0.50 -

1.0 m, 1.0 - 2.0 m, 2.0 - 3.0 m, and >3.0 m. A meter stick was used to

visually estimate contacts at each interval. Substrate variables included

bare ground, sand (0 - 5 mm), pebble (5 - 50 mm), gravel (50 - 100 mm),

and rock (>100 mm). All trees (> 3m) and shrubs (< 3m) within the plot
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were identified to genus or species, and counted.

At each plot associated with bird survey lines, a 200 m transect line

was sampled perpendicular to and centered on the bird survey line.

Sampling techniques were the same as above, but 100 points were spaced

at 2 m intervals. Additionally, a rectangular plot (10 m x 200 m) was

centered around the vegetation line, and shrubs and trees were identified to

species or genus, and counted.

At all vegetation plots, percent vegetation cover per height interval

was calculated by dividing the total number of vegetation contacts in each

interval by the total number of points sampled within the plot. Percent of

each substrate variable was calculated in the same way; because gravel and

rock were rarely encountered, I combined them with pebbles.

I used the Mann-Whitney U-test to determine if there was a significant

difference between sites for percent vegetation in each height interval,

percent bare ground, percent sand, percent pebble, and abundance of

shrubs and trees (Norutis 1990:224-241, Zar 1996:147-156). Spearman

rank correlation was used to determine if there was a significant correlation

between each variable and distance to the center of the earthen tank

(Noru§is 1990:230-231, Zar 1996:389-392).

Small Mammals

I completed 6 trap periods at Jose Juan Tank and 4 periods at Red

Tail Tank. Initially, trap periods were 8 nights long, but were reduced to 4
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nights after October 1994 because many animals appeared to be physically

stressed at the end of each 8 night period. Additionally, the capture of new

individuals and species decreased precipitously after the fourth trap night.

Traps were laid out in a web formation (Anderson et al. 1983) (Figure 3).

Although initially the radius of the trapping web was 220 m at each site

(Figure 3), I later changed the radius to 525 m to evaluate the distribution

and abundance of small mammals at even greater distances from the center

of the earthen tank (Figure 4). At Jose Juan Tank 3 trap periods were

conducted using each size of trapping web, and at Red Tail Tank 2 trap

periods were conducted using each size of web.

At each site, 80 extra-large Sherman live-traps (10 cm x 10 cm x 30

cm) were placed on transect lines radiating from the center of earthen tank.

Direction of the transect lines was determined by choosing a random

direction for the first line, and spacing the others at 45° angles from the

first. At the small trapping web, 8 transect lines contained 10 stations

each, the first trap placed 40 m from the center of the earthen tank and the

remaining traps spaced 20 m apart (Figure 3). At the large trapping grid, 4

transect lines contained 20 stations each, spaced 50 m apart (Figure 4).

Traps were baited at dusk with crimped oats, and checked the

following morning. During winter months, traps were lined with polyester

batting for insulation, and checked twice each night to prevent mortalities.

Traps that were sprung and empty were recorded each trap night. If an
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animal was caught twice in the same night it was counted as a single

capture. Animals were individually marked by toe clipping, and species,

location, condition, sex, reproductive state, and age were recorded. Foot

length and tail length were recorded for pocket mice, and the data were

later used to confirm the identification of pocket mouse species

(Perognathus and Chaetodipus spp.) (Hoffmeister 1986).

To compare species richness and abundance between sites, I used

data from the 4 trap periods at each site. I determined species richness for

each trap period and used the Mann-Whitney U-test (Norutis 1990:224-241,

Zar 1996:147-156) to determine if species richness was significantly

different between sites. I also calculated an index of abundance for all

species combined within each trap period and used the Mann-Whitney U-

test to determine if abundance was different between sites. The index was

the number of individuals captured during each trap period.

Within each site, I determined species richness and abundance of all

species combined for each of 10 trap rings. Each "trap ring" consisted of all

traps located at the same distance from the center of the earthen tank.

Although traps were spaced closer to each other in the center ring than in

subsequent rings, traps were spaced far enough apart from each other that I

did not consider effort to be greater in trap rings closer to the center of the

web. I used Spearman rank correlation (Noru§is 1990:230-231, Zar

1996:389-392) to compare species richness with distance from the earthen
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tank, and to compare abundance of all species combined with distance.

Within each trap period, an index of abundance was calculated for

each species within each trap ring; a species was included if it occurred in

at least 3 trap rings during the period. Spearman rank correlation was used

to test for a significant relationship between abundance of each species and

distance to the center of the earthen tank. I assumed that a species was

more closely associated with the earthen tank if its abundance was

negatively correlated with distance than if its abundance was positively

correlated with distance.

I used simultaneous confidence intervals (Neu et al. 1974, Byers et al.

1984) to determine if a vegetation type was used in proportion to availability

for each species with at least 15 observations; the use of less than 13

observations could result in unacceptably high Type Il error rates (Thomas

and Taylor 1990). For each species, an observation was defined as capture

of an individual within a trap period. For example, if an individual was

captured twice at the same station during the same trap period, a single

observation was used. If an individual was captured at 2 different stations

within a trap period, or at the same station during 2 trap periods, both

observations were used. I assumed that a small mammal species was more

closely associated with the earthen tank if it selected the mesquite tree

thicket vegetation type or avoided the creosotebush vegetation type.
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Bats

I used mist nets to determine what bat species used the earthen tank

at Jose Juan Tank each month, from August 1994 to July 1995. Each net

period consisted of at least 1, 4-hour night. Before sunset, mist nets of 30-

50 denier, 2-ply, black nylon with a 3.8 cm mesh, were set across the

earthen tank end to end in a straight line or v-shaped formation (Kunz and

Kurta 1988). Initially, I used 3 nets, but changed to 2 nets after the first 3

months. Nets were opened 15-30 minutes after sunset and closed 4 to 6

hours later. A boat was used to reach the net when water levels were too

high to work from land. For each bat captured, species, sex, age, and time

of capture were recorded. I did not compare abundance among species

because some species are more easily captured, and number of captures

may not reflect true abundance (Kunz and Kurta 1988).

Remote Cameras for Large Mammals and Birds

Trailmaster® 500 passive infrared monitors were used with Yashicae

35 mm cameras to document vertebrate use of the earthen tank and

guzzlers at Jose Juan Tank, and 1 guzzler at Red Tail Tank. I used

Fujichrome 50 and 100 ASA, 36 exposure slide film. The passive monitors

use a semi-circular, infrared sensing field to detect warm-blooded organisms

against a contrasting temperature background. I placed the units to monitor

a 5 m radius circle around each guzzler, or at the waters edge to monitor
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the earthen tank at Jose Juan Tank.

My efforts were concentrated at the guzzlers rather than at the

earthen tank because (1) water was not present at the earthen tank

throughout the year; (2) when water was present, the earthen tank was

difficult to monitor due to limitations of the camera flash-units to illuminate

only a small area; therefore, monitors had to be placed along the waters

edge where animals could easily avoid them; (3) the shoreline was

continuously changing, requiring that the camera be moved at least daily,

and I did not want humans to be present at the site throughout the

monitoring period; (4) the cameras were threatened by inundation due to

flooding (2 units were actually submerged January 1995); and (5) the

guzzlers were thought to be more probable locations to encounter Sonoran

pronghorn, due to the lack of vegetation surrounding them (Hervert 1996; L.

Thompson-Olais, CPNWR, pers. commun.).

Monitors were in operation from May 1994 through August 1995 at

Jose Juan Tank, and from November 1994 through August 1995 at Red Tail

Tank. Monitors were operated 24 hours a day for approximately 7 days per

month. Monitors were programmed to detect animals coyote-size or larger,

and to photograph the subject after the sensor had detected it for 5

seconds. Camera delay, the minimum length of time between photos, was

set from 5 to 60 minutes depending on activity levels at the site that

changed from season to season. Remote camera units were housed in
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plywood boxes for protection from solar radiation, precipitation, and

animals. Slides were examined and the number of each species was

recorded. I did not attempt to identify individual animals among slides.

The chi-squared test for independence (Noru§is 1990:117-118, Zar

1996:467-469) was used to test for significant differences between the

composition of species between sites, the composition of species between

day and night at Jose Juan Tank, the composition of species among water

developments at Jose Juan Tank, and the composition of species among

seasons at Jose Juan Tank. Small-sized birds and mammals, and toads

were excluded from statistical analysis because they were considered to be

incidental detections, and were not necessarily consistent throughout the

study. Although it was not possible to confirm drinking in all photos, I

assumed that species which visited the guzzlers regularly at Jose Juan Tank

were drinking. I could not make the same assumption for Red Tail Tank

because water was not present there throughout most of the study. I did

not report data as abundance indices because numbers of individuals cannot

be inferred from remote camera data without previously marking individuals.

Birds

At each site, I conducted bird surveys monthly from April 1994

through July 1995. Each survey was conducted along 1 of 2 predetermined

routes at each site. The direction of the first transect line was chosen

randomly from among the 8 predetermined small mammal trapping lines, and
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the second was located perpendicular to the first (Figure 5). Each line was

1 km long, extending 500 m from opposite sides of the earthen tank; I

chose this distance to survey for birds in areas that were more independent

from the waterhole. Markers were placed along each transect line at 50

meter intervals from the center of the earthen tank for observers to

accurately place each bird detection within 1 of 10 distance rings, and to

aid in the estimation of distance from observer to bird (Figure 5). Routes

were alternated every other survey to insure that all vegetation types were

adequately surveyed. Surveys began within 30 minutes after sunrise; the

observer did not spend more than 10 minutes per 100 meters (Ralph et al.

1993). Bird species, abundance, sex, age, distance ring, distance to

observer, activity, substrate, vegetation type, and method of detection were

recorded for all birds seen or heard.

The usefulness of formal nest surveys was precluded because nests

were continuously discovered by observers while conducting unrelated field

tasks. When a nest was encountered, bird species, nest location, number of

eggs, number of young, and bird activity were recorded, and follow-up visits

were conducted within 2 weeks when possible. Search effort was higher at

Jose Juan Tank because observers spent more time there; therefore, I did

not consider the abundance of nests to be comparable between sites. I

compiled a list of nesting species and their nesting status for each site.

For data analysis I included birds detected within 100 m of the
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observer to reduce bias related to the observers ability to detect birds

greater than 100 m away (Morrison et al. 1992:157-163). To compare

results between sites, I included one survey per month at each site,

resulting in 16 surveys per site. An index of abundance was calculated as

the number of birds detected per survey (Bibby et al. 1992), and the

Wilcoxon signed rank test (Norutis 1990:228, Zar 1996:167-170) was used

to determine if there were significant differences in abundance between

sites and differences in species richness between sites. Spearman rank

correlation (Noruis 1990:230-231, Zar 1996:389-392) was used to

determine if bird abundance each month was significantly correlated

between sites. For each site, I calculated mean index of abundance at each

of 10 distance rings, and Spearman rank correlation was used to determine

if there was a significant relationship between bird abundance and distance

to the center of the earthen tank, and between species richness and

distance.

I calculated an index of abundance per distance ring for a bird species

if it was observed in at least 3 distance rings throughout the study. An

observation was defined as the detection of a single bird, or a single group

of birds (Thomas and Taylor 1990). I used Spearman rank correlation to

determine if their was a significant relationship between abundance and

distance to the center of the earthen tank for each species. I assumed that

a species was more associated with the earthen tank if it was negatively
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correlated with distance than if it was positively correlated with distance.

Simultaneous confidence intervals were used to determine if each

vegetation type was used in proportion to availability for selected bird

species; analyses were conducted as previously described for small

mammals, except that an observation was defined as the detection of a

single bird, or a single group of birds at any time during the study period

(Thomas and Taylor 1990). I assumed that a bird species was more closely

associated with the earthen tank if it used the mesquite thicket vegetation

type more than expected or used the creosotebush vegetation type less than

expected.

Reptiles and Amphibians

I conducted at least 1 pitfall trap period at each site each season.

Initially, trap periods were 8 consecutive trap days, but were later changed

to 10 consecutive trap days when I was able to devote more time to pitfall

trapping. Over the entire study period, a total of 54 and 36 days of trapping

were completed at Jose Juan Tank and Red Tail Tank, respectively. At

each site, 80 16-liter plastic buckets were permanently installed at the same

stations used for the 220 m radius small mammal trapping web (Figure 3).

When traps were not in use, plywood lids 0.4 m x 0.4 m were securely

fastened to the top of each bucket with bailing wire. When traps were in

use, the lids were used as canopies and placed 5 cm above each bucket to

protect animals from radiation and precipitation (Corn 1994). Traps were
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checked each morning. Lizards were individually marked by toe clipping

(Tinkle 1967), and snakes were identified from skin patterns. For all

reptiles, species, location, condition, sex, and age were recorded.

Although short numbers of consecutive trap days may not be

adequate to detect all species present (Corn 1994), I was unable to devote

more than 10 days per period due to time constraints. Additionally,

continuous trapping can have a greater effect on the distribution and

welfare of resident animals (Corn 1994). Drift fences were not used in

conjunction with pitfall traps because I did not want to influence the

movement of nontarget vertebrate taxa such as small and large mammals,

and because the size of the trapping web was too large to realistically

construct an extensive drift fence array. Pitfall traps capture some species

more easily than others (Corn 1994); to detect additional species, I initially

conducted visual encounter surveys (Crump and Scott 1994), but

abandoned this procedure because it was too time consuming for the small

number of reptiles encountered.

To compare species richness and abundance between sites, I used

data from 4 trap periods at each site. I determined species richness for

each trap period and used the Mann-Whitney U-test (Noru§is 1990:224-241,

Zar 1996:147-156) to determine if species richness was different between

sites. I also calculated an index of abundance for all species combined

within each trap period and used the Mann-Whitney U-test to determine if
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abundance was different between sites. The index was the number of

individuals captured during each trap period divided by the number of trap

days (Corn 1994).

For each site, I calculated an index of abundance for each species at

each of 10 distance rings, and Spearman rank correlation (Noru§is

1990:230-231, Zar 1996:389-392) was used to determine if there was a

significant relationship between abundance of each species and distance to

the center of the earthen tank, and between species richness and distance.

I assumed that a species was more closely associated with the earthen tank

if its abundance was negatively correlated with distance than if its

abundance was positively correlated with distance.

Simultaneous confidence intervals were used to determine if each

vegetation type was used in proportion to availability for selected reptile

species; analyses were conducted as previously described for small

mammals, except that an observation was defined as each individual

captured at a station at any time during the study period. For example, if an

individual was captured twice at a station, only a single observation was

counted; if an individual was captured at 2 different stations, both

observations were counted.

Nocturnal pond surveys for toads were conducted at Jose Juan Tank

when water was present in the earthen tank to determine what species

were present at the site, and what time of year each species appeared to be
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most active. Visual surveys were conducted monthly, during bat mist

netting periods, by walking the perimeter of the earthen tank and counting

the number of toads of each species seen. Toads were difficult to

enumerate because they moved to and from the earthen tank continuously

throughout the night, and males and females appeared to arrive and depart

at different times.
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RESULTS

I detected 201 species of vertebrates at both sites combined, 75% of

which were bird species (Table 2, Appendix A, B, and C). A greater number

of vertebrate species was detected at Jose Juan Tank (n = 191) than at

Red Tail Tank (n = 155), and 76% were common between both sites.

Ambient Temperature and Attributes of Water Developments

I recorded a maximum temperature of 49 °C at both sites during July

1994, and a minimum temperature of -5 °C at both sites during December

1994 (Figure 6). July was the hottest month at both sites during both

years. The earthen tank at Jose Juan Tank contained water during most

months, except July 1994, May through July 1995, and most of June 1994

and April 1995 (Figure 6). Maximum depth and surface area occurred in

March 1994 (2.7 m, 4,100 m 2 ) and January 1995 (2.2 m, 3,320 m i).

At Jose Juan Tank, water was present in both guzzlers throughout the

study period, except at the South guzzler from 25 January to 4 February

1995 and 18 June to 20 July 1995, and at the North guzzler prior to

installation in June 1994. Red Tail Tank earthen tank and guzzlers were

essentially dry throughout the study period, except when the guzzlers

occasionally collected a small amount of water after a rainstorm, or I added

a small amount of water which lasted only 2 to 3 days. The earthen tank at

Red Tail Tank was completely dry throughout the study.
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Table 2. Number of species of vertebrates detected at Jose Juan Tank and
Red Tail Tank, and the number of species common between both sites,
Cabeza Prieta National Wildlife Refuge, 1994 - 1995.

Taxa Jose Juan Red Tail Both sites Number in
Tank Tank combined common

Small mammals 14 12 14 12

Bats 8 NA8 8 NAa

Large mammals 7 7 9 5

Birds 143 120 150 114

Reptiles 16 13 17 12

Amphibians 3 3 3 3

TOTAL 191 155 201 146

8NA = not applicable, I did not conduct bat surveys at Red Tail Tank.
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Total dissolved solids was below 4,500 ppm at the guzzlers (R. =

439.12, N = 4, SD = 52.99) and at the earthen tank (Si = 81.47, N = 6,

SD = 19.11). The pH of water sampled from the north guzzler and earthen

tank at Jose Juan Tank was between 8 and 9 (S. Schmidt, S. DeStefano,

and D. Dalton, Univ. Ariz., unpubl. data).

Vegetation

Although percent vegetation cover in height intervals 1 through 4 (0

to 2.0 m) was not significantly different between sites (Mann-Whitney U-

test, P > 0.05), there was significantly more vegetation in interval 5 (2.0 to

3.0 m) (P < 0.01) and interval 6 (> 3 m) (P= 0.02) at Red Tail Tank than

at Jose Juan Tank. Percent sand was the only substrate variable that was

significantly different between sites (Mann-Whitney U-test, P < 0.01), and

was greater at Jose Juan Tank. Of the 14 categories of plant species

identified in vegetation plots, I found significant differences in abundance for

7 categories (Table 3). White bursage (Ambrosia dumosa), cholla species

(Opuntia spp.), and wolfberry species (Lycium spp.) were more abundant at

Jose Juan Tank, while triangle-leaf bursage, cat-claw acacia (Acacia 

areqgii), desert broom (Baccharis sarothroides), honey mesquite shrubs, and

honey mesquite trees were more abundant at Red Tail Tank. Barrel cactus

(Ferocactus spp.) and creosotebush were nearly significantly more abundant

at Jose Juan Tank (P < 0.10).

Percent vegetation cover decreased with distance to the center of the
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Table 3. Number of plants counted in vegetation plots at Jose Juan Tank (n
= 192) and Red Tail Tank (n = 192), Cabeza Prieta National Wildlife
Refuge, 1994- 1995.

Common Name Scientific Name
Jose Juan
Tank

Red Tail
Tank P-value

Barrel cactus Ferocactus spp. 30 12 0.07

Bursage, triangle-leaf Ambrosia deltoidea 270 351 0.02

Bursage, white Ambrosia dumosa 512 31 < 0.01

Catclaw Acacia premii 0 5 0.04

Cholla spp. Opuntia spp. 13 3 0.05

Creosotebush Larrea tridentata 3,130 2,477 0.10

Crucifixion thorn Castela emorvi 3 2 0.65

Desert broom Baccharis sarothroides 0 48 0.02

Honey mesquite Prosoois plandulosa
shrub 832 2,422 < 0.01
tree 278 301 < 0.01

Night-blooming
cereus

Peniocereus sareaaii 7 3 0.66

Paloverde Cercidium spp. 1 4 0.31

Snags Prosoois spp. 166 135 0.16

Wolfberry spp. Lycium spp. 658 75 < 0.01

aFor Mann-Whitney U-test.
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earthen tank for all height intervals at both sites (Table 4); all correlations

were significant or nearly significant, except for interval 2 (0.25 to 0.50 m)

(r = - 0.01, P = 0.87) and interval 3(0.50 to 1.0 m) (r = - 0.11, P =

0.13) at Red Tail Tank. At both sites, percent bare ground, percent sand,

and percent pebble increased significantly with distance, especially percent

sand (r > 0.35, P < 0.01) (Table 4). Number of creosotebushes increased

with distance at both sites (r = 0.25, P < 0.01), while number of mesquite

trees decreased with distance at both sites (r > - 0.30, P < 0.01). Number

of mesquite shrubs also decreased with distance at both sites (r > - 0.20, P

<0.01).

Small Mammals

I captured 8 species of small mammals in live traps at Jose Juan Tank

and 7 species at Red Tail Tank (Table 5, Appendix A). The same species

were captured at both sites except for the desert kangaroo rat (Dipodomys 

deserti), which was caught only at Jose Juan Tank. Although I identified

some Chaetodipus as the rock pocket mouse (C. intermedius), I was not

able to obtain a voucher specimen. Although this species has previously

been documented at Jose Juan Tank (Hoffmeister 1986), it is strongly

restricted to rocky habitats throughout its range (Hoffmeister 1986), and

should not be abundant in the Growler Valley. Individuals identified as rock

pocket mice were not included in results because I was not confident of

their identity.
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Table 4. Correlation of vegetation and substrate variables with distance
from the earthen tank, Jose Juan Tank and Red Tail Tank, Cabeza Prieta
National Wildlife Refuge, 1994- 1995.

Variable

Jose Juan Tank Red Tail Tank

ar pb ra pb

Vegetation

Percent vegetation cover

Height interval 1 (0 to 0.25 m) -0.32 <0.01 -0.13 0.07

Height interval 2 (0.25 to 0.50 m) -0.27 <0.01 -0.01 0.87

Height interval 3 (0.50 to 1.0 m) -0.22 <0.01 -0.11 0.13

Height interval 4 (1.0 to 2.0 m) -0.39 <0.01 -0.24 <0.01

Height interval 5 (2.0 to 3.0 m) -0.56 <0.01 -0.40 <0.01

Height interval 6 (> 3.0 ml -0.61 <0.01 -0.42 <0.01

Number of mesquite

Shrubs (< 3.0 m) -0.55 <0.01 -0.23 <0.01

Trees (> 3.0 m) -0.59 <0.01 -0.34 <0.01

Number of creosotebushes 0.25 <0.01 0.25 <0.01

Substrate

Percent bare ground 0.33 <0.01 0.24 <0.01

Percent sand 0.41 <0.01 0.38 <0.01

Percent pebbles 0.35 <0.01 0.25 <0.01

aSpearman rank correlation coefficient.
bProbability value associated with r.
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Merriam's kangaroo rat (Dipodomys merriami) was the most frequently

captured small mammal species at Jose Juan Tank during each trap period,

and at Red Tail Tank except in 1994 when pocket mice (Chaetodipus spp.)

were captured more frequently. I regularly observed Merriam's kangaroo

rats entering traps at dusk before other species appeared to be active.

There was no difference in species richness (Mann-Whitney U-test, P

= 0.99) or in abundance of all species combined (P = 0.89) between sites.

Species richness was negatively correlated with distance at Jose Juan Tank

(r = - 0.67, n = 10, P = 0.04), but was there was not a significant

relationship at Red Tail Tank (r = 0.52, n = 10, P = 0.12).

Correlations were weak between the abundance of each species and

distance to the center of the earthen tank for data from the large trapping

web (radius 525 m), but when data was truncated at 200 m to correspond

with the small grid (radius 220 m), correlation was fairly consistent for each

species (Table 5). Overall, abundance was negatively correlated with

distance for the desert pocket mouse (Chaetodipus penicillatus), Bailey's

pocket mouse (C. baileyi), cactus mouse (Peromyscus eremicus), and white-

throated woodrat (Neotoma albigula) (Table 5). Abundance was positively

correlated with distance for the Arizona pocket mouse (Perognathus amplus)

and Merriam's kangaroo rat. Merriam's kangaroo rat exhibited the strongest

and most consistent relationship between abundance and distance (Table 5).

The Arizona pocket mouse and Merriam's kangaroo rat were the only
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small mammal species that used the mesquite tree thicket vegetation type

less than expected, and used the creosotebush vegetation type more than

expected (Table 6). At Jose Juan Tank, the white-throated woodrat used

the mesquite tree thicket and mixed mesquite shrub/creosotebush

vegetation types more than expected, and used the creosotebush vegetation

type less than expected (Table 6). At both sites, Bailey's pocket mouse

used the mesquite tree thicket vegetation type in proportion to availability,

used the mixed mesquite shrub/creosotebush vegetation type more than

expected, and used the creosotebush vegetation type less than expected.

The desert pocket mouse used the creosotebush vegetation type less than

expected at both sites (Table 6).

Bats

I captured 7 species of bats at the earthen catchment at Jose Juan

Tank (Table 7 and Appendix A). The endangered lesser long-nosed bat

(Leptonycteris curasoae yerbabuenae) was not captured. The hoary bat

(Lasiurus cinereus) had not previously been documented on the refuge. Bats

were captured each month, from August 1994 through July 1995,

regardless of the presence or absence of water in the earthen tank (Table 7,

Figure 6). Number of captures peaked in October when water was present,

but remained relatively low from January through March 1995 when water

was also present (Figure 6). The most frequently captured species were the

pallid bat (Antrozous pallidus) (n = 83) and the California leaf-nosed bat
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Table 6. Proportion of used vegetation types a for small mammal species

captured at Jose Juan Tank and Red Tail Tank, Cabeza Prieta National
Wildlife Refuge, March 1994- June 1995 (expected proportions in
parentheses).

Jose Juan Tank Red Tail Tank

MT MX CR MT MX CR

Common Name N (0.08) (0.19) (0.73) N (0.06) (0.49) (0.45)

Arizona pocket
mouse

31 0.00b 0.03b 0.97c 16 0.00b 0.31 0.69

Desert pocket
mouse

87 0.30c 0.18 0.52b 143 0.11 0.64a 0.256

Bailey's pocket
mouse

40 0.15 0.47b 0.386 96 0.10 0.69a 0.21 b

Merriam's
kangaroo rat

587 0.02 b 0.13b 0.85 e 301 0.00b 0.33 b 0.67 c

White-throated
woodrat

47 0.45c 0.53b 0 • 02b 9 NAa NA NA

a MT = mesquite tree thicket, MX = mixed mesquite shrub/creosotebush,
CR = creosotebush.

b
Vegetation type used less than expected.

c Vegetation type used more than expected.
d Not applicable, < 15 observations.
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(Macrotus californicus) (h = 53), formerly listed as a federal Candidate

Category 2 species.

The relatively high number of bats captured in October was dominated

by pallid bats, which comprised 73% of all captures during this period. The

Brazilian free-tailed bat (Tadarida brasiliensis) and pocketed free-tailed bat

(Nyctinomops femorosaccus) were captured only during winter months

when water was present (Table 7, Figure 6). The California myotis (Myotis 

californicus) was captured sporadically year-round (Table 7).

Remote Cameras for Large Mammals and Birds

I counted 2,464 detections representing 28 species in photos from

Jose Juan Tank, and 235 detections and 16 species in photos from Red Tail

Tank (Table 8, Appendix D). Coyotes dominated percent composition of

detections at both sites under all circumstances except during the day at

Jose Juan Tank when turkey vultures (Cathartes aura) dominated percent

composition (Table 9). Species detected in photos at Jose Juan Tank but

not at Red Tail Tank included collared peccary (Tayassu tajacu), mountain

lion (Fells concolor), and 13 species of birds (Table 8). Species detected in

photos only at Red Tail Tank included Harris' antelope squirrel

(Ammospermophilus harrisi), badger (Taxidea taxus),  gray fox (Urocyon 

cinereoargenteus), and kit fox (Vulpes macrotus) (Table 8). Sonoran

pronghorn were not detected in remote camera photos from either site.

Mountain lions detected may be the Yuma subspecies (F. c. browni), a
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Table 8. Vertebrate species detected (X) in remote camera photos from

Jose Juan Tank and Red Tail Tank, Cabeza Prieta National Wildlife Refuge,
1994- 1995.

Jose Juan Tank' Red Tail
Tank

Common Name ET SG NG Guzzler

MAMMALS

Bat spp. X

Round-tailed ground squirrel X

Harris' antelope squirrel X

Desert cottontail X X X

Black-tailed jackrabbit X X X

Badger X

Kit fox X

Gray fox X

Coyote X X X X

Bobcat X X X X

Mountain lion X X

Collared peccary X X X

Desert mule deer X X X X

BIRDS

Turkey vulture X X X X

Cooper's hawk X

Red-tailed hawk X X X

Harris' hawk X X X

Gambel's quail X X

Mourning dove X X

White-winged dove X X

Greater roadrunner X X X

Barn owl X X X
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Table 8. Continued.

Jose Juan Tank' Red Tail
Tank   

Common Name
	

ET	 SG	 NG	 Guzzler

BIRDS (continued)

Long-eared owl

Great-horned owl

Western kingbird

Ash-throated flycatcher

Common raven

Pyrrhuloxia

Canyon towhee

White-crowned sparrow

Brewer's blackbird

Brown-headed cowbird

Lesser goldfinch

House finch

AMPHIBIANS

Sonoran desert toad X 	x	 x

8 ET = Earthen Tank; SG = South guzzler; NG = North guzzler.
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federal Candidate Category 2 species, although the taxonomic status of this

subspecies is contentious (Mclvor et al. 1994, 1995; Appendix D).

The composition of species detected at Jose Juan Tank (n = 21 71

without small birds and small mammals) was significantly different than the

composition of species detected at Red Tail Tank (n = 226 without small

birds and small mammals) (x2 = 166.0, 6 df, P < 0.01). Overall, coyotes

(53%) dominated percent composition of photographs from Jose Juan Tank,

followed by turkey vultures (19%), desert mule deer (11%), common ravens

(Corvus .clf_a)s) (7%), and collared peccaries (5%) (Table 9). At Red Tail

Tank, coyotes (49%) also dominated composition, followed by common

ravens (26%) and turkey vultures (12%). Desert mule deer made up only

1% of detections at Red Tail Tank (Table 9).

At Jose Juan Tank, the composition of species detected during the

day (n = 862) was significantly different than the composition of species

detected at night (n = 1,309) (x 2 = 1082.9, 6 df, P < 0.01). During the

day, percent composition was dominated by turkey vultures (47%), coyotes

(27%), and common ravens (16%) (Table 9). At night, composition was

dominated by coyotes (70%), desert mule deer (17%), and collared peccary

(5%). Overall, coyotes, desert mule deer, bobcat (Lynx rufus), mountain

lion, and lagomorphs were detected primarily at night; all turkey vultures

and nearly all common ravens were detected during the day (Table 9).

At Jose Juan Tank, the composition of species detected at the
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earthen tank (n = 83), north guzzler (n = 1,269), and south guzzler (n =

799) was significantly different (x2 = 321.5, 12 df, P < 0.01). At the

earthen tank, percent composition was dominated by coyotes (35%), turkey

vultures (23%), and desert mule deer (18%) (Table 9). At the north guzzler,

composition was also dominated by coyotes (48%), turkey vultures (28%),

and desert mule deer (11%). At the south guzzler, composition was

dominated by coyotes (63%), desert mule deer (12%), and collared peccary

(11%) (Table 9). Overall, coyotes and collared peccary were detected

primarily at the south guzzler, and turkey vultures were detected primarily at

the north guzzler.

At Jose Juan Tank, the composition of species detected among

seasons was significantly different (x 2 = 267.4, 12 df, P < 0.01). During

spring/summer (n = 924), percent composition was dominated by coyotes

(47%), turkey vultures (31%), and desert mule deer (13%) (Table 9).

During summer/fall (n = 679), composition was dominated by coyotes

(51%) and turkey vultures (16%). During winter (n = 371), composition

was dominated by coyotes (60%), common ravens (17%), and collared

peccary (8%) (Table 9).

Birds

From bird surveys and casual observations, I detected 150 species at

both sites, combined, 76% of which were common between both sites

(Appendix C). At Jose Juan Tank I observed a greater number of bird
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species (n = 143) than at Red Tail Tank (n = 120). Twenty-nine species

were unique to Jose Juan Tank, while only 7 were unique to Red Tail Tank.

I observed 8 species that were not previously documented on the refuge,

including the magnificent frigatebird (Fregata magnificens), great egret

(Casmerodius albus), white-faced ibis (Plegadis chihi), mallard (Anas 

olatyrhyncos), white-tailed kite (Elanus caeruleus), indigo bunting (Passerina 

cyanea), summer tanager (Piranga rubra),  and American goldfinch (Carduelis 

tristis). Approximately 10 and 20 long-eared owls (Asio otus) wintered in

the mesquite tree thicket at Red Tail Tank and Jose Juan Tank, respectively,

from August 1994 through April 1995. Sixty species of birds were

observed drinking (Appendix C).

At both sites combined, I observed 22 species of nesting birds (Table

10). More nesting species were documented at Jose Juan Tank (n = 22)

than at Red Tail Tank (n = 16). I documented nesting for 4 species that

were not previously observed nesting on the refuge, including the vermillion

flycatcher (Pyrocephalus rubinus)  and Anna's hummingbird (Calypte anha),

western burrowing owl (Athene cunicularia hypugea), and white-tailed kite.

Although a pair of western burrowing owls at Jose Juan Tank was not

confirmed nesting, they exhibited behaviors associated with the defense of

young, and their burrow site appeared to be used by many individuals. In

1995, I documented the first successful nesting of burrowing owls on the

refuge at a site approximately 5 km north of Jose Juan Tank. In 1994, I
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Table 10. Status' of nesting bird species at Jose Juan Tank and Red Tail
Tank, CPNWR, 1994 - 1995.

Common Name
	

Jose Juan Tank	 Red Tail Tank

Gambel's quail	 SN	 SN
Mourning dove	 SN	 SN
White-winged dove	 SN	 SN
Greater roadrunner	 SN	 PR
Elf owl	 PR
Western burrowing owl	 PR
Common poorwill	 UN
Black-chinned hummingbird	 UN
Anna's hummingbird	 SN	 UN
Ash-throated flycatcher	 SN	 UN
Vermillion flycatcher	 NN	 SN
Horned lark	 PR
Verdin	 SN	 SN
Cactus wren	 UN
Black-tailed gnatcatcher	 SN	 SN
Northern mockingbird	 SN
Crissal thrasher	 SN	 SN
Bell's vireo	 SN	 NN
Lucy's warbler	 SN	 SN
Pyrrhuloxia	 SN	 PR
Canyon towhee	 SN
Black-throated sparrow	 SN	 PR
Brown-headed cowbird	 SN	 PR

a SN = nest successful (nestlings or fledglings observed); NN = nest not successful (nest
abandoned); UN = nested, success unknown; PR = probable nesting (other evidence of
nesting, but not confirmed).
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documented the first nesting attempt of white-tailed kites on the refuge,

approximately 1 km northeast of Jose Juan Tank.

Lucy's warblers (Vermivora luciae) nested beneath the loose bark of

mature mesquite trees, and ash-throated flycatchers (Myiarchus 

cinerascens) nested in cavities of both mature mesquite trees and mesquite

snags. I detected 1 black-throated sparrow (Amphispiza bilineata) nest

within a cavity of a mesquite snag, although cavity nesting is not typical for

this species (Ehrlich et al. 1988). I conducted 35 bird surveys at Jose Juan

Tank, and 22 surveys at Red Tail Tank. In 1994, bird abundance peaked in

May at Jose Juan Tank, and in August for both sites (Figure 7). In 1995,

bird abundance peaked from March through May at both sites (Figure 7).

Monthly bird abundance was significantly correlated between sites (r =

0.61, n = 16, P = 0.01). Bird abundance (Wilcoxon signed rank test, n =

16, P < 0.01) and species richness (n = 16, P < 0.01) were significantly

higher at Jose Juan Tank than at Red Tail Tank. There was a negative

correlation between bird abundance and distance to the center of the

earthen tank at Jose Juan Tank (r = -0.69, n = 10, P = 0.01) and at Red

Tail Tank (r = - 0.63, n = 10, P = 0.03). There was a negative correlation

between bird species richness and distance at Jose Juan Tank (r = - 0.91,

P < 0.01), but not at Red Tail Tank (r = - 0.50, P = 0.14).

There were no species that increased with distance from the earthen

tank at either site (Table 11). At Jose Juan Tank, the abundance of 8
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Table 11. Correlation of abundance with distance from the earthen tank for
bird species at Jose Juan Tank and Red Tail Tank, Cabeza Prieta National
Wildlife Refuge, April 1994- July 1995.

Jose Juan Tank Red Tail Tank

Common Name 118 P Re P

Ash-throated flycatcher -0.35 0.32 -0.34 0.34

Bell's vireo -0.77 <0.01 NAb NA

Black-tailed gnatcatcher -0.72 0.02 0.20 0.59

Black-throated sparrow 0.42 0.22 0.19 0.60

Canyon towhee -0.89 <0.01 NA NA

Crissai thrasher -0.21 0.56 -0.60 0.07

Gambel's quail -0.66 0.04 -0.86 <0.01

House finch -0.72 0.02 -0.02 0.96

Lucy's warbler -0.85 <0.01 -0.37 0.29

Mourning dove -0.51 0.13 -0.02 0.96

Northern mockingbird -0.43 0.22 -0.18 0.62

Pyrrhuloxia -0.49 0.15 -0.13 0.73

Verdin -0.85 <0.01 -0.59 0.07

White-crowned sparrow -0.82 <0.01 -0.36 0.30

White-winged dove -0.06 0.88 -0.26 0.47

8 Spearman rank correlation coefficient.
b Not applicable, species observed in < 3 distance rings.



71

species decreased with distance from the earthen tank (P < 0.05), while at

Red Tail Tank only the Gambel's quail decreased with distance (P < 0.01)

(Table 11). The ash-throated flycatcher, black-throated sparrow, mourning

dove (Zenaida macroura), white-winged dove (Z. asiatica), northern

mockingbird (Mimus polyglottos), and pyrrhuloxia (Cardinalis sinuatus) were

not significantly correlated with distance at either site (Table 11).

At Jose Juan Tank, 12 of 15 bird species used the mesquite thicket

vegetation type more than expected, and 4 species used the wash

vegetation type more than expected (Table 12). Thirteen species used the

creosotebush vegetation type less than expected at Jose Juan Tank (Table

12). There were no species that used the mesquite tree vegetation type

less than expected or that used the creosotebush vegetation more than

expected, although the ash-throated flycatcher used all types in proportion

to availability at Jose Juan Tank, and the black-throated sparrow used all

types in proportion to availability at both sites (Table 12). Although sample

sizes were inadequate (< 15 observations per site) to evaluate use versus

availability of vegetation types for the brown-headed cowbird (Molothrus 

ater), long-eared owl, and yellow-rumped warbler (Dendroica coronata), over

90% of all observations of each species were within the mesquite tree

thicket vegetation type at both sites.

Reptiles and Amphibians

From pitfall trapping and casual observations, I detected 9 species of
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Table 12. Proportion of used vegetation types' for bird species detected at
Jose Juan Tank and Red Tail Tank, Cabeza Prieta National Wildlife Refuge,
April 1994 - July 1995 (expected proportion in parentheses).

Jose Juan Tank Red Tail Tank

MT WA CR MT WA CR

Common Name N (0.12) (0.08) (0.80) N (0.17) (0.06) (0.77)

Ash-throated
flycatcher

50 0.24 0.10 0.66 34 0.38b 0.18 0.44'

Bell's vireo 37 0 • 59b 0 • 35b 0.05' 5 NA° NA NA

Black-tailed
gnatcatcher

93 0.31b 0.18b 0.50' 94 031 b 0.41 b 0.28'

Black-throated
sparrow

131 0.08 0.09 0.82 66 0.18 0.14 0.68

Canyon towhee 33 091 b 0.00 0.09' 1 NA NA NA

Crissai thrasher 34 0.656 0.21 0.15' 16 NA NA NA

Gambel's quail 107 0 • 40b 0.08 0.51' 25 0.60b 0.08 0.32'

House finch 33 0.64b 0.06 0.30' 5 NA NA NA

Lucy's warbler 28 0.68b 0.11 0.21' 25 0.52b 0.20 0.28'

Mourning dove 67 0.33b 0.09 0.58' 18 NA NA NA

Northern
mockingbird

44 0.25 041 b 0.34' 10 NA NA NA

Pyrrhuloxia 30 0.73b 0.10 0.17' 8 NA NA NA

Verdin 71 0.58b 0.20b 0.22' 54 0.61 b 0 .26b 0.13'

White-crowned
sparrow

57 0.47b 0.09 0.44' 17 NA NA NA

White-winged
dove

30 0 • 77b 0.10 0.13' 24 NA NA NA

a MT = mesquite tree thicket, WA = wash (extending beyond MT), CR = creosotebush.
b Vegetation type used more than expected.
' Vegetation type used less than expected.
d Not applicable, < 25 observations.
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lizards, 8 species of snakes, and 3 species of amphibians at both sites

combined (Appendix D). All lizard and amphibian species were detected at

both sites. Snake species detected at Jose Juan Tank but not detected at

Red Tail Tank included the Sonoran gopher snake (Pituophis melanoleucus),

western shovel-nosed snake (Chionactis occipitalis), spotted leaf-nosed

snake (Phyllorynchus decurtatus), and night snake (Hypsiglena torquata).

Snake species detected only at Red Tail Tank included an unknown

rattlesnake species (Crotalus spp.).

The western whiptail (Cnemidophorus tigris) was the most frequently

captured species at each site, followed by the side-blotched lizard (Uta 

stansburiana) and the desert spiny lizard (Sceloporus magister). There was

not a significant difference in species richness (Mann-Whitney U-test, P =

0.89) or in abundance of all species combined between sites (P = 0.89).

Abundance of reptiles was positively correlated with distance to the center

of the earthen tank at Red Tail Tank (r = 0.79, n = 10, P = 0.01), but not

at Jose Juan Tank (r = 0.42, n = 10, P = 0.23). Species richness was

not correlated with distance at Jose Juan Tank (r = 0.48, n = 10, P =

0.16) or Red Tail Tank (r = 0.28, n = 10, P = 0.43).

Abundance of the side-blotched lizard increased with distance from

the center of the earthen tank at both sites, and abundance of the desert

iguana (Dipsosaurus dorsalis) increased with distance at Jose Juan Tank

(Table 13). Abundance of western whiptails increased with distance at Red
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Table 13. Correlation of abundance with distance to the center of the
earthen tank for lizard species at Jose Juan Tank and Red Tail Tank, Cabeza
Prieta National Wildlife Refuge, 1994 - 1995.

Jose Juan Tank Red Tail Tank

Common Name Ra P Ra P

Zebra-tailed lizard NAb NA -0.08 0.50

Desert iguana 0.26 0.02 NA NA

Side-blotched lizard 0.30 0.01 0.36 <0.01

Urosaurus spp. 0.08 0.47 -0.06 0.61

Desert spiny lizard -0.37 <0.01 -0.04 0.75

Western whiptail 0.07 0.54 0.23 0.04

Western banded gecko 0.06 0.58 NA NA

a Spearman rank correlation coefficient.
b

Not applicable, species located in < 3 trap rings.
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Tail Tank (r = 0.23, n = 10, P = 0.04). Abundance of the desert spiny

lizard decreased with distance at Jose Juan Tank (r = - 0.37, n = 10, P <

0.01). For other species, the number of locations was too small ( < 3 trap

rings) to test relationships between abundance and distance to the center of

the earthen tank.

The side-blotched lizard used the mesquite tree thicket vegetation type

less than expected at both sites, while the desert spiny lizard used the

creosotebush vegetation type less than expected at both sites. The western

whiptail used each vegetation type in proportion to its availability at both

sites (Table 14).

Great plains toads (Bufo cognatus) gathered to breed at Jose Juan

Tank in March 1994, and thereafter were seen infrequently. Males arrived

at the earthen tank first, and began calling at dusk. From late March to

early June, I observed thousands of young toads dispersing from the

earthen tank into the surrounding mesquite thicket. When the earthen tank

contained water again in August, I counted approximately 100 Sonoran

desert toads (Bufo alvarius) which congregated to breed, and few great

plains toads were seen. At this time I also identified 2 Couch's spadefoots

(Scaphiopus couchii) that were not calling or exhibiting breeding behavior. I

did not detect any young toads in the following weeks after breeding,

although some tadpoles were observed in the earthen tank.
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Table 14. Proportion of used vegetation types a for 3 lizard species captured

at Jose Juan Tank and Red Tail Tank, Cabeza Prieta National Wildlife

Refuge, May 1994- June 1995 (expected proportions in parentheses).

Jose Juan Tank Red Tail Tank

MT MX CR MT MX CR

Common Name N ( 0.11) (0.22) (0.67) N (0.07) (0.56) (0.37)

Side-blotched
lizard

37 0.03b 0.08b 0.89' 24 0.00 0.67 0.33

Desert spiny
lizard

31 0.35' 0.42 0.23b 18 0.11 0.78 0 • 11 b

Western whiptail 187 0.07 0.23 0.70 144 0.05 0.58 0.37

8 MT = mesquite tree thicket, MX = mixed mesquite shrub/creosotebush,
CR = creosotebush.

b 
Vegetation type used less than expected.

c Vegetation type used more than expected.
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DISCUSSION

Ambient Temperature and Attributes of Water Developments

The success of a water development constructed to benefit desert

wildlife may largely depend on its reliability during the hottest and driest

months of the year (Broyles 1995), although the presence of water at other

times could be equally important to animals in preparation for, or recovery

from drought. During my study, the earthen tank at Jose Juan Tank was

dry or nearly dry during the hottest months of the year, June through

August, and the earthen tank at Red Tail Tank did not fill at any time. This

pattern is uncharacteristic of the previous 7 years when Red Tail Tank

usually contained more water than Jose Juan Tank; however, both sites

usually contained little or no water in June and July (B. Broyles, CPNWR

volunteer, unpubl. data). The unpredictable dynamics of the earthen tanks

may be due to variation in precipitation among years, and sporadic local

precipitation patterns characteristic of this region. The guzzlers at Jose

Juan Tank effectively served their purpose as a supplement water source

when the earthen tank was dry.

Poor water quality could be harmful to, or limit the use of water by

wildlife (Kubly 1990). The amount of total dissolved solids (TDS) detected

in water from the earthen tank and guzzlers at Jose Juan Tank does not

suggest that levels of TDS are a deterrent or harmful to vertebrate wildlife.

Values for TDS at Jose Juan Tank fall within normal readings for fresh
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water, 50 to 500 ppm (Brower et al. 1990). Higher TDS in the guzzlers

than in the earthen tank is consistent with Kubly (1990) who contends that

water hauled from wells is relatively saline.

Although little is known about water quality in relation to wildlife

(Autenreith 1983, deVos and Clarkson 1990), maximum desired TDS for

large game species may be around 4,500 ppm (Autenrieth 1983), far greater

than the maximum TDS detected at Jose Juan Tank. Maximum safe levels

for domestic poultry and livestock can range from 2,900 ppm for poultry to

13,000 ppm for sheep (Ray 1986). The limits to tolerance of TDS depend

on the animal species, diet, age, physiological condition, season, climate,

and the type of salts being considered (Autenrieth 1983, Ray 1986). Our

samples were collected in March and April, but TDS could be higher in

summer months when water is more stagnant (Kubly 1990).

In the Red Desert of Wyoming, pronghorn (A. americana) appeared to

avoid water sources with pH greater than 9.2 (Autenrieth 1983), although

this relationship was not tested. The pH of water samples from Jose Juan

Tank were below 9 (S. Schmidt, D. DeStefano, and D. Dalton, The Univ.

Ariz., unpubl. data), and therefore may not be a deterrent to pronghorn.

Vegetation

Plant cover was more dense near the center of each site, and may

provide shelter and forage primarily to desert species associated with dense

vegetation, and to migrant species that are not desert adapted. The greater
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number of mesquite trees and shrubs at Red Tail Tank may be due to a

flatter topography and wider channelization of water, although leaf growth

appeared to be relatively sparse at Red Tail Tank compared to that of Jose

Juan Tank; however, my vegetation survey methods were not designed to

detect such differences. The lack of leaf cover at Red Tail Tank was

probably due to the lack of local precipitation, and may have provided less

cover for wildlife.

Jose Juan Tank and Red Tail Tank may not be ideal foraging sites for

pronghorn during the summer due to a relatively low abundance of cholla

cactus species which are thought to be an important source of moisture for

Sonoran pronghorn in the summer (Hughes 1991, Hervert 1996). In fact, I

did not observe pronghorn within the vicinity of either site from April

through August 1994, and after March 1995. Sonoran pronghorn may

migrate to higher elevation "bajadas" during the summer dry season, a

contention that is supported by telemetry data recorded during the same

time period of my study (J. Hervert, Ariz. Game and Fish Dep., unpubl.

data), and by Wright and deVos (1986) and Hughes (1991). American

pronghorn (A. a. americana) have also been found to migrate to higher

elevations during the summer dry season due to poor forage conditions

(Beale and Smith 1970).

Although areas with dense overstory for cover may be important to

Sonoran pronghorn during the summer (Wright and deVos 1986, Hughes
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1991), pronghorn may avoid places such as Jose Juan Tank and Red Tail

Tank due to the risk of predation. Cover may benefit pronghorn by

providing food, shade, and protection for fawns, but the risk of predation

may also be greater in areas with dense vegetation (Beale and Smith 1970,

Hughes 1991), especially if predators are concentrated there for any reason.

Yoakum (1972) found that pronghorn (A. americana) avoided areas with

vegetation taller than 0.60 m.

Small Mammals

Small mammals may be more directly associated with the vegetation

at each site rather than free-standing water. There was no difference

between species richness and abundance of small mammals between my

study sites, even though there was no free-standing water available at Red

Tail Tank. However, small mammals may acquire a greater amount of water

in their diets by foraging on more succulent vegetation and seeds near the

center of each site, and some species may be less vulnerable to predators in

areas with greater cover. Similarly, Burkett and Thompson (1994)

speculated that a higher abundance of small mammals at water units versus

comparison sites in New Mexico was a result of surface disturbance and the

presence of debris from the construction of developments rather than the

availability of free-standing water. There was not a significant relationship

between small mammal abundance and distance from the earthen tank at

either of my study sites. At Jose Juan Tank, species richness was greater
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near the center of the site, but there was no relationship between species

richness and distance at Red Tail Tank; this could be due to the more even

distribution of mesquite at Red Tail Tank.

Most desert rodent species are physically and behaviorally specialized

to conserve water, and many may not drink (Vorhies 1945, Hoffmeister

1986, Nagy 1987). The only small mammal species that I observed drinking

were sciurids and lagomorphs. Because desert rodents are relatively less

mobile than birds or large mammals, and live in an environment where the

supply of free-standing water is unpredictable, it is logical that they are able

to persist without access to free-standing water (Vorhies 1945).

Adaptations may include the consumption of succulent foods, the ability to

concentrate urine and expel dry feces, nocturnal rather than diurnal activity

patterns, aestivation, and inhabiting burrows which can be several degrees

lower than daytime ambient temperature (Vorhies 1945). Insectivorous

rodents such as the southern grasshopper mouse may not be specially

adapted to conserve water in xeric environments (Schmidt-Nielson and

Haines 1964), obtaining sufficient moisture from its diet (Bleich and

Schwartz 1975).

I believe that the prevalence of Merriam's kangaroo rats at my sites

affected my ability to capture other species of small mammals. Kangaroo

rats entered traps at dusk before other species were active, therefore a trap

was unavailable to other species if a kangaroo rat was already captured.
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Traps were spaced far enough apart that an animal may not have had the

choice of an alternative trap in the immediate area. I caution that my results

for species other than kangaroo rats may reflect the absence of kangaroo

rats rather than habitat use by the individual captured.

The Arizona pocket mouse and Merriam's kangaroo rat increased in

abundance with distance from the earthen tank at each site and used the

mesquite tree thicket vegetation type less than expected; therefore, they

may be less associated with the earthen tank than other small mammal

species. The Arizona pocket mouse and Merriam's kangaroo rat are

commonly associated with each other in creosote flat areas (Hoagstrum

1978, Hoffmeister 1986), and the Arizona pocket mouse has been known to

feed primarily on the seeds of the creosotebush in southern Arizona

(Reichman 1975). Creosotebush also increased with distance from each

earthen tank. Merriam's kangaroo rat can live without free-standing water

(Vorhies 1945, SohoIt 1977, Hoffmeister 1986), and may even be able to

survive on metabolic water alone (SohoIt 1977). My results were consistent

with Vorhies (1945), who noted that kangaroo rats were less abundant in

mesquite vegetation types than in surrounding open areas in southern

Arizona.

I found the desert pocket mouse and Bailey's pocket mouse to be

more abundant near the center of each site where mesquite trees and

shrubs were most abundant, and that both species used areas with
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creosotebush less than expected. In areas of southern Arizona where

mesquite was abundant, Arnold (1942) found that the diet of the desert

pocket mouse was dominated by mesquite. The kidneys of the desert

pocket mouse may be specially adapted to conserve water (Hoffmeister

1986). In southern Arizona, Bailey's pocket mouse has been found in

habitat similar to that of the desert pocket mouse (Hoffmeister 1986).

The white-throated woodrat and cactus mouse were also more

abundant near the center of each site, and the woodrat used mesquite

vegetation types more than expected. The white-throated woodrat eats

more succulent foods than seeds, and is thought to persist without drinking

(Vorhies 1945, Hoffmeister 1986). The cactus mouse will often share

houses with woodrats, but is known to inhabit a wide variety of shelters

(Hoffmeister 1986). The cactus mouse is tolerant of water deprivation and

may cope with stressful conditions by entering torpor or aestivation

(MacMillen 1965).

Bats

I captured bats monthly at Jose Juan Tank, regardless of the presence

of water, which indicates that the earthen tank is used for foraging as well

as drinking by bats. I do not know if netting monthly at the same location

decreased my capture success (Kunz and Kurta 1988). Bats captured at

Jose Juan Tank were either in migration or traveling at least 4 km from the

nearest possible roosts (S. Schmidt and D. Dalton, The Univ. Ariz., pers.
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commun.).

Due to their limited agility in flight, free-tailed bats (Tadarida spp. and

Nyctinomops spp.) require a large water surface-area for drinking (Cockrum

1981; Y. Petryzen, The Univ. Ariz., pers. commun.), which is consistent

with my captures of free-tailed bats in the winter of 1995 when the earthen

tank was filled nearly to capacity. Water sources with large surface-areas

are relatively scarce throughout this region, and could represent the only

water available to such species. The presence of California leaf-nosed bats

for 7 of 12 months sampled indicates that Jose Juan Tank may be important

to the local population. Water requirements for the California leaf-nosed bat

are poorly understood (Lu and Bleier 1981); Bell et al. (1986) reported that

California leaf-nosed bats did not drink in the winter in southern California,

but speculated that they may drink during other seasons. The California

leaf-nosed bat may be especially adapted to conserve water through

behavioral adaptations and an efficient kidney system (Lu and Bleier 1981,

Bell et al. 1986).

Remote Cameras for Large Mammals and Birds

Although I was not able to thoroughly monitor the earthen tank with

remote cameras, I feel that my coverage of the guzzlers, in addition to

casual observations, sufficiently demonstrated that the site was not

frequented by Sonoran pronghorn. Other subspecies of pronghorn are

known to drink from natural sources as well as a variety of artificial
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structures (Autenrieth 1983, Yoakum 1994). The earthen tank may be less

likely than the guzzlers to be used by pronghorn because entrance to the

tank involves passing through the dense mesquite thicket surrounding it,

behavior that may be avoided by pronghorn due to increased predation risk

(Yoakum 1972). I am confident that my methods were appropriate for

detecting pronghorn at the guzzlers because desert mule deer, similar to

pronghorn in size and morphology, were regularly photographed by my

remote cameras. As mentioned above, Sonoran pronghorn may avoid

creosote flat areas during the summer dry season.

The use of free-standing water at Jose Juan Tank primarily by

coyotes, desert mule deer, and turkey vultures indicates that these species

may be the primary beneficiaries of free-standing water. Differences in

species composition between photos taken at the same site during different

times of the day, at different guzzlers, and during different seasons suggests

that researchers should monitor developments under a wide variety of

conditions to fully document their use by wildlife.

Golightly and Ohmart (1984) reported that during summer months in

Arizona, coyotes required about 3 times as much prey to satisfy water

requirements than was required to satisfy nutrient requirements; therefore, if

drinking water is available then the energy spent to acquire prey may be

reduced and invested in other activities such as breeding or territory

defense. When drinking water is limited, coyotes depend on succulent
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vegetation or carnivory to meet water requirements (Golightly and Ohmart

1984). By providing water at artificial developments, managers could be

promoting the growth of coyote populations. Coyotes are adapted to

conserve water by having a low basal metabolic rate and a large enough

body size to effectively store heat (Golightly and Ohmart 1983).

Hervert and Krausman (1986) and Rautenstrauch and Krausman

(1989) substantiated that desert mule deer in southern Arizona were

dependent on free-standing water in the summer dry season. Mule deer

may not be specially adapted to conserve water (Knox et al. 1969).

Providing water in an environment where it would usually be limited during

the summer dry season could allow desert mule deer to inhabit areas that

historically could not support them, or could result in higher abundance of

deer (Bellantoni et al. 1993).

Turkey vultures used the north guzzler at Jose Juan Tank, almost

exclusively. Vultures appeared to have more difficulty approaching the

south guzzler which has more dense vegetation surrounding it. Vultures

may not need to drink because of their carnivorous diet and a relatively high

body temperature (Hatch 1970), but may be able to obtain drinking water

daily because they are strong fliers (Hatch 1970, McNabb et al. 1980).

Although collared peccaries will drink water, their primary source of

water is from preformed water in cactus and other succulent plants

(Zervanos and Day 1977). My results from remote camera photos are



87

consistent with Zervanos and Hadley (1973) who found that summer

activity was primarily nocturnal and that winter activity was mostly diurnal.

When mesquite pods began to drop, peccaries foraged at Jose Juan Tank

on a daily basis.

The absence of fox species in photos at Jose Juan Tank may reflect

high numbers of coyotes at the site, which could compete with and prey

upon foxes. Kit fox, gray fox, and badger were repeatedly photographed at

Red Tail Tank where coyotes appeared to be much less abundant. Golightly

and Ohmart (1983, 1984) reported that kit foxes were not dependent on

free-standing water. Although they are not physically well adapted to xeric

environments, they are behaviorally adapted to avoid high temperatures by

residing in burrows during the hottest times of the day (Golightly and

Ohmart 1984). On 1 occasion at Jose Juan Tank, a kit fox was observed

bathing in the south guzzler.

Coyotes, bobcat, and mountain lion used free-standing water at Jose

Juan Tank. Coyotes and bobcats are main predators of pronghorn (Beale

and Smith 1970), and mountain lions will also prey on pronghorn where

their ranges coincide (Ockenfels 1994). Water developments may benefit

predators by increasing their health and reproductive rate, and by

concentrating and supporting prey species (Mclvor et al. 1994). Water

developments in southwestern Arizona may aid the recovery of the Yuma

mountain lion, a federal Candidate Category 2 species (Mclvor et al. 1994).
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The staple food item of mountain lions is deer (Shaw 1979, Mclvor et al.

1994), and collared peccaries are also taken (Shaw 1979); the prevalence

of these prey species at Jose Juan Tank is potentially attractive to lions.

Rodent and lagomorph prey at Jose Juan Tank may also be attractive to

large carnivores. The potential benefit of water to predators was

unintended by wildlife managers.

Birds

Almost half of the birds observed only at Jose Juan Tank were

species commonly associated with water, such as shorebirds and

waterfowl. Historically, when Red Tail Tank contained water it supported

waterfowl and shorebirds as well (CPNWR, unpubl. data). During my study,

Red Tail Tank was visited by herons and shorebirds, although water was not

present. Bird abundance peaked at both sites during spring and fall

migration, and both sites were used as stopover sites by neotropical migrant

landbirds. Bird species richness was dominated by migrants, and richness

and abundance was highest near the center of each site. The use of both

sites by migrant birds may reflect the importance of desert oases as

stopover sites.

The greater species richness and abundance of birds at Jose Juan

Tank versus Red Tail Tank could be due to the presence of water, although

a decrease in abundance of birds with distance at both sites indicates the

importance of cover and food resources associated with mesquite trees,
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regardless of the presence of water. As mentioned above, the foliage at

Jose Juan Tank appeared to be much more lush than that of Red Tail Tank

during this study, which could also have contributed to the greater

abundance of birds at Jose Juan Tank.

Water requirements vary widely among bird species (Bartholomew and

Cade 1963). In deserts, doves and finches may be dependent on drinking

water during drought periods (Bartholomew and Cade 1963, Nagy 1987),

but other species such as the black-throated sparrow are not dependent on

free-standing water, obtaining sufficient water from metabolism and forage

(Smyth and Bartholomew 1966, Nagy 1987). I observed dove, quail, and

finch species drinking, although these species were also present at Red Tail

Tank where water was not available. My data supports the contention that

black-throated sparrows are less associated with water than other bird

species; they were the only species that used all vegetation types in

proportion to availability at both sites, and their abundance was not

associated with distance from the earthen tanks at either site. For such bird

species that do not require free-standing water, Jose Juan Tank and Red

Tail Tank could be a source of succulent seeds and insects.

At both sites the mature mesquite tree vegetation type was used more

than other vegetation types by nesting birds, especially by species

dependent on cavities such as Lucy's warbler, the ash-throated flycatcher,

and woodpecker species. Cavities may be especially important for nesting
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desert bird species to avoid predation (Weins 1991). Without mature

mesquite trees, the sites would probably not be used as winter roosts by

long-eared owls which use dense cover for roosting (Ehrlich et al. 1988).

Almost 100% of all observations of cowbirds were within the mesquite tree

thicket vegetation type; however, I observed only 1 instance of nest

parasitism by cowbirds. Observations of the willow flycatcher (Empidonax 

traillii) and peregrine falcon (Falco peregrinus) were infrequent and indicative

of migration stopover; breeding behavior was not observed.

Water developments may be ideal sites for raptors to forage on a

concentration of bird and small mammal prey. On several occasions at Jose

Juan Tank I witnessed 2 or more accipiters hunting simultaneously within

the earthen tank area, and on a separate occasion I saw a prairie falcon take

2 mourning doves at the water's edge of the earthen tank. I observed

Harris' hawks (Parabuteo unicinctus) drinking at Jose Juan Tank in the

spring/summer and summer/fall. Historically, Harris' hawks were rare on the

CPNWR (G. Monson, former CPNWR manager, pers. commun.), but their

range may be expanding due to the construction of artificial water

developments for cattle and wildlife (Dawson and Mannan 1991). The

presence of water may influence group living in Harris' hawks (Dawson and

Mannan 1991).

Reptiles and Amphibians

Although the amount of precipitation and the subsequent effect on soil
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moisture, vegetation cover, and the availability of insect prey may influence

the structure of reptile communities (Muth 1980, Vitt 1991), free-standing

water has not been identified as an important factor for reptiles. Many

desert reptiles and amphibians can survive large reductions in body water

content, and most species are found living year-round in areas where

permanent sources of free-standing water are absent (Nagy 1987).

Although individuals of some reptile species may drink opportunistically,

most probably do not drink at all (Nagy 1987). I did not observe any reptile

species drinking at Jose Juan Tank. There was no difference in species

richness or abundance of reptiles between our sites, even though Red Tail

Tank did not contain water.

The abundance of reptiles was not associated with distance at Jose

Juan Tank, and species richness was not associated with distance from the

earthen tank at either site. My results were inconsistent with Vitt (1991)

who predicted greater reptile species richness with increased structure of

habitat. However, the greater amount of vegetation cover toward the

center of each site could have precluded the movement of lizards such as

the western whiptail, zebra-tailed lizard, and desert iguana which prefer

open areas for running (Stebbins 1985). The desert spiny lizard, which is

associated with woodrat nests and trees (Stebbins 1985), used the

mesquite thicket vegetation type more than expected, and used the

creosotebush vegetation type less than expected.
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Snake species detected only at Jose Juan Tank may have been seen

or caught because my sampling effort was greater there, rather than

because of their absence at Red Tail Tank. The breeding of toads is closely

tied to local precipitation events in deserts (Stebbins 1985), and the activity

of amphibians at Jose Juan Tank appeared to be related to warm

temperatures combined with the availability of water in the earthen tank.

Osmotic uptake of liquid across the skin and water storage are important

components of the water budget of desert amphibians (Nagy 1987).

Summary

The addition of artificial water developments into desert ecosystems is

likely to be differentially beneficial across taxa and species. For animals that

do not require drinking water, the degree to which developments benefit

certain species may be related to the extent of vegetation that develops at

the site, contributing cover and succulent forage resources. For example,

although most small mammal and reptile species in desert ecosystems are

independent of free-standing water (Nagy 1987), the distribution of

individual species at my sites appeared to be associated with major

vegetation types. Additionally, there was no difference in species richness

or abundance of small mammals or reptiles between sites, even though free-

standing water was not available at Red Tail Tank. Another important

consideration is that the use of water developments by small mammals and

reptiles may be especially risky due to the prevalence of carnivorous species
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that drink such as canids, felids, and raptors.

Although independence from free-standing water varies among bird

species (Nagy 1987), most species will probably drink opportunistically.

Migrant species crossing deserts may benefit from free-standing water at

developments, or simply from the cover available for resting (Carmi et al.

1992) and the availability of succulent forage. Bird abundance was higher

near the center of each of my sites, regardless of the absence of water at

Red Tail Tank, which suggests that resources associated with the vegetation

alone are important. At Red Tail Tank, however, species richness and

abundance was lower than at Jose Juan Tank, and bird species richness

was not associated with distance from the center. This may be due to the

absence of water, or the more even distribution of vegetation at Red Tail

Tank.

Although I did not observe Sonoran pronghorn drinking or foraging at

the sites, free-standing water was used year-round by other large mammals

such as coyotes, desert mule deer, and collared peccaries. Although water

requirements vary among these species, the provision of water may promote

an increase in abundance or expansion into areas that were otherwise

unsuitable (Bellantoni et al. 1993).
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MANAGEMENT IMPLICATIONS

Managers should recognize that the development of artificial water

sources does not effect the welfare, distribution, and abundance of all taxa

and species equally; some will benefit more than others, and some could

benefit to the detriment of others through predation or competition. The

results of my study indicate that free-standing water at Jose Juan Tank is

used primarily by large mammals, bats, birds, and amphibians rather than

small mammals and reptiles; however, the effect of water on vegetation at

both sites seemed to locally influence the distribution and abundance of

small mammal, reptile, and bird species.

Managers of the CPNWR are responsible for the conservation of

federal candidate, threatened, and endangered species, and for managing

designated wilderness. A priority is the recovery of endangered Sonoran

pronghorn, endemic to this area, which I did not document drinking or

foraging at either site. The endangered lesser long-nosed bat was not

detected at Jose Juan Tank, and may not require water due to its

nectivorous diet (Carpenter 1969). The California leaf-nosed bat, a former

federal Candidate Category 2 species, was captured frequently at Jose Juan

Tank, but the importance of free-standing water to their populations is

poorly understood (S. Schmidt, Univ. Ariz., pers. commun.). I documented

use of water at Jose Juan Tank by mountain lion, possibly the Yuma

subspecies which was a federal Candidate Category 2 species and may
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benefit from water developments (Mclvor et al. 1994).

The future management of Jose Juan Tank and Red Tail Tank will

depend on the management goals of the U.S. Fish and Wildlife Service

(USFWS) and the CPNWR (Figure 8). Refuge ecologists and managers at

CPNWR have suggested that the recovery of Sonoran pronghorn and the

maintenance of wilderness are their main priorities, but the maintenance of

artificial water developments to maintain or increase biodiversity does not

appear to be a priority. Possible management strategies for Jose Juan Tank

and Red Tail Tank include, but are not limited to:

(1) Restoration management; restoring the sites to their original condition

(pre-development, pre-cattle grazing) would involve the removal of all

developments, including the earthen dams and associated vegetation. Each

site would then be allowed to change via natural successional processes.

(2) Passive management; existing structures and vegetation would be left

intact, but maintenance, repairs, and water hauling would be discontinued.

Each site would be allowed to change via natural successional processes,

and each earthen tank would eventually fill with sedimentation.

(3) Active management; existing structures and vegetation would be left

intact, and maintenance, repairs, and water hauling would continue (this is

the current strategy).

(4) Developmental management; would involve the active management of

existing structures ("Active management", above), plus additional
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data collected from 1994- 1995.
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management such as the periodic pruning of the mesquite canopy or the

development of additional water sources.

Restoration and passive management strategies may be the most

compatible with wilderness management and the management of Sonoran

pronghorn, although they could result in decreased biodiversity, locally

(Figure 8). Active and developmental strategies may not benefit pronghorn

if they do not inhabit the Growler Valley during the summer months.

Additionally, the effects of water developments on predator populations and

the impacts of predation on Sonoran pronghorn populations is not known.

This information must be available before knowledgeable management

decisions can be made.

Although I did not see evidence that pronghorn used either site during

my study, additional study of water developments throughout their range

will be necessary to fully understand the frequency of use and types of

developments used by Sonoran pronghorn; especially because earthen tanks

are atypical of water developments throughout the region. It is possible that

water sources at higher elevations are used by Sonoran pronghorn during

the hottest months of the year, and that pronghorn inhabit the Growler

Valley primarily during less stressful times of the year.

The pruning of mesquite trees at Jose Juan Tank and Red Tail Tank

("Developmental Management" above) is being seriously considered by

managers of the CPNWR, but could be an ineffective strategy to attract
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Sonoran pronghorn if they do not frequent the valley during the hot summer

months. Additionally, modification of the canopy may not attract pronghorn

if predators are still concentrated at developments. Time and energy

resources may be better spent studying pronghorn use of water sources

elsewhere, rather than attempting to lure them to Jose Juan Tank or Red

Tail Tank.

Wilderness is characterized by an environment that is undisturbed by

human development (Hendee et al. 1990), therefore management of

wilderness conflicts with the construction and maintenance of water

developments. However, when designated wilderness was established on

the CPNWR, some management practices that compromised its wilderness

character were retained, including the maintenance of water developments

for desert bighorn sheep and Sonoran pronghorn, and military aircraft

activity (Hendee et al. 1990). Management of wildlife under the Endangered

Species Act may require management techniques that would otherwise be

restricted in wilderness (Hendee et al. 1990), and these activities could be

more legally binding than those which maintain wilderness character.

However, my results do not indicate that any threatened or endangered

species frequent the sites.

Because Red Tail Tank remained dry throughout my study I was not

able to adequately determine the use of free-standing water by vertebrates

at the site, and could not assess use by Sonoran pronghorn. Although the
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management goals and alternatives outlined in Figure 8 may be considered

for the management of Red Tail Tank, I suggest additional study of the site

before changing the current "active" management strategy. Vertebrate use

of Red Tail Tank may be different when water is available at the site.
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Appendix A. Mammal species observed at Jose Juan Tank and Red Tail Tank, Cabeza Prieta

National Wildlife Refuge, 1994- 1995.

Site'

J
J
J
J
J
J
J
J

B
B
B
B
J
B
B
B
B
B
B
B
J

R
B
R
B
B
J
B
B
J

Common Name

California myotis
Pallid bat
Big brown bat
California leaf-nosed batb

Hoary bat
Silver-haired batc

Brazilian free-tailed bat
Pocketed free-tailed bat

Arizona pocket mouse
Desert pocket mouse
Baily's pocket mouse
Merriam's kangaroo rat
Desert kangaroo rat
Cactus mouse
Southern grasshopper mouse
White-throated woodrat
Round-tailed ground squirrel
Harris' antelope squirrel
Desert cottontail
Black-tailed jackrabbit
Antelope jackrabbit

Badger
Kit fox
Gray fox
Coyote
Bobcat
Mountain lionb

Collared peccary
Desert mule deer
Sonoran pronghorn °

Scientific Name

Myotis californicus
Antrozous pal//dus
Eptesicus fuscus
Macrotus californicus
Lasiurus cinereus
Lasionycteris noctivagans
Tadarida brasiliensis
Nyctinomops femorosaccus

Perognathus amp/us
Chaetodipus penicillatus
Chaetodipus bafleyi
Dipodomys merriami
Dipodomys deserti
Peromyscus eremicus
Onychomys torr/dus
Neotoma albigula
Spermophilus tereticaudus
Ammospermophflus harrisi
Sylvflagus audubonii
Lepus californicus
Lepus alleni

Taxidea taxus
Vulpes macrotis
Urocyon cinereoargenteus
Canis latrans
Lynx rufus
Fells concolor
Tayassu tajacu
Odocoileus hemionus crooki
Antflocapra americana

sonoriensis

8 J = observed at Jose Juan Tank only, R = observed at Red Tail Tank only, B = observed
at both sites.
b Formerly a federal Candidate Category 2 species (for mountain lion, only if Yuma
subspecies F. c. browni).
c S. Schmidt, D. DeStefano, and D. Dalton, Univ. Ariz., unpubl. data.
d Federal Endangered.
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Appendix B. Bird species observed at Jose Juan Tank and Red Tail Tank, Cabeza Prieta
National Wildlife Refuge, 1994-1995.

Family and Common Name
	

Scientific Name 
	

Site'

FREGATIDAE
Magnificent frigatebird

	
Fregata magnificens

ARDEIDAE
Black-crowned night-heron
Green-backed heron
Great egret
Great blue heron

THRESKIORNITHIDAE
White-faced ibis

ANATIDAE
Mallard b

Gadwallb

Green-winged teal °
Cinnamon teal b

Redhead b

Bufflehead b

RECUR VIROSTRIDAE
Black-necked stilt

CHARADRIIDAE
Killdeerb

SCOLOPACIDAE
Long-billed curlew
Greater yellowlegs
Solitary sandpiper'
Spotted sandpiper'
Western sandpiperb

Least sandpiperb

CATHARTIDAE
Turkey vulture bc

Black vulture

ACCIPITRIDAE
Golden eagle
White-tailed kite
Northern harrier

Nycticorax nycticorax
Butorides striatus
Casmerodius albus
Ardea herodias

Plegadis chihi

Anas plat yrhynchos
Anas strepera
Anas crecca
Anas cyanoptera
Aythya americana
Bucephala albeola

Himantopus mexicanus

Charadrius vociferus

Numenius americanus
Tringa melanoleuca
Tringa solitaria
Actitis macularia
Calidris mauri
Calidris minutilla

Cathartes aura
Coragyps atratus

Aquila chrysaetos
Elanus caeruleus
Circus cyaneus
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Appendix B. Continued.

Sites

B
B
B
B
B

B
R
B
B

B

B
B
J

B

B

B
B
B
B
B

B
B

B
B

Family and Common Name

(ACCIPITRIDAE continued)
Sharp-shinned hawk"
Cooper's hawk"
Red-tailed hawkb

Swainson's hawk'
Harris' hawkb

FALCONIDAE
American kestrel'
Merlin'
Prairie falcon
Peregrine falcon"

PHASIANIDAE
Gambel's quail'

COLUMBIDAE
Mourning doveb

White-winged dove"
Common ground-dove

CUCULIDAE
Greater roadrunnerb

TYTONIDAE
Barn owl b

STRIGIDAE
Long-eared owl b

Great horned owl b

Western screech-owl
Elf owl
Western burrowing owl"

CAPRIMULGIDAE
Common poorwhill"
Lesser nighthawk"

APODIDAE
Vaux's swift'
White-throated swift"

Scientific Name

Accipiter striatus
Accipiter cooperii
Buteo jamaicensis
Buteo swainsoni
Parabuteo unicinctus

Falco sparverius
Falco columbarius
Falco mexicanus
Falco peregrinus

Callipepla gambe//i

Zenaida macroura
Zenaida asiatica
Columbine passerine

Geococcyx californianus

Tyto alba

Asia otus
Bubo virgin/anus
Otus kennicottii
Micrathene whitneyi
Athene cunicularia hypugea

Phalaenoptilus nuttallii
Chordeiles acutipennis

Chaetura vauxi
Aeronautes saxatalis
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Appendix B. Continued.

Family and Common Name
	

Scientific Name
	 Site'

TROCHILIDAE
Black-chinned hummingbird'
Costa's hummingbird
Anna's hummingbird'

ALCEDINIDAE
Belted kingfisher'

PICIDAE
Gila woodpecker'
Northern flicker'
Ladder-backed woodpecker'

TYRANNIDAE
Western kingbird"
Brown-crested flycatcher"
Ash-throated flycatcher"
Olive-sided flycatcher'
Western wood-pewee'
Black phoebe'
Say's phoebe"'
Vermillion flycatcher'
Gray flycatcher'
Dusky flycatcher'
Hammond's flycatcher'
Willow flycatcher"'
Western flycatcher'

ALAUDIDAE
Horned lark"

HIRUNDINIDAE
Tree swallow'
Violet-green swallow'
Purple martin"
Northern rough-winged swallow'
Cliff swallow"
Barn swallow'

COR VIDAE
Common raven'

Archilochus alexandri
Calypte costae
Calypte anna

Cet vie alcyon

Melanerpes uropygialis
Co/aptes auratus
Pico/des scalaris

Tyrannus verticalis
Myiarchus tyrannulus
Myiarchus cinerascens
Contopus borealis
Contopus sordidulus
Sayornis nigricans
Sayomis saya
Pyrocephalus rubinus
Empidonax wrightii
Empidonax oberholseri
Empidonax hammondii
Empidonax trail/il
Empidonax difficilis

Eremophlla alpestris

Tachycineta bicolor
Tachycineta thalassina
Progne subis
Stelgidopteryx serripennis
Hirundo pyrrhonota
Hirundo rust/ca

Corvus corax
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Appendix B. Continued.

Family and Common Name
	

Scientific Name 
	

ai_tee

REM IZIDAE
Verdin b

	
Auriparus flaviceps

TROGLODYTIDAE
House wren'
Bewick's wren
Rock wren
Cactus wren

MUSCICAPIDAE
Ruby-crowned kinglet'
Blue-gray gnatcatcherc

Black-tailed gnatcatcher
Western bluebird
Mountain bluebird
Swainson's thrush'
Hermit thrush bc

American robin bc

LANIIDAE
Loggerhead shrike'

MIMIDAE
Northern mockingbird
Sage thrasher
Curve-billed thrasher
Bendire's thrasher'
Crissai thrasher
LeConte's thrasher

MOTACILLIDAE
American pipit')

PTILOGONATIDAE
Phainopepla b

STURNIDAE
European starling

VIREONIDAE
Bell's vireo'
Solitary vireo'
Warbling vireob'

Troglodytes aedon
Thryomanes bewickii
Salpinctes obsoletus
Camp ylorhynchus brunneicapillus

Regulus calendula
Polioptila caerulea
Polioptila melanura
Sialia mexicana
Sialia currucoides
Catharus ustulatus
Catharus guttatus
Turdus migratorius

Lan/us ludovicianus

Mimus polyglottos
Oreoscoptes montanus
Toxostoma curvirostre
Toxostoma bend/ref
Toxostoma crissale
Toxostoma lecontei

Anthus rubescens

Phainopepla nitens

Sturnus vulgaris

Vireo belli/
Vireo so//tar/us
Vireo gilvus
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Appendix B. Continued.

Family and Common Name
	

Scientific Name
	 ate

EMBERIZIDAE
Orange-crowned warbler'
Nashville warbler'
Lucy's warbler'
Yellow-rumped warbler b

Black-throated gray warbler'
Townsend's warbler'
Hermit warbler'
Yellow warblerb'
MacGillivray's warbler'
Wilson's warbler'
Common yellowthroat'
Yellow-breasted chat'
Black-headed grosbeak bc

Pyrrhuloxiab

Blue grosbeak'
Indigo bunting
Lazuli bunting bc

Green-tailed towhee'
Canyon towhee b

Vesper sparrow'
Savannah sparrow'
Lark sparrow' c

Black-throated sparrowb

Sage sparrow
Chipping sparrowb'
Brewer's sparrow'
Dark-eyed junco
White-crowned sparrow b

Lincoln's sparrow'
Lark bunting'
Western meadowlark
Yellow-headed blackbird'
Red-winged blackbird'
Brewer's blackbird b'
Brown-headed cowbird bc

Bronzed cowbird
Great-tailed grackle b

Scott's oriole'
Northern oriole'
Hooded oriole'
Western tanager b'
Summer tanager'

Vermivora celata
Vermivora ruficapilla
Vermivora luciae
Dendroica coronata
Dendroica nigrescens
Dendroica townsendi
Dendroica occidentalis
Dendroica petechia
Oporonis to/miel
Wilsonia
Geothlypis trichas
lcteria virens
Pheucticus melanocephalus
Card/nails sinuatus
Guiraca caerulea
Passer/na cyanea
Passer/na amoena

chlorurus
fuscus

Pooecetes gramineus
Passerculus sandwichensis
Chondestes grammacus
Amphispiza bilineata
Amphispiza belli
Spizella passer/na
Spizella breweri
Junco hyemalis
Zonotrichia leucophrys
Melospiza lincolnii
Calamospiza melanocorys
Stumella neglecta
Xanthocephalus xanthocephalus
Agelaius phoeniceus
Euphagus cyanocephalus
Molothrus ater
Molothrus aeneus
Quiscalus mexicanus
lcterus parisorum
Icterus galbula
lcterus cucullatus
Piranga ludoviciana
Piranga rubra
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Appendix B. Continued.

Site

B

R
B
.1
B

Family and Common Name

PASSERIDAE
House sparrow

FRINGILLIDAE
American goldfinch
Lesser goldfinch b

Lawrence's goldfinchb

House finch b

Scientific Name 

Passer domesticus

Carduelis tristis
Carduelis psaltria
Carduelis lawrencei
Carpodacus mexicanus

8 J = observed at Jose Juan Tank only, R = observed at Red Tail Tank only, B = observed
at both sites.
d Observed drinking.
8 Neotropical migrant landbird species (Finch 1991, Pyle et al. 1994).
d Federal Endangered (for willow flycatcher, applies to southwestern subspecies only).
8 Formerly a federal Candidate Category 2 species.
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Appendix C. Reptile and amphibian species observed at Jose Juan Tank and Red Tail Tank,
Cabeza Prieta National Wildlife Refuge, 1994 - 1995.

Site°

B
B
B

B
B
B
B
B
B
B
B
B

B
B
J
B
J
J
J
R

Common Name

Great plains toad
Sonoran desert toad
Couch's spadefoot

Regal horned lizard
Desert horned lizard
Zebra-tailed lizard
Desert iguana
Side-blotched lizard
Long-tailed brush/Tree lizard
Desert spiny lizard
Western whiptail
Western banded gecko

Coachwhip
Western patch-nosed snake
Gopher snake
Long-nosed snake
Western shovel-nosed snake
Spotted leaf-nosed snake
Night snake
Rattlesnake species

Scientific Name

Bufo cognatus
Bufo alvarius
Scaphiopus couch fi

Phrynosoma so/are
Phrynosoma platyrhinos
Callisaurus draconoides
Dipsosaurus dorsalis
Uta stansburiana
Urosaurus spp.
Sceloporus magister
Cnemidophorus tigris
Coleonyx variegatus

Masticophis flagellum
Salvadora hexalepis
Pituophis melanoleucus
Rhinocheilus lecontei
Chionactis occipitalis
Phyllorynchus decurtatus
Hypsiglena torquata
Crotalus spp.

8 J = observed at Jose Juan Tank only, R = observed at Red Tail Tank only, B = observed
at both sites.
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Appendix D. Remote camera photos' from Jose Juan Tank and Red Tail Tank, Cabeza
Prieta National Wildlife Refuge, 1994 - 1995.

a Coyotes (Canis latrans), above; turkey vultures (Cathartes aura) below.
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Appendix D. Continued ° .

6 Desert mule deer (Odocoileus hemionus crooki), above; Mountain lion (Feus concolor),
below.



110

LITERATURE CITED

American Society of Ichthyologists and Herpetologists, The Herpetologists'

League, and Society for the Study of Amphibians and Reptiles. 1987.

Guidelines for use of live amphibians and reptiles in field research. J.

Herpetol. Suppl. 4:1-14.

American Society of Mammalogists. 1987. Acceptable field methods in

mammalogy: preliminary guidelines approved by the American Society

of Mammalogists. J. Mammal. Suppl. 68:1-18.

Anderson, D.R., K.P. Burnham, and G.C. White. 1983. Density estimation

of small-mammal populations using a trapping web and distance

sampling methods. Ecology 64:674-680.

Arnold, L.W. 1942. Notes on the life history of the sand pocket mouse. J.

Mammal. 23:339-341.

Autenrieth, R. (ed.). 1983. Guidelines for the management of pronghorn

antelope. Texas Wild. Dep., Austin. 51pp.

Baber, D.W. 1983. Mortality in California mule deer at a drying reservoir:

the problem of siltation at water catchments. Calif. Fish and Game

70:248-251.

Bartholomew, G.A., and T.J. Cade. 1963. The water economy of land

birds. Auk 80:504-539.

Beale, D.M, and A.D. Smith. 1970. Forage use, water consumption, and

productivity of pronghorn antelope in western Utah. J. Wildl.



111

Manage. 34:570-582.

Beck, B.B., C.W. Engen, and P.W. Gelfand. 1973. Behavior and activity

cycles of Gambel's quail and raptorial birds at a Sonoran Desert

waterhole. Condor 75:466-470.

Bell, G.P., G.A. Bartholomew, and K.A. Nagy. 1986. The roles of

energetics, water economy, foraging behavior, and geothermal refugia

in the distribution of the bat, Macrotus californicus. J. Comp. Physiol.

Biol. 156:441-450.

Bellantoni, E.S., P.R. Krausman, and W.W. Shaw. 1993. Desert mule deer

use of an urban environment. Trans. North Am. Wild!. Nat. Resour.

Conf. 58:92-101.

Best, LB., and D.F. Stauffer. 1986. Factors confounding evaluation of

bird-habitat relationships. Pages 209-216 in J. Verner, M.L. Morrison,

and C.J. Ralph eds. Wildlife 2000: modeling habitat relationships of

terrestrial vertebrates. Univ. Wis. Press, Madison.

Bibby, C.J., N.D. Burgess, and D.A. Hill. 1992. Bird Census Techniques.

Academic Press. San Diego, Calif. 257pp.

Bleich, V.C., and 0.A. Schwartz. 1975. Water balance and fluid

consumption in the southern grasshopper mouse, Onychomys

torridus. Great Basin Nat. 35:62-64.

Brower, J.E., J.H. Zar, and C.N. von Ende. 1990. Field and laboratory

methods for general ecology. 3rd ed. William C. Brown Publishers.



112

Dubuque, Iowa. 237pp.

Broyles, B. 1995. Desert wildlife water developments: questioning use in

the southwest. Wildl. Soc. Bull. 23:663-675.

Burkett, D.W. and B.C. Thompson. 1994. Wildlife association with human-

altered water sources in semiarid vegetation communities. Conserv.

Biol. 8:682-690.

Byers, C.R., R.K. Steinhorst, and P.R. Krausman. 1984. Clarification of a

technique for analysis of utilization-availability data. J. Wild!. Manage.

48:1050-1053.

Carmi, N., B. Pinshow, W.P. Parter, and J. Jaeger. 1992. Water and

energy limitations on flight duration in small migrating birds. Auk

109:268-276.

Carmichael, W.W. 1994. The toxins of cyanobacteria. Sci. Amer. 270:78-

86.

Carpenter, R.E. 1969. Structure and function of the kidney and the water

balance of desert bats. Physiol. Zool. 42:288-302.

Cockrum, E.L. 1981. Bat populations and habitats at the Organ Pipe

Cactus National Monument. Natl. Park Serv. Tech. Rep. 7. 31pp.

Corn, P.S. 1994. Straight-line drift fences and pitfall traps. Pages 109-117

in W.R. Heyer, M.A. Donne ly, R.W. McDiarmid, L.C. Hayek, and M.S.

Foster eds. Measuring and monitoring biological diversity: standard

methods for amphibians. Smithsonian Inst. Press, Wash. D.C.



113

Crump, M.L. and N.J. Scott, Jr. 1994. Visual encounter surveys. Pages

84-92 in W.R. Heyer, M.A. Donnelly, R.W. McDiarmid, L.C. Hayek,

and M.S. Foster eds. Measuring and monitoring biological diversity:

standard methods for amphibians. Smithsonian Inst. Press. Wash.,

D.C.

Cunningham, S. 1989. Evaluation of bighorn sheep habitat. Pages 135-

153 in R.M. Lee, ed. The desert bighorn sheep in Arizona. Ariz. Game

and Fish Dep., Phoenix.

Dawson, J.W., and R.W. Mannan. 1991. The role of territoriality in the

social organization of Harris' Hawks. Auk 108:661-672.

deVos, J.C., and R.W. Clarkson. 1990. A historic review of Arizona's

water developments with discussions on benefits to wildlife, water

quality and design considerations. Pages 157-165 in G.K. Tsukamoto

and S.J. Stiver, eds. Wildlife water development, proceedings of 1988

symposium, Las Vegas, Nev.

Ehrlich, P.R., D.S. Dobkin, and D. Wheye. 1988. The birder's handbook: a

field guide to the natural history of North American birds. Simon and

Schuster Inc. New York, N.Y. 785pp.

Elder, J.B. 1954. Notes on summer water consumption by desert mule

deer. J. Wild!. Manage. 18:540-541.

• 1956. Watering patterns of some desert game animals. J. Wildl.

Manage. 20:368-378.



114

Finch, D. 1991. Population ecology, habitat requirements, and

conservation of Neotropical migratory birds. U.S. For. Serv. Gen.

Tech. Rep. RM-205.

Fletch, A.L. 1970. Foot-and-mouth disease. Pages 68-75 in J.W. Davis,

L.H. Karstad, and D.O. Trainer eds. Infectious diseases of wild

mammals. Iowa State Univ. Press, Ames.

Friend, M. 1987. Avian cholera. Pages 69-82 in M. Friend ed. Field guide

to wildlife diseases: general field procedures and diseases of migratory

birds. U.S. Fish Wild!. Serv. Resour. Publ. 167.

Geluso, K.N. 1978. Urine concentrating ability and renal structure of

insectivorous bats. J. Mammal. 59:312-323.

Golightly, R.T., and R.D. Ohmart. 1983. Metabolism and body temperature

of two desert canids: coyotes and kit foxes. J. Mammal. 64:624-635.

, and . 1984. Water economy of two desert canids: coyote and

kit fox. J. Mammal. 65:51-58.

Groschupf, K.D., B.T. Brown, and R.R. Johnson. 1988. An annotated

checklist of the birds of Organ Pipe Cactus National Monument,

Arizona. Coop. Natl. Resour. Stud. Unit, Univ. Ariz., Tucson. 45pp.

Gubanich, A.A. 1966. Avian utilization of desert waterholes. M.S. Thesis,

Univ. Ariz., Tucson. 118pp.

Halloran, A.F. 1949. Desert bighorn management. Trans. North Am. Wild!.

Conf. 14:527-537.



115

	 , and 0.V. Deming. 1958. Water development for desert bighorn

sheep. J. Wildl. Manage. 22:1-9.

Hatch, D.E. 1970. Energy conserving and heat dissipating mechanisms of

the turkey vulture. Auk 87:111-124.

Hazam, J.E., and P.R. Krausman. 1988. Measuring water consumption of

desert mule deer. Wildl. Soc. Bull. 52:528-534.

Hendee, J.C., G.H. Stankey, and R.C. Lucas. 1990. Wilderness

management. Second ed. North Am. Press, Golden, Colo. 546pp.

Hervert, J.J. 1996. Nomads of the desert: Sonoran pronghorn. Wildlife

Views (February):2-5.

	 , and P.R. Krausman. 1986. Desert mule deer use of water

developments in Arizona. J. Wild!. Manage. 50:670-676.

Hoagstrum, C.W. 1978. The ecological distribution of nocturnal rodents in

a part of the Sonoran Desert. M.S. Thesis. Univ. Ariz., Tucson.

114-pp.

Hoffmeister, D.F. 1986. Mammals of Arizona. Univ. Ariz. Press, Tucson,

and Ariz. Game and Fish Dep. 602pp.

Hughes, K.S. 1991. Sonoran pronghorn use of habitat in southwest

Arizona. M.S. Thesis, Univ. Ariz., Tucson. 86pp.

Johnson, D.H. 1981. How to measure habitat - a statistical perspective.

Pages 53-57 in D.E. Capen ed. The use of multivariate statistics in

wildlife habitat. U.S. For. Serv. Gen. Tech. Rep. RM-87.



116

Johnson, R.R., B.T. Brown, and S. Goldwasser. 1983. Avian use of

Quitobaquito Springs Oasis, Organ Pipe Cactus National Monument,

Arizona. Natl. Park Serv./Univ. Ariz. Tech. Rep. 13. 16pp.

Kie, J.G., V.C. Bleich, A.L. Medina, J.D. Yoakum, and J.W. Thomas. 1994.

Managing rangelands for wildlife. Pages 663-688 in T.A. Bookhout,

ed. Research and management techniques for wildlife and habitats.

The Wild!. Soc., Bethesda, Md.

Knox, K.L., J.G. Nagy, and R.D. Brown. 1969. Water turnover in mule

deer. J. Wild!. Manage. 33:389-393.

Krausman, P.R., and R.C. Etchberger. 1993 Effectiveness of mitigation

features for desert ungulates along the Central Arizona Project. U.S.

Dep. of the Interior, U.S. Bureau of Reclamation. 308pp.

, and	 . 1995. Response of desert ungulates to a water project in

Arizona. J. Wildl. Manage. 59:292-300.

	 , and B.D. Leopold. 1986. Habitat components for desert bighorn

sheep in the Harquahala Mountains, Arizona. J. Wildl. Manage.

50:504-508.

	 , J.R. Morgart, and M. ChileIli. 1984. Annotated bibliography of

desert bighorn sheep literature, 1897-1983. Southwest Nat. Hist.

Assoc., Phoenix, Ariz. 204pp.

Kubly, D.M. 1990. Limnological features of desert mountain rock pools.

Pages 103-120 in G.K. Tsukamoto and S.J. Stiver, eds. Wildlife water



117

development, proceedings of 1988 symposium, Las Vegas, Nev.

Kunz, T.H., and A. Kurta. 1988. Capture methods and holding devices.

Pages 1-29 in T.H. Kunz ed. Ecological and behavioral methods for the

study of bats. Smithsonian Inst. Press, Wash. D.C.

Lee, R. 1993. Desert bighorn sheep in Sonora. Ram's Horn 29:17-20.

Leopold, A. 1933. Game Management. Charles Scribner's Sons, New

York. 481pp.

Louw, G., and M. Seely. 1982. Ecology of desert organisms. Longman,

Inc., New York. 194pp.

Lu, S., and W.J. Bleier. 1981. Renal morphology of Macrotus (Chiroptera,

Phyllostomatidae). J. Mammal. 62:181-182.

MacMahon, J.A. 1981. Introduction. Pages 263-269 in D. Goodall and R.

Perry eds. Arid land ecosystems: Structure, functioning and

management, vol. 2. Cambridge: Cambridge Univ. Press.

MacMillen, R.E. 1965. Aestivation in the cactus mouse, Peromyscus

eremicus. Comp. Biochem. Physiol. 16:227-248.

McIvor, D.E., J.A. Bissonette, and G.S. Drew. 1994. A critical review of

the status of the Yuma mountain lion, Fells concolor browni. Utah

Coop. Fish and Wildl. Res. Unit (U.S. Natl. Biol. Serv.) Rep. 94-1.

155pp.

, and	 . 1995. Taxonomic and conservation status of the

Yuma mountain lion. Conserv. Biol. 9:1033-1040.



118

McNabb, F.M.A., R.A. McNabb, I.D. Prather, R.N. Conner, and C.S.

Adkisson. 1980. Nitrogen excretion by turkey vultures. Condor

82:219-223.

McNab, B.K. 1982. Evolutionary alternatives in the physiological ecology

of bats. Pages 151-200 in T.H. Kunz ed. Ecology of bats. Plenum

Press, New York.

Monson, G. 1968. The desert pronghorn. Desert Bighorn Counc. Trans.

12:63-69.

Moore, F.R., S.A. Geathreaux, Jr., P. Kerlinger, and T.R. Simons. 1992.

Stopover habitat: management implications and guidelines. Pages

58-69 in D.M. Finch and P.W. Stangel eds. Status and management of

Neotropical migratory birds. U.S. Forest Service Gen. Tech. Rep. RM-

229. Fort Collins, Colo.

Moore, F.R., and T.R. Simons. 1992. Habitat suitability and stopover

ecology of Neotropical landbird migrants. Pages 345-355 in J.M.

Hagen Ill and D.W. Johnston eds. Ecology and conservation of

Neotropical migrant landbirds. Smithsonian Inst. Press, Wash.

Morrison, M.L. 1984. Influence of sample size on discriminant function

analysis of habitat use by birds. J. Field Ornithol. 55:330-335.

	 , B.G. Marcot, and R.W. Mannan. 1992. Wildlife-habitat relationships:

concepts and applications. Univ. Wis. Press. 343 pp.

Muth, A. 1980. Physiological ecology of desert iguana (Dipsosaurus



119

dorsalis) eggs: temperature and water relations. Ecology 61:1335-

1343.

Nagy, K.A. 1987. How do desert animals get enough water? Pages 89-98

in L. Berkofsky and M.G. Wurtele eds. Progress in desert research.

Rowman & Littlefield, Totowa, N.J.

Neu, C.W., C.R. Byers, and J.M. Peek. 1974. A technique for analysis of

utilization-availability data. J. Wildl. Manage. 38:541-545.

Noru§is, M.J. 1990. SPSS® introductory statistics student guide. SPSS

Inc. Chicago, Ill. 420pp.

Noy-Meir, I. 1974. Desert ecosystems at higher trophic levels. Ann. Rev.

of Ecol. and Syst. 5:195-214.

Ockenfels, R.A. 1994. Mountain lion predation on pronghorn in central

Arizona. Southwest. Nat. 39:305-306.

Polis, G.A. 1991. Desert communities: an overview of patterns and

processes. Pages 1-26 in G.A. Polis ed. The ecology of desert

communities. Univ. Ariz. Press, Tucson.

Pyle, P., N. Nachev, and D.F. DeSante. 1994. Trends in nocturnal migrant

landbird populations at Southeast FarrelIon Island, California, 1968-

1992. Stud. Avian Biol. 15:58-74.

Ralph, C.J., G.R. Geupel, P. Pyle, T.E. Martin, and D.F. DeSante. 1993.

Handbook of field methods for monitoring land birds. U.S. For. Serv.

Gen. Tech. Rep. PSW-GTR-144. 41pp.



120

Rautenstrauch, K.R., and P.R. Krausman. 1989. Influence of water

availability and rainfall on movements of desert mule deer. J.

Mammal. 70:197-201.

Ray, D.E. 1986. Water. Pages 67-76 in Limiting the effects of stress on

cattle. West. Reg. Publ. 009. Res. Bull. 512. Utah Agric. Exp. Stn.,

Logan.

Reichman, 0.J. 1975. Relation of desert rodent diets to available

resources. J. Mammal. 56:731-751.

Robbins, C.S., J.R. Sauer, R.S. Greenberg, and S. Droege. 1989.

Population declines in North American birds that migrate to the

Neotropics. Proc. Natl. Acad. Sci. U.S.A. 86:7658-7662.

Roffe, T.J. 1987. Pages 95-99 in M. Friend ed. Field guide to wildlife

diseases: general field procedures and diseases of migratory birds.

U.S. Fish Wildl. Serv. Resour. Publ. 167.

Roth, E.E. 1970. Leptospirosis. Pages 293-303 in J.W. Davis, L.H.

Karstad, and D.O. Trainer eds. Infectious diseases of wild mammals.

Iowa State Univ. Press, Ames.

Schmidt-Nielsen, K. 1964. Desert animals: physiological problems of heat

and water. Oxford Univ. Press, New York, N.Y. 277pp.

	 , and H.B. Haines. 1964. Water balance in a carnivorous desert

rodent, the grasshopper mouse. Physiol. Zool. 37:259-265.

Shaw, H.G. 1979. Mountain lion field guide. Ariz. Game and Fish Dep.



121

Spec. Rep. 9. 47pp.

Simmons, N.M. 1969. Heat stress and bighorn behavior in the Cabeza

Prieta Game Range, Arizona. Desert Bighorn Counc. Trans. 13:55-63.

Smyth, M., and G.A. Bartholomew. 1966. The water economy of the

black-throated sparrow and the rock wren. Condor 68:447-458.

Soho lt, L.F. 1977. Consumption of herbaceous vegetation and water

during reproduction and development of Merriam's kangaroo rat,

Dipodomys merriami. Am. Midi. Nat. 98:445-457.

Stebbins, R.C. 1985. A field guide to western reptiles and amphibians.

Houghton Mifflin Co., Boston. 336pp.

Terborgh, J. 1989. Perspectives on the conservation of Neotropical

migrant landbirds. Pages 7-12 in J.M. Hagan Ill and D.W. Johnston

eds. Ecology and conservation of Neotropical migrant landbirds.

Smithsonian Inst. Press, Wash., D.C.

Thomas, D.L., and E.J. Taylor. 1990. Study designs and tests for

comparing resource use and availability. J. Wildl. Manage. 54:322-

330.

Tinkle, D.W. 1967. The life and demography of the side-blotched lizard,

(Uta stansburiana). Misc. Publ. Univ. Mich. Mus. Zool. 132:1-182.

Trainer, D.O. 1970. Bluetongue. Pages 55-59 in J.W. Davis, L.H. Karstad,

and D.O. Trainer eds. Infectious diseases of wild mammals. Iowa

State Univ. Press, Ames.



122

Tsukamoto, G.K., and S.J. Stiver (eds.). 1990. Wildlife water

development: Proc. Wi la Water Dey. Symp. The Wildl. Soc., U.S.

Bur. Land. Manage., and Nev. Dep. Wildl. Las Vegas, Nev. 192pp.

Turner, R.M., and D.E. Brown. 1994. Sonoran desertscrub. Pages 181-

221 in D.E. Brown ed. Biotic communities: southwestern United

States and northwestern Mexico. Univ. Utah Press, Salt Lake City.

Turner, J.C., and R.A. Weaver. 1980. Water. Pages 100-112 in G.

Monson and L. Sumner eds. The desert bighorn: its life history,

ecology, and management. Univ. Ariz. Press, Tucson.

Vitt, L.J. 1991. Desert reptile communities. Pages 249-277 in G.A. Polis

ed. The ecology of desert communities. Univ. Ariz. Press, Tucson.

Vorhies, C.T. 1945. Water requirements of desert animals in the

southwest. Univ. Ariz. Tech. Bull. 107:483-525.

Warrick, G.D. and P.R. Krausman. 1989. Barrel cacti consumption by

desert bighorn sheep. The Southwest. Nat. 34:483-486.

Watts, T.J. 1979. Status of the Big Hatchet desert sheep population, New

Mexico. Desert Bighorn Counc. Trans. 23:92-94.

Weins, J.A. 1991. Ecology of desert birds. Pages 278-310 in G.A. Polis

ed. The ecology of desert communities. Univ. Ariz. Press, Tucson.

Werner, W.E. 1985. Philosophies of water development for bighorn sheep

in Southwestern Arizona. Desert Bighorn Counc. Trans. 29:13-14.

Wesley, D.E., K.L. Knox, and J.G. Nagy. 1970. Energy flux and water



123

kinetics in young pronghorn antelope. J. Wildl. Manage. 34:908-912.

Whisler, S. 1984. Seasonal adaptations of pronghorn antelope to water

deprivation. Ph. D. Dissertation, Univ. Wyo., Laramie. 81pp.

Wilson, K.R., and D.R. Anderson. 1985. Evaluation of a density estimator

based on a trapping web and distance sampling theory. Ecology

66:1185-1194.

Wright, R.L. and J.C. deVos, Jr. 1986. Final report on Sonoran pronghorn

status in Arizona. Contract No. F0260483MS143. Ariz. Game and

Fish Dep. 132pp.

Yoakum, J. 1972. Antelope-vegetation relationships. Proc. Antelope

States Workshop 5:171-177.

	 . 1994. Water requirements for pronghorn. Proc. Pronghorn Antelope

Workshop 16: in press.

	, W.P. Dasmann, H.R. Sanderson, C.M. Nixon, and H.S. Crawford.

1980. Habitat improvement techniques. Pages 329-404 in S.D.

Schemnitz. ed. Wildlife management techniques manual. The Wildl.

Soc., Wash. D.C.

Zar, J.H. 1996. Biostatistical analysis. Third ed. Prentice-Hall, Inc. Upper

Saddle River, N.J. 662pp.

Zervanos, S.M., and G.I. Day. 1977. Water and energy requirements of

captive and free-living collared peccaries. J. Wildl. Manage. 41:527-

532.



, and N.F. Hadley. 1973. Adaptational biology and energy

relationships of the collared peccary (Tayassu tajacu). Ecology

54:659-774.

124


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124

