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ABSTRACT 

I studied bat use of 3 isolated water developments on the Cabeza Prieta National 

Wildlife Refuge in southwestern Arizona between May 1995 and August 1997. I 

recorded bat echolocation calls to measure overall activity, videotaped bat behavior and 

identified aquatic insects to determine whether bats were feeding or drinking, mist netted 

to assess visitation patterns with respect to season, sex, and reproductive condition for 

each of 4 species captured, studied movements of banded individuals, and monitored 

roosts of the California leaf-nosed bat {Macrotus californicus) in nearby mines. 

Echolocation activity was much higher at water than in nearby dry desert washes and was 

greater in dry washes than at random sites away from water. Bats visited water in all 

seasons, visiting primarily to drink, not to feed on insects. The California leaf-nosed bat 

constituted 41% of more than 1,000 captures. I concluded that in my study area this 

species made extensive use of water developments for drinking, particularly during 

lactation. 
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INTRODUCTION 

Scarcity of drinking water is a limiting factor for some wildlife species. Since the 

early 1900s, hundreds of wildlife water sites have been developed throughout the arid 

western United States in an effort to increase, stabilize, or otherwise benefit wildlife 

populations. In recent years, the Arizona Game and Fish Department spent over 

$750,000 annually to develop and maintain water sites, and >5,800 such developments 

have been built in 11 western states (Kosenstock et al. 1999). Thus the construction and 

maintenance of water developments for wildlife is a major management undertaking in 

much of the West. 

In Arizona, the first wildlife water developments were built in 1946, and since then 

>800 have been constructed (deVos et al. 1997). Several designs have been used, 

including drinkers (cement, metal, or fiberglass troughs supplied by asphalt, metal, or 

fiberglass collection surfaces capable of filling the drinker from one storm), modified 

tinajas (rain- or well-fed rock basins and potholes in impervious granite and basalt), and 

tanks (large depressions in soil or rock that collect and hold precipitation and runoff) 

(deVos et al. 1997, Broyles 1997). Above or below ground water holding tanks that can 

feed the drinker and reduce the need for hauling water have been added at many sites. The 

main purpose of these water developments has been to provide drinking water for game 

species, particularly gallinaceous birds and big game mammals. More recently, water 

developments are thought to be important mitigation against losses of natural waters 

because of agricultural and urban development (Campbell and Remington 1981, deVos et 

al. 1983), and for management and recovery of the endangered Sonoran pronghom 

{Antilocapra americana sonoriensis) (Hervert and Krausman 1986). 

There has been debate over the benefit of water developments for wildlife (Burkett 

and Thompson 1994, Broyles 1995, deVos et al. 1997). Some researchers question 
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whether artificially provided water benefits native wildlife that are adapted to desert 

conditions. Others feel that water developments may actually be harmful, either by 

spreading disease, encouraging exotic species, or increasing predation. There is also 

concern that keeping roads open for water delivery, especially into designated wilderness 

areas, contradicts management goals, creates erosion, and encourages unauthorized 

vehicular traffic. My goal was to investigate how artificial water developments built for 

desert ungulates were being used by and possibly affecting bat species. I selected a 

remote study area in the Sonoran Desert with a long dry season during which the sites I 

monitored offered the only open water available to bats within 18 km^. 

The key resources required by all bat species are roosts, forage, and water 

appropriate to their needs. Which resources limit distribution and population size 

probably vary by species. In arid regions, available surface water for drinking may be a 

limiting factor (Cross 1986). Numerous researchers in the Southwest have noted 

extensive use of natural watering holes and artificial water developments by bats (Jones 

1966, Geluso 1978, Chung-MacCoubrey 1996, Cockrum et al. 1996, Szewczak et al. 

1998), recommending water sites as prime locations for mist netting in any survey of bat 

populations. However, it is not known to what extent most desert bats are dependent on 

drinking water, nor whether any insect-eating desert bats are able to survive in the wild 

without drinking (Carpenter 1969, Happold and Happold 1988). Bats inhabiting desert 

environments may depend on perennial water for survival. Alternatively, bats simply 

may use water opportunistically. Some bats at water sites may not be drinking, but 

foraging on insects in or near the water (Jones and Rayner 1988, Adams 1993). Standing 

water may provide habitat for aquatic insects with winged adult forms, potential forage 

for insectivorous bats. Water developments that modify vegetation (Burkett and 

Thompson 1994) may also alter forage conditions and habitat for bats. 
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In southern Arizona, the hottest and driest months coincide with pregnancy and 

lactation in resident bat species (Hoffineister 1986). Female mammals experience 

increased water demands during these phases of the annual cycle, especially lactation, 

which is considered the most energetically demanding state of mammalian reproduction 

(Kurta 1986). Therefore, available water may limit reproduction or survival of bat 

populations. If bats depend on developed water sites, management of these sites could 

significantly effect bat populations. 

The fundamental population-based question for bats is whether artificially provided 

water influences reproduction, survival rates, or distribution. Historical records are 

insufficient to determine whether bat population ranges or population densities have been 

altered by the placement of artificial water developments. To examine the impact of 

artificial water sites on bat populations, studies must first address how water sites are 

used by bats. I examined bat use of water developments, with a focus on the California 

leaf-nosed bat (Macrotiis californicus), a former federal Category 2 species. This species 

is found only in desert areas of southwestern United States and northwestern Mexico. It 

forms large roosts in caves and mines, is active year round, and usually remains in the 

same general area throughout the year, though short-distance seasonal movements 

between roosts may be made. Although California leaf-nosed bats drink water in 

captivity, previous researchers found scant evidence that this species visits water holes 

and suggested it may not require drinking water, meeting its water needs with preformed 

water fi"om food and metabolic water production (Bradshaw 1961, Bell et al. 1986). 

I selected water developments which were impermeable to leakage, thus isolating the 

effects of the presence of water from effects of vegetation alteration. My study focused 

on 3 water developments during 3 seasons; winter, spring, and summer. Summer 

observation periods were designed to occur after bats had given birth and before onset of 
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summer rains. To determine whether water sites concentrated bat activity, I used bat 

echolocation calls to compare overall bat activity at water sites to activity away from 

water sites. To examine whether bats were feeding or drinking, I photographed bat 

behavior at the water surface and investigated whether tanks produced insects as a 

possible food source. I captured bats at water sites in order to study patterns of water 

visitation for each species with respect to season, sex, and reproductive condition. I 

monitored nearby colonial roosts of the California leaf-nosed bat to examine population 

size, demographics, and movements among sites, and to compare occurrence of the 

species at water sites with known numbers in nearby roosts. 
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STUDY AREA 

My study area was on the 3,480 km- Cabeza Prieta National Wildlife Refuge 

(CPNWR) in southwestern Arizona just north of the United States-Mexico border 

(Fig. 1). The Refuge, over 90% of which is designated wilderness, lies in the Sonoran 

desertscrub biome (Turner and Brown 1994). The Arizona Upland subdivision, 

dominated by saguaro (Carnegia gigantea) and foothill palo verde {Cercidium 

microphyllum), occurred on rocky slopes and bajadas. The less dense vegetation in lower-

relief valleys and mesas was characteristic of the Lower Colorado River Valley 

subdivision, dominated by creosotebush {Larrea tridentata) and white bursage (Ambrosia 

dumosa). These 2 communities often were interspersed. Desert riparian trees along dry 

arroyos, runnels, and washes included blue palo verde (Cercidium Jloridum), netleaf 

hackberry (Celtis reticulata), ironwood (Olneya tesota), mesquites (Prosopis spp.), and 

cat-claw acacia (Acacia greggii). 

Elevations of the study area ranged from 250 to 870 m. Over a half century, mean 

annual rainfall at the nearest weather stations, Ajo and Organ Pipe, was <23 cm (Sellers et 

al. 1985) and bimodal, with localized summer thunderstorms and widespread winter rains. 

Between May 1995 and May 1997, rain gauges in the study area recorded mean annual 

rainfall of 8.8 cm (B. Broyles, Cabeza Prieta rain gauge reports, on file at Refuge 

headquarters). Nighttime temperatures in winter occasionally dropped below 0 °C, 

although they averaged around 6 °C, with daytime temperatures around 20 °C (Sellers et 

al. 1985). Summer temperatures frequently exceeded 38 °C and have been recorded close 

to 50 °C. Temperatures >38 °C occurred May-October, with July the hottest month. 

I studied all operational water developments in and near the Agua Dulce Mountains, 

namely Papago Well, Antelope Saucer, Bassarisc Tank, and Jose Juan Drinker and 

Represo (Fig. 1). The area was isolated from open water sources such as rivers or 
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agricultural canals. The 3 primary study sites, Papago, Antelope, and Bassarisc, met 3 

criteria: (1) each held water in an impermeable tank, thus the water could not leach out to 

modify surrounding vegetation; (2) during the hottest and driest period (generally May-

July) before the onset of summer rains, these water impoundments contained the only 

open water in the study area, enabling me to monitor all water available within an 18 

km^ area; and (3) the area included a population of the California leaf-nosed bat. The 

Agua Dulce Mountains included Agua Dulce Spring, but this small seep, although used by 

some digging animals, was not accessible to bats, which drink on the wing. The nearest 

natural perennial water available to bats was at Quitobaquito Spring on Organ Pipe 

National Monument, >10 km east of the Agua Dulce Mountains and >20 km from the 

California leaf-nosed bat roosts (Fig. I). All of the water units studied were in a region 

free of livestock grazing, although it had occurred in the past. 

Papago Well (270 m elevation) consisted of a windmill, storage tank, and concrete 

drinker on an open creosote flat with scattered saguaros and shrubs (Fig. 2a). The drinker 

sat 12m north of a dry wash lined with riparian vegetation including palo verde and 

ironwood trees. The nearest mountain was 3 km to the east. The rectangular drinker (1 m 

wide X 1.5 m long x 0.3 m deep) had a concrete escape ramp at one end and a wooden 

cover shielding a float valve at the other. When working properly, the float valve 

maintained a water depth of 0.3 m with the surface 0.2 m below the top of the concrete 

wall. This provided 0.75 of uncovered water surface area accessible to visiting 

animals. A well has existed at the site since before 1917 to provide water for miners, 

travelers, and livestock (Bryan 1925). The current drinker was built in 1972, but cattle 

were watered at this site at least as far back as 1939 (CPNWR Narrative Reports, on file 

at Refuge headquarters). Records do not specify when during that time water would have 

been accessible to Avildlife, but old photographs show an open stock tank (B. Broyles, 
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pers. comm.), which would have been accessible to some bat species. During my study, 

the drinker was dry at least twice: in October 1995 while a water line was repaired, and 

again for an unknown period in June 1997 when the windmill broke and the storage tank 

became empty. In each case water was delivered to the unit before I began my field 

session. 

Antelope Saucer (324 m elevation) was a circular fiberglass parabola with a diameter 

of 4.7 m covered by a convex lid to reduce evaporation (Fig. 2a). Installed in 1987, the 

parabola had a water depth of 0.3 m when full and required regular filling fi-om a water 

truck. Two small openings in opposite sites of the lid (0.36 and 0.12 m^) gave wildlife 

access to the water. A roof-support pillar in the center prevented straight-through flight. 

Although the area of water surface in the saucer was 17 m^, available surface area for 

flying bats was considerably less because the low domed lid was only 0.6 m above the 

water surface at the highest point. The tank was located on a creosote-bursage flat with a 

large number of mature saguaros. A breached represo 20 m west of the tank was built in 

1966 and reconstructed in 1987, but never held water (CPNWR Narrative Reports). The 

represo was bordered on north and west sides by a bosque containing large palo verde 

trees and a dense mesquite thicket. Antelope Saucer was about 0.8 km from the nearest 

mountains. The parabola was dry for an estimated 11 days in June 1997 when water 

delivery was delayed; it was re-filled 3 days before my field session. 
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Figure 2a. Papago Well (top) and Antelope Saucer (bottom). 



Figure 2b. Bassarisc Tank. Outer wailed area with shade roof (top) and water tank 
(bottom). Arrow in top picture points to location of tank. 
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Bassarisc Tank (390 m elevation), constructed in 1960, consisted of a rectangular 

concrete tank lining a small cave blasted into bedrock below a small gully that widened 

into a wash below the tank (Fig. 2b). It was walled on 3 sides with a west-facing opening. 

An outer concrete wall surrounded the tank area. Located in the Arizona Upland 

vegetative zone on the rise of a mountain slope, Bassarisc was my highest elevation site. 

The water surface was shaded most of the day by the cave and a shade canopy. The 

bottom of the water storage area (2.2 x 6.15 m) sloped downward from the front edge to a 

depth of >2.5 m. The ceiling of the cave was 1.8 m above the tank. During the study, 

water surface area ranged from 4.5 to >13 m^ depending on water depth. An 

upstream rock wall was designed to direct rain runoff into the tank, but supplemental 

water from a truck was regularly delivered to maintain it through dry periods. During my 

study the tank was sometimes low but never dry. 

Jose Juan Represo (327 m elevation) measured 60 m across when full. Developed in 

1957, it was an earthen tank bulldozed in a natural drainage with artificial berms to guide 

water runoff. Immediately surrounding the represo was a dense ring of mesquite trees 

which gradually thinned into a sparsely vegetated creosote flat. The nearest mountains 

were 4 km away. The represo held water during parts of the rainy season but was dry 

during spring and early summer. During my study, I found water in the represo in 

autumn 1995 and 1996 and in winter 1996; it was dry during all other visits. Jose Juan 

Drinker was a small wildlife guzzler installed in 1994 on an open creosote flat 100 m 

north of the represo. It was fed from a fiberglass storage tank periodically refilled by a 

water truck. When filled, the open water surface in the guzzler measured about 0.5 m^. I 

found it dry in January and June 1996. I refer to the drinker and represo collectively as 

Jose Juan Tank. 
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I use the names Antelope, Bassarisc, Papago, and Jose Juan to refer to the Agua 

Dulce water developments. Water developments are alternatively referred to as water 

sites, water units, or water holes. The terms charco and represo may be used to describe 

a catchment constructed from earth to hold flood water in a pond-like tank dug into the 

ground (Bryan 1925); I chose represo. I use drinker and guzzler interchangeably to 

describe a small open concrete or fiberglass trough used to deliver water to wildlife from a 

larger enclosed storage tank. A wash (as used for echolocation taping sites) is a dry 

channel except immediately after heavy rain. This intermittent influx of water supports a 

zone of vegetation along the wash of higher density than the surrounding landscape. 

The Agua Dulce Mountains contained numerous abandoned mine workings, some of 

which were used by colonial bat species. I regularly monitored 3 mines (Fig. 3). Papago 

Mine (324 m elevation), 2.6 km east of Papago Well, consisted of a 30 m straight adit^ 

ending at a vertical winze^. The structures above the winze were very unstable, making 

dangerous any exploration of the lower level(s) of the mine. Additional smaller mine 

workings were present in the same canyon. Cowboy Mine (354 m elevation), 2.2 km 

west of Bassarisc Tank, consisted of 4 short vertical shafts (about 2.5 m) and 1 shaft at 

least 12 m deep with old wooden cribbing around the top and at least 1 drifts 7 m down. 

The 4 shallow shafts were connected by horizontal drifts about 2 m below the surface, 

one of which opened into the side of the deep shaft. I was able to access the top level of 

underground drifts, but unstable structure discouraged exploration of the deep shaft. 

Bighorn Adit (369 m elevation), located just 1 km from Cowboy, was a single hard-rock 

adit 20 m long with 2 short side drifts about 5 m long. Two small adits uphill and 100 m 

east from Bighorn Adit were also monitored. 

^ Adit = a horizontal passage opening to the surface. 
2 Winze = an internal shaft between levels. 
^ Drift = an internal horizontal side passage. 
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Near the study area were 2 large maternity roosts (32 km and 46 km from Papago 

Well) of the endangered lesser long-nosed bat {Leptonycteris atrasoae), the species had 

also been recorded from the Agua Dulce Mountains (Cockrum and Petryszyn 1991). 

While it is generally assumed that this species meets its water requirements from the 

nectar and fruit that comprise its diet (Carpenter 1969), lesser long-nosed bats have 

occasionally been captured in mist nets at water sources (Cockrum 1981, Cockrum and 

Petryszyn 1986, Hoyt et al. 1994). If the species used developed water sites, such 

behavior could have implications for management of an endangered species. 
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METHODS 

Field work was conducted between May 1995 and August 1997. Animal handling 

procedures followed guidelines of the Institutional Animal Care and Use Committee of 

The University of Arizona (Protocol #95-223) and the American Society of 

Mammalogists (1987), with collecting permits from the Arizona Game and Fish 

Department and the U.S. Fish and Wildlife Service. 

Because bat use of water developments was expected to change seasonally in 

relation to heat stress, reproductive condition, and availability of natural water sources, I 

focused my field work on 3 seasons: winter (Jan-Mar), spring (Apr-May), and summer 

(Jun-Aug), the latter 2 designed to correspond with pregnancy and lactation respectively. 

After the onset of heavy summer rains in July and August, bat activity at water 

developments declines dramatically as drinking water becomes widely available (Jones 

1966, Cockrum et al. 1996). Thus summer sessions were conducted primarily in June and 

early July. 

On most visits I collected data for 3 consecutive nights at each site. I studied bat 

activity at Antelope, Bassarisc, Papago, and Jose Juan water developments during 2 

spring seasons (May 1996 and 1997), 3 summer seasons (Jun/Jul 1995, 1996, and 1997), 

and 2 winter seasons (Jan 1996 and 1997). Jose Juan was not visited in summer 1997. I 

also made abbreviated visits for mist netting in May and October 1995 (all 4 sites), 

March 1996 (Papago), August 1996 (Antelope, Bassarisc, and Papago), November 1996 

(Bassarisc, Papago, and Jose Juan), and March 1997 (Papago). I include the fall season 

capture results in figures and tables. However, due to the small number of sample nights, 

I did not attempt to interpret the fall data and I excluded it from statistical analyses. Field 

nights totaled 90: 24 at Antelope, 25 at Bassarisc, 30 at Papago, and 11 at Jose Juan. 1 

also spent 14 days capturing bats at roosts. 
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Acoustic recording 

To determine whether bats concentrated at waterholes, I used bat vocalizations as 

an index of overall bat activity (Fenton 1970). Levels of bat activity vary greatly, on a 

daily as well as a seasonal basis, in response to weather conditions, prey abundance, 

water needs, or energetic demands (Hayes 1997). Because of high temporal variation 

among nights, large sample sizes are needed to detect small differences in activity levels 

among sites; Hayes (1997) suggested minimum samples of 6-8 nights. However, within-

night activity seems to occur at the same level across a geographic area (Hayes 1997), 

Use of a paired design thus allows same-night comparisons between sites. I compared 

activity at the water tank with a paired, non-water site that was 100-300 tn from the tank. 

I selected this distance to ensure that I could detect preferential use of the sites by the 

same population of bats, yet the 2 detectors would not pick up the same bat call 

simultaneously. 

Because bat distribution tends to be patchy rather than random (Gaisler 1979, Cross 

1986), the paired non-water site was located non-randomly in a nearby wash. A desert 

wash is likely to be used by bats for foraging and as a flight corridor (Brown and Berry 

1991), thus among landscapes surrounding the water units, I expected washes to have the 

highest bat activity. Secondary non-water sites were located at random distance and 

direction between 100 and 300 m from the water unit. I compared wash versus random 

non-water sites to test my assumption that washes had more bat activity than other 

landscape features. 

Studies of bat echolocation activity were conducted at Antelope, Bassarisc, and 

Papago water developments. I recorded bat activity at the water tank and paired dry 

wash site on the first night of a field session and at random non-water sites on subsequent 

nights. At Antelope, which had no nearby wash, the dry "wash" location was a clearing 
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in a densely vegetated mesquite grove where I detected the most bat echolocation activity 

during preliminary nocturnal exploration of the area surrounding the tank. 

The first night of each field visit was used solely for acoustic recording to prevent 

any alteration of bat behavior that might arise fi-om mist netting. Acoustic activity was 

generally recorded for 3 hours each night, beginning 30-60 minutes after sunset. In both 

May and June 1996,1 recorded bat vocalizations for one entire night at each of the 3 sites 

to see whether the first 3 hours constituted a representative sample of night-long activity 

patterns. Because winter bat activity decreased quickly during the evening, perhaps 

related to temperature decline, I did not conduct all-night winter sessions. 

Bat vocalizations were recorded with 2 Pettersson Model D 230 broadband 

ultrasonic detectors and Sony WM D3 stereo cassette recorders. Differences in 

sensitivity occur within bat detector brands as well as between them, and a bat detector 

twice as sensitive as another can potentially sample 8x the area (Waters and Walsh 1994). 

Pettersson adjusted my paired detectors to maximize similarity. To further minimize 

variation, I installed fi^esh batteries and calibrated recording volume for both detectors 

with an electronic ultrasonic tone generator before each recording session. Bat detectors 

were placed vertically at ground level; vegetation in all areas was sparse and open, thus 

unlikely to influence call detection. 

When analyzing the tapes, I counted the number of "bat passes," a series of audible 

clicks from ultrasonic bat vocalizations indicating a bat flight through the acoustic range of 

the detector (Penton 1970). Bat passes are used as a measure of overall activity, not the 

number of individual animals (Fenton 1970), because 10 passes could represent 1 bat 

passing 10 times or 10 bats passing once. I distinguished between the end of one bat pass 

and the beginning of a new one if there was >1 -second pause between 2 series of clicks. 

Using a stop watch, the listener tallied passes in 15-second intervals. When a single bat 
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was present there were rarely more than 4 passes per interval. At times of high activity 

when multiple bats were present simuhaneously, it became impossible to distinguish 

individual passes. After sampling numerous tapes, I developed a conservative protocol to 

use at times when bat calls were too numerous to distinguish: within each 15-second 

sampling period I tallied <6 different passes. I ceased counting at 6 because anything 

beyond that could not be accurately counted, as passes overlapped and became 

indistinguishable. Thus I never tallied >24 bat passes in a 1-minute interval, or 360 in 15 

minutes. The actual number of passes during periods of high activity was probably 

higher. 

Acoustic recordings were compared between each pair of sites for number of bat 

passes per unit time (overall bat activity). I used repeated measures analyses of variance 

(ANOVA; a = 0.05) to test for differences in bat activity between water and non-water 

sites. To isolate effects of interest, I conducted a priori comparison tests between 

selected site and season pairs (Sokal and Rohlf 1995); each test examined 3 contrasts. 

Dififerences between wash and random non-water sites were also analyzed using a 

repeated measures ANOVA. 

I originally planned to identify feeding buzzes on the acoustic tapes to determine 

whether bats were foraging at the water sites rather than drinking. The feeding buzz, 

defined by Griffin et al. (1960) as the terminal phase of echolocation orientation by a 

hunting bat, occurs when the bat nears the insect and consists of a short burst of pulses at 

a very high rate. It proved impossible to distinguish foraging from our tapes because: (1) 

often there was too much background noise or too much bat activity to distinguish a 

feeding buzz; (2) some insects in the area emitted sounds similar to a bat's terminal buzz; 

and (3) bats sometimes made a sound similar to a terminal buzz as they neared the water 

surface. In addition, the species netted in greatest numbers, the California leaf-nosed bat. 
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often does not use echolocation to catch prey, and when it does, does not emit a feeding 

buzz (Bell 1985). The low-intensity calls of this species also are difficult to detect, as 

they carry only a short distance (Fenton and Kunz 1977). However, differences in 

acoustic detectability among species would affect paired sites proportionately and thus 

should not alter my analysis of general acoustic activity. 

Photography 

To determine whether bats were visiting the 3 primary water units to drink water or 

to forage on insects, bat behavior at the water surface was documented with a night vision 

scope (American Eagle Model NVEC-602, Gen 3) attached to a Sony camcorder (Model 

CCD-TRlOl), with near-infrared lights (Kohler Wheat Model 5200, fitted with Melles 

Griot Model RG-780 filters) for illumination. To visually quantify the amount of use 

these sites sometimes received, I sampled a summer videotape recorded at Papago Well, 

summing bat dips to the water in alternate 1-minute intervals for an hour to estimate rate 

of bat passes. At Papago Well, still photographs of bats approaching the water were 

taken using an infrared beam-breaker which triggered a 35 mm camera with attached flash 

unit. 

Aquatic insects 

On an opportunistic basis, I identified aquatic macroinvertebrates at each site to 

examine their potential as a source of bat food. I used dip nets to collect invertebrates 

fi-om the water column and the substrate. Emergence episodes were noted. At Antelope, 

Bassarisc, and Papago during 4 spring and summer field sessions, a floating net trap 

covering 16 cm^ of the water surface was used to capture emerging aquatic insects for 

identification (Davies 1984). Invertebrates were identified to family or higher taxa. 
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Bat captures 

To identify bat species and to determine whether water visitation was correlated 

with particular reproductive, gender, or age classes, bats were captured on the second and 

third nights of each site visit. I trapped bats with mist nets (2 m high 50-denier 2-ply 

nylon) (Kunz and Kurta 1988) placed by the water tank. Captured bats were marked 

(Barclay and Bell 1988), using Lamboumes' anodized flanged aluminum alloy 2.9 mm 

bands for large species and modified Hughes' XF celluloid bands for small species, and 

released. Because California leaf-nosed bats have large propatagia, flanged bands were 

inserted through a small slit made in the propatagium membrane and closed over the 

forearm (Kunz 1996). For each capture, I recorded species, sex, age, reproductive 

condition, weight, and forearm length. Juveniles were identified by conspicuously 

unflised phalangeal epiphyses (Anthony 1988). Pregnant females were determined by 

palpating a fetus. Because this method is unreliable in early stages of gestation, some 

females classified in spring and early summer as non-reproductive may have been gravid. 

Females were classified as lactating if milk could be expressed, and as post-lactating when 

nipples were surrounded by a hairless area but no longer produced milk. I classified 

females with no tactile or visual evidence of pregnancy or lactation as non-reproductive. 

Mist netting began 30-60 minutes after sunset and lasted approximately 4 hours; 

nets were monitored continuously. Many factors can influence mist net capture success, 

including vegetation structure and environmental conditions (e.g., wind, rain, moonlight) 

as well as species and individual differences in flight behavior, visual and acoustic 

resolution (e.g., net detectability), or food and water requirements of the bats (Kunz and 

Kurta 1988). I conducted field sessions near the new moon, but could not control for 

weather factors. 1 examined each species separately to eliminate the effect of differential 

likelihood of capture for diflFerent species. 
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I used differing net configurations as appropriate to each site. Because capture 

success is sometimes improved by ahering mist net configurations and positions on 

successive netting nights (Kunz and Kurta 1988), I varied net placement at some sites. 1 

also netted for differing amounts of time on different visits. After experimenting with 

different net configurations, I used the most successful combinations for all 1997 field 

sessions (Fig. 4). Capture rate was standardized for comparison among nights (Kunz et 

al. 1996b) by using number of bats caught per net-hour (1 net-hour = 1 hour using a net 

5 m long or 0.5 hour with a 10 m net). For each species, I used paired /-tests (a = 0.05) 

to examine for differences in capture rates between males and females. Capture 

differences among seasons were analyzed using an ANOVA followed by a priori 

contrasts. 

I included Jose Juan Tank in the study because it is only 7 km from the Agua Dulce 

Mountains and I could build on data from recent research at the site by Cutler et al. 

(1996). I mist netted the site to see whether marked bats from other sites were found 

there and whether bats banded at Jose Juan were captured at other water sites. However, 

I did not include Jose Juan as a primary study site because the represo did not meet the 

criteria of impermeability but significantly affected surrounding vegetation, creating a 

green oasis and thus confounding comparison between locations with and without water 

at this site. I did not measure bat vocalizations at this site, and capture data from Jose 

Juan were not included in statistical analyses. 
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Figure 4. Diagram of water developments and mist net locations. Not drawn to scale. 
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Roost investigations 

I examined all recorded mine workings within 8 km of Papago Well. I regularly 

monitored bat presence in the 3 active colonial roosts, Papago Mine, Cowboy Mine, and 

Bighorn Adit (Fig. 1), through a combination of daytime visual inspections and evening 

emergence counts (Kunz et al. 1996a). Exit counts were conducted using night-vision 

equipment as described. Emerging bats were counted onto a microcassette recorder, with 

the time noted in 5-minute intervals. I conducted daytime inspections of occupied roosts 

quietly, quickly, and with low light to minimize disturbance and ensure bats did not fly 

from the roost in daylight. Roost temperatures were measured near the ceiling area used 

by roosting bats. While on the study area in winter, I spent some daylight hours 

searching for other possible cave or mine roosts. 

In late July/early August 1995, 1996, and 1997, after juveniles were volant, I banded 

California leaf-nosed bats at each known maternity roost in the study area. I also banded 

California leaf-nosed bats at roosts in April 1996 and January 1997. Roost entrances 

were curtained to prevent bats escaping in daylight, and bats were hand netted with 

45-cm-diameter hoop nets. Bats were housed together in cages inside the mine during 

data gathering. After measurements were completed on each animal, it was released. 

During summer capture events, temperature of the clustering bats inside cages was 

monitored closely and a solar-powered fan was used to maintain safe temperatures. 
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RESULTS 

Acoustic activity 

Tapes recorded on 21 nights with no mist netting were used to quantify bat activity 

at paired water versus dry wash sites (Table 1). Echolocation activity was much higher at 

water than at non-water sites (P < 0.001; Table 2), on average 19 times higher (range 3x-

58x). The degree of difference varied among seasons (P = 0.002) and water developments 

(Antelope, Bassarisc, and Papago) (P = 0.003) but I found no significant interaction of 

season with water development (/•= 0.51; Table 2). Within seasons, bat activity was 

much higher at water than at paired non-water sites in summer (P < 0.001; Table 2) and 

spring (P = 0.011), with a similar trend in winter (P = 0.065). Among water 

developments, Bassarisc had the highest contrast between water and non-water sites 

(P < 0.001; Table 2), Papago second highest (P = 0.001), and Antelope lowest 

(P = 0.048). Thus, although activity levels varied among seasons and sites, in all cases bat 

activity was greater at water than at non-water sites (Fig. 5). Overall, bat activity was 

highest at Bassarisc and lowest at Antelope, and highest in summer and lowest in winter 

(Fig. 5). 

There was one opportunity to measure how removal of a water site affected bat 

activity. Arriving at Papago Well on 26 June 1997 to begin the field session, I found the 

drinker completely dry. I taped acoustic activity that night, then continued with field 

work at Bassarisc while waiting for water delivery to Papago and Antelope (Antelope 

saucer was also dry). I taped again at Papago on 3 July, 4 days after water delivery. On 

both occasions I taped at the paired non-water wash site. In the 3-hour session at the dry 

drinker I recorded 466 bat passes; at the water-filled drinker I recorded 1,946, a 4-fold 

increase. Total bat passes for the 2 nights at the wash site were 250 and 263 

respectively. 
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Table 1. Bat echolocation activity (total bat passes in 3-hour recording period) at water 
developments and paired non-water (wash) sites 100-300 m away, southwestern 
Arizona, 1995-1997. Recordings were during Jan (winter). May (spring), and Jun/Jul 
(summer), beginning 30-60 mins after sunset. 

Antelope Saucer BassariscTank Papago Well 

Season Year Water Non-water Water Non-water Water Non-water 

Winter 96 131 0 2,008 258 418 8 

97 1 0 948 61 2 0 

Spring 96 450 62 2,170 148 1,424 74 

97 260 22 582 56 1,169 970 

Summer 95 708 42 4,378 459 1,638 91 

96 906 271 3,933 167 1,899 40 

97 1,726 68 2,189 38 1,946 263 

Table 2. Differences in bat echolocation activity between water developments and 
paired non-water (wash) sites (repeated measures ANOVA followed by a priori 
contrasts). 

Difference tested 
Test 
statistic® df P 

A. Water vs. non-water overall 60.2 1. 12 <0.001 

B. Among seasons (Spring, Summer, Winter) 11.4 2, 12 <0.01 

B-| Within seasons 

Summer 9.3 12 <0.001 

Spring 3.0 12 0.01 

Winter 2.0 12 0.06 

C. Among sites (Antelope, Bassarisc, Papago) 9.9 2, 12 <0.01 

Ci. Within sites 

Bassarisc 8.9 12 <0.001 

Papago 4.2 12 <0.01 

Antelope 2.2 12 0.05 

D. Interaction of season and site 0.9 4, 12 0.51 

3 F statistic for A, B, C, D; Paired t statistic for B-i and Ci. 
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Figure 5. Bat echolocation activity {+ 1 standard error) at paired water and non-water 
sites at 3 wildlife water developments, southwestern Arizona, 1995-1997. Seasonal 
samples included 2 winter, 2 spring, and 3 summer. 
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During May and June 1996 and June 1997 I recorded bat echolocation activity at 6 

random dry sites at Bassarisc, 6 at Papago, and 5 at Antelope (Table 3). An initial 

analysis showed no site or seasonal effects, so I pooled the data as 9 sets of replicates of 

2 types of non-water location, wash and random. Comparing numbers of bat passes per 

3-hour recording period at random sites (n = 17) with sites selectively located in washes 

(n = 9), I found much higher activity at wash locations (F(2.23) = 8.19, /• = 0.002) 

(Fig. 6). 

Table 3, Total bat passes in 3-hour recording period at non-water locations 100-300 m 
from 3 wildlife water developments. Recordings made in spring and summer 1996 and 
1997, beginning 30-60 mins after sunset. 

Wash sites Random sites 

X SE Range n X SE Range 

Antelope Saucer 3 134 69 62-271 5 13 4 4-24 

Bassarisc Tank 3 118 40 38-167 6 59 10 20-89 

Papago Well 3 126 69 40-263 6 10 3 3-19 

3 n = number of recording nights. 
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Figure 6. Bat echolocation activity at sites without water 100-300 m distant from 3 
wildlife water developments — wash sites compared with randomly selected sites — 
southwestem Arizona, spring and summer, 1996-1997. Values beside bars indicate 
number of samples examined. Note that scale differs from Fig. 4. 

All-night recording sessions in May and June 1996 showed that bat activity at 

water sites was high during the first 3 hours and continued at similar levels throughout the 

night (Fig. 7). 



CO 

B 3 C 
E 
in 

(0 0) 
«A a> 
«A in 
m 
a. 

0) 
E n 
Z 

a, 15 May 1996 - Antelope Saucer 

360^ 

240-

120-
Recording stopped 

19:00 21:00 23.00 1:00 3:00 5,00 

c. 18 May 1996-Papago Well 

360-1 

240-

120-

'rrri O-tTTT 
19:00 5:00 23:00 1:00 3:00 21:00 

e. 12 May 1996 - Bassarisc Tank 

360-, 

240-

120-

TTT 
21:00 23:00 1:00 3:00 5:00 

d. 19 June 1996 - Papago Well 

360-, 

120-

TT " rrrrrri 
19:00 3:00 5:00 21:00 23:00 1:00 

b. 13 June 1996 - Antelope Saucer 

360 

240-

120 

° rrrrrr 
19:00 

rrrr 
3.00 21:00 23:00 1:00 5.00 

f. 16 June 1996 - Bassarisc Tank 

360 

240-

120-

p rrrrri 
19:00 23:00 1:00 3.00 5:00 21:00 
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Photography 

I successfully videotaped bat activity on 2 nights at Papago, 2 nights at Antelope, 

and 1 night at Bassarisc. The tape at Bassarisc showed many bats flying in the tank, but I 

was unable to see behavior at the water surface clearly. At Antelope the tapes confirmed 

that bats entered and exited the covered parabola through the south opening. The clearest 

tapes were filmed at the small, open drinker at Papago. I knew from mist netting that 

nearly all bats using Antelope and Papago were California leaf-nosed bats and California 

myotis (Myotis califomicus). The 2 species were sometimes clearly distinguishable on 

videotape based on overall size, differing flight style, and the big ears of the California 

leaf-nosed bat. The only species recorded in still photographs was California myotis. 

Although the videotapes taken through night vision devices had insufficient 

resolution to confirm that bats were lapping water, at times their extended jaws were 

visible. Indirect evidence also suggested they were drinking; bats could be seen repeatedly 

following a consistent flight pattern in over the rim, dipping to touch the water, and lifting 

to clear the other side. Dozens of identical approach flights with water rippling out from 

the same spot each time suggested repeated passes to drink, because if foraging on aquatic 

insects, flight patterns would vary in pursuit of prey. During a sampled hour at Papago 

Well on 24 June 1995, California leaf-nosed bats dipped to the water surface at a rate of 

>1,000 passes per hour (,r = 17.8 per minute, SE = 1.6, range = 2-34). 

Aquatic insects 

In observations at Papago Well drinker between 1995-1997 (10 visits), the only 

aquatic macroinvertebrates found were larvae and pupae of 2 families of flies (Diptera): 

mosquitoes (Culicidae) and non-biting midges (Chironomidae). Midges were most 

frequent (Appendix A). Antelope Saucer (9 visits) and Bassarisc Tank (10 visits) 
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contained these 2 families as well as minute (1-2 mm) microcrustaceans (Crustacea) and 

surface-dwelling water striders (Hemiptera: Veliidae). Also found in Antelope Saucer 

were backswimmers (Hemiptera: Notonectidae) and 2 types of beetles (Coleoptera); 

predaceous diving beetles (Dytiscidae), and burrowing water beetles (Noteridae). Midges, 

mosquitoes, and microcrustaceans were found in the guzzler at Jose Juan (3 visits). When 

it held water, Jose Juan Represo contained a multitude of invertebrates, only a few of 

which were collected. These included mayfly nymphs (Ephemeroptera), dragonfly 

nymphs (Anisoptera), backswimmers, water boatmen (Hemiptera: Corixidae), predaceous 

diving beetles, scavenger beetles (Hydrophilidae), and soldier fly larvae (Stratiomyidae). 

Aquatic invertebrates were only identified to family or higher taxonomic group, so 

number of species was certainly higher. Specimens were deposited with the University 

of Arizona Insect Research Collection, 

Only midges were captured in the floating net trap, no more than a half dozen in a 

night. During visual observations of the 3 sites at dusk, the greatest numbers of midges 

seen emerging at a time were at Papago drinker. On occasion this site produced small 

swarms which hovered above the drinker. Emergence episodes appeared to peak between 

sunset and darkness. Midges and mosquitoes were the only insects found at these sites in 

sufficiently large numbers (thousands of larvae) to produce an emergent swarm that might 

attract bats. During field sessions which followed periods when a water unit had gone 

dry (October 1995 at Papago, July 1997 at Papago and Antelope), these tanks were 

devoid of any visible aquatic invertebrates. 
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Bat captures 

Between April 1995 and August 1997,1 captured 2,867 bats in the Agua Dulce 

Mountains, 1,153 at water developments during 68 nights (794 net-hrs) of mist netting 

(Tables 4-8, Appendix B), and 1,714 at roosts (Table 9; Appendices C-D), At roosts, 

1,615 captures were California leaf-nosed bats and 99 were lesser long-nosed bats. The 

majority of captures at water sites were: California leaf-nosed bat (41%), California 

myotis (29%), western pipistrelle (Pipistrellus Hesperus, 16%), and pallid bat (Antrozous 

palUdus, 13%); each of these species occurred year round. Western pipistrelles were 

found only at Bassarisc Tank; the other 3 species visited all sites, although nearly 80% of 

pallid bat captures were at Bassarisc. I captured 3 lesser long-nosed bats in nets near 

water tanks, 2 at Bassarisc and 1 at Antelope. Highest species richness was at Jose Juan, 

with 7 species netted; California myotis, California leaf-nosed bat, pallid bat, pocketed 

free-tailed bat {Nyctinomops femorosaccus), silver-haired bat {Lasionycteris nociivagans), 

Mexican free-tailed bat (Tadarida brasiliensis), and big brown bat {Eptesicus fusats) 

(Table 4). In October 1994, Cutler et al. (1996) captured a hoary bat {IjJsiurus cinereus) 

at this site, thus 8 bat species were recorded at Jose Juan between 1994-1997. 
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Table 4. Bats^ captured In mist nets at wildlife water developments, Agua Dulce 
Mountains, Cabeza Prieta NWR, southwestern Arizona, 1995-1997. 

Sites^ 

Species Antelope Bassarisc Jose Juan Papago Totals 

Califomia leaf-nosed bat 118 176 20 156 470 

Califomia myotis 48 210 24 53 335 

Westem pipistrelle 0 184 0 0 184 

Pallid bat 10 118 13 9 150 

Pocketed free-tailed bat 0 0 7 0 7 

Lesser long-nosed bat 1 2 0 0 3 

Silver-haired bat 0 0 2 0 2 

Mexican free-tailed bat 0 0 1 0 1 

Big brown bat 0 0 1 0 1 

Totals 177 690 68 218 1,153 

3 Appendix B contains a breakdown of these captures by age and sex. 
''Antelope = Antelope Saucer, Bassarisc = BassariscTank, Jose Juan = Jose Juan 

Represo and Drinker, Papago = Papago Well. 
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Table 5. Captures of California leaf-nosed bats at wildlife water developments, Cabeza 
Prieta NWR, southwestem Arizona. 

Water sites® 

Year Month Antelope Bassarisc Jose Juan Papago Totals 

1995 May 3 9 2 6 20 

Jun/Jul 38 27 0 27 92 

Oct 1 6 4 6 17 

1996 Jan 0 4 0 0 4 

May 2 7 1 5 15 

Jun/Jul 5 27 0 1 33 

Aug 30 14 49 93 

Nov 15 10 18 43 

1997 Jan 5 1 1 0 7 

May 4 11 2 7 24 

Jun/Jul 30 55 31 116 

Totals 118 176 20 156^' 470 

^ Antelope = Antelope Saucer, Bassarisc = Bassarisc Tank, Jose Juan = Jose Juan 
Represo and Drinker, Papago = Papago Well. 

This total Includes 6 additional California leaf-nosed bats captured in visits to 
Papago Well in Mar 1996 (n = 2) and Mar 1997 (n = 4). 
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Table 6. Captures of California myotis at wildlife water developments, Cabeza Prieta 
NWR, southwestem Arizona. 

Water sites® 

Year Month Antelope Bassansc Jose Juan Papago Totals 

1995 May 3 24 1 7 35 

Jun/Jul 2 12 2 2 18 

Oct 0 0 0 0 0 

1996 Jan 6 38 6 6 56 

May 4 10 2 2 18 

Jun/Jul 21 77 2 10 110 

Aug 4 6 6 16 

Nov 8 10 0 18 

1997 Jan 0 6 0 0 6 

May 0 4 1 0 5 

Jun/Jul 8 25 1 34 

Totals 48 210 24 53b 335 

^ Antelope = Antelope Saucer, Bassarisc = Bassarisc Tank, Jose Juan = Jose Juan 
Represo and Drinker, Papago = Papago Well. 

'^This includes 19 additional California myotis captured in visits to Papago Well in 
Mar 1996 {n = 14) and Feb 1997 (n = 5). 
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Table 7. Captures of pallid bats at wildlife water developments, Cabeza Prieta NWR, 
southwestern Arizona. 

Water sites^ 

Year Month Antelope Bassarisc Jose Juan Papago Totals 

1995 May 0 1 0 0 1 

Jun 0 11 6 0 17 

Oct 0 3 2 0 5 

1996 Jan 0 17 0 1 18 

May 0 5 1 0 6 

Jun/Jul 3 31 2 3 39 

Aug 2 16 2 20 

Nov 6 0 0 6 

1997 Jan 0 3 0 0 3 

May 2 1 2 0 5 

Jun/Jul 3 24 3 30 

Totals 10 118 13 9 150 

® Antelope = Antelope Saucer, Bassarisc = Bassarisc Tank, Jose Juan = Jose 
Juan Represo and Drinker, Papago = Papago Well. 



Table 8. Captures of western pipistrelles at Bassarisc Tank^, 
Cabeza Prieta NWR, southwestern Arizona. 

Year Month Number captured 

1995 May 8 

Jun 30 

Oct 8 

1996 Jan 14 

May 2 

Jun/Jul 69 

Aug 32 

Nov 6 

1997 Jan 3 

May 0 

Jun/Jul 12 

Total 184 

3 Of 4 water developments studied, pipistrelles were 
captured only at Bassarisc Tank. 
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Table 9. Captures^ of California leaf-nosed bats at 3 roosts, Cabeza Prieta NWR, 
southwestern Arizona. 

Papago Mine Cowboy Mine Bighorn Adit Totals 

May 1995 2 0 5 7 

Jul 1995b 106 107 0 213 

Jan 1996 13 0 58 71 

Apr 1996^ 181 0 30= 211 

Aug 1996^ 168 205 0 373 

Nov 1996 32= 32 

Jan 1997t> 224 270^ 494 

Jun 1997 21 21 

Aug 1997b 162 31 193 

Totals 877 343 395 1,615 

3 Appendix C contains a breakdown of these captures by age and sex. 
^ On these occasions I endeavored to capture the highest possible proportion of bats 

present in roost. 
^ All bats present in this roost on this date were captured. 
^ Of these, 38 had been captured at Papago Mine the previous day, thus I captured 

456 individuals in roosts in Jan 1997. 

To estimate time of parturition for the 4 species which used the primary water 

sites, I examined earliest capture dates for lactating females (Table 10). California myotis 

gave birth by mid-May and pallid bats and western pipistrelles by late May, but no 

lactating California leaf-nosed bats were netted before mid-June. Because each field 

season was scheduled to coincide with the new moon, spring and summer field sessions 

fell during different parts of May and June each year (Table 10). Thus for California 

myotis, my only field session that fell wholly during pregnancy was in May 1997 

because most females were already lactating during the May sessions in 1995 and 1996. 

During the June session in 1996 I discovered I was too early to catch lactation for the 

California leaf-nosed bat, leading me to schedule additional field work for early August. 
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Table 10. Capture dates of lactating females of 4 bat species at water developments, 
southwestern Arizona, 1995-19973. 

Species Earliest lactating Latest lactating First post-1 actating 

Califomia myotis May 13 Aug 9 Jun 17 

Westem pipistrelle May 27 Aug 10 Jun 29 

Pallid bat May 27 Jul 4 Jun 19 

Califomia leaf-nosed bat Jun 17 Aug 11 Jul 29 

^ Dates of spring and summer capture sessions (3 water sites, 3 roosts); 
1995; May 26-28, Jun 21-30, Jul 1-3, Jul 29-30 
1996: May 12-20, Jun 14-22, Jun 29, Aug 3-4, Aug 9-11 
1997: May 2-8, Jun 28-30, Jul 1-5, Aug 2-3 

Only at Bassarisc did I use the same net size and placement throughout the study 

(Fig, 4). I also captured the greatest numbers of bats at Bassarisc Tank in all seasons: 

during summer, average number of bats netted per hour (8 nights) ranged from 12 to 24 

(x= 20). Bassarisc was the only site visited by the western pipistrelle. For these 

reasons I show capture rates for Bassarisc alone (Fig. 8) as well as for Bassarisc, 

Antelope, and Papago combined (Fig. 9). The same patterns can be seen in both figures, 

with capture rates highest in summer and proportions of females to males varying by 

season and species. 

I examined gender and seasonal capture patterns for each species separately. 

Although I did not distinguish between adults and juveniles for the Califomia myotis and 

westem pipistrelle, a balanced sex ratio is likely among newborns, therefore juveniles 

should not influence gender patterns. Also, juvenile females would be classified as 

nonreproductive. During June-August, only 9 of 133 female myotis and 1 of 75 female 

pipistrelles captured were nonreproductive (Appendix B), suggesting that juveniles made 

up at most a small portion of captures of these 2 species. 
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Figure 8. Mean number of bat captures per net-hour at Bassarisc Tank, 1995-1997. Bats 
classified as juveniles or with sex unknown are not included. Values above bars 
indicate number of individuals captured. Sampling was conducted during Jan (winter), 
May (spring), Jun-Aug (summer), and Oct-Nov (fall). Total number of mist netting nights 
at Bassarisc were 17; 4 winter, 3 spring, 8 summer, and 2 fall. 
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Figure 9. Mean number of bat captures per net-hour at 3 water developments, 
southwestern Arizona, 1995-1997. "Juv/Unk" = bats classified as juveniles or as sex 
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I examined capture rates at each water development separately and at all 3 

combined. Because similar trends were found among the sites, I report the results of the 

combined-site tests for seasonal differences between the sexes (Appendix E) and within 

each sex (Appendix F) respectively. For the California leaf-nosed bat, I captured more 

females than males in summer {P = 0.01), but had a much lower capture rate of females 

than males in spring {P < 0.001). In winter I found no difference between sexes 

(J* = 0.436). Female California leaf-nosed bats were captured at higher rates in summer 

than in winter {P = 0.003) or spring {P = 0.007), with no difference noted between winter 

and spring {P = 0.92). In contrast, I captured males at higher rates in summer than winter 

{P = 0.005) and in spring than winter {P = 0.046), but found no difference between 

summer and spring (P = 0.564). 

For the California myotis, I captured females at higher rates than males in summer 

{P = 0.001), with a similar trend in spring {P = 0.059). I found little difference between 

males and females in winter {P = 0.209). Within each gender I found few strong 

differences among seasons for this species (Appendix F), although I generally had lowest 

capture rates of females in winter. In contrast, capture rates of males were lowest in 

spring (Fig. 9). 

For western pipistrelles, I found no strong difference in capture rates between males 

and females in any season (Appendix E). For both sexes, captures were much higher in 

summer than in spring or winter (Appendix F). 

For pallid bats, I captured more females than males in both summer {P = 0.001) and 

spring (jP = 0.034), but found no difference in winter (P = 0.621). Examining seasonal 

captures for each gender separately, I found a distinct diflFerence between males and 

females. I captured female pallid bats at a higher rate in summer than in spring 
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(/• = 0.002) or winter (P = 0.005), but captured males at a higher rate in winter than in 

summer {P = 0.033) or spring {P = 0.029). 

To determine whether higher capture rates were correlated with higher mass, I 

examined body weights of males and females in each season (Table 11). In California leaf-

nosed bats, females weighed 8% more than males at water sites in spring {P = 0.028), but 

in summer males were 2-3% heavier than lactating females {P = 0.004). Female California 

myotis were 15% heavier than males in spring (f = 0.002) but not significantly different 

in summer {P = 0.052) or winter (P = 0.214). Among pipistrelles, females were 23% 

heavier than males in summer {P < 0.001) and 18% heavier in winter (P = 0.006). 

Because I captured only 1 female pipistrelle (lactating) during spring sessions, I could not 

analyze this season. Among pallid bats, I found no difference between male and female 

weights in summer {P = 0.342), but females weighed 48% more than males in spring 

(P < 0.001) and 11% more in winter (P = 0.02). 



53 

Table 11. Weights (g) of male and female bats compared within each season. Unless 

otherwise noted, bats were captured at water developments. 

Species Season 

Females 

n 

Males 

n X  t SE 

California leaf-nosed bat Spring 

(adults only) Summer 

Winter 

Roost 
Spring 

Roost 
Summer 

Roost 
Winter 

3 14.7 

152 13.1 

5 12.6 

117 12.6 

261 12.5 

323 13.6 

52 13.5 

90 13.5 

10 13.9 

94 12.5 

214 12.7 

197 13.9 

2.20 

-2.90 

-1.57 

0.24 

-1.94 

-2.77 

0.56 

0.12 

1.00 

0.13 

0.09 

0.08 

0.03 

<0.01 

0.14 

0.81 

0.05 

0.01 

Califomia myotis Spring^ 45 4.5 9 3.9 3.58 0.16 <0.01 

Summer 130 4.1 25 4 1.95 0.09 0.05 

Winter 52 4.2 28 4.1 1.24 0.12 0.21 

Westem pipistrelle Spring 1 4.1 8 3.3 

Summer 60 4.2 54 3.4 10.3 0.08 <0.001 

Winter 11 4.5 6 3.8 2.80 - 0.22 <0.01 

Pallid bat Spring 9 18.7 3 12.6 6.42 0.95 <0.001 

(adults only) Summer 70 15.4 7 14.8 0.95 0.56 0.34 

Winter 11 15 9 13.5 2.36 0.64 0.02 

^ Of 45 female California myotis captured in spring, 40 were lactating. 
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Roost investigations 

Papago Mine and Cowboy Mine had prior records of California leaf-nosed and 

lesser long-nosed bats (Cockrum and Petryszyn 1991, Howell 1993). I checked Papago 

Mine in all months except September-November and always found California leaf-nosed 

bats present. During some winter visits they were in evidence only from emergence 

counts, not visual inspection; apparently they roosted in the inaccessible parts of the 

mine. In summer large numbers roosted in the upper adit. From 9 emergence counts I 

estimated about 500 bats exiting Papago Mine in winter and 200-300 in summer 

(Table 12). 

Number of bats captured in each roost session (Table 9) reflected my capture 

success, not the total number of bats present. However, I think sex ratios were likely 

representative of the roost population. Captures of adult California leaf-nosed bats at 

Papago Mine averaged 1:1 males to females (50% F) (Fig. 10; Appendix C). 

Cowboy Mine and Bighorn Adit were >7 km from the public road, so could only be 

checked during regular field sessions when I was limited to daytime censuses. I generally 

found Cowboy Mine occupied in summer and Bighorn Adit in winter (Fig. 10), and many 

individuals were captured at both sites. I captured as many as 205 California leaf-nosed 

bats in a single session in Cowboy Mine (Table 9). I was unable to access most parts of 

this site so rarely captured the majority of bats present, but estimated a summer 

population of 200-300. Captures of adult California leaf-nosed bats at Cowboy Mine 

averaged 1:2.8 males to females (73% F) (Fig. 10; Appendbc C). 
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Table 12. Counts^ of California leaf-nosed bats exiting from Papago Mine, Agua Dulce 
Mountains, southwestern Arizona, 1995-19973. Asterisk indicates emergences 
considered incomplete due to weather conditions, a shortened count period, or 
observation of large numbers of bats remaining in mine after count ended. Counts in 
May-Aug may have included some lesser long-nosed bats. 

Date Papago Mine Observations 

13 Jan 96 321* May have been incomplete, so back in Feb for another count. 

3 Feb 96 461* Estimated 50 still inside. 

11 May 96 188* Count interrupted by rattlesnake; probably incomplete. 

20 Jun 96 202 

2 Aug 96 278 

31 Dec 96 488 

1 Jan 97 299 

27 Feb 97 132* Very windy; many probably stayed in. 

1 Aug 97 133* Incomplete count due to trouble with recording equipment. 
Next day captured 170 in Papago Mine and discovered 
additional bats in uphill adits. 

^ These nnust be considered minimum numbers, as I cannot assume all bats elected 
to leave the roost during the count period. Bats were observed with infrared night-vision 
equipment as they emerged from the nnine. Bats re-entering were subtracted from bats 
departing to derive the total count. 

Due to its simple structure and complete accessibility. Bighorn Adit was the only 

roost where I could be assured of capturing all bats present. Though I usually found 

<100,1 captured 270 bats there in January 1997 (Table 9). Of these, I had captured 38 at 

Papago Mine the previous day, and the high number of bats in Bighorn may have been a 

reaction to my disturbance of the Papago roost (i.e., bats moved from Papago to Bighorn). 

Captures of adult California leaf-nosed bats at Bighorn Adit averaged 1:2 males to females 

(67% F) (Fig. 10). For all roosts combined, captures of adult California leaf-nosed bats 

averaged 1:1.7 males to females in winter (64% F) and 1; 1.2 (55% F) in summer. 
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Figure 10. Adult California leaf-nosed bats captured at 3 roosts during winter (Jan), 
spring (Apr), summer (Jul-Aug), and fall (Nov), Agua Dulce Mountains, southwestern 
Arizona, 1995-1997. 
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I re-examined the water site sex ratios in light of the demographics of the California 

leaf-nosed bat population at roosts. Females comprised only 11% of the captures at the 

3 water sites in spring (Table 13), contrasting with their >50% ratio at roosts year round. 

In summer, females comprised a smaller percent of the catch at Antelope (71%) and 

Bassarisc (63%) than at Cowboy Mine (73%), but a larger percent of the catch at Papago 

Well (61%) than at Papago Mine (43%), When overall summer captures at water sites 

and at roosts are compared, females comprised a larger portion of the catch at water 

(65%) than at roosts (55%). 

I surveyed all mme workings cited in Miller and Jet (1979) and Howell (1993) 

within 8 km of Papago Well. On several occasions I found small numbers (estimated <25) 

of California leaf-nosed and lesser long-nosed bats using 2 adjoining adits 100 m east of 

Bighorn Adit as a day roost. Howell (1993) also noted small numbers of California leaf-

nosed bats in those nearby adits. All other mine workings examined were unsuited as bat 

habitat. I did not survey the eastern end of the Agua Dulce Mountains, but Howell 

(1993) found no sites suitable for bats in her survey of mine claims in that region. 

I did discover a new roost at the end of the project. The Papago Mine complex 

(Fig. 3) included an unstable shaft outside the main entrance and, uphill from the mine, a 

small adit 0.5-m-deep in cholla joints and 2 other back-filled workings that appeared to 

offer little bat roosting habitat. However, as I was processing captured bats in Papago 

Mine during the last field session in August 1997, some California leaf-nosed bats 

appeared near dusk from outside the curtained entrance, and I followed them. Uphill 

20 m from Papago Mine I saw bats fly into a previously unnoticed narrow crack (15 cm 

high X 50 cm long) under a rock ledge at the base of a shallow collapsed shaft. The crack 

opened into an adit. The floor was a meter below the slit, the chamber 2.5 m wide, and it 

went back 5 m before disappearing from sight. The adit entrance had been back-filled, but 
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the narrow slit allowed bat access. I named this site PMA2 (Fig. 3). At the same time I 

found bats flying in the cholla-filled L-shaped adit (PMA3; Fig. 3) at the summit of the 

saddle above Papago Mine, the rear part of which was out of view. Possibly PMA2 and 

PMA3 are interconnected and may connect underground to a lower level of Papago Mine 

itself I netted 23 California leaf-nosed bats in the double-ended tunnel at PMA2, of 

which 18 were adults, 1 male and 17 (94%) females. Among the captures in the main adit 

of Papago Mine on the same day, only 43% of the adults captured were female. This 

may indicate some sexual segregation in different parts of the Papago Mine complex. 

Table 13. Percent females among adult California leaf-nosed bats captured at water 
developments, southwestern Arizona, 1995-1997. 

Number of Number of Percent 
Site Season nights bats female 

Antelope Winter 2 3 67 

Spring 4 9 13 

Summer 8 87 71 

Bassarisc Winter 3 5 40 

Spring 4 27 19 

Summer 8 114 63 

Papago Winter 2 6 17 

Spring 5 18 0 

Summer 6 94 61 

Combined sites Winter 7 14 36 

Spring 13 54 11 

Summer 22 295 65 
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Nearly all female California leaf-nosed bats reproduced each year: of adult females 

(/; = 268) examined in roosts during all mid-summer capture sessions, 94% were lactating 

and 1% post-lactating, thus 95% had offspring that season; 95% of 188 adult females 

captured at water sites in June-August were also gravid, lactating, or post-lactating. In 

June 1996 few California leaf-nosed bats were captured at water sites compared with 

June 1995 (Table 5). I suspected that parturition occurred later in this population in 

1996 than in 1995, which might account for the low capture numbers. Evidence to 

support the theory of a later parturition date was found in the weights of juveniles during 

the summer roost visits, which occurred between 29 July and 4 August in all 3 years 

(Table 14). Weights of juveniles were not different between 1996 and 1997 (/(i, 205) 

= 0.033, P = 0.856), so I lumped those years and compared them with 1995. Juvenile 

weights were much higher in 1995 than the 2 subsequent years (f(i, 297) = 141.7, 

P < 0.001), suggesting the majority of births occurred earlier in 1995 than the following 2 

years. Numbers of California leaf-nosed bats captured in August 1996 at the 3 water 

sites near the maternity roosts were more comparable to the post-parturition numbers 

found in late June 1995 (Table 5). 

Table 14. Mean (jc) weights (g) of juvenile California leaf-nosed bats captured in Papago 
and Cowboy Mines at the end of July for 3 consecutive years. 

Year n X SE Range 

1995 92 10.66 0.12 7.0-12.6 

1996 120 9.24 0.07 7.1-11.0 

1997 87 9.22 0.11 6.2-12.0 

Recaptures 

I banded 1,268 California leaf-nosed bats, 156 California myotis, 127 pallid bats, 

and 72 western pipistrelles. (The 2 smaller species, myotis and pipistrelles, were not 
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banded during all field sessions.) Excluding bats banded during the final field session with 

no opportunity for recapture, 564 individuals were recaptured at a later date (Table 15). 

Of California leaf-nosed bats banded, 46% were recaptured, some several times. I 

examined the number of this species captured at each possible pair of sites (Table 16). I 

captured 31 individual leaf-nosed bats at 2 different water sites and 183 at 2 different 

roosts. Of the 666 individual California leaf-nosed bats captured at Papago Mine, 127 

(19%) were also captured at a water site, 78% of those at nearby Papago Well. Of the 

562 separate individuals captured at Cowboy Mine or Bighorn Adit, 211 (38%) were also 

captured at water, 61% of them at nearby Bassarisc Tank. I captured 79 California leaf-

nosed bats >18 months after initial capture. During the final summer of 1997, 26 of the 

leaf-nosed bats captured had been banded initially >24 months previously. 

My second highest recapture rate was for western pipistrelles: 22%, fairly evenly 

split between males and females (Table 15). Of the 14 recaptured western pipistrelles, I 

n e t t e d  1  o n e  y e a r  a f t e r  i n i t i a l  b a n d i n g  a n d  2  t w o  y e a r s  l a t e r .  T w o  p i p i s t r e l l e s  ( 1  M ,  I F )  

were captured in both summer and winter. I recaptured 15% of banded pallid bats. Most 

pallid recaptures were at Bassarisc, but I netted a juvenile female at Papago and Bassarisc 

on consecutive nights, and an adult female at Bassarisc and Jose Juan 1 month apart. I 

recaptured 5 pallid bats 1 year after banding and 2 individuals 2 years after initial capture. 

Four pallid bats (1 M, 3 F) were captured at Bassarisc in both sununer and winter. I 

netted 1 female 5 times at Bassarisc during 3 summers and both winters; she was lactating 

all 3 summers. Only 5% of banded California myotis were recaptured, all females 

(Table 15). Of these, I captured 3 at both Bassarisc and Antelope , 2 of those a year 

apart. The remaining myotis recaptures were at Bassarisc, 2 of them 17 months apart. 
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Table 15. Recaptures of bats banded in water hole study, Cabeza Prieta NWR, 
southwestern Arizona, 1995-1997. 

Species Sex 
Number 
banded^ 

Number 
recaptured 

Percentage 
recaptured 

California leaf-nosed bat^ F 674 290 43 

M 481 236 49 

Western pipistrelle F 35 8 23 

M 28 6 21 

Pallid bat F 83 12 14 

23 4 17 

California myotis F 107 7 6 

M 26 0 0 

Totals 1,457 564 39 

^ Does not include 166 bats banded during the final field session, which had no 
opportunity for recapture during this study. 

^ Includes captures at roosts as well as water developments. 

If I exclude all roost captures, 392 individual California leaf-nosed bats were netted 

at the 4 Agua Dulce water sites before the final netting session, 51 of them more than 

once, evenly divided between males and females. Thus if I had not gone to roosts, I 

would have seen only a 13% recapture rate for this species, lower than both pipistrelles 

and pallid bats. 

I examined recaptures of California leaf-nosed bats for evidence of roost fidelity. Of 

individuals captured at Papago Mine, 25% were recaptured at a later date in the same 

roost and 14% at Cowboy Mine or Bighorn Adit (Table 16). Of individuals captured at 

Cowboy Mine and Bighorn Adit, 24% (133) were later recaptured at either Cowboy or 

Bighorn, and 15% (86) were captured at both of these roosts. In Bighorn Adit I captured 

24 individuals in both January 1996 and 1997, 8 bats in both April 1996 and January 

1997, and 22 in both November 1996 and January 1997. During the summer sessions at 
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Cowboy Mine, 19 individuals were captured in both summer 1995 and 1996, 5 in 1996 

and 1997, and 3 in 1995 and 1997; one of these was captured all 3 summers. 

Table 16. Movements of California leaf-nosed bats indicated by recaptures among 4 
water developments and 3 roosts, southwestern Arizona, 1995-1997. Bats captured at 
>2 sites are counted for each pair of sites. Total number of banded individuals captured 
at each site is shown in parentheses. Bold numbers are number of individuals captured 
more than once at a given site. 

Water developments Roosts 

Antelope Bassarisc Jose Juan Papago 
Saucer Tank Tank Well 

Bighorn Cowboy Papago 
Adit Mine Mine 

Antelope Saucer 
(106) 

Bassarisc Tank 
(154) 

Jose Juan Tank 
(19) 

Papago Well 
(139) 

Bighorn Adit 
(335) 

Cowboy Mine 
(323) 

Papago Mine 
(666) 

9 20 0 

3 

0 

5 

3 

0 

12 

26 

69 

30 

59 

50 86 

23 

99 

66 

25 31 

165 

I do not know how far California leaf-nosed bats traveled nightly to drink or forage. 

Each of the 3 primary water sites was within 2-3 km of either Cowboy or Papago Mine. 

Over half of the 51 individuals captured more than once at water sites were netted at 2 

different water developments. Of 19 banded California leaf-nosed bats captured at Jose 

Juan (Table 16), 13 were captured elsewhere, all at Cowboy Mine or Bighorn Adit. I 

captured 5 of the 13 at both roosts, and 3 at both a roost and Bassarisc Tank. One of 
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these I netted on consecutive nights in November 1996 at Jose Juan Tank and Bassarisc 

Tank, a distance of 10 km apart. In January 1997,1 saw a California leaf-nosed bat 

wearing a green band among a colony of about 200 in a mine at the south end of the 

Growler Mountains on the Refuge. My bands were color coded, green for water sites, red 

and gold for roosts. Jose Juan, my nearest water site, was I km from this mine, which is 

the minimum distance that individual had traveled. The longest individual movements I 

recorded were 2 females. One was banded by another researcher at a water hole in the 

Sauceda Mountains in July 1996 (A. J. Kuenzi, University of Arizona, unpubl. data), 

which I captured in Bighorn Adit in January 1997; the distance between the 2 sites is 

about 75 km. The other, banded in Bighorn in January 1997, was captured at a mine in 

the Sand Tank Mountains in March 1999 (V. M. Dalton, unpubl. data); the distance 

between the 2 sites is about 95 km. 

Lesser long-nosed bats 

I captured 103 lesser long-nosed bats. I mist netted 2 lactating females at Bassarisc 

Tank, a gravid female at Antelope Saucer, and a non-reproductive female in a net across a 

wash near Bassarisc (Table 4, Appendix D). The California leaf-nosed bat roosts I 

studied also contained small colonies of lesser long-nosed bats (Appendix D). On several 

occasions at Papago Mine I saw juvenile lesser long-nosed bats at early stages of 

development, indicating they were bom on site, and I captured lactating females. While 

hand netting California leaf-nosed bats for banding I also captured and released 74 lesser 

long-nosed bats (20 adult F, 26 juvenile M, 28 juvenile F) at Papago Mine in August 1996 

and 21 lesser long-nosed bats (1 aduh F, 11 juvenile M, 9 juvenile F) in August 1997. At 

Cowboy Mine I captured 4 juveniles (1 M, 3 F) in August 1996. Captured juveniles 

were full-sized and volant. 
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DISCUSSION 

Bats visited artificial water developments year round, with highest activity in 

summer. There was no evidence that these sites produced much food for insectivorous 

bats. The 3 tanks studied created no vegetation increase over the surrounding landscape, 

therefore no concentration of non-aquatic insects. Although by day all sites were used by 

honey bees {Apis mellifera), I saw no evidence that water was visited by nocturnal insects 

which bats might hunt. The small swarms of midges and mosquitoes the tanks produced 

may have been hunted by a few myotis and pipistrelles, but would not account for the 

intense visitation rate seen at Bassarisc, nor the flight behavior of myotis within the tight 

confines of Antelope Saucer. Both California leaf-nosed and pallid bats forage on larger 

insects, 20-70 mm in length (Ross 1967). Also, bat visitation remained high when the 

tanks, having been re-filled recently after being dry, had not been repopulated yet by 

aquatic insects (Papago, Oct 1995; Papago and Antelope, Jul 1997). Visual and 

photographic observations of bats' behavior at the water surface and their flight paths in 

the tanks, as well as sampling of aquatic insects, supported the conclusion that bats were 

visiting these water sites to drink, not to feed on insects. 

The prediction that dry washes would have the highest bat activity away from 

water was supported by the comparison of random sites with wash sites. I confirmed 

that water sites concentrated bats, with echolocation activity much greater at water than 

away from water in all seasons. 

From recaptures I can make some inferences about my study populations. For 

California leaf-nosed bats, pallid bats, and western pipistrelles, captures of both male and 

female individuals at water both summer and winter suggested that at least some of the 

local bat community remained in the area year round. I had no evidence addressing the 

question for California myotis. Other than pipistrelles, which only visited Bassarisc, I 
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netted >2 individuals of the other 3 species at >1 of the water sites, indicating some range 

of movement across the study area. Activity of all species was likely highest at Bassarisc 

due to proximity to roosts, especially for crevice dwellers (California myotis, western 

pipistrelle, and pallid bat; Barbour and Davis 1969). 

Having found these 4 desert bat species drinking from water tanks year round, I can 

consider what their visitation patterns suggest about the possible importance of 

developed water sites to desert bat populations. With no means of comparing bat 

populations in the area today with those before water developments, I must evaluate my 

findings in light of what is known about desert bats and water. As foundation for 

interpreting activity patterns among bats using the Agua Dulce water developments, I 

summarize basic life history for each of the 4 species, followed by general issues of 

energy flux and water balance pertaining to bats. 

Life histories of 4 species 

The California myotis and western pipistrelle, both small species (3-5 g) with 

highly maneuverable flight, forage on small flying insects, 2-10 mm long (Ross 1967). 

California myotis roost by day alone or in small groups in narrow crevice-like refuges in 

canyon walls, in hollow trees, beneath rock flakes and loose bark, and in man-made places 

that provide similar habitat (Krutzsch 1954, Simpson 1993). Except for small maternity 

colonies, they probably move about among temporary roosts (Krutzsch 1954). Western 

pipistrelles day-roost in narrow vertical crevices in rock cliflFs or outcrops, showing 

attachment to a general roosting area but little fidelity to a particular crevice (Cross 1965). 

Pallid and California leaf-nosed bats are larger (12-18 g), also possessing broad 

wings and highly maneuverable flight. Both species have large ears and capture a 

significant portion of their prey by gleaning non-volant insects off vegetation or from the 
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ground, locating insects using prey-generated sounds and vision as well as echolocation 

(Vaughan 1959; Bell 1982, 1985). Pallid bats generally roost in small colorues (20-200 

individuals) in rock crevices (O'Shea and Vaughan 1977, Hermanson and O'Shea 1983). 

California myotis, western pipistrelles, and pallid bats occur in much of western North 

America. California leaf-nosed bats have the most limited distribution of the 4 species, 

day-roosting in colonies (from <12 to >1,000 individuals) in a relatively small number of 

caves and abandoned mines below 1,000 m in the Lower Sonoran life zone of southeastern 

California, southwestern Arizona, southernmost Nevada, and northwestern Mexico 

(Davis and Baker 1974, Brown et al. 1994). 

The California myotis, western pipistrelle, and pallid bat belong to the family 

Vespertilionidae, sharing traits common to this family: after breeding, females retain 

sperm through winter with delayed fertilization occurring in early spring (Hoflmeister 

1986); all are heterotherms (Ransome 1990), capable of hibernating by undergoing deep 

torpor. Besides saving energy, torpor may be a significant water-conserving mechanism; 

high water losses are associated with flying in bats (McNab 1982), and even water loss 

while aroused but resting is greater than while torpid (Carpenter 1969). 

The California leaf-nosed bat belongs to the primarily tropical and subtropical 

family Phyllostomidae. This species exhibits a rare reproductive pattern among bats: 

delayed development in which autumn insemination and fertilization are followed by an 

embryonic diapause of 4.5 months until mid-March, after which embryonic development 

rate increases, with a total gestation period of 8 months (Bradshaw 1962, Bleier 1975). 

The California leaf-nosed bat, like other Phyllostomids, is incapable of true hibernation 

and must feed through the winter (Bell et al. 1986). Winter flight activity has been 

documented in this species (Bradshaw 1961, Bell et al. 1986) as well as the California 
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myotis, western pipistrelle, and pallid bat (O'Farrell et al. 1967, O'Farrell and Bradley 

1970, Szewczak et al. 1998). 

Water balance in desert environments 

Mammals are dependent on drinking water unJess they have sufficient water-

conserving adaptations to survive on pre-formed water (from their food) and metabolized 

water alone. In addition to a periodic lack of drinking water, desert bats face especially 

high evaporative water losses resulting from high temperature and low humidity (Geluso 

1980). They can compensate for water loss with physiological or behavioral adaptations 

(Bassett 1986). Behavioral adaptations which allow bats to avoid the greatest extremes of 

desert heat include nocturnal activity, choice of suitable daytime refugia, and clustering, 

each of which can help lessen evaporative water loss. Physiological adaptations include 

heterothermy and heightened kidney efficiency for maximum water conservation. 

Increased ability to produce concentrated urine decreases water requirements. 

Unfortunately, few studies have examined the ability of bats to produce a concentrated 

urine, and most have assumed that urinary concentrating ability could be predicted from 

certain renal indices, in particular the ratio of the inner medulla to the cortex (IM/C ratio) 

(McNab 1982). Bat species from arid habitats had kidneys better adapted for water 

conservation than species from more mesic habitats (Geluso 1978, 1980; Lu and Bleier 

1981; Bassett 1982, 1986), although the range of maximum urine concentrations 

(predicted from the IM/C ratio) among species from desert habitats was nearly as broad 

as those from mesic environments (Happold and Happold 1988). Bassett (1986) found 

that habitat aridity explained only 25% of the variation in renal anatomy among 24 

species of bats. 
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The 4 primary species caught in this study have kidney structures that suggest high 

urine conservation ability (Geluso 1978, Lu and Bleier 1981, Bassett 1986). According to 

these researchers' data, western pipistrelle kidneys were most eflRcient for concentrating 

urine, the pallid bat and California myotis were roughly equivalent to each other and 

somewhat less highly efficient than the pipistrelle, and the kidneys of the California leaf-

nosed bat appeared the least efficient of the 4 species, although still higher in predicted 

urine conserving ability than many species from less xeric habitats (Geluso 1978, Bassett 

1986). However, uncertainty about the useftilness of such studies is raised by the 

research of Stallone (1979), who found that urine concentrating ability in 2 species of 

woodrats (Neotoma spp.) varied seasonally in direct correlation to the availability of 

water, as reflected by climatological data and measurements of plant water content (i.e., 

water in the diet). Kidney measurements among different species and seasons were 

constant, whereas urine concentrating capacity changed (Stallone 1979). Studies on bat 

urine concentrating capacity have ignored the influences of such seasonal variations. 

Furthermore, Beuchat (1993, 1996) demonstrated that urine concentrating ability in 

mammals is not reliably correlated with habitat aridity nor with the standard renal indices. 

It is not known whether high urine concentrating ability enables desert bats to be 

independent of drinking water or if they simply use this adaptation to avoid critically low 

dehydration in the high heat and low humidity of their day roosts (Geluso 1980). One 

laboratory study found that captive Eptesicus zuluensis from the Namib Desert of 

southern Africa could thrive and even raise young without drinking water, although this 

research suflFered from a drawback of laboratory studies in which, even with temperature 

and humidity conditions controlled to mimic those of the animals' natural habitat, these 

captive animals were non-volant and therefore not subjected to the high evaporative water 

losses associated with flight and foraging (Happold and Happold 1988). 
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Based upon the scant data available, researchers to date have generally concluded 

that insectivorous bats are unlikely to survive during summer in the desert without 

drinking, although physiological adaptations (such as increased urine concentration) and 

behavioral adaptations (such as selection of roosting microhabitats with low temperatures 

and high humidity, as well as the ability to fly to water) may enable some bats to survive 

extended periods without free water (Carpenter 1969; Geluso 1978, 1980). Although the 

4 species examined in this study may be better conservers of water than species 

occupying more mesic habitats, they may still require drinking water. A study of the 

complete water budget under field conditions would be needed to answer whether bats 

require a supply of free water in addition to that gained from their food (Carpenter 1969). 

Accessibility of water sites 

This study demonstrated that California leaf-nosed bats, California myotis, and 

pallid bats will drink from water sources as small as a bathtub (e.g., Papago drinker). Bats 

drink on the wing by skimming close to the water surface on repeated passes, scooping it 

up with their lower jaws or lapping with their tongues (Krutzsch 1954, Gaisler 1979, 

Fenton et al. 1983, Tuttle 1995), but detailed information on their drinking behavior is 

scarce (Gaisler 1979). Bats have been observed licking dew and drinking rainwater from 

puddles (Gaisler 1979). Some bat species in captivity drink by landing beside a water 

dish and lapping; if this behavior occurs in the wild, such species could use water sources 

not accessible on the wing (Happold and Happold 1988). Water sites vary in their 

accessibility to different species. Bats with high aspect ratio wings (long, narrow wings), 

such as the free-tailed bats (Molossidae), have more limited agility in flight than broad-

winged species, thus require a relatively large tank with clear approach and exit (Cockrum 

1981). The 3 primary water developments I studied were accessible only to bats with 
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highly maneuverable flight (low aspect ratio wings). Even at Bassarisc, because the tank 

was recessed in a cave, bats had to maneuver in a tight circle to drink. Jose Juan Represo 

was the only site accessible to narrow-winged, less maneuverable bats, a fact which may 

account for the higher species richness at that site. 

Summer water use 

Several aspects of bat biology are important for interpreting the capture patterns I 

observed during spring and summer, with generally a low ratio of females to males in 

spring, but a high ratio of females to males in summer. The higher summer ratio of 

females to males at water might be influenced by pregnancy, lactation, or segregation of 

the sexes. 

Pregtiancy.—VQvnd^Q bats weigh more than males during late pregnancy due to the 

added weight of the fetus, and pregnant females are heavier than lactating females (Hughes 

and Rayner 1993). The corresponding heavier wing-loading should decrease 

maneuverability (Speakman and Racey 1991, Kalcounis and Brigham 1995), reducing 

pregnant females' ability to evade mist nets and leading to a higher frequency of capture. 

In the 4 species I captured, average female weights were heavier than males in spring 

before parturition, yet I had extremely low capture rates of females during corresponding 

netting sessions. This suggests that water visitation rates of females in late pregnancy 

actually decreased. Several researchers have noted that females in late pregnancy reduced 

time spent foraging (Layne 1958, Kunz 1974, Racey 1982, Rydell 1993, Kunz et al. 

1995), in spite of the high energetic and water demands associated with pregnancy. 

During late pregnancy, body weight increases rapidly (Rydell 1993). The drop in food 

consumption by pregnant females during the last weeks of gestation might be explained 

by reduced stomach capacity due to the developing embryo, decreased flight 
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maneuverability, and reduced foraging efficiency imposed by increased wing-loading 

(Kunz 1974, Kunz et al. 1995). At a certain point, energetic gains from foraging may be 

offset by the high energetic demands and evaporative water loss of flight; it may be 

preferable for females in late pregnancy to maximize conservation by reducing activity as 

much as possible and remaining at rest in the higher humidity of the maternity roost. 

Lactation.—y[y results suggest that adult females visited water more during lactation 

than during late pregnancy. Lactation is considered the most energetically demanding 

state of mammalian reproduction, with energy costs up to 50% higher during lactation 

than during late pregnancy (Kurta et al. 1989a, Kurta et al. 1990). Added energy demands 

during lactation include milk production, increased daytime activity in care of young, and 

increased travel time during foraging as females travel to and from feeding sites to return 

to the roost and nurse (Anthony and Kunz 1977). Lactating females consume more food 

than pregnant females (Kunz 1973, Anthony and Kunz 1977, Catto et al. 1996), with 

foraging time increasing more than 100% between parturition and weaning. Mexican free-

tailed bats showed nearly a doubling of food intake from pregnancy to lactation and 

another doubling during the first half of lactation (Kunz et al. 1995). Water requirements 

also are greater during lartation than during pregnancy (Kurta et al. 1989b). 

Sexual segregation.—has documented geographic segregation of adult males 

and females of numerous temperate bat species during the maternity season. In Canada 

and South Dakota, females of several species migrated to lower elevations in sunmier, 

presumably because warmer temperatures and greater insect abundance were needed to 

meet the higher energy demands of pregnancy and lactation (Fenton et al. 1980, Barclay 

1991, Cryan 1997). Many bats are able to use torpor in response to varying climatic 

conditions, and selection of summer roosting and foraging habitat may be guided by the 

optimal strategy for their condition. Males and non-reproductive females remaining at 
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higher elevations would be able to optimize energy and water savings by using daily 

torpor (Hickey and Fenton 1996, Cryan 1997, Hosken 1997). In contrast, use of torpor 

by pregnant females is costly, resulting in slower fetal growth rates and delayed 

parturition (Rydell 1989), which would leave newly-volant juveniles with a shortened 

season for acquiring the fat necessary to survive through winter. 

Sexual segregation has also been reported in some southwestern bat species, 

although the likely causes are less well documented. During late spring and summer, 

desert bats may lack the opportunity to become torpid due to the high temperatures of 

their roosts (Carpenter 1969). Pallid bats have variously been found in both mixed-sex 

summer colonies and in segregated colonies (O'Shea and Vaughan 1977, Hermanson and 

O'Shea 1983). In California myotis, Krutzsch (1954) found no adult males and females 

roosting together between March and September. Western pipistrelles may form small 

nursery colonies, at least some of which include aduh males (Cross 1965). Male 

California leaf-nosed bats reportedly live apart fi om females in small bachelor groups in 

mines and caves in areas near the main nursery roost in July and August (Bradshaw 

1961), although probably within the same geographic area (Brown et al. 1993). In 

summary, it is not known conclusively whether any of these 4 species are consistently 

segregated by sex during the nursery season, although some reports suggest so for each 

species. Additionally, sexual segregation within day roosts need not be correlated with 

segregation during nightly foraging, as there is little evidence that males in the southwest 

move to a wholly different geographic area as they do farther north. It is possible that 

males of some species moved away from the study area during summer. The only species 

for which I collected specific roost mformation was the California leaf-nosed bat. My 

captures at roosts in summer showed males present in the same or even increased 
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proportions as in winter, suggesting that for California leaf-nosed bat at least, both sexes 

remained in the area year round. 

Sex ratios at water —\ considered 4 hypotheses to explain summer sex ratios at 

water sites. The first is that there was no difference in water use by males and females in 

summer; females simply were easier to catch because they were less maneuverable. If this 

were true, I would expect the highest ratio of female captures to occur when females 

weighed more than males. However, I did not find for any species that higher weights of 

females than males were correlated with higher capture rates. In fact during pregnancy, 

when females were heavier than males, I caught very low numbers of females of all 

species. 

A second hypothesis is that males left the study area in sununer. If the number of 

males in the area remained the same year round, I would predict increased male captures 

at water in summer over winter due to higher evaporative water losses incurred in 

summer. For the California leaf-nosed bat and western pipistrelle, male capture rates at 

water sites clearly increased in summer, refuting this second hypothesis. For the pallid 

bat and California myotis, 1 did not see a large increase in capture rate of males in summer 

over winter, lending evidence to the possibility that for these 2 species, some males 

moved out of the area. 

A third hypothesis is that males remained in the area but did not visit water until 

the second half of the night, after the nets were closed. However, the literature reports 

peak activity in the earlier part of the night for temperate insectivores (Cockrum and 

Cross 1964, OTarrell and Bradley 1970, Gaisler 1973, Kunz and Brock 1975, Gaisler 

1979, Hayes 1997). It is difficult to think of a biological benefit for males to delay their 

water visits till after midnight, and such a sexual division of the night seems highly 

unlikely. 
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The fourth hypothesis is that the disproportionate summer increase in females 

reflected increased time females needed to forage to meet their higher energy requirements 

during lactation. If this were the case, I would expect to see a summer increase in both 

males and females, but a greater increase in females. In California leaf-nosed, California 

myotis, and pallid bats, my capture rate for females was indeed higher during lactation 

than in any other season, lending support to this hypothesis. Although for pipistrelles I 

did not record a significantly higher ratio of females to males in summer, other researchers 

in the Southwest have reported proportionately higher summer captures of females than 

males for this species (O'Farrell and Bradley 1970, Cockrum et al, 1996). My resuhs 

supported the conclusion of O'Farrell and Bradley (1970), that increased summer water 

use by female bats was prompted by the added food and water requirements of lactation. 

Winter water use 

Although winter bat activity was much reduced from summer, I captured all 4 

species at water in winter. The reason bats emerge from roosts in winter has been much 

debated. Some authors suggest the primary stimulus is the need to feed (Avery 1985, 

Brigham 1987), others that the primary function is to drink (OTarrell and Bradley 1977, 

Speakman and Racey 1989). Examining body mass changes, energy expenditure, and 

water requirements of a hibernating species which roused for winter emergence flights, 

Speakman and Racey (1989) concluded that at body weights commonly found in the wild, 

these bats in winter would die of dehydration before they died of starvation. 

O'Farrell and Bradley (1977) captured California myotis, western pipistrelles, and 

pallid bats in winter. Based on bat stomach contents, trapping of insects, and 

observations of bat flight, they concluded these bats were flying primarily to obtain water 

rather than to forage, while presuming that opportunistic foraging would occur on mild 
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evenings. All 3 species were capable of flight at body temperatures as low as 22-28 °C, 

both in the field and in laboratory tests (O'Farrell and Bradley 1977). Even in northern 

climates where wintering bats do not leave their hibemacula, Thomas and Cloutier (1992) 

found that wintering little brown bats (Myotis lucifugus) underwent periodic arousals, 

likely prompted by evaporative water loss, following which they moved to more optimal 

conditions within the roost for reducing evaporative water loss. If the bats had not 

moved, they would have been in negative water balance (Thomas and Cloutier 1992). 

Both sexes of California myotis were netted throughout winter at a desert spring in 

southern Nevada at air temperatures as low as 2 °C; 48% of captures in winter were at air 

temperatures of 2-6 °C (O'Farrell and Bradley 1970). For western pipistrelles, Cross 

(1965) reported that only males were active in winter, but other researchers netted both 

sexes throughout winter (O'Farrell et al. 1967, OTarrell and Bradley 1970, RufFner et al. 

1979, Szewczak et al. 1998), although in some studies a higher percentage of winter 

pipistrelle captures were males than females (O'Farrell and Bradley 1970, Rufiher et al. 

1979). 

Pallid bats were netted infrequently through the winter months at a desert spring in 

southern Nevada at temperatures as low as 2-10 °C (OTarrell et al. 1967). There are few 

winter records of the pallid bat in Arizona, and Hoffineister (1986) concluded it was an 

uncommon winter resident. In Mohave County, Cockrum et al. (1996) took no pallid 

bats between October and April in either roosts or nets and suggested the species moved 

to higher elevations to hibernate in winter. However, the authors' research efforts largely 

took place in summer, with less than 17% of data collection occurring during winter. An 

alternative explanation for no winter captures would be that pallid bats remained in the 

same area year round, but in winter flew infrequently and roosted in crevices where they 

were unlikely to be observed. 
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Water requirements in hibernation are <10% of summer water requirements 

(O'Farrell et al. 1971). However, southwestern desert regions are likely to have few caves 

or mine tunnels with temperatures low enough for true hibernation. Therefore desert 

vespertilionids must either: (1) migrate south to areas warm enough to provide food; (2) 

undergo a latitudinal or elevational migration to roosts cold enough for sustained 

hibernation; or (3) remain in the desert region through the winter, undergoing periods of 

dormancy alternating with activity to forage for water and food. O'Farrell and Bradley 

(1970) postulated that the California myotis, western pipistrelle, pallid bat, and perhaps 

other vespertilionid bats of the southwestern U.S. exhibit the third winter activity 

pattern, intermediate between sustained hibernation and migration. These 3 species all 

have been found winter-roosting in rock fissures that allow wide daily temperature 

fluctuations as compared with stable underground roosts (O'Farrell and Bradley 1977). 

Lower winter levels of bat activity at water do not necessarily mean that available 

drinking water is less important to bat survival in winter. Dehydration could cause 

mortality (Speakman and Racey 1989). Evaporative water loss would be lowered in 

winter due to lower air temperatures, reduced metabolism with increased time in torpor, 

and possibly higher relative humidity. However, winter foraging is likely to be 

energetically costly due to low insect availability and the higher energy required to 

maintain body temperature at low air temperatures, therefore it may be most efficient to 

get water directly from drinking. Thus, although winter water requirements are lower 

than in summer, water for drinking may be no less vital. 

California leaf-nosed bats 

Waier use —My study focused particularly on the California leaf-nosed bat. This 

desert species is non-migratory and active year round, moving seasonally between 
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summer and winter roosts in a relatively restricted home range (Hoffineister 1986). 

Whether the species requires free water in the wild remains unclear. 

Some have suggested that the California leaf-nosed bat does not drink (Tuttle 1998). 

While studying water economy in free-ranging California leaf-nosed bats in winter, Bell et 

al. (1986) did not observe the animals drink and, for estimating water flux, assumed they 

did not drink free water. The authors did provide water ad libidum during the laboratory 

segment of the study but do not state whether the captive bats used the water. Other 

California leaf-nosed bats in captivity readily drank water (Mitchell 1960, Bradshaw 

1961). When Alfred R. Gardner (unpublished report, 1958), a student at the University 

of Arizona, kept 4 California leaf-nosed bats flying freely in his home for several days, he 

put 6 cm water in a sink and tied a dish cloth to the faucet. The bats landed on the cloth, 

worked their way down to reach the water, and drank by scooping up water with the 

lower jaw. They also hovered in one spot trying to get water in flight. 

Some roosts of California leaf-nosed bats in southern California are reported to be 

50 km from open water (P. E. Brown, pers. comm.). During 103 nights (78% in Jun-Aug) 

of mist netting in Mohave County, Arizona, 1959-1964, Cockrum et al. (1996) netted no 

California leaf-nosed bats over water, although they captured >2,000 at roosts. In 

contrast, numerous California leaf-nosed bats were netted at water sources on Organ Pipe 

Cactus National Monument (Cockrum 1981, Petryszyn and Cockrum 1990), and 

Cockrum (1981) stated the species required free water. 

There has been no comprehensive field study of California leaf-nosed bats in the 

upland Sonoran Desert. On 3 July 1994, 30 California leaf-nosed bats (8 adult M, 22 

lactating F) were captured at a water development in the Sauceda Mountains in the 

Arizona Upland vegetative zone, about 70 km northeast of my study area (Dalton et al. 

1994). California leaf-nosed bats were captured in 1995 and 1996 at that and several 
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other water developments in the Sauceda and Sand Tank Mountains (A. J. Kuenzi, 

University of Arizona, unpubl. data). In the present study, this species drank at 3 water 

developments through the year. I note one distinction between the cited researchers who 

found no evidence that California leaf-nosed bats require free water (Bell, Brown, 

Cockrum et al. 1996) and those that recorded them using water (Gardner, Mitchell, 

Bradshaw, Cockrum 1981, Dalton, Kuenzi, this study): the first group examined 

populations in the western part of the bat's U.S. range, southeastern California and 

western Arizona near the Colorado River; the second group studied populations from the 

eastern portion of their range, primarily Maricopa, Pima, and Pinal counties, Arizona. 

Also, while Bell at al. (1986) concluded the species did not drink in winter, they 

speculated it might drink in other seasons. The species has been netted over water 

sources in summer months in California (P. E. Brown, pers. comm., P. H. Krutzsch, pers. 

comm.). Western populations of the California leaf-nosed bat may also drink from the 

Colorado, Gila, or Bill Williams Rivers or from agricultural irrigation ditches. Selecting an 

area isolated from all water sources other than wildlife water developments was a priority 

of my study. 

My research demonstrated that at least some Sonoran Desert populations of 

California leaf-nosed bats will make extensive use of drinking water when it is available, 

particularly during lactation. I do not know whether the bats traveled to water sites with 

the primary purpose of drinking or whether they opportunistically used them while 

foraging in the vicinity, although I suspect the former. The rate of visitation, especially 

during summer, indicated a far higher concentration of bats at water than in surrounding 

foraging areas. Whether the California leaf-nosed bat actually requires free water remains 

to be studied. 
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Timing of/7ar/Mr///o//.—Weights of juvenile California leaf-nosed bats suggested 

parturition occurred later in 1996 and 1997 than in 1995. Numerous studies have shown 

that the timing of lactation and weaning in bat populations coincides with time of peak 

prey abundance (Gaisler 1979, Racey 1982, Rydell 1993, Brooke 1997, Gumming and 

Bemard 1997). Delayed parturition has been correlated with spring and early summer 

weather patterns, probably because corresponding reduction in insect abundance slowed 

fetal growth rate as pregnant females fattened more slowly or used torpor to conserve 

energy (Rydell 1989, Grindal et al. 1992, Lewis 1993, Bemard 1994). In cold climates, 

delayed parturition was associated with exceptionally wet and cold weather (Grindal et al. 

1992, Lewis 1993, Rydell 1989), with date of parturition varying by as much as a month. 

In a desert environment, the extension of gestation was correlated v^rith failure of usual 

rains (Bemard 1994). In my study, parturition dates suggested that the winters of 1996 

and 1997 might have been drier than 1995, resulting in reduced insect abundance and 

slower development. Indeed, rain gauges in my study area recorded >6 times as much 

precipitation in winter 1995 (7 =0.79 cm/month) than in the winters of 1996 or 1997 (B. 

Broyles, Cabeza Prieta rain gauge reports, on file at Refuge headquarters). 

Winter behavior--lox^ox likely has a role in winter survival of California myotis, 

westem pipistrelles, and pallid bats. Because of their inability to use deep torpor, 

California leaf-nosed bats cannot benefit similarly fi-om this behavior. Califomia leaf-

nosed bats have a narrow thermal-neutraJ zone (33-40 °C; Bell et al. 1986) and do not 

cluster, but hang separately. During winter months, their body temperature (Tb) may be 

several degrees lower than during summer (Bradshaw 1961), although the species is not 

capable of true hibernation (Leitner and Ray 1964). Normal Tb is 37 °C, and sustained 

Tb <26 °C are reportedly lethal (Bradshaw 1962, Bell et al. 1986). However, Bradshaw 

(1961) found lethargic California leaf-nosed bats in mines in winter with Tb of 26-29 °C 
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and concluded they may be able to make limited use of lowered Tb during the day to 

conserve energy and water. Regular occurrence of adaptive hypothermia in this species 

could explain how food eaten during winter results in the accumulation of fat (Racey 

1982). Some arid zone bird species become moderately hypothermic on cold nights 

(Wiens 1991); perhaps the California leaf-nosed bat uses a similar strategy. 

Winter roost temperatures for the California leaf-nosed bat are variously reported as 

28.2-29.3 °C (Bell et ai. 1986), >28 °C (P. E. Brown, pers. comm.), 22.6-26.6 °C 

(Bradshaw 1961), 22.8-25.6 °C (V. M. Dalton, pers. comm,), and 26,1-27.8 °C (this 

study). Bell and Brown studied the species in California and far-western Arizona; 

Bradshaw, Dalton, and this study considered populations in the upland Sonoran Desert 

of Pima and Pinal counties in south-central Arizona. From this scant evidence, it appears 

possible that California leaf-nosed bats in the eastern part of their U.S. range use slightly 

cooler winter roosts than in the western part. I discuss regional climate differences below. 

Alternatively, apparent differences in roost temperatures may simply reflect variation 

among researchers' methods or instruments. 

California leaf-nosed bats in winter left the roost a half hour after dark and returned 

within 2 hours with fiill stomachs (Bell et al. 1986). Bell et al. (1986) estimated that to 

maintain mass and energy balance in winter, California leaf-nosed bats would need to 

consume about 30% of their body mass in arthropods per day. These bats forage largely 

on non-volant insects, gleaning them from the ground or vegetation (Vaughan 1959, Bell et 

al. 1986). Gleaning bats cue on sounds of moths fluttering, insects crawling, and crickets 

calling (Bell 1982, 1985; Faure and Barclay 1992). Moths flutter when releasing sexual 

pheromones and during pre-flight warm-up (Faure and Barclay 1992). Gleaners may be 

able to detect and capture insects preparing for flight at much lower air temperatures than 

they can capture flying insects (Hays et al. 1992). The superior visual abilities of 
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California ieaf-nosed bats also enable them to rely on vision as well as prey-generated 

sounds (Bell 1985, Bell and Fenton 1986). The ability to locate immobile prey provides 

this species with a prey base available throughout the winter (Bell et al. 1986), because 

gleaners can capture stationary prey at low temperatures when insects are inactive 

(Happold and Happold 1988, Barclay 1991). 

Bell et al. (1986) concluded that California leaf-nosed bats did not drink in winter, 

whereas I did find the species at water, although winter captures were quite low. One 

caveat about my low winter captures of this species: netting in winter may 

disproportionately underestimate activity. Papago Well, the water site closest to the 

main winter California leaf-nosed bat roost in Papago Mine, was also the most difficult 

site to net because its location made nets easily detectable. Although I caught no 

California leaf-nosed bats there in January, I observed leaf-nosed bats dipping into 

Papago Well in February 1996 and captured several in March 1996 and 1997 (Appendix 

B). Netting always underestimates actual activity levels because not all bats visiting the 

site are captured. At times of low activity, however, I suspect the underestimation is 

proportionately greater because it may be easier for bats to detect nets when no other 

bats are nearby. Rather than just netting fewer bats when activity was low, I tended to 

catch none, even when I could hear and see them at the water hole. This could lead to a 

false conclusion that a species is not visiting the site. Low winter captures may also have 

been influenced by high variability between nights and the effects of weather 

(temperature, wind). Undoubtedly, water use by California leaf-nosed bats was much 

lower in winter than summer, but perhaps not as low as my capture records suggested. 

Intraspecific variation and the possibility of populational subdivisions. The simplest 

and perhaps most likely explanation of the variation among reports on California leaf-

nosed bat water use is that this species uses water optionally if it is available. However, 
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there is currently insufficient evidence to know whether different populations simply 

adapt their urine concentrating capacity to the available water in their environment, as 

Stallone (1979) demonstrated for woodrats, or whether populations occupying areas with 

different precipitation patterns may have evolved different water requirements. I would 

like to speculate on the possibility that there may be actual differences among 

populations. 

Not only does kidney water-conserving efficiency vary among bat species, but 

within some species of insectivorous bats found in both mesic and arid habitats, 

significant intraspecific differences in renal structure have been correlated with differences 

in habitat, with individuals from populations in slightly drier habitats having kidneys 

better adapted to conserving water (Bassett 1982). Although the entire range of the 

California leaf-nosed bat falls within basically xeric Mohave and Sonoran desertscrub 

biomes (Brown 1994), it is worth considering whether there might be differences between 

populations in different parts of their range. 

My study area was in the Arizona Uplands subdivision of the Sonoran Desert 

biome, described as the best watered and least desert-like desertscrub in North America 

(Turner and Brown 1994). While there is no distinct dividing line between Mohave and 

Sonoran desertscrub where the biomes intersperse along the Colorado River, the regions 

near the river in California and Arizona receive on average <half as much summer rain as 

the Arizona Uplands and about the same amount of winter precipitation (Turner 1994). 

The Mohave is also subject to greater temperature extremes in summer, both high and 

low, and lower winter temperatures (Turner 1994, Turner and Brown 1994). Thus 

California leaf-nosed bat populations in Pima and Pinal Counties experience bimodal 

rainfall, but populations in counties of California and Arizona bordering the Colorado 

River experience precipitation largely restricted to winter. The region encompassing the 
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range of the California leaf-nosed bat gets drier as one moves east to west. Mean rainfall 

near the Colorado River at Yuma was 8.71 cm/year (// = 73), but near my study area 

(Fig. 1), rainfall was 22.4 cm/year for both Ajo (w = 68) and Organ Pipe National 

Monument (/; = 34) (Sellers et al. 1985). 

Lu and Bleier (1981) studied renal form in the 2 species within the gtms Macrotus. 

Macrotus califomicus had higher maximum urine concentrating ability (inferred indirectly 

from kidney measurements) than M. waterhousii, a species associated with mesic habitats 

in Mexico and Jamaica (Davis and Baker 1974), In a paper presenting chromosomal and 

morphological evidence that the genus Macrotus is comprised of 2 distinct species, Davis 

and Baker (1974) also included evidence for geographic variation within the California 

leaf-nosed bat. Before 1974, the 2 Macrotus species had been considered one; the 

morphological differences are very subtle, but the 2 species have distinctly different 

cytotypes (Davis and Baker 1974), The distinction between the 2 species was supported 

by electrophoretic and chromosomal data (Greenbaum and Baker 1976), and there was no 

evidence of hybridization (Davis and Baker 1974, Greenbaum and Baker 1976). There is 

a zone of sympatry for the 2 species in southern Sonora and northern Sinaloa of no more 

than 50 km, and "in light of the mobility attributed to bats, this zone of contact is 

regarded as parapatric, a most important point" (Davis and Baker 1974:34). Parapatry is 

applied to species whose habitats are separate but adjoining (Vaughan 1967). M. 

waterhousii requires more mesic habitats thanM califomicus (Davis and Baker 1974, Lu 

and Bleier 1981). Davis and Baker suggest that in spite of bats' mobility, there may not 

be as much blending of bat populations as generally assumed. Distinct populational 

entities may be overlooked if specimens from broad geographic areas are lumped for 

statistical analysis (Davis and Baker 1974). 
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Evidence for distinct populations in a highly mobile species was also found within 

the lesser long-nosed bat (Wilkinson and Fleming 1996). Using genetic markers to infer 

migration, Wilkinson and Fleming (1996) hypothesized that lesser long-nosed bats that 

migrate from Mexico into Arizona in summer belong to 2 populations following 2 

different migratory corridors, one along the west coast of Mexico and into south-western 

Arizona, the other along the foothills of the Sierra Madre Occidental connecting with 

roosts in southeastern Arizona mountains. While one might expect mtDNA divergence 

among populations of highly mobile animals like bats to be low in the absence of 

geographic isolation, the study implied that movements of lesser long-nosed bats between 

roosts had maintained considerable mtDNA haplotype diversity (Wilkinson and Fleming 

1996). The genetic markers suggested the 2 populations, migrating north-south along 

elongated corridors that follow topographic relief (coastline or foothills), exhibited greater 

movement within than between these migratory corridors. 

Davis and Baker (1974) grouped their California leaf-nosed bat specimens by 8 

geographic regions; one was Imperial County in southeastern California, another was 

Pima County in southcentral Arizona. Their morphological analysis contained evidence 

for populational subdivisions between these groups (Fig. 5D in Davis and Baker). 

Discussing possible causes for the parapatric distribution of the 2 Macrotus species, 

Davis and Baker (1974:36) state: "The present distribution of Macrotus may be a recent 

development due to the activities of man. Mining has allowed the effective range of 

Macrotus to extend from the Sierra Madre Occidental toward the west coast" and "has 

expanded available roosting sites and perhaps more important, maternity sites, thus 

playing a significant role in the present distribution of Macrotus" Perhaps current 

distributions have brought into closer proximity populations which were once 

geographically separated. 
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During her 30-year study of the species along the Colorado and Bill Williams Rivers 

in southeastern California and western Arizona, P. E. Brown has found little evidence of 

leaf-nosed bats using free water (pers. comm.). Yet I found them regularly visiting water 

in southcentral Arizona. The amount of annual precipitation and its distribution through 

the year diflFers between her study area and mine. We do not know the history of 

present-day populations of California leaf-nosed bats, nor how they arrived at their 

current distribution, but we should not ignore the possibility that some populations might 

be relatively isolated from others. Further research clearly is needed to understand the 

relationship between the California leaf-nosed bat and drinking water. 

Implications of roost /wvt;57/ga//o/w.--Monitoring of California leaf-nosed bat roosts 

enabled me to compare population parameters known from roost sites with captures at 

water. Recaptures of banded individuals suggested there was a single intermingling 

population in the area. Individuals showed some preference for specific roosts and 

foraging areas, as indicated by the larger number of recaptures at the same roost and at 

nearby water sites than at more distant roosts and water sites. Although Jose Juan was 

my most distant and least studied water development, I found a strong connection 

between this site and the nearest roosts. The high percentage of individuals captured at 

both Jose Juan Tank and Cowboy or Bighorn mines suggested that some bats were 

traveling at least 10 km in nightly foraging, unless there was an undiscovered roost nearer 

to Jose Juan. Individual California leaf-nosed bats have been shown to return night after 

night to distinct foraging areas (Brown et al. 1993). High roost fidelity is reported for this 

species (Brown et al. 1994). However, I also found that many individuals used >1 water 

site and > 1 roost. 

I found little correlation between numbers at Papago Mine and captures at Papago 

Well, especially in winter. For example, when I caught no California leaf-nosed bats at 
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Papago Well in January 1996 and 1997 (Table 5), this could have been interpreted either 

that they were not coming to water or they had left the area. On 3 February 1996 I 

counted >450 individuals exiting Papago Mine and on 31 December 19961 counted 488 

(Table 11) and captured 224 there the following day, thus I know that this population 

was present both winters. Also in winter 1997 I captured 270 California leaf-nosed bats 

in Bighorn Adit, yet captured only 1 individual at Bassarisc Tank and 5 at Antelope 

(Table 5). The numbers of California leaf-nosed bats captured at water in winter 

therefore were not indicative of the population present. 

There may be segregation of sexes of the California leaf-nosed bat between roosts or 

in different places in the same roost. Brown and Berry (1996) reported that males were 

generally not present in nursery colonies, yet in summer 45% of the adults I captured in 

roosts were males. Possibly males used a different part of the roost from females and 

pups. For example, in Papago Mine in winter, the bats roosted down the winze in lower 

reaches of the mine. During summer nursing, I found them clustered in the upper adit, 

which likely provided a warmer environment preferred for rearing young. However, the 

males may have continued to roost in summer in the lower level of the mine. When I 

found the nearby roost, PMA2, on my last visit, 94% of adults captured were females 

compared with 43% female of adults captured in the main Papago Mine adit that day, 

possible evidence of some sexual segregation in different parts of the roost. 

I found no evidence of California leaf-nosed bats in Cowboy Mine in winter 

months. Recaptures suggested the bats moved to Papago Mine or Bighorn Adit during 

this season. In Cowboy Mine in summer I observed them moving among the lower levels 

of the shaft and the series of interconnected chambers just below the surface. On some 

occasions I observed >200 bats, including females carrying pups, roosting in a small 

chamber near the west end of the passages (Fig. 3). Possibly this chamber provided the 



87 

best environment (temperature, humidity) for raising pups. The deep shaft may be 

important in providing escape habitat from human disturbance and may also be used as a 

maternity roost; it likely is an integral part of the overall air flow of the entire roost 

complex, since there are multiple openings and all sections are interconnected. P. E. 

Brown (pers. comm.) and D. C. Dalton (pers. comm.) have observed that most maternity 

roosts of this species have multiple openings, with the resulting cross ventilation helping 

to raise daytime temperatures and facilitate development of the young. 

At roosts overall I captured almost 1.4 females for every male. I do not know 

whether this was an artifact of my capture methods (perhaps more males remained in 

lower, inaccessible reaches of the mines), whether there was actually an unbalanced sex 

ratio in the adult population, or whether 1 did not find all California leaf-nosed bat roosts 

in the study area. If some individuals were to disperse to smaller alternate day roosts 

during summer, they would likely be males. I had the subjective impression that I 

recaptured a number of old males (age indicated by scars, bleached fur, and worn teeth) 

>24 months after first capture that I had not seen in several roost captures during the 

intervening 2 years. I found one new roost in August 1997 and there may be others yet 

undiscovered, particularly if they are in natural caves. Should the question of 

undiscovered roosts become important, radiotelemetry might provide the answer. 

Whatever the actual sex ratio of the study population of California leaf-nosed bats, 

captures of females at water were particularly low during late pregnancy and appeared 

higher during lactation than their proportional occurrence in the population. 

Abandoned mines are important to bats, particularly species as dependent on them 

as the California leaf-nosed bat. Most maternity and winter roosts of the California leaf-

nosed bat in Arizona and California are located in abandoned mines (Dalton and Dalton 

1994, Brown et al. 1994, D. C. Dalton, pers. comm.). Suitability of a site is dependent on 
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temperature, humidity, airflow, and internal configuration (Altenbach and Pierson 1995) 

and may also depend on proximity to foraging areas (Brown et al. 1994). California leaf-

nosed bats select roosts providing a mean monthly temperature of 24-31 °C and 32-56% 

relative humidity (Krutzsch et al. 1976). The concentration of this species in relatively 

few roosts makes the California leaf-nosed bat highly vulnerable to roost disturbance. 

Possibly the present range of the species is due to the hundreds of new shelters added in 

the desert by abandoned mines (Bradshaw 1961, Davis and Baker 1974, Brown and Berry 

1991), most of which were begun between 1850 and 1925 (Miller and Jett 1979). Most 

mining activity on the Barry Goldwater Range and Cabeza Refuge ended when the land 

was withdrawn for military use in 1942 (Miller and Jet 1979), although some prospecting 

continued into the 1950s (CPNWR Narrative Report, Jan-Apr 1950). Presumably most 

sites have been abandoned since early this century. Before the advent of mining, 

California leaf-nosed bats may have been present in southwestern deserts only in the 

warmer months, migrating from the area in winter (Brown and Berry 1991). 

Roosts of the California leaf-nosed bat in areas protected from mining and urban 

development (e.g., the Cabeza Refuge and Barry Goldwater Range) are particularly 

important due to loss of other roosts resulting from those 2 activities (P. E. Brown, pers. 

comm.). Alternate roosts are important to a bat population. Bats will move roosts in 

response to disturbance (Kunz 1982) and to escape parasite loads (Lewis 1996), and 

some bat populations move regularly among alternate roosts within their home range 

(Kunz 1982, Lewis 1995). California leaf-nosed bats are known to use different roosts 

summer and winter, and some have been observed to use certain mines specifically for 

autumn breeding (Brown and Berry 1996). Roost disturbance may cause these bats to 

abandon a site, at least temporarily (Brown et al. 1994), and they need to have alternate 

roosts. For example, the high number of California leaf-nosed bats captured in Bighorn 
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Adit in January 1997 was likely influenced by my disturbance of the Papago Mine roost 

the previous day, a notion supported by the 38 bats captured that session at both sites. 

When I again checked Bighorn 3 days after that capture session, no bats were present. 

All these factors point to the importance of Papago, Cowboy, and Bighorn mines, all key 

roosts for the Agua Dulce population. 

Although there is scant data on the history of the Agua Dulce population, colonies 

of California leaf-nosed bats were reported in Papago Mine and in mine workings in the 

Agua Dulce Mountains in the summer of 1959 and winters of 1960 and 1961 (CPNWR 

Narrative Reports). The reports do not specify which Agua Dulce roosts, although one 

refers to "a shaft 1 mile west of Bassarisc Tank" (CPNWR Narrative Report, Jan-Apr 

1961), which approximates the locations of Bighorn Adit and Cowboy Mine. These 

reports confirm that colonies of leaf-nosed bats were present prior to the development of 

water sites at Bassarisc (1960) and Antelope (1987). More than 1 dozen California leaf-

nosed bats were collected at Papago Well in 1961 (CPNWR Narrative Report, Sep-Dec 

1961), suggesting the species was using that water development at least 34 years before 

my study. 

Lesser long-nosed bats 

I cannot conclude from my few water site captures of lesser long-nosed bats that 

these individuals were drinking. The construction of Bassarisc Tank renders it effectively 

a small cave, and as such it may be used by this species as a night roost, a place to rest 

and digest when foraging on flowering saguaros in the area (Cockrum 1991). In May 1995 

and 1996,1 observed lesser long-nosed bats briefly roosting on the ceiling above the tank 

(Appendix D), thus the individuals netted may have been seeking a roost rather than 

water. The gravid female at Antelope Saucer was captured in a net strung across an 
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opening between mesquite trees 5 m from the saucer. Lesser long-nosed bats are more 

likely to be captured at flyways than at water (Cockrum 1991). The night preceding the 

Antelope capture, I observed a number of lesser long-nosed bats foraging on flowering 

saguaros near the saucer, thus I probably captured an individual passing by rather than 

seeking water. Because of the high water content of their nectar and fhiit diet, it is 

generally assumed this species does not need to drink (Carpenter 1969, Cockrum 1981, 

Hoyt et al. 1994). I recorded no clear evidence to the contrary. 

More significant than the mist net captures was my finding that the California leaf-

nosed bat roosts I studied, including Papago Mine, Cowboy Mine, Bighorn Adit, and 2 

smaller nearby adits, also were used as day roosts by lesser long-nosed bats during May-

August 1995-1997. The presence of non-volant and unfiirred juveniles and of lactating 

females confirmed that, during the years of my study, Papago Mine contained a small 

maternity colony of the species. 

Lesser long-nosed bats were reported in both Papago and Cowboy mines in June 

1989 (Cockrum and Petryszyn 1991). After surveying the sites in September 1992, 

Howell (1993) concluded from fecal material that Papago Mine had seen minimal lesser 

long-nosed bat use earlier that summer (<12) and Cowboy Mine none. However, 

Howell's survey took place late in the season after the species would have migrated from 

the area. Given the observations in 1989 and my 3 years of evidence, I suggest there is a 

small population of lesser long-nosed bats consistently using the Agua Dulce roosts in 

summer, and Papago Mine at least contains a small maternity roost. I did no banding of 

this species, thus had no way of knowing whether the same females used these sites year 

to year, but the mines appeared to be more than transient roosts. 
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SUMMARY AND CONCLUSIONS 

This study examined water use patterns with respect to season, sex, and 

reproductive condition for 4 bat species in the Sonoran Desert and considered 

interpretations of these patterns. Further research will be needed to determine what 

effect, if any, removal of water developments would have on bat populations. 

During seasons without rain, the study area was isolated from all water sources 

other than the wildlife water sites studied. Water developments attracted bats. 

Echolocation activity averaged 19x higher (range 3x-58x) at water than in nearby dry 

desert washes, and was higher in the dry washes than at random sites away from water. 

Bat activity at water was highest in summer and lowest in winter, but occurred year 

round. Sampling of aquatic insects, visual and photographic observations of the bats' 

behavior at the water surface and their flight paths in the tanks, and use of tanks by bats 

when the water was devoid of life, supported the conclusion that bats visited these water 

developments to drink, not to feed on insects. 

I netted 1,082 bats at 3 water developments; California leaf-nosed bats (41%), 

California myotis (29%), western pipistrelles (17%), and pallid bats (13%). California 

leaf-nosed, California myotis, and pallid bats drank from an open tank as small as a 

bathtub and an enclosed tank with an entrance diameter of only 36 cm^. The 4 species 

used water sites in all seasons, with capture rates of all species highest in summer. Sex 

ratio varied by species and by season. For the California leaf-nosed bat, capture rates of 

females were higher than males in June-August (during lactation), but much lower than 

males in May (during pregnancy). Increased summer water use by female bats most 

likely was prompted by the added food and water requirements of lactation. I found no 

association of higher capture rates with higher body mass. Although winter water use 

was reduced, available drinking water may still be important to bat survival during winter. 
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The California leaf-rosed bat, a desert specialist whose water use has been little 

studied, drank regularly from the water developments. I videotaped this species dipping 

to the water surface at a rate of over 1,000 passes per hour. California leaf-nosed bats 

used the sites extensively in summer and also visited water during spring, fall, and winter. 

I banded 1,623 bats (1,268 California leaf-nosed, 156 California myotis, 127 pallid 

bats, and 72 western pipistrelles) and recaptured 564 individuals, some several times. 

Recaptures of banded pallid bats (15% of those banded), pipistrelles (22%), and 

California leaf-nosed bats (46%) suggested that at least some individuals of each species, 

both males and females, remained in the area throughout the year. I netted individuals of 

all species except the western pipistrelle at more than one of the water developments, 

indicating some range of movement across the study area. 

I monitored roosts of the California leaf-nosed bat in 3 abandoned mines near the 

water developments, with a total estimated year-round population of 500-600. I 

captured 1,615 California leaf-nosed bats in roosts. Females comprised 64% of adults 

captured in roosts in winter, 55% in summer. In summer, 95% of females at both roosts 

and water were lactating, and 41% of bats captured in roosts were juveniles. Banded 

individuals moved among different water and roost sites, although there was some 

evidence of site fidelity in the larger numbers of recaptures at the same roost and at 

nearby water sites than at more distant sites. 

I captured 99 lesser long-nosed bats (adult females and juvenile males and females) 

in the same roosts as the California leaf-nosed bats, and documented a small maternity 

colony in one mine. 
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RESEARCH AND MANAGEMENT RECOMMENDATIONS 

Water developments 

This study showed that the Agua Dulce wildlife water developments were used 

heavily by bats in summer and received some use year round. Of the species I captured 

at water, the one of greatest concern is the California leaf-nosed bat. The range of this 

former Federal Category 2 species in the U.S. is limited to Sonoran Desert regions of the 

Southwest, where it occupies a relatively small number of suitable year-round roosts. 

Management options for a water development include: (1) maintain it as a perennial 

water source, delivering water with sufficient frequency to prevent it going dry; (2) 

maintain it as an ephemeral water site, providing water at selected seasons, and allowing it 

to dry out, or perhaps covering it, during the rest of the year; or (3) terminate the site, 

ceasing water delivery and allowing wilderness roads and waters to revert to a natural 

state. 

Current knowledge is insufficient to determine whether loss of water sites would 

affect bat populations. If the decision is made to stop delivering water to some or all of 

the sites I studied, I recommend a concurrent research project on bats in the vicinity to 

examine whether loss of these waters has any impact. This could be done most easily 

with the California leaf-nosed bat because the locations of major roosts of the population 

are known. Even without an in-depth population survival analysis with and without 

water, the roosts could be monitored using emergence counts to observe general trends. 

Ideally, if new water developments are proposed, long-term studies of bats and other 

vertebrates would be conducted at those sites to compare populations before and after 

development in order to document the effect of adding water sites. 

Establishing artificially perennial water holes is likely to create some level of 

dependence in wildlife populations. When making decisions regarding water development 
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maintenance, managers need to consider the potential impact on all wildlife, not just on 

the target species. Papago Well and Antelope Saucer were allowed to go dry in late June, 

at the height of the hot, dry season, a time when bats, birds, and other wildlife were 

raising young and were most in need of water. I estimated that Antelope at least had been 

dry > 11 days. This may be an extreme stress to add to wildlife populations. If sites are 

to be terminated, I recommend linking their closure with a monitoring plan to examine the 

effect on at least some species. I also suggest terminating them at a season, perhaps early 

fall, chosen to minimize stress to wildlife and allow them to adapt to loss of the site. 

If managers are interested in designing water units that are available to bats as well 

as other wildlife, site access will be determined by flight morphology of each species. A 

larger surface area is accessible to a greater variety of bat species, but would also be 

subject to higher evaporation and thus be much less efficient in conserving water, which is 

not appropriate for the desert. All water developments should have escape ramps. For 

more than half of my study the escape ramp was missing from the south opening of 

Antelope Saucer. I removed a dead bat and dove, and heard about other drowned animals 

(bat, javelina) that had been found at the site. This is not only lethal for the animal that 

drowns, but could cause the spread of disease. I suggest that the maintenance schedule 

for a site include monitoring not only water levels but also escape ramps. 

Roosts 

Because of the importance of Papago Mine, Cowboy Mine, and Bighorn Adit to 

both California leaf-nosed and lesser long-nosed bats, these sites should be kept accessible 

to these species. Together the 3 mines contain the largest known population of California 

leaf-nosed bats on the Refuge. Any increased human visitation to the Refuge is likely to 

lead to increased roost disturbance, especially at Papago Mine, an important year-round 
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roost. I found repeated evidence of unauthorized vehicles driving on Wilderness Road 

#11, in spite of its official closure to public use. The area currently receives little 

monitoring. Papago Mine appears to be under the most immediate threat from human 

disturbance. It is a short hike from the main public road across the Refuge, <3 km from a 

designated camping area at Papago Well, and is identified on maps. At various times I 

witnessed evidence of recent visitation, including fresh tire tracks and foot prints on the 

abandoned roadway leading to the mine and signs of recent mineral prospecting within the 

mine, I recommend placing a physical barrier across both ends of Road #11, similar to the 

logs used to close abandoned roads on Organ Pipe Cactus National Monument. 

The Federally Endangered lesser long-nosed bat occurs seasonally in Arizona, 

gathering in large colonies in a few nursery roosts (Cockrum 1991). The fact that some 

lesser long-nosed bats use Papago Mine, and perhaps also Cowboy Mine, as maternity 

roosts suggests that these mines may offer appropriate habitat for a larger colony. The 

mines may be important to protect not only for the California leaf-nosed and lesser long-

nosed bats which currently use them but as prospective sites for larger lesser long-nosed 

bat colonies in future, for such situations as population increase or loss of a current roost. 

The Agua Dulce Mountains are at the western edge of the lesser long-nosed bat's 

distribution in Arizona (Cockrum and Petryszyn 1991), but have a good population of 

columnar cacti (Howell 1993) and might be able to support a larger summer population of 

nectar-feeding bats. 

The abandoned mines probably enabled the lesser long-nosed and California leaf-

nosed bat populations to occupy the area. Those mines may be essential to the 

continuance of these species in the Agua Dulce Mountains. I recommend that the 3 

roosts be monitored and protected. If mine closure due to liability is deemed necessary, 

or if human disturbance becomes a concern, properly designed bat-compatible closures 
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should be installed (Altenbach and Pierson 1995). Because of the importance of air flow 

to maintaining the internal temperature and humidity conditions required by bats, all 

openings to Cowboy and Papago mines must be preserved. 

Research 

Results of this study included the discovery that California leaf-nosed bats drank 

extensively at these water developments. Bell et al. (1986) suggested that roost selection 

by California leaf-nosed bats enabled their year-round residence. My study raises the 

question whether, at least in the eastern part of their range, water may also be part of the 

equation. Quite possibly California leaf-nosed bats are using water opportunistically, and 

their populations would be unchanged by closure of the water developments. 

Nevertheless, I found abundant evidence of their water use where some researchers have 

questioned whether they ever drink free water. Further investigation will be needed to 

understand the water requirements of the California leaf-nosed bat, including within its 

range in Mexico, taking into account possible differences among populations. Such 

research could take the form of behavioral studies in the field, genetic studies using non-

lethal techniques to examine evidence of isolation between populations (McCracken et al. 

1994, Wilkinson and Fleming 1996), or studies of urine-concentrating ability in different 

populations, taking into account water content of their insect diet as well as available 

drinking water. 

It would be useful to know whether California leaf-nosed bats occupied my study 

area before water developments were built. I know there was a population in Papago 

Mine and the Agua Dulce Mountains before Antelope and Bassarisc tanks, but do not 

know whether it preceded Papago Well. While such information about the past may be 

irretrievable, other populations of California leaf-nosed bats in the eastern part of their 
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U.S. range could be studied to see whether the water use patterns I observed were 

replicated. On the Refuge, there is a long-established California leaf-nosed bat colony at 

the south end of the Growler Mountains. Investigating whether those bats visit water 

would be one way to test my interpretation. A first step would be to locate and monitor 

any open water within 10 km of the roost. That could be done without disturbing bats at 

the roost, and without the expense of telemetry. If California leaf-nosed bats were found 

at water sites, light tags (Barclay and Bell 1988) could be used to track them back to their 

roost(s). Another step would be a radiotelemetry study of another population of 

California leaf-nosed bats in the Arizona Upland vegetative region to determine whether 

the bats visit water. The population I studied is in an extremely remote area which is also 

designated wilderness, a logistically difficult location for such a study. There are more 

accessible roosts to the north and east of the Refuge where such a study could be 

conducted. 

In proposing such research, I must include the caveat that roost disturbance is a 

major threat to California leaf-nosed bats. This can come from research as well as 

recreation. All hands-on research poses risks to bats from disturbance, banding, radio 

transmitters, and the stress of being captured. If roosts are protected and water 

availability remains the same, there is no urgency to answer the water-use questions. 

These questions only become important for management if it is necessary to design 

conservation measures for the species. 

My recommendations for California leaf-nosed bats on the Refuge, in order of 

priority, are; (1) protect the mines and keep them accessible to bats and undisturbed by 

humans; (2) establish passive monitoring of the population (exit counts); and (3) research 

further the importance of drinking water for California leaf-nosed bats in the Arizona 

Upland vegetative subdivision. 
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Appendix A. Aquatic invertebrates found in wildlife water developments, Cabeza Prieta 
National Wildlife Refuge, Arizona. No invertebrates were found on 3 occasions tanks were 
recently dr>'. (X = collected. O = observed but not collected.) 
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Appendix A continued. 

Hemiptera Coleoptera Diptera 
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Appendix B. Bats mist netted at 4 wildlife water developments, Cabeza Prieta National 
Wildlife Refiige, southwestern Arizona, 1995-1997. 

Adult female^ 
Net Net- Adult Non- Post-

Site Date time^ hrs'^ Species'^ Male repro. Preg. Lact. lact. Juv.® Unk.fTotal 

Saucer 
28 May 95 4 8 MACA 2 0 1 0 0 0 0 3 

MYCA 0 0 1 2 0 0 0 3 

2 Jul 95 3.8 7.6 MACA 6 0 0 16 0 0 0 22 
MYCA 0 0 0 1 0 0 0 1 

3 Jul 95 2.9 5.8 MACA 6 1 0 9 0 0 0 16 
MYCA 0 0 0 1 0 0 0 1 

22 Oct 95 4 8 MACA 0 1 0 0 0 0 0 1 

18 Jan 96 4,1 8.2 MYCA 2 0 0 0 0 0 0 2 

19 Jan 96 4.2 8.4 MYCA 2 1 0 0 0 0 1 4 

16 May 96 4 8 MACA 1 0 0 0 0 0 0 1 
MYCA 0 0 0 2 0 0 0 2 

17 May 96 4 8 MACA 1 0 0 0 0 0 0 1 
MYCA 0 0 0 2 0 0 0 2 

14 Jun 96 4.2 8.4 MACA 1 0 0 0 0 0 0 1 
MYCA 2 0 0 7 0 0 0 9 

15 Jun 96 4 8 ANPA 0 0 0 1 0 0 0 1 
MACA 1 0 1 0 0 0 0 2 
MYCA 1 2 0 7 0 0 0 10 

12 Jul 96 5.3 10.6 ANPA 0 0 0 0 0 1 1 2 
MACA 0 0 0 2 0 0 0 2 
MYCA 0 0 0 2 0 0 0 2 

11 Aug 96 7.3 43.8 ANPA 0 0 0 0 0 2 0 2 
MACA 2 0 0 12 0 16 0 30 

MYCA 2 0 0 0 2 0 0 4 

6 Jan 97 4.2 16.8 MACA 1 0 0 0 0 0 1 2 

7 Jan 97 3.8 15.2 MACA 0 2 0 0 0 0 1 3 

4 May 97 4.3 17.2 ANPA 1 1 0 0 0 0 0 2 
LECU 0 0 1 0 0 0 0 1 
MACA 4 0 0 0 0 0 0 4 

1 Jul 97 4 16 ANPA 0 0 0 1 1 0 0 2 

MACA 4 1 0 9 0 0 0 14 

MYCA 0 0 0 4 0 0 0 4 

2 Jul 97 4 16 ANPA 0 0 0 0 0 1 0 1 

MACA 5 1 0 10 0 0 0 16 

MYCA 1 0 0 2 1 0 0 4 
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Appendix B continued. 

Adult female^ 
Net Net- Adult Non- Post-

Site Date time^ hrs*^ Species^male repro. Preg. Lact. lact. Juv.^ Unk.^ Total 

27 May 95 4 4 ANPA 0 0 0 1 0 0 0 1 
LECU 0 0 0 2 0 0 0 2 
MACA 6 0 3 0 0 0 0 9 
MYCA 2 0 0 19 0 0 3 24 
PIHE 7 0 0 1 0 0 0 8 

29 Jun 95 1.7 1.7 ANPA 0 0 0 4 0 0 0 4 
MACA 0 1 0 13 0 0 0 14 
MYCA 3 1 0 2 1 0 0 7 
PIHE 7 0 0 8 0 0 0 15 

30 Jun 95 1.7 1.7 ANPA 0 0 0 6 1 0 0 7 
MACA 4 0 0 g 0 0 0 13 
MYCA 2 0 0 2 1 0 0 5 
PIHE 5 0 0 9 1 0 0 15 

21 Oct 95 3 3 ANPA 2 1 0 0 0 0 0 3 
MACA 4 2 0 0 0 0 0 6 
PIHE 4 4 0 0 0 0 0 8 

15 Jan 96 4.2 4.2 ANPA 5 4 0 0 0 0 0 9 
MACA 0 2 0 0 0 0 0 2 
MYCA 4 19 0 0 0 0 1 24 
PIHE 2 4 0 0 0 0 0 6 

16 Jan 96 4.1 4.1 ANPA 4 4 0 0 0 0 0 8 
MACA 2 0 0 0 0 0 0 2 
MYCA 7 7 0 0 0 0 0 14 
PIHE 4 4 0 0 0 0 0 8 

13 May 96 4.2 4.2 ANPA 0 0 2 0 0 0 0 2 
MACA 4 0 0 0 0 0 0 4 
MYCA 3 0 0 4 0 0 0 7 
PIHE 1 0 0 0 0 0 0 1 

14 May 96 4 4 ANPA 1 0 2 0 0 0 0 3 

MACA 3 0 0 0 0 0 0 3 
MYCA 1 0 0 2 0 0 0 3 

PIHE 1 0 0 0 0 0 0 1 

17 Jun 96 4.1 4.1 ANPA 0 0 0 7 0 0 0 7 
MACA 11 0 0 2 0 0 0 13 
MYCA 0 1 0 22 1 0 0 24 
PIHE 7 0 0 9 0 0 0 16 

18 Jun 96 4 4 ANPA 0 0 0 16 0 0 0 16 

MACA 2 0 1 0 0 0 0 3 
MYCA 3 0 0 18 0 0 0 21 
PIHE 9 0 0 11 0 0 0 20 
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Appendix B continued. 

Adult female^ 
Net Net-

Site Date time'' hrs'^ 
Adult Non- Post-

repro. Preg. Lact. lact. Juv.e Unk.fTotal 
Bassarisc 29 Jun 96 4 4 ANPA 1 0 0 6 1 0 0 8 
cont. MACA 3 0 0 8 0 0 0 11 

MYCA 10 2 0 13 6 0 1 32 
PIHE 18 1 0 13 1 0 0 33 

10 Aug 96 4.3 4.3 ANPA 1 0 0 0 4 11 0 16 
MACA 4 0 0 1 0 9 0 14 
MYCA 2 0 0 0 4 0 0 6 
PIHE 16 0 0 4 12 0 0 32 

9 Nov 96 5.2 5.2 ANPA 1 5 0 0 0 0 0 6 
MACA 8 7 0 0 0 0 0 15 
MYCA 2 6 0 0 0 0 0 8 
PIHE 0 6 0 0 0 0 0 6 

3 Jan 97 4.1 4.1 ANPA 1 1 0 0 0 0 0 2 
MACA 1 0 0 0 0 0 0 1 
MYCA 1 5 0 0 0 0 0 6 
PIHE 0 3 0 0 0 0 0 3 

4 Jan 97 4 4 ANPA 0 1 0 0 0 0 0 1 

2 May 97 4 4 ANPA 0 1 0 0 0 0 0 1 
MACA 9 2 0 0 0 0 0 11 
MYCA 2 1 1 0 0 0 0 4 

28 Jun 97 4.4 4.4 ANPA 1 0 0 8 0 1 0 10 
MACA 6 3 1 18 0 0 0 28 
MYCA 3 0 0 17 0 0 1 21 
PIHE 5 0 0 4 0 0 0 9 

29 Jun 97 4.1 4.1 ANPA 2 1 0 7 0 4 0 14 
MACA 12 1 0 14 0 0 0 27 
MYCA 0 0 0 4 0 0 0 4 
PIHE 1 0 0 2 0 0 0 3 

Papago 26 May 95 4 4 MACA 6 0 0 0 0 0 0 6 
Weil MYCA 0 0 0 7 0 0 0 7 

25 Jun 95 3.5 3.5 MACA 4 0 0 5 0 0 0 9 
MYCA 0 0 0 0 1 0 0 1 

26 Jun 95 3.1 6.2 MACA 9 0 0 8 0 0 1 18 
MYCA 0 0 0 1 0 0 0 1 

20 Oct 95 2.9 5.8 MACA 6 0 0 0 0 0 0 6 

10 Jan 96 4.1 8.2 MYCA 1 5 0 0 0 0 0 6 

11 Jan 96 3.7 7.4 ANPA 0 1 0 0 0 0 0 1 

9 Mar 96 4 8 MACA 2 0 0 0 0 0 0 2 
MYCA 4 6 0 0 0 0 1 11 

10 Mar 96 3 6 MYCA 3 0 0 0 0 0 0 3 
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Appendix B continued. 

Adult female^ 
Net Net- Adult Non- Post-

Site Date time^ hrs*^ Species^ male repro.Preg. Lact. lact. Juv.^ Unk.^ Total 

Papago 19 May 96 4.5 18 MACA 2 000000 2 

cont. 20 May 96 4.3 17.2 MACA 3 000000 3 
MYCA 0 002000 2 

19 Jun 96 3.3 5.5 ANPA 0 0 0 1 1 0 0 2 
MACA 1 0 0 0 0 0 0 1 
MYCA 0 006000 6 

21 Jun 96 4.1 12.3 ANPA 0 0 0 1 0 0 0 1 
M Y C A  1  0  0  1 1 0  1  4  

9 Aug 96 6.8 34 ANPA 0 0 0 0 1 1 0 2 
MACA 13 0 0 23 0 13 0 49 
MYCA 2 3 0 10 0 0 6 

10 Nov 96 5.2 26 MACA 15 3 0 0 0 0 018 
9 Jan 4 20 none 0 

10 Jan 4 20 none 0 

26 Feb 97 4 20 MYCA 1 4 0 0 0 0 0 5 

29 Mar 97 2.3 9.2 MACA 3 1 0 0 0 0 0 4 

6 May 97 4 20 MACA 5 0000005 

7 May 97 2.8 14 MACA 2 0000002 

4 Jul 97 3.5 17.5 ANPA 0 0 0 1 0 1 0 2 
MACA 2 1 2 7 0 0 0 12 
MYCA 0 0 0 0 10 0 1 

5 Jul 97 4 20 ANPA 0 0 0 0 0 1 0 1 
MACA 11 1 0 7 0 0 0 19 

Jose Juan 25 May 95 4 24 MACA 0 0200002 
TankQ MYCA 0 0 0 1 0 0 0 1 

22 Jun 95^1 4 20 ANPA 0 1 0 2 0 0 0 3 

23 Jun 95'^ 4 28 ANPA 1 0 0 2 0 0 0 3 

LANO 0 1 0 0 0 0 0 1 
MYCA 0 10 0 10 0 2 

19 Oct 95 5 20 ANPA 1 1 0 0 0 0 0 2 
MACA 0 4000004 

12 Jan 96i 4 12 MYCA 1 5 0 0 0 0 0 6 

N Y F E  3  0 0 0 0 0 0 3  

9 May 96^ 4 24 MACA 1 0 0 0 0 0 0 1 

MYCA 0 1 0 0 0 0 0 1 

10 May 96^ 4 32 ANPA 1 0 0 0 0 0 0 1 

MYCA 1 0 0 0 0 0 0 1 

22 Jun 96^.1 4.5 27 ANPA 0 0 0 1 1 0 0 2 

MYCA 1 1 0 0 0 0 0 2 
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Appendix B continued. 

Adult female^ 
Net Net- Adult Non- Post-

Site Date time'' hts'^ Species dmale repro. Preg. Lact. lact. Juv.® Unk.f Total 

Jose Juan 8 Nov 96 5.25 21 EPFU 0 1 0 0 0 0 0 1 
cont. LANO 0 1 0 0 0 0 0 1 

MACA 5 5 0 0 0 0 0 10 
MYCA 3 7 0 0 0 0 0 10 
NYFE 3 1 0 0 0 0 0 4 
TABR 1 0 0 0 0 0 0 1 

11 Jan 97^ 4 28 MACA 1 0 0 0 0 0 0 1 

8 May 97^^ 4.3 26 ANPA 0 0 2 0 0 0 0 2 

MACA 1 0 1 0 0 0 0 2 
MYCA 0 0 1 0 0 0 0 1 

Total 68 nights 273 794 395 165 22 453 44 61 13 1,153 

3 Adult females were classified as non-reproductive (Non-repro.), pregnant (Preg.), 
lactating (Lact.), or post-lactating (Post-lact.). Non-reproductive included fennales caught 
early in the year before pregnancy was detectable. 

^ Number of hours mist nets were open during the night. Netting began at dusk. 
^ 1 net-hour = 1 hour with a 5-m net or 0.5 hour with a 10-m net. Diffenng net 

configurations were used over the course of the study at some of the sites, ranging in total 
length from 5 to 30 m. 

^ Species captured were pallid bat (ANPA), big brown bat (EPFU), silver-haired bat 
(LANO), lesser long-nosed bat (LECU), California leaf-nosed bat (MACA), California myotis 
(MYCA), pocketed free-tailed bat (NYFE), western pipistrelle (PIHE), and Mexican free-tailed 
bat (TABR). 

® In summer, ANPA and MACA with unfused epiphyses were classified as juvenile 
(Juv.). 

^ A few individuals that escaped before these classifications could be made are listed 
as unknown (Link.). 

9 Netting at Jose Juan Tank was done at the represo, the drinker, and across a road 
through the mesquite grove west of the tank. 

^ On these dates, the represo was dry. 
' On these dates, the drinker was dry. 
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Appendix C. Captures of California leaf-nosed bats in roosts, Agua Dulcc Mountains, 
Arizona. 1995-1997. BA = Bighorn Adit, CM = Cowboy Mine, PM = Papago Mine. PMA2 = 
adit uphill from PM. Bats were captured in hand nets and released in the mine after recording 
data; mine cntrancc was blocked to prevent their cscape into daylight. M = male, F = female. 

Adults Juveniles 

Date Site 
Percent 

Males Females female 
Percent 
lactating 

Juvenile Juvenile Sex 
males females unknown Totals 

27 May 95a BA 1 4 5 

17 Jan 96 BA 18 40 69 58 

6 Apr 96" BA 7 23 77 30 

10 Nov 96b BA 18 14 44 32 

2 Jan 97 BA 85 184 68 1 270 

30 Jul 95 CM 13 38 75 95 29 27 107 

4 Aug 96 CM 32 87 73 92 40 46 205 

3 Aug 97 CM 5 13 72 92 4 9 31 

27 May 95 PM 2 0 2 

29 Jul 95 PM 38 32 46 97 20 16 106 

13 Jan 96 PM 9 4 31 13 

7 Apr 96 PM 87 94 52 181 

3 Aug 96 PM 86 47 35 94 19 16 168 

1 Jan 97 PM 97 126 57 1 224 

25 Jun 97 PM 8 13 21 

2 Aug 97 PM 42 32 43 94 34 35 143 

2 Aug 97 PMA2 1 17 94 100 3 2 23 

Total 549 768 1=58% J=94% 149 151 2 1,619 

^ Estimated >100 California leaf-nosed bats present. 
All bats present in the mine on this day were captured. 
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Appendix D. Observations of the endangered lesser long-nosed bat {Leptonycteris curasoae) 
in the Agua Dulce Mountains, Arizona, 1995-1997. LECU = lesser long-nosed bat; MACA = 
California leaf-nosed bat {Macrotus californicus). 

Year Dav Site 

1995 May 27 Papago Mine 

May 27 Bassarisc Tank 

Jun 29 Bassarisc Tank 

Jul 29 Papago Mine 

Jul 30 (Bighorn Adit) 

1996 May 11 Papago Mine & 
Cowboy Mine 

May 14 Bassarisc Tank 

Jun 16 Cowboy Mine & 
Bighorn Adit 

Jun 19 Papago Mine 

Jun 20 Papago Mine 

Jun 29 Papago Mine 

Aug 3 Papago Mine 

Aug 4 Cowboy Mine 

1997 May 3 Antelope Saucer 

May 4 Antelope Saucer 

Jun 25 Papago Mine 

Aug 2 Papago Mine 

Aug 3 Bighorn Adit 

Observations 

Furless, pink-skinned juvenile (juv.) LECU seen on wall 
at top of winze, rear of adit. 

2 lactating females (F) captured in mist net across 
front of tank. Other LECU observed roosting on ceiling 
of cave containing the tank. 

1 non-reproductive adult F captured in mist net across 
wash 120 m below tank. 

Many LECU, adult F and volant juveniles, captured 
and immediately released during hand netting of 
MACA; estimated c. 35 captured. 

1 LECU seen roosting with MACA in adit 100 m east, 
around hill, from Bighorn Adit. 

Fresh fecal splotches (yellow and/or red) characteristic 
of nectar and fruit feeding bats, at entrances of both 
mines, indicated seasonal presence of LECU. 

1 LECU seen roosting on ceiling above tank. 

Fresh fecal splotches noted at entrances. 

On daytime visual check of mine, 3 LECU seen 
roosting; 1 adult and 2 barely volant juveniles, <3/4 
full size. 

Nighttime mine check after emergence count; 5 
barely volant juveniles and 1 adult LECU seen. 

Brief daytime check of mine; saw 1 adult F and 4 
juvenile LECU, ranging from "pinkie" (furless, thus very 
young) to volant and nearly full-sized. 

During hand netting of MACA, we captured and 
released 74 LECU; 20 adult F (14 lactating, 6 non-
repro.), 26 juv. M, 28 juv. F. 

During hand netting of MACA, we captured and 
released 4 LECU: 1 juv. M, 3 juv. F. 

Using night-vision scope, watched numerous LECU 
visiting saguaro flowers near tank. 

1 gravid F LECU captured in mist net between trees 
5 m west of saucer. Immediately released. 

Captured and released 1 lactating F LECU while hand 
netting a few MACA at time of emergence. 

While netting MACA, we captured and released 21 
LECU; 1 adult F (non-repro.), 11 juv. M, 9 juv. F. 

10-12 LECU observed roosting in adit during daytime 
check. 
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Appendix E. Mean differences (.ro) and 95% confidence interval (CI) of the difference in 
capture rates (captures per net-hour) between females and males of 4 bat species at 3 wildlife 
water developments. An asterisk marks P-values <0.05. 

Species Season 
number 
of nights® 

number of 
adult bats XD SE 95% C|b 'Paired'^ P 

California leaf- Spring 13 54 -3.2 0.5 -2.1, -4.4 -6.1 <0.01* 

nosed bat 
Summer 22 295 3.7 1.3 6.4, 0.9 2.8 0.01* 

Winter 7 14 -0.6 0.7 1.1, -2.2 -0.8 0.44 

California myotis Spring 9 51 3.9 1.8 OO
 

0
 

1 o
 

k>
 

2.2 0.06 

Summer 22 171 4.9 1.3 7.6, 2.2 3.7 <0.01* 

Winter 9 72 2,4 1.8 6.6, -1.7 1.4 0.21 

Western pipistrelle Spring 3 10 -2.7 1.7 4.5, -9.8 -1.6 0.25 

Summer 7 143 0.9 1.0 3.2, -1.5 0.9 0.41 

Winter 4 17 1.5 0.6 3.6, -0.6 2.3 0.10 

Pallid bat Spring 5 9 1.0 0.3 1.9, 0.1 3.2 0.03* 

Summer 14 74 4.6 1.1 6.9, 2.2 4.2 <0.01* 

Winter 5 21 0.2 0.4 1.2, -0.8 0.5 0.62 

^ For California leaf-nosed bat, California myotis, and pallid bat, captures from 
Antelope, Bassarisc, and Papago sites were combined for analysis. For western pipistrelles, 
only Bassarisc netting sessions were included. 

^ Confidence intervals that do not contain 0 indicate significant difference. 
^ Positive ^Paired values mean a higher capture rate of females; negative values 

indicate a higher capture rate of males. 
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Appendix F. Mean (x) capture rates by season for each gender of 4 bat species at desert 
water developments. Differences among seasons, and a priori contrasts within seasons, 
examine seasonal differences in capture rates within each gender. Due to small sample sizes, 
fall data were excluded from statistical analyses. An asterisk marks /'-values <0.05, 

Among 
seasons Within seasons 

Species 
Captures per 
net-hour Season X SE F P 

Season 
pairs SE t P 

California 
leaf-nosed 
bat 

Females Fall 
Spring 
Summer 
Winter 

0.45 
0.11 
1.53 
0.05 

0.62 
0.39 
0.29 
0.37 

4.56 o.or Su-Wi 
Su-Sp 
Sp-Wi 

0.47 
0.48 
0.54 

3.12 
2.94 
0.10 

<0.01* 
<0.01* 

0.92 

Males Fall 
Spring 
Summer 
Winter 

0.90 
0.64 
0.78 
0.10 

0.31 
0,19 
0.14 
0.18 

3.32 0.03* Su-Wi 
Su-Sp 
Sp-Wi 

0.23 
0.24 
0.26 

2.92 
0.58 
2.05 

<0.01* 
0.56 

<0.05* 

California 
myotis 

Females Fail 
Spring 
Summer 
Winter 

0.23 
0.73 
1.32 
0.65 

0.66 
0.41 
0.31 
0.40 

1.13 0.34 Su-Wi 
Su-Sp 
Sp-Wi 

0.50 
0.52 
0.07 

1.32 
1.15 
0.13 

0.19 
0.23 
0.90 

Males Fall 
Spring 
Summer 

Winter 

0.08 
0.15 
0.35 
0.32 

0.23 
0.14 
0.11 
0.14 

0.70 0.55 Su-Wi 
Su-Sp 
Sp-Wi 

0.17 
0.18 
0.20 

0.12 
1.10 

-0.89 

0.90 
0.28 
0.38 

Western 
pipistrelle 

Females Fall 
Spring 
Summer 

Winter 

1.24 
0.06 
3.05 
0.66 

0.93 
0.66 
0.47 
0.66 

5.75 o.or Su-Wi 
Su-Sp 
Sp-Wi 

0.81 
0.81 
0.93 

2.96 
3.70 

-0.65 

0.01* 
<0.01* 

0.53 

Males Fall 
Spring 
Summer 

Winter 

0.66 
0.56 
2.58 
0.36 

0.83 
0.59 
0.42 
0.59 

4.64 0.02* Su-Wi 
Su-Sp 
Sp-Wi 

0.72 
0.72 
0.83 

3.07 
2.80 
0.23 

0.01* 
0.01* 
0.82 

Pallid 
bat 

Females Fall 
Spring 
Summer 

Winter 

0.64 
0.37 
2.33 
0.60 

0.59 
0.42 
0.30 
0.42 

6.96 <o.or Su-Wi 
Su-Sp 

Sp-Wi 

0.51 
0.51 
0.59 

3.36 
3.81 

-0.40 

<0.01* 
<0.01* 

0.70 

Males Fall 
Spring 
Summer 

Winter 

0.43 
0.06 
0.15 
0.60 

0.22 
0.16 
0.11 
0.16 

2.65 0.09 Su-Wi 
Su-Sp 

Sp-Wi 

0.19 
0.19 
0.22 

-2.36 
0.46 

-2.44 

0.03* 
0.66 
0.03* 
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