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crevices with no evident external

1.0. INTRODUCTION

- The purpose of this study was to examine the California distribution, habitat associations,

and current status of four poorly known bat species considered Mammal Species of Special
Concern: three molossids (the western mastiff bat, Eumops perotis, the pocketed free-tail bat,
Nyctinomops femorosaccus, and the big free-tailed bat, Nyctinomops macrotis), and one
vespertilionid (the spotted bat, Euderma maculatum). All four are cliff-dwelling species that have
substantially overlapping distributions. The primary focus was on the molossids, particularly E.

perotis, with information on E.

maculatum being gathered at the same time in areas of distributional

overlap. An additional goal.of this study was to explore survey methods for these species, which
share the unusual trait among bats that their echolocation falls largely within the range of human
hearing. The report combines the results of two project phases conducted in 1991-1992 and in.

1993-1995..

2.0. SURVEY METHODOLOGY

2.1. Distributional Surveys

Locality records were obtained from over 40 museums and other sources in California and
elsewhere (see Appendix I). Colonial roosting sites for E. perotis and N. femorosaccus, identified
from museum records and the literature, were visited to establish their current status. (No roost

sites were known for N. macrotis or E. maculatum). If a roost had been destroyed or bats no
longer occupied the site, the area was surveyed to determine if the species was still present in the.
vicinity of the former r00st. This was done by searching for alternate roost sites and/or monitoring
acoustically for foraging animals. Most available evidence indicates that, with the exception of
mother-young pairs, E. ‘naculatum roosts solitarily, s0 that roost searches were not expected to

detect this species.

Although in areas with extensive vertical rock features, searching on the ground for roost

sites can be labor intensive, roosts can sometimes be visually identified at a distance by
yellow/white/tan urine deposits below the occupied crevice. Such stains are more obvious on some
rock types, and should be examined where possible at close range, since colonies of other cliff-
crevice dwelling vertebrates (including a more cOMMmMOn molossid bat, Tadarida brasiliensis, and
the white-throated swift, Aeronautes saxatalis) and seasonal water seepage can produce similar
deposits. It should be emphasized that colonies of Eumops and Nyctinomops may be presentin

stains. An occupied or recently occupied roost may have an

accumulation of guano below the crevice, but degradation by rain or seepage, insect activity;

intervening inaccessible ledges

which act as traps, or simply sufficient height for extensive wind

dispersion all lessen detectibility. E. perotis guano is distinguishable from other cliff bat guano by
the combination of large size and stubby fusiform shape. Tf the roost is occupied at the time of
survey, audible vocalizations of this species, particularly as dusk approaches, makes their location

obvious if observers are within

50-100 m of the_ site.

There were also a number of locality records for which the roost site was unknown. In
such cases, the area was surveyed for the presence of animals using acoustic techniques (see

Section 2.2. below).

Given the apparent dependence of all the target species on vertical fractured rock features
for roosting sites, it was hypothesized that their distribution is geomorphically determined and that
sites with high potential as roosting areas could be efficiently identified by aerial survey. Two
aerial surveys searched for potential roost sites, focussing on the northern margins of the range of

E. perotis. One covered portion

s of the Coast Range from Alameda County south along the hills

rimming the Central Valley to Coalinga and returning north along the west side of the Salinas
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Valley. A second survey followed the Coast Range north from the Sacramento San Ji oaquin delta,
along the western rim of the Central Valley north to Red Bluff, and then south along the Sierra
foothills before continuing west across the Sutter Buttes. Seventeen potential roosting areas were
identified, and those that appeared most Promising were examined on the ground.

Because they favor similar steep, unvegetated faces, there is a correlation between roosting
sites for Some raptors, particularly prairie and peregrine falcons, and these bat Species, particularly

those occupied by white-throated swifts (Johnson and Johnson 1964, Collins 1973). Thus we
used information regarding the distribution of these birds species as a guide to potential roosting
sites for bats,

2.2. Acoustic Surveys

2.2.1. Historical Context

emerged that acoustic identification for at least some species presented considerable challenges
(Zingg 1990, Betts and Haynes 1994).
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2.2.2. Acoustic Detection_with the Unaided Ear

- All the species considered in this study echolocate in the audible range, generally from 4-20
‘kHz. Because attenuation with distance is less at audible frequencies (Lawrence and Simmons
1982), bat calls can be detected at greater distances than ultrasonic calls of comparable intensity.
" An additional advantage is that persons with undamaged (typically, youthful) hearing can hear
\ these species with unaided ears. This audibility offers tremendous advantages for initial screening
of a habitat. One can simply go to an area, without equipment, and listen.

This method should not be relied on for species identification, without considerable
preparation. One, there is quite large variation in human hearing in this frequency range. Field
experience indicates a wide range of variation armong observers in their ability to detect audible bats

“when they are present (pers. obs., K. Navo pers. comm.). A common practice in surveying for
owls is to require hearing tests for observers -- a measure that would certainly be appropriate for
monitoring of audible bats. Second, there is considerable overlap in call structure and frequency

range between among several of these species, making ;dentification uncertain even when the call

is recorded and displayed as a sonogram Or 2 time frequency plot.

Although reports of “audible bats” can be extrémely useful, and providé the basis for
further investigation, positive species identification should be made from recorded calls, which

can be reviewed and analyzed. A study by Fenton et al. (1987) illustrates the potential problems of -

Q relying on unrecorded calls for species identification. They examined the distribution of E.
maculatum in the Western U.S. using acoustic techniques, but because they did not record calls,
and failed to address the issue of distributional overlap with E. perotis (a species not mentioned in

* their list of other “audible” bats), their findings cannot be verified.

2.2.3 Choice of Acoustic Hardware and Analytic Software

AN

Choosing equipment for acoustic surveys of “audible” bats presents some technical

challenges. Their frequency range (5-20 kHz) lies atan inconvenient intersection: largely below the

design range of most bat detectors, and extending too high to be recorded well by common analog
cassette recorders. Virtually all bat detectors, including those in widest use (e.g., the broadband .
Anabat, or any of the several “mini” heterodyne detectors) incorporate high pass filtration, so that
audible sounds (e.g., below about 15 kHz) are suppressed to exclude leaf rustling, insect calls or
conversation by observers. Detectors with filtration can detect audible species, but typically only
a very loud calls at close range. To detect these species more consistently with a bat detector, itis
i necessary to lower the frequency of the high pass filter (which has the practical consequence of
also increasing response to other audible sound sources). In general we have used a Pettersson
_a- - . D980 (Pettersson Elektronik AB, Tallbacksvagen 51, S-756 45 Uppsala, Sweden) with the roll-off
frequency reduced to about 9 kHz, but also have employed other less complex detectors with
altered high pass filters. :

Another approach is to record directly (i.e., without frequency down conversion) with a
tape recorder and audio range microphone. The difficulty with this approach is that
inexpensive tape recorders rely on normal bias tape, which typically do not retain frequencies
above about 9 kHz. The performance of moderately inexpensive audio microphones is aless

P serious constraint, but their response between 16-20 KHz is quite variable: We have concluded

L that the best compromise (cost, portability, frequency response) for direct recording is a consumer
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Frequently we have combined several approaches. Using the Pettersson D980 detector
coupled with a stereo DAT recorder, we record frequency down-converted calls onto one track in
either frequency division ora digital time expand mode (Ahlen et al 1983), and simultan_eously

2.2.4. Acoustic Identification of Bat Species Included in This Stuiz

The four species included in this study all lend themselves to survey by acoustic methods,
All have moderate to high intensity, low frequency echolocation calls, that are frequently audible to
the unaided ear. One goal of this study was to determine whether it was possible to discriminate
arnong these four bat species on the basis of acoustic characteristics alone. When the study began
echolocation calls of one species, E. maculatum, had been characterized in the literature (Leonard

release following a capture. There are three potential problems with relying on information gained
by monitoring an exodus from a roost. First, in areas of geographic overlap, the molossid species,
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particularly E. perotis and N. femorosaccus, can co-occur in the same roosts. We identified such a
roost in Anza Borrego Park, and monitored one rock face in San Diego County that had at least
three molossid species present. Secondly, the roosts for all these species are generally in canyon
settings, where the the echolocation calls are altered to deal with a relatively confined environment,
and often have a different structure from the open-air search phase calls. Third, in the vicinity of a -
roost, molossids in particular exchange extensive social vocalizations. These calls are extremely
complex. With more examples and additional analysis, it may be possible to make species.

distinctions based on these.calls, but it is not obvious at this point how to do this.

" Hand release of known individuals is one of the best available ways t0 obtain reliably
assignable call sequences. Unfortunately, most bats do not emit typical open air search phase calls
immediately upon release. By the time they adopt an open air search phase call they may be out of
range of the recorder/detector system, Of can no longer can be separated from the other bats
(possibly of other species) that may be flying in the area. Thus it is necessary to use a spotlight or
attach a chemiluminescent tag (Buchler 197 6) to the animal, and attempt to follow it in isolation
from other bats to obtain what appears t0 be ‘normal’ call sequence. ) :

Distinguishing among the four species in question is aided somewhat by geography. N.
femorosaccus appears to be limited in its distribution primarily to southern California (Los Angeles

“basin and south -- see Section 4.3). Although the distribution of N. macrotis is less predictable (it

could occur almost anywhere in California), it appears to be extremely rare, and is also found
primarily in southern San Diego County (see Section 5.3). Thus, throughout much of California,
the only two audible species one is likely to encounter are E. perotis and E. maculatum. Asis
explained below, it is possible in most (probably > 95%) circumstances to distinguish between
these two species. ' :

, Guidelines for distinguishing among the species are given in Table 1. The primary
characteristics that separate the species are the asymptotic minimum frequency of the search phase
call and call duration. In general, all molossids (in California, E. perotis, N. femorosaccus, N. -
macrotis, and T. brasiliensis) have nearly constant frequency open air search phase calls, of
relatively long duration (15-30 ms). Typically, there is no more than a 4 kHz drop between the
beginning of a call and its termination. By contrast, most vespertilionids (in this case, E. :
maculatum) have broad band, rapidly frequency-modulated calls of relatively short duration (5
ms).

2.2.4.1. The echolocation call of E. maculatum

The search phase call of E. maculatum is the most distinctive, and the most .readily _
distinguishable from that of the other audible species (Table 1, Fig. 1). It has a steep frequency
modulated (FM) sweep from approximately 15 to 6 kHz, a duration of ca. 5-8 ms, and an

~ interpulse interval of ca. 320-365 ms (Woodsworth et al. 1981, Leonard and Fenton 1984). The

search phase call takes two forms: one a single note, the other a double note; both with multiple
harmonics. To the unaided ear, the rapid ticking has a slightly metallic quality, as though small
metal balls were being jiggled on a string (D. Constantine pers. comm.). Also, the animals can
often be spot-lighted (10-15 m above the ground), revealing their distinctive coloration pattern.

2.9.4.2. The echolocation call of E. perotis

-

The fact that the call of E. perotis is audible has been noted by various researchers
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(Krutzsch 1955, Vaughan 1959, Cockrum 1960, Constantine 1961b), but never characterized
quantitatively. Cockrum (1960) described it as a “high pitched ‘cheep --- cheep --- cheep’ of great
intensity.” To the unaided ear, it makes a sound similar to that made by the brown towhee at dusk
(D. Constantine pers. comm.).

arise, however, when animals are operating in a more cluttered setting, or approaching prey.
Under these circumstances, they shift to a more frequency modulated call (e.g., Fig. 2b), and
reduce the interpulse interval. In these sqttings,_ the call of E, perotis converges on that of £,

2.2.4.3. The echolocation call of N. femorosaccus

Although Krutzsch (1944b) noted that N, Jemorosaccus produced shrill, high-pitched -
chattering calls when first taking flight, and Benson (1940) noted that this Species sometimes
“squawked and chattered shrilly”” while in flight, we are not aware of any published sonograms or
more detailed characterizations of the echolocation call for this species.

search phase call of other molossid species, it has a relatively constant frequency, sweeping from
ca. 20 to 16 or 17 kHz, with a duration of ca. 15-20 ms, Although this species would not likely be
confused with E. Dperotis, which emits at a .COnsider.a.bly }ower.frequenc.:y, the differences between

molossids to alter call structure with the environment, and a tendency to engage in extensive social
vocalizations in flight, there are situations in which distinguishing among these species is not

2.2.4.4. The echolocation call of N. macrotis

The search phase echolocation call of N. macrotis, as described by Schum (1972), drops
from 18 to 12 kHz, with the greatest intensity being at 12 kHz. The call has a duration of ca. 25 ms
and an interpulse interval of ca. 500 ms. The call attributed to N. macrotis by Fenton and Bel]
(1981), based on hand relqascd animals, had a sweep from 30 to 17 kHz, and a duration of 20 ms.
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not N. macrotis. The echolocation call described by Simmons et al. (1978) does not fit the

description of any known molossid call, and likely is in error.

The calls of N. macrotis are described by Constantine (1961a) as “barely audible whistling
sounds. . . vaguely suggestive of sounds made by flying mourning doves.” Barbour and Davis
(1969) describes foraging N. macrotis as emitting a “loud piercing chatter ...... similar to the note -
of a flying squirrel, but louder and more piercing.” :

Although our characterization of E. perotis and N. femorosaccus calls are based on known
animals, and/or recordings made at ro0sts where positive identification of the species present had
been made, we were unable to capture any live N. macrotis for call characterization. Our
identification of N. macrotis, therefore, is inferential, based on recordings made at a locality in San
Diego County where a mummified N. macrotis was found in 1991. Visual observations of large
molossids (too small to be E: perotis) emerging from a rock crevice below which the specimen had
been taken, combined with obtaining recorded calls which fit the description offered by Schum
(1972), strongly suggest we were able to record N, macrotis, but this remains to be confirmed
(Table 1, Fig. 4). These calls are also consistent with calls recorded at a known N. macrotis
locality in northern Arizona (M. O’Farrell pers. comm.). '

The fourth and most common molossid species in California, the Mexican free-tailed bat,
Tadarida brasiliensis, is smaller than the other three molossid species, and has a correspondingly
higher frequency search phase call, which generally sweeps from about 27-28 kHz down to 20-23
KkFlz. Its social calls or approach phase calls could be mistaken for calls of N. femorosaccus. T.
brasiliensis is one of the most commonly detected bats in many localities in California, and is
generally present at the same localities as the other molossids. Even the search phase calls of this
species are audible to some observers.

Although most North American vespertilionid bats have frequency modulated calls, the
Jasiurines sometimes emit nearly constant frequency calls (Barclay 1986). The largest species, the
hoary bat, Lasiurus cinereus, produces calls that overlap in frequency with those of T. brasiliensis
and N. femorosaccus and could potentially be confused with either. L. cinereus is a tree-dwelling
bat, so would not likely to be encountered in a cliff roost setting, but is difficult to distinguishin
open air foraging situations. Social calls of other bat species, particularly the pallid bat, Antrozous
pallidus, and a number of insect calls also overlap in frequency with the calls of these audible bat
species. ' :

This discussion applies only to California, and thus does not consider the situation which
may arise elsewhere in the southwest where other audible species co-occur with these four taxa
(e.g., Idionycteris phyllotis in Arizona, New Mexico, Utah, Nevada, and possibly, although never
documented, along the Colorado River in California; or Eumops underwoodi in Arizona) (Findley
and Jones 1965, Hall 1981, Simmons and O’Farrell 1977). :

3.0. EUMOPS PEROTIS
3.1. Taxonomy

The Califomia form of Eumops perotis (Family Molossidae) was first described by
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revision of the genus (Eger 1977), there are nine species currently recognized in the genus Eumops
(auripendulus, bonariensis, dabbenei, glaucinus, hansae, maurus, perotis, trumbulli, and
underwoodi), and two subspecies of E. perotis (californicus and perotis). Most species have their
centers of distribution in Mexico, Central and/or South America; three (glaucinus, una’erwoodz':

3.3. Distribution

3.3.1 Geographic Range

E. p. californicys ranges from central Mexico across the southwestern United States (parts
of California, southern Nevada, southwestern Arizona, southern New Mexico and western Texas)
(Bradley and O'Farrell 1967, Eger 1977, Hall 1981).

3.3.2. Past Distribution in California
<28 LIsiribufion in California

Prior to the initiation of this study in 1990 (Pierson 1992), with a continuation in 1993-
1995, the primary distribution of E. perotis in California was thought to be the southern part of the
state (Cockrum 1960, Eger 1977), with the majority of confirmed records concentrated in the Los
Angeles basin, San Diego County, and the southern portion of the San J oaquin Valley (Fig. 5,
Appendix I). The most northern records for which specimens were available was a single animal -
from the San Francisco Bay area (Hayward, Alameda County) (Sanborn 1932) and several records
from Yosemite Valley in Yosemite National Park (Natural History Museum, Yosemite National
Park). There were also reliable reports of a population at Hetch Hetchy Reservoir in Yosemite .
National Park (V. aughan 1959), and of a single animal (specimen not available), presumed to be g
vagrant, found in 1973 in Butte. County, near Oroville (A. Beck pers. comm., Eger 1977).
Additionally, there are two unconfirmed records of large bats from Lake County (Storer 1926),
tentatively identified as E. perotis, one from an area near Middletown, and the other from Arabella
(near Cache Creek). The identification of these specimens is uncertain, and the identifying
characteristic (a wingspan of 16”) for one of these animals would be appropriate for Nyctinomops
macrotis, not E. perotis (which has a wingspan of 21-22")(Barbour and Davis 1969). Zeiner et al..
(1990) describe E, berotis as “an uncommon resident in. .. [the] Coastal Ranges from Monterey
County southward,” presumably based on a few records from the Salinas area.
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Azusa, Colton, and Covina). In the 1940s Krutzsch (1943, 1945, 1943, 1955) identified two
colonies in San Diego County. Additional significant locality records were contributed by Vaughan
(1959) who monitored 22 sites, including eight colonies, located primarily in southern California.
Leitner (1966) also focused his research on a colony located in a building at Citrus Junior college
in Azusa in the Los Angeles basin. D. Constantine (pers. comm.) knew of a colony in a church in
Highland in the 1960s. K. Stager (pers. comm.) reported a very large colony eliminated by an
exterminator from a house in downtown Los Angeles in the early 1950s.

There are only three records of colonial roost sites north of the Los Angeles basin, all
located in the 1940s and 1950s by researchers associated with the Museum of Vertebrate Zoology
at the University of California, Berkeley - a colony on the west side of the Central Valley in San
Benito County (Dalquest 1946), one in Kern County near McKiitrick (Krutzsch 1955), and one in
the Kern River drainage east of Bakersfield (Koford 1948, Krutzsch 1955). Additionally Vaughan
reported hearing this species on many evenings at Hetch Hetchy Dam in 1952 (Vaughan 1959).

3.3.3. Current Geographic Distribution in California

This study has changed the distributional picture for E. perotis in two significant ways. Itis
now apparent that the species is much more widely distributed than was previously realized (Fig.
5), and populations occur in areas for which only single or scattered records were previously
available. All records obtainied in this study are detailed in Table 2.

3.3.3.1. Northern California

All results of acoustic surveys for this area are given in Tables 3 and 4.

Prior to this study the only records for any locality north of the San Francisco Bay area
were a supposed vagrant from Oroville in Butte County (A. Beck pers. comm., Eger 1977), and
the two questionable, unconfirmed records from Lake County (Storer 1926). Surveys conducted in
September 1994 revealed that the Oroville record was not a vagrant. Rather there is a significant -
population associated with the basaltic table mountains near Oroville. On two nights of observation
multiple animals were detected at several stations just after dark, within a mile of the west facing
cliffs. There is also an additional population 95 km to the north, near Chico, which basedon
reports from a trained observer, appears to be resident year round (B. McMurtry pers. comm.),
and another population about 40 km southwest at Sutter Buttes (W.E. Rainey pers. comim.).

Echolocation calls attributable to this species have also been recorded at several sites north
of Chico: the Antelope Creek Nature Conservancy Reserve just east of Red Bluff (several
individuals); Ney Springs, a narrow canyon néar Mt. Shasta City; Gumboot Lake in the Trinity

Alps west of Mt. Shasta City; and near Medicine Lake on the Modoc plateau, 45 km. south of the
Oregon border. ' . o '

No E. perotis were detected in single nights of observation near cliff sites at Black Butte
[ake in Tehama County and at two promising rocks formations in Napa County (near Monticello
Dam at Lake Berryessa and in Wooden Valley) located by aerial survey.

3.3.3.2. The Central and Southern Co’ést Ranges

All results for acoustic surveys in this area are given in Table 3.

9
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Previous confirmed records for E. Dperotis in the central Coast Ranges were a roost found in
the 1940s in a cliff face in the Silver Creek drainage near Panoche in San Benito County (Dalquest
1946), one or two animals picked up in a warehouse in the Salinas Valley near Soledad, Monterey
County (von Bloeker 1943), one animal turned into California Department of Health Services from
the East side of the Pinnacles in 1977 (D. Constantine pers. comm.), and a single specimen found
dead in downtown San Luis Obispo in 1991 (NDDB). Additionally, there was a roost identified in
the 1950s on the Twisselman Ranch in McKittrick, on the western margin of the Central Valley.

In these surveys, populations were located at two previously known sites, and at a number
of additional sites. These results extend the known range for this species, and suggest it is more
widely distributed in the Coast Ranges than was previously realized.

Surveys conducted in the Silver Creek drainage confirmed that this population still exists.
The original roost site, a crevice in a sandstone cliff, had broken away, and thus no longer exists.
However, E. perotis was heard eighteen times passing over the original roost site within the first
half hour after darkness, strongly indicating that a colony still roosts in this drainage, at a site
farther upstream (which was not located in a search of the next 2.0 km).

Access to the Twisselman Ranch was denied (E. MacMillan pers. comm.), so it was not
possible to survey this site. It was the impression of E. MacMillan (pers. comm.), however, that
bats no longer occupy this roost.

foraging sites along Chalone Creek and in Bear Valley. The older isolated specimens from
Pinnacles National Monument and Soledad were Likely associated with this population.

Another population was identified along the North Fork of the San Antonio River, near a
rock feature known as Wagon Caves (an area where bats had been heard [E. Remington pers.

comm.] and which appeared promising based on aerial surveys). Although only a few animals

were heard at the several stations sampled, the species clearly occurs here, only 12 km from the
coast.

10
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3.3.3.3. Sierra Nevada

Results for acoustic surveys in the Sierra Nevada are given in Table 4. Operating under the
assumption that a cliff-dwelling species would most likely ‘occur where there were significant rock
features (as are common in California river drainages), twelve Sierra Nevada rivers were-sampled
for the presence of E. perotis. In most cases, multiple sites were sampled, representing an
altitudinal gradient. - - .

Prior to this study, the only indications that E. perotis occurred in the Sierra Nevada were
several low to mid elevation records: the report by Vaughan (1959) of a population at Hetch
Hetchy Reservoir, a few samples from Yosemite Valley Natural History Museum, Yosemite
National Park), a record from Trimmer on the Kings River, and the roost located by M. Koford in
the 1940s along the Kern River (Koford 1948). _

This study showed that populations of E. perotis occur in many of the Sierra Nevada river
drainages, particularly in the central and southern Sierra, i.e, the Stanislaus, Tuolufnne, Merced
(North and South Forks), San Joaquin, Kaweah, Tule, and Kern rivers. The only river in the

‘central Sierra on which the species was not detected was the Kings, but all sites sampled were

above 1,450 m. Forest Service personnel have reported hearing audible bats at lower elevation, at
Trimmer (K. Sorini pers. comm.), near where a specimen was taken in 1941, indicating the
species does occur at lower elevations. We expect that this species does occur in the Kings River

drainage, in areas like Tehipite Valley, not yet sampled.

just below Glen Aulin (2,380 m), not at all in the Muir Gorge (1,710 m) area, and numerous (>
10) times in Pate Valley (1,320 m) (Pierson and Rainey 1995). \

The Kern River roost (Koford 1948), which contained about 100 animals on August 24,
1948 was relocated on September 4, 1992, and had 20-30 animals. Seventy-five animals were
present in October 1994 (P. Brown pers. comm.). Multiple roost sites were identified in two
basaltic table mountains, one near Fresno (MacKenzie Table) on the San Joaquin River (our data;
W. Philpott and D. York pers. comm.) and the other near Jamestown on the Stanislaus River (our
data; T. Rickman pers. comm.). At least four different roosting areas have been identified for the
Jamestown population, with the largest roost containing approximately 50-60 animals on October
13, 1994 and March 31, 1995 (our data; T. Rickman pers. comm.). At least 3 roost sites have been
identified on the MacKenzie Table, and appeared to contain at least 50 animals in December 1994
(W. Philpott and D. York pers. comm.). The identification of roosts in this area is of particular

interest, since all previous records from the area were single male specimens.

The highest densities of E. perotis in the Sierra Nevada may occur in the central region
from Yosemite to Sequoia Kings Canyon National Parks. Repeated acoustic monitoring since 1992
has documented substantial populations in three separate areas of Yosemite National Park: along
the Tuolumne River at Hetch Hetchy Reservoir and in the Grand Canyon of the Tuolumne, along
the Middle Fork of the Merced River in Yosemite Valley and near confluence with Cascade Creek,
and at Wawona on the South Fork of the Merced River (Pierson and Rainey 1993, 1995, 1996). A

radiotracking study conducted in Yosemite Valley in 1995 confirmed a reproductive population and

11
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identified two roosts (Pierson and Rainey 1996). Net capture of a juvenile animal at Wawona
confirmed the presence of a reproductive population in this area (Pierson and Rainey 1995). In
Sequoia National Park, E. perotis was detected repeatedly in Giant Forest Village and at nearby
Moro Rock during bat surveys conducted for the Park in the summer of 1995 (Pierson and Heady
1996). :

In the northern Sierra Nevada, limited sampling did not detect any E, Derotis on the North
Fork of the Yuba or the Mekelumne Rivers. A population was identified, however, associated with
the basaltic tableland, on the Feather River, near Oroville (see Section 3.3.3.1 above).

3.3.3.4. Southern California (I.os Angeles Basin Imperial, Riverside. San Bernardino and San

-Diego Counties)

The urban landscape of coastal southern California, particularly the Los Angeles basin has
undergone such alteration that it was frequently impossible to locate historic roost sites, particularly
those that were in buildings. In most cases, the buildings no longer exist. Thus our approach was
to conduct acoustic surveys in the vicinity of selected known roosts, and in other areas where
relatively intact natural rock features offered potential roosting habitat.

communities like Pasadena, Altadena, Sierra Madre, Azusa, Highland, and Covina), and western
Riverside County, where there are large granitic outcrops (e.g., at Lake Perris and Lake Mathews).
In San Diego County we concentrated on the two previously identified roost areas: Lake Barrett
(Krutzsch 1955) and the Suncrest/El Cajon area (Krutzsch 1945, Vaughan 1959). Additionally, we
surveyed the rocky areas (canyons and/or boulder jumbles) in Joshua Tree National Monument,
Painted Canyon near Mecca, and Anza Borrego State Park. Survey results are given in Table 5.

Museum, pers.comm.), and which appeared to offer a remnant patch of suitable foraging habitat,
revealed no animals in a two-hour evening survey on September 1, 1992. Several E. Dperotis were

population also persists at Lake Perris, where it was first identified by Vaughan (1959). New
records were obtained for Lake Mathews (P. Brown pers. comm.). Additienally, there are several
independent reports of audible bats, most likely E. perotis, from the vicinity of Coal, Gypsum and
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Fremont Canyons, Lake Elsinore, and the Santa Rosa Plateau in Riverside and Orange counties
(G. Bell, P. Brown, J. Tutton pers. comim.). '

In San Diego County, although the property owner denied access, we were able t0
determine acoustically that a colony of E. perotis still occupies the Barrett Junction roost first
described by Krutzsch (1948 and 1955). At least ten animals were detected at a distance of at least
500 m downslope from the roost on May 20, 1991. At a site fitting the description of Vaughan’s El
Cajon roost, in an area thatiis now a housing subdivision, no E. perotis were detected. A '
previously unidentified small roost (10-12 adults) was located in Ramona (C. Mushet-Rogers pers.

" comm.), in a large boulder, within 100 m of a home.

, A small colony of E. perotis (ca. 10 adults) was located in the Split Mountain area of Anza
Borrego in July 1992. A lactating female was captured, confirming the site is a maternity roost.
The colony shared a rock crevice with V. femorosaccus (although the two species were spatially
separated within the crevice). Research being conducted by K. Miner (pers. comm.) in this canyon
has farther documented substantial populations of both these species in this area of the Park.

_ Following the lead of a E. perotis specimen collected in Painted Canyon north of Mecca
(Collins 1973), populations of both E. perotis and N. femorosaccus were identified here. In
Joshua Tree National Monument, 40 km to the north, echolocation calls of E. perotis were
recorded at Barker Dam. - , '

P. Brown (pers. comm.) has supplied a number of records from southern California, all
identified as E. perotis based on auditory detection (Fig. 5).

333.5. Seasonal Distribution

Although molossid species generally do not hibernate, and certain populations, particularly
of Tadarida brasiliensis, are migratory (moving to warmer climates in the winter), little information
is available on seasonal distribution patterns of E. perotis in California outside southern California.
Past research indicates that in southern California most roosts are not occupied year round, but the
species is present in the same area during all seasons (Barbour and Davis 1969, Howell 1920a,
Krutzsch 1948-and 1955, Leitner 1966).

Surveys conducted at various sites along the western base of the Sierra Nevada in the fail
and winter suggested that the species likely moves down the river drainages as the weather cools,

concentrating during the winter in areas that experience prolonged periods of above freezing

temperatures (below 300 m). For example, there were many fewer E. perotis detected at sites in
Y osemite National Park in mid-October than during the summer (Pierson and Rainey 1995). None

‘were detected in areas where temperatures were below 4°C. Additionally, surveys of the Kern

River drainage in February 1994 revealed that animals were not occupying the summer roost site at
580 m, but were detected flying above the river at several stations between 500 m and 245 m. The
animals were most numerous immediately after dark near the mouth of the canyon, suggesting they
were roosting in the canyon near the 245 m level.

A survey in February 1994 to locate E. perotis in several major drainages of the western
Sierra (Kern, San Joaquin, Merced and Tuolumne rivers), and at selected sites in the Central

. Valley and coast range (San Luis Reservoir, Carizzo Plain, and Buena Vista Lake) was. hindered
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by inclement and unusually cold weather, The only site at which we detected bats was in the Kern
River drainage (just prior to the onset of bad weather).

Information from reliable observers documented that populations are present throughout the
winter at the cliff margins of three basaltic tablelands (near Oroville, J amestown and Fresno) (B.

3.4. Population Biology

Unlike vespertilionids, which mate in the fall, North American molossids, including E.
perotis, appear to mate in the spring and give birth to a single young in the early to mid-summer.,
The small amount of data that are available suggest that, alt}}ough most E. perotis young are born

3.5. Habitat Associations

The distribution of E. perotis is likely geomorphically determined, with the species being
present only where there are significant rock features offering suitable roosting habitat. It is found
roosting in a variety of habitats, from desert scrub to chaparral to oak woodland and into the

ponderosa pine and mid-elevation conifer (e.g., giant sequoia) belts. It forages seasonally at higher
elevations.

3.5.1. Roosting Ecology
3.5.1.1. Background Information

E. perotis is primarily a crevice dwelling animal. Natural roosts are generally on cliff faces
of in large boulders, and can be in exfoliating granite, sandstone, or columnar basalt (Dalquest
1946, Krutzsch 1955, Vaughan 1959). A number of roosts have also been located in appropriately
proportioned cracks in buildings (Barbour and Dayvis 1969, Howell 1920a). Roosts are generally
1gh above the ground, usually allowing a clear vertical drop of at least 3 m below the entrance for
flight (Barbour and Davis 1969, Vaughan 1959).

E. perotis is colonial, but colony size is generally small (fewer than 100 animals) (Barbour
and Davis 1969). Howell (1920a)-considered even twenty to be a large roost. Although maternity
roosts for most bat species contain only adult females and their young, E. perotis colonies may
contain adult males and females at all times of year (Krutzsch 1955).
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3.5.1.2. This Study

The natural roost sites examined in this study were in exfoliating granite, sandstone, or
columnar basalt. In all cases the bats were in a crevice at least 3.5 m above the ground. Most were
identifiable at some distance (at least 500 m) by staining below the crevice. Close inspection
sometimes permitted discrimination (based on patterns of staining and guano deposits) between
bird nesting areas and bat roosts. As expected, E. perotis roosts were frequently located in the
vicinity of raptor aeries (particularly prairie and peregrine falcon nests) and colonies of white
throated swifts. ' ‘ . : :

The importance of cliff margins in basaltic tablelands for this species was not appreciated
prior to this study. '

3.5.2. Foraging Ecolggy‘ . o B

3.5.2.1. Background Ir_xfgrmatign

E. perotis emerges after dark, and can be heard flying every hour of the night. The animals
characteristically fly, and perhaps forage, at high elevation, often up to 1,000 feet above the
ground (Vaughan 1959). At one locality in Arizona, 58% of the diet of E. perotis consisted of
small (about 8 mm) hymenopterous insects (Ross 1961). In another study, Ross (1967) reports on
a sample of eight E. perotis from Arizona that had eaten only large Lepidoptera (up to 60 mm) and
a few Homoptera. Easterla and Whitaker (1972) found that in 18 specimens from west Texas,
almost 80% of the diet was Lepidoptera, and the rest predominantly Gryllidae and Tettigoniidae. E.
perotis is a strong, fast flier, and its foraging range is likely extensive. It has been heard in open
desert, at least 24 km from the nearest possible roosting site (Vaughan 1959).

3.5.2.2. This Study

E. perotis was detected numerous times in foraging areas in the course of this study.
Although the habitat included dry desert washes, flood plains, chaparral, oak woodland, open
ponderosa pine forest, giant sequoia/red fir forest, and grassland, animals were most frequently
encountered in broad open areas. Given the frequency with which multiple animals are detected

.

- together or in rapid succession, it appears that this species sometimes travels or forages in groups.

Generally they move through an area fairly rapidly; a burst of acoustic activity will frequently be
followed by silence. Foraging will not predictably reoccur at the same site on sequential nights.

Whenever the opportunity presented itself we collected guano from either captured animals
or known roost sites. That information is discussed in detail elsewhere (Whitaker et al. in prep.),
but, in summary, this work showed that in California E. perotis feeds predominantly on moths
(Lepidoptera), but also includes beetles (Coleoptera) and c_rickets (Gryllidae) in its diet.

3.6. Current Status | |
E. perotis is more widely-distributed, particularly in the Sierra foothills, than was

previously realized. The discovery of new localities is likely due to improved detection methods
and the development of an improved roost search technique, rather than an expanding geographic
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range. Even though researchers have made reference to the audible calls of E. perotis (e.g.,

Vaughan 1959), we are not aware of this characteristic being used as a survey tool prior to this
study.

Assessing the status of E. perotis populations presents certain challenges. Unlike many
species which exhibit great roost fidelity, and whose status can be tracked by monitoring colony
size at roost sites (e.g., Corynorhinus townsendii and several Myotis species [Pierson and Rainey
1995, Stihler and Hall 1993), E. Dperotis may occupy roost sites in an as yet unpredictable fashion.
Krutzsch (1948) followed the Barrett Junction roost over a period of 11 years, and the population
varied from 10 to 60 at comparable times of year. Certain roost sites, or series of roost sites, may
be critical to particular populations, but we do not yet know enough about the roosting ecology of
this species to determine roosting patterns. Data collected in the Jamestown area, and along the

Kern River, would suggest that colonies, while shifting roost sites seasonally, appear to remain in
the same area. '

An absence of historical records makes it impossible to assess current trends for this
Species in most areas. The paucity of detection events along the north rim of the Los Angeles basis,

With the exception of the north rim of the Los Angeles basin, E. perotis was detected in most
sampled areas for which there were historic records.

More information would.need to be gathered on the roosting ecology of each population
before baseline population numbers could be estimated. Nevertheless, a number of important
populations that warrant ongoing monitoring have been identified.

3.7. Conservation Concerns

There are various potential threats to the roosting and foraging habitat of E. perotis that
need to be evaluated. .

3.7.1. Urban/suburban Expansion

The loss of foraging habitat in the Los Angeles basin is likely primarily responsible for
what appears to be a decline in E. perotis populations in this area. The numerous creek drainages
flowing into the Los Angeles basin from the San Bernardino and San Gabriel mountains provided
the kind of floodplain, desert wash vegetation that appears in other settings to be ideal foraging
habitat for this species. Most of that habitat has now been lost to urban/suburban development.

In San Diego County, where houses are situated among boulder jumbles, people can be
brought into close contact with these bats, which due to their size and loud vocalizations, are

evident when present. Thus colonies in close proximity to human dwellings become vulnerable to
disturbance and vandalism of their roosts,

3.7.2. Pest Control Operations

Extermination of colonies by pest control operators and Public Health Departments has also
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“been responsible for the elimination of many E. perotis in the Los Angeles basin. In this area,
where colonies occupy buildings, these large and noisy bats are very vulnerable to the hysteria
which often surrounds bat colonies. K. Stager (pers. comm.) described a situation in a building
near the Los Angeles County Museum in which “3 wash tubs full” of E. perotis were killed by
exterminators in the 1950s. The only two recent colonies we know of in buildings in the Los
Angeles basin both came o our attention because of attempts by public health officials to eliminate
them (a school in Rancho Cucamonga and the Norco City Hall).

3.7.3. Water Impoundﬁients_

The same canyons that offer suitable cliff habitat for E. perotis also provide basins for
storage reservoirs and other water projects. Almost every river that drains the west side of the
Sierra Nevada has one or more such reservoirs. One or more storage reservoirs occur in the
vicinity of four table mountain roosts (e.g., Lake Oroville, New Melones Reservoir, Tulloch Lake,
Millerton Lake) and at Hetch Hetchy in Yosemite National Park. Roosting and foraging habitat
have inevitably been lost at many of these sites. For example, at Hetch Hetchy most of what was
once a large, cliff-bordered valley resembling Yosemite Valley is now inundated. The population
that once likely foraged in the valley directly below the cliffs, now must travel several miles -
downstream to find a suitable foraging area. It is thus of considerable concern that the habitat for
the Los Banos Creek population (one of only two, colonies known on the western rim of the
Central Valley) is now threatened by a proposed reservoir. _

It also should be noted that E. perotis has frequently been detected foraging in the vicinity
of reservoirs (e.g., Tulloch Lake, Lake Kaweah, Lake Success), so it is also possible that
reservoirs create foraging habitat. The situation needs further evaluation.

3.7.4. Highway Projects

Rivers and streams can create cliff-rimmed canyons that offer bat roosting habitat. River
drainages, because they frequently offer the easiest routes through mountain ranges, are also
favored corridors for highway construction. Such construction commonly entails blasting of cliff
faces, either for initial highway construction or later improvements (i.¢,. widening and
straightening). Since bats are frequently overlooked in the environmental assessment process, CHff
roosting species, such as E. perotis, are at risk of both direct impacts from blasting, and long-term
Joss of roosting habitat from cliff modifications. In some settings it is possible that soil removal
and blasting may expose rock and create roost habitat, but this is not generally the case since
" heavily fractured, unstable rock is often removed, slope angles are reduced, and exposed faces are
generally mantled with soil to encourage revegetation. ‘

3.7.5. Recreational Climbing

There has been a rapid increase in récreational rock climbing in the West in recent years. A
recent informal survey by personnel at Yosemite National Park has documented 3,000 new
climbing routes within the park, where the unsanctioned use of various technical aids has made -
previously unclimbable areas accessible (Dept. of Resource Management, Yosemite National Park,
pers. comm.). The popular sites, such as El Capitan in Yosemite Valley, literally experience
climbing traffic jams, with 20-30-climbers on the face at once. Similarly, columnar basalt cliffs,
which occur along the western base of the Sierra Nevada, until recently considered too hot and-
unpleasant for climbing, have experienced increasingly heavy use since about 1990. This is
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especially true in the Jamestown area. Although no information is available regarding what
proportion of the crevices used by climbers offer suitable roosting sites for E. perotis, it is
reasonable to presume that hands or temporary climbing aids inserted into'a roost crevice would be
cause for disturbance and possible abandonment of a site, Also, climbers may alter cliff habitat,
dislodging unstable rock, clearing ledges, and depositing human waste.

3.7.6. Mining and Quarry Operations

Mining and quarry operations that impact cliffs could potentially remove roosting habitat
for E. perotis. Additionally, the noise generated by active mining and quarry operations could

3.7.7. Grazing/Meadow Management

Although a number of bat species appear to forage predominantly over water, or along
vegetation edges (e.g., riparian zones, forest edges), E. perotis frequently forages in open areas, -
including meadows. To the extent that excessive ing and trampling of meadows by livestock
alters the insect productivity (particularly for lepidopterans), it may impact the foraging habitat of
bats, including E. perotis, and could adversely affect local populations. .

3.7.8. Pesticide Spraying and Environmental Contaminants

Pesticides have been shown to have detrimental effects on bat populations (Clark 1981). E.
perotis is a moth specialist. Thus all non-target spraying poses a threat and could eliminate the prey

base in an area. As mentioned above, cyanide ponds used in gold mining operations could pose a
threat.

3.7.9. Sensitivitz to_Human Disturbance

4.0. NYCTINOMOPS FEMOROSACCUS

4.1. Taxonomy
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4.2. Diagnosis

N. femorosaccus, like all molossid species, has a free-tail which extends beyond the rear
edge of the interfemoral membrane. It can generally be distinguished from the other three
molossids which occur in California based on size or forearm length. This species, with a forearm
length of 45-49 mm, and a weight of 12-18 g, is larger than T. brasiliensis (forearm 36-46 mm,
weight 11-15 g), and smaller than N. macrotis (forearm 58-64 mm, weight 22-30 g) or E. perotis

© (forearm 75-83 mm, weight ca. 65 g) (Barbour and Davis 1969, Kumirai and Jones 1990,
- Schmidly 1991) (Table 1). Tt is closest in size to T, brasiliensis, and there is some overlap in

forearm length between the two species. N. femorosaccus differs from T. brasiliensis in having its
ears joined at the midline (a character which is common to all Nyctinomops species and E. perotis).
The ears meet, but are not joined, in T brasiliensis (Barbour and Davis 1969). A shallow fold of.
skin on the uropatagium, near the knee (thus the common name “pocketed free-tail bat”) is
frequently hard to find, and should not be relied upon as a distinguishing characteristic.

4.3. Distribution ' : -

| 4.3.1 Geographic Range

This species ranges from southwestern Mexico through the southwestern Texas, southern
New Mexico, southcentral Arizona, and southern California (Hall 1981, Kumirai and Jones 1990).

4.3.2. Past Distribution in_California

Prior to this study this species was known from very few localities in California (Fig. 6).
The type specimen was from Palm Springs in Riverside County. Other localities were Borrego
Palm Canyon, San Diego County (Neil 1940), and the vicinity of Suncrest, San Diego County
(Krutzsch 1944a). Although colonies had been observed, there was no information on whether
these colonies consisted of females and young. Thus it was not known if the California
populations were reproductive. ‘

4.3.3. Current Distribution in_California

Our investigations in southern California suggest this species is relatively uncommon, but
nevertheless more widespread in the region than was previously realized (Fig. 6, Tables 1 and 5).
On 29 May 1995, N. femorosaccus was detected emerging at dusk from cliffs in Borrego Palm
Canyon, Anza Borrego State Park, ata locality fitting the description of that given by Krutzsch
(1944b). Positive identification of N. femorosaccus, via net captures, was obtained at two
localities in San Diego County. Animals captured in Anza Borrego Park on July 6, 1990 were adult
males, but pregnant females were captured by us 28 May 1995, and females in varjous stages of
reproduction by K. Miner (pers. comm.) at other times. Young, with partially open epiphyses,
were captured on November 24, 1994 at another site in San Diego County, providing evidence that

the species raises young in southern California (K. Miner in prep).

An additional population, based on visual observations and acoustic records, was located in
Painted Canyon, north of Mecca, Riverside County on August 29, 1992. P. Brown (pers. comm.)
reports a Nyctinomops colony (miost likely femorosaccus) in a large boulder near Lake Mathews,
and K. Miner (pers. comm.) has located two colony sites in western San Diego County.
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Records obtained by California Department of Health Services suggest N. femorosaccus
could be expected anywhere in southern California south of the San Bernardino Mountains (D,
Constantine pers. comm.).

4.4. Population Biology

Although very little is known specifically about the reproductive biology of N.
Jemorosaccus, it appears tofollow the molossid pattern of breeding in the spring, with females.
giving birth to a single young in June and July (Kumirai and Jones 1990). Our capture of young
with only partially closed epiphyses in late November in San Diego County greatly extends the
season for births, suggesting that some young may have been born as late as September.

4.5. Habitat Associations

4.5.1. Roosting Ecology

N. femorosaccus is a crevice dwelling species, usually associated with high cliffs and.
rugged rock outcroppings (Barbour and Davis 1969), although it has also been found in caves
(Dalquest and Hall 1947), and in buildings -- e.g., a colony living under roof tiles in a building at
the University of Arizona, Tucson (Gould 1961). Colony size may be relatively small. Krutzsch.

(1944b) reported 50-60 animals in a colony in Borrego Palm Canyon, Anza Borrego Park, San
Diego County.

‘Two roost sites were described by Krutzsch for California. The roost in Borrego Palm
Canyon (Krutzsch 1944b, 1948) was in several crevices on a southwest facing slope about 3.6 m
above the base of a cliff. One crevice was ca. 5 cm wide, and formed an irregular horizontal
opening several feet long. At the Suncrest site (Krutzsch 1945, 1948) the bats were in a vertical
crevice in a large granite boulder. The crack varied in width from 2.5 to 7.5 cm. N, Jemorosaccus

inhabited the higher, narrower portion of the crack, and E. perotis were in the lower, wider
portion.

about 4-5 m above the ground. They shared one crack with a nursery roost of E. perotis, but
appeared to be roosting separately. In Painted Canyon, the animals were also in a dry, narrow,
rocky canyon, in a large horizontal crack, beneath an overhang, ca. 5 m above the ground.Ina
San Diego County site, animals presumed to be N. femorosaccus (as many as 100) emerged from
a number of cracks on the cliff face. The eight animals that were captured in a net, were roosting in
a small chamber beneath an unevenly shaped granite boulder, on a 70° slope. The Lake Mathews
roost, located by P. Brown (pers. comm. ), was under an exfoliating slab in a large granite
boulder. The slope was such that the roost was at least 4 m above the ground.

20



Q

O

- overwinters there. The species is present year round in southern Arizona (Gould 1961,

Pierson & Rainey - Molossid and Spotted Bat Surveys

Krutzsch (1944b, 1948) noted that this species is very noisy in its roosts, and upon
emergence. We also have observed a great deal of audible vocalization in the vicinity of the roosts.
At both the Painted Canyon and Split Mountain sites, the animals swooped back and forth at
emergence, calling to each other with an intense “chatter” for-a number of minutes, before leaving
the roost area. The literature indicates that this species leaves the roost well after dark (Gould
1961). Although bats observed in the summer left the roost after dark, those observed at a San
Diego County site in November left well before dark (the first bat out of the roost at 1645 hr, 58
minutes prior to sunset). . .

Although there are not enough records for this species from California to document
seasonal patterns, we expect it occurs year round. Krutzsch (1948) has records from March, May,
July and August. Our records from San Diego County from late November suggest the species

Hoffmeister 1986). :

4.5.2. Foraging Ecology ' )

Limited data are available on the diet of this species. Easterla and Whitaker (1972) inan
examination of 13 stomachs, found the species fed primarily on large moths (probably
Sphingidae),-but included a number of flying insects in their diet -- e.g., crickets (Gryllidae),
grasshoppers (Tettigoniidae), flying ants (Formicidae), froghoppers (Cercopidae), and leafthoppers
(Cicadellidae). The digestive tract of one N. femorosaccus from Arizona contained only v
Macrolepidoptera (probably hawk moths), and another from the same locality contained 85%
Microlepidoptera and 15% Coleoptera (Ross 1967). ‘ : S '

No new foraging or diet data were collected in the course of this study.

4.6. Current Status

The limited data collected during this study suggest this species is rare to uncommon, and
should remain a Mammal Species of Special Concern.

4.7. Couservation Concerns

Not enough is known about this species in California to identify specific conservation
concerns, although it is assumed that any impacts to cliffs (i.e., water impoundment projects,
highway projects, and recreational climbing) within its range could potentially affect this species.
5.0. NYCTINOMOPS MACROTIS | |
5.1. Taxonomy

‘Nyctinomops macrotis was first described from a specimen found in a tree hollow in Cuba-
(Gray 1839). The California form was described by Allen (1893). Although in the past it has been

called Tadarida macrotis or Tadarida molossa, the currently accepted nomenclature is Nyctinomops
macrotis (Freeman 1981, Wilson and Reeder 1993): Itis a monotypic species.
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5.2. Diagnosis

- N. macrotis, like all molossid species, has a free-tail which extends beyond the rear edge of
the interfemoral membrane. It can be distinguished from the other three molossids which occur in
California based on its size or forearm length. This species, with a forearm length of 58-64 mm, is
larger than N. femorosaccus (forearm 45-49 mm) or T. brasiliensis (forearm 36-46 mm), and
smaller than E. perotis (forearm 75-83 mm) (Barbour and Davis 1969, Milner ef ql. 1990) (Table
1). It has large, broad ears which are joined at the midline of the head, and extend beyond the tip of
the nose when laid forward (Schmidly 1991). It weighs 22-30 g (Schmidly 1991).

5.3. Distribution
5.3.1 Geographic Range

N. macrotis is distributed from Uruguay and northern Argentina, northward through South
America, mostly east of the Andes, through central America and Mexico into the southwestern
United States, with records also from the Greater Antilles (Milner et al. 1990). In temperate North
America, there are also scattered records from as far afield as eastern Kansas, Iowa, South
Carolina and British Columbia (Di Salvo ez al. 1992, Hall 1981, Nagorsen et al. 1993). Records
are more common for Texas, Arizona, New Mexico, and Utah than for California.

5.3.2. Past Distribution in California

The type specimen for a form originally described at Nyctinomops macrotis nevadensis
was most likely collected in California, although the exact locality is not known (Allen 1893, Allen
1894). There are several records from San Diego County (August and Dingman 1973, Huey 1932
and 1954), one from Alameda County (Museum of Vertebrate Zoology, UC Berkeley, 1916), and
a number from scattered locations in California, with a concentration in southern California (D.
Constantine pers. comm.) (Fig. 7).

5.3.3. Current Distribution in California

Possible records for N. macrotis are detailed in Tables 2 and 5, and depicted in Fig. 7. A
moribund specimen was found below a cliff face in San Diego County in April 1991 (P. Brown

A

species at this locality. Recorded echolocation calls were consistent with those described for V.
macrotis (Schum 1972). Additionally, small numbers (10-20 individuals) of molossids
(identifiable by long tapered wings), too small to be E. perotis, and too large to be N.
Jemorosaccus or T. brasiliensis, were seen emerging prior to dark from high on the cliff face.
Recordings of echolocation calls possibly atiributable to N. macrotis were also made at Barker
Dam in Joshua Tree National Monument on 30 August 1992.

No additional records were obtained in California during the course of this study. Recent
records collected by the California Department of Health Services, although all of isolated and dead
individuals, suggest that, although this species is rare, it has a scattered distribution throughout
much of the state, and could be expected almost anywhere (D. Constantine pers. comm.).
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5.4. Population Biology

Information on the population biology of this species is limited. Available information
suggests that adult females form nursery colonies, and give birth to a single young in June or July,
with lactating females having been taken as late as mid-September (Barbour and Davis 1969,
Constantine 1961b). . : '

5.5. Habitat Associatiqns'

In the southwestern U.S. N. macrotis is primarily associated with arid, rocky country, i.e.,
Big Bend National Monument in Texas or the canyon lands of southern Utah (Barbour and Davis -
1969, Easterla 1973, Milner et al. 1990, D. Rogers pers. comm.). Easterla (1973) found it in four
plant communities -- arroyo, shrub desert, woodland, and moist Chisos woodland -- although the
majority of animals were found in the floodplain-arroyo association. Although it has been found at
about 2,440 m in elevation in New Mexico (Jones 1965), it is more typically found below 1,800 m.
(Milner et al. 1990). ~ S : :

5.5.1. Roosting Ecology

Relatively few roosts of N. macrofis have ever been found. A colony of about 130 was
discovered by Borell (1939) in the Chisos Mountains of Texas. The animals were in a horizontal
rock crevice (ca. 15 cm wide and 6 m long), located about 12 m above a talus slope in a narrow,

Q rocky canyon. Although animals have been found in buildings and caves (Milner et al. 1990) --
two specimens from San Diego County were found in buildings (Fluey 1932 and 1954) -- the few
colonies of this species which have been located in the southwestern U.S. have been in rock
crevices in canyon settings (Milner ez al. 1990). In Cuba, the species appears to roost in small
groups and has been found in tree hollows (Silva Taboada 1979).

5.5.2. Foraging Ecclogy

Very little is known about the foraging ecology of N. macrotis. Ross (1967) found only
macrolepidopterans (probably hawk moths) in the stomach of one individual. Easterla and
Whitaker (1972) examined 60 stomachs, and found that the most important food was large moths.
Also, occasionally included in the diet were crickets (Gryllidae), grasshoppers (Tt ettigoniidae), and
flying ants (Formicidae).

5.6. Current Status

Fairly extensive acoustic surveys were conducted at a number of localities throughout
California, as detailed above under discussion of E. perotis. These recordings have revealed
possible records of N. macrotis at one site in San Diego County and at Joshua Tree National
Monument, Riverside County. Thus, although this species may occur almost anywhere in the
state, we conclude it is very rare. Also, since no reproductive females or juveniles have been
identified in any of the published records, it still is not known whether this species breeds in
California. It should, however, remain as a Mammal Species of Special Concern.

5.7. Conservation Concerns

| O ' Not enough is known about this species in California to identify specific conservation
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concerns, although it'is assumed that any impacts to cliffs (i.e., water impoundment projects,
highway projects, and recreational climbing) could potentially affect this species.

6.0. EUDERMA MACULATUM

6.1. Taxonomy and Systematics

Handley (1959) viewed Euderma and Plecotus (= Corynorhinus) (including the taxon now
recognized as Idionycteris [Williams et ql, 1970]) as a phylogenetic unit, more closely related to
one another than either is to any other genus within the Vespertilionidae. Euderma is placed in the

tribe Plecotini (sensu Koopman and Jones 1970), which also includes Idionycteris, Corynorhinus,
and Barbastellq.

Euderma as the most derived taxa, and as a sister group to the Old World Plecotus. Frost and
Timm, by contrast, treat Euderma, including Idionycteris, as the sister taxon to a clade comprised
of Barbastella, Corynorhinus (= New World Plecotus) and Plecotus (= Old World species). A
recent compilation of mammalian taxonomy (Wilson and Reeder 1993) retains both Idignycteris
and Euderma. v

6.2. Diagnosis

The spotted bat can be distinguished from all other North American species by its unique
coloration (three dorsal white Spots on a background of black fur), and very long, pinkish-red ears
(39-50 mm). The Spots, ca. 15 mm in diameter, are located over each shoulder, and in the center of
the rump. Additionally, there is a white patch at the base of each ear. It is one of the largest North
American vespertilionids (forearm 48-54 mm, tail 45-50 mm, total length 107-125 mm --Watkins
1977, Constantine 1987, Best 1988, Woodsworth et al. 1981). Mean weight is 15.3 g
(n=61)(Best 1988) (Table 1). Its wing and tail membranes, like the ears, are pinkish-red. Its
ventral fur (like the dorsal spots) is white with a black base. Other North American species with
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6.3. Distribution

6.3.1 Geographic Rangé

"This species is distributed throughout much of the western U.S. (Watkins 1977), with its
range extending as far north as southern British Columbia (Woodsworth ez al. 1981), and as far
south as Durango, Mexico. The most generally accepted distribution map (Fall 1981), does not
reflect more recent range extensions. The species has now been found at new localities in Colorado
(K. Navo pers. comm.) and Oregon (McMahon et al. 1981, Barss and Forbes 1984).

Although this species covers a broad geographic range, its distribution appears to be
imited to areas with appropriate roosting habitat.

6.3.2 Past Distribution in California

The past distribution for E. maculatum in California is depicted in Fig. 8, and detailed in
Pierson and Rainey (In press). The type specimen for this species in California is from Castaic
Creek, Ventura County (Allen 1891). The majority of records (mostly single, dead or moribund
animals) come from low elevation, xeric settings (€.g., Red Rock Canyon State Park in Kern
County, Mecca in Riverside County, and several from the Owens Valley -- Grinnell 1910, Hall -
1939, Constantine et al. 1979, Bleich and Pauli 1988). Additionally there were two records from
Yosemite Valley (Ashcraft 1932, Parker 1952). The most northern record was from a single- -
specimen picked up alive in the garage of a residence in Palo Cedro, Shasta County (Bleich and
Pauli 1988). R '

6.3.3. Current Distribution in California ‘
Records obtained for E. maculatum in this study are detailed in Fig. 8. Investigation of the

distribution of this species was limited to areas where it was presumed to overlap with E. perotis,
the species of primary focus in this study. Thus the east side of the Sierra Nevada was not included

in our surveys. We did, however, detect E. maculatum at two sites on the east side of the

Sierra(Owens Gorge and Saline Valley) in the course of other studies (Pierson and Rainey in
press). All records for E. maculatum obtained in this study are given in Table 2.

Although we encountered E. maculatum on relatively few occasions during the course of
this study, the records we obtained shift the historic perspective in two significant ways. First, we
identified a population in the vicinity of Castle Crags State Park, in Shasta and Siskiyou Counties.
Multiple individuals were detected repeatedly and predictably at one site located in late J uly 1994
and monitored through August. Animals were again detected here in late April 1995 (R. Miller
pers. comm.), and followed during the summer. Additionally, the species has been recorded at
other sites close Castle Crags State Park, plus several additional localities in the region: a sitein
Dunsmuir to the north, at Castle Lake in the Trinity Alps west of Mt. Shasta City, at Squaw Creek
northeast of Lake Shasta, and at Finley Lake in Lassen National Forest (T. Rickman pers. comm.).
These observations suggest this species may be more widely distributed in the Trinity Alps, and
tkgat there is a need to investigate areas (particularly in Tehama and Trinity counties) not included in
this survey. : . Yo .

The second significant finding is that this species is widely distributed in the central and
southern Sierra Nevada. The largest populations encountered (the Yosemite Valley, Hetch Hetchy
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Although we found+a number‘of new localities, we did not detect the species at most of the

historic localities sampled (e.g., the vicinity of Mecca, the vicinity of Castaic Creek, Red Rock

At three sites in Yosemite National Park (Hetch Hetchy, Wawona, and Yosemite Valley),
plus at several sites along the Grand Canyon of the Tuolumne (Pierson and Rainey 1995),
populations of E. perotis and E. maculatum co-occur. This is not surprising, since a number of
historic distribution records Suggest an overlapping distribution (e.g., several collecting localities

everywhere we sampled in Yosemite National Park. For example, at Wawona on August 13,
1994, during 80 minutes of observation, E. perotis was heard 16 times, and E. maculatum three

times; and on August 14, 1994, during 155 minutes of observation, E. perotis was heard 26 times,
and E. maculatum eight times. '

6.4. Population Biology

Very little is known about the population biology of spotted bats, although available data
suggest that the species gives birth to a single young (Findley and Jones 1965, Watkins 1977), and

birth to a single young, which weighed 4 g (25 % mother's weight)(Easterla 1971). Measurements
(mm) for this young were: total length 59, tail 20, ears 12, and forearm 21. Lactating females have
been caught as early as June 12 in Texas (Easterla 1973) and as late as mid-August at 2,313 m in
Utah (Easterla 1963), and on the Kaibab Plateau in Arizona (Berna 1990).

A non-reproductive female, with closed epiphyses, presumed to be a juvenile was captured
in a mist net on 19 July 19 1993 at Mirror Lake in Yosemite National Park (Forearm 50.53 mm,
Weight 14.8 g). . -

No data are available on longevity.

6.5. Habitat Associations
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Heckmann 1971, Easterla 1973, O’Farrell 1981, Berna 1990, Navo et al. 1992, Pierson and

Rainey 1993 and 1994), suggesting that the distribution of spotted bats may be limited by the
availability of suitable roosting habitat. Also, at all sites where resident populations have been
identified, there is water in the area (O’Farrell 1981). :

E. maculatum has been found in extremely arid areas, such as the Salton Sea (Grinnell
1910) and Red Rock Canyon (Hall 1939) in California. There are several records from the Owens
Valley, east of the Sierra Nevada (Bleich and Pauli 1988), which is dominated by sagebrush
(Artemisia tridentata), saltbrush (Artiplex spp.) greasewood (Sarcobatus vermiculatus), and
rabbitbrush (Chrysothamnus nauseosus). In Big Bend National Park in western Texas, the species
has been found only on the river floodplain (mesquite, willow, Baccharis, cottonwood) and the -
shrub desert (lechuguilla, creosote bush and cactus)(Easterla 1973), and in creosote (Larrea
tridentata) dominated habitat in Fort Pierce Wash on the Arizona-Utah border (Ruffner et al. 1979).
_ Constantine (1961) and Navo et al. (1992) found the species in the pinyon pine-juniper belt. The
Colorado population studied by-Navo ez al.(1992) is found in a semi-arid area (20-38 cm annual
precipitation), between 1,442 to 2,745 m elevation, with local vegetation dominated by pinyon-
pine (Pinus edulis and Juniperus spp.), desert shrublands of sagebrush (Artemesia tridentata),
rabbitbrush (Chysothamnus) and greasewood (Sarcobatus vermiculatus), with ponderosa pine and
douglas fir at the higher elevations. The semi-arid (27 mm rain per year) Okanagan Valley in
British Columbia, which supports the most intensively studied population, has vegetation :
dominated by sage brush (Artemesia spp.) and short grasses in lowlands, and open ponderosa pine
montane forest in the foothills (500-1,500 m. above sea level)(Woodsworth et al. 1981). -

A number of authors describe an association with ponderosa pine forest (Handley 1959,
Findley and Jones 1965, Watkins 1977, Woodsworth et al. 1981, Berna 1990, Navo et al. 1992,
Pierson and Rainey 1993), although there is no indication the species roosts in trees, nor forages
within the forest. Most commonly, the bats are described as being detected in meadows, along the
forest edge, or in open areas surrounded by ponderosa pine. They have also been observed in oak
savannah (Quercus spp.) (Bleich and Pauli 1988), or mixed oak/conifer woodland (this study).

6.5.1. Roosting Habitat
6.5.1.1. Background Informaﬁon-

Very limited information is available on the specific roosting requirements of E.
maculatum. Available data suggest, however, that the species roosts predominantly in small
crevices in substantial cliff faces (Easterla 1970, Easterla 1973, Poché 1975, Poché and Ruffner
1975). Barss and Forbes (1984) report finding a mummified adult male on the floor of a small
crevice in the base of a west facing andesitic cliff overlooking John Day River in Oregon. The cliff,
fractured and in many places overhanging, was 20-30 m high. Animals captured at foraging areas,
and followed upon release, have always flown to rock crevices, generally on cliff faces (Basterla
1973, Poché and Baillie 1974, Poché 1975, Poché and Ruffner 1975, Berna 1990). In the few
cases in which it was possible to locate the released animals, they were in narrow cracks, one 3cm
wide (Poché and Ruffner 1975), another swith an interior opening 10 cm wide, and the bat hanging
by its feet 1.5 m from the base of the hole (Poché 1975). While these observations may offer a '
general indication of roosting preferences, sites chosen by captured, stressed animals released at
dawn or in daylight should be viewed with caution. _ :

" .
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Radiotracking studies, conducted in the Okanagan Valley in British Columbia (Leonard and
Fenton 1983, Taylor and Wai-Ping 1987), suggest that individual spotted bats roost singly in high
cliffs, and are loyal to roosts. Leonard and Fenton (1983) monitored activity at two roost sites
from May through August. Although they could identify 4-36 individuals at one cliff, and 5-11 at
the other, individuals emerged after sunset from many places on the face of the cliffs. In this and
another study (Wai-Ping and Fenton 1989), radiotagged bats consistently used the same day
roosts, and departed in the evening at predictable times.

Although E. maculatum is not generally viewed as a cave dwelling bat, there are several
records of this species roosting in caves and mines. Hardy (1941) reports the finding of four

Although E. maculatum has been reported from in or around buildings, these have
generally been considered aberrant records, and not indicative of normal behavior (O’Farrell
1981). For example, a spotted bat found at a fish hatchery in Fresno County, California proved to
be rabid (Medeiros and Heckmann 1971). Others were found in odd circumstances (e.g., hanging

discovered dead or moribund (e.g., Grinnell 1910, Deacon and Bradley 1962, Nicholson 1950,

- Little is known of seasonal roosting patterns for this species. It is not known whether the
species migrates, although, since other plecotine bats (i.e., Corynorhinus) are known to be
relatively sedentary, long distance migration seems unlikely. Euderma has been found hibernating
in the colder portions of its range (e.g., Hardy 1941), yetis present and periodically active
throughout the winter in southwestern Utah (Ruffner er gl 1979, Poché 1981).

6.5.1.2. This Study

No roosts of E. maculatum were located during the course of this study. The appearance,
however, of up to six individuals right after dark in the vicinity of Mirror Lake in Yosemite
National Park suggests animals are roosting nearby. Likewise, a few E, maculatum are predictably
heard at dark near the Cascades, just west of Yosemite Valley. All but one observation of E,
maculatum in this stady were within view of substantial cliff faces that offered potential roosting
habitat. Likewise, at Hetch Hetchy they were detected right after dark, coming from the direction

The presence of foraging animals in Yosemite Valley in early N 6vember 1993 and at Castle
Crags in January 1996 suggests that those populations do not migrate. -
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6.5.2. Foraging Habitat

6.5.2.1. Background Information

E. maculatum appears to be a lepidopteran specialist (Ross 1961, Easterla 1965, Easterla
and Whitaker 1972), feeding primarily on moths (most likely noctuids) 5-12 mm in length. In two- -
studies it was found to feed entirely on moths; in one study, the stomach contents of two
individuals was 10-30 % by volume June beetles (Scarabaeidae)(Easterla and Whitaker 1972).

E. maculatum has been observed foraging in a wide range of habitat types from arid
canyonlands to marshes and wet, montane meadows, often in association with sagebrush, pinyon-
pine juniper, or ponderosa pine habitat (Wong and Fenton 1982, Leonard and Fenton 1983, Wai-
Ping and Fenton 1989, Navo et al. 1992). They are most frequently found foraging aerially in
open areas, and thus do not appear to be gleaners (Leonard and Fenton 1983). Leonard and Fenton
(1983) assessed patterns of habitat use in six habitats: an old field dominated by knapweed
(Centaurea spp.), with patches of bunch grass (Agropyron spp.) and surrounded by ponderosa
pine; an irrigated valley planted with alfalfa (Medicago sativa) and bordered by ponderosa pine -
(Pinus ponderosa); mature ponderosa pine-Douglas fir (Pseudotsuga menziesii) forest; a ponderosa
pine burn area; a cherry orchard; and a river, bordered by steep cliffs on one side and a hayfield on
the other. The only: areas which received significant use, and in which feeding buzzes were
detected, were the two open areas (field and irrigated valley) surrounded by ponderosa pine forest.
In a study by Wai-Ping and Fenton (1989), spotted bats were most active over marshes and in.
open ponderosa pine woodland. Navo ez al. (1992) found no restricted association with any habitat
type. They observed spotted bats over a river, sand/gravel bars, riparian vegetation, and pinyon-
juniper habitat. -

Most observations suggest E. maculatum forages alone (Wong and Fenton 1982, Wai-Ping
and Fenton 1989), sometimes maintaining exclusive feeding areas (Leonard and Fenton 1983), and
other tires using a “trapline” strategy (Woodsworth ez al. 1981). Leonard and Fenton (1983) note
that individuals give a different call, and “Interaction buzz” when encountering each other on the
wing. Individuals generally forage 5-15 m off the ground in large elliptical paths, with axes of
200-300 m (Wai-Ping and Fenton 1989, Navo et al. 1992). Unlike many species, spotted bats are
not known to night-roost. They are active all night, travelling one way distances from the roost site
of 6-10 km each night (Wai-Ping and Fenton 1989).

6.5.2.2. This Study

‘We observed E. maculatum foraging predominantly over open areas -- wet, sedge
dominated meadows, surrounded by mixed oak/conifer (predominantly ponderosa pine) woodland
in Yosemite Valley, and over drier meadows, in mixed oak/conifer (predominantly black oak,
incense cedar, ponderosa pine) habitat, in the Trinity Alps. Although spotted bats have been heard
foraging within 100 m of two major rivers (the Merced and Sacramento), they have notbeen

~ detected foraging over these rivers, nor within the forest.

~ We observed two kinds of behavior for E. maculatum in Yosemite National Park. At
Mirror Lake, Bridal Veil Meadow and El Capitan Meadow animals appeared to maintain small
exclusive feeding territories for extended periods of time. At Mirror Lake, we were able to observe
that the same sites were occupied year to year (1992, 1993, anid 1994), summer and fall, and on
three consecutive nights, for up to four hours. In this setting, up to five animals used adjacent
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each other. At the same time, however, we observed other animals passing through the area.
Although the data are limited, these events suggest that some proportion of the population was

113

using a “trap-line” approach, as has also been observed elsewhere (W ai-Ping and Fenton 1989,
Woodsworth ez al. 198 1).

territories in once section of the meadow, and would make a buzzing sound when they encountered

Although all our foraging observations were in meadow settings, the distribution of this
species in California extends into very dry habitats in the Owens Valley (Inyo County), Red Rock
Canyon State Park (Kern County), near Mecca (Riverside County), China Lake (San Bernardino
County) and Anza Borrego State Park (San Diego County), suggesting it does not feed over
meadows elsewhere in its range.

6.6. Current Status

Given how few times this species was detected, it is presumed to be very rare. The only
areas where it could somewhat predictably be detected were mid to high elevation meadows in the
Sierra Nevada. ‘ :

6.7. Conservation Concerns

Other potential threats, not shared with &, perotis, are detailed below.,

6.7.1. Patchy Distribution and Small Popugaﬁon Size \

Although E. maculatum occurs in a number of different habitats, and has a broad
distribution throughout the western U.S., its occurrence appears to be very patchy, with
sometimes hundreds of miles separating populations. Also, even in areas that appear to have
consistently detectable populations (e.g., the Okanagan Valley in British Columbia, Dinosaur
National Monument in Colorado, Fort Pierce Wash in southern Utah, Yosemite National Park and
Castle Crags State Park in California » the species is relatively uncommon. This combination of
small population size and patchy distribution place individual populations at risk of local extirpation
from anthropogenic and stochastic causes.

6.7.2. Sensitivity to Human Disturbance

No data are available on the sensitivity of E. maculatum to human disturbance. As a
plecotine bat and a close relative of Corynorhinus, one of the taxa most sensitive to disturbance at

Ioost sites, it would be expected, however, that intrusion into roosting sites would pose a threat to
this species.

6.7.3. Recreational Caving-

Although E. maculatum is not generally considered a cave roosting species, it has been
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found in caves on several occasions (Section 6.5.1). Although dates are not always available for
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Disturbance of cave dwelling bats at roosting sites has been a major cause for population declines
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This work was conducted primarily with a grant from California Department of Fish and
Game to the Wildland Resources Center at UC Davis (Contract # FG2328WM). We thank C.
Larsen of CDFG for her support, encouragement, and interest regarding all aspects of this project.
P. Brown generously shared her acoustic detection records for southern California. D. Constantine
has shared his extensive knowledge of the California bat fauna, and donated-airplane time for aerial
surveys. P. Krutzsch, T. Vaughan, and P. Leitner all searched their memories and field notes to
provide invaluable locality data. T. Rickman has located most of the roost sites, and conducted
most of the monitoring of the Jamestown sites. M. J. O’Farrell arranged access to the Arizona
locality. Many people volunteered time in the field. We are especially grateful to R. Miller, K.
Miner, G. Fellers, P. Brown, W. Philpott, D. York, B. McMurtry, C. Scott, P. Winters, B.
Hogan, L. Thompson, C. Peterson, J. Henricks, J. Tutton, R. Berry, and C. Brown. P. Heady

 was the first to hear the spotted bats at Castle Crags. Other people have provided valuable locality

information: C. Mushet-Rogers, S. Sweet, B. Pododowicz, and M. Schuler. We thank the
Yosemite Association and numerous personnel at Yosemite National Park particularly M.
Loughlin, L. Johnson, L. Chow, P. Moore, and S. Thompson -- who assisted with a collateral
study, greatly enhancing the information we were able to collect on the distribution and ecology of
E. perotis and E. maculatum. in the Sierra Nevada. '

8.0 LITERATURE CITED

Ahlén, L, L. Pettersson and A. Svérdstrom 1983- 1984. An instrument for detecting bat and insect
sounds. Myotis 21-22:82-88. ‘ '

Allen, H. 1892. A new genus of Vespertilionidae. Proc. Acad. Nat. Sci. Philadelphia. 43: 467-
470. , . .

Allen, H. 1893. A monograph of the bats of North America. Bull. U.S.N.M. 43:1-198.

Allen, J. A. 1891. Deécription'of a new species of big-eared bat, of the genus Histiotus, from
southern California. Bull. Am. Mus. Nat. Hist. 3:195-198.

-

31




Pierson & Rainey - Molossid and Spotted Bat Surveys

Allen, J.A. 1894. Descriptions of ten new North American mammals, and remarks on others.
Bull. Amer. Mus. Nat. Hist. 6:317-332. '

Asheraft, G. P. 1932. A third record of the spotted bat (Euderma maculatum) for California. J.
Mamm. 13(2): 162-163.

August, P. V., and R. E. Dingman. 1973. Two additional records of Tadarida macrotis and
Euderma maculatum from San Diego, California. Bull. So. Calif. Acad. Sci. 72: 165-166.

Barbour, R.W. and W.H. Davis. 1969. Bats of America. University of Kentucky Press, -
Louisville. 285 pp.

Barclay, R. M. R. 1986. The echolocation calls of hoary (Lasiurus cinereus) and silver-haired
(Lasionycteris noctivagans) bats as adaptations for long- versus short-range foraging strategies and
the consequences for prey selection. Can. J. Zool. 64:2700-2705.

Barss, J. M., and R. B. Forbes. 1984. A spotted bat (Euderma maculatum) from north-central
Oregon. The Murrelet 65; 80.

Benson, S. B. 1940. Notes on the pocketed free-tailed bat. J. Mamm. 21:26-29.

Benson, S. B. 1954. Records of the spotted bat (Euderma maculata) form California and Utah. I.
Mamm. 35(1): 117.

Berna, H. J. 1990. Seven bat species from the Kaibab Plateau, Arizona with a new record of
Euderma maculatum. Southwest. Nat. 35:354-356.

Best, T. L. 1988. Morphologic variation in the spotted bat Euderma maculatum. Amer. Midl. Nat.
119:244-252.

Betts, B. J., and K. Haynes. 1994, [ABS]. Individual variation in echolocation calls of big brown
and silver-haired bats. Bat Research News, 35(4):94.

Bleich, V. C., and A. M. Pauli. 1988. Additional records of the spotted bat (Euderma maculatum)
from California. Great Basin Nat. 48:563.

Borell, A.E. 1939. A colony of rare free-tailed bats. J. Mamm. 20:65-68.

Bradley, W.G., and M.J. O'Farrell. 1967. The mastiff bat, Eumops perotis in southern Nevada.
J. Mamm. 48: 672.

Brigham, R. M., J. E. Cebek, and M. B. C. Hickey. 1989. Intraspecific.variation in the
echolocation calls of two species of insectivorous bats, J. Mamm. 70:426-428.

Buchler, E. R. 1976. A chemiluminescent tag for tracking bats and other small nocturnal animals,
J. Mamm. 57:173-176.

Clark, D.R., Jr. 1981. Bats and environmental contaminants: a review. U.S. Dept. of Interior,
Fish and Wildlife Service, Special Scientific Report, Wildlife No. 235. 27 pp.

32



O

Pierson & Rainey - Molossid and Spotted Bat Surveys

Cockrum, E.L. 1960. Distribution, habitat and habits of the mastiff bat, Eumops perotzs, in North
America. J. Ariz. Acad. Sci. 1: 79-84.

Collins, C.T. 1973. Notes on survival and band wear in white-throated swifts. Western Bird
Bander 48(2):20-21. ' '

Constantine, D. G. 1961a. Spotted bat and b1g free-tailed bat in northern New Mexico. Southwest.
Natur. 6:92-97. _

Constantine, D. G. 1961b Locahty 1ecords and notes on western bats. J. Mamm. 42: 404»-405

Constantine, D. G. 1987. Long-tongued bat and spotted bat at Las Vegas, Nevada. Southwestern
Naturalist 32(3):392 or 207.

Constantine, D., G. L. Humphrey, and T.B. Herbenick. 1979 Rabies in Myotis thysanodes,

Lasiurus ega, Euderma maculatum and Eumops perotis in Cahforma J. Wildlife Diseases 15: 343-

345.

* Dalquest, W.W. 1946. The daytime retreat of a California mastiff bat. J. Mamm. 27: 86-88.

Dalquest, W. W., and E. R. Hall. 1947. Tadarida femorosacca (Merriam) in Témau]ipas, Mexico.
Univ. Kans. Publ Mus. Nat. Hist. 1(13):245-248. . v

Deacon, J. E., and W. G. Bradley. 1962. Record of the spotted bat from southem Nevada. J.
Mamm. 43: 415.

Di Salvo, A. F., H. N. Newhauser, and R. E. Mancke. 1992. Nyctznomops macrotis in South
Carolina. Bat Rcsearch News 33 (2-3):21-22.

Easterla, D. A. 1965. The spotted bat in Utah. J Mamm. 46(4): 665- 668

" Easterla, D. A. 1970. First records of the spotted bat in Texas and notes on its natural hlstory

Amcr Midl. Natur. 83: 306-308.

" Easterla, D. A. 1971. Notes on young and adults of the spotted bat, Euderma maculatum. J.

Mamm. 52(2): 475- 476.

Easterla D. A. 1973. Ecology of the 18 species of Chiroptera at Big Bend National Park, Texas.
Northwest Missouri State Coll. Stud. 33: 1-165. ,

Easterla, D.A., and J.O. Whitaker Jr. 1972. Food habits of some bats from B1g Bend Nat10na1
Park, Texas. 7. Mamm. 53:887-890.

Eger, J.L. 1977. Systematics of the genus Eumops (Ch1roptera Molossidae). Life Sc1 Contr
Roy. Ont. Mus., 110: 1-69.

Fenton, M. B. 1982. Echolocatmn 1nsect hearing, and feeding ecology of insectivorous bats. Pp
261-285 in Ecology of Bats (T.H. Kunz ed.) Plenum Press, NY, 425 pp.

33




Pierson & Rainey - Molossid and Spotted Bat Surveys

Fenton, M. B., and G. P. Bell. 1981. Recognition of species of insectivorous bats by their
echolocation calls. J. Mamm. 62:233-243.

Fenton, M.B., D.C. Tennant, and J. Wyszecki. 1987. Using echolocation calls to measure the
distribution of bats: the case of Euderma maculatum. J. Mamm., 68(1):142-144,

Findley, J. S., and C. Jones. 1965. Comments on spotted bats. J. Mamm. 46(4): 679-680.

Freeman, P.W. 1981. A multivariate study of the Family Molossidae (Mammalia, Chiroptera):
morphology, ecology, evolution. Fieldiana Zool., Ser. 7:1-173. _

Frost, D. R., and R. M. Timm. 1992, Phylogeny of plecotine bats (Chiroptera: -
"Vespertilionidae"): Summary of the evidence and proposal of a logically consistent taxonomy.
Amer. Mus. Nov. 3034:1-18,

Gould, P.J. 1961. Emergence time of Tadarida in relation to light intensity. J. Mamm, 42:405-
407. '

Gray, J.E. 1839. Descriptions of some mammals discovered in Cuba by W.S. MacLeay. Ann.
Mag. Nat.Hist. 4:1-7.

Griffin, D. R., and R. Galambos. 1941. The sensory basis of obstacle avoidance by flying bats. J.
Exp. Zool. 86:481-506.

Grinnell, H.W. 1918. A synopsis of the bats of California. Univ. Calif. Publ. in Zool. 17:223-
404.

Grinnell, J. 1910, A secqnd record of the spotted bat (Euderma maculatum) for California, Univ.
Calif. Publ. Zool. 5(10): 317-320. .

Hall, E. R. 1939. The spotted bat in Kern County, California. J. Mamm. 20(1): 103.
Hall, E. R. 1981. The mammals of North America. J. Wiley and Sons, New York, 690 pp..

Handley, C.O., Jr. 1959. A revision of American bats of the genera Euderma and Plecotus. Proc.
U.S. Nat. Mus. 110(3417): 95-246.

Hardy, R. 1941. Some notes on Utah bats. J. Mamm. 22:289-295.
Hoffmeister, D. F. 1986. The mammals of Arizona. University of Arizona Press, Tucson.

Howell, A.B. 1920a. Contribution to the life history of the California mastiff bat. J. Mamm, 1:
111-117.

Howell, A.B. 1920b. Some Californian experiences with bat roosts, J. Mamm. 1:169-177.
Huey, L.M. 1932. The larger-eared free-tailed bat in San Diego. J. Mamm. 13:160.

34



)

O

Pierson & Rainey - Molossid and Spotted Bat Surveys

Huej, M. 1954. Second record of Tadarida molossa from San Diego, Califorhia. J. Mamm.
35:435-436. o ‘ '

Johnson, R. R., and J. E. Johnson. 1964. Notes on distribution of bats and other mammals in
Arizona. J. Mamm. 45(2):322-324.

Jones, C. J. 1965. Ecological distribution and activity periods of bats of the Mogollon Mountains

area of New Mexico and adjacent Arizona. Tulane Stud. Zool. 12:93-100.

Koford, M. 1948. Unpublished field notes, Museum of Vertebrate Zoology, University'of
California, Berkeley, CA. -

Koopman, K. F., and J. K. Jones, Jr. 1970. Classification of bats. Pp. 22-28, in B. H. Slaughter
and D. W. Walton, eds. About bats, a chiropteran symposium. Southern Methodist University
Press, Dallas, TX, 339 pp. _

Krutzsch, P.H. 1943. Zonal distribution of the California mastiff bat. J. Mamm. 24:269.
Krutzsch, P.H. 1944a. Fourth Record of the pocketed bat in California. J. Mamm. 25:413-414.
Krutzsch, P.H. 1944b. Notes on the little known pocketed bat. J. Mamm. 25:201.

Krutzsch, P.H. 1945. Observations on a colony of molossids. J. Mamm. 26:196.

Krutzsch, P.H. 1948. Ecological Study of the bats 6f San Diego County, California. Masters
Thesis, University,qf California, Berkeley, 184 pp. ‘ :

Krutzsch, P.H. 1955. Observations on the California mastiff bat. J. Mamm. 36: 407-414.

Kumirai, A., and J. K. Jones, Jr. 1§90. Nyctinomops femofosaccus. Mammalian Species
349:1-5. ' ‘

Lawrence, B. D., and J. A. Simmons. 1982. Measurements of atmospheric attenuation at
ultrasonic frequencies and the significance of echolocation by bats. Journal of the Acoustical
Society of America 71(3):585-590. .

Leitner, P. 1966. Body tem.perati;re; oxygen consumption, heart rate and shivering in the
California mastiff bat, Eumops perotis. Comp. Biochem. Physiol. 19: 431-433.

Leonard, M. L., and M. B. Fenton. 1983. Habitat use by spotted bats (Euderma maculatum,
Chiroptera: Vespertilionidae): roosting and foraging behavior. Can. J. Zool. 61(7): 1487-1491.

Leonard, M. L., and M. B. Fenton. 1984. Echolocation calls of Euderma maculatum
(Vespertilionidae): use in orientation and communication. J. Mamm. 65:122-126.

McMahon, E. E., C. C. Oakley, and S. F. Cross. 1981. First record of the spotted bat (Euderma
maculatum) from Oregon. Great-Basin Natur. 41:270. : '

35




Pierson & Rainey - Molossid and Spotted Bat Surveys

Medeiros, JI. L., and R. A. Heckmann. 1971. Euderma maculatum from California infected with
rabies virus. J. Mamm. 52: 858.

Merriam, C.H. 1889. Description of fourteen new species and one new genus of North American
mammals. North american Fauna 2:1-48.

- Merriam, C.H. 1890. Description of a new species of Molossus from California (Molossus
californicus). N. Amer. Fayna 4: 31-32.

Milner, J., C. Jones, and J. K. Jones, Jr. 1990. Nyctinomops macrotis. Mammalian Species
351:1-4. :

Nagorsen, D. W., A.A. Bryant, D. Kerridge, G. Robérts, A. Roberts, and M.J. Sarell. 1993,
Winter bat records for British Columbia. Northwest. Natur. 74:61-66.

Navo, K. W., J. A. Gore, and G.T. Skiba. 1992, Observations on the spotted bat, Euderma
maculatum, in northwestern Colorado. J. Mamm. 73(3): 547-551.

Neil, R.W. 1940. The pocketed bat in California. J. Mamm., 21:356.

Nicholson, A. J. 1950. A record for the spotted bat (Euderma maculata) for Montana. J. Mamm.
31: 197. .

O’Farrell, M. J. 1981. Status Report: Euderma maculatum (J.A. Allen). USFWS, Office of
Endangered Species.

Parker, H. C. 1952. Two new records of the spotted bat in California. J. Mamm. 33:480-482.

Pierson, E.D. 1992. Assessment of the status of three molossid bat species in California (Eumops
perotis, Nyctinomops Jemorosaccus, and Nyctinomops macrotis), with an emphasis on E. perotis.
Draft report to California Department of Fish and Game. 4 pp- ‘

Pierson, E.D., and P.A. Heady. 1996. Bat surveys of Giant Forest Village and vicinity, Sequoia
National Park. Unpublished report to the National Park Service, Denver, CO, 27 pp.

Pierson, E.D., and W.E. Rajney. 1993, Bat surveys: Yosemite Valley and Hetch Hetchy
Reservoir, July 1993. Unpubl. Report. National Park Service, Resource Management Division,
Yosemite National Park, 18 pp-

Pierson, E.D., and W.E. Rainey. 1994 [ABS]. Distribution and habitat associations of Eumops

perotis and Euderma maculatum in California: implications for conservation. Bat Research News
35(4):110-111.

Pierson, E.D., and W.E. Rainey. 1995. Bat surveys: Yosemite National Park, 1994. Unpubl.
Report. National Park Service, Resource Management Division, Yosemite National Park, 23 pp.

Pierson, ED., and W.E. Rainey.-1996. The distribution, status and management of Townsend's

big-eared bat (Corynorhinus lownsendii) in California. Calif. Dept. of Fish and Game, Bird and
Mammal Conservation Program Rep. 96-7. 49 pp.

36



N

)

Pierson & Rainey - Molossid and Spotted Bat Surveys

Pierson, E.D., and W.E. Ramey Distribution of the spotted bat, Euderma maculatum, in
California. J. Mamm (In press).

Poché, R M. 1975 New record of Euderma maculatum from Arizona. I. Mamm. 56:931-933.

Poché, R M. 1981. Ecology of the spotted bat (Euderma maculatum) in southwest Utah. Utah
Division Wildlife Resources, Publ. No. 81-1, 63 pp. :

oché R.M., and G.L. Baillie. 1974. Notes on the spotted bat (Euderma maculatum) from
southwest Utah Great Basin Nat. 34: 254-256.

Poché, R. M., and G. A. Ruffner. 1975. Roosting behavior of male Euderma maculatum from
Utah. Great Basin Natur. 35(1): 121-122.

Reynolds R. P. 1981. Elevanonal record for Euderma maculatum (Chlroptera Vespertxhomdae). '

Southwest. Nat. 26:91-92.
Rodeck, H. G. 1961. Another spotted bat from New Mexico. I Mamm. 42: 401.
Ross, A. 1961. Notes on food habits of bats. J. Mamm. 42(1): 66-71."

Ross, A. 1967. Ecological Aspects of the food ‘habits of insectivorous bats. Proc. West. Found -
Vert. Zool 1: 705 264. _

Ruffner, G. A., R. M. Poché, M. Meierkord, and J. A. Neal 1979. Wmter bat act1v1ty over a
desert wash in ‘southwestern Utah. Southwest. Natur. 24:447-453.

Sanborn, C.C. 1932. The bats of the genus Eumops. J. Mamm. 13: 347-357.
Schfnidly, D. J. 1991. The bats of Texas. University of Texas Press, Austin.

Schum, G. M. 1972. The use of low frequency sounds for echoranging by Tadarida macrotis.
Unpubl. Masters Thesis, Univ. N.M., Albuquerque, 34 PP- o

Silva Taboada, G. 1979. Los murciélagos de Cuba Editorial Academia, Academia de Ciencias de
Cuba, Habana. 423 pp.

Simmons, J. A., and M. J. O'Farrell. 1977. Echolocation by the Long eared bat, Plecotus
phyllotis. I. Comp Physiol. 122:201- 214,

Soulages, R. 1966. A preliminary survey of eastern Nevada bat caves. Great Basin Grotto.

Stihler, C. W., and J. S. Hall 1993. Endangered bat populations in West Virginia caves gated or
fenced to reduce human disturbance. Bat Research News 34(4):130.

Storer, T. I 1926. What is the northward limit of range for the mastiff bat‘7 J. Mamm 7:131.
Taylor, J., and V. Wai-Ping.[ABS]. 1987. Features of day roosts used by Euderma maculatum in
British Colurnbla Bat Res. News 28:38.

- | 37




+



O

~ Vaughan, T. 1959. Functional morphology of three bats: Eumops, Myotis, Macrotus. Univ. Kansas.

Whitaker, J.O., Jr., W.E. Ra.inéy, and E.D. Pierson. Inferences on foraging ecology from the diet of

| Wyoming Department of Fish and Game. 1994. Bats. The Drumming Post 7(4):4.

Volume III. Mammals. CDFG, Sacramento, CA.

Pierson'& Rainey - Molossid and Spotted Bat Surveys

Thomas, D.W., G.P. Bell, and BM Fenton. 1987. Variation in echolocation call frequencies
recorded from North American vespertilionid bats: a cautionary note. J. Mamm., 68:842-847.

Thomas, D.W., and S.D. West. 1989. Sampling Methods for Bats. Gen. Tech. Rep. PNW-GTR-
243. Portland, OR: U.S. Dept. of Agriculture, Forest Service, Pacific Northwest Research Station.
20 pp. (Ruggiero, L.F., A.B. Carey, tech. eds. Wildlife-habitat relationships: sampling procedures
for Pacific Northwest vertebrates). .

Tucker, H. M. 1957. Little spotted bat in Idaho. J. Mamm. 38: 406.

Tumlison, R., and MLE. Douglas. 1992. Parsimony analysis and the phylogeny of the plecotine bats
(Chiroptera: Vespertilionidae). J. Mamm. 73:276-285. :

Publ., Mus. Nat. Hist. 12: 1-153. :

von Bloeker, J.C., Jr. 1943. Extensions of range for three bats in California. J. Mamm. 24:403-404.
Vorhies, C. T. 1935. The Arizona specimen of Euderma maculatum. J. Mamm 16:224-226.

Wai—ping, V., and M. B. Fenton. 1989. Ecology of spotted bat (Euderma maculatum) roosting and
foraging behavior. J. Mamm. 70: 617-622. .

Watkins, L. C. 1977. Euderma maculatum. Mammalian Species 77: 1-4.

Eumops perotis (Molossidae: Chiroptera) in California. In prep.

Williams, D. E., I.D. Druecker, and H. L. Black. 1970. The karybtypc of Euderma maculatum and
comments on the evolution of the plecotine bats. J. Mamm. 51:602-606.

Wilson, D.E., and D.M. Reeder. 1993. Mammal species of the world, a taxonomic and geographic
reference. Smithsonian Press, Washington DC, 1206 pp. :

Wong, K. K. Y., and M. B. Fenton.[ABS]. 1982. On time allocation among patches of prey by
Euderma maculatum. Bat Res. News 23:82. -

Woodsworth, G.C., G.P. Bell, and M.B. Fenton. 1981. Observations of the echolocation, feeding

behaviour, and habitat use of Euderma maculatum (Chiroptera: Vespertilionidae) in southcentral
British Columbia. Can. J. Zool. 59: 1099-1102. . : ,

Zeiner, D.C., W.F. Laudénslayer, Jr., K.E. Mayer, and M. White. 1990. California’s wildlife.

Zingg, P. E. 1990. Acoustic species identification of bats (Mammalia: Chiroptera) in Switzerland.
Revue Suisse De Zoologie 97(2):263-294. .

38

WW USRI




6¢

00v-00¢ 901¢ 801¢ ST . $C0I18p wumonovu iy

008 01 0ST ST 0101 81 01 G $1 0101 61 01 G SnI9vs0L0MA[ N
R 008 01 00T om.ou ST ¢ 0101 0c0ze 79 01 8C Spoovu N
m i ,
W 000 TO1I00C 0£01QT 601 L L0109 €8016L snoaad 5
:
(sur) (su) @AY
.. [eAxdjuY uopean(y Auanbaxg (3) (urur)

asmdaajuy eD [eludurepuny  JySropm WLIB.I0] s91adg

9218 Apoq 01 9yera1 Koy e wnippnovw 7 pue snowsoLouaf ‘N
" Siowovw N ¢ snotad g Jo S[Ted uoREI0TOYD2 aseyd yoress JO SonsLaIoRIRY) ‘T 9[qEL

sfoang jvg pajjodg puv pissojopy - Kauy uostzng



P6/11/8

oy

X 0SZ1 -~ MESTE6IT  NSSHYLE dN SIS0 K ‘e JOLI esodLrey
€6/61/L X 0SZ1  MESTEGIT  NSSPYLE dN SIS0 X “axe] JOLIN esodey
$6/97/8 X , M6ETE6IT  NTILELE dN 9NuIosox ‘e 1eH esodirey

- ¥6/8/8 X \ MSTST6IT  NTHPSLE dN NSO X ‘Y UIDH esodirey
$6/516 X . M6SO¥EIT  N6TOPLE _ A Tenod 19 esodirey
€6/TT/L X 0611  MSI8E6IT  N6TEVLE dN 9ITuIesox ‘mopeajy ueside) 1 esodirey
Y6/TL/0T X 0611  MSISE6IT  N6TEPLE JN 9Iwes0X ‘mopesiy wende) [ esodmey
76/S/8 X M6SLY6IT  NVESYLE 3yTed [EUONEN SIUIS0X B[ SUeI) esodirey
v6/T1/01 X 9€01 MEVTP6IT  NBEEVLE N 9IMmas0 X ‘sapeose) esodueIy
¥6/11/8 X 9¢01  MEVTPEIT  NSEEPLE dN SHUWISOX ‘SPeOSE) esodrrey
v6/LI01 X 791 MLSSP6IT-  NTE00LE , A S1qR.L 9T CIOPRIN
se/ig/s X MLTOPRIT  NTS90PE (ffPUI0D) § I 7) Youey Junowreley  $O[a3Uy SO
7661 Suds  4X . _ MSTO0E8IT  NISITE uoAue) 9IoWS[g  SI[a3UY SO
T6/S/6 . X vLL MIOOPSIT  NIPIESE s3undg 10H jeoowoq woy
¥6/8/01 X S0E  MSETE6IT NOOVOLE deory menbg ‘zoAny umbeoy wes OUSIL]
¥6/8/01 X TEL MST6I6TT  NLVTILE g 9STIOYIOMO ] ‘TOARY Umbeof Ueg 0usaL]
¥6/8/01 X IL9 MOEITEIT . NTPB0LE 81§ Swideny ‘1oAny umbeof ueg OUSaL]
¥6/3/01 X 0¥9 MPISE6TT  NLEEOLE s[[e:] mojog ‘19AR] umbeof ueg: OUSQL]
S6/1 «X 194 METIE6IT  NSOTOLE T 91981, FIZUIIBIN Ousar]
¥6/6/01 X . 0S¥ METILEIT  NSOIOLE N 91qe., SIZU RN OUSAL]
v6/LI0T X oSy METOE6IT  NBOTOLE JA 919B.L SIZUS3IRN OusaL]
S6/9T/S X MO00800CT  NOOEI9E e3ureo)) Jo M feR1D So1’D SO 0usoL]

. S6/9T/S X MOTTZOTZI  NSTLO9E 861 2 €€ 10 ‘B3UIEOD - ousaxyg
¥6/L/01 X 905 MPO6T6IT  NISYOLE A1quy OuSAL]
P6/S1/01 X S6ST MPI9E0TT  N9ETSLE TI0A1989Y YOO[IRT, ‘QI0YS'N SeIoARE)
¥6/0T/11 X S0¢ MTPEEOTT  NLSTSLE oxe'] Yoo[MmL “IA 2IqelL. seIoAR[eD
v6/vT8 X 00T  MTESEITI  NS09E6E S[IIAIQ “IA[ F[qEL 9PIS M onng
Y6/vT/8 X 00  MTOPEIZI  NISEEL6E Q[[IA0IQ “TIN SIGEBL 9PIS anng

: ’ ) sijodad sdouinyy
Sfeuruy eIy W ﬁou.mood w .
aeq ¢-1 oidpiny 1500y 1800y UONBASIH opmiSuoy  opwpe] Anpeoo1 funo)

$10A195q0 10110 Aq porddns a10M (4} JSHAISE U (PIM PISTBU SPI0ISI 50Y], "S661-1661 “gIILIOJI[E)) UI Sjeq A[qIqne JOJ SpI00Y T a[qel,

O

“(uosdwoy, 110 ‘POdIyd "M IO ¥ ‘usmoig “d)

skaamg g paiods pup pissojoW .O..:Q 2054214

¥t ’
1 >




Iy

MSPPTITT

S6/67/S X NC191€E kD tipeq ofomog “yreq 0Saxog ezuy 0391 ueg
T6I1E/8 MG6SSELIT  NSS90FE 100428 eFuoureon)) oyouey OuIprRUINY ULS
T6/7/6 X M6SLOLIT ~ NS060bE A2RID) A ST ‘0E€ AMH ouIpIewIog ues
T6/27/6 _ MSBTTILIT  NTPLOVE PUBIYSIH ourprewrog ueg
T6/LT/3 X . MSSIVOTT  N9E0£9E SYOOuR ] “JU “YI3I) I9AJIS onuog ueg
T6/L1/S X See M600TIZT  NIE679€ vary Jurdure)) ‘N seporuurg onueg ueg
TOILL/S X 0zs M6DTIIZI  Nzz879¢ TI0A1389Y Yomyp) Teag ‘N So[oeuuIy prueg ues
TOILT/S X 06¢ MOISOIIZI  NPP8Z9€ Sunyreq Joo1) Teag ‘WN so[oreUTIg oueg wes
T6/Tl6 S61 MTSTELIT  NZSSSES , TTeH 431D 00I0N OpISIOARY
T6/S X MOITILIT  NLSOSEE SIIoJ 9ye] OpISIOATY
T6/S. £X <44 MOVLTLIT  NEEOSEE SMIUIBIA 9xe] SPISISATY
T6/67/38 X MTZIOOTT  NOZ9gEE BIOSI JO HN ‘uoAue)) pajureq OPISIOARY
T6/0€/8 X MEVB09TT  NISIObE JAN 991], enysof ‘ure(y 1oy1eg OPISIOATY
16/6 +X MEVTYLIT NSHIEEE SIIH eunger] odueiQ
€661 Suudg +X MLTEVLIT  NOZLPSE '$9Y 03enues "I ‘UoAue)) JuowaLy adueIQ
7661 Sundg +X MOTIPLIT  NSIZSEE uodue) reop a3ueI
7661 Suudg X MIVEVLIT NEVLYES uokue)) puig o3ueIn
T6/81/S X 09% MISLTITI  NSOLOOE 83A€)) HOSe M Koxo1u0Iq]
v6/0€/11 X (4Al M6Z00IZI  NEELSOE 931 soueg 07| PoOIaA]
V6IZ1/8 X (4A} M6T00TZI  NEELSOE ¥931) soueq S0 POION
VeIvT/L X 06IT  MIS6E6IT  N6STHLE Ko[re A oymmmeso x esodrepy
S6/T/6 X MOS8Y6IT  NOESYLE dN 9WIS0 X “QJINSUT 9IUraso X esodrrepy
v6/v1/8 X 0ITT  MSESIZTZI  NBOILESE dN 9IIAs0x ‘BUOMBA esodirepy
V6/E1/8 X 6811  MGOIGEGIT  NEIZELE dN 9IUIAs0X ‘euoMBM esodLeiy
V6IT1/3 t X 0CCT  MSBEOP6IT  NZSTELE dN 9NUISSOX ‘euOMBA esodrreiy
S6/9T/L X MSS6I6TT  NG6ETSLE MOpBI omnjon, esodLrepy
S6/T/6 X MOELTOIT  NIS6PLE dN 9as0X ‘ae] eheuay, esodrreiy
#6/01/8 X MSPSE6IT  NOO9SLE 9NWasOX ‘19ARY suumjony, ‘AofeA ofeq esodirepy
S6/7/6 X MSS8TOIT  NVESPLE dN 9UI3S0X uI0d pesjsurQ esoduepy
v6/Z1/01 X 0SCI  MESTE6TT  NSSHPLE dN SIS0 X ‘98T IOIIA esodLepy
: syosad sdownsy
wREE moa ul ﬁBmooA wr :
areq €1 odnmp 1500y  1S00Y uomRAQ[ opmIguoy opmne] Kreoory fyuno)

"PUO °Z 3[qE],

skadang yog paggods pup prssoopy - Kauy uosiang



(4%

¥6/0T/11 X MIPLEOZT  NOEISLE umosaure[ “IAl J[qeL, suwmjon,
#6/01/3 X 0ZE1  MSPSE6TT  NOO9SLE dN mmaso X ‘A3[[eA ored ouwnong,
¥6/S1/01 X MPIOE0ZT  NOESTSLE  IOARY suelstuels % 'py Auog soukg,0 suwrajon,
v6/S/I8 X 4 89LT  MOIOS6IT  NSSHYLE AN SIS0 & ‘9A0I) PIDIIN suwnjon,
€6/TT/L X LSIT  MEILP6TT  NISOSLE TI0A1989Y AUdJoH YORH - suuImjon],
T6/9T/3 X. LSIT  MEILY6IT  NIS9SLE TI0A1989Y AY0IoH YoeH suwnjon,
v6/€1/01 X . MSPLEOTT  NOVISLE "AR{ SDE[SIUR)S ‘W] WMPOOH  ,SUwWnony,
¥6/8/8 X 0867  MSTSTOIT  NTHPSLE JN SN0 X “GIMY US[D suwmony,
$6/11/01 X © MESHO6IT  NTE6ISE AoTeA THOYOX oreMm,
S6/VT/L X MEIPSSIT  NOZ979¢ UMO] UT ‘SI9ATY 9914, oremn,
S6/ET/L X MOSLYS8IT  N60TI9¢E dAN'bag <D s10meofs sremy,
¥6/11/01 X MTTOP8TT  NISEE9E uuj 93e[iIA vlonbag oreL
¥6/11/01 X MLSYZITL  NITTYOP $§200ng 9Ye] aremy,
¥6/11/01 X "MOI006IT  NOTYCOE YeomMey] oe] oremy,
S6/LT/9 X MEOSSSTT  NITI8TOE dN ®ronbag ‘189104 JuerD sremy,
¥6/11/01 X MOS6VSIT  NIE6T9E AN ®ronbog “IN Usy Sren],
¥6/0€/11 +X MOEESTZTT  NOOES6E 001D JO 'N “'PY URIPIDIN BUIOYI],
¥6/97/3 X MOEESTTT ~ NOOES6E 00T JO ‘N “PY WRIPLIO JAUEIER)
v6/6 X MOELOTTT NS0600¥7 ¥o01)) sdofajuy BWEYI,
Y6/E1/01 X MIT0P0TT  NIT6PLE K119 S ySnus| sne[sIuels
€6/6 X . MOV6IZTL  NOPSITY A0 e1seys NN Iu ‘s3unidg AoN noATySIS
¥6/01/6 X MTSSEITT  NPSPELY 93e] SUIIPIN noAn{sIS
€6/6/6 ¥X MTSSEITT  NPSYELY 93BT SUIDIPSN noArysIs
€6/1/6 *X A MEEOETTT  NTVTITY oy Jooqumng noATysIS
€6/1E/L ¥X i MST9IZZT  NOETITY Tnwsundg N0ATISIS
06/S1/6 X MSELSITT  NLTOOEE euowey 03I UES
S6/0€/S X M6TLOLIT  N6EIVTE 93100 UOISSIIA o391 ueg
16/2T/S X MITOPITT . NOVOVCE noLeg aye] 0391(] ues
06/9/L X 701 MS0LO9TT  NLIOOEE A MdS Nred o8au0g ezuy 0391 ueg
. syjosad sdownzy
SfeuwItny BAYY Ul @ou.moo,.h w
aeq €1 o[dnnjy 1S00Y 1500y UONRAJ[H opm1duoY apmne] £npeoo| £uno)
"P,U0D ‘7 JqBL
Q * skaduns g pagjods pun pissojoW .Q.SM u0s131d

[ 3
s




ey

96/6/01 X 661¢ MESPTOIT  NLIVVLE dN IS0 ‘Sxe] PIoIoIN esodepy
V6/8/8 X 0LET MESTETOIT NTHSLE dN SNWIS0 X ‘unny ua[n esodirey
v6/S/3 X 06L°1 MOSLY6IT  NVESPLE dN 9IUI9s0X “Jef] ouer) esodLBIq
Y6/11/3 X 870°1 MEVTP6IT  NSEEVLE dN 9IMas0X Ye21) apeose)) esodirey
96/£/6 X 65V MLSLS6IT  NSI9ELE dmqoong esodirey
L6/01/¥ X SLy MSSOSLIT  NB8OZH9€ AoIreA ompes ‘uokue)) 1spmyg 0Auy
¥6/6T/3 X 0v8‘C MOTTEBIT  NPEPSOE  dN elonbog 1oAn s3ury ‘Ooue[g ompy .,  ousaxg
EQSRQGE Qgﬂuﬁamw
VeILT/TT MTIPOLIT  NPP8PTE 93100) UOISSHA 0391( ueg
P6ILT/TT MEVS09TT  NISIObE JAN 991], enysof ‘ure( 1oyreq SPISIATY
. SypoLopur sdowougo
$6/9T/S X MOTOOLIT  N6TIVZE TIOAIOSY ISJBMIPOMS 0391(] ueg
P6ILTITT X MTIVOLIT  NPb8IzE 98100 uoISST 031 ueg
S6/6T/S X MEILOSTT  NLIOOEE TN 1S “red 0Sa110g BZUY 0391(] weS
S6/8T/S X METLO9TT  NLIOOES A 1MdS “jred 03e1i0g vZUY 0321 ueg
06/9/L X METLO9TT  NLIOOEE A 1dS e 03a1i0g vzUy 0391 ueg
S6/6T/S X MSPPTIIT  NSI91€E  ukD wed odaniog “jred 08a1iog vziry 0301 ueg
76/6T/3 X MTTIOOTT  NOT9EEE BOO9IA] JO gN ‘uodue)) pajureq OPISIOATY
T6/S X (A4 MOVLTLIT  NEEOSEE SMAIBIA 9Xe’] OPISIOATY
mRuu%«.QkQSm.\. .a‘eseﬁ.&uﬁz
T6/8T/8 X MIOSP8IT  NZvLTVE nig ayery “dwe)) 14 anjg ‘S ‘U g BIMUIA
T6/8T/8 56 MSTSPIT  NLVIEHE uid e ‘punoiddure)) g onyg BINJUIA
€6/11/L X MSSLS6TT  NIYTSLE axejuy Apreq ‘19AR] Suumony, suwnjong,
S6/M1/L +X MITPIOZT  N6ELSLE suumjon,j, suurnjong,
P6/£1/01 X LSY MIVLEOZT  NOEISLE umojsauref “A 9[qe, suwmjony,
v6/0T/11 X SO€ MPI9€0TT  NOETSLE e Yoo[m, “IN 9[qe L, suurnjony,
Syouad sdowniy
S[ewIuYy BAIY Ul paJedo] w o,
Aeq €1 oduA 500§  1S00Y UOTRAQE opmn3uory ospmne Areoory funoy

"PIu0d " 91qe ],

Skad.ung g pagods pup E&.&S& - Koy uosing



1474

N6ELSLE

el
AR

S6/T1/L X €78 MITYIOTT . suwnong, suwmong,
-S6/T/6 X - TS9T MSPIZ61T NSETSLE dN WSSO X ‘MOPESJA Qumnony, suwmiony,
S6/61/L *X 0S0°T MZIP10TI N60908E +IN Sne[siuelSs 1Imsi 393uey JOM TN suuImong,
76/97/8 X €91°T MEILY6IT NISOSLE dN SISO ‘TOAIOSRY AYINSH YIOH suwmiony,
€6/£/6 X 6L8°C M60LESTT N6SLI9E dN ®'ionbag ‘ssed UBTIIIIS ‘sexe] WIAL orey,
S6/11/6 X 0961 M909Y8IT NPOPE9E dN eronbag ‘oZe[IA 15210, JUerD) oremy,

. £6/01/6 : 976'C MSOVZ8IT NET1609€ dN ®roubag ‘uofue)) uewrpea aremy,
96/11/6 ¥X 9583 MP0ISITI NET910¥ AN wsser] ‘oxye] AoquLy - Bweya,
£6/8/8 X LS9T MLSTTTTL N6EETTY o - ayeepse) NOADISIS
€6/1E/L *X 0001 MPO8ITTL NZ#HI11Y AND eISRYS PN JO S U ¢ NOADISIS

" S6/ET/3 X 1Y M8TLOTTT NOZISOY F021)) YSY/ea1) Menbg - eIseys
v6IT/L ) X 949 MOYTTTTI NOOZI1¥ yreg oyerg sBexp opse)y - wIseUs
L6/TTIY ot X 873‘T . MIEVESTI NEVIELE 9310f) 10ATY SUAMQ OUON
T6I/L X 8¥T'1 MESTEBLT NSSPPLE dN NS0 ‘AS[[RA 9IUASOX esodirey
v6/71/3 X 00Z°1 M616E6TT NEIZELE dN 9NUWSSOX, ‘BUOMBM esodiey
¥6/01/8 X - 0TET MSPSE6TT NO09SLE dN SNwasof ‘KafeA dted esodirey
S6/ST/8 X T6S°T MO0EE6TT NOTLELE dN 9IWISS0 X ‘e IpuensQ esodrey

. ’ unpMopul puLIpnsg
S[eaImy BOIY Ul POJRIOT] w . , o
aeq ¢-1 odpjy 1500y  1S00Y UOHRAS[H opmIduoy opmney “ANe00T Aumo)

L4

O

"PIU0D T J[QRL

shodang g ?&gm pun p1Ssojop lOS.N u0S131d

T s
L




NIRRT NI e N NI e M M R NG s TERRIMRR N AN ATCE S e

Piefson Rainey - Molossid and Spotted Bat Sruveys

Table 3. Sampling for audible bats in the coast ranges and Northern California, north to south

COUNTY LOCALITY DATE E. PEROTIS E. MACULATUM
Siskiyou

Gumboot Lake 9/1/93 YES No

Castle Lake 8/8/93 No YES

Ney Springs  +, 9/1/93 YES No

Dunsmuir 7/31/93 No YES

Medicine Lake 9/9/93 YES No
Shasta _

Castle Crags 8/1/94 No YES
Tehema -

Antelope Creek 9/1/94 YES No

Black Butte 9/27/94 : No ‘ No

Finley Lake 9/11/96 YES YES
Napa ‘

Monticello Dam 5/15/95 No No

Wooden Valley 5/15/95 No No
Alameda

Corral Hollow 8/28/94 No No
Fresno :

Coalinga 5/26/95 YES No

Little Panoche Res.  11/28/94 » No No
San Benito

Silver Creek 8/27/92 YES No

Pinnacles NM 5/17/95 YES No
Monterey : _ .

Wagon Caves 5/18/95 YES No
Ventura

Lake Piru 8/28/92 YES No
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“  Pierson Rainey - Molossid and Spotted Bat Surveys

Table 4. Sampling for E. perotis and E. maculatum in Sjetra Nevadan river drainages,

north to south.
RIVER DRAINAGE DATE ELEVATION E.PEROTIS E.MACULATUM
. - (m) '
Feather o
Bell Canyon 9/25/94 1,067 No - No
Twain Sawmill 9/25/94 No No
Rich Bar N 9/25/94 . No . No
Chambers Creek Yo 9£25/94 No No
Arch Rock 9/25/94 460 ‘No No
Power Station 9/25/94 610 No No
Lake A : 9/25/94 No No
Table Mt. 9/24/94 - YES No
N. Fork Yuba : '
Yuba Pass 6/20/94 1,956 No No
Hwy 49, MP 21 ) 6/23/94 1,036 No No
2 km S. Indian Valley 6/22/94 - 685 No No -
Mokelumine . '
- Salt Spring Res. Dam 5/10/95 1,200 No No
2 km. S, Salt Spg. Res. 5/10/95 ca. 1,000 No _ No
‘Hwy 26 at Mokelumne R. 5/10/95 610 No No
Pardee Res. Dam - 5/10/95 175 No No
Comanche Greens 5/10/95 90 No " No
Comanche Reservoir 5/10/95 ' 70 4 No No
Stanislaus S ‘ .
Jamestown Table Mt. 10/3/94 460 YES , No
Table Mt. , Tulloch Lake 11/20/94- 215 - YES No
Tulloch Lake 10/3/94 - . 150 YES . No
Tulloch Rd. . 10/3/94 - 105 YES - No
Knight's Ferry : 10/3/94 60 YES No
Tuolumne A .
Tuolumne Meadow ’ 8/5/94 2,620 No YES
Tuolurone Meadow 8/6/94 2620 -  No- No
1 km below Glen Aulin 8/8/94 2,380 YES YES
‘2 km above Muir Gorge 8/9/94 1,710 No - YES
Pate Valley 8/10/94 1,320 YES YES
Hetch Hetchy - 8126/92 1,162 ° YES YES
Hetch Hetchy , 7/12/93 1,162 YES YES
Hetch Hetchy 7/13/93 1,162 YES YES
Hetch Hetchy 7/14/93 1,162 YES ~YES
Hetch Hetchy . 7/16/93 1,162 YES YES
Early Intake ) 7/11/93 719 . YES No
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Pierson Rainey - Molossid and Spotted Bat Surveys

Table 4. Cont'd.

RIVER DRAINAGE DATE ELEVATION E. PEROTIS E.MACULATUM
(m)
N. Fork Merced
Yosemite Valley 7/19/93 1,220 YES YES
Yosemite Valley 7/24/93 1,220 YES YES
Yosemite Valley 8/11/94 1,220 YES YES
S. Fork Merced *
Wawona 8/12/94 1,200 . YES YES
Wawona 8/13/94 1,200 YES YES
Wawona 8/14/94 1,200 YES YES
San Joaquin
Powerhouse 8 10/8/94 730 YES No
Gauging Station - 10/8/94 . 670 YES No
The Falls 10/8/94 640 YES No
McKenzie Table Mt. 10/7/94 530 YES No
McKenzie Table Mt. 10/9/94 530 YES - No
S. Fork Kings
Deadman Canyon 9/5/93 2,930 No YES
Twin Lakes 8/27/95 3,230 No No
Bench Lake 8/28/95 3,290 No No
S. Fork Kings Mdw. 8/29/95 2,840 No " YES
Woods Ck. Jct. 8/26/95 2,590 No No
Muro Blanco 8/30/95 2,500 No No
Paradise Valley 8/25/95 2,010 No No
Cedar Grove 10/10/94 1,460 No No
Kaweah '
Twin Lakes, Silliman Pass 9/2/93 2,880 No * YES
Giant Forest Village Summer 1995 1,900 YES YES
Pish Wisha 10/11/94 670 No No
Ash Mt 10/11/94 425 YES No
Lake Kaweah 10/11/94 240 YES No
Yokohl Valley 10/11/94 - 140 YES No
Tule
Lake Success 10/11/94 210 YES No
Kern
Democrat Hot Springs 9/4/92 580 YES No
- Democrat Hot Springs 2/16/94 580 No No
3.2 km below Democrat 2/16/94 530 No No
6.4 km below Democrat 2/16/94 500 - YES No
Upper Rich Bar 2/16/94 470 YES No
Mouth of Canyon 2/16/94 245 YES No

47

(o
i



¥

4
uTR}I00UN UONBOYTIUAPT NG ‘PAPIOOY = yy -
POPIOIAIION = &
ON ON ON SHX 16/0T/S “Jof Yorre g
oN ON . ON . oN 16/12/S uofe) [g/seroung
ON ON ON - SEAX 16/1T/S BuOuTEY]
ON ON ON SAX 06/S1/6 rHOwTEY
ON ON ) SAX SHX | G6/67/S  O8euog ezuy,"ukD wRd
ON . oN .4 . SdAX - T6/9/L oSauog ezuay “IA MAS
. : ) o3y uss
OoN ON . ON SHX: T6/U16 D TIIAL STHYT ‘0g€ AMH
oN ON oN *SHX 616 1e1 PN ‘0€€ AMH
ON ON ON . #SAX 6106 . 0g€ Al
ON oN L ON . SHX 61016 , pue[qsty
ON oN ON - ON 76/1/6 qsep\ BUY BIURS
ON ON ON oN T6/1€/8 "py epueAny
ON ON ON +SHX T6/1€/8 e3uowreony) ogouey
. ' oﬂvkanhom ussg -
ON - ON oN . SIX 16/2TS SIS oXe]
oN ON ON : SAX T6/516 ITeH A11D 0910N
ON ON _ *SHAX *SHX T6/T/L : SMITIBIA 93BT
oN #+SHX oN SIX T6/0€/3 JAIN 921, engsof
ON ON SAX STX T6/6T/8 uouep pajured
. oﬁﬁuuﬁﬁ
oN ON ON oN Y6IvT/TT vuopesed
ON oN oN oN T6/82/8 - vuopesed
oN oN " oN " ON T6/E16 BuopEIY
ON oN . - ON oN T6/El6 - TOAI9S0Y SLLIOJA
oN ON ON oN T6/€16 uofue)) [PLIGED UEg
ON oN ON : ON T6/€/6 ukD 1euqen eg HRow
ON ON ON - oN T6/€16 : esnzy
sopPsuy so
WALVIADOVI T - SILOYDOVI'N  SNDOVSOYOWHA N  SILo¥dd'd  dALvd ALITVOO1
TIUIOJI[e)) WAINOS Ul sjeg SqIpny 10§ Surjdures ¢ 9[qel.,
. .
,O . sfaaung g pagiods puv Eamﬁaiu&u% ©0sI3tJ

v 7
t T







O

O




1 e R

‘00 OUOW
(peonpes [erte)ul esndiejuy)
sesjnd aseyd yoseas pajoeiixgy

"00 noApisis
(paonpai Jeasaju; esindioiuy)
ses|nd eseyd yosess psjoelixg

bl ZHY
91
8t
0c

ZHY

wmenoew eulispng

v



O Pierson & Rainey - Molossid and Spotted Bat Surveys

»

Q Fig. 2a. Seafch phase echolocation calls of Eumops pérotis

Fig. 2b. Feeding buzzes of Eumops perotis
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Pierson & Rainey - Molossid and Spotted Bat Surveys

¥

Fig. 3. Search phase echolocation calls of Nyctinomops femorosaccus
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Pierson & Rainey - Molossid and Spotted Bat Surveys

Fig. 4. Search phase echolocation calls of Nyctinomops macrotis . (This species identification is
based on inference, and not confirmed). '
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Pierson & Rainey - Molossid and Spotted Bat Surveys

Fig. 5. Map showing the past and present distribution of Eumops perotis in California. Open
circles represent records existing p

rior to this study; closed circles represent records obtained
during this study. - : ’ '
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-
o

Fig. 6. Map showing past and current distribution of Nyctinomops femorosaccus in California.
Open circles represent records existing prior to this study; closed circles represent records obtained
during this study. : : L
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¥

Fig.7. Map showing past and current distribution of Nyctinomops macrotis in California. Open
circles represent records existing prior to this study; closed circles represent records obtained

during this study.
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Pierson & Rainey - Molossid and Spotted Bat Surveys_.

S

Q Fig. 8. Map showing the past and current distribution of Euderma maculatum in California. Open

circles represent records existing prior to this study; closed circles represent records obtained
during this study. - ‘
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APPENDIX I. Contd,

a1 3 p

EXENIENS

Species County Locality LatLong Date Source
Eumops perotis (cont'd.)
Los Angeles  Altadena 341123N1180749W 1958DEC10 CSULA
Los Angeles  Azusa 340801N1175424W 1919MARO03 CAS
Los Angeles  Azusa 340801N1175424W 1919MAR18 UCLA
Los Angeles  Azusa 340801N1175424W 1919MAY31 MVZ
Los Angeles  Azusa™ 340801N1175424W 1925SEP28  SBMNH
Los Angeles  Azusa 340801IN1175424W 1935NOV23 LACM
Los Angeles  Azusa 340801N1175424W - 1936MAR14 LACM
Los Angeles  Azusa 340801N1175424W 1942AUG01 LACM
Los Angeles  Azusa 340801N1175424W 1943MAR10 LACM
Los Angeles  Azusa 340801N1175424W 1943MAR13 SBMNH
Los Angeles  Azusa 340801N1175424W 1943AUG16 LACM
Los Angeles  Azusa 340801N1175424W 1964AUGY9 MVZ
Los Angeles  Azusa 340801N1175424W 1953SEP28 =~ CSUN.
Los Angeles  Azusa 340801N1175424W 19590CT03 LACM
Los Angeles  Azusa - 340801N1175424W 1965JUL13  SDSU
Los Angeles  Chatsworth, NW .of 341526N1183601W 1954JUL27 KU -
Los Angeles  Covina - 340524N1175322W 19180CT23 UCLA
Los Angeles  Covina 340524N1175322W 1919MAR20 MVZ, UCLA
O Los Angeles ~ Covina 340524N1175322W 1919APR15 AMNH
N~ Los Angeles  Covina 340524N1175322W 1919MAY15 UCLA
' Los Angeles = Covina 340524N1175322W 1919DEC06 MVZ
Los Angeles  Covina 340524N1175322W 1919DEC20 USNM
Los Angeles  Covina 340524N1175322W 1920NOV14 MVZ,UCLA
Los Angeles  Covina 340524N1175322W 1920NOV24 ' LACM.
Los Angeles  Covina 340524N1175322W 1923JUN16 UCLA
Los Angeles  Covina 340524N1175322W 1954SEP18  LACM
Los Angeles  Covina 340524N1175322W 1957MAY10 LACM
Los Angeles  Covina 340524N1175322W 1957TMAY14 LACM
Los Angeles  Covina 340524N1175322W 1958AUG21 LACM -
Los Angeles -~ Eagle Rock 340835N1181055W 1972FEB13 LACM
Los Angeles  Gardena 335318N1181829W 1929JUL22  SBMNH
Los Angeles  Glendora 340810N1175152W . 1958JUN18 CSULB
Los Angeles  Glendora 340810N1175152W 1958AUG21 CSULB
Los Angeles  La Vemne 340603N1174601W 1952SEP29 LACM
Los Angeles - Llano 342935N1174638W 19290CT24 LACM
Los Angeles  Los Angeles 340325N1181443W 1890 AMNH
Los Angeles  Los Angeles 340325N1181443W 1929 LACM
Los Angeles  Los Angeles 340325N1181443W 1935 LACM
Los Angeles  Los Angeles 340325N1181443W 1936APR04 LACM
Los Angeles  Los Angeles 340325N1181443W 1937JUL10 ~ LACM
Los Angeles  Los Angeles 340325N1181443W 1938NOV23 LACM
Los Angeles  Los Angeles 340325N1181443W 1939JUN15 = LACM
— Los Angeles  Los Angeles 340325N1181443W 1939JUN28 ~ LACM
&) Los Angeles  -Los Angeles 340325N1181443W 1940MAY18 MVZ
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APPENDIX I Cont'd.

Species County Locality LatLong Date Source

Eumops perotis (cont'd.)
Los Angeles  Los Angeles 340325N1181443W 1942ZMAR(09 LACM
Los Angeles  Los Angeles 340325N1181443W 1942MAY14 LACM
Los Angeles  Los Angeles 340325N1181443W 1943MAY17 LACM
Los Angeles  Los Angeles 340325N1181443W 1944FEB12 LACM
Los Angeles  Los Angeles 340325N1181443W 1944FEB14 LACM
Los Angeles  Los Angeles 340325N1181443W 1948 SBMNH
Los Angeles = Newhall, SW of 342305N1183148W 1954AUG05 KU
Los Angeles  Palms 340122N1182417W 1925DEC22 LACM
Los Angeles  Palms 340122N1182417W 19250CT02 SDNHM
Los Angeles  Pasadena 34084IN1180702W 1903SEP07 MVZ
Los Angeles  Pasadena . 340841N1180702W 1909MAR0O8 MVZ
Los Angeles  Pasadena 340841N1180702W 1941 MSU
Los Angeles  Pomona 340319N1174505W 1921APR21° SDNHM
Los Angeles  Pomona 340319N1174505W 1925SEP28 KU
Los Angeles  Santa Monica 340110N1182925W 1921JANO1 SDNHM
Los Angeles  Santa Monica 340110N1182925W 1921APR07 SDNHM
Los Angeles  Santa Monica 340110N1182925W 1921APR21 SDNHM
Los Angeles  Sierra Madre 340942N1180307W 1904MAY26 MVZ
Los Angeles  Sierra Madre 340042N1180307W 1912DEC27 MVZ
Los Angeles  Sierra Madre 340942N1180307W 1913JUNS5S MVZ
Los Angeles  Sierra Madre 340942N1180307W 19130CT12 MVZ

- Mariposa Yosemite Valley, YNP 374259N1193951W 1924SEP YNP

Mariposa Yosemite Valley, YNP 374259N1193951W 1932SEP03  YNP
Mariposa Yosemite Valley, YNP 374259N1193951W 1933APR13 YNP
Mariposa Yosemite Valley, YNP 374259N1193951W 1934SEP13  YNP
Mariposa Yosemite Valley, YNP 374259N1193951W 1940AUG28 YNP
Merced Merced 371808N1202855W 1991DEC12 MVZ
Monterey Camphora, N.of Soledad ~ 36271IN1212212W 1938SEP22 MVZ
Orange Santa Ana 334444N1175201W 1949JUL28 SBMNH
Orange Santa Ana 334444N1175201W  1949AUG08 SBMNH
Riverside Coachella 334049N1161023W 1939MAR15 LACM
Riverside Lakeview, 4 mi NW of , 335019N1170702W 1954JUL13 KU
Riverside Lakeview, 4 mi NW of 335019N1170702W 1954AUG01 KU
Riverside Lakeview, 4 mi NW of 335019N1170702W 1957AUG28 KU
Riverside Mecca 333620N1160122W 1973FEB25 MVZ
Riverside Painted Canyon, NE Mecca 333418N1160435W 19070CT11 CSULB
Riverside Perris, 3 mi. NE 335057N1171119W 1954JUL13 © Vanghan 1959
Riverside Riverside, 6 mi W 335831N1172830W 1954JUL0O9  Vaughan 1959
San Benito Silver Creek 363631N1204108W 1945MAY MVZ
San Benito Silver Creek 363631N1204108W 1955MAR MVZ
San Bemnardino Colton 340426N1171846W 1912APR8 MVZ
San Bemardino Colton 340426N1171846W 1918NOV05 TUCLA
San Bemardino Colton 340426N1171846W 1918NOV24 MVZ, UCLA
San Bernardino Colton :'* 340426N1171846W 1918DEC13 UCLA
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Locality

Species County LatLong Date Source

Eumops perotis (cont'd.)
San Bernardino Slover Mt., Colton 340355N1172026W 19240CT MVZ
San Bemardino Colton '340426N1171846W 193IMAY S MVZ
San Bernardino Colton 340426N1171846W 1932MAY13 MVZ
San Bernardino Colton '340426N1171846W 1933APR26 MVZ
San Bernardino Highland 340742N1171228W 1969JUN20  D. Constantine
San Bernardino Highland, 3 mi NE 340953N1170932W 1969JUN21  D. Constantine
San Bernardino Luceme, 1 mi N 343015N1165712W 1954 Vaughan 1959
San Bernardino Santa Ana Wash 340529N1171335W 1991JUL B. McKemon
San Diego Barrett Junction - 323641N1164223W 1939APR6 MVZ '
San Diego Barrett Junction 323641N1164223W 1943AUG28 SDSU
San Diego Barrett Junction - 323641N1164223W- 1946JUL 3 MVZ
San Diego Barrett Junction 323641N1164223W 1946JUL16 MVZ
San Diego Barrett Junction 323641N1164223W 19490CT29 CM
San Diego Barrett Junction 323641N1164223W 1953AUG26 - KU
San Diego Barrett Junction 323641N1164223W 1957AUG25 KU
San Diego Bow Willow Ranger Station 325031N1161331W 1962AUG31 - SDNHM
San Diego Dulzura . 323839N1164650W 1935NOV23  SDNHM
San Diego Dulzura 323839N1164650W 1936JUL19  SDNHM
San Diego Dulzura 323839N1164650W 1936AUG1S SDNHM
San Diego | Dulzura 323839N1164650W 1936SEP07  SDNHM
San Diego Dulzura 323839N1164650W 1937JUL18  SDNHM
San Diego Dulzura 323839N1164650W 1938JUL29  SDNHM
San Diego El Cajon,3mi E 324700N1171014W ca. 1954 Vaughan 1959 .
San Diego Lake Hodges 330342N1170625W 1933MAROS MVZ
San Diego Otay 323541N1170349W -0- CAS
San Diego San Diego N Y 324636N1170412W 1933 SDNHM
San Diego San Diego . 324636N1170412W 1946 SDNHM
San Diego 2 mi W Suncrest 324815N1165149W 1943MAY09 CM
San Diego Yaqui Well 330822N1162313W 1952JUL1S  SDNHM
San Luis Obispo San Luis Obispo 351658N1203931W 1991APR29 NDDB
Tulare Traver : 362719N1192902W 1899MAROL CAS
Tuolumne Hetch Hetchy, Yosemite NP- 375633N1194708W 1952 Vaughan 1959
Ventura Weldono - 342042N1191746W 1907 LACM

- Euderma maculatum :
Fresno Friant Dam - 365957N1194212W 1970JUNO6 - Medeiros &
» : Heckman 1971

Inyo Lone Pine . . 363622N1180343W 1985AUG09 CSULB
Inyo Bishop 372149N1182330W. 1977TMAY11 MVZ .
Kem Red Rock Canyon 351930N1175659W 1933DECO1 MVZ
Mariposa Yosemite Valley, YNP 374259N1193951W  1931AUGO1 MVZ
Mariposa Yosemite Valley, YNP 374259N1193951W 1951AUG13 MVZ
Riverside Mecca ) ’ 333418N1160435W 19070CT1 MVZ
San Bemardino Pilot Knob 352350N1171448W 1948MAR22 Parcker 1952
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APPENDIX I Cont'd.

Species County Locality LatLong Date Source

Euderma maculatum (Cont'd)

San Bemardino China Lake 354325N1173649W 1956JAN24 LACM
San Bernardino Twenty Nine Palms 340808N1160312W 1939MAY01 MVZ
San Diego UC San Diego Campus 324636N1170412W 1955SEP09  August & .
. Dingman 1973

Shasta Palo Cedro 403350N1221416W 1983MAR14 Bleich &

' Pauli 1988
Tulare Wilsonia, Kings Canyon NP  364406N1185720W 1975JUN20 CAS
Ventura Castaic Creek, Piru 342455N1184735W 1890APR  AMNH

Key to Acronyms:

AMNH = American Museum of Natural History
CAS = California Academy of Sciences '
CM = Camegie Museum
CSUF = California State University, Fresno
CSULA = California State University, Los Angeles
CSULB = California State University, Long Beach
CSUN = California State Universtiy, Northridge
DEVA = Death Valley National Monument
FMNH = Field Museum of Natural History
JTNM = Joshua Tree National Monument
KU = University of Kansas

N LACM = Los Angeles County Museum
MSU = Michigan State University '
MVZ = Museum of Vertebrate Zoology, University of California, Berkeley -
NDDB = Natural Diversity Data Base
ROM =Royal Ontario Museumn
‘SBMNH = Santa Barbara Museum of Natural History
SDSU = San Diego State University
UCLA = University of California, Los Angeles
UCSB = University of California, Santa Barbara
UCSD = University of California, San Diego
USNM = U.S. National Museum
YNP = Yosemite National Park .
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