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A variety of ultrasonic (bat} detectors have been used over the past 3 decades to identify
free-flying bats. Analyses of recorded echolocation calls were slow and typically restricted
to few calls and at a resolution obscuring details of call structure. The Anabat II detector
and associated zero-crossings analysis system allows an immediate examination, via a lap-
top computer, of the time-frequency structure of calls as they are detected. These calls can
be stored on the hard drive for later examination, editing, and measurement. Many North
American bats can be identified to species by qualitatively using certain structural char-
acteristics of calls, primarily approximate maximum and minimom frequencies and mor-
phological aspects of calls (e.g., linearity and changes in slope). To identify calls precisely,
it is important to use a continuous sequence of calls from an individual in normal flight
rather than from single isolated calls. All calls are not equally useful, and many fragmentary
calls must be discarded before making a determination. Each sequence of calls must be
examined to ensure that multiple bats have not been simultaneously recorded, which con-
founds correct identification. We found the percentage of non-usable calls within usable
vocal sequences to be highest in vespertilionids (20—40%), whereas for other families this
was frequently <<10%. Active rather than passive collection of data maximizes guality and
quantity of diagnostic calls and provides a contextual base for the investigator.

Key words: Chiroptera, bats, echolocation, vocal signatures, identification, technique, An-
abat

For =30 vears, an array of ultrasonic identification of species (Barclay, 1983;
(bat) detectors has been developed to allow Fenton and Bell, 1981; Kalko, 1995;
investigators to hear and visualize the echo-  O’Farrell, 1997). Species-specific calls,
location calls of bats (Fenton, 1988; Kunz  however, generally have been portrayed as
et al., 1996). Echolocation calls of many single, or a few, representative calls at low
species of bats appear distinctive (Simmons  resolution (Fenton and Bell, 1981).

et al., 1979), prompting efforts 1o distin- The recent development of the Anabat I1
guish among species of free-flying bats. A detector (Titiey Electronics, Ballina, New
common approach involves use of a nar-  South Wales, Australia), using a zero-cross-

rowband, heterodyne unit tuned to specific  ings analysis interface module (ZCAIM)
ranges in frequency (Ahlén, 1990}, This is and Anabait5 and Analook software, brings
particularly effective when dealing with  a new dimension to identification of free-
bats that use calls with a constant-frequency  flying bats in the field. Unlike previous sys-
compenent, relying on a combination of au-  tems, Anabat can be connected directly to
ditory discrimination by the observer and  a laptop computer and the time-frequency
the use of specific tuned freguencies  display of calls can be seen in greater clar-
deemed most useful. [n addition, broadband ity (on a 21.5 by 16 cm screen rather than
detectors have been used widely to obtain  on the small portable oscilloscopes with a
the time-frequency structure of calls for  screen of ca. 5 by 4 cm used in earlier stud-
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ies). Although Anabat can be coupled to an
inexpensive tape recorder, connection di-
rectly to a laptop avoids distortion and
background noise. Incoming calls can be
evaluated, echeoes and other noise can be
eliminated by adjustment of sensitivity, and
clean calls can be saved as digital computer
files, <<25 kilobytes in size, and named with
a year-date-time code. The greatest differ-
ence between Anabat and earlier zero-
crossings systems is that it is possible to
examine instantaneously a single sequence
containing numerous calls, usually on a sin-
gle screen, by automatic compression of the
time between calls. Anabat provides an ex-
amination of structural detail not readily
available with other systems.

Over the past 4 years, we examined calls
of bats throughout the southwestern United
States and Belize, Central America. We
found that bats that produce calls of suffi-
cient intensity to be detected can be iden-
tified readily using qualitative criteria. At
present, we believe that attempts to distin-
guish species statistically using select mea-
surements may be misleading and actually
lessen the ability for identification. Biolo-
gists studying tropical birds recognize that
it is essential to be able to identify birds by
their sounds and have the skill to make re-
cordings of their voices (Parker, 1991).
Guidance on use of the equipment is often
necessary and determines the usefulness of
the recordings {Budney and Grotke, 1997;
Gulledge, 1976; Kroodsma et al., 1996;
Ranft, 1991; Wickstrom, 1982). We found
that techniques of using the Anabat system
can affect the accuracy of species determi-
nations and quantity of usable vocal sig-
natures collected. Our purpose is to de-
scribe the qualitative procedure and struc-
tural characteristics that we use to identify
species of free-flying bats using the Anabat
system. Techniques described in this paper
were developed from a regional sampling
that allowed examination and determination
of the vocal signatures from >350 species of
bats within five families, However, for the
purpose of this paper, only a few represen-
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tative taxa have been selected to illustrate
our methodology.

MATERIALS AND METHODS

Fifty-nine locations in the southwestern Unit-
ed States (California, 1; Utah, 1; Wyoming, 1,
Nevada, 3: Arizona, 16; New Mexico, 37) were
sampled for bats from May 1994 through Au-
gust 1995, We also sampled at nine major lo-
cations in Belize from February 1995 through
July 1996. An attempt was made to sample the
available range of elevations and associated hab-
itats. Our aim was to examine the greatest num-
ber of species to furnish the methodological ba-
gis for establishing vocal signatures of bats. At
each site, echolocating bats were monitored with
an Anabat IT detector linked either through the
ZCAIM 1o an IBM-compatible laptop computer
nunning Anabat5 software or directly to a cas-
sette recorder (CTR-76, Tandy Corporation, Fort
Worth, TX). Tape recordings were transferred to
the computer at a later time using the ZCAIM
and Anabat5 software, Simultaneous with acous-
tic sampling, we used mist nets and bharp traps
to collect a representative sample of bats.

Acoustic sampling entailed monitoring forest
trails, habitat edges, streams, ponds, roosts, and
other areas that we suspecled would have con-
centrated bat activity. During such sampling, the
computer was monitored to maximize the like-
lihood of saving high-quality calls. Scnsitivity
adjustments were made to minimize or eliminate
echoes, enhancing morphological characteristics
of calls used to identify species. Likewise, ori-
enting the detector to follow the flight path of a
target bat and attempting to move the detector
closer to active bats provided greater numbers
of useful sequences of calls. Concomitant deci-
sions were made to save representative samples
of vocal sequences that visually appeared to be
associated with various behaviors (e.g., search,
pursuit, and capture).

We defined a call as an individual, discrete
vocal pulse. Each call had a frequency range
(maximum and minimum frequency), a duration
(time in milliseconds from the beginning to the
end of a call), and a shape (ranging from slightly
curvilinear to distinctly bilinear with some in-
corporating constant-frequency components). A
series of consecutive calls produced by a single
individual in a single pass compriscd a se-
quence.

We identified the source of specific vocaliza-
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tions in several ways. Visual recognition was oc-
casionally possible by illuminating free-flying
individuals with a hand-held spotlight during
acoustic monitoring. Some vocalizing individu-
als were followed acoustically into a net or trap
and identification obtained immediately. When
possible, acoustic sampling was conducted out-
side known roosts to follow a known species
immediately upon evening dispersal. To avoid
flight-initiation calls, recording was done at dis-
tances >>15 m from the exit to a roost.

In addition, captured animals were released
individually, under controlled conditions after
activity declined, so they could be monitored
without extraneous input from other bats. Some
released individuals were recorded after affixing
a temporary, chemical light-emitting tag (Mini-
light Sticks, Chemical Light, Inc., Wheeling, IL)
to the fur, either dorsally or ventrally. In Belize,
emballonurid, mormoopid, and uncommon ves-
pertilionid bats were released in a solid-ceiling,
lathe-sided enclosure (12.5 by 6.75 m), and re-
cordings were obtained for known individuals
flying unrestrained within the enclosure.

Calls recorded from known species were cat-
aloged for a reference library. All saved files
were compared visually with known cataloged
calls. As we gained experience, we continually
re-examined and compared all archived files.
Basic aspects of call structure, including maxi-
mum and minimum frequency, duration, and
shape were used to identify species qualitatively.
Although minimum and maximum frequency
and duration are parameters that can be mea-
sured precisely, we claim a qualitative approach
because we used visual approximations of each
for identifying species. We initially used Ana-
bat5 software for visual examination but
switched to the more recent Analook software.
Although Anabat5 is the software necessary for
recording calls, the reselution of frequency is
limited (e.g., 0—-40 kHz, 0-80 kHz, or 0-160
kHz), and the scale is linear. Analook uses a
logarithmic display of frequency (0-200 kHz),
with appropriate lines of reference, and more so-
phisticated measuring capabilities than Anabat5.
We used Analook to evaluate minimum and
maximum frequency and duration of calls to as-
sess the utility of using those measures com-
pared with qualitative judgments.

To assess our ability to identify species using
our qualitative procedures, two types of tests
were formulated using bats from the southwest-

ern United States. One of us (M. I. O'Farrell)
developed test 1, which incorporated calls of 18
species. Test 1 contained 48 files, each species
represented by from one to four files. Files were
selected and edited based on the following cri-
teria: only a single species was represented; se-
quences containing only a few calls were avoid-
ed; sequences contained at least some calls con-
sidered representative of the species; and a few
sequences, obtained from hand-released animals,
were identified as such, because calls obtained
this way tended to lack the full range of struc-
ture obtained from free-flying individuals. Test
2 (developed by W. L. Gannon) contained 65
files of 13 species of bats. Each file in test 2
contained multiple bats of the same species or
different species. The emphasis of test 2 was to
simulate field recordings by providing a context
of multiple sequences and individuals, unlike
test 1 that emphasized a single sequence of a
single species. All files comprising each test had
identifying information removed and were ran-
domized and renamed by a third party. When
taking each test, we knew the geographic region
sampled and, hence, which species could have
been recorded.

RESULTS AND DISCUSSION

Shape, frequency, and duration.—We
follow a stepwise procedure for evaluating
and identifying species. Archived computer
files of calls are scanned rapidly and are
separated by appropriate structural charac-
teristics. These may be minimum frequen-
cy, maximum frequency, general shape, or
variability in these parameters, depending
on the family of bats encountered. Not all
characteristics are necessarily used at all
times. Most species of bats in the south-
western United States (vespertilionids and
molossids) can be separated initially by ap-
proximate minimum frequency. For exam-
ple, we categorize species of Myotis as 50-,
40-, and 30-kHz bats, but the actual mini-
mum frequencies for individual calls in a
given seguence may vary over a range of
3-5 kHz.

There are usually several species that fall
within each category, and these are sepa-
rated by consistent differences in shape. For
example, Myotis yumanensis and M. cali-
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Fig. 1.—Frequency-time display (Analook
software) of vocal sequences produced by a)
Myotis yumanensis and b) M. californicus illus-
trating select fragments, calls with complete
structure, and differences in shape for 50-kHz
bats. The time between calls is compressed by
the software to allow more calls per screen.

fornicus are similar in size and may occur
syntopically, and both are 50-kHz bats (Fig.
1). Not all calls within a sequence of calls
can be used for identification purposes.
These unusable calls are fragmentary in na-
ture and are caused by a variety of factors
(e.g., distance and orientation of bat to the
detector). However, there are distinct dif-
ferences in the shape of calls that appear
complete. Calls of M. yumanensis rarely ex-
ceed 70 kHz, are longer in duration, and
have a distinctive “lazy S shape (Fig. 1a).
M. californicus calls approach and com-
monly exceed 100 kHz, are short in dura-
tion, and tend to be linear (Fig. 1b). Distin-
guishing between the species using a frag-
mentary call would be impossible, but col-
lection and examination of full sequences
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Fic. 2.—Frequency-time display (Analock
software} of vocal sequences produced by a)
Myotis californicus and b) M. ciliolabrim illus-
trating differences in minimum frequency for
bats with calls of similar shape. The time be-
rween calls is compressed by the software to al-
low more calls per screen.

of calls provide sufficient information for
accurate identification. We stress that se-
quences in Fig. 1 and subsequent figures are
representative of each species selected but
do not represent the full range of variation
observed.

Some species have calls with similar
shapes but consistently different minimum
frequencies (Fig. 2). We categorize M. cai-
ifornicus as a 50-kHz bat (Fig. 2a) and M.
ciliolabrum as a 40-kHz species (Fig. 2b).
The ease of separating these two species
acoustically is particularly striking because
they are so similar in external morphology
that identification in hand is extremely dif-
ficult (Bogan, 1974). Our experience with
eight species of Myotis in the southwestern
United States and three species of Myotis in
Belize indicates that those with similar min-
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imum frequencies have distinctly different
call shapes and those with similar call
shapes have minimum frequencies that are
consistently offset by 7-10¢ kHz. We believe
that this frend will be consistent for other
areas with multiple species of syntopic My-
otis.

Although minimum frequency is an im-
portant point of reference for vespertilio-
nmids and molossids, other families have
structural features of calls in which maxi-
mum frequency is more diagnostic. Species
that contain a constant- or guasi-constant-
frequency ‘component (Kalko and Schnitz-
ler, 1993) generally fall within this group.
Noctilio leporinus produces calls with a
uniform maximum frequency, even with a
decrease in call duration during pursuit
(Fig. 3a). The upward-sweeping calls of
Saccopteryx bilineata also are best charac-
terized by maximum frequency (Fig. 3b). In
addition, S. bkilineata illustrates the impor-
tance of cadence or rhythm in production
of calls in a sequence. The paired and
stepped nature of these calls is characteris-
tic of the species (Barclay, 1983; Kalko,
1995; O’Farrell and Miller, 1997).

Some bats (e.g., tropical molossids) ex-
hibit a wide range of frequency in stepped
rhythmic calls (Fig. 4). In such cases, min-
imum and maximum frequencies can be
used as diagnostic brackets. For example,
search-phase calls of Molossus sinaleae
range in frequency from 36 to 50 kHz (Fig.
4a), but those of M. ater range from 24 to
38 kHz (Fig. 4b). Secondarily, the general
shape and duration of calls is important in
distinguishing among such species. Calls of
different species of Preronotus have a com-
mon structural theme: an initial constant-
frequency component; an intermediate,
steep, downward sweep in frequency
through time; and a terminal constani-fre-
quency portion (O’Farrell and Miller,
1997). As with Meolossus, identification of
Pteronotus can be made using brackets of
minimum and maximum frequency. P. per-
sonatus range from 83 to 68 kHz, and those
of the syntopic congener, P. davyi, range
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FiG. 3.—TFrequency-time display (Analook
software) of vocal sequences produced by a)
Noctilio leporinus and b) Saccopteryx bilineata
illustrating the diagnostic importance of maxi-
mum frequency. The time between calls 18 com-
pressed by the software to allow more calls per
SCreen.

from 68 to 58 kHz (O’Farrell and Miller,
1997). For bats with a long constant-fre-
quency component (e.g., P. parnellii), max-
imum frequency equals the constant fre-
quency and is diagnostic (O’Farrell and
Miller, 1997},

General limits in range of frequency and
shape of calls may reduce the identity of a
bat to one of several species. In this case,
the uniformity of calls in a sequence with
respect to upper or lower limits of frequen-
cy can be used to separate species. Bilinear
calls (i.e., calls with a distinct break in
slope) of Lasionycteris noctivagans are
consistently uniform (Fig. 5a). Lasiurus ci-
nereus, in contrast, usually demonstrate
calls that fluctuate in minimum frequency
within a sequence (Fig. 3b), a pattern that
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Fig, 4.—Frequency-time display (Analook
software) of vocal sequences produced by a)
Molossus sinaloae and b) M. ater illustrating
differences between the brackets of maximum
and minimum frequency. The time between calls
is compressed by the software to allow more
calls per screen.

we have found for other members of the
genus examined to date (i.e., L. ega, L. bo-
realis, and L. blossevillii). Although indi-
vidual, higher frequency calls of L. cinereus
could be confused with L. noctivagans, uni-
formity of calls, or lack thereof, within a
sequence allows separation of these species
when a full sequence 1s examined. Without
the context of a series of calls, accurate
identification may not be possible.

While evaluating calls using the stepwise
procedure, it is imperative to assess if calls
detected are from the same individual or if
they represent multiple bats. Calls from two
individual Tadarida brasiliensis are shown
in Fig. 6a. Although the shape of calls is
different between the two individuals, the
determination that two bats were responsi-
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FiG. 5.—Frequency-time display {Analook
software) of vocal sequences produced by a) La-
sionycteris noctivagans and b) Lasiurus cinereus
illustrating differences in sequential variability.
The time between calls is compressed by the
software to allow more calls per screen.

ble for the calls can only be verified by ex-
amination of the sequence at different time
scales. Expanding the time scale (e.g., from
10-ms intervals to 500-ms intervats) in real
time, as opposed to the available com-
pressed mode, allows enough calls to be
displayed to determine the cadence of in-
coming calls. The relationship of the time
between calls remains relatively constant
for an individual. However, the time be-
tween calls of one individual will change
through time in relation to a second indi-
vidual (Fig. 6a).

Situations with multiple individuals of
different species also must be recognized
for accurate identification of each species
present. Two species with morphologically
similar calls are illustrated in Fig. 6b. Dur-
ing search phase, Epfesicus furinalis has a
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FiG. 6.—Frequency-time display (Analook
software) of simultaneous vocal sequences pro-
duced by a) multiple Tadarida brasiliensis (1
and 2 distinguish each individual) and b} Epies-
icus furinalis (minimum frequency ca. 35 kHz)
and Lasiurus ega (minimum frequency ca. 30
kHz). The time between calls is compressed by
the software to allow more calls per screen.

minimum frequency of ca. 35 kHz and that
of Lasiurus ega ca. 30 kHz. Expansion of
the time scale in real time will help deter-
mine presence of multiple individuals under
meore complex conditions than illustrated in
Fig. 6b.

Variability of parameters.—A quantita-
tive examination of minimum frequency,
maximum frequency, and duration reveals
large variation and overlap between some
species (Table 1). Variation in frequency
was greatest for maximum frequency in
vespertilionids (CV = 13.4-247%) and
minimum frequency for the noctilionid
(25.9%). For the same families, the least
variation was found for minimum frequen-
cy in vespertilionids (4.5-11.8%) and max-

imum frequency for the noctilionid (9.9%).
The stepped nature of sequential calls in the
emballonurid and tropical molossids result-
ed in low and relatively consistent variabil-
ity for both minimum frequency (5.0%;
9.3-13.4%, respectively) and maximum fre-
quency (4.5%; 9.9-16.3%, respectively).
Calls of bats tend to vary in the range of
frequencies from search through pursuit and
capture of prey (Kalko and Schnitzler,
1993), and higher frequencies are attenuat-
ed more rapidly than lower frequencies.
Thus, greater variation should be expected
in maximum frequency.

Calls produced by bats of the genus Pter-
onotus exhibit the least variability of min-
imum frequency (0-0.25%) and maximum
frequency (0—-0.34%) of any species of bat
we have examined (O'Farrell and Miller,
1997:95%, Table 2). Within the genus, these
characters are highly reliable indicators of
species identity. We find that, even with sin-
gle fragmentary calls, the different species
of Pteronotus are distinguished easily.

Within the genus Myotis, means of min-
imum frequency were significantly different
between species (Table 1), but the sample
size (10 sequences of calls/species) was
small and specifically excluded situations
with multiple bats. Obrist (1995) found sig-
nificant differences in minimum frequency
for several species of vespertilionids when
flying alone versus flying in conspecific
groups. We found similar situations, with
bats of several different families flying in
conspecific groups. When multiple individ-
uals are detected flying close to each other,
calls of each individual shift minimum fre-
quency several kHz from that of an adjacent
individual—the differential among mini-
mum frequencies increasing with an in-
creasing number of individuals being sam-
pled. Variability observed in minimum fre-
quency of several conspecific individuals
recorded while flying close together makes
statistical separation of species difficult, but
the species-specific shape of the calls re-
mains diagnostic. Qualitative judgments
must consider this source of variation, but
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Maximum Minimum
frequency frequency Duration
Specics Location n (kHz) (kHz) {ms)

Myotis californicus Arizona 174 799 £ 12.43 531.8 = 2,74v 22 £ 0.62
New Mexico 110 76.0 = 10.89 485 * 2.53 2.0 =050

Myotis ciliolabrum Wyoming 231 624 = 1254 413 = 2.36% 35x 1.4
New Mexico 141 61.1 * 10.28 39.2 = 211 39 105

Myotis yumanensis Arizona 184 642 * 8§47 477 £ 4.220 32 = 136
New Mexico 142 69.5 + 933 46.5 * 2.10 32 £ 098

Lasionycteris noctivagans Nevada 273 374 + 931 26.3 = 1.54 59+ 230
New Mexico 136 355 + 8.12 255 = 2.11 33+ 190

Lasiurus cinerens Arizona 180 308 + 718 219 = 236 8.2 + 1282
New Mexico 150 40.8 * 7.03 22.0 = 1.89 6.2 = 3,11

Succopteryx bilineata Belize 263 470 + 235 45.1 £ 2.02 6.1 + 1.58
Noctilio leporinus Belize 136 51.2 = 5.00 40.7 = 10.54 7.0 £ 3.62
Eptesicus furinalis Belize 221 526 + 861 375 £ 1.13 55> 1.58
Losiurus ega Belize 160 430 * 8.64 320 = 245 6.6 * 2.73
Molossus ater Belize 138 308 + 4.29 272 £ 443 11.6 + 3.68
Mbplossus molossus Belize 80 339 + 452 30.3 = 476 93 * 297
Molossus singloae Belize 168 41.6 * 3.88 39.6 £ 392 6.2 *+ 246

# 1 = the number of calls frem 10 separate echolocation sequences. Independent two-lailed hypotheses (d.f. = 18), Hy p, = po,
were tested by 4 two sample rest of minimum frequencies for Myotis cafifornicus compared with those of the other two Myeois.

tp 0001

shapes of calls will help resolve identifica-
tion. When examining fragmentary calls,
overlap in minimum frequency can occur
between species such as M. californicus and
M. yumanensis. However, it is possible to
separate groups (e.g., species of Myotis)
qualitatively by the range of approximate
minimum frequency.

Duration of calls, for all species exam-
ined (Table 1) exhibited the greatest varia-
tion (CV = 25.1-57.6%). Obrist (1995)
found similar variation in duration but not-
ed the reverse trend for minimum and max-
imum frequency. Duration has been used as
a descriptor of calis (Ahlén, 1990; Fenton
and Bell, 1981; Novick, 1971; Waters and
Jones, 1995). However, duration changes as
bats progress from search phase, through
detection of a target, and pursuit of prey
(Griffin et al., 1960; Novick, 1963, Schnitz-
ler and Henson, 1980; Simmons et al.,
1979). We feel that duration is of value for
distinguishing among species only when
using search-phase calls produced under
conditions of negligible clutter. Bats that
are aclive near clutter have calls that are

significantly shorter in duration than those
flying in the open (Faure and Barclay,
1994; Kalko and Schnitzler, 1993).
Qualitative versus quantitative ap-
proaches.—Quantification was not neces-
sary for identification and, in fact, could be
misleading, particularly with fragments that
overlap in range between species. We used
approximate limits of the frequency range
and a visual assessment of shape. Although
some will be uncomfortable with the use of
such a qualitative approach to identification
of vocal signatures of bats, the procedure is
analogous to auditory identification of birds
and anurans. One of us (B. W. Miller} has
spent 10 years in Belize using calls and
songs during avian surveys, in which a
large percentage of species rarely are seen
and customarily identified only by vocali-
zations. For birds, no quantification of calls
or song is needed for field identification of
species. In neotropical forests, qualitative
identification of avian vocalizations is not
only an essential technique (Parker, 1991),
but virtually all field guides to neotropical
birds (Edwards, 1989; Howell and Webb,

220z 18nbny |z uo1senb Aq Gzovvg/| L/1/08/8101e/lewwewl/woo dnoolwspede//:sdy woly papeojumoq



1999 O'FARRELL ET AL —VOCAL IDENTIFICATION OF BATS 19

1995; Peterson and Chalif, 1973; Ridgely
and Gwynne, 1989; Stiles and Skutch,
1989) provided qualitative descriptions of
vocalizations to aid in discriminating
among species. The same holds true for
field guides for other regions of the world.
Anuran vocalizations also are qualitatively
used by herpetologists to identify species
{(Zimmerman, 1994).

Caveats.—Care must be taken when es-
tablishing a library of calls from known
species. Although we obtained calls from
some animals flying in enclosures, it is a
technique that works for only some species
and despite its limitations, it may be a nec-
essary technique when dealing with rare
species. Other techniques used to record vo-
calizations of a known species do not work
under all conditions. Bats emerging from a
roost must be recorded far enough from the
roost to eliminate background echoes from
roost substrate and allow individuals to
switch to the type of calls that are given
when in free flight. Caution also must be
exercised when evaluating calls obtained
from handreleased bats. We find that hand-
release is a valuable method for obtaining
initial calls of known species, but many of
these calls are of minimal value, generally
being composed of fragmentary calls simi-
lar to those emitted from bats emerging
from roosts. Likewise, our experience with
light tags indicates that most individuals
simply fly away, and few or no calls are
obtained. However, when a tagged individ-
ual does remain in the vicinity, the tech-
nique is invaluable. Experimentation and
flexibility in performing hand-releases, with
or without light tags, is necessary to obtain
usable calls.

As with recording birds for identification
{Budney and Grotke, 1997), complete vocal
sequences of bats will be of more use than
small fragments, out of context, to leamn the
nuances of bat vocal signatures. The quality
and usefulness of a sequence of calls will
depend on the species under examination
and the fragmentary nature of the calls.
Species that show little interspecific vari-

ability in shape of calls (e.g., Pteronotus)
may be identified with few, and even frag-
mentary, calls. Saving sequences to the
computer rather than a tape recorder in-
creases the quantity of usable calls. In New
Mexico for example, 22 usable calls were
gleaned from one 45-min tape recording
and only two usable calls from a second,
full 45-min tape. The uncontrolled nature of
saving to tape accounts for the pattern of
relatively few usable calls per unit of tap-
ing. Monitoring calls on the computer
screen and selecting sequences improves
the overall quality and quantity of calls to
be evaluated, because only those sequences
judged as usable are saved to the computer.

We calculated the percentage of calls that
cannot be used for reliable identification
within usable sequences saved directly to
computer (Table 2). Vespertilionid sequenc-
es yielded a greater percentage of non-us-
able calls (X = 21.8%, range = 6.9-37.4%)
than other families examined (X = 12.4%,
range = 8.1-19.2%). Calls produced by
Lasiurus cirereus tended to have more di-
agnostic structure, even in fragments, than
other vespertilionids. Regional differences
suggest that there is probably some inves-
tigator variability.

Variability of echolocation sequences is
apparent when actively monitoring the
computer screen during acoustic sampling.
Calls change within and between sequences
as the bat moves in relation to the position
of the detector, changing proximity to a tar-
get or background clutter, and presence of
other bats. These factors provide context
that helps in evaluating calls for identifi-
cation of species. Results of our perfor
mance on tests of acoustic identification
suggest that context is important. W, L.
Gannon scored 30 correct (62.5%) for test
1 and 59 correct (90.8%) for test 2. M. L.
O’Farrell scored 43 correct (89.6%) for test
1 and 63 correct {96.9%) for test 2. We be-
lieve that taking our own tests is valid be-
cause of the preparation of the final test by
a third party. We originally believed test 1
to be easier because of the care involved in
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TABLE 2.—Summary of the number of echolocation calls used for identification, those that could

Vol. 80, Ne. 1

not be used, and the percent uncertainty of idenrification reflected by non-usable calis.

Species Number used Number not used  Percentage

Myatis californicus Arizona 171 89 342

New Mexico 110 41 27.2
Myouis ciliolabrum Arizona 231 88 27.6

New Mexico 141 33 21.2
Myotis yumanensis Arizona 184 76 29.2

New Mexico 142 35 198
Lasionycteris poctivagans Nevada 273 76 218

New Mexico 130 41 24.0
Lasiurus cinereus Arizona 180 17 8.6

New Mexico 190 14 6.9
Saccopteryx bilineata Belize 263 29 949
Noctilio leporinus Belize 136 12 8.1
Eptesicus furtnaliy Belize 221 132 374
Lasiurus ega Belize 160 81 336
Molossus ater Belize 138 13 8.6
Molossus molossus Belize 20 19 19.2
Molossus singloae Belize 168 32 16.0

selecting individual sequences. After taking
both tests, it was apparent that files with a
short sequence from a hand-released indi-
vidual gave the most difficulty in correct
identification. Test 2 provided more con-
text, which improved the identification pro-
cess. We recommend that recordings be re-
viewed and archived soon after collection
to assist in notation and to maximize the
retrieval of content.

We stress that not every individunal call
can be used to identify free-flying bats and,
likewise, not all sequences are usable. To
be most effective, data should not be col-
lected exclusively in a passive manner. Set-
ting the equipment at a fixed location gen-
erally is not as useful for species identifi-
cation because reception of the detector is
directional. Only those animals that fly
within the detector’s cone of reception will
provide a call sequence of sufficient guan-
tity and quality for identification of species.
Presence of the investigator allows for im-
mediate examination of incoming signals,
adjustment of sensitivity to reduce echoss,
and the ability to follow vocalizing bats
with the detector 10 maximize the number
of signals recorded in a given sequence.
Passive data collection generally vields a

wealth of call fragments, sufficient for de-
fining activity but not necessarily for iden-
tification of species.

The question has been raised as to how
much experience is needed to reach reliable
conclusions, This equates to asking how
much experience is needed to achieve flu-
ency in a foreign language or ability to
identify birds or frogs by voice. Some peo-
ple may be capable of achieving fluency in
under a year, whereas others may never
achieve fluency. Most people will fall on a
continuum between these extremes. Learn-
ing how to distingnish species is not unique
to using Anabat. The time required will de-
pend on the complexity of the fauna. For
frogs, Zimmerman (1994) stated that if lists
of species and tapes of calls are nol avail-
able, it could take an entire season to learn
the calls of a particular fauna. For tropical
bird fannas with reference tapes available
for most species, several years would be the
norm to achieve minimal competency. Even
with birds, it should be pointed out that not
all birders are equal in the ability to identify
correctly all species (Kepler and Scoit,
1981). For us, minimal competency was
reached in a single, intensive field season
of collection and evaluation of recordings.
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However, there has been an ongoing learn-
ing process, and there is no reason to be-
lieve this will not continue into the future.
The more experience gained in evaluating
recorded files of sequences, the better the
intuitive feel for the inherent range of vari-
ation for each species within a given geo-
graphic area. We find it vseful to review
archives periodically because, with experi-
ence, we are able to recognize patterns that
were not apparent when first collected. Ba-
sically, if the researcher knows the total as-
semblage of species expected for an area
(e.g., bird, anuran, bat), they should be able
to identify that particular suite of species
with experience.

It has been suggested that qualitative
methods work for birds because vocaliza-
tions are used for different purposes (i.e.,
communication versus orientation) and that
bird songs lack the variation perceived for
bats, implying that birds can be identified
but perhaps not bats. Although in many
families bird songs are stereotypical (Bud-
ney and Grotke, 1997), many are learned
and complex with a great range of variation
(Kroodsma, 1982). Within songbirds, dia-
lects are a taxonomically widespread phe-
ncomenon (Mundinger, 1982), and such di-
alects can be confusing as one travels from
one location to another. Numerous species
of birds have initial notes that converge in
structure to a relatively pure-tone form, and
in the same species, the remainder of the
song frequently is extremely variable (Rich-
ards, 1981). Because of tremendous geo-
graphic differences in songs and calls with-
in a single species, no phonographic record
or set of records has enough geographical
treatment to solve all problems of identifi-
cation. There are species of birds with
songs or calls that are practically indistin-
guishable (Robbins and Stallcup, 1981).

At the qualitative level that we utilize, we
do not find variation within a species to be
overwhelming. At present, we have not ob-
served geographic variation. Calls of Lasi-
urus ega from southern California appear
identical to those in Belize. Likewise, My-

otis ciliolabrum from southern New Mexico
can be distinguished readily by the same
call shape and frequency range found in
those individuals from Wyoming. Experi-
ence can be gained only by spending time
in the field actively recording and in the
laboratory examining recorded files. As ex-
perience is gained, limits of variation for
each species examined will become appar-
ent.

Validity of using Anabat to identify free-
flying bats has been questioned because of
the potential for making incorrect identifi-
cations, implying that mistakes do not occur
with capture techniques. Errors in identifi-
cation are not new 1o field biclogy. Not all
captured bats are identified correctly and
not all voucher specimens in museums are
identified correctly. For birds, observer bias
and problems of identification are well-doc-
umented (Bart, 1985; Bart and Schoultz,
1984; Kepler and Scott, 1981). During a
study on observer bias in conducting acous-
tical estimates of density about one-third of
the birds were misidentified (Bart, 1985).
Recognizing that the greatest source of er-
ror in avian surveys is that of observers
who are unfamiliar with the species, songs,
or habitat requirements, Robbins and Stall-
cup (1981) emphasized an awareness of the
potential for misidentifications but not to
discount the overall value of the techniques.

The future—Acknowledgment of errors
in identification has not hampered devel-
opment of acoustical techniques for survey-
ing birds. In a review of two acoustic tapes
of New World nightbirds, Marshall et al.
(1991) provided historical examples of ear-
ly mistakes made in the identification of
nocturnal birds. However, early avian re-
cordings were circulated widely and were
instrumental in recognizing errors in iden-
tification. Biologists then proceeded to
make corrections. We see standardized re-
cording of Anabat files providing a similar
service. Files that contain either unidenti-
fied or misidentified species and are avail-
able for correction as more experience is
gained are analogous to misidentified
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voucher specimens held in museums that
may be re-examined as additional taxonom-
ic knowledge is gained. We maintain that
after standardized methods are adopted for
the recording, archiving, and displaying of
chiropteran vocal signatures, they, like avi-
an recordings (Hunn, 1992; Parker, 1991),
will serve as acceptable vouchers. Correctly
recorded Anabat files, deposited in an ac-
cessible library (e.g., Thtip://biolo-
gy.unm.edw/~msb/batcalLhtml), will pro-
vide voucher records for future review,
even if the species is misidentified or un-
identified files are collected in new geo-
graphic areas.
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