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Abstract When searching for insects along edges, Bar-
bastella barbastellus alternated between two signal types.
Type-2 signals had durations around 6 ms and were
composed of an initial shallowly downward frequency
modulated component, starting at about 45 kHz and
followed by a shorter more steeply modulated compo-
nent that ended at about 32 kHz. Type-1 signals were
rather stereotyped with durations around 2.5 ms and a
very short rise time. They covered an approximately
8 kHz-wide frequency band positioned just below the
12-15 kHz-wide frequency band of type-2 signals, with
no or small frequency overlap. In the recordings, type-1
signals almost had always a higher amplitude than type-
2 signals, at least partly caused by head movements.
Assuming that signal structure reflects function, we hy-
pothesize that type-2 signals have the same adaptive
value as the signals with a broadband and narrowband
component of other vespertilionids, but with a reverse
arrangement of the signal elements. Like the broadband
component of the type-2 signals, type-1 signals are well
suited to localize background targets. Thus, the local-
ization component may be distributed among two sig-
nals separated in time, which has the advantage that
both signals can be varied independently in the direction
of emission and in amplitude.

Keywords Echolocation - Barbastella barbastellus -
Foraging behavior - Signal structure

Introduction

In western and central Europe, the barbastelle bat Bar-
bastella barbastellus (Schreber 1774) is considered of one
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Barbastella barbastellus

of the most endangered bat species (Stebbings and
Griffith 1986; Stebbings 1988; Rydell and Bogdanowicz
1997). In many areas, populations declined rapidly or
disappeared completely over the past decades (Richarz
1989; Benzal et al. 1991; Spitzenberger 1993; Zingg 1994;
Sierro and Arlettaz 1997; Sierro 1999). Barbastelle bats
are very specialized predators. Their diet consists almost
exclusively of Lepidoptera, which makes them vulnera-
ble to changes in the abundance of moths and may
account for their drastic decline throughout many parts
of Europe (Beck 1995; Rydell et al. 1996; Sierro and
Arlettaz 1997; Vaughan 1997).

Little is known about the foraging behavior of bar-
bastelle bats, and many observations are anecdotal.
Several observations revealed strong evidence for an
aerial-hawking strategy. Barbastelles were observed
foraging for flying insects along vegetation in regular
paths 4-5 m above the ground (Ahlén 1990) and around
mercury-vapor street lamps (Zingg 1994). In a radio-
tracking study, Sierro and Arlettaz (1997) found forag-
ing bats flying exclusively 2-4 m above tree crowns.
Single individuals were also observed while they hunted
above ponds (Stebbings 1991), along low crumbling
boulder-clay cliffs, and above a beach (Goldsmith,
personal communication). Other authors, however,
suggest that barbastelles might also glean prey from
surfaces (Poulton 1929; Rydell et al. 1996; Rydell and
Bogdanowicz 1997).

Comparative studies of many bat species revealed that
the echolocation behavior strongly depends on the per-
ceptional tasks that have to be performed. Foraging
habitat, foraging mode, and diet are major factors that
influence the structure of search signals. (Neuweiler 1989,
1990; Fenton 1990; Obrist 1995; Schnitzler and Kalko
1998, 2001; Denzinger et al. 2001). Many vespertilionids
that forage in edge and gap situations emit search signals
with medium duration and medium frequency. Typically,
the search signals are composed of two components, a
longer shallow frequency-modulated narrowband com-
ponent preceded by a shorter, more steeply frequency-
modulated broadband component. The narrowband
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component is well suited for medium-range detection of
insects flying in front of clutter-producing background
targets and possibly also delivers flutter information. The
broadband FM component is well suited to characterize
and localize background targets. Since prey detection is
less hampered by masking in the overlap-free window,
signal duration depends on the distance to the back-
ground (Schnitzler and Kalko 1998, 2001). Vespertilio-
nids that fly in narrow spaces emit short, broadband
signals. These signals are well suited for spatial orienta-
tion, where a precise characterization of background
targets is necessary (Schnitzler and Kalko 1998, 2001).
So far, little is known about the echolocation behavior
of barbastelle bats. Several authors have published de-
scriptions of single echolocation signals of barbastelle
bats in the field (Ahlén 1981, 1990; Ahlén and Baagoe
1999; Vaughan et al. 1997; Parsons and Jones 2000) and in
the lab (Konstantinov and Makarov 1981; Jones 1993),
but these data were based only on single calls or one se-
quence. In this study, we describe the signal repertoire of
the barbastelle bat and discuss the possible function of
signal structure in relation to the echolocation tasks.

Materials and methods

Field sites

We recorded the echolocation behavior of B. barbastellus near
Ilanz (Switzerland) in the years 1995-2000. Bats roosted in a hay
barn surrounded by several trees, located on a steep mountain
meadow with interspersed trees above the forested slopes of the
valley of the river Glenner (Lutz 1995). Recordings were made
when the bats left the roost at dusk and foraged nearby above a
meadow. Hunting barbastelles were also recorded along a dark
forest road at the bottom of the Glenner valley and in a nearby
clearing in the forest. The road was bordered by coniferous forest
covering the slopes of the valley. The trees on both sides of the road
were up to 15 m high and formed a gap of 10-12 m. The clearing
was about 30 m wide and 100 m long. It was surrounded by co-
niferous forest and opened towards the forest road. All recording
sites were located within a distance of about 1 km from the roost.

Flight tent

Five individuals of B. barbastellus were caught close to a maternity
roost in Alt Zauche, near Berlin, Germany, where the bats roosted
behind the wooden planks of the outer walls of several barns.
Each bat was kept between 15 min and 30 min in a flight tent
(3.5 mx3.5 mx2.5 m) to record its echolocation calls.

Sound recordings and analysis

Echolocation signals were picked up by an ultrasonic microphone,
amplified, and heterodyned into the audible range by a custom-
made bat detector, which also contained a digital transient recorder
that continuously read the recorded signal into a ring buffer with a
capacity of 3.3 s. A post trigger stored the content of the ring buffer
after an adjustable delay. Afterwards, the stored sequence was read
out of the memory at reduced speed (slowed down 15 times) and
recorded with a Sony Walkman onto audiocassettes. Comments
describing the flight behavior were registered onto the second audio
channel of the cassette.

The time-expanded signals were digitized at a sampling rate of
25.6 kHz, then processed through a fast Fourier transformation

(FFT) using 256 points and a Hanning window. Signals were dis-
played as color spectrograms (Sona-PC; B. Waldmann, University
of Tiibingen) in the range of 150 kHz with a vertical resolution of
400 lines, resulting in a reading accuracy of 375 Hz (for a detailed
description see Siemers and Schnitzler 2000). FFTs were calculated
with 93.75% time overlap, thereby producing a new spectrum every
0.04 ms. Amplitude was color-coded with a dynamic range of —
72 dB. Signal parameters were calculated from four measuring
points set in the first harmonic of each signal. Time measurements in
the sonagram corresponded best with those in the oscillogram if the
beginning and the end of a signal were set at about —20 dB below the
amplitude at peak frequency. The peak frequency is defined as
the frequency with the most energy in the averaged spectrum. In 36
type-1 and 18 type-2 signals emitted above the road, we determined
the rise time defined as the duration needed to reach half amplitude.

For statistical comparison of the sequences recorded from
foraging bats at different recording sites, we defined two signal
types: type-1 and type-2. The two signal types could be easily dis-
tinguished from the curvature, starting frequency, and amplitude
and have been described by that means by other authors (Ahlén
1981, 1990; Vaughan et al. 1997; Ahlén and Baagee 1999; Parsons
and Jones 2000). Because several data sets were not normally dis-
tributed (Kolmogorov-Smirnov test under Lilliefors adaptation:
P <0.05), we used nonparametric statistics.

Results
Flight behavior

At dusk, individual B. barbastellus left the roost one
after another and flew towards the valley. The bats flew
nearly horizontally and thus quickly increased their
height above the ground due to the slope of the meadow.
Some of the bats flew in wide circles approximately 6—
8 m above the meadow before they disappeared. At the
forest road, B. barbastellus flew straight, approximately
in the middle of the gap at a height of about 68 m, and
kept approximately 5-6 m distance from the forest edge.
From regular passages at our recording sites, we infer
that bats repeatedly patrolled the same section of the
road. Feeding buzzes indicated that they foraged for
aerial insects. In the clearing, B. barbastellus foraged
between 2 m and 6 m above the ground. Bats either
followed the edge of the forest at a distance of about
3 m, sometimes disappearing into it, or crossed the
clearing. They did not forage continuously in the clear-
ing but disappeared for several minutes, again indicating
that B. barbastellus regularly patrolled a foraging area.

In the flight tent, barbastelle bats made short flights
along the walls or crossed the tent diagonally before they
landed on the wall. One bat also circled in the tent. The
bats’ flight was adroit, but faster and less agile than in
the highly maneuverable Plecotus species. We never
observed hovering.

Echolocation behavior

Wide edge and gap situation

Barbastelle bats that foraged above the meadow, above
the road, and in the clearing, alternated between two



Table 1 Signal parameters of type-1 and type-2 search signals at
various recording sites. To avoid pseudoreplication, only one data
point per sequence was used, which is the mean of all calls of a
sequence. Data are given as mean £ SD of these data points and
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maxima and minima of single calls; » indicates the number of se-
quences; numbers in parentheses give the absolute number of sig-
nals

Signal type

Recording site

Pulse duration
(ms)

Pulse interval
(ms)

Starting
frequency (kHz)

Terminal
frequency (kHz)

Peak frequency
(kHz)

Type-1 Meadow; 2.56+0.66 92.6 £42.97 36.54+1.46 28.1+0.99 32.84+0.87
n=12 (109) 1.33; 4.08 42.63; 287.17 33.4;39.8 25.5; 30.0 30.8; 34.9
Road; n=22 2.7+£0.53 92.3+31.21 36.2+0.77 28.4+0.56 33.6+0.77
(201) 1.42; 4.17 48; 320.33 33.4; 40.1 25.9; 30.8 31.5; 35.6
Clearing; n=9 2.45+0.62 85.25+24.36 36.1+1.28 28.0+£0.92 33.3+0.91
97) 1.46; 4.38 47.71; 249.0 33.8; 40.5 25.2; 30.8 31.9; 37.5
Kruskal-Wallis P=n.s. P=ns. P=n.s. P=n.s. P<0.05
Type-2 Meadow; 4.88+1.53 55.65+5.80 4524+1.23 30.5+2.75 40.9+3.34
n=11 (83) 1.71; 9.08 13.42; 112.5 42.0; 48.0 24.8; 37.1 31.9;45.8
Road; n=21 6.79+1.36 60.64 +7.41 44.6+0.87 32.34+1.77 40.7+£1.37
(135) 2.75;10.92 44.25; 189,92 41.62 47.3 22.5; 37.1 32.3;44.6
Clearing; n=9 5.18+0.56 64.20+10.24 45.1+0.92 31.5+2.71 41.7+0.46
(88) 2.88; 9.38 41.21; 134.08 42.4; 484 23.6; 37.5 39.0; 45.0
Kruskal-Wallis P<0.001 P=n.s P=ns P=ns P=n.s

clearly distinguishable signal types. Type-1 signals were
characterized by a mean duration of about 2.5 ms, and
swept from about 36 kHz to about 28 kHz (Fig. la;
Table 1). Signal parameters did not differ significantly
between the recording sites except for peak frequency
(Kruskal-Wallis: P<0.05). With a mean of 32.8 kHz
peak frequency above the meadow was about 0.5 kHz
lower than above the road and in the clearing. Type-1
signals had a rise time of 0.3 ms.

Type-2 signals (Fig. 1b, ¢) started with a shallowly
downward frequency-modulated part at about 45 kHz,
which was followed by a more steeply modulated com-
ponent that ended on the average at about 32 kHz.
Type-2 signals were longer than the type-1 signals, and
the duration varied between the three recording sites
(P <0.001). The longest signals, with a mean duration of

6.8 ms, were recorded above the road, compared to
mean durations of 4.9 ms and 5.2 ms above the meadow
and in the clearing, respectively (Table 1). The rise time
in type-2 signals averaged 2.2 ms and thus was signifi-
cantly longer than in type-1 signals (Mann-Whitney U,
P <0.0001).

In most sequences, type-1 and type-2 signals alter-
nated regularly. In good recordings, the interval between
two succeeding type-1 signals was about 115-120 ms,
and the interval between type-1 and type-2 signals

Fig. 1a-h Echolocation signal repertoire of Barbastella barbastel-
lus. Typical echolocation signals are shown as spectrograms,
averaged spectra, and oscillograms. a type-1 signal; b, ¢ type-2
signals; d approach signal; e, f buzz signals; g signal emitted near
the roost; h signal emitted in the flight tent
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Fig. 2 Echolocation sequence of B. barbastellus searching for
insects along the forest road (a) and in the clearing (b). The
sequences show the alternation between type-1 and type-2 signals.
Sometimes type-1 (b) or type-2 signals (a) were omitted

(about 57 ms) was generally shorter than between type-2
and type-1 (about 65 ms), indicating that a type-1/type-2
pair is emitted during each wing beat at a rate of 8.7 Hz.
Sometimes the type-2 signals were omitted (Fig. 2a), and
in a few sequences type-1 signals were dropped instead
(Fig. 2b). Intervals twice as long between type-1 signals
emitted above the road and in the clearing suggest
that bats sometimes made wing beats without signal
emission.

In our recordings, the type-2 signal was almost
always of lower amplitude than the type-1 signal, but in
a few recordings both signals had about the same re-
corded amplitude. Amplitude differences could either be
produced by different emission sound pressure level
(SPL) or could result from head movements or from a
combination of both. Since type-2 signals were weaker
than type-1, irrespective of whether the bat passed our

Table 2 Signal parameters of signals emitted when leaving the
roost and in the flight tent. To avoid pseudoreplication, only one
data point per sequence was used, which is the mean of all calls of a
sequence. Data are given as mean+SD of these data points and

microphone to the left or the right, left-right head
movements can be excluded. A stereotyped alternation
of emission SPL without head movements would result
in a constant amplitude difference between strong type-1
signals and succeeding faint type-2 signals, irrespective
of the bat’s position relative to the microphone. How-
ever, we found a change in amplitude differences, mea-
suring 2-30 dB at peak frequency, in ten sequences when
the bats passed directly above our microphone, indi-
cating that up-down head movements at least partly
explain the amplitude differences. Type-1 signals would
thus be more directed towards the ground than type-2
signals.

Close edge and gap situation

While leaving the roost, B. barbastellus emitted short,
steeply  frequency-modulated echolocation signals
(Fig. 1g, Table 2). Near the roost, the first harmonic
swept from 49 kHz to 27 kHz in 2.8 ms. The peak fre-
quency was 40 kHz. Bats emitted groups with two sig-
nals per wingbeat. The duration of a group measured
about 115 ms, which again reflected a wingbeat rate of
8.7 Hz. With increasing distance from the background,
these signals gradually changed into type-2 signals, and
the bats additionally started emitting type-1 signals.

In the flight tent, signal structure was very similar
to the signals emitted when leaving the roost. Calls
had a mean duration of 2.3 ms. The upper frequency
limit set by the vocal tract characteristics was 121 kHz
(Fig. 1h). The first harmonic started at a mean fre-
quency of 52 kHz, ended at 24 kHz, and had a mean
peak frequency of 34 kHz (Table 2). Terminal and
peak frequency were slightly lower than during de-
parture from the roost (Mann-Whitney U: P <0.05).
The first and second harmonic had about the same
energy. Barbastelles emitted signal groups with mainly
three steeply frequency-modulated signals. Pulse inter-
val was thus slightly shorter than during departure
(Mann-Whitney U: P<0.05). Each group again had a
duration of about 115 ms. When the bats were re-
leased from the flight tent and flew away into a wide
edge and gap situation, they changed signal structure
from steeply frequency-modulated into alternating
type-1 and type-2 signals.

maxima and minima of single calls; » indicates the number of se-
quences; numbers in parentheses give the absolute number of sig-
nals

Recording site Pulse duration Pulse interval Starting Terminal Peak frequency
(ms) (ms) frequency (kHz) frequency (kHz) (kHz)

Near roost; n=75 (53) 2.78 £0.35 58.75+17.30 48.7+£21.96 26.8+0.94 39.9+3.40
1.25; 3.67 24.08; 105.17 45.4; 55.5 23.6; 30.8 30.0; 44.3

Flight tent; n=175 (68) 2.31+0.06 38.51+6.83 52.0+1.77 24.2+0.87 34.05+4.69
1.58; 2.96 20.25; 69.79 46.1; 58.9 22.1; 27.4 26.3; 69.0 (2nd)

Mann-Whitney U-test P=ns P<0.05 P=ns. P<0.05 P<0.05




Echolocation behavior when approaching prey

To describe the approach behavior, we analyzed two
complete and several incomplete sound sequences of a
bat foraging and approaching prey in the clearing.
Prior to an approach, the bat emitted about every
115 ms the typical pairs of type-1 (duration about
2 ms, sweeping from about 34 kHz to about 28 kHz)
and type-2 signals (duration 4-8 ms, sweeping from
about 43 kHz to about 34 kHz). The approach
sequence always developed after type-2 signals by
straightening them into broadband FM signals
(Fig. 1d; Fig. 3). The starting frequency was increased
to about 52 kHz, and the terminal frequency decreased
to about 23 kHz, resulting in a bandwidth of about
29 kHz. Only at the end of the approach sequence was
signal bandwidth reduced to about 20 kHz by a de-
crease in starting frequency. During approach, signals
were emitted in groups, with increasing numbers of
pulses and a decrease of pulse duration and pulse in-
terval. The final buzz consisted of two distinct groups.
In the example shown in Fig. 3, group I of the buzz
contained 13 signals of large bandwidth (Fig. le).
Pulse duration and pulse interval decreased and
reached minimal values of 2.1 ms and 7.8 ms, respec-
tively, at the end of group I. Group II of the buzz
contained 11 signals of reduced bandwidth (Fig. 1f).
Within group II, pulse duration and pulse interval
were not shortened further and reached minimal values

Fig. 3 a Echolocation sequence of B. barbastellus recorded in the
clearing including an approach sequence with buzz. b Pulse
duration, pulse interval and starting frequency (filled circles), and
terminal frequency (filled triangles) of this sequence are plotted. A
indicates the beginning of the approach sequence; B the beginning
of buzz; the asterisk the beginning of part two of the buzz
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of 1.4-0.9 ms and 6.6-4.6 ms, respectively. The buzz
was followed by a type-2 signal emitted after a rather
long pulse interval of 466 ms.

Discussion
Species identification

A major problem with sound recordings in the field is
the identification of the bat species. Identified barbas-
telle bats that foraged above the meadow after leaving
the roost and released individuals alternated between
type-1 and type-2 signals. The two signal types also have
been described by other authors (Ahlén 1981; Vaughan
et al. 1997; Ahlén and Baagee 1999; Parsons and Jones
2000) for barbastelles and are not found in any other
European bat species. The bats we recorded above the
road and in the clearing also emitted alternating type-1
and type-2 signals. Thus, we are confident that the bats
foraging at these recording sites were B. barbastellus.

Adaptive value of signal structure
Wide edge and gap situation

In European vespertilionids, an alternation between
signal types has been reported only for Nyctalus noctula
(e.g., Miller and Degn 1981) and B. barbastellus. The
adaptive value of such an alternation is poorly under-
stood. In barbastelles the mean starting frequency of all
analyzed type-1 signals and the mean terminal frequency
of all type-2 signals overlap by only 4 kHz. In single
sequences (Fig. 3) the overlap is even smaller. Peak

A b

—
o
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(=]
-
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frequencies of type-1 and type-2 signals differ by 7—
8 kHz. Assuming that differences in signal structure re-
flect different functions, type-1 and type-2 signals should
be suited for different perceptual tasks.

The type-2 signals of B. barbastellus have much in
common with the search signals of other edge and
gap bats. They are composed of a longer, shallowly
frequency modulated narrowband component and a
shorter, more steeply downward modulated component
of moderate bandwidth, comparable to the narrow-
and broadband signal elements of other vespertilionids.
Best frequencies around 40 kHz and durations around
6 ms compare to signal parameters of other edge and
gap bats. B. barbastellus, however, emits the narrow-
band component before the broadband component,
which so far is unique for vespertilionids but known
from other families, e.g., Emballonuridae (Kalko 1995)
and Mormoopidae (Schnitzler and Kalko 1998).

Type-2 signals most likely have the same function as
in other bats that combine steep modulated broadband
and shallow modulated narrowband components. The
longer, narrowband component greatly facilitates de-
tection of prey, and the shorter, more steeply modulated
FM component delivers information for the localization
and characterization of extended background targets
which is necessary for recognizing landmarks and
avoiding collisions (Schnitzler and Kalko 2001). Like
other bats that forage in edge and gap situations (e.g.,
Kalko and Schnitzler 1993; Jensen and Miller 1999;
Siemers and Schnitzler 2000) B. barbastellus varied the
duration of type-2 signals with distance to background.
The longest signals were emitted above the road, where
bats flew highest above ground with no objects in flight
direction and where they had at least 5 m distance to
vertical background targets to the side. The fact that
approach signals always developed from type-2 but
never from type-1 signals also indicates that type-2 sig-
nals are analogous to the search signals of other edge
and gap vespertilionids. Additionally, when flying from
a close edge and gap situation (e.g., close to the roost)
into a wide edge and gap situation, type-2 signals always
developed from the steeply frequency modulated signals
by reducing the starting frequency and increasing
duration. Type-1 signals, however, are inserted addi-
tionally.

Type-1 signals are rather stereotyped. They are char-
acterized by a bandwidth of about 8 kHz, medium
frequency, short duration, and a short rise time or en-
velope onset, and they are emitted in another direction
(in our recordings probably to the ground) than the
type-2 signals. This signal type is not known from any
other vespertilionid bat, and its function is enigmatic.
Signal duration is not changed in relation to the back-
ground situation. Type-1 signals are almost always
emitted together with the longer type-2 signals, which
are well suited to detect flying insects. The shorter type-1
signals are less appropriate for detection, especially for
the detection of glints (Rydell et al. 1996). This suggests
their main function is not the perception of insects.

Type-1 signals cover an approximately 8-kHz-wide
frequency band positioned just below the approximately
12- to 15-kHz-wide frequency band of type-2 signals,
with no or only small frequency overlap. Together, both
signals cover in the mean a bandwidth of 16-17 kHz. Itis
assumed that, in the signals of edge and gap bats, the
more steeply modulated signal part serves to localize and
characterize background targets (Schnitzler and Kalko
1998, 2001). In B. barbastellus, this function may be
distributed between two signals separated in time, the
more steeply modulated portion of the type-2 signal and
the type-1 signal. The short rise time of the type-1 signals
favors localization accuracy. Because of the abrupt signal
onset, the frequencies are spread out, thus increasing the
effective bandwidth at the start of the signal. By that
means, a sharp on-response is generated that may allow
precise range measurements of background targets and
thus deliver additional spatial information (Simmons
et al. 1984). The distribution of a function onto two
signals separated in time has the great advantage that
these signals can be varied independently of each other in
the direction of emission and in SPL. Indeed, the type-1
signals are emitted in another direction than the type-2
signals, which favors to characterize complex back-
ground contours separately. This is especially necessary
when barbastelles exploit gaps, e.g., when foraging in
clearings, like in this study, and between tree tops, a
behavior described by Sierro and Arlettaz (1997) and
Sierro (1999), who found B. barbastellus foraging exclu-
sively 2-4 m above tree crowns and pursuing insects in
dives. Besides, the emission SPL of type-2 signals might
also be weaker than that of type-1 signals. This could be
interpreted in terms of a clutter-rejection strategy.

The alternation between signal types also has been
described by other authors (Ahlén 1981, 1990; Vaughan
et al. 1997; Ahlén and Baagee 1999; Parsons and Jones
2000), but data were based only on single calls. The
values given for the type-1 signals by Parsons and Jones
(2000) match our type-1 values very well. This is also
true for the frequency parameters of the type-2 signals
but not for signal duration. The longer durations emit-
ted by the bats in our study are most likely due to a more
open habitat structure.

Close edge and gap situation

When flying close to the background, e.g., when de-
parting from the roost and when flying in the flight tent,
bats emit short, steeply frequency-modulated signals
consisting of two to three harmonics. The energy is al-
most equally distributed, thus increasing the effective
bandwidth of the signal. The narrowness of the flight
tent accounts for the shorter signal duration, pulse in-
terval and the lower terminal frequency in this recording
situation. Similar signals have been described from
recordings of B. barbastellus in the lab (Ahlén 1981;
Konstantinov and Makarov 1981; Jones 1993). Short
broadband signals are well suited for spatial orientation



where an exact description of the background is neces-
sary (Schnitzler and Henson 1980; Schnitzler and Kalko
1998) and are also found in other bat species confronted
with the same perceptual task.

Approaching prey

When approaching and closing in on a flying insect,
aerial insectivorous bats face a similar challenge in lo-
calizing the constantly moving prey. The approach se-
quences of B. barbastellus are thus similar to those of
other vespertilionids and are characterized by a distinct
change in signal structure (e.g., Griffin et al. 1960; Kalko
and Schnitzler 1998). In contrast to the species of the
genera Pipistrellus and Myotis, barbastelles do not lower
the terminal frequency in the second group of the buzz.

Conclusion

Signal structure and foraging behavior indicate that
barbastelle bats forage mainly in edge and gap situations
and therefore belong to the guild of background-clut-
tered space aerial insectivores. The emission of two dif-
ferent signal types has the great advantage that both
signals can be varied independently of each other in the
direction of emission and in SPL. Type-2 signals most
likely have the same function as in other edge and gap
foragers that combine steep modulated broadband and
shallow modulated narrowband components. Addi-
tionally, type-1 signals might facilitate the character-
ization of complex background contours, as necessary
when foraging in clearings, above tree crowns, or above
steep, crumbling cliffs.
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