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Abstract

Insectivorous bat emits ultrasound and listens to its echo in flight, the so-called echolocation call, to
detect surrounding and to identify prey. Information on its patterns of different species is useful for the
inventory survey, particularly when capturing is difficult. There are over 30 species of insectivorous bats
in Taiwan, but such information was scarce. This study was intended to collect basic characters of
echolocation calls of common insectivorous bats in Taiwan to establish their reference database for the
intra- and inter-species identification. In March 2005 to November 2006, 249 individuals of 11 species of
bats were caught with harp traps and mist nets around Taiwan and on the Kinmen Island. Ten parameters
of the echo pulses were recorded and analyzed with the AnaBat system bat detector. Among these species
Rhinolophus monoceros and Hipposideros terasensis emitted constant frequency (CF) type echo-calls;
whereas the other 9 species had frequency modulated (FM) type echo-calls. For the former, the mean
frequency (Fmean) and the constant part of the CF calls were 111.14 + 2.57 kHz, respectively, for R
monoceros, and 67.56 + 1.53 kHz for H. terasensis. For the latter the mean frequency was 50.40 + 3.91
kHz for Pipistrellus abramus, 45.41 + 5.26 kHz for Arielulus torquatus, 46.91 + 3.96 kHz for Scotophilus
kuhlii, 34.55 + 4.86 kHz for Eptesicus serotinus horikawai, 51.30 + 8.86 kHz for Miniopterus schreibersii,
86.84 + 10.30 kHz for Murina puta, 54.77 + 3.19 kHz for Myotis latirostris, 54.05 + 4.65 kHz for Myotis
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sp.2, and 57.55 + 4.46 kHz for Myotis sp.3. Jamming avoidance responses to echolocation calls were
observed in some of the colonies of P. abramus and S. kuhlii. Dialects were found among colonies of Mi.
schreibersii.

#H 2

o PR DAR T e (7 (RS B o R o (R TR R A IR - A5 A\ B T H A o b s 1
FER I E (LK HRER IS > JCHRAT A5 U S TR i A 2 st Bl o St R O A e =1
HE ) ek PR, » (H (0] e (v & VT E A PR © A58 B RTERS Tk 2 it 5 5 2 aa PR IR IR
[ e (7 ) S I DU L E R PR AR SR R PR BRI » <1 LI 10 ] S A it L o
H 2005 4 3 FI % 2006 4 11 F » $ 7 1F & 18 B 5 P ot ot M54 4705 08 10 FARAE 249 {1 HE > HE €
FRE 1% DUWR B {501 95 (AnaBat% #ft )ik & il & » B — AR I & 10 EFHBUE o H 28 |\ s
(Rhinolophus monoceros) il 2 {##% & (Hipposideros terasensis) s i SE =\ (CF) I & 45 » Hoth o FRHI
50 P ARSE K (FM) RIS 08 S8 [\ S @R (8 D (FORY £ 112 TR (111.14 + 2.57 Tiff) » &
JETE SRR ES 65 T4 (67.56 + 1.53 T-ifif) o ASHZ & SHAY B An 5K I (Pipistrellus abramus)i) ZF35 & 48
(Fmean)f% 50.40 + 3.91 T-fifi » F&SHIE (Arielulus torquatus)f% 45.41 + 5.26 T-ififi » /5 5EMEE (Scotophilus
kuhlii)£% 46.91 + 3.96 T » It FCKA4E (Eptesicus serotinus horikawai)f% 34.55 + 4.86 T-ififf » {4 ALE
(Miniopterus schreibersii)f% 51.30 + 8.86 T-ifi » &% EuliF (Murina puta)f% 86.84 + 10.30 T i » &
W) B\ B i (Myotis latirostris)f 54.77 + 3.19 T-ifi » Jfik B E i (Myotis sp.2)F% 54.05 + 4.65 T » LA
Je IR B B B (Myotis sp.3)f% 57.55 + 4.46 T-ififf o L4 » St 5% P o nh SRbe Bl v BER A — &2 LB
IS HH B ] — 5 s 182 LC o o S o A S o T HB R A » A RIS R AE R B T SRR -

Key words: echolocation, insectivorous bats, jamming avoidance, dialect, Taiwan

BRELE : [ AR AT T

Received: June 06, 2012 Accepted: September 24, 2012
Wtk HIA - 2012 45 06 A 06 H % HI 2012 9 09 A 24 H
Introduction potential prey items (Kalko and Schnitzler 1989;

Obrist 1995). A typical sequence of the call
Insectivorous bat uses echolocation call in used in the prey detection has two phases: an
flight in night to locate its position and to detect approach-phase call during the time of pursuit,
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and a terminal-phase call (feeding buzzes) just
before the capture (Griffin et al. 1960; Kalko
and Schnitzler 1989). Search-phase calls are
ideal for studying acoustic identification of
species because they are emitted more often by
foraging bats than other types of the calls and are
more often encountered by investigators in the
field (Fenton and Bell 1981; Fenton and Morris
1976).

Echolocation call structure may be described
in terms of frequency and temporal parameters,
of which duration, duty cycle, bandwidth, intensity
etc. vary among species. The frequency has two
categories: constant frequency (CF) that is a single
tone at one frequency for a period of time, and
frequency modulated (FM) that is a sweeping up
or down in frequency for a period of time. A call
may be made up of the combination of the two
categories as CF/FM call (with a CF followed by
FM component) (Vaughan et al. 1997; Schnitzler
and Kalko 1998; Fenton 1999).

A search-phase call also exhibits a consistent
sequence pattern with species- specificity (Ahlen
1981; Fenton and Bell 1981; O’Farrell et al.
1999; Schnitzler and Kolko 2001) but has
intraspecific variation, resulting in obscurity in
species distinction (Barelay 1999; Betts 1998;
Brigham et al. 1989; Thomas et al. 1987). Also,
echolocation call may vary among individuals of
a species due to differences in size, age, sex
(Buchler 1980; Heller and Helversen 1989; Jones
et al. 1992 and 1994), foraging habitat, and
microhabitat types (Jacobs 1999; Jensen and
Miller 1999; Rydell 1990, 1993). The variation
among populations from different geographic

regions has been also demonstrated in some of
the species (Parsons 1997; Thomas et al. 1987).
With combination of the above factors,
atmospheric  attenuation,  Doppler  shift,
directionality of emitted signal, and directionality
of the detector may also cause wide ranges of
intraspecific variation (Obrist 1995; Parsons
1997; Pye 1993), resulting in wide overlap of the
calls among species. Therefore, a comprehensive
knowledge on the intraspecific variation is
important for the specific distinction (Barclay
1999; Betts 1998; Brigham et al. 1989; Thomas
et al. 1987).

In Taiwan there are more than 30 insectivorous
bats, of which many are endemic (Lin et al.
2004; Cheng et al. 2010). Information of their
echolocation calls is very scarce. This study was
intended to establish the reference database of
echolocation calls of common insectivorous bats

of Taiwan.

Materials and Methods

1. Bat capture and echo-call recording

We randomly selected some suitable sites in
fields to set up harp traps and mist nets to catch
flying bats in night around Taiwan and on the
Kinmen Island. When a bat was caught, a small
chemiluminescent tag (2.9*23 mm) was attached
to its dorsal side of the body (Buchler 1976;
Hovorka 1996). The bat was then taken to an
open area, 100-300 m in diameter and less than
0.5 km from the capture site; it was released and
its echolocation call when flying away was
recorded.
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The recording equipment used was consisted
of an Anabat II bat detector, a Zero Crossing
Analysis Interface Module (ZCAIM), and a
laptop computer with the Anabat software (Titley
Electronics, Ballina, New South Wales, Australia).
The Anabat II detector was broadband (10-200
kHz), divide-by detector, which divided the
frequencies of incoming signal by a preset division
ratio (set at 16 in this study) to bring it within the
audible ranges for the analysis. The signal then
passed through ZCAIM where frequency information
for the harmonic with the highest energy (usually
the fundamental) was determined with the zero-
crossing analysis, and the multiple harmonics
were excluded. The ZCAIM was connected to a
laptop computer to construct a oscillogram with
the Anabat software (versions 6.2d or 5.7i), and
saved it for later analysis. We also recorded the
echolocation calls of Rhinolophus monoceros
and Miniopterus schreibersii when they emerged
from the roosts in dusk.

2. Data analysis

A typical sequence of echolocation call was
found to be consisted of an approach-phase pulse
and a terminal-phase pulse for feeding buzzes,
and echoes, extraneous noise, and fragmentary
pulses. The sequence was edited by quantitatively
removal of non-search-phase portions by the
filter options and remaining fragmentary calls
by the Mark-off Points options in the software
program Analook (version 4.9j, Titley Electronics
). When the editing process was completed, the
values of parameters for each of the pulses within
the call sequence were saved for later statistic

analysis. When edited call sequence had less than
5 pulses, it was excluded from the analysis. When
the parameters were from the sequences of more
than 5 individuals, they were used to examine the
intrerpecific variation.

Ten parameters were examined. They were
five frequency components, three time components
and two slope components. The five frequency
components were maximum frequency (Fmax),
minimum frequency (Fmin), frequency at the
knee (Fk), frequency of body (Fmean), and
characteristic frequency (Fc). The three time
components were total duration of the pulse
(Dur), time into the pulse when the knee was
reached (Tk), and time into the pulse when the
characteristic frequency was reached (Tc). The
two slope components were slope of the body (S)
and characteristic section (Sc). The body was the
flattest part of the call (lowest frequency change
over time) equivalent to the narrow-band component
(Caddle and Lumsden 1997).

3. Statistic analysis

Each of the parameters of the echo pulses of
each species obtained was analyzed specifically
with SAS software 9.13 and expressed as mean +
standard deviations and range. Multivariate
discriminated function analysis (DFA) with
cross-validation was used to examine the inter-
and intra-specific variations. The DFA was
performed with SPSS for Windows version 12
and the significant level was kept at p < 0.05.
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Results

In March 2005 to November 2006, echolocation
calls were recorded from 249 individuals of 11
insectivorous bats, Rhinolophus monoceros,
Hipposideros terasensis, Arielulus torquatus,
Pipistrellus abramus, Scotophilus kuhlii,
Eptesicus serotinus horikawai, Miniopterus
schreibersii, Murina puta, Myotis latirostris,
Myotis sp.2, and Myotis sp.3, in Taiwan and
Kinmen. The echo pulses had two types: constant
frequency (CF) type and frequency-modulated
(FM) type. The echoes of R. monoceros and H.
terasensis belonged to the CF type, whereas the
echoes of P. abramus, A. torquatus, S. kuhlii, E.
serotinus horikawai, Mi. schreibersii, Mu. puta,
My. latirostris, Myotis sp.2, and Myotis sp.3 were
the FM type. They are described as follows:

1. CF type echoes
(1) Rhinolophus monoceros

An echo pulse of R. monoceros had a two —
frequency modulated part and a constant frequency
part (Fig. 1). Its characters had Fmin of 96.50 =
9.83 kHz, Fmax of 112.82 + 2.09 kHz, Fc of 112.15
+ 3.0 kHz, and Fmean of 111.14 + 2.57 kHz. The
two-frequency modulated part had an initial
frequency of around 86 kHz for 2.67 + 4.56
ms from the start and 2.02 + 1.60 ms from the
constant frequency part to the end of the pulse.
The constant frequency was approximately 112
kHz for 14.31 + 9.41 ms. The total duration of
the pulses was 18.94 + 11.38 ms. Table 1 shows
the other parameters of the echo pulses.
(2) Hipposideros terasensis

An echo pulse of H. terasensis had a one -
frequency modulated part and a constant part (Fig.
2). The pulse was similar in shape to that of R.
monoceros but distinguishable easily between the
two species by the characters of the constant part.
The main characters were Fmin 61.63 + 2.30
kHz, Fmax 68.80 + 1.90 kHz, Fc 68.41 + 1.91
kHz, and Fmean 67.56 + 1.53 kHz. The initial
frequency of the pulse was around 65 kHz and
had a prolonged constant part for 6.26 + 2.32 ms.
From the end of the constant part, the frequency
showed a downward trend to 60 kHz to the end
of the pulse. The total duration of the pulse was
8.44 + 2.49 ms. Table 1 shows the other parameters
of the echo calls.

2. FM type echoes :
(1) Pipistrellus abramus

Echo pulses of P. abramus were curvilinear in
shape with the durations of 4.52 + 1.69 ms (Fig.
3). They had Fmin of 47.68 + 3.01 kHz, Fmax of
58.90 + 10.12 kHz, Fc of 47.92 + 3.38 kHz, and
Fmean of 50.40 + 3.91 kHz. The other characters
are shown in Table 2.
(2) Arielulus torquatus

The echolocation pulses of A. torquatus were
curvilinear in shape with the duration of 3.10
1.07 ms (Fig. 4). They had Fmin of 39.50 + 6.00
kHz, Fmax of 64.13 + 10.43 kHz, Fc of 41.84 +
5.57 kHz, and Fmean of 45.41 + 5.26 kHz. The
other characters are shown in Table 2.
(3) Scotophilus kuhlii

The shape of the echolocation calls of S. kuhlii
was curvilinear with the duration of 4.19 + 2.00
ms (Fig. 5). They had Fmin of 41.04 + 2.27 kHz,
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Fmax of 65.62 + 12.42 kHz, Fc of 41.64 + 2.60
kHz, and Fmean of 46.91 + 3.96 kHz. The other
characters are shown in Table 2.
(4) Eptesicus serotinus horikawai

The shape of the echolocation calls of E.
serotinus horikawai was curvilinear with the
duration of 7.97 + 3.18 ms (Fig. 6). They had Fmin
of 29.52 + 3.83 kHz, Fmax of 46.92 + 10.91 kHz,
Fc of 30.20 £ 4.64 kHz, and Fmean of 34.55 + 4.86
kHz. The other characters are shown in Table 2.
(5) Miniopterus schreibersii

The shape of the echolocation calls of Mi.
schreibersii was curvilinear with the duration of
3.74 £ 1.50 ms (Fig. 7). They had Fmin of 46.61
+ 5.64 kHz, Fmax of 66.40 + 18.99 kHz, Fc of
47.01 + 6.60 kHz, and Fmean of 51.30 + 8.86
kHz. The other characters are shown in Table 2.
(6) Murina puta

The shape of the echolocation calls of Mu.
pupta was linear with the duration of 1.33 +
0.52 ms (Fig. 8). They had Fmin of 64.82 + 10.52
kHz, Fmax of 115.50 + 12.56 kHz, Fc of 100.06

+ 15.02 kHz, and Fmean of 86.84 + 10.30 kHz.

The other characters are shown in Table 2.
(7) Myotis latirostris

The shape of the echolocation calls of My.
latirostris was curvilinear with the duration of
2.66 £ 0.75 ms (Fig. 9). They had Fmin of 49.78
+ 2.15 kHz, Fmax of 72.72 + 14.15 kHz, Fc of
49.97 + 2.37, and Fmean of 54.77 + 3.19 kHz.
The other characters are shown in Table 2.
(8) Myotis sp.2

The shape of the echolocation calls of Myotis
sp.2 was curvilinear with the duration of 1.84 +
0.68 ms (Fig. 10). They had Fmin of 48.14 + 2.80

kHz, Fmax of 70.02 + 13.29 Hz, Fc of 50.67 +
5.67 kHz, and Fmean of 54.05 + 4.65 kHz. The
other characters are shown in Table 2.

(9) Myotis sp.3

The shape of the echolocation calls of Myotis
sp.3 was linear with the duration of 1.07 + 0.38
ms (Fig. 11). They had Fmin of 48.38 + 2.76 kHz,
Fmax of 76.98 + 10.54 kHz, Fc of 61.99 £+ 8.75
kHz, and Fmean of 57.55 + 4.46 kHz. The other
characters are shown in Table 2.

3. Species discrimination
(1) CF bats

Except the slope of characteristic section (Sc),
the other 9 parameters of the echo pulses were
significantly different between R. monoceros and
H. terasensis, based on the Duncan's Multiple
Range Test with the generalized linear model
(GLM) procedure (Tablel). There were a lot of
discrepancies in the calls between the two bats,
particularly in characteristic frequency (Fc), a
character useful in specific distinction.

(2) FM bats

Based on the Duncan's Multiple Range Test
with GLM procedure, the 9 species with the FM-
type echoes could be separated into 8 groups
(Groups A to H) by the pulse duration (Dur); 7
groups (group A to G) on Fmean and Fk, and
Fmin and Tk, 6 groups (Group A to F) by Fc,
Fmax and Tc; and 5 groups (Group A to E) by SI
and Sc (Table 2).

The best model was the stepwise discrimination
analysis with the parameters Fk, Fmin, Dur, Sc,
Fmax, Fmean, Tk and Fc, that produced an
overall classification rate of 57.3% and the
variance of 86.1% among the 9 species by the
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first two DFA function (Fig. 12). The frequency
parameters including Fk, Fc, Fmean, and Fmin
occupied the first fourth status in the first
discriminating function. Furthermore, the most
important parameter of the second function was
time into the pulse when the knee was reached
(TK) (Table 3).

According to the first two discriminating
factors, there were remarkable intra-species
variations in Mu. puta, and Myotis sp.3 (Figs. 16
and 19). It was worth to point that the echo calls
of Mi. schreibersii could be separated into two
main groups by DF1 (Fig. 15). Based on the DF2,
we separated echo calls of A. torquatus from
those of E. serotinus horikawai (Figs.13 and 14).
However, it was still difficult to distinguish the
calls among P. abramus, S. kuhlii, My. latirostris,
and Myotis sp.2 based on the DF1 and DF2
factors in our study (Figs. 18, 21, 17 and 20).

Discussion

Species-specific characters

The results of this study showed that R.
monoceros and H. terasensis used CF type
echolocation calls, whereas the other 9 species
used FM type calls. The former two species could
be distinguished easily by the oscillogram of their
echolocation calls, but not for the latter 9 species.
For these species, Mu. puta and Myotis sp.3 made
a linear echo type call, while the remaining 7
species were the curvilinear echo type. The 10
echo parameters measured were found to be
useful in identification of the 11 species studied.
For the parameters, duration of pulse (Dur) was

the most important in distinguishing the FM bat
species. However, it was noted that Mu. puta and
Myotis sp.3 were not distinguishable by the
duration of pulse alone but by the frequency and
the slope of the pulses. Furthermore, we found
that My. latirostris and Myotis sp.2, were difficult
to distinguish; they had a similar echo pattern,
and more information is needed for the species
identification.

Inter-specific variation
1. Jamming avoidance response

Fenton and Bell (1979) found that an individual
of My. volan avoids interferences from other
individual when feeding in the same area by
modulating its own call, the so-called “jamming
avoidance response” (Jones et al. 1994; Ulanovsky
et al. 2004). Lee (2007) first reported H. armiger,
a CF type species, to have the jamming avoidance
response in Taiwan. In our study, we recorded
two FM-type species, P. abramus and S. kuhlii,
to have the jamming avoidance response in open
field near the colony roost when different individuals
emerged simultaneously (Figs. 22 and 23). One
of co-active individuals would switch and adjust
its echo to various calls to avoid the interferences.

2. Dialects

The results of the DFA analysis (Fig.15)
showed the presence of two main groups of the
FM type bats by DF1. There was a great
discrepancy in the frequency among different
geographical colonies of Mi. schreibersii (Fig.
24). The population from Taiwan emits the
minimum frequency (Fmin) around 50 kHz,
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whereas the population from the Kinmen Island
had approximately 40 kHz. Such geographic
variation was also found for V. darlingtoni by
Law et al. (2002) who call it “dialects.” However,
this paper first reports the dialect of bat in Taiwan.

Foraging strategies

Different types of echolocation calls used
by insectivorous bats when flying in night may
associate with their behavior and foraging strategies.
Aerial foraging species always emit lower
frequency calls to avoid the atmospheric reduced
effect (Schnitzler and Kalko 1998). On the other

hand, gleaner foraging species glean insects under
the canopy or on the surface of vegetation by
low-intensity, brief, and broadband calls to avoid
overlap between their pulses and echoes when
closing targets (Vaughan et al. 1997). Based on
the echolocation data obtained and observation
made in the wild, we concluded that M. schreibersii,
E. serotinus horikawai, S. kuhlii, A. torquatus,
My. latirostris, and Myotis sp.2 were the aerial
foraging species, whereas Mu. puta and Myotis
sp.3 were possible glean foraging species; they
had the maneuverable feeding behavior and flied
closer to the ground.

Table 1. Sample sizes, means, standard deviations and range of 10 parameters of the two insectivorous
species using CF-type echolocation.calls (Dur, duration of pulse; Fmax, maximum frequency; Fmin,
minimum frequency; Fmean, mean frequency; TK, time into the pulse when the knee is reached; FK,
frequency at the knee; TC, time into the pulse when the characteristic frequency is reached; Fc,
characteristic frequency; S, initial slope of pulse; Sc, slope of the characteristic section; Ne, sample sizes
sufficient for the statistic analysis; N, number of samples; and the grouping method was used for
Duncan's Multiple Range Test by Generalized linear model (GLM)

1. HHCE |\ Sl B SR EE SRR 10 {1 RIS (LS SEIAE ~ BRACER ~ R ME ~ MR (R 22 K
HulE o FARMAE G SRR R (2 10) ~ B SEER (T ~ BAERSEAR (TF) ~ PHEE (TF) ~ detn &
SRR BN E] (ZFD) ~ ST BIEAS (T8) ~ ERAG S SREIFHER R E (Z D) ~ R OBaAs (T-#5) ~ #E
GREZR > DURCRHEEE RIS - L2 S8 bl #ERR R R B G R 1 B e o N Rl s s
W > Ne 2R M s [ 2 1 (3 Ik I8¢ B

Species Dur Fmax Fmin Fmean Tk Fk Tc Fc S1 Sc
(Ne/N) (ms) (kHz) (kHz) (kHz) (ms) (kHz) (ms) (kHz)  (kHz/ms) (kHz/ms)

R.monoceros 1894 11282 950 11114 262 11194 1693 11215 44099 512
(197/19) +11.39A +209A 19.83A +257A +456A +304A +1053A +304A 1733.33A +97.29A
030~ 9938~ 80~ 9592~ 0~ 9249~ 015~ 9302~ -4304.75~ -866.04~

5480 11594 11348 11458 4153 11511 5321 11511 106441 62897

H.terasensis 844 6880 6163 6756 039 6826 665 68.41 -301 0.74
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(191/54)  £249B +190B +230B +153B 2071B +*188B +247B +191B +9237B =1525A
052~ 6504~ 5755~ 6202~ 0~ 6400~ 03% 6154~ -70270~ -897~
1577 7175 7080 7123 805 7175 1415 7111 22455 20687

Note: Significant different between A group and B group (Duncan's Multiple Range Test, p < 0.05).
it ¢ A Bl B B E SR E BT EiaE o MRS 8 AR I 0 BEER ©

Table 2. Sample sizes, types, means, standard deviations and range of 10 echoes parameters of 9
insectivorous bat species using FM-type echolocation calls (abbreviations similar to those denoted in Table 1)
3 2. SR 5 o FRAASHURIETY 10 {1 (018 € (L S AATAAE ~ BRAE ~ P ~ BRUER = S HIE - &
SEICAE L & RN R (2 FD) ~ B SHES (T-hF) ~ FRAKSEZS (T-HF) ~ FEIBEEE (T-HF) ~ #Ean e S 24
BHIRF [ (D) ~ T BESEAS (T8 ~ REA0 S SRBF BN ] (2 F0) ~ FrBazs (T-55) ~ #aaRlias -
DURCRHRBERIAR o DLZ6 S sy Al R MR RS B (E R 0 RFEE © CL FmhiER Al » L R
FRAESE o N ZOR SRR SR » Ne ZE Sk 75 B i i (R 7E (37 AIkpe B4

Species Type Dur Fmax Fmin Fmean Tk Fk Tc Fc S1 Sc
(Ne/N) (ms) (kHz) (kHz) (kHz) (ms) (kHz) (ms) (kHz) (kHz/ms) (kHz/ms)
Pipistrellus CL 452 5890 4768 5040 134 5055 428 4792 188.56 41.22
abramus +169B +10.12E +3.01C 391D +0.89D +389E +156B +338D +245.32E +55.30F
(270/45) 058~ 4211~ 40.82~ 4144~ 0~ 4211~ 026~ 40.82~ -188091~ -20.70~

860 8602 6375 7066 367 401 784 957 104781 40817

Arielulus CL 310 6413 3950 4541 170 4465 278 4184 8345 D147.13
torquatus +107E £1043D *6.00F +526F +0.87C +6.11F +123D #557E #£105L.50F +195.41
(135/7) 042~ 4482~ 2532~ 3513~ 0O~ 3213~ 02~ 3025~ -3926.83~ -516.60~

539 81 7273 7601 335 7407 502 9.6 3056.11 74890

Scotophilus CL 419 6562 41.04 4691 205 4443 379 4164 31316 87.81
kuhlii +2.00C £1242D +227E +396E +112B +286F +1.96C +260E *424.38D + 87.84E
(467/46) 055~ 3922~ 354~ 3774~ 0~ 373~ 026~ 3556~ -422553~ -157.17~
1369 8743 5614 5839 921 6349 13 60.84 202361 685.29

Eptesicus CL 797 4692 2952 3455 375 3357 738 3020 16529 66.90
serotinus +318A +1091F +3.83G +4.86G +2.21A +503G +313A +4.64F +407.07E *68.05E

horikawai
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(168/13) 101~ 268~ 2315 2523~ 020~ 2544~ 066~ 2315~ -219096~ -1.78~
2249 7692 5424 5835 1443 6275 2098 59.04 293022 364.06

Miniopterus CL 374 6640 4661 5130 144 5030 355 4701 20672 61.76
schreibersii +1.50D +1899D +564D +8.86D +0.92D +6.95E +149C *+6.60D +579.83E +75.71F
(335/13) 057~ 40.10~ 3855~ 39.75~ 0~ 4010~ 007~ 39.02~ -3323.26~ -791.05~
810 11511 6612 835 536 10323 723 10738 1688.80 467.52

Murina L 133 11505 6482 8684 020 10824 044 10006 38447 537.78
puta +0.52H +12.56A +10.52A +1030A +0.27G +15QA + 0.29F +15.02A +797.59C +33042B
(9V/6) 027~ 8840~ 5128~ 7048~ 0O~ 6504~ 007~ 5948~ -3333.94~ -971.09~

249 14679 11679 12618 125 14414 151 12800 248483 171343

Myotis CL 266+ 7272 4978 5477 122 5332 258 49.97 50127 84.38
latirostris 0.75F +14.15C +215B +319C +066E +2.74D +0.76D +237C +277.38B +1009%E
(191/15) 059~ 5096~ 44.82~ 4920~ 0O~ 4938~ 029~ 4558~ -961.23~ 55~

423 10191 5536 6423 306 7111 423 59.7 18954  1287.82

Myotissp.2 CL 184 70.02 4814 5405 080 5518 166 5067 45947 23360
+068G £1329C +280C *+4.65C +0.52F +6.99C +081E +567C +428.01C +236.01C

(383/23) 060~ 4372~ 3819~ 4152~ 0~ 4188~ 014~ 3865~ -1963.86~ 22.26~
365 10191 5369 6639 227 9357 365 8602 133855 1062.88

Myotissp.3 L 107 7698 4838 5755 022 6944 049 6199 70818 63467
+0.38H £ 10.54B +2.76C +4.46B +0.23G +9.17B +0.27F +8.75B +268.10A +20665A

(109/8) 054~ 5755~ 4113~ 4961~ 0O~ 5498~ 010~ 4834~ -903.86~ -4558~
308 10667 5674 6946 113 10063 174 91.95 155711 131319

Note: Eight significant difference groups ranked from A to H by Duncan's Multiple Range Test.
ittt AR HERESIRAEL ST H R T REE T 8 (8RR -
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Table 3. Eigenvectors of the first two DFA functions (DF1 and DF2) for the 10 parameters of the
echolocation calls 9 species of bats using the FM-type echo calls

2 3. FSAZCIRER 10 {18 012 T L5 SERZAEAS PRI A7 56 — B2 — D] 7 Fir o5 R ) i

Parameters? DF1 DF2
Dur -0.49411 0.838164
Fmax -0.51956 -1.72225
Fmin -0.19953 -1.47523
Fmean 0.837549 1.935487
Tk -0.32372 0.75349
Fk -0.36782 0.647562
Tc 0.882245 -0.72182
Fc 1.092281 -0.28172
SI 0.133029 0.000699
Sc 0.356043 0.228875
Proportion 67.93904 86.08585

1/ Abbreviation of the pulse parameters similar to those denoted in Table 1.

k"

Fig. 1. The oscillogram of R. monoceros (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 100 kHz and 115 kHz).
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FHEE sREEE 100 ] 115 Tk
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zek

ack

Fig. 2. The oscillogram of H. terasensis (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 65 kHz and 70 kHz).

W 2. S SRR R A E SR E o X SR (A& 5 20 =2F) > Y Bl AEAS (TH5) » FF
B sREE E 65 B 70 Tiff o

Fig. 3. The oscillogram of P. abramus (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 40 kHz and 100 kHz).
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Ltk

Fig. 4. The oscillogram of A. torquatus (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 25 kHz and 70 kHz).

B 4. SR [E] B E (L B SIS o X BRI (IS S 20 Z1D) » Y Sl ERSEAS (T-hf) » Rl
SEEIE E 25 F 70 T o

Fig. 5. The oscillogram of S. kuhlii (X-axis, time scale (20 ms each period); Y-axis, log frequency scale,
and Fc between 35 kHz and 85 kHz).

5. fESEMEY [ S (e SEIIE IR o X BRI (S 5 20 =2 FD) » Y SRS SEZS (T-hF) - FefElE
SEAR E 35 2 85 Tk -



46 Echolocation Calls of the Eleven Insectivorous Bats of Taiwan

Fig. 6. The oscillogram of E. serotinus horikawai (X-axis, time scale (20 ms each period); Y-axis, log
frequency scale, and Fc between20 kHz and 60 kHz).

& 6. J& )| FCkRusry R E 7 S SR E o X Sl SR (A& 5 20 =2F0) > Y Bl SEAS (T65) » FF
B sEHiE E 20 2 60 T -

i i 5 j i i i i}
Son i A b \'S ) \u G A%

Fig. 7. The oscillogram of Mi. schreibersii (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 50 kHz and 110 kHz).

7. FESPMERY (A1 RE (S AR NE o X Ml IR e (A& £ 20 Z28D) - Y BhESSEZS (T-#) » R8s
SEAEEE 50 ] 120 T o



EIEEYIZ BT SE(TW J. of Biodivers.) 14 (3-4): 33-62, 2012 47

lzunk
Jaeck

20kt
coht

ik

ik

Fig. 8. The oscillogram of Mu. puta (X-axis, time scale (20 ms each period); Y-axis, log frequency scale,
and Fc between 40 kHz and 170 kHz).

B 8. = SRRy R (T E SR EE o X SR (A& 5 20 Z2F) > Y Bl SEAS (TH5) » FF
e SEHEIE E 40 2] 170 T o

Ltk

Fig. 9. The oscillogram of My. latirostris (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 40 kHz and 100 kHz).

9. ELW) R B [l E (S SR LA o X I (AR 20 Z D) o Y Sl SEAR (T) » &
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Lotk
0k

b . A A b LS
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Fig. 10. The oscillogram of Myotis sp.2 (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 40 kHz and 80 kHz).

B 10. Rk BB R (o182 € (7 B SEIEIIE o X Sl RN (RS £S5 20 ZF9) - Y sl S AEAR (T-hi) »
[ H 40 F 80 T-ibif -

lLock,
S0k

ot 8 \ S 4 L
e

Fig. 11. The oscillogram of Myotis sp.3 (X-axis, time scale (20 ms each period); Y-axis, log frequency
scale, and Fc between 35 kHz and 120 kHz).

B 11. =5 E R I E (LS SR IE o X s IRE (S 5 20 Z7) » Y SlFS A (T6f) » ¢
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Fig. 12. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of the 9 species of FM-type bats.
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Fig. 13. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of A. torquatus.
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Fig. 14. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)

for the 10 parameters of the echolocation calls of E. serotinus horikawai.
14. DUSAULEE B3 b BT Y | ECA 0 (B RE (3 5 R v BihliE] - (DF 15 DF2.2 & & SR E T 512k

] AR K3) ©



52 Echolocation Calls of the Eleven Insectivorous Bats of Taiwan

2
¥ Miniopterus schreibersii
1 4
v
O -
; v ,
L
@ Yo
11 A
v
v v
v v
_2 .
'3 T T T T T
-4 -2 0 2 4 6 8
DF1

Fig. 15. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of Mi. schreibersii.
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Fig. 16. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls Mu. puta.
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0.0 4
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Fig. 17. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of My. latirostris.
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O Myotis sp.2
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Fig. 18. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls Myotis sp.2.
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Fig. 19. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of Myotis sp.3.
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Fig. 20. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of P. abramus.
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4 A Scotophilus kuhlii

DF2
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Fig. 21. Relationhips of the eigenvectors between the first two DFA functions (DF1 and DF2 in Table 3)
for the 10 parameters of the echolocation calls of S. kuhlii.
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Fig. 22. The oscillogram showing jamming avoidance (overlapping plus) of P. abramus (X-axis, time
scale (10 ms each period); Y-axis, log frequency scale).
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Fig. 23. The oscillogram showing jamming avoidance (overlapping plus) of S. kuhlii (X-axis, time scale
(10 ms each period); Y-axis, log frequency scale).
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Fig. 24. The oscillograms of Mi. schreibersii showing different dialetics from 3 colonies: (a) Rueifang,
New Taipei City, northern Taiwan (50.79~115.11 kHz); (b) Qishan, Kaohsiung, southern Taiwan, ranging
(47.2~100 kHz); and (c) Lieyu, Kinmen Island (38.55~77.67 kHz) (X-axis, time scale (20 ms each
period); Y-axis, log frequency scale).
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