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VR AEA T (31°32'N, 131°08 ~ 11I'E) & K47 R B
BEFET (33°05'N, 131°30'E) O, a7 7y ay
% Y Rhinolophus cornutus (3 EAET, REARERERRERE
R (82°17'N, 130°37'E), A7) WL EF HJFHT 35 X OV ) I
FSUAREREE AT (33°34'N, 130°57'E) Ol % 7o (XBEL
eravx VB 7 75 a3y €Y Pipistrellus abramus 13
HEJR B B HE R BTl (31°37'N, 130°31'E) & ¥ A MY
(31°44'N, 130°40'E) D= REN, €€ 2 m a7 £ U Myotis
macrodactylus, /7 V¥~ 27 & Y Myotis nattereri}s X (8= &
7 a7 & Y Miniopterus fuliginosus v¥.JE Y3 55 W 54T 2G0T
LREARIREN OWE, 7etxte s 3w Y Myotis
pruinosus VB IR R HGERANERT (32°02'N, 131°10'E) &
RER IR LIHBHT (32°38'N, 130°58'E) D HRIEMK, 7 v 7
2 v & Y Murina leucogaster & 27 ¥ 7 27 € Y Murina
VIR IR UL T &[] Rk v 5T ) ot R G0tk
(31°53'N, 130°58'E) DOMWEIEMIMNK, V2w F v 5 v s
2 % Y Murina ryukyuana VEAE I K B K S HE KRR
(28°18'N, 129°20'E) & {2 B RIKMT (27°46'N, 128°58'E)
DEAFILIERIFR, © I 27 Y Vespertilio sinensis |31
YL A ] 7 P4 XKL D i e (33°40'N,  130°14'E), ¥
< 27 % Y Nyctalus aviator VX T & U7 5 A T O IR ZERT K

ussuriensis



166

(31°38'N, 131°06'E), #* v % 2 v % V Tadarida insignis %
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BREDOEEICI SNy b7 4 727 24— (HEEBERmS
Pettersson D980 bat detector, Pettersson Electronic AB, Upp-
sala, Sweden) , T VAL F —T 4 AT —F L a—X—

(DAT Walkman TCD-D100, Sony Corporation, Tokyo,

Table 1. Number of bats recorded at each situation whose scanning echolocation calls (a) and search phase echolocation calls (b) were analyzed

Situations

P Hal:f:sl}gl ir:gel();)m a Leaving roost (a) Hand-released (a) Fllghté:tr(nac;squlto th:rt:;tsffg)d ne
Rhinolophus ferumequinum 20 (36)
Rhinolophus cornutus 37 (84)
Myotis nattereri 7(15) 3(7)
Mpyotis macrodactylus 8 (13) 2 (6)
Mpyotis pruinosus 8(12) 2(4)
Pipistrellus abramus 10 (20) 10 (23)
Miniopterus fuliginosus 10 (28) 10 (15)
Murina usssuriensis 2(5) 3(12) 509)
Murina ryukyuana 4(6) 2(4)
Murina leucogaster 6 (10) 4(6)
Vespertilio sinensis 10 (22) 10 (18)
Nyctalus aviator 10 (15) 10 (12)
Tadarida insignis 10 (25) 10 (21)
Tadarida sp. (Amami) 7(7)

The total numbers of bats for which we only recorded the calls are shown in parenthesis.
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Japan) ZFIH L. 24 2axF 2%V 2 g v (time-
expansion mode : + V 2D 1/10 DFE) 2+ » L,
FORNAEY — LBk LT, FREk LI DRI,
Bat Sound 3. 1 software (Pettrsson Electronic AB, Uppsala,
Sweden) i L#. v 7 7 5 & (sonograms) DYERIC
BicoT, v 7V v 7 I (sampling rate) 1% 44. 1 kHz
C, FFT (Fast Fourier Transform) % 1 X%y + 27 5 AT
512 & L. %72, Yifhoxr — A HiP %A 150kHz, ¥ 7
77 ~A O (threshold) % 20 1Z3%E L CTHEHT L 7.

Rk LICH AL, AR 10 AR OFF oW,
A BRI Rk & e & AR D < v 2 10 {ETRTER o F&E 2
(kHz) &R (ms) ZHEL, ThbDOFEHEEEED
REME L. WEHE DT 2 —21%, SARHEED
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IR5 o R (€ — 7 FJBL: PF, peak frequency or frequency
of maximum energy of the pulse) ¥ X OV L 2ADEX (Ff
HRifE] : D, call duration) TH 5. Lo L, SFEIXIELD
EHNKRE SHEHINTER Tl > 72D T, SENLFH
O HBGHT TR Lehr > 7o (AR 2004, 2005, 2008).
—7J7, EFfEIIMEOKZR D ETEELO THES A L
(Kingston et al. 1999 ; iRk 2004, 2005, 2008). % /%5 * —
ZCEFLEEOAEERETIL, v A5 2+ Y v 7R
D—D>TH %5 Mann-Whitney O U RRE & L 1.
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Fig. 1. Sonagrams of scanning echolocation calls emitted by
Rhinolophus ferrumequinum and Rhinolophus cornutus.

MEFATAE (18 JLEHEE 8 5, 19 #BSZ 4R 288 5, 20 #4872
5, 218875 1105) =3 Cirbhi.

= R

1. BEFICOWT
Frhvave) PRk aBESTO AL AL, HF
LN—E P EC (CF: constant frequency) & #im AN E L
Z5H (FM: frequency modulated) % #§> CF/FM U % 7-1%
i i 2 R I BB I T > T\ B FM/CF/FM Bl %275 L T
Wiz (Fig. 1) . 77y 5 avE) oRBCHA R
KB ORI E - IR OF = L 2 h b off
BLHELTX vy PATHT L2EHF O PFEX KT %
ERUR DT, HEEOMBITITTNTH » TR
FONREES AR L. 7 v 7 av e ) EES
O PF fEiz2o\ T B R B2 1351 69. 7kHz T, K9 FE
D 68. 5kHz Ic R TE <, Lo RiF ORvIMEIL#H o
AT 7 53058 LT\ 7= (Table2). —75, DT
IEERETHEREN AL D - T2,
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Table 2. Descriptive statistics for peak frequency (PF) and duration (D) in the scanning echolocation calls of Rhinolophus ferrumequinum and
R. cornutus
PF (kHz) D (ms)
Species Locality No. bats
Mean+SD Mean+SD
Rhinolophus ferruequinum  Kagoshima (Shibushi) 10 69.7£0.33 (69.3-70.3) a 47.9£8.8 (36.3-65.0) h
Ooita (Notsuharu) 10 68.5£0.19 (68.3—68.8) b 44.845.0 (39.5-55.0) h
Rhinolophus cornutus Kagoshima (Shibushi) 10 109.6£0.63 (108.7-110.8) c 45.0£6.0 (34.0-52.3) i
Kumamoto (Kumamura) 7 108.2+0.49 (107.1-108.8) dg 43.74£3.2 (38.3-48.0) i
Ooita (Notsuharu) 10 108.3£0.59 (107.3-109.0) eg 44.845.2 (38.5-54.0) i
Fukuoka (Saigawa) 10 107.7£0.38 (107.1-108.1) f 44.914.4 (38.4-51.2) i

Mean value per bat was analysed. Calculated values are given in mean+SD, followed by ranges in parentheses.
For each parameter, species means with the same letter are not significantly different (Mann-Whitney U-test, P<0.05).
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Fig. 2. Sonagrams of scanning echolocation calls emitted by Myotis
nattereri, Myotis macrodactylus, Myotis pruinosus, Pipistrellus abra-
mus and Miniopterus fuliginosus.
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AREEH LT NTFM I Ch o7 (Fig.2) . S ADK:
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®Y, 2EFHTaAavEYVEIOT 7 T7avE) TEAL
AR LR S BB O%ED TN E 3 AR
THEE L B HBEZ R L T\ (Fig.2). iz <,
ZEFFaAVEYRT ST av Y TlE, S RDKE
DTN L I —7 LT\, 25 LiciikoEwi
Yo fHlzif/ vvavey, Txvnave) sk
Caerrave) o3fEMET LR T, HIAE
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AR BHICHNT D ENTRETH -7 (Fig. 3).
ki, sv7ave)@BosraoEkizs vyay
Y LRSS AR BRI ERTH L0, A
WR DN NS otz (Figd). eFrav )
TiE S A BN BT W AN 2 (55 A S A T e,
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DfEFE & A Tz (Fig.4).
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Fig. 3. Sonagrams of scanning echolocation calls emitted by Myotis
macrodactylus (a), Miniopterus fuliginosus (b) and Myotis nattereri
(c) emerging from the entrance of a cave.
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Fig. 4. Sonagrams of scanning echolocation calls emitted by
Murina ussuriensis, Murina ryukyuana, Murina leucogaster, Vesper-
tilio sinensis, Nyctalus aviator and Tadarida insignis.

veYbayvysayve) OFMEREBNT, Hic
HEAENZ LRI (Table3). fb)i, PFELZ&R% & a7
vZave), VavFavrvsavEy, YTwavy
EYVRICF eFay e ) TILEEL OB TEEENE
dohhten, ThbUSofEz— MmN CEEENR
Bk ot (Table3). DETIE, =E¥FrHFav e
), Ywave ) RIOFeFay e ) iffisEEC
KA X iy, FR bSO —i bR T & X
B ishs o7z (Table3).
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vrave ) Bt eraye) Bk HERED
ROV AL, EORPENFM, BAEDGECnTeh — 7 R
< JAB# (QCF: quasi constant frequency) 275> T\ T,
FM/QCEHITH o7z, 2 EFHa v ) OERF LA
b L DGR PEC T TRET 27 — 7 5 AT %5,
IRV A e DWE R0 TR D V% 725N i 9/ & < QCF #T
TSR A EA D -7 (Fig.5). 777av €)Y
bHUOHRERL, 2€FFave) LhbIHIckE
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Table 3. Descriptive statistics for end frequency (EF), peak frequency (PF) and duration (D) in the scanning echolocation calls of 11 species of bats

Speci Call No. EF (kHz) PF (kHz) D (ms)
pectes structure bats Mean+SD Mean+SD Mean+SD

Myotis nattereri FM 10 29.3+0.63 (28.2-30.3) a 36.442.34 (32.6-40.1) a 2.440.48 (2.4-2.5) a
Myotis macrodactylus FM 10 38.442.83 (354-453) b 4954231 (47.4-537) b 344038 (3.04.1) b
Myotis pruinosus FM 10 38.742.47 (33.0-41.8) b 52.4+1.73 (49.7-54.7) c 2.840.16 (2.6-3.0) c
Pipistrellus abramus FM 10 40.9+0.34 (40.1-41.3) ¢ 46.2+2.64 (39.3-48.7) d 3.240.15 (2.9-3.4) b
Miniopterus fuliginosus FM 10 49.9+1.21 (46.6-50.8) d 51.941.40 (48.1-52.8)  bc 4.5+0.16 (4.3-4.7) d
Murina ussuriensis FM 10 47.9£5.11 (40.7-59.6) d 62.242.36 (58.4-65.7) [ 1.9£0.16 (1.7-2.2) e
Murina ryukyuana FM 6 43.6+1.52 (41.2-459) e 58.313.05 (54.4-62.3) f 1.840.10 (1.6-1.9) e
Murina leucogaster FM 10 27.4+1.38 (25.3-29.4) f  49.6+4.13 (44.0-54.7) bcd 2.540.97 (2.3-2.6) a
Vespertilio sinensis FM 10 21.6+1.41(19.5-23.5) ¢ 33.245.41 (24.5-41.0) a 3.241.03 (2.4-5.8) be
Nyctalus aviator FM 10 15.8£1.60 (13.4-17.7) h  19.740.39 (19.0-203) ¢ 8.620.57 (7.9-9.5) f
Tadarida insignis FM 10 9.7+1.66 (8.2-12.6) i 15.440.73 (14.1-16.5) i 13.6+1.31 (11.8-15.8) ¢

Mean value per bat was analysed. Calculated values are given in mean+SD, followed by ranges in parentheses.
For each parameter, species means with the same letter are not significantly different (Mann-Whitney U-test, P<0.05).

FM, frequency-modulated calls.

Table 4. Descriptive statistics for end frequency (EF), peak frequency (PF) and duration (D) in search phase echolocation calls emitted by six

species of bats

- Call No. EF (kHz) PF (kHz) D (ms)
ecies
P structure  bats Mean+SD Mean+SD Mean+SD
Miniopterus fuliginosus ~ FM/QCF 10 47.14£0.62 (45.948.0) a 48.3£0.80 (47.2-49.8) a 8.9+0.85 (7.7-10.4) a
Pipistrellus abramus FM/QCF 10 43.840.99 (41.945.1) b  453£1.23(43.3469) b 10.0£0.44 (9.4-10.8) b
Vespertilio sinensis FM/QCF 10 21.9+1.82(18.4-248) ¢ 24.5+1.80 (21.2-26.5) c 10.4+1.22 (8.5-12.0) b
Nyctalus aviator FM/QCF 10 17.7£0.83 (16.1-18.9)  d 19.5+0.40 (18.5-19.9) d 15.7£1.00 (14.4-17.2) ¢
Tadarida insignis FM/QCF 10 12.6+£0.28 (12.2-13.1) e 14.2+0.67 (13.5-15.3) e 14.4+0.93 (13.2-15.8) d
Tadarida sp. (Amami) FM/QCF 7 13.31£0.46 (12.7-13.9)  f 16.8+0.62 (16.1-17.8) f 17.1£1.24 (15.4-19.0) e
Calculated values are given meantSD, followed by ranges in parentheses.
For each parameter, species means with the same letter are not significantly different (Mann-Whitney U-test, P<0.05).
FM/QCEF, frequency-modulated/quasi-constant frequency calls.
R TRBER DI NI WD, R AR OIIERE - iz
7o e 2 v ) DU AT 2 FH ORI IR A T 1001
LTWADBRAARDIET 77 avx ) iiihote
(Fig.5). Y~avx) breFav ) OBPERFT /LA
DRIFBT T, QCFHIA S BT & 7 h /L A
BBV AR SR (Fig.5). e
+Mi. fuliginosus
:Ll:fj‘jfﬂﬁ%‘), 775 avw g’ KTZW%U, Pi. abramus Ny. aviator Ta. sp. (Amami)
R : Ta. insignis
YvavE) BIOAeFay e ) 5K HERY D -
. Ve. sinensis . T
28 A DRFENE% Table4 1077 L7z, EF fHICK T 5 &1 . . .
DFIMEIL, NI 47. 1, 43.8, 22.8, 17.7, 12.6kHz C, 0 50 100 150 200 s
HANCAEEENL ST (Tabled) . PFEDOFEHHE L %4 Fig. 5. Sonagrams of search phase echolocation calls emitted by

48.3, 45.3, 25.2, 19.5, 14.2kHz T, A\ MCHEEY
RL Tz (Tabled). NV AROIEIL7 77 avE) &
b av ) THEEENALNIh->bDD, Thb
DAt ORI A EES RS D (Tabled).
WEKBEOF e* a2y ) BORERE L AITA4 e
FawE VLT 52, EFE, PFER X ODETH
BENRES BT (Fig 5, Table4).

Miniopterus fuliginosus, Pipistrellus abramus, Vespertilio sinensis,
Nyctalus aviator and Tadarida insignis and Tadarida sp.

3. BEGE IR T 5D 00 & H5H
AFICoWT, EF, PERXODDAT 2 —2%f]

WTCERG DT, SR 2 DR A 7 v — T L

L CHt. DR, F18s ORFAMBTIXEF &
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Table. 5. Principal component factor scores for the first two prin-
cipal components based on three parameters (EF, PF and D) in 11
species, as shown in Table 3

Parameters Factor 1 Factor 2
EF 0.359 0.994
PF 0.374 0.326
D -0.343 1.401
Ve.s.
3
@ Ta.i.
2 ® O Pi.a
D
6882@9 m Ny a
Ly GB% v Mu.u.
N
E ol V Mu.r.
S O My.p.
[ins
=14 ®© My.n.
@® My.m.
2 A Ml
-3 & Mi. f.
-3 -2 -1 0 1 2

Factor 1

Fig. 6. Scatterplots for the first two factor scores extracted from
principal component analysis based on three parameters (EF, PF and
D) of the 11 species shown in Table 3. Ve. s., Vespertilio sinensis;
Ta. i., Tadarida insignis; Pi. a., Pipistrellus abramus; Ny. a., Nyctalus
aviator; Mu. u., Murina ussuriensis; Mu. r., Murina ryukyuana;
My. p., Myotis pruinosus; My. n., Myotis nattereri; My. m., Myotis
macrodactylus; Mu. 1., Murina leucogaster; Mi. f., Miniopterus
fuliginosus.

AT

PEIEHICE < (>0.93), 82855 Tl DA RS 2> -
7o (>0.45). FERSE AL, TableS iR L.

WIS &R 2 OB MR EHRB E, 2EFHay
®Y, Yvave)EIO0teFraye) ClifitfELE
Bwos bz -7 (Fig6). L»L, eFrave) d
Jvvavey), srvvaveVirlksvravey), 7
FSsawvxytrrvoaveE )Lz ukAte iy a
vEY, aFvrZavE)i)avFavFv S avE
) &R T—HoEEI AL (Fig.6).

EF, PF 5 X O°D D% 5 # — & — % I\~ T IEHEH I 454
iTote, FORR ®EYvnave) 7 77avE
V, FvzZavxlYirsukteravey, ar7vs
avE)EY)avFavrTvsSayE) DT, IL—
WO TE oot A, FOMTIEFTNTHHEENTTRET
BH o7z (Table6). T7chbb, TO 7 Vv—F{bd3nteyr —
A0 5594, 3%MIEL HBZ i,

4. BFLORIT I T 5 ERS T & HH 5T

BEFHRFICOWT, EF, PFREXUOD DT x—x &
WTCERG DI EIT, SR 2 DR R 7 v — Tk
LChtc. FOFE H1HK5 DRFAMRSR TILEF &
PEMIEFICE < (>0.98), 55 2505 Tk D 2> HLBC A 8 05 -
7z (>0.39). ERH B, Table 7 IR LI,

IR L2y D5 iEHRD L, e Fav )
Ywave), FeFave) SIOBEKRBED L L
Fave)fRave) O TEEIALDREL - 2
(Fig.7). L»L, 777avE) tarFave) o
MIChITnikEL Y nabhie (Fig.7).

EF, PFX L 0D ® %5 2 — & — % Fl -~ CIF ¥4 R 45

Table 6. Summary of classifications of 11 species of bats by discriminant function analysis of scanning call parameters (EF, PF and D)

True species

Classified as:

My.n.  My.m. My p. Pi.a Mi. f Mu. u. Mu. r. Mu. I Ve. s. Ny. a. Ta. i
Mpyotis nattereri 10 0 0 0 0 0 0 0 0 0 0
Myotis macrodactylus 0 9 1 0 0 0 0 0 0 0 0
Mpyotis pruinosus 0 0 8 0 0 0 0 0 0 0 0
Pipistrellus abramus 0 1 0 10 0 0 0 0 0 0 0
Miniopterus fuliginosus 0 0 0 0 10 0 0 0 0 0 0
Murina ussuriensis 0 0 0 0 0 7 0 0 0 0 0
Murina ryukyuana 0 0 0 0 0 3 6 0 0 0 0
Murina leucogaster 0 0 1 0 0 0 0 10 0 0 0
Vespertilio sinensis 0 0 0 0 0 0 0 0 10 0 0
Nyctalus aviator 0 0 0 0 0 0 0 0 0 10 0
Tadarida insignis 0 0 0 0 0 0 0 0 0 0 10
n 10 10 10 10 10 10 6 10 10 10 10
n correct 10 9 8 10 10 7 6 10 10 10 10
% correct 100 90 80 100 100 70 100 100 100 100 100

Overall correct classification rate was 94.3%.
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Table 7. Principal component factor scores for the first two prin-
cipal components based on three parameters (EF, PF and D) in 6
species, as shown in Table 4
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Table 8. Summary of classification of six species of bats by dis-
criminant function analysis of search phase call parameters (EF, PF
and D)

Parameters Factor 1 Factor 2
EF 0.357 0.779
PF 0.357 0.766
D -0.330 1.669

w

& Ves.

Factor 2
o

A Ta.sp

aTa i,

® Pi.a.

o Ny.a.

-3 O Mi.f.

Factor 1

Fig. 7. Scatterplots for the first two factor scores extracted from
principal component analysis based on three parameters (EF, PF and
D) of the six species shown in Table 4. Ve. s., Vespertilio sinensis;
Ta. sp., Tadarida sp; Ta. i., Tadarida insignis; Pi. a., Pipistrellus
abramus; Ny. a., Nyctalus aviator; Mi. f., Miniopterus fuliginosus.

MEfTote. TORER, TXRTHEELTETH - 2
(Table8). T 7bb, LD/ Lr—T LI NTr —ARE
WTIEL <HH (100%) Stz

1. EFEES CHRBE LT
FrAvIave )2 BOERIC XL INIES
T, N7 KHD PF (CF HAEH) OFHER A5 &
FrH7avE) TIE68~70kHz, 2F 27 77 av
€Y T 107 ~ 111kHz %7~ L, WREPIEcXKE S
7= (Fig. 1, Table2). —7Jj, &R THE OHMIKAE
RnH b, W ET 2O S MR T b 7B
bivs (KK 2005 ; Sano and Armstrong 2009 ; Funakoshi
etal. 2010) . MREBIAERT A A Fvarsr v 72
7 %€ Y Rhinolophus pumilus Ci¥, FPEHLX > PF fEA LR
WX X0 HEBRILEL > T\5% (Yoshino et al. 2006,
2008). WIFhILTh, HFHEICI HMOFECZ T,
TP B 1) 5 A1 O PF I 1) 5 775 D i

True species
Classified as:
Mi.f Pia Ve.s. Ny.a. Ta. i Ta.sp

Miniopterus fuliginosus 10 0 0 0 0 0
Pipistrellus abramus 0 10 0 0 0 0
Vespertilio sinensis 0 0 10 0 0 0
Nyctalus aviator 0 0 0 10 0 0
Tadarida insignis 0 0 0 0 10 0
Tadarida sp. (Amami) 0 0 0 0 0 7
n 10 10 10 10 10 7
n correct 10 10 10 10 10 7
% correct 100 100 100 100 100 100

Overall correct classification rate was 100%.

DD LI X 5T, MR D2 BB A %0 %
FERPVICH 5.

S Hic, HMIKEERREREIC IS % RBEN OEE O\ %
TR0, BEOY A4 XDERF I Fh & xBRE
CHEECEb R (BIERE) OEREHD OIS
Lo L7y (Armstrong and Coles 2007).

vravEVREEtreFave)Bloll ikt s
KA E OME I X % HlEC, EF fE O/ ME & K fE %
Zhrlttrxrvunavxy), vravxy FYwavx)
FIOFexave) Tl L OB A bhT
XX 4% (Table3). PFEDGR/IME L KIEA A D &
Yvave)FliteFav e ) BT EDE
RO NELRTRAE NS, LrL, a7v7ave)
LV avFavsvrave ) ckitsEFESPFHED
BN ARMEECICE D DA bR, F R0 L
\~ (Fig. 6, Table5) 75, AiZIZEARDIL, HEIH2
BLEERKBCERL T THMNERD WD, &
M BT 2 MEDOFEILAHETH 5.

s vvavx) EFfEOR/IMEEL T v 7 av Y EF A
DFEAMETEL > TW5BD, PREDZNLNER D au
Z LR S A DTGIRDNGE 5 Food, WO K B AT
BET#H % (Table3, Figs.2and4). =5 v 7 a2 %) OEF
EOR/IMEL, 7niteravey, 775avxE)Y
IO rrmave) OiRKEEERLY, a5 v 7
a v &) O PFEILE < T O/MEE, Zhb 3FORK
fEEERLR WD ATV 7 ay ) ORANNATEET
H5.

suskFerave) OEFEORKERT 7F5a
Y O/ MEWCE 7R % 5, PFEIC R\ CHTH OfR/MEIL
HHEORAKMEEERLD I\ b TEDOK I TEETH 5
(Table3). = €3 % 2w Y O EF i~ PFEICEK T 5%
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IMEWRT 77 av ) Db DR KIECE S I,
HMACTEX N, 2 EFHavE ) ODEITEEIA X

REDOTUMENT 75 av ) OIRKBEEERL R
», MEZXHTSZ ENTES (Table3). L EOTIH
TARA AR ZTNE, 11 EOBESFIIAEIhS
N, XL 2OFIR (Figs.2,3 and 4) % P CHEE 410X
I OVBEOSVEINFETHSL EE2DbNS.

R X 2 ER 5B A (Tables) &2 &, i
1 EXTIRABROE S ERL, H2ERDTITALAD
BEIBRLTWABEEZLNA. D1, RS
L, PR BRBEAME < 0L 2 R o K\ T
BB X T B (Fig.6) . Eio, HBIGHT ORs
iz T, EfERI1294. 3% 215720, B ) v+ o
vrvzave ) RonBlicAERL, a5 v 72
v E ) AERBRAERSZ LRV T, RS
DRF =2 HBRTIE, IHICEERCLS.

eravE) 5 Ik A EREOUEMEIC X B
¢, EFfH & PFEOIT/MEL IR KEX H D &, 25
Havx), 777avx), erFavxl), Ywav
FYVRIOAeFav ) OB THEL DERD L
LT, KGIXh s (Tabled). Z DEERTICIIT 5 K
73k L, Fenton (1982) H¥EHL T\ 5.

FERG I X 2 X B RO, S (Table7), £
1 ERTEHEROBZHRL, B2 ERDILFER LA
DREIZRLTWS EZ 2 bR, MEHECHIEM X < 58
LTxh (Fig.7), HHGHIC X BIEMEL 100% %R L
T\ 7z (Table6). BERBICAELT LA eFa v ) §
2y %) DEFESCDHEOKR/IMEILA XY T ) O
KB & T2 55, §id O PFAEDR/IMED - O Kl &
EiIb I\ 1o, WX XG5 2 L 23 TE 5 (Tabled).

WERECIEA I A vt e*ay xY Tabarida
latouchei 75T T TG I LT % (Yoshiyuki et al.
1989). F OHIK DR W E O BN TR T 53 v £ Y
HEBL, ST ORU TR ZREE L. Lo -
T, COEFEIIAI A ateFay ) OAFEREIE L
Bl 2y ey FHoMMUg EFENE L kA EH Y
7/~ L T\ % (Heller and Helversen 1989 ; Barclay et al. 1999 ;
FAFF 2005 ; Funakoshi et al. 2010 ; this paper). A I 4 a3
eFkave)idteFrave) Loy THY
(Funakoshi and Kunisaki 2000), g% OFENA A+ ¥ o
vEY XIDEWED, TRHLOREILLERINS.

e av e ) FHCK T A EHE OB R IZ D
T, Bz v 4 Ry 2 54 viabhinikwas v
7av Y (Yoshiyuki 1989) o EF flic>\C, b
PESE 15 50. 7kHz (Fukui et al. 2004), ## ¥ I pE 45. 4 kHz

(K% 2003), BJUMPE 47.9kHz, PF{EITFH Fh
86. 3kHz (Fukui et al. 2004), 60.5kHz (K% 2003),
62. 2kHz T, HicdbipE o T oFRizEsn. 7 v
7 a7y & VoW, JhiglEE o EF 1375 43. 6 kHz
(Fukui et al. 2004), F/LINEEIX27.4kH TH H, PF AL
FRFh51.2kHz (Fukui et al. 2004), 49. 6kHz T, b
WEPEDRETDEIBICH 5.

Y= av €Y oW T A CILREFE © EF E71
20. 2kHz (Fukui et al. 2004), HH#HPE 18.5kHz (K%
2003), JuME 15. 8kHz, fibJ5 PF fEix&h £ 21. 1kHz
(Fukui et al. 2004), 19.5kHz (A% 2003), 19.7kHz T,
ALl O EST N EHCH S, ok sk, ¢
Fa v Y FHCR W THHIIC X > THBICERDI A D
N5DT, TEOMRICTHI > UKL CHBRFELIE
WA B ENEE L.

2. SHBOBHE LB OHLM

AN, ORI A REICT 5o, MAE RS
TEHRGTEEIRLL. LrL, FAENCR Tl
B ORMIZEM) X » CTHEBEI LT 5. F1i,
Fr A7 avE) CHHBEENEIS LB IEONT,
HLUBABERLELS 5. 2T, BEETHLERZTCE
2 MR THRAADBRIIENT B, flziE, “rak
MR LT D, S DIEY~DETINC A % & EF il
e END LR T 3% (Altringham 1996 ; Schnitzler and
Kalko 2001). L7c2v> T, ¥ FHEEINIEHIEY A
T AROEDAT —2ILH B O T GHAMD Z &b
WETHB.

¥7o, BEOREBIRE OREYZ T, HEEEEKL
PR U CORAT 258 kAR cERE 2z 5 2 &
(Fa%} 1988 ; Bayefsky-Anand et al. 2008), M LEMIC X -
T+ % Z & (Jones etal. 1992 ; Jones and Kokurewicz
1994 ; Yoshino etal. 2006) 55D T, ThbbEREL
ESoR P /N>R /9%

FMEDO a2y = VOB T, 7a7hav Y Myotis
Sformosus, Y v SR G e a2 v & Y Myotis yanbarensis 1%
FRHEFAYEHEL TR, A3ifuteFav e )ic
DL, BERESCICTHEL, BaRT 50
Wnd k., —J5, erave) BRCHERETICOW TR
Blrigdsh iy, 29 LeREFEO b0 ER
BINL TREIISRRE LI LIcv. SbIiL, 23 -
=% — a2 vOFFE (Social call ; Russ 1999 ) 450
BIHLICIoT, HHOEFOREAETCELRETS
CHEIHEL, X0 LW « BBTFEEMHY. T2 2 ENE
Fh5b.
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BREIES GRET, hatlioay = ) HAHES
HLETh, 5 LIEHORERIIEMTHS. Frig, B
e b2 T & L Cwb A edav ey, via
vEYVRIOYav ) TlE, L CEETSER
GO FREBOEANCAE L, Fi, SlOEEMFN T C3E
DIBICE# R S re (Figs. 6-7, Table 6,8) & &5, Hifi
B L < THEA OGN X o THmis-CHR M 2EH
FFHTH LIRS EEL LN D, KT, R
B X 2o AN ES T2y )
IETE 2100 T, FRORMGH A %5 %
ETLHEZTH S (Fenton and Bell 1981 ; Fenton 1982 ;
Schnitzler and Kalko 2001 ; Schnitzler et al. 2003 ; Fukui
et al. 2004).

—77, SEHELEBAE L C, RATC 2 BAAbRS
Ly, SHEE TR AR ATRE T b IRRHE (i
M) &Y >Z £ b H D (Jones and Parijs 1993 ; Barnet
etal. 1997 ; ¥AK} 2005), Jrkk 2 i DA RERY It e 2 3% |
THLEFERBIBINRFREE L UFERHINS Z L
Iha.

#t &

AR DT> T, BIEHGEIRRORET & I 5 5
WY At R A IR D FRZEB PR T o 2 v = ) SIS LT
W e R T R EE B R S B S S A o A Lk
S, R R, ATCEET, KA, EREE, L
T, BB OFEK, BIREKFIHEAEORK
ENK, BRERKEHEEAS COMECHIL T
VAR N Vo = 8 2 O e S R L /R S
DORBIEF S+, KE&SEOSHBE—K, KBEltEko
AHEER, BEREBEXSHEZEcOoOMEHmILT
WIS T BN O RFFEST G, LT B o eI
BAK, mAREATEEKANLE TOREECH I L Tw»
Fe RSN T MR T & LI T O, B  RA O
%R 5 TN IS T B E AL HS BT o IR R & -
FHIERCEL BILH L LT 5.

Ik, AR T HHEo—Mi, BREESEEEKY
2005 4, 2007 4EEE S B 1) 5 AL+ v 2 —FfFE B o
FFeBhc X v fiebhicb DTH 5.
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ABSTRACT
Acoustic identification of thirteen insectivorous bat species from the Kyushu District, Japan

Kimitake Funakoshi
Biological Laboratory, Faculty of Intercultural Studies, The International University of Kagoshima, Kagoshima 891-0197, Japan

E-mail: funakoshi@int.iuk.ac.jp

Echolocation calls of thirteen bat species inhabiting the Kyushu District were recorded, and their sonograms were analyzed.
Rhinolophus ferrumequinum and Rhinolophus cornutus could easily be identified by measuring the peak frequency (PF) of scanning
calls (FM/CF/FM types), though intraspecific variation was recognized. The scanning echolocation calls (FM types) of 11 species
(Myotis macrodactylus, Myotis nattereri, Myotis pruinosus, Pipistrellus abramus, Vespertilio sinensis, Nyctalus aviator, Murina
leucogaster, Murina ussuriensis, Murina ryukyuana, Miniopterus fuliginosus and Tadarida insignis) were separated from each other
through comparisons of the minimum or maximum values of end frequency, peak frequency or call duration, with overlap found
only between M. ussuriensis and M. ryukyuana. However, M. ryukyuana is confined to Amami Islands where M. ussuriensis do
not occur. Our results were further supported by principal component analysis and discriminant function analysis. Similarly treated
search phase echolocation calls (FM/QCF types) of five species (M. fuliginosus, P. abramus, V. sinensis, N. aviator, T. insignis)
were clearly identified and classified to species. This acoustic survey could be applied to better understand the distribution and
patterns of habitat use of bats.

Key words: scanning echolocation calls, search phase echolocation calls, insectivorous bats, species identification, Kyushu
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