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Comparisons of echolocation calls and wing morphology among six sym-—

patric bat species
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Abstract: During May to August 2006, we studied the echolocation calls and wing morphology of six sympatric species of
bats which belong to Hipposideridae and Vespertilionidae in Qixing Cave, Guilin City. Hipposideros pratti produces short
CF/FM calls which mainly contain three harmonics, and has high wing loading, low aspect ratio and average wing tip shape
index. H. armiger produces single CF/FM calls, and has high wing loading, low aspect ratio and average wing tip shape in—
dex. H. larvatus produces single CF/FM calls, and has average wing loading, low aspect ratio and average wing tip shape
index. Myotis siligorensis produces long bandwidth calls that are usually single FM sweep, being the smallest of these bat
species with low wing loading, low aspect ratio and average wing tip shape index. M. ricketti produces single FM calls, and
has average wing loading, low aspect ratio and high wing tip shape index. Nyctalus plancyi produces three harmonics short
FM calls, and has high wing loading, average aspect ratio and low wing tip shape index. Most morphological and call pa—
rameters among these six bat species were significantly different (P < 0.05) with One-Way ANOVA method. These re-
sults indicated that these six sympatric bat species were highly adapted to different foraging strategies and habitats which was
also correlated with the significant differentiation of species-specific echolocation calls and external morphological character—

istics. The present work demonstrated that niche partitioning occurred among these six bat species, which leads to decreases
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in the pressure of interspecies competition. Therefore, niche partitioning was the key mechanism for coexistence of these

bat’ s community.

Key words: Bat; Echolocation calls; Niche partitioning; Sympatric species; Wing morphology
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and Brigham, 1991; 5K ALFR%EF, 2002) , {45 KA
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Table 1 Comparison of morphological parameters of six bat species ( Length in mm, and mass in g)
TR RSB I 1 PRISS HEK N 53S (LG
n
Type of body parameters Forearm length Body length Ear length Ear width Tail length Body mass
Sifz F =
EIEETTJ%'I] 9 86.0 2.5 78.1+7.6 29.4 1.7 23 +1.3 55.2 +4.5 51.0+£12.6
H. pratti
K i B
. 6 91.7 1.1 78.0 +£6.5 28.4 1.9 22.7+1.7 62.0 +5.8 45.4 +10.9
H. armiger
Hh B
13 57.7 +£2.6 56.3 +5.5 20.1 1.9 17.1 1.4 38.5+3.0 18.1 5.7
H. laratus
2 R 0
.. . 14 35.1+1.5 36.9 +2.3 13.0+1. 1 5.6+0.6 35.7+£2.6 5.2+0.5
M. siligorensis
Al
5 50.7 £1.3 58.5+4.0 1.6 £2.0 10.3 +1.5 48.9 £5.3 20.5+3.8
N. plancyi
& i
Gl 28 56.1+1.3 56.6+7.6 17.4 1.9 8.2=+1.0 52.1+3.2 18.1 3.1
M. ricketti
F 1326.862"" 62.348 " 158. 232 " 485.723 " 81.739"" 84.429""

#*% P <0.001 (One-way ANOVA)

KERBRHFIE M.ricketli —m—

ZRILIE N.plancyi ——

IR H.larvatus

B RES M.siligorensis

KBEUE H.armige? e

Y CHFIR Hopratti ———

Bl oS Fhomhbg £ B SRFIE (AT K, LRk, Bk, B
Fi . RKAMEE) 52 RESHIE

Fig.1 The dendrogram of hierarchical cluster analysis of external
morphology characteristics (forearm length, body length, ear length,

ear width, tail length and body mass) for six bat species
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WAL 2 AT DLWk 6 Ff i 1 35 A8 1 T R
K/NBIOC R, U 1 A (] i 0 49 o 22 1] 7 38 AL TR
A EAFEWE RS, X5 P 38 2 S B0k
s, bR T BAAEESL, HA S R 8] 22 74
B3 (2, Onesway ANOVA, P <0.001), HH,
TERFD T, Suling | 3 B | KRB E T e R
RS R B R e B T b AR 3 R 2k
e it R B R TR AR B R 2 TR JJE:&%UTE
K2 BRI B v BT A5, A I R v B
BA SR B, 1 TR | b 5 0 R 4k 1L i 2L
ARG H, EHEEL T, SOl T iR

| _4

AR 1: 30
Scale 1: 30

B2 oNFhmim g3 R AT R . A, hESEE; B, KR RHE,
C: gulig; D. &SR EME,; £ F REE,; F. KBS

Fig. 2 Modes of wing morphology of six bat species. A: H. larva-
tusy; B: M. rickettiy; C: N. plancyi; D: M. siligorensis; E: H. prat—

ti; F: H. armiger

Fepds . Ha s FiE TACER L FZE ., 6 Flil w1
HAVFRAE 2 [0] 28 One-way ANOVA f4 LSD W ¥ [i1] 2%
SR EG I R, FERK . B R AEE
L, R R S A 5 AR A2 B R (P
<0.001), fH% FC &8 5 W ow . o 08 5 o0
I, RS RERFIEARK LESARE (P
>0.05); TEIES KR RE I, B S 0E
EEEMA EZRARE (P>0.05); PHEES K
B RRERIR | QIR S gL | S G I K
ERF FEFAREE (P>0.05), HAE R T
F o FRIREAE A YRR Z 8] PR RS R B
BEMEESR (P>0.05), EERELL L, & H
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F2 AMBENBERSHLE (0 = A2, KESMEH mm, BREMCH mm®, BHAMLH N/m?)

. g . - . . . . . . . 2
Table 2 Comparison of wing morphology parameters of six bat species (n = sample number. Length in mm, and area in mm?, wing loading in N/m?)

A SR . "HEK 37 A HARFE R o R
Wing parameters Length of wing Wing area Wing tip shape index Wing loading Wpect ratio
I iR
. 9 459.1 £20.7 40 992.5 £4 190.6 1.3+0.3 13.3£2.7 5.2£0.3
H. praui
e e
zICErirm:iger 6 472.2 £20.7 37 246.4 +4 515.5 1.5+0.5 11.5+2. 1 5.6 0.5
e W
;IPE’IZJ(%H; s 13 1882.8+5671.9 17 368.5+5340.1 1.3+£0.2 9.5+2.6 5.1+0.5
|‘E‘Jﬁﬁfﬂﬁ§!ﬁ 14 205.0 £13.6 7 626.3 £729. 1 1.5+0.4 6.9 +£0.8 5.5+0.5
M. siligorensis
il i . 5 315.7 £6.3 13 237.3 +882.6 1.1 £0.4 15.1£4.6 7.6 £0.6
N. plancyi
;Eli%% 28 332.7 £20.9 18 574.1 1 507.3 3.2£7.3 9.8 1.8 6.1+0.5
. ricketti
F 254.289 ** 187.412"" 0. 882 15. 669" 21.135 "
#*% P <0.001 (One-svay ANOVA)
50 B R KB R B (P >0.05), W s :
[CEiE 5rh B2 R B AR E (P>0.05), HAi ! *et,
e = N7 2 = S g 3
ZRA N E, BASECEERBT 6 M e AT g ] v e
w N - NS . A g 2 N @
SR B S, ENTFERER AT 07 XK g . n os
— g 1 - °P 150 A 0 o -
H]%E‘I‘E‘EZ?EZ:IEJO g 0 0’.4A°;0°. 38 D:
F 6l 0 3R 1) SRR H AT, AR L AA,&I»““‘_ f:{r“ .y
o = = v o - & & m}
W, SRR SR L, e B | WA P4 At
= o =x =5 ey al
PRI 0695 2505 PR 1, 96 90 LB B 2 = R B -
- » —group
b, RERBEEEESERR E (B 3), £Bl6 4
-4 -2 0 2 4 6 8

ol 8 L AT AN [R) 08 AT REAE
2.3 WIEENAFS

6 i 1 1 8] 75 A7 15 5 45 0 R AR W iE 4 pir
N, MNP AT DL H 3k S e i 1) ] 7 R S 5 AE AR
W Y 25 S A 045 W R Y 7R U S B T S T A
Br, S5 WoR 6 Fhi g ] =] 5w 15 5 25 ik B
(%3, One-way ANOVA, P <0.001), 6 Fl i 5 )
[l 75 2 6L {7 5 R IF 2 (8] 48 One-way ANOVA [ LSD
PR ] 22 5 0 PEGE T o0 o, BR T 4L AR
JE VRS B S AN, AR e ] 1 32 0 R 2
SEE (P<0.05), ¥ KBRS K8, KE
Syl | b S o R BUERE | R A 46
L v R 5 40 e A ok b s A 2 RN
F (P>0.05); & REWS REE., KL R &
55 v it B K S8 i | v BRI 5 kL R 3 )
FERKHE PR ABERA L EFARE(P>0.05), H
RBPMRZFEE (P<0.05),

3 it
3.1 HASHERK

4% Wing loading component

B3 oS i 32 2 B 3 4R F 3R L 43 AT BT, AR Norberg #i1
Rayner (1987) M 215 Flfs 08 247 09 BF 58 77 1545 th 45 R . 58—
S B 0% W 0 ) R L e AT R R R YRR 5 A R
A ARG B R RE T B0 SR R 5T = RBRACR TRE 65 18
a SLHEAE J1 0 Wi Bl 2R DU G BRAY e A Rl AR TEZR L IX
S B R AT I LA R RAT AR AL A R 1
MESE; 2. RKEREIE; 3. SLE; 4. P EE: 5. KB
W 6 W [CHEIR

Fig. 3 Plot of size-independent components calculated for the bats
in this study from a method on the based on that of Norberg and
Rayner (1987 ) on 215 species. Bats in quadrantl fly fast and are
agile, those in quadrant 2 have good hovering performance; those in
quadrant 3 can hawk slowly and or hover; those in quadrant 4 can fly
in clutter but also have high-speed commuting flight 1. M. siligo—
rensis 3 2: M. ricketti; 3: N. Plancyi; 4: H. larvatus; 5 : H. armi-

ger; 6: H. pratti

i s L A T B AR SR, e B R T W
AP R T L T RRAR R /N, TR AR R AT R
PERAL 3 M AL ( Norberg and Rayner, 1987)
AWFFE R 6 Tl i v, [ o A0 A i A e 3L
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Table 3 Comparison of echolocation call parameters of six bat species ( Time in ms, frequency in kHz)
7SR A I i e PN Hh i 0 [ e Gl b K2 RH iR -
Call parameters H. pratti H. armiger H. larvatus M. siligorensis N. plancyi M. ricketti
ik i 7 i
. 12.7 £12.9 11.2£2.0 7.8+0.9 8.5+£3.6 11.5£3.3 6.6+3.3 12.726
Call duration ( ms)
e i [
ﬂﬂ({*ﬂlﬁ 31.9 £26.3 32.6£24.5 16.0 £10.4 53.7+23. 4 57.8 £8.4 53.1£25.4 36. 717"
Interval time (ms)
i %
ituﬁ}‘, 77.5 £10.7 55.9+3.4 62.1+9.7 61.898""
The beginning frequency (k Hz)
36.8 4.2 41.7 6.6 29.4 +4.1 .
The ending frequency( kHz) 165.091
K
61.2£0.8 68.6 0.7 85.2+0.5 50.7 £3.8 49.0+0.4 39.9 £3.2 r
The dominant frequency (kHz) * * * * * * 3527. 147
N
e 3% 28.5% 25. 6% 32.8% 13.7% 16.6% 11.1% 94.200**
Duty cycle

#% P <0.001(One-way ANOVA)

kHzy
100 A
i c D
B -‘ | F
50 %

TG

50 ms

Pl 4 i ) R0 7 S o ] A A B A T U B R R
Co P B D < B H R E L 200 IR F oK RUH IR

Fig. 4 Spectrograms of echolocation calls of six bat species. A: H.
pratti; B: H. armiger; C:H. larvatus; D: M. siligorensis; E: N.

plancyi; ¥ .M. ricketti

2, RE R LR h AR, B TR AT A
%, B ITREE AR, R8T, BAELW
FBE CATRES), (HAEEZ fife 2/ B A AE P B e
EAERCAZEY B AR P EE T ER RN E R
Hbr, X5EITE (2001b) ¥ [ 6 F Rk B s
BIBF T 45 RARAAL ;. h B s B b 438 48 (K3 R
e rh AR AR B, WATHEE AR, AT R UERE
REPR BT I e AE ; BAR BAH XTI, RATRCR R MK,
HEA RIS P A “ITRE S, RES e 8 b 45
KN R R 25 G RATAEF AN WES & B B
IR BB 7E 22 PR BE AT R ML KAT. BR T Bates
25 (2000) A H4E (2006) BT R H- AR Y
AR, WK, REek, Bk, BKMFRRET
B L v Y PR AT R ST AN SRR R E kAT

RS Y 0] 75 5 o7 MY 75 AN 3R RRAE R AT 5 HRGE . AR
WHFFE Y, R AR AR AR A
RE e %, VEIIE M /N, J& TARE €47
x, WATRIEMER, eSS AT, S T
RE K, EAEZMRE/NA R A2, 45538107
(BT AN SR, 8 H R B i P BRI R R 2% 1 R B v
WEEP TR R, gulig B A mEs . PgERE
J L FREE IR £, Beas b AT, (H®AT RIE M
AN RESmAC AT, Has e WATREIR, &
G AN R R, SRR, R AEE
P A 58 R EAT A A RAT . KR ROE IR B A AR R
o, IRE R LM EE AR, CATHE TS, T
RIEWERL, Sh e CITRe i, Eaads
HERDFEERM, X5 (2009) X [F—
AL Y R BRUER IR A R AT 4 SR AR E AL, S5
S FRCERBR AR | R R Y 2 TR G 8 98 A K T
s, (HA AT LR A G AR 2% A AR R TR AT
e (5AR%, 2003, 2004) . WiE KAT4T N A
BT A SEBFHEAHYIX R, @i X 6 F i )
FAVERE AT 00, BALR) 22 KA E AT AR
AN AT AR, IR HE ARFEERG R R, ot
T E 4 £ 225 (B RN % G b= A Ak T sk 5 3% 20 1Y
Pl el 5 4, AR AT RE 2 [F) o LA < 0 3L A7
3.2 BRI

WFFE R, W 0 75 0 23 5 A R R /N 22 [ 3l
EAEE BT C, BRI, A J00R
ik, RZ, BB /N, 75 % 0 % 8 & (Jones,
1999) . ¥ [C B i K B 0 A0 v B 0 [ 8 T B
Bl FEARTE I, W IREE > REGWE > hEE, 75E
Wi b, R CEIE < REFIR < PR (R 3), 4
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R — PR SE TR E R SRR KON Z AR
MXRKFR, BE, SURIFRAEL, 7 s
(2001b) WIBFFEH, 5 GG 8 A ] 7S 2 7 i 75 Y
TR (76.43 kHz) ZEHARMFFE A& LR 2%,
MERN (58.7 g) HARWBIG (51.0 g) 2
Ko Zead 5 KB A B ) =S 2 RS (K
R SCEE 20005 S YLAE, 2001b) WYL R B, A
HF 5% H R B 0 D PP B ) R R AR (40 h
68.6 kHz, 45.4 g #185.2 kHz, 18.1 g) # KT I
RIS 45 R (KRB 22 518 76.2 kHz, 59.1 ¢
M 74.1 kHz, 59.1 g; WG 2 9 96.0 kHz,
21.7 g f192.1 kHz, 19.7 g), iX Al fig 55 Wi i A9 5%
ERE (BRmARL) A K, EAh & X 4k
& )& (Rhinolophus) UG IEAT T LAY, 455
U 150 W P 5 A 3R 5 R KN Z TR AE 2 W 3 i) £ A
& (Heller and Helversen, 1989; Kingston et al. ,
2000) . FE H A 8w 5& A9 B 5% b, o5k AL AR A
(2002 ) X [13k 20 A3 (%) Jd F0 068 148 Jd P AR AT RS
AT, R IR TR A /N ) i 0 A 3 L AR R A K Y
8 i PR AR IYLAE (2001a) XF KRR HUR
K BRE IR 58 & 0, AR A R ROV i 32 00 %
Eb AN PRI KRR BB RN PRBCSE (2002)
XoF il R 1) 6 A s s [T P A 7 R IR AR R OC &R
HEATARSY, 15BN 45 R [RAE UL 1 i 4R 5 AR
K/ANZ A FE & B B i A 5, 55 4h, Jones
(1993) FERFFEINME BRUE- I8 rp il B 3, A8 —A> Fi R
W, AR A AR R 8 T e Y U R S AR B I
T ARRL N AR, AT ST 55 A8 3 1 W I 47
o, EATEE T imeE R, SRR N (5.2 g),
FHCRM R, 5315 (2006) MHREAHM L,
Hon A 45 AR AR (50.7 kHz vs 85.4 kHz) fK &
MWK (5.2 gvs3.5¢), MFLRE T MR
HREREAK; gliim ke B = 450R 5
REAZGAG, HE5HATERKE0MEC, AR
HRR BRCER I A S ACR R (R E S kA (2009)
B 38 Fe A —FL (39.9 kHz vs 40. 2 kHz, 18.1 g vs
20. 4 g), XELTFSREE LU, MR SR 2R R
FhiE) S8 G i 5 5, SR A AL B ARG
3.3 WIEEMNFESSHE
REHmIEM LR T hies, erFHm
FEAE AL 7RI, B B BIEA Y HAR (Bog-
danowicz et al. , 1999) . AMFFEHY 6 bl g b,
PGB M | A B o 0 v B o SR R R RL, JB T CF -
FM A g 0E 5 VL AF (2001b) Bk RE SC A

(2000 ) AYBTFEEE AR, gl BRUCH e . 23000 B A
K2 BRH IR SRR e iw B, BT FM ALRIE . AR
G855 — YOG G5 1L R 1) [ o7 7R R A T R, T v
Pt B K R BRI Y iy PR SRR R A S S ) AR
(2006) FOAESEAE (2009) BYAF TR S5 R AL, 4%
B8 Jennings ¢ (2004) XTRERIA AR T, 6 Fp
M 4R E TR BRI FE (>10%, £3)., F
BRI | R I8 i A B s () s A R AR R T
CF — FM AL 32 480 A& 75 4 A0 i 0% v J& 3 o 55 0 1K,
BRI B AT 3 5 AR e ] [T B b Oy ) s 1) 447 4 i
arE AT E MR KRR B (A,
2001b), 7 /BB H- G 7 6 i I rh R/, [l
ALY g PR (FM), Harsed kK, kbt
FRAR G, 3 10 B vy Pt R 0 A9 A8 4 15 20 1) e At
5FhimiE NS 2, HEEAERE SR ($51%,
2006) , KRR | mA AR HAT 298 U ey
FE I 7 AR AR RE AR PR 0 W 9585 T A A& R LR 2 B 3
B, WndE W 2z a) e g R A 2 AT R
TERS I b Bl T 3 AT B2 % (Neuweiler,
1989 ; Schnitziler and Kalko, 1998) . & 111 #§ A4 [A] A5
JEA Y RS R AR BAT 3 ML, RTREE TR
FERY SR LR R ] 7S A Y 7R R B AR AR AR SR
WU, FEWER N 49.0 kHz, BAK K0 = 55 R E
AR B R B R R A W] T S Y
H, W&, feis 5 Ural 20 ~50 kHz (19 4 7 i
(Fullard and Dawson, 1997 ), 1 #F 4 4709 411
BA 3 /Mg R 2 i 3083 i i H
() 5 W R PSP DAL R R s i B B
P B ZESO A R AR B A M 7S M i B B L (1K
E) BoE HEME AN EEEER R, K2
SRR 5 e i B B — AR R TR A (FM)
ALK, Bkoh B RRARAE, FE AN 39.9 kHe,
b HRRRANE SR E (RMER B )E ), ¥
HRKERBIEREEZSFM AR PR, RS AEK
T EA s, o nT DUZE R AR 2 SR P 98 I 1) b
JrEEE MO T AT R T RN B Y A
(784, 2004) , AT UL, 6 Bl 76 [l 7 A {55
LFHEER, REAPECENH & AT x40
AE AN

Zr L ErIR, 6 Fhw g Y [0l 75 A7 4T Sk AR A 2
SE, ATRES R T AT AR B AR B A AR e
EEMENE LUAEHRNES, NmELESA
=3 W RN C i AN U I DO R = /RS R I E R
2 AR SE 4, (1A 6 i IR BE 08 A1 L A7 T 1A
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