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Abstract: Bats belonging to Microchiroptera have been known one of the most gregarious mammals. They rely
mainly on acoustic signals to communicate in darkness and maintain their social structures. Some species
demonstrate a diverse repertoire of syllables, but few studies have conducted on their social calls for specific
species. We recorded the social vocalizations of captive adult Murina leucogaster and analyzed its spectral
characteristics based on the shape of sound wave in the spectrogram. Communication calls were grouped together
into preliminary vocalization types based on their visual similarity in sonograms, and then we performed a
principal component analysis (PCA) and a discriminant function analysis ( DFAs) to confirm the preliminary
classification. The results show that M. leucogaster possess a rich repertoire of social vocalizations with sixteen
distinct syllable types. These syllables were further categorized into 13 simple syllables and 3 composite
syllables, and most of them had multiple harmonics. Simple syllables can be classified into 9 frequency

modulation syllables, 2 quasi-constant frequency syllables and 2 noise burst syllables. Composite syllables
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consist of simple syllables conjoined without any silent interval. Maximum frequency of fundamental frequency,

bandwidth of fundamental frequency and duration were highly correlated to the types of frequency modulation

syllables. These results provide a basis for future studies not only of the behavioral significance of vocalization,

but also of the neural basis of vocal communication in the M. leucogaster.

Key words: Murina leucogaster; Communication calls; Syllable types; Spectrogram characteristics
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Fig.1 The spectrograms and oscillograms of simple syllables
AT B T A I SR TR B (B AT) RS E (AT ) o ac RV PEMI 95 5 b HETE MR 3 5 5 o0 A5X IR 5 d. Sk SORIE I
e B R PRI W L DRI E N e VIR RS E Y s h IR SX R Y s SO R AR ). IR N k. R T AR AR L

T M s m. KR FE A M

The oscillograms ( upper trace) and spectrograms ( lower trace) of simple syllables.

b. Arched-frequency modulation syllable ;

e. Trill frequency modulation syllable ;
frequency modulation syllable;

constant frequency syllable;

f. Upward frequency modulation syllable ;
i. Single,

1. Broadband noise burst,

c. Cosinusoidal frequency modulation syllable ;

humped frequency modulation syllable; j. Quasi-constant frequency syllable;

short syllable;

g. V-shape frequency modulation syllable ;

m. Rectangular broadband noise burst,

a. Downward frequency modulation syllable;
d. Wrinkled frequency modulation syllable;
h. Sinusoidal
k. Torus quasi-

long syllable.
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Fig.2 The spectrograms and oscillograms of composites
A AR RHOE B EAT) RS (R AT) o a. M- IR RS 35 5 b MR - IE SX PR A& 4 s e MR -2RAEAR S Y

The oscillograms (upper trace) and spectrograms (lower trace) of composites. a. Noise burst-downward frequency modulation

syllable; b. Noise burst-sinusoidal frequency modulation syllable; c. Noise burst-quasi- constant frequency syllable.

2N, FFLLAT [ 298 (20,25 £2.39) ms,
BRI 1A 960 (84. 17 £14.23) kHz, 55—
P e 2k (67.49 £15.91) kHz( & 1d,% 1),
2.1 1.5 B OR ST B RO (il
FM, il M) B $7 22 I [ A4 o 5 — 38 kS 1R A3
R Yy (38.44 +7.81) kHz, & [ 5 % Ky (27. 64
+6.93) kHz, iy B 2 40 % 1 A
wriFM F TR BAR, IR Z N 3 A, W2
A wiFM EF 9 —E I (E le, 3R 1),

2.1.1.6 B iR MM & b R AR Y
(upward FM, UFM ) 5 25 i [B] 5840, HY 21> 18
Lo B — I PR O (21,71 £6.09)
kHz ~ (33.42 +6.21) kHz( & 1f,% 1), UFM
LR e SR o LN R S A
HE A A P I A FR 43, T i e AR S IR AE
P R 2R Ay (L)

2.1.1.7 VIEWEME Y VIBREM A (V
shape FM, VFM ) F ¥4 5 4 b5} [a] Jy (10.52 +
2.58) ms, — P EEMPEILHEHE 3 ~5 M
e o VEM &1 (4 00 bl B B) 2 R S B 7R
PR S VIES (E 1g) o i mk
R A RN L AR A S, L T R R B —
T 95 (25.69 £14.00) kHz( £ 1),
2.1.1.8  GE XM T IE 5% AR
(sinusoidal FM, SFM ) [ % {K 45 55 & /N, N
(20.98 + 19.00) kHz, £ 2 i 8] & K, ik
(81.17 £36.62) ms, 55—l ik i m iR 4

(31.63 = 4.11) kHz, 3 e F ¥ (9.60 =
3.00) kHz( 8] 1h,3% 1), SFM fR /> BA H B,
WS (NB) HA LA &, 24 SFM
— S I, R B D

2.1.1.9 O B T B DA O Y
(single, humped FM, sHFM ) ¥ 22 B (8] 8¢ K,
(86.27 +19.52) ms, il H AL A WL F 55 — i
W, RIGHR N (42,57 £2.39) kHz, 2 115 K
H(25.30 +4.26) kHz, & K fe & 450 K H
(26.90 +4.44) kHz ([ 1i,%£ 1), ® HEZ 1
sHFM 5 45 — 2 th B, #5745 304 1] 1) B b [ 5
2.1.2  MEEAE HETE S E Y (quasi-CF,
QCF) JH i) P sh A/ , A HAT BRI P 431 4 (A
DFM [UFM) 1 RAE , PRI 33X 2 49 4] 70 Oy 1
W o I oA, A A E 2 FhETE I E T,
A 3 B IO S AR R R Xy, Hoh
g M e A B o0 A 4 g A T 7R AR 0 Y (torus
quasi-CF , torQCF ) , BHA H A4 A AR A5 19
2.1.2.1 fEEBETT AEEBE T 20K
S5K RIS ~ 6 AN I R, TP AR —
e R A (K 1j) o QCF ¥ 15 Y HESARAE , 26 —
W ARSI AR 0 (18,98 = 1.21) kHz, 5 —iif
PR B KRR 2 (22.10 = 1. 83) kHz, QCF
WA E B e 5 NB — &,
2.1.2.2  FREIMETE AR T A T o E A Y
(torQCF) FrL i} [a] Jg , {4 o~ (9. 19 £3.08) ms
(1) o torQCF ¥ 5 i 2214 I fi] B35 5 P ig i
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B 20 — R 3CH = I, W & A 11 ~ 17 i
Weo eI R E A BOR L —/NBCER T, AR
PEBA KA 3G A AL b5 MEE SRR I, PR i A
Z O A AR A (8 1K) o

2.1.3  WEE A A 22 I [A] (NB)
4y R % SE 7 B (broadband NB, short, BNBs)
MK AT 56 37 M 5 (rectangular broadband NB,
long,rBNBI) , e RS2 i) [A] /N T 35 ms f) 4 %8
Vit (BNBs)  RFE2mf[A] R T 35 ms YK
FEE 98 e (xBNBL) o 457 22 i 8] < i 1) 7 129
(B (35 ms) 238 o J 7 BT A7 M 3 R 28 15 [i] 11 XL

WS 4
2131 AEGEHRT  BNBs 45T S HF S

255 (16.96 +8.52) ms, /¥ 5 R4 58 0
(79.88 +11.86) kHz, JoH] W 1185 ik 45 4 , 72
PR AWK LR ),

2.1.3.2 KM BNBl 4545
BNBs & 19 AHIT , Hh T 5 22 I 8] B, 78 75 35 5]
ERRKFEIE AR (K 1m) o BNBL & 75 i % {4
o (87.51 = 11.64) kHz, H % N £ 4
rBNBl — & HH(F£ 1),

2.2 @HEET HAEGEFWHWAEPANLLER
PRI A, HLA% FR 43 [A] T AT 75 Jok e [ B o 3 3o 20
JRAZZH A 7 ) BT T R A 44 AN TR 2R A 2
B, ARSCHE LT 3 MORRIHEE T (E12),
2.2.1 MEF-R RS M- R U
&5 (NB-downward FM, NB-DFM ) f M 35 i1
AR it 3% 4 1Y R U B 1 A AR (8] 2a) o NB-
DFM &5 F 22 iF 0] &y (91.38 +13.24) ms, #F
Fi A (79.04 £14.49) kHz, 7 # 1A i) B b 4t
FMp AR AT (% 1) . NB-DFM &% 5 % 4
ZA BN

2.2.2 MERE-IE SRR ARG Y MR -IE 5K R
77 ( NB-sinusoidal FM, NB-SFM ) Hy ' 3 A1 Fil
AEBZ VR 19 S A . NB-SFM Y 75 1% 45 44
5 NB-DFM & 5 AH B, 249 Sy i ik ) 28 4k, 5 o
W, 2 J5 o A8 T (DFM L SFM) (18] 2b)
PR B AR AR (12,29 £3.22) kHz, 4 98

(43.41 £15.17) kHz(F 1),
2.2.3 MR -RAfE B

(=}

Ly SR

(NB-quasi-CF, NB-QCF) iy 74 3% 45 #4 & U T 7&
— BRI A RS (BNBD) FHEAT 1 ~
2 AR (QCF) (1B 2¢) o HABH T
Frae it AR K, FH T 3k (141. 40 £36. 64) ms,
7 B R AR T2 O (64. 52 £24.34) kHaz, i
UGE RSN PSR | e i SO IS
PR (E 1) o

3 i

il 8 2 PR A T M Bl , R 43 I T T A R TR
PRI AL PR K 7 AT 6 S i THORT A I 1Y T 2T
3 (Ma et al. 2006) . [a]if, [ IR 4 & i J2 i Al
BURERETE S (WA 1999) , Hoak BE 4ty &2
Ze AR T AR [F] BR5E9 50T [m) [ £ L 3k
Z AR B BRI 1 O 32 B TR B iy 7 o
SEULAT A AT RE R R LA B B 2 R, AT 4
R HAL RS E o

Xof At %1 45 75 s R ) AOF 9 R B, R R
WO g (G, commissarisi ) 1Y 32 i 4 I 2 /D A
23N 8 Fh A [A] 25 Y ( Knornschild et al. 2010)
AR A8 AN R] 5 9 B I S8 R AR AR 2 8, R
K2 g ( Eptesicus serotinus ) 38 i i Y% & 17 0] 23 Ry
18 Fh e RY, (0 4% 10 B fd] 535 9 A 8 FP2H & &
7 ( Gadziola et al. 2012); EE 7§ R Wi B A
16 Fh & 7 17 0255 (Bohn et al. 2008) , ¥ 47 &Y
Wi W 5T AR o B S B 2 AR . ARAESE
PR B 8 1) 52 07 7 e R AU vh 2= DA 13 Fo

T3 R AT, S AR A, WA
A B Z AR,

P17 5 8 S U 7 IR R 22 Ay R A AR R
LT e 22 W M A B A R I A o
BRI vl SR e O R o B AN N
R ESZAY PRI VRIS ZRROE 2 R IR
R BF5 — TR D e RO AR B — 3 iy B (R SR N [R)
FEESHUAEAREES, HAR S WEH
GITREHE . S LS B 1 — S 1 i A S I
AP I A 5 Rl A Y AR 1Y ER 40 28 T
FE AR, T R AR Y B T o A
A H ORI YT I R T R
A4~ 6 A, — M Wi 8 AT S, Bl 1R A
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FE 432 Principal component 2

[}

FE 43 Principal component 3

2
4 ] 1 1 1 3
) -1 0 1 9 3 -2 -1 0 1 2 3
F 41 Principal component 1 FH4 1 Principal component |
B3 AEFTHFESHIPEIRSHWHSE

Fig.3 Scatter plots of the principal components of different types of syllables
a. AN ) & 1 1 SRR S — F A AR A U R BT b R [ Y R R S RO S — A RN AR = A R R TR
i R AR 2 80% BRI . O FIAME 1Y x HIE WM& 355 + R E 5 A WSCRIAIE Y5 VB 8 M
W < VETASE Y D>V IR Y D SR Y O SR A E Y,

a. Scatter plots of the first and second principal components of different types of syllables; b. Scatter plots of the first and third
principal components of different types of syllables. Ellipses in the pictures show the range of 80% confidence intervals.
O Downward frequency modulation ( DFM ) syllable; x Arched-frequency modulation ( AFM ) syllable; + Cosinusoidal
frequency modulation (cosFM) syllable; A Wrinkled frequency modulation ( WFEM) syllable; V Trill frequency modulation
(triFM) syllable; <1 Upward frequency modulation ( UFM ) syllable; [> V-shape frequency modulation ( VFM) syllable;

[ Sinusoidal frequency modulation (SFM) syllable; < Single, humped frequency modulation (sHFM) syllable.

SR BN S 0 [R) 28 T4 I &t T 24 s B 2 UK
32 BP0 B 52 1 I TA) A I ) 2 O B T
PR 5 25 v BCk M OIS TR) A AR i 2 4 e
[F244547 M ( Gadziola et al. 2012), ASZIG
WLEE 3 M6 S it )T IR A R A T
Y TEL B0 5 9 75 9 2 A g R A i A AR AL
PRI P M A i A TS R T T R
IR B BE TP & B 58 S SR B e
71T A TEET P A9 4 45 D) 7T R 2 7 il 8 52 T P R
JE BRI R B R A L O Bl 1k AR 18] B B A
Fefh o AN, R SR 0 S U AR IR R B T
VBB E Y R E Y S,
Knérnschild 25 (2010) 75 i JE & & M 18 A8 i
P T & B GS6 | GS8 45 I 2K U A 7 3k 4
Fy b o3 A G, G R R R TR I e R R
GS6 R AE R RE I & VAL, 5 I A B Y
VIR IS E T A4, T8 R W 0 R R B

A2 i G g i P B AT [R) S I A H 194 42 Wk P
R IR S VTR TR T T g
B — & B A

A ] 5 53 ) A S B AT O R AR Y
FE, R B IR A L 0 T AR T R AN )
TR AL 75 s RS R Y S5 R (A
B A AR AN I A R AL B R AR
FEUE R AEAN R D REJF R R AR i Herp, 0
AF R G TR AR 4 52 I AR U, U A R
KA 58717 W IG5 - IE 52 8 o 0 I -2
PR 1 M - O I R T A, R O SE
AR Y R s R] BE Bl A 1 RS ( Davison
et al. 2004 ) ; 4 B 85 52 2 T YU, 2 % R
/PR 9 ) 9 SR R U P e R Y A (Plalzer et al.
2003 ) , 4n I PR AR Y, K R R Y )
AESERH L T TEIF I [F] 2 (Russ et al. 2004) ;38
WO AN S R S I AL e LR T 4
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.23 .

FEAT IV 1 98 A0 75 i, BRI R0 Y LV OIE
R, T W A TR . IS AT
F TR A AH B U (Bohn et al. 2007 ) 5 75 fi 18
W | TG A R 23 A I 235 4 52 2% HL 2 AT 9 0
JRA3 BT, A A SE R AR T A SRR
5 M2 75 T i 8 R) < 00 1 4 S 1 L T
& (Barlow et al. 1997) . Pfalzer 2% (2003 ) f4
WF5E 2 WA [R) 288 B 1) 52 U 75 P AE A [R] b 2 i
ol BERRAH RIVE o EAT A b AR SS iR
T3 A W B A P I R SR Y R SR R
P AN g 7 g ] i R A5 2R A (Kanwal
2009 ) , A S 56 v B A 1Y S I 28 R R HRE G
AT RS LB AT 5 2

S U 7 AT ) T Al A S AR 8] 8 A R S A
SEL , v I S AR I 2 A I T AR R AR
WETEAS R 250 B AR SIS Ok o AN 2SS Y 75 g
ol g 1 7 A e R AT SR 7 [R) A A A e g
SICAH , DT 4 = A= A7 R SE TE 19 B B %6 (Liu et
al. 2013) 5 & H SR Hom 75 al DL 21 0 e [7] B
ol /I A A 6 6 1 1) A T 5 5 4 e A s e i 7
A R B R B R T B APE T R T e AR A A
B R a5, 4 e il AR

1 T AT ST 3% 1 B W 0 AT S 2R AL R, H
T o7 X LA 9 0 7 3 5 7 3 6 B i Xof 7 Y R A AT
N R TP R Ak E X F R A
WEAS R AT R RS B 1 2R B e AT IS, LA
71N Wi R A U 7 R IR LS D)RE . HE, AR
e X AR S S U P R 2R R A R A3 N 2 R
8 R T, Ay W I 52 A P AT R AR AT BE Y
RGN T ER ML T A A A

2 % X W
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