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Postnatal Development of Morphological Features and
Vocalization of Rhinolophus pusillus
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Abstract: Postnatal developments of morphological features (forearm and body mass) and vocalization (call
frequencies and durations) of Rhinolophus pusillus were studied in the Jishui Cave of Guilin City from May 31st to July
20th 2006. The morphological changes indicated that infants of R. pusillus grew significantly in the postnatal three weeks
and then gradually slowed down. Both forearm length and body weight were significantly correlated with the growing of
age. Durations of infants’ calls were fairly variable and longer than those of adults. No significant correlation was found
between the duration and age. Spectral characteristics indicated that the calls produced by infants had rather variable
spectrums, unstable frequencies, and multiple harmonics in the first 20 days after birth. Infants over three weeks old
mostly emitted FM-CF-FM type calls. Frequencies of first harmonics were significantly correlated with their age but the
second harmonics did not correlate with age. The call frequencies of the young five-week-old bats were similar with their
adults. The call frequency had a significant linear correlation with forearm length. Our findings indicated that the high
flexible vocal cord and undeveloped nasal chamber might affect the vocalization veracity of new born infants.
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XS SR DA e Ak T T TR L
BRANE DL B ER Y BURAT R 22 57 DA KA 5
11, L% 2E A5 A IR (Kunz & Hood, 2000) JE4
Lo i H, MRS AN AN R IS K
A BT FATDA LA S & B BAR A T/, 4 EAr]
5 ox KAT B & 1 JT 45 I 1) (Kunz &  Anthony,
1996). HAIFLAFI A K 4 (Stern et al, 1997). [H]
P EANLIY F AT A (Moss et al, 1997). $i & FIEFLAT 4
(Rajan & Marimuthu, 1999)%5. 75Xl 1058 5
i, AhiE R E KR B LA KRG, X
WFFURIE 2 ZAR /et e Al PR TG fis
B BE LA WG O R BT, X
S ZHo] U T 1™ R BAE R A o, Bk
W 7 I Bl R R T A AR . AR AR AT
N(Kunz ,1973; Burnet & Kunz, 1982; Kunz &
Robson, 1995; Stern & Kunz, 1998; Baptista et al,
2000; Sharifi, 2004; Rajan & Marimuthu, 1999;
Swift, 2001; Elangovan et al, 2003)F1ZEFIRAT
(Taft & Handley, 1991; Elangovan et al, 2003;
Vater et al, 2003; Zhang et al, 2005;
2007; Shietal, 2008)#5A7LAF7T.

4k 45 3k % ( Rhinolophus pusillus, Temminck,
1834) 38 J& 145 315 Al (Rhinolophidae) %4 3k IF &
(Rhinolophus), =404 TP KR FE 5, A
WV R M A X (Wang, 2003). 2 HHT, A K
BAYPPEZATIE EL Wei et al (2006)F) F LA
0] 7 S A AR S RFAERIT ST, MR A A KN
REWH RS WA WMRIE . Rk T R4 L8
EARKE RO, TFEXZAE AT 3 Ry
PR ARG L =7 T 73 AT W SR A &, PR
AT SR R BT, A Pl e 5
LS A RAT RS E R

1 AR5 7

1.1 FFOMEHF

M 2006 45 H 31 HE 7 H 20 HAEREMTITRE
XA (25° 17.073" N, 110° 21.498" E)Xf4)4E
A SLIE AR . AR KORII R AT TR
M5 28 HIFUA B E e kg, ekl i — A
PRI g A8 Lt A o H TR A TR 4 Al L 7
Sy AN, BRI S eI s TR
BT R, FTUARATA S H 31 H (HP &g 4
JE5 3 R IR E IR

Liu et al,

Xof i i AR S T O TR B AT S R
AHE 2 Bl — 2 YN n ERER% (longitudinal sampling)
bR & F A V2 (mark-recapture), B[ 56 A 2 Wi I 4/ 45
(AR IS TR], AR SR HAbR AT 7 A5 H A
it W A AL BT (0 B I R b AN ) R AR Y 2
B B AE s o — P A HUFE 7% (cross-sectional
sampling) 5B /LK 472 (grab sampling), BI7E H 25 )5
AN B I R FEAS AT M A5 . Pl
JHFEAS B 45 R 22 R AR B3, W1 Baptista et al (2000)
S 2% B E-E (Myotis  lucifugus) 18K R BIF 97 45 51 &
W RHET—F 77 b EED 192045 R 1L
Ja R CRENLRAEZED WEELE, BIRr—h ik
73 21 1) &5 R 5 R TS0 M s gl ) AR K Ol . AR
WM, A AR E A AR A I R oA LU BRI B
RIGHACAE— AR, MIFEZ i), TR
TR — T U, AR R 5
Ko AHSE, 790 DAAEECIRAN 56 4 4l £ F A7 i
ANAA TR D0 T O O 2 A 1 A R AT AT R Al
TFs LEEF AT R O AR 7, Ty LX) g o
HEIE ) TR A o

FEAMT T BATTR FHBEN LA e g, &
B LR D R R R R AR B R
FAE N LR AH RIAMA AT S 1, (2P
PR A R Z Ak o A FEAE IR A CRAUETE [H])
— IR MR L WA, 1 HoAR I B RE
WA A 5 3 ™ B TR JEFRARAT T BREAT A2
WY, 4hiEr AR LY AR, i UK A
SR HE AR SR E, AT B0A5HdkE
IATIEE, DA, FRATRA T RENURE ) ik, B
SR LICREAS B ORUE VA A AH [ AN4, (H i T-3E 3 3%
e AR IS TR R b, AR S SR (IS A a4
i I s 2 . Ak, TR AR AR S
5 JE AR, FRATT AN S AR S R N HEAT
T3 Ol (RBEIA 3 K); B #hiE A
JRZE, DRI A T B I TR) 250 9—20 %, A H 4]
A 531 H. 6 H4H. 6 H8H. 6116
Hy 6 H30HM7JH20H-.

GNIE S R, A T4 W AR L S b £ B

ARl CHENG B AE RIS, 2hiEsy kAT )5,
HMHIRER (mist nest) BEATHHE, RJ5 IR L&)

REE ORI R 0.1g) AT CRSHE] 0.01mm),
Hok o YA S THRRRE . S B 22 e K Ba
ERZA 50 cm [PRRES R il (sampling rate 22050
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Hz with 10 X time expansion, D980, Pettersson
Elektronik, AB, Sweden, 10 time expansion). i K
B2 VIS T A W 5 [ U S

12 KB, EEShESHESRIT

ol 38 PR AR BB S B AT GE vt 23 B, ARFE Swift
(2001). Elangovan et al (2003). Sharifi (2004)[*)77
%, WHATE K SEE . AE SR IOCR ST
—JCEREIRNA o 3k HDR Rt 22 AR KB A0L & S 44 Sk
IE AR AT R K R . g H K A= G
KA E B AT KO A X 100%; 42
5 R H=RREZE T IE X 100%.

W § 75 & 4> AT 4K A A Avisoft-SASLab  Pro
(version 4.3; Avisoft Bioacoustics, German). Z;#7/H]
SRS W [P (oscillogram), FFT at 1024
points in Hamming window]HI4 % [ fit & &l (power
spectrum), FFT at 1024 points in Hamming window].
W E1E ] FFT o4 512 points (Hamming window
with 75% overlap)(Ma et al, 2006), #iZFl1 i 1] 73 HF
Zr N 488Hz A1 0.52ms.

50 SR P 8+ b 22 (mean £
SD) Koo Frf Ba R M geih- Bt SPSS 10.0 it
T Hr b # . JE & FIAFE I 2= = PR RCR
One-way ANOVA. 5 1 1% 55 2 IS e 5 4p
WK REAT T RTEH O/ B s R KR 4y ny 7
LB B 2 IUAE TR A O .
JKAF-2A P<0.05,

2 4 B

2.1 HEFFHRBFRSEHRENAR

K AF U 2 1) A HE R R S e R (R
Fs504=80.005, df=5, P=0.000<0.01; 7 & K :
Fs04=226.137, df=5, P= 0.000<0.01, One-way
ANOVA), il HL[R—4F 88 41 Py ATLEAR K 1 3

(K Do BAPFILMAE T 100 HbwiEhiE, i
HIADHRIERL AR 3 K. 57 K. 5 11K,
5520 K. 55 35 KFIZE 55 K. JE4LIEANIE A
BPARR MRS . RIS, BAH, HAE BENGTE
REAARTRIIGHS . 728 3 R TR FTE K20 2.32
g1 17.44mm, 53 51 7 S i B 1) 46.02% 811 47.11%.
KATESR 7 RIS YIETFURIIR, 8 SR 2 &
K REFIRTE K439 0 3.05 gfl 22.50 mm, 437l
7 AR B 1K) 60.37%11 60.78%. £EEE 11 KN Bk
HER, AR08 3.50 g1 27.81 mm, 4
A AR MR EE ) 69.45%11 75.12%. 55 20 KB K
AWRIKE, FFURRER, SEN RATRC, X IR E A
R KTk B AR MR A 1) 74.09% 11 87.49% . #E2R 35
RIF, 4huEnT AR AT O202 ®AT, RN AEA
PRIP) 80.77%, TS K KL 0 AR 96.16%, %)
WETT AR S KAT . (B4 55 RINAIIETR-2 5 oI
RGERG TR T MO AT R, P R IS
55 55 RIS AR FE R R K A A 22 AR N (i

#: Fis5=0.721, df=1, P=0.406 > 0.05; HIEK:
F1s55=0.889, df=1, P=0.357 > 0.05 , One-way

ANOVA).

LA R KR A S 11 RN E
HA 5 FRAFAEAI R G R (Fpu=141.846, n=51,
P=0.000<0.01) . &)l A4 F 194 A 75 AR S5 a8 8 b
B, Z% 20 RINEAR, BEREMITH §E KGR
HIRIUN P Shlg h mARTE A N AL S R A
(coefficient of variation) Bt EHAIEAR—F, TR
JEHY 11 RNECOR, BEERRIC (3R 2). @ik
I AT A 0% 20 1) S B 3 T 0 B8OR G G R (R
W SIRTE: Fyu05=12.26, df=4, P=0.025<0.05; 4E#t5
R K Fy95=8.76, df=4, P=0.042<0.05)(l 1A, B).
1 WoRTEHAES I 1T R PN S 1 A i R0
B AR R IR, TR S e TR

® 1 DEFFRIBEREMFTEK
Tab.1 Body weight and forearm length of young Rhinolophus pusillus

Fi CR) Age (days)

1A TE Body weight (g) (Mean=SD, range)

A K Forearm length (mm) (Mean+SD, range)

3rd (n=14) 2.3240.24, 2.00—2.70 (46.02%)
7th (n=11) 3.0540.37, 2.50—3.60 (60.37%)
11th (n=26) 3.5040.27, 3.00—4.10 (69.45%)
20th(n=37) 3.7440.26, 3.30—4.30, (74.09%)
35th (n=4) 4.08+0.11, 3.90—4.20 (80.77%)
55th (n=8) 4.60+0.20, 4.30—4.90 (91.18%)

Ak Adult (n=49) 5.0440.60

17.44£1.67, 15.00—20.60 (47.11%)
22.50£2.82, 18.00—25.80 (60.78%)
27.81£1.97,23.80—31.10 (75.12%)
32.3941.56, 27.60—35.00 (87.49%)
35.601£0.42, 35.20—36.20 (96.16%)
36.3510.43, 35.60—36.90 (98.19%)
37.02+0.80

nOREAR, 355 A ONARR R AR 2 B

n=samples, relative percentage to adults in parenthesis.
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Fig. 1 Logarithmic correlation between body weight (A) and forearm length (B) with age of

young Rhinolophus pusillus

R 2 PFEFFREERESERKTRRY

Tab.2 Growth rate and variation coefficient of young Rhinolophus pusillus

e RO PRERE AR HIEERSERSS PREA S R BB R AR S R
Age (days) Growth rate of body weight Growth rate of forearm length Coefficient of variation (%) Coefficient of variation (%)

3rd (n=14) — — 10.19 9.59

7th (n=11) 7.80 7.25 12.16 12.55

11th (n=26) 3.76 5.90 7.73 7.098

20th (n=37) 1.67 4.12 6.96 4.82

35th (n=4) 2.26 2.48 2.67 1.19

55th (n=8) 3.22 0.53 4.35 1.18

2.2 HFFER SRR Y A HRE
RS S AE AR JS 1 R Y Y S I TR AT
WK, BERRENA /N HoRE GHARGESE 3 1O
R GIERI AR T 4 Bl (B 2A), TR
TE A& FER (<60 ms) . EHIR(ZI K 37kHz, N EEE
AR FE ) 33.18%)FE I 2 (=3 MK 3), T4
RS 2(92.86%), MRS 1 Fl2k
MY FERPLT CF A&, HEIFH RS H((E
2Aa); 5 2 FPSRAYH CF MY AHAL, {H CF 4 i&
SHORES (& 2Ab); 5 3 R ALNY 200
My, Y S ETHRAE (B 2Ac); A 4 Fh
RAIY Ry 3—4 ANEr 3 AL R 4k
LAY R, TR 2 () SRR AE S 1T LA A A
SRR A FM ey, iR — A O A
FHEF TR, AR 2Ad). H 7 RIS
WE YRR =B 3 R (8] 2B, SRR
T 3 MEB AL, A H CF 2y Rk
FM #4r 4s &5 2 AP dny 5 O I CF Jesy, H
3AMEPA R, FIEPOAEE 1 IEB(100%), FAE
2174 39 kHz, ETFRIRAFER) 35.03% (R 2). 5 11

RIS, MY PR 24 3 Bl (8] 2C);5 25 1 2B (&
2Ca) M5 3 KM (K 2Ce) = # 2 8 T
FM-CF-FM % H =2 FFH1) FM S b R4 FM
B, FUE PN R TS B 2 Y A
CF 7> 20 (&l 2Cb); 7EIX 3 Fpy 2R A0 r, ny s
Aot BRI LY 58.82%, IMITEES 2
W 41.18%, THFN 70.41kHz, LJH3IKL
1) 63.85%. 5 20 KN, MY AR A A (1] 2D),
PR R R () T O S N SR AR AN (R, Y RS AT
FM-CF-FM 7,  HA5 — 9% b 3 895(100%), -
W%k 105.28kHz, ETFEIEAEN 95.47%. 55 35
RIN, MRS A 2 Ff (& 2E), Pkl
BIrh L) CF-FM A A 3, H FM 53 10k
TSN EE 2 9% (100%), EHFE K 108.43 kHz,

BB AER] 98.33% (K 3), IXIFEEAL RAEAA
(1) AR AR AL, (X P o L 75 1) = A5 AT s A 22
Fto Y 55 RIN, MYFERAFLAA 1M (K 2F), Y
PR E BRI ALK 2G), 2 2L FM-CF-FM
e, AR BT FM 50 B R FM R, 25
W AP (100%), FAHEK 109.26kHz (K 3).



]

F A WIS R

95

’ B >
100 F _ 100 F 100 !’—"
80 F — 30 F s 80 i
-~ v\ ‘\ — s
60 F : 60 F 60
é oE— _ - 0 Fmy — TY W0 ) |
T2k . N 20 F : 20
) a b [ d 25 ms a b c a b
g D E -
£ 100 —_ 0 F | 100 i 100 F
EI00F 100 ) | '
T80 80 F 80 80 F
60 60 F 60 60 F
—_— ]
40 40k 40 40 F
20 20 F 20 20 F
a b a b

K 2 FE% kIR IELE I (A—F 4h4E,

G 84 AL L A)

Fig. 2 Call spectrograms of Rhinolophus pusillus (A—F: young individuals, G: adult; Time scale in A)

R 3 RN FE SRR B HHE

Tab.3 Sound spectrotemporal characteristics of Rhinolophus pusillus(Mean + SD, range, median)

I Age iNpEd CoatiY S ES S IR T F IR
(X, Day) Duration (ms) F 1st (kHz) F 2nd (kHz) Peak F (kHz) Peak harmonic
3rd (n=13) 53.85429.63, 38.561+9.67, 72.98+7.86, 36.591+4.28, 2nd Harmonic,
27.30—116.00, 45.00 30.50—70.14, 35.87 67.33—98.16, 70.86 30.50—70.91, 37.09 1/14 (7.14%), 1st
Harmonic, 13/14(92.86%)
7th(n=25) 80.84 +22.80, 38.631+3.23, 75.60£6.02, 38.63+3.23, 1st Harmonic,
54.00—129.00, 73.00 34.69—42.54, 38.64 69.42—85.13, 72.00 34.69—42.54, 38.64 24/24 (100%)
11th(n=18) 57.01%+16.13, 48.54+2.16, 97.43+4.21, 70.41£25.15, st Harmonic,

38.00—107.0, 56.75

45.42—51.07,49.44

90.85—102.16, 99.02

45.42—103.16, 51.05

10/17 (58.82%), 2nd
Harmonic, 7/17 (41.18%)

20th (n=139) 86.17£28.99, 52.76 £4.07, 105.28 £2.09, 105.28 £2.09, 2nd Harmonic,
35.40—177.00, 85.50 26.80—70.92, 52.59 102.24—108.66, 105.18 102.24—108.66, 105.18 138/138 (100%)
35th (n=26) 66.64+27.77, 53.9610.44, 108.43£0.92, 108.43£0.92, 2nd Harmonic,
32.00—118.00, 56.50 53.40—54.60, 54.16 106.73—109.41, 108.49 106.73—109.41, 108.49 25/25 (100%)
55th (n=11) 85.27£19.18, 55.68+2.00, 109.26+0.17, 109.26+0.17, 2nd Harmonic,
66.00—124.00, 78.00 55.66—5.57, 55.69 109.08—109.52, 109.17 109.08—109.52, 109.17 11/11 (100%)
Adult (n=30) 44.95+12.83, 55.13£0.65 110.27+1.30, 110.27+1.30, 2nd Harmonic,

24.80—74.10, 42.50

53.85—55.98, 55.44

107.70—111.99, 110.86

107.70—111.99, 110.86

30/30 (100%)

GETF s 5% A7 AL ) B3R I e 22 5 2 3 ()

Fi: Fs24=80.08, df=6, P<0.01; i iz
Fs214=165.18, df=6, P<0.01; &5 — i 3 4 % .

Fs5240=205.17, df=6, P<0.01). #hlEfE Rkt FEdny
PR AR B HTAR /N (] 3), 1117 R % Bl 284k HI AR
B 4). hIEAESE 55 R EARRE L T RAE
AN, ARG RT A Y S I RR A 2 KT RO A A
(F135=5.00, df=1, P<0.01), {HHYAEMIH CE—I& )
G AR T AR (F ) 36=20.00, df=1, P=0.007)ak 2T
AR BB ) (F135=88.00, df=1, P=0.023). |A|
A3 BT S8 B — 1 AR B K B I R IO O
PE(Fs214=9.59, df=5, P=0.036), Il 55 & 54E# 1)
X K R AT IR IIHEF(F5.240=7.10, df=5, P=0.056). %))

WA % A e B Y 7 IR R A T A A A Y N R, (H
R A TE W] WA OGO R (K 4). Ji4h, K
FILUENY FE R EE 1 e 55 2 I A W A O
(FA and F1: Fs,100=65.70, df=5, P=0.001; FA and F2:
Fs.100=70.88, df=5, P=0.001)(&] 5)-

3% i

3.1 HEFEFFKBEHHELE

AU AE T IR OB A AL A A AE
IADGHE . FRATTABL, AELNEEARS Ak 7 i
P2 AR IR AR XM RRRER, AR se et
BERIRFL. AEHT 20 K, R B I FLA IR,
R KORIRHTR D, S 20 R KORIE F By
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Fig. 3 Logarithmic correlation between frequencies of
Ist and 2nd harmonic with age of young
Rhinolophus pusillus (F1, F2 refers to first and
second harmonic of calls respectively)
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Fig. 5 Linear correlation between forearm length and
call frequencies of first and second harmonic of
young Rhinolophus pusillus (F1 and F2: first and
second harmonic respectively; FA: forearm length)

%, XMAERN O RS AIIEAETT 20 KAETIZE
AR K. 9 20 KJa, BEFLAREZHH L
HHORI a2, RE KOt haets, 2 35
RIS THGHEAT AN RAT A0S, KB BOATRE +K
ARAT AL 1 B W)oK SR #0231 FE I RE T 3 U7
PREE LRI EENS, ANt ] e e Wl A T 462 |
e VR PN T U6 kA7 i 7 s A A 2 AR 7L 1)
B BB W A8 47 K (Kunz, 1987), KLU

120
100 f
o ®
Z sof
=
=
=
= ®
a
L. O0F
a3 ®
40
2[. 1 L L L 1 1
37 1 20 35 55
i} Days

Kl 4 ZEESG SKIREERE S IN LRI R R
Fig. 4 Relationship between age and duration
of young Rhinolophus pusillus

Hoying & Kunz (1998). Sharifi (2004). Shi (2008)
WA 25 3. 35 R, BRI, 3645 ks T
4 BT VAT AEIG IR RE T, e AL BIAH G 78 2
Y, AREEHNIN. XA KIS W T P
% 3k IE (Rhinolophus mehelyi; Sharifi, 2004), H14£
LL1#% (Nyctalus velutinus; Shi, 2008). £ i E K 77 TH ,
BARILORFHIE K, (AIGKR —H 2RI T REH. 7
ANBREEY H B, A RATET, A0SR A
AR BRI, AT S AT, EAT
(AR 42 /D WA B AT R B TR 70%, 7B /A
B KNS B AR 90%A11 95% (iMaeda ,1972;
Kunz & Stern, 1995; Swift, 2001). AHFFTH, Fdll
ORISR S M AT U 257 RAT I (3 35
R, BT E L B S RRIE R 80.77%, A K
I B AT REIF 1) 96.16%, 15 F IR B FT 45 18 25 A AH
Bhe HFEaEs kIR R A K R T, BARTE K
AR T TR T S i, (EAHLEZ R, AR
WK GHPE KN, X0 RE )il G 3 3
I, AR SO R AR T 4 A 1Y) AT R
PE, DAABRARILAE A% 2] AT TR 42 B ) g
O FE(Hughes et al, 1995), [, X 0] fE 5 il 76
BACE R, AR LT K T ) 2 BB SR
Wi i (Ma et al, 2006). FE4GKIELNFEAME R H 1L
IS —JR AR RO R, 2 Ja KT U IR,
AL (1) g B BT 5 e 2 G 5 Y RF R W) 0 (Tadarida
brasiliensis Mexican, Kunz & Stern,1995). {A® . i



139 F A WIS R 97

BRSHNEERIAEFNARLEHLLR
(R*=0.98 & R’=0.97), H.Io|) £k Wi E (5
JRCAEA AT A B B KA, TR M S 2 Sk i o
JER 55 RIAAERAN SR U5 7 R RIS A 47
1 S B EL RS R IAE RIS B0, I 4 Skl 1Y
PR ARG SR T A B U LT 4R

J5 Ak 3 (Pipistrellus subflavus, Hoying & Kunz, 1998),

VUL F % Sk 5 (Sharifi, 2004) A1 4 111 5 (Shi et al,
2008)
32 GFEFEFKENMFETLE

AU AL P O F o R T A I TV AR IR 2T 2
FESIREE,  HL AR 5 A G 5 R B AR G
BIFFEUE WA A A B A Y P i e 25 32 i LT
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