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Characteristics of Calls of Woolly Hor seshoe Bat Rhinolophus luctus
and Intermediate Hor seshoe Bat R. affinis During Parturition

GUO Dong-Ge XU Yan-Yan WANG Fang WANG Ying LIU Sen’

College of Life Science, Henan Normal University, Xinxiang 453007, China

Abstract: [Objectives] Acoustic signals play a crucial role in transmitting information and maintaining social
stability in animals, especially in gregarious bats which are considered to occupy the ecological niche of the
night sky and rely primarily on biological sonar for navigating in the dark. Acoustic signals mediate a variety
of life history events in nocturnal bats, including reproduction, foraging, communication and spatial navigation.
The parturition is a crucial part of animal reproductive activity, directly determining the survival of offspring
and their female parent. There has been little research on the parturition behavior of wild animals, particularly
the vocalizations during parturition. In the present study, we aim to document the social vocal repertoire of

Rhinolophus luctus and R. affinis during parturition. [M ethods] We caught the pregnant bats with mist net or
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hand net from a nursery colony in Nanyang, Henan Province. All bats were taken into a temporary laboratory
near the roost, and then were given mealworms and water. Vocalizations were picked up with the ultrasonic
acquisition system using a sample rate of 250 kHz at 16 bits/sample. The pregnant bat’s behavior was
monitored via an infrared camera. We measured 8 spectro-temporal parameters from the oscillogram and
spectrogram to quantify syllable features (Table 1 and 2). Then multiple statistical analyses were conducted to
map the acoustic boundaries of different syllables. [Results] A total of 89 syllables were obtained, among
which 6 and 4 types were distinguished from the Woolly Horseshoe Bat and the Intermediate Horseshoe Bat,
respectively (Fig. 1). The cumulative sum of the two largest eigenvalues (corresponding to the first two
principal components) obtained from the principal components analysis explained 71.36% of the total
variation (Table 3). Based on the results of the discriminant function analyses associated with a
subset-validation procedure, 40.5% of syllable types were correctly classified, which was significantly higher
than expected by chance (Fig. 2a). Multidimensional scaling of mean values of multiple parameters further
confirmed notable differences among these syllables in a three-dimensional space (Fig. 2b). In addition,
Euclidean distance analysis showed that there were more significant differences between interspecific
relationship than intraspecific relationship (Table 4). [Conclusion] Our results indicate that these two bat
species use relatively variant social vocalizations with different spectro-temporal features during parturition.
Altogether, the data will provide a reference for further work on the function and vocal mechanisms of
acoustic communication in nocturnal mammals.

Key words: Rhinolophus luctus; R. affinis; Social calls; Parturition; Spectro-temporal features
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RSN EEE IR, ]
DUl I {E 5 S H O AR v, nsRARk
B AR, RBIERE. DUl e B ARk
WS CERES 2023). FIk, FA{ESHEHE
SRR AR RN ZEAE (Guo et al.
2019 Y A BRI 706 S 5 T R a2k,
TRFAZ. TCAT. 93, BFARK, mkk
AN RSB VHAE, X LRI B AR
Bi bl 7RG OKANETEE NS RES R
4% (Holy et al. 2005, Clarke et al. 2006, Bohn
etal. 2008, Hedley 2016) . BTF-HEHIEHE
FeI 7 IE A 2%, R LA — &K
R, ATaEEAEE Tz, M 1400
F (Fenton et al. 2015) o W A1 FH & & A IA )
[ 75 5 L R GUTE SR PRI R 2, HLUR S i
HEEZH, LU HEGESHEERY (TE
5 2020) .
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BEBARAFIMKE 5. BFiggi. Bt
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SR, B BEAR)EEA (Chaverri et al.
2018) o st E A B A () A2 J00 75 U R 2R A 2 22
BFERAEGIY . SZECA S i S, BEEAH
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X, BA S IR SR A B AF 5 S5 WA gk Ak 1)
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(Chaverri et al. 2018) . Jtt4h, Liu 5 (2013)
% 42k 3 Sk 1% ( Rhinolophus ferrumequinum) #f
FORIL, A H B REPE 2 & H RS (short
constant frequency, SCF) M7=, HiXFhazEcny
PR MARRZS . Knornschild 55 (2013) FIH
WA S I EliE (Carollia perspicillata) 4T
R SR I, BHE RN IEAA R B C 4l
RGBSR A (isolation calls) , H.IXFhnymE fg
WBOR RHEMIE B AR H—J7TH, AL
i /NE R (Hipposideros pomona) 4/ 545
A (BRIE R H I “F87R Y75 7, directive calls)
A IERA I H CRIEEE (Jinetal. 2015) &
WAL, 2 g 15 P U IR 7 A S A AR B A A A
IR B AN, DL AT B o] SRR 5
SO A TR i, X KR 2RI
(Saccopteryx bilineata) MIRFFL LI, TERE
T 0 R B L S e [R] T (RIS
s, e M BEA MAhR 2 SCEAG BE A RFAE R Y
7 (Kndrnschild et al. 2012) . Prat £ (2015)
e K BiE (Rousettus aegyptiacus) HHIESE T
HAEK KBNS, EMEN R BTN
(RIRE )i EANAE — L8 B Rt e M 8 2
eI o o3 1 BRI B A — AN R
SURFERIBY B, FE IS S BRI 2 Q0] 75 (1) 22
St ARG, HAET, 2iEshf s R
b T AR, TRAEEIES)
VIR EIATERE . IR RS AR . BRI E
FRARW L P2 SR 16 A RS R SRR
SLAHLHIRTT,  LAAR -3 AR & POl 42~
(Challis et al. 2000, Condon et al. 2003) . %A
M, ATEF A AL 3 47 9, Rl e o
PRI FE BATIE R Z b

KELIE (R luctus) £ETHEFH
(Chiroptera) %3<IEF} (Rhinolophidae) %3k
IEJE . ARAECR (B 58 ~ 81 mm), %
G AAE A B B, 23 DX A 3 B RE A v R
IR B A [ R T S (Smith 5% 2009,
LR 20150, F155kIE (R affinis) [FFEsR)E
FHkiE)E, HAMHSE HIEK 46 ~ 56 mm),

S AT E RS, AT R e P A ok
Wih T KA LGB A6 2, (R
b, HAFMESSRIT A, Ak, Kt
AESEHE TR = (Zhang et al. 2009, 5K @45
2013, XIFRSE 2018). 35k A FHUHE L
sEF, WA EZ, HAT e m
HT WAL SR TEARE. Hu P53 A A pT
A E ST M (GRHE 2015, Ge et al.
2016).
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ZALIEN, ZIXEEN E R WEEE. £
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Touch 2 Pro version 2.8.21, Wildlife acoustics,
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12 EHESHENE
A L olk 75 22 5y M B+ Avisoft-SASLab
Pro version 5.1 (Avisoft Bioacoustics, %[ ),
WETSEF ML S Hrh, SigE
K% (hamming window), 483 2 1
FH PR A8 37 %4 4 (fast Fourier transform, FFT)
512, BRESr RSN 488 Hz, I [EISr#EEEHA
0.25 ms. EPUFEMELLER (KT 30 dB) KIS
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T (Linetal 2016, Guoetal. 2019).
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A5l FH A AR AR 7R BB I I - 3 oK R A B
(Kolmogorov-Smirnov test) 73 H1 Z( ¥ & 547
BRI ANk RBLE & S R
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ZHEAEIR BRI ERIEN FER 1. 2
Ji B IR L 3= 4y B AT 58 E 4R 10 0 ) =X o
(discriminant function analysis, DFA), 7%
IR S (binomial test) 3RTFBEML I HIZK
BT B SRR & IR A, BRIk
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scaling, MDS). &), A =741 A i 45
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A bR AL E D) BIEK LR A5 EE 5 (Euclidean
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HEFZ A (arched frequency modulation,
AFM) F RS ALK, 9 88.46 ms /ifd,
WEEL 4 55 A, WEIRZI0N 27.57 kHz, I
K[ (2553 +£2.36) kHz] ML IEAR] (26.57 =
1.32) kHz]#z3E, FASIE] (27.83 £ 1.70) kHz]
MM L bR, FHERIEE EER
NEHIE.

Z gl I 8 4l ( bent upward frequency
modulation, bUFM) & T H 46 T — B T
WP, ARJE R BRI, WA B,

(26.48 + 1.79) kHz. 58414 4.43 kHz.
UFM #1501 2L fgtR, B&wE
DS T B I, AN A ¥ 5 2 R 1

TS (downward frequency modulation,

DFM) il B 2K L, FFEmEhy

(65.02 +27.07) ms, ZKBIIH TR (4.44 +

2.14) kHz, —ficf 3 M, 5 iEBREE &
B, VSR )2 25.61 kHz, w1 [E] AR AL 1143
RMNEUE EBEAZEAR . —RAE L )
I, BT S A AR AC — B 18] 8] B o
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QCFs) FFEEmf a2 kE M, A (33.38+0.76) ms,
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W 3 B4, SRR R RN, HEZE RS LSRR E AL ) CF ARy
HRAERTE A7), 2L A L, ARARAEL, SR 279 26.35 kHz.

R e = S = =

=
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B1 R%HKIE () MPEKE (b) 2BRE TR ERE
Fig. 1 Syllabletypesof social vocalizationsin Rhinolophus luctus (a) and R. affinis (b) during parturition
a. KEGHIE; b, PE kg, K, EIOHENBRRNIRBOEIE, TUMEN SRR AR AFM. HUZMATE BNBs. B0 5 &
bUFM. % i B4 DFM. 4 QCFs. FLRIMEIES; RFM. JECIRIAM; UFM. L4
a. R. luctus; b. R. affinis. Oscillograms of the typical representative signals are shown in upper trace. Sonograms of the typical representative
signals are shown in lower trace. AFM. Arched frequency modulation; BNBs. Short broadband noise burst; bUFM. Bent upward frequency

modulation; DFM. Downward frequency modulation; QCFs. Short quasi-constant frequency; RFM. Rippled frequency modulation; UFM.

Upward frequency modulation

R1 RFREDTHRAEFRERYRFEESH

Tablel Acoustictypesand parametersof syllables of Rhinolophusluctus during parturition

T2 Types of syllables

FEBH BB & il b4 L7 FEHETE A EiRA

L B T U
Acoustic parameters Arched Bent upward Downward Short Upward
. Short broadband

frequency frequency frequency quasi-constant frequency .

. . . . noise burst
modulation modulation modulation frequency modulation

FELLI ] Duration (ms) 88.46+23.14 44.61+9.66 65.02+£27.07 33.38+0.76 39.61£9.57 17.30+6.23
V3T Peak frequency (kHz) 27.57+1.84 26.48 +1.79 25.61 £2.31 26.35+3.35 26.98 +2.49 28.324+2.92

5 /IMFiE Minimum frequency (kHz)  25.63 +£2.22 23.82+ 1.04 23.74 +2.34 25.75+3.25 24.43 + 1.64 2527 +2.47
5 KR Maximum frequency (kHz) 28.50 + 1.78 28.25+1.84 28.18 £2.79 27.70 + 3.00 30.20 + 1.85 30.82 +3.37
i % Bandwidth (kHz) 2.87+0.49 443 +1.74 4444214 1.95+0.25 5.77+0.76 5.55+1.87
HFRUGHHZR Start frequency (kHz) 25534236  24.15+0.67  29.05+10.06 26.35+3.15 2484+1.12  27.22+3.28
A SR Centre frequency (kHz) 27.83+1.70 25.65+1.88 26.41+2.89 26.35+3.35 27.78 +2.51 28.13+2.66
2 1L End frequency (kHz) 2657+132  2833+200 2643+3.01 45451575  29.74+1.19  27.90+3.28

BE LIPS + br#E2ZERIR. Data are given as Mean = SD.
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L% (upward frequency modulation,
UFM) & 5 RFEER (A (39.61 £9.57) ms,
SN S RN Y = 5 N A

(5.77+0.76) kHz, W% 4 805 1, 5K
WREE R, VT 26.98 kHz A4, ik

B BIAREE RO, &b & TR in
W, — AR NS E AL I

4G PR % (short broadband noise burst,
BNBs) % 5 A& — B fp S [R) 5 45 f) 5 5 gk
A, FREEASE (17.30 +£6.23) ms. ML
B KA A (30.82 +3.37) kHz, 45 ik
R, o 5.55 kHz A4, BHA

(28.32 + 2.92) kHz (£ 1), @% 2 |3 4
BNBs 4K H .
2.2 HERUE 53 15 FE PR AE

2 SR AE S i FE R Y 4 FRRALY
BT, A LRA BARAKAG SIS, (HEA
AN ASAE (B b, R 2D,

HLE AN (arched frequency modulation,
AFMD) &5 — A 3 804 M, B
SR (135.94 +27.07) ms], FEABEIEH 5
N (13.75 £2.25) kHz, WEAK L2 25.85 kHz,
HEAZE N (27.13 +2.95) kHz, BEE T
UEAR RN LA

| 9 M (bent upward frequency

modulation, bUFM) H W ERZ, —MK
A 384 M ER ST R EIER .
VLT AL T AR AT (103.56 + 18.72) ms],
BAPILHIHFE N (1373 + 2.72) kHz, WS
KLy 25.54 kHz, 7575 1% & AT DUF H 45 R0
BN IR PR AR Y, Rtk
A AT L i T AR AR AR AR . — AN oA
HH R, AT ESIEECRE (A AIRE .

T4 (downward frequency modulation,
DFM) FRFZER ARG, Y (148.50 + 16.26)
ms, —fH 3 MBI, LN 26.57 kHz,
BT EEAR ) TAGURY,  FEC LR A 2 A v [ A0 B ey
TR, — RS,

WSUR A (rippled frequency modulation,
REMD) H LA S AR D, FEEEIHE]TE 106.43 ms
A, — A 3 a4 M. TR L
N 8.27 kHz, WSl (24.57 + 4.67)kHz (% 2).
23 PRI FEE TR SRR

FRA TR T A R, B
ESV5 ks i 1] NS -4 NV 7/ 1B S o 1 2 1T o1
RMSHES, LB T 43.62%M /5 2S5,
B R RS e KA EE AN (R AR ) 2
BES, BT 27.74% M/ 2280 D FERK
o BUHERE T 7T1.36% MR %S HE T (R 3).

FI A M S RAE AT 40.5%10 & 11738 1

K2 HHEKEDBIEFRRERFELZSH
Table2 Acoustic typesand parameters of syllables of Rhinolophus affinis during parturition

F 1A Types of syllables

o AL 25 i _E A L ECNEET
coustic parameters Arched frequency Bent upward frequency =~ Downward frequency Rippled frequency
modulation modulation modulation modulation

FF4:1 18] Duration (ms) 135.94 +27.07

& 47 Peak frequency (kHz) 25.85+1.58
5 /MilZE Minimum frequency (kHz) 14.78 £1.35
e K% Maximum frequency (kHz) 28.53+2.42
% Bandwidth (kHz) 13.75+2.25
HCURHIZR Start frequency (kHz) 18.62 +3.68
HHIAIATIR Centre frequency (kHz) 27.13 £2.95
2& L% End frequency (kHz) 18.27 £4.02

103.56 + 18.72

148.50 £ 16.26

106.43 £ 10.72

25.54+£4.19 26.57 £0.09 24.57 +4.67
15.52 £2.66 19.73 £4.01 21.47+6.22
29.26 + 1.81 28.63 +1.17 29.73 +£3.01
13.73+£2.72 8.90 +4.41 8.27+3.21
20.68 +£6.38 2597 +£3.02 23.80 £ 6.09
27.32+£2.57 26.57+0.42 25.90 £2.77
24.02 £ 6.68 21.50 £ 3.56 24.03 +7.10

s LM £ FRifE2Z3RIR. Data are given as Mean + SD.
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Table3 Resultsof PCA of acoustic variables of syllables

SRy SRR

& 24 L T
Principal Principal
Measurement
component 1 component 2
FFLERT ] Syllable duration -0.734 0.245
Vg4 Peak frequency 0.584 0.666
I /M Minimum frequency 0.940 -0.123
i KAZR Maximum frequency 0.394 0.820
7 % Bandwidth -0.771 0.539
HEURHIZR Starting frequency 0.658 -0.119
E] 452 Center frequency 0.302 0.813
2% 141 # Ending frequency 0.674 -0.249

FHEMH Eigenvalue 3.49 222
MRS 43 e Variance explained (%) 43.62 27.74

IR BEVER R

Significant correlations are given in bold.

A2AFM @
+ 2bUFM @
=2DFM @
+ 2RFM

a 2% Types: +AFM @
©BNBs @
obUFM @
oDFM @&

B xQCFs @
oUFM @&

o
A A
A , 0'80 eo0

PEi%2 Function 2
=
T
>
o
[}

-4 -2 2
P&%1 Function 1

R, T 10%HIBENLAEE (B 2a),
iR 2 4k RUBE 7 M A B PR AN [R] 35 79 2
M= W h i AR B ER (K 2b),
A A SR AR A B, B
WA R LML A AT Sk 0, e AT N EIAS ]
T I () 1 A N T A ] S
WABERE (R 4.
3 Wik

ASHIEFE 3T T RS Sk i A 2 Sk g 73 et
REFP IR, IR 2 T Skl sk i i 76 70 1
AP A Z MR E T O RE 6
Foft s 2 S 4 i) o 38 T R0 S A AL B

#EfE3 Third dimension

1.0 N

o
(]
T

4ERF2 Second dimension
o
T

0
#YEBF1 First dimension

B2 KEKEEMEE K0 PN R MR B TR0 RE R
Fig. 2 Classification of syllable types of Rhinolophusluctusand R. affinis during parturition

a. FIMAHTRIEE R ARG 520 0E LB R AR AN & T RIBL s KA Sl i 75
: ROSULFROR TRFERE IR, g 1 MYERE 2 MR T R ARER, 4T 3

MRo b, ZHUERJE T AN ) T AL 7 e

RO 50N PRI L OS5 RE

fF R ASmARTIR. AFM. $UEHM; BNBs. 4075 H T, bUFM. Zih HiR#5; DFM. FIESH; QCFs. fMvEESN; RFM. B4R
VS UFM. LS. N7 X5y, fET3kIgm S 028 Bn0n T80 “27, W AFM NRZSKIGMIN S, 2 AFM A5G kg mn .

a. Projection of the output of a discriminant function analysis of the first two canonicals that was conducted by the sequences of ten different

syllables. The regular pentagons with different colors represent the centroids of different syllables. The black symbols represent the types of R.

luctus. The red symbols represent the types of R. affinis; b. Multidimensionally scaled configuration of syllable types. Solid circles represent

different types of syllables. The first and second dimensions of multidimensional scaling represent the horizontal and vertical coordinates,

respectively. The third dimension is represented by a colorful contour plot. AFM. arched frequency modulation; BNBs. short broadband noise

burst; bUFM. bent upward frequency modulation; DFM. downward frequency modulation; QCFs. short quasi-constant frequency; RFM. rippled

frequency modulation; UFM. upward frequency modulation. In order to identify types of two bat species, we added the number “2” before the

syllables. For example, AFM represent the syllable type of R. luctus, and 2AFM represent the syllable type of R. affinis.
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Table4 Euclidean distance between group centroids from discriminant functions of different syllables of
Rhinolophus luctus and R. affinisduring parturition
K3 SLIE Y 75 3515 Syllables of R. luctus rh 44 Sk (704 7557 Syllables of R. affinis
AFM BNBs  bUFM DFM QCFs UFM AFM  bUFM DFM RFM
AFM — 8.079 6.445 5315 7.098 6.297 5.452 5.367 2.831 3.664
o BNBs — 2.070 3.640 3.751 1.952 9.888 6.679 9.095 7.222
PN PRI
| 7 2 bUFM — 1.796 3.240 0.643 8.053 4.879 7.222 5.378
Syllables of  pEM — 4.039 2.076 6.837 4.065 5.931 3.971
R. luctus
QCFs — 3.014 9.683 6.609 8.267 7.252
UFM — 8.295 5.164 7.300 5.517
h3gLIER AFM — 3.731 3.000 3.753
P 4 bUFM — 4281 2.947
Syllables of
R. affinis DFM — 3.194

7 FORTEREE; AFM. HUEAS; BNBs. 5110 % 3% bUFM. 25 i L 45; DFM. Fif#i; QCFs. % RIHEMES; RFM. I

ZURIAM; UFM. i

“— Represent invalid data. AFM. arched frequency modulation; BNBs. short broadband noise burst; bUFM. bent upward frequency

modulation; DFM. downward frequency modulation; QCFs. short quasi-constant frequency; RFM. rippled frequency modulation; UFM. upward

frequency modulation.

PP AR Sl 1t AR LSRR AT, — R
B 2 min, SRITEANEE 73 4 TR 20 2 e A
o R B N BRI B A8 75— 53 iy
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Fig. 3 Rhinolophus affinisduring parturition

a. WS TERETIN: b P ERE .

a. Early stage of the parturition process in R. affinis; b. Late stage of the parturition process in R. affinis.
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