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Abstract We studied sexud differences in momphology and echolocation cdls in five bat gecies, which included three
speciesof CFFM bats ( Rhinolophus cornutus, Asdliscus whedleri, Hipposideros armiger) and two peciesof FM bats
(Myotis myotis and M. ricketti). Thefive bat ecies (atotd of 95 batg were cgptured in June 2000 and May and June
2002 in the cavesin four digtrictsincuding Zhenfeng, Zhenning, Anlong and Xishui in Guizhou Province, China. Bats
were captured at the entrance of caves with the mist nets at about 8pm (the time when bats usually flied out of caves to
hunt preys) , and then were put into a recording room near the capture locations to alow them to fly fredy. About 2 hours
later , the recording was carried out by an ultrasound detector (with frequencies down to 5 kHz and p to 205 kHz , D980)
which was pointed to the head of the bats when they flied to the microphone directly and echolocation cals were recorded
when the bats were about 1 meter away from the microphone. The echolocation calls were stored in a memory array (12
sred time) , read out at onetenth of the origina geed and recorded with a digita sound recorder (TCD-D8, sampling
rate of 44. 10 or 22. 05 kHz , frequency regponse range: 30 - 20 000 Hz) . Each bat was recorded for 5 to 10 times. The
recorded echolocation sgnd's were andyzed with a sound-procesing software, Batsound 3. 10 (developed by Petterson
Hektronik AB , Sveden) on a computer. The ultrasound analyss induded color sonagram (frequency-time grgph) with
FFT of 256 Hz and the Hanning window was used. The analyss attenuation was 60 dB. Thepulse duration, pulse inter-
va (from the beginning of one pulse to the beginning of the next pulse) , frequency bandwidth (FB) and dominant fre-
quency (DF) of the echolocation calls were measured. The momphologica features such as body mass, body length, fore-
arm length, tail length, feet length (together with the daws were measured with balance and ruler. Statistical anayss
such as cdculating mean vaue, standard error and indgpendent samples t- test were performed usng datistical ftware
SPSS 11. 5.

Our studies showed that these five bat Pecies do not show sexud differences in momphology. However , dgnificant
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sexud dfferencesin the dominant frequency of echolocation cals were found in four bat pecies. While the dominant fre-
guency component of echolocation cals was higher in female than in mae R. cornutus, the opposte was found in A.
whederi, H. armiger, and M. ricketti , and no sgnificant difference in echolocation cdlsof femae and mae M. my-
otis wasfound. It was concduded that within the same bat peciesit was sex , not body sze that determined the dominant
frequency. Together with the other bat gecies which have been researched on ther sexua difference in mophology and e
cholocation calls, we caninfer that in Rhinolgohidae , the female bats have higher dominant frequency than the mae ones;
in Hipposderidae, the femae bats have lower dominant frequency than the mae ones; in Vegpertilionidae, ome bat
ecies have dgnificant sexua difference and in these pecies the female bats have lower dominant frequency than the mae
ones, but some bat ecies have not sgnificant difference [ Acta Zoologica Sinica 49 (6) : 742 - 747, 2003].

Key words Bat, Morphology , Echolocation calls, Sexud diff erences
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Table 1 Sexual differences in morphological features in five bat gecies
Parameter ( ) (9 (mm) (mm) (mm) (mm) (mm)
Speies Sex (Sample §ze)  Body mass ~ Forearmlength  Body length Tail length Feet length Ear length
¢ (n1=11)  4.39+0.81* 37.05+1.16* 35.01+1.87° 21.29+2.59° 6.54+0.47% 15.80+1.52°
(R. cornutu) s (ny=12) 4.27+0.77° 35.74+2.28% 34.44+2.89%° 20.16+3.01* 6.80+0.82% 15.57+1.16°
2 (n=11)  6.41£0.97* 41.73£2.46° 42.86+2.79° 42.00+3.03° 6.65+0.36% 10.49+1.24°
(A. whesleri) (n2=7) 6.18+0.47% 41.79+3.26% 40.83+3.67° 38.88+4.96% 7.28+1.22° 10.79+0.90°
¢ (n=15)  49.74+7.96* 89.87+1.78° 84.84+5.39° 57.08+5.06° 14.40+2.04* 32.00%3.05"
(H. armiger) d(nz=9) 54.50+9.19% 86.77+9.03* 82.60+9.47° 52.63+6.47% 16.14+3.69% 30.91+3.25°
2 (n1=9) 67.25+3.04° 75.33+5.81° 71.94%5.83% 13.52+0.91° 22.34+1.87°
(M. myotis) @ (nz2=10) 65.60+5.82% 74.49+7.08% 69.12+4.10*° 13.42+1.68% 21.21+2.01°
¢ (ny=6)  18.62+0.70* 55.58+0.86° 63.83+1.44% 55.33+0.88% 19.25+0.69° 20.18+1.20°
(M. ricketti) ¢ (nz=5) 17.98+0.59% 56.70+0.57% 62.80+1.52° 55.06+0.68% 19.40+0.74% 19.66+1.17°
(The same superscriptsin each column indicate no significant difference)
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Fig.1 Sonagrams of selected echolocation calls emitted by five different bat species during flight
a: (R. cornutus) b: (A. whederi) c: (H. armiger)
d: (M. myoctis) e: (M. ricketti)
2
Table 2 Sexual differences in the echolocation calls in five bat ecies
Rhi nolophus cornutus Aselliscus whedleri Hi pposi deros armiger Myotis myotis Myotis ricketti

e n=27 28.86+7.9128 ¢ n=23 6.52+1.0928 ¢ n=21 10.00+2.78% ¢ n=15 6.14+3.922 2 n=17 2.82+0.222
(Pulse duration) ¢ n=54 24.00+13.43® on=16 5.31+0.40° <n=20 10.16+1.682 on=15 6.25£3.742 <n=35 2.96+0.642

2 n=26 59.72+23.392 ¢ n=23 28.03+5.43% ¢ n=19 55.06+30.97% ¢ n=15 63.61+38.312 ¢ n=16 30.93+3.532
(Pussintervd) s n=54 43.40+25.57® on=16 25.70+4.562 <¢n=20 29.15+10.47° <n=15 50.01+17.752 < n=29 53.57+8.862

CF (CFin ¢ n=15 53.40+0.512 ¢ n=23 122.50+1.85% ¢ n=21 76.38+0.80%
fundamenta

frequency) sn=53 50.84+0.91° o n=16 124.94+0.25° sn=20 77.21+0.94°

CF ? n=27 105.70+2.182
(CFinthe
first harmonic) sn=54 102.41+1.84P

M 2 n=27 17.11+2.65% 2 n=15 57.88+19.66% % n=16 25.15+4.772
(FM bandwidth in
thefirst harmonic) ¢ n=54 20.26 +4.67° sn=15 44.73+7.55° <on=18 26.36+1.00%
™M ? n=23 14.74+0.922 ¢ n=21 9.99+1.49% ¢ n=15 67.18+13.558 ¢ n=17 46.38+2.612
(FM bandwidth
in fundamenta
frequency) sn=15 16.20+1.20° ¢n=20 12.38+1.32° o n=15 61.16+15.2228 ¢ n=35 30.00+7.46"

(Domirent ¢ N=27 106.71+2.30% ¢ n=23 123.33+1.59 ¢ n=21 76.27+0.782 ¢ n=15 45.04+7.482 ¢ n=17 37.39+0.59°
frequency) on=53 103.13+1.95° o n=16 125.53+0.22° s n=20 77.52%0.11P <¢n=15 48.39%6.108 ¢ n=33 37.96+0.18°

, , (For each gecies, the same superscriptsof each index indicate no
sgnificant difference between sexes, the different sperscriptsin each column indicate significant difference between sexe9



746

49

(Jones, 1990; Surlykke et al. , 1985) ,

al. , 1989)

FM

(Smmons et

( References)

Arita, H. T. and M. B. Fenton 1997 Hight and echolocation in
the ecology and evolution of bats. TREE 12 (2) : 53 58.
Barclay, R. M. R. 1985 Longversus short-range foraging strate-
giesof hoary (Lasiurus cinereus) and slver-haired bats (La-
sionycteris noctivagans) and the consequences for prey sdection.

Can. J. Zool. 63: 2507 2515.

Barcdlay, R. M. R. and R. M. Brigham 1991 Prey detection, di-
etary niche breadth and body sze in bats: why are aerid insec-
tieorous bats © smal ? Am. Nat. 137: 639 703.

Chen, M. ,J. Feng, Z. X. Li,J. Zhou, H. H. Zhao, S. Y. Zhang
andL. X. Sheng 2002 Echolocation sound waves, morphologi-
cd featuresand foraging strategiesin Hipposi deros pratti. Chinese
Journal of Applied Ecology 13 (12) : 1 629 1 632. [ ,

, , , , , 2002
( Hippoasi dercs pratti)
. 13 (12) : 1629 1632.]

Feng,J. , M. Chen, Z. X. Li, S. Y. Zhang, H. H. Zhao and J.
Zhou 2002 Corrdation between echolocation cdls and morpho-
logical features among three kindsof bats. Progressin Nature Sci-
ence 12 (9) : 673 678.

Feng,J.,S. Y. Zhang, Z. X. LiandL. X. Sheng 2000 Primary
studies of echolocation calsof greater horseshoe bat at different be-
haviors. Acta Zool. Sin. 46 (2): 230 232. [ ,

) , 2000
46 (2): 230 232.]

Feng,J., Z. X. Li, M. Chen,J. Zhou, H. H. Zhao and S. Y.
Zhang 2002a Echolocation comparion and ecologicd niche dif-
ferentiation of five ecies of bats in the same cave. Acta Ecol.
Sin. 22 (2): 150 155. [ , , , )

, 2002a
.22 (2): 150 155.]

Feng,J., M. Chen, Z. X. Li, H. H. Zhao,J. Zhou and S. Y.
Zhang 2002b Reationship between echolocation frequency and
body szein eight gpeciesof Rhinolophus bats. Acta Zool. Sin. 48
(6) : 819 823. [ , , , )

) 2002b
48 (6): 819  823.
Fenton, M. B.,C. V. Portfors, I. L. RautenbachandJ. M. Water-



747

man 1998 Compromises: ound frequencies used in echoloca
tion by aeria-feeding bats. J. Zool. 76: 1174 1 182.

Francis, C. M. andJ. Habersetzer 1998 Intergecific and intragpe-
cific variation in echolocation cdl frequency and morphology of
horseshoe bats, Rhinolophus and Hipposedercs. In: Kunz, T.
H. and P. A. Racey ed. Bat: Biology and Conservation. Wash-
ington and London: Smithsonian Ingitution Press, 169 179.

Heller, K. G. andO. V. Heversen 1989 Resurce partitioning of
nar frequency bands in rhinolophoid bats. Oecologia 80: 178
186.

Jones, G. 1999 Scding of echolocation cal parametersin bats. J.
Exp. Biol. 202: 3359 3 367.

Jones, G. andJ. M. V. Rayner 1991 Hight performance, forag-
ing tactics and echolocation in the trawling insectivorous bat Myotis
adversus (Chiroptera, Vegertilionidee). J. Zool. 225: 393
412.

Jones, G. and T. Kokurewicz 1994 Sex and age variation in echolo-
cation cdls and flight morphology of Daubenton’ s bats Myotis
daubentonii. Mammalia 58 (1) : 41 50.

Jones, G., T. GordonandJ. Nightingde 1992 Sex and age differ-
ences in the echolocation callsof the lesser horseshoe bat , Rhinolo-
phus hippaosidercs. Mammalia 56 (2) : 189 193.

1990 Prey sdection by the greater horseshoe bat ( Rhi-
nolophus ferrumequinum) : optimd foraging by echolocation. J.
Anim. Ecol. 59: 587 602.

Kako, E. K. V. and H. U. ShnitZer 1998 How echolocating
bats gpproach and acquire food: echolocation in food approach and

Jones, G.

acquistion. In: Kunz, T. H. and P. A. Racey ed. Bat : Biology
and Conservation. Washington and London. : Smithsonian Ingitu-
tion Press, 197 205.

Lw, R.,J. H. Xie, Y. H. . GuandD. H. Li 1993 The Mammas
in Guizhou. Guiyang: Guizhou Science and Technology Press.
[ , ) ) 1993

-]

Neuweler, G. 1989 Foraging ecolocation, and audition in bats.
TREE 4 (6) : 160 166.

Neuwseiler , G. , W. Metzner, U. Hellmann, R. Ribsamen, M. Eck-
richand H. H. Cosa 1987 Foraging behaviour and echoloca
tionin the rufous horseshoe bat ( Rhinolophus rouxi) of Sri Lan-
ka. Behav. Ecol. Sociobiol. 20: 53 67.

Robinon, M. F. 1996 A reationship between echolocation calsand
nosdeet widths in bats of the genera Rhinlolophus and Hip-
posidercs. J. Zool. 239: 389 393.

Smmons,J. A. , M. B. Fentonand M. J. O’ Farrdl 1979 E
cholocation and the pursuit of prey by bats. Science203: 16 21.

Smnons,J. A., C. F. Mossand M. Ferragamo 1989 Conver-
gence of tempord and sectrd information into acoustic images of
complex onar targetsperceived. J. Comp. Physiol. 166: 449
470.

Surlykke, A. andL. A. Miller
clickson bat echolocation , jamming or warning. J. Comp. Physi-
ol. A156:831 843.

Vaughan, N. , G. Jonesand S. Harris 1997 Identification of British
bat goecies by multivariate anadyssof echolocation cal parameters.
Bioacoustics 7: 189 207.

Zhang, S. Y. ,J. Feng, Z. X.Li,L. X. ShengandL. X. Wang
1999 Comparion of the echolocation sgnds in three species of
bats at fly. Acta Zool. Sin. 45 (4) : 385 389. [ ,

, 1999

45 (4) : 385 389.]

1985 The influence of arctiid moth

’ 1



