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Development of Vocal Signals in the Pipistrellus abramus(Chiroptera: Vespertilionidae)'

Chul-Un Chungz, Sang-Hoon Han’, Chong-11 Lee”
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B AT uHe] 93 7io] mE Wy 2o MRS sietshy] Slste] W (Pipistrelius abramus)S WO R
B olR AAZL WK 5L o] gato] AN HAL AAskry A AT ofd A Ak T BgHeln
chapt Fefe] NS kst Ao SRelsolnh Bao e A% 20xjel shrue] Svb W BiE el
ATE HeE Beow, A 10075 209 7 gt FM A9 S mgich AT 300 Ads Fe
AZES] FM AT S mgow], 409 o)F AR} AAek fAkE Fejel ATde waksteich. ol a4l
W2y AP B AT Z2te] B GEEE foA2l Aolrk g AOR etk 2, BAe] A%
(p<0.001), B2 ZH(p<0.001), SHHLIS] Sp<0.001)= A719] AFo] Z71e4 Fadhs A4S BPow], Mz
F(p<0.001), AAAFHp<0.001), FLAEHEp<000)E 71 218 Berk 53] B2 04 5 5%
Vg 2 WstE Beon], 1 9] BA (&AL HuEE MAES FLAERE A5 2500|712 WEE
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ABSTRACT

This study reports developmental changes in the vocal signals produced by infant or young Pipistrellus
abramus. In contrast to adult bats, infant bats of the P. abramus emitted calls characterized by multi harmonics
and variable signal patterns. Infants at two day of age emitted a irregular signal and showed gentle FM signals
between 10 and 20 days. After about 40 days of age, the young bats emitted similar signals to the echolocation
calls of adults. As the infant bats growing up, vocal signals trend showen a decrease in pulse duration(p<0.001),
pulse interval(p<0.001) and number of harmonic(p<0.001). And the peak frequency(p<0.001), starting
frequency(p<0.001) and ending frequency(p<0.001) in infant bats increased with the age. The largest change
in pulse interval occurred in 5 days. And the pulse duration, peak frequency, starting frequency and ending
frequency of the bat's sounds changed most dramatically in 25 days of age.
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SFaL L5 2 29 i dEol 23t BheKecho)S A
g = QA ETtHMoss et al., 1997). 123 HHF 9] 24
2RI olefet AuE FelA 250 SIxI9} Az wof
g 4 Q=2 & (Schnitzler and Henson, 1980; Moss
et al, 1997). TebA] WF7} 2P S Gk e wigg 9l
(echolocation) & ©]-§-3l= 85| 2] S SaiA= o 5
Q3 B 4= It Zhang et al., 2005; Liu et al., 2007).
gFofl oAl o)== WFE 9 Alde ARFUA el
& 93 A121AQ) A T3 BEHOR WAHE A|TdE
TE o] glom, o5 B EHAQ sty s %o
Ik 1 % ofel uFe] 24 A1 WAk AR
S SlaA] of FRE BB, MRIYIE AN ol&
e Ald g g BEolgial & 4= QItiMoss, 1997).
o1l ML HASh B e st 21 A 7]
© 25 ke 2o dEA glen, ol onjete] w

2 §lah 2 B ofule} FelHlo] 918 o HEo® Wil
she & & o7 7 FEiE UEhA| EtK(Sterbing,
2002). o|A AT Av} K7 gk ofal wFE oju]e]
<4 AldT e FH Y & HolA EHrHMoss et al.,
1997). Zl57HA] H9] Aol whg I Almd o o]
st AF2EE= Konstantinov(1973), Matsumura(1979),
Jones¥} Ransome(1993)7} TEMFE Ao 2 A5t o
W, 71 @] Hipposideros speoris(Habersetzer and Marimuthu,
1986), Rhinolophus rouxi(Rubsamen, 1987), Eptesicus
fuscus(Moss, 1988), Pipistrellus pipistrellus(Jones et al.,
19D E HHEez g A7) o] Folut k. 124l o]
3 RE AaE dpAsel TEHO ofal uHle) ¢
Z71o) wetA] ML e] A AR THAStL WSS
7hgtetar skgick ey o]t Hato] ek ek o
& A7EA) gron, ofnlele] mAe ek wARE
= Eesto] AR Aol w1 Al o) wstet
f3lof] tet A5-7F o] FoIX|aL Qlet. A -2uEtef A4
SHl Q= Bk L= 40l5o = (Suborder Microchiroptera)
of &3l= AlZA vl (Insectivorous bat)= Aol sk
g3} vlojo] 28] 5 RE 3] 9lof MFHS ol
ska gick. el Ag7ba Seiuelel Aldeki gl ut
Zoll chat wrars] Al Bk ohuleh ofal vi)
AT Wl Bk s oloixX) ikt ek 2
Aol A= vkl Al 7 FSIsHAl AAskaL Sl
HEIE ez ofd 7iA19] A S7tel wE g A
Y] waks BAjskuAl golu], o 1E AL ATk
5 /b9 wPge) A1 Aol Qlof 8e 7124
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W A7|S Bl 4 YRS Fol Aol AL BHEO

SRS 24 9 olel o] o] e 2euE R,
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Z17+o] A A= 6 2645 29U Atolof Z}7} 274
AH F 1070412 71 EAtskleh e s 1293
17970l 212} 270414 Apgstel] wet A 1092k Al71d
7= 1070415 ez =5aklon, 1593} Al1ES
87NA| L2]ar 209 A} AT HE = F /IR o2
5o W AT 24 A5 JiAle A 190l
M2 9 230 Ads WaksHA] eherom, 2UALE
TS s Zete] 239 Alads WAk wet
Al Aol A= A ol AHAI9 Hido] SRlE 2UAR
g ofe] HehH x| oA 9] SRIAT} Ahg Z|AFA R
e} a7k SQ1E 45UA7EA]of gt A2 WSt TSt
of Akl ofdl HAY] A Al 1EE =55k7] Sl
Al EZAloll ofuo AN EeEfste] o7 HY A= gl
1L A7I7F bk S S50kt ol "l AiA9) A
of wg Al1d WS vlusty] 9fsto] EARE A A
of thet 552 tha A ARS7H(4x4x2.5m)of| A AF7-H] 3
Aeje) A1de wgetelch Sgols Fue wa
(heterodyne system)Q} A7+ A|2El(time expansion
system)©] AgtE o] Q= 2Lu}l 7} H37|(Bat detector,
Pettersson Elektronik AB, models D-240)E ©]-83}th
558 49 240z A9 A& AIZK(pulse-duration),
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T2 71 (pulse-interval), 2| 31%1%5-<(peak-frequency), 7l Aot ¥ ;mE

A A5 (starting-frequency), FH7Z5<(ending-frequency),
HAY Y 9] Sx(number of harmonic) 5 67}%] &0
sto] EA51 9 tH(Zhang et al., 2005). YHHA o7 HFH 7}
HRAkSH= G2 oA = A A SF2 Y (fundamental hormonic)
7} 7P W oy xS E3stal 9lch(Konstantinov and
Makarov, 1987; Sterbing, 2002). wetA] E Lo A4+= Liu
et al.,(2007), Moss et al.,(1997)§ Zraste] stRU e =
AlQgh = AlT1E EAOA =2 ol x|et e 7HA
© A WA stRYE e R Aok HA AGARE
2 9 A2 J3W(oscillogram) it ib}lau(sonagram)é’._ SiE]
tol H2(pulse) o] 7HAIFE ZH2)71R] o] thgt A7HE 715
o8 ZAstglon, HA 7H4L HAL Kz 7H/\1—rE1 Al
oA The HATE AR o) 7S 24 eksrk(Siemers
et al., 2001; Jennings et al., 2004). 2|1 2540] thgt A
7t 4 g 242 mkg AZE(power spectrum,
FFT=1024)& ©o]|&3}o] =435}9] S H(Parsons and Jones,
2000), 7JAR=4=2} émxlizr—b AR I AHER
T3 (spectrogram)2 AZAsle] =43}tk
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2 BNF A% Ba z@xm, s v, 27 W5
AN QB B W54 sk ] AdelAl fejziel 2

2 L}E}”G Z, 29 AHAE, A
4, sty 9 ')1\—‘_ M718) dFo] S7FEE sk
BAER, MRS, SEASTE
7Veh= ﬁﬂé ioﬂl:l(Table 1). A9 b‘ﬂEHL AT 2}
o= sHEY el 47} Wil FM A|Z1d 3 CF AlZrdof gt
To] rekelA] ok BRI Ald FEE Helen,
A 5ol A= A2t Tr*b}ﬂl FM A|Z1d = AJAFafA]
CF A 7492 s 2452 B3k 22 A9k v]as)
A A sHEY o] 427F ‘E%I FM A9 9] tf o] Fo
o CF Al1'g 9] A&Af7to] 71 Ao & vrepytet s 10Y
AHRE 20 7HA= 9N FM Al T1Y FEE 20
A% 3093} 359 ll= B2 A FM Al FEiE B G
ok A% 40 Aol A fARE FEjY] Aldo] &9l
Holow, 5 45%00= FM AJZ1E 2 AJAHSiA] CF AL

oN th l"_\ri

Table 1. Parameters of echolocation calls of Pipistrellus abramus ranging in age from 2 to 45 days. Data for an adult

is shown for comparison

PD(ms) PI(ms) PF(kHz) SF(kHz) EF(kHz) NOH
2 days 15.07+£3.44 209.54+16.33 15.84+3.72 19.43+1.52 14.43+1.26 7.35+1.39
(n=10) (6.40-19.80)  (184.50-245.80 )  (13.30-26.90) (16.60-21.80) (12.40-19.00) (5.00-10.00)
5 days 19.2344.53 112.704+9.01 17.49+4.40 24.88+3.36 14.62+1.21 6.75+1.14
(n=10) (9.20-27.20 )  (103.40-133.70) (13.80-26.40) (18.30-29.70) (12.10-16.90) (5.00-9.00)
10 days 11.80+1.61 104.69+10.79 19.99+6.97 29.37+1.83 16.64+0.83 5.26+0.65
(n=10) (7.90-14.80 ) (85.30-130.70) (15.70-45.30) (27.10-36.90) (14.90-18.10) (3.00-7.00)
15 days 9.8545.08 125.66+33.75 23.8242.02 34.2743.16 22.33+1.48 4.95+1.29
(n=38) (3.70-23.30 ) (99.30-201.20) (19.10-28.30) (28.10-39.80) (19.40-24.50) (3.00-7.00)
20 days 8.82+2.74 115.80+9.43 26.06+3.16 36.5945.01 22.28+3.16 3.34+0.74
(n=6) (3.20-12.10 )  (102.10-130.20) (19.10-30.30) (25.20-41.30) (16.50-26.90) (2.00-4.00)
25 days 2.77+0.54 106.04+16.69 48.04+5.86 58.3944.94 40.194+2.84 2.63+0.83
(n=6) (2.00-4.48 ) (88.50-176.50) (37.80-56.40) (45.50-66.50) (35.60-46.60) (1.00-4.00)
30 days 2.46+0.48 145.43+£71.68 50.14+3.00 65.5543.70 44.10£1.92 2.03+0.42
(n=6) (1.27-3.25 ) (8.00-257.50) (45.80-57.40) (55.30-69.70) (40.90-48.20) (1.00-3.00)
35 days 2.14+0.19 153.49+50.78 47.474+2.32 56.8544.93 42.71+1.44 1.36+0.48
(n=6) (1.70-2.50 ) (90.00-234.00) (44.80-55.40) (47.50-67.40) (39.90-47.10) (1.00-2.00)
40 days 5.21+1.72 93.51+£18.83 46.35+£2.18 58.56+7.36 43.58+0.94 1.44+0.50
(n=6) (3.01-11.80 ) (45.00-138.00) (43.80-52.60) (48.60-76.70) (41.40-46.50) (1.00-2.00)
45 days 5.61+1.54 89.11+18.28 48.37+1.18 59.86+1.90 46.53+1.01 2.11+£0.57
(n=6) (2.36-11.11) (48.00-115.90) (46.20-51.10) (54.90-62.80) (44.90-48.20) (1.00-3.00)
Adult 5.94+1.19 82.65+£9.91 48.73+1.08 62.46+3.36 46.22+1.24 2.19+0.59
(n=5) (3.75-8.85 ) (59.80-108.50) (46.90-50.80) (56.50-68.50) (42.70-48.70) (1.00-3.00)

PD, Pulse duration; PI, Pulse interval;

Number of harmonic; ( ), range; PD, PI, PF, SF, EF and NOH are means =+ standard deviations

PF, Peak frequency; SF, Starting frequency; EF, Ending frequency; NOH,
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Figure 1. Spectrograms of sounds emitted by Pipistrellus abramus ranging in age from 2 to 45 days
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42 U= FeHE Hof AL} Blaste] 2polE HolA]
¥Qtth(Figure 1 and 2).

P20 A &EAR ofd A Y] AFo] FIFEE A
= AR H=d|(y=0.306x+15.67, R*=0.550, =31.472,
p<0.001), A3 22l0|| 15.07+3.44ms 2 A|Z}5}0] 452 of| =
5.61x1.54ms7HA] hAskqiey 7Y 71 AR A 5Y
19.23+4.53ms 2 BHQIE|Q o, AT 25U E 35U71A]| 7}
2.77+0.54mso| A 2.14+0.19ms 2 714 AL A7HS veh)
9 th(Figure 3). BA 7FAL A3 20| 209+16.33ms 2
71 71 A7HS UERfI9lon, 4520 89.11+18.28ms2 7}
A2 AN 7HA A 429 F7tol| wheba] ashs
ASFS VERY 2t (y=-0.739x+141.7, R’=0.048, =-5.69,
p<0.001). £3] 542} 112.70+9.01ms 2 A4S A]2HsH

2 02

zzzzz
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290349} st} 2 Zastgon] 1 F FRHOR o

& ARl g ou, 2 AfelS Kol fttthFigure 4) Pipistrellus abramus in adult
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Figure 2. Spectrogram of single echolocation call of
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Figure 3. Changes in the pulse duration of spontaneous
calls emitted by infant or young bats of
the Pipistrellus abramus(t=-31.472, p<0.001)

i A LSS 2o AFE 2ied
(y=0.922x+13.17, R*=0. 2
15.84+3.72kHz2 7} W& MNESE Hgon, 3020
50.14+3.00kHzZ 7P =2 A%22 Ueld & tha i
She A% HYlthFigure 5). WAHE AT1d 9 Y Ee
ARA = MAREt TG4 3Tl weba] 2
57t 77}0}% S Blrkh AR S =(y=1.057x+20.1,
R2:0.794 1=55.73, p<0.001) A3 22 19.43+1.52kHz =
7P Fe AeaE Bolthrt A% 25U 2A FUbskelct

y=0.922x+13.17 (R2=0.764)
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Figure 5. Changes in the peak frequency of spontaneous
calls emitted by infant or young bats of the
Pipistrellus abramus(t=48.49, p<0.001)
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Figure 4. Changes in the pulse interval of spontaneous
calls emitted by infant or young bats of the
Pipistrellus abramus(t=-5.69, p<0.001)

(Figure 6). /WA XE=0 Bt A= AT 30¢€9
65.55+3.70kHz2 UpElFon, 1 7

Uebstth FUE % AT 29 14.43+

22 AerE B & Ja 3Tk A%S EMBEI
(y=0.872x+10.78, R2=0.886, =82.18, p<0.001), 7}A| A=
b IR R A 25U}l AA| FTbshe Aike UE
WK Figure 7). HAY sHU 9] 4= ofgl ZjA2] Ao]
S7VESE adts FFS BYE(y=-0.142x+6.954,
R’=0.747, =-43, p<0.001), 22} BAo||A] 7.35+1.39 7}

y=1.057%+20.1 (R2=0.794)
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Figure 6. Changes in the starting frequency of spontanecous
calls emitted by infant or young bats of the
Pipistrellus abramus(t=55.73, p<0.001)
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Figure 7. Changes in the ending frequency of spontancous
calls emitted by infant or young bats of the
Pipistrellus abramus(t=82.18, p<0.001)

of A A= 354 1.36:0487| 2 ZFAs}Hom, RS 459
L 2112057 A= Aot A AT depolnt
(Figure 8).

2 A B AF STkl whE WA Ald o] Wst
£ Tofstr] flste] HAHHE ez A% ofd AL
WA 2 o]85to] AR R4S AASHTE +4 4
I HA AEAZE " 74, A s, WA As,

o 25, shEy o Tl A o2 Q1 ZFol 7t Sl A

urebgth Aa7hA] Bh o] et g Ald el
TAe] oJstH Y 2719] o B ofn|e}f tf
g NS Wikl e, 4ddes I A%
AIZEE skl e wokAle 2aE Heldk itk
(Rubsamen, 1987; Moss, 1988; Jones et al., 1991; Moss
et al., 1997; Liu et al., 2007). & Ao Am= HA0] 2]5A]
2y " b, Y o vr o] AFo] SR
Haste A= 2olon, Huddss, MANNss, 2
Ve S7hte 235 ey 7129 A4 3et fA
e At SRlEQlek 53], HA 7HA2 A5 593k 7}
& HEkE Belon, O 9 HA AEAIRE Hazlss,
WA ES, LS A 2583 71 & HIE
Ryl B Aol A Uiehd Aate} Zo] ol A
g9] H3lo) tsto] Camaclang et al.(2006)> o1¥ Big
brown bats(Epfesicus fuscus)2] 24 o)A ol &F7}
HEOR Y 29 (&AL A Lo| Fol s F7Hl
t}al 519 S, Liu ef al.(2007) TEFE Aoz o
ARl A A7I7E AP o= e 4]l e ofu]ofA
A dojubs WS 712E olRoRA F £k gler E

y=-0.142x+6.954 (R2=0.747)
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Figure 8. Changes in the maximum hormonic number
of spontaneous calls emitted by infant or
young bats of the Pipistrellus abramus
(=43, p<0.001)
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