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Abstract: Here, we present our findings of free-flying echolocation calls of Himalayan swiftlets (derodramus brevirostris),
which were recorded in Shenjing Cave, Hupingshan National Reserve, Shimen County, Hunan Province in June 2012, using
Avisoft-UltraSoundGate 116(¢). We noted that after foraging at dusk, the Himalayan swiftlets flew fast into the cave without
clicks, and then slowed down in dark area in the cave, but with sounds. The echolocation sounds of Himalayan swiftlets are
broadband, double noise burst clicks, separated by a short pause. The inter-pulse intervals between double clicks (99.3+3.86
ms) were longer than those within double clicks (6.6+£0.42 ms) (P<0.01). With the exception of peak frequency, between
6.2+0.08 kHz and 6.24+0.10 kHz, (P>0.05) and pulse duration 2.9+0.12 ms, 3.2+0.17 ms, (P>0.05) between the first and second,
other factors—maximum frequency, minimum frequency, frequency bandwidth, and power—were significantly different
between the clicks. The maximum frequency of the first pulse (20.1+1.10 kHz) was higher than that of second (15.4+0.98 kHz)
(P<0.01), while the minimum frequency of the first pulse (3.7+£0.12 kHz) was lower than that of second (4.0+0.09 kHz)
(P<0.05); resulting in the frequency bandwidth of the first pulse (16.5£1.17 kHz) longer than that of second (11.4+1.01 kHz)
(P<0.01). The power of the first pulse (—32.5+0.60 dB) was higher than that of second (—35.2+0.94 dB) (P<0.05). More
importantly, we found that Himalayan swiftlets emitted echolocation pulses including ultrasonic sound, with a maximum
frequency reaching 33.2 kHz.
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B2 AN BT #AAT 1 il R (Steatornithidae:
Steatornis caripensis) FH 43t P71 4 22 3 fh 2
(Apodidae) AL tH Bl 7 g A7 i AE Ty . EATEIRE
FEI A, AE59GETCE IR AT I At T W )
T %5 0] 75 %2 A2 1Y 7 (clicks)(Griffin, 1958; Medway,
1959). WFFTRN, <22 gtiefd H [n] 7 e Ay 7 32 2
h T AE SR LT ARG AT I R b kRS, T AN
Se AR i AR T A R Bl R AL AT SRS, ik
T & )55 (Collins & Murphy, 1994; Cranbrook
& Medway, 1965; Fenton, 1975; Griffin & Suthers,
1970; Griffin & Thompson, 1982; Medway, 1962,
1967).

R Aot FH 1] 75 5 Ao MY P ) < 2 e b 8
(R 25 75 A B SRR 2, L P o ) B e, T
21 1) ik i ) B 4 K (Grriffin & Suthers, 1970; Medway
& Pye, 1977; Suthers & Hector, 1982), i, 5 —Jik
MRER > —hkoh, PIAMIKAP I EATEEE S 2~8
kHz, fH&, [F—YRAFEARZE, 2R
AN TR T B ik b 5 AE #R W] BE A7 AE W] B AR AL
(Suthers & Hector, 1982). 24 M1k, (NWEII K42
He(Aerodramus maximus)(Medway 1959; Medway &
Pye 1977)FB 5 4> 42 3H(A. sawtelli)(Fullard et al,
1993) (¥ [F[ 7 5 A7 U 75 DAy AU e i = XUBK o 241 o

L FRANBRF LB AL, PR ) 3 B R
(Chantler & Driessens, 1995; Chantler et al, 2000),
HILE TR AL e i R R G AL S R A B
HAHXR D (Lee et al, 1996). i T[R4 i iy Y 7
AT Tohe it T — SN E ) R G HEAAE R, Pl
Z R T DX 0l 4 22 8 (A erodramus) 55 1K 4 22 34
J& (Collocalia) F1 ¥k A7 W 3 J& (Hydrochous)(Brooke,
1972; Medway & Pye, 1977). k4223 )@ 45 3 A
Yykp, o R4 22 3E(C. esculenta) R4 2235 (C.
linchi) O\ 28 ik S 6k = [1] 75 58 £ g JJ (Cranbrook &
Medway, 1965; Fenton, 1975; Medway, 1967), 1Mi{k
S22 3(C. troglodytes) 15 B4 [0l 75 % AL RE ) Z |
— H44 %41 (Chantler & Driessens, 1995; Chantler
et al, 2000), E.% 2004 - H P H 4511 8] 5 @ AL Re )
AW Price et al Priksk. tk, HAGEkK, R g
PLEE IR < 22 30 1 7 SR AL i A — 2 BRI
TR 75U, Price et al (2004)i81E5E, 422H(4:
22 34 JR NIk < 22 e ) Dy PR U, B H R I <6 22 9%
JE AR 22w A A LA e . B4, S2tis
JIT AT W0 b R < 2. 6 e 1) PR < 22 e 1) 1 4% 1l 75 5

R RE ) AARE AT AT P RR RN, BI. Bl €7 e )
(R BT NATTZ A AR, TTAE 25 R PR <6 22 3
JE R A bl Ok B, IRl E AT RE ) AR
PR A< 22 306 Jg vH gk 43 ) 3E A6 HA SR (Price et al, 2004) .

MacKinnon et al (2000)ic %k - [ 5347 [1) 4 22 #¢
W G 2 (4. brevirostris) M1 X, [K 4 22 #E (C.
germani)(F # 0 4 H 7R % AP AN & 22 R
Aerodramus). 1] Zheng (20115 H, HE>HH 3
Pz, Bl 4223 (A. fuciphagus)- FYE4:
2234 (A. brevirostris)FI K422 (A. maximus). A<
UGG R R GE, WA [ 53 A 1) 4 22 366 85
N4 22 B (Aerodramus) . & T 1K 4z 22 e 1]
FOERLAY R E N . AR L2808 (Li et al, 2007;
Price et al, 2004; Thomassen & Povel, 2006). A~ 3Cff
HI Avisoft 75 s A s el i 48 1 11 B Az
F G ARPR DX I 10 o W < 22 AT S o %
i, M HAE RIS B A TIRES NI A S
ik, JF5 Z i SCHERARGE AT TR . Avisoft
SRS P LA FR) s i AT W s | P R R A IR,
hy SRR TR M 4 e eI [B] A 6 Y A AL T
BN PRAR A AR B A% o

1 #MR57%

AF 0 b SR T R A A T T B i B K A
SRARP X M HH (N30°3.3', E110°35.17, #1650
m), IO A B SR, RN DI R 2 R
W, THAE2E SKIE (Rhinolophus sinicus) R M 2 Sk
WE(R. affinis)o W < 22 A 7 A BN JEL B CHEAN
[FIEREE(80~620 m)¥JA &I, HFZLELPTE 80,
430 F1 620 m. 2012 4 6 H, fif /i Avisoft-
UltraSoundGate 116(e)35% 7 3 (15 [5)) 0] 55 W6 43 22
FEAE LR A B R AT I BEAT SE I SR, SRAEAEE
250 kHz, 75580 HaRRAFAEB AR . T
P P ) J M < 22 e R R R A 2 (~30 K, H
R AN e o 1 N = W P B N 7% R K (7
DA 21 B AN AMALER 7N B RAT I A 8 [R]I
G P A [7] 1) 53 A7 B DA DR IE B8 % 3¢ i) 280 AN [R] A 44
f) 75 o ZERHESIR 1 804 430 Al 620 m (& hy5g 422
O =AML E SR, M BRI 1 h K
VA HH B S 50 % 2~3 me {#H] Avisoft- SASLab
Pro % f4:(Version 5.2, Avisoft Bioacoustics, 7% [%)it
AT SRR M. SECBCE Ny Pd il B AR e
(FFT length)=256 points, M B % 1 (Hamming
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window), H%7)>#H¥#% (frequency resolution)=977 Hz,
I 6] 43 7% % (time resolution)=0.512 ms. {E/A[A] B¢
FRY P 2 SCAE R A BEAT LI 10 S 8 S0 30 ),
NERAN 755 SCAF R R EGE L ) 30 ANIY A ET 4304,
TP AR — DMREARRI Y R o 1 T eiE A g B o
TP SCAF AN A, BRI, AT T 0 PR A AR B A
Fa A S ROREA E, AMOCRAMEREA R 73T
B R R K e T B OO I — A Bk b B T 46 21 R —
AN KRR FEAET) o JiI RS AR ik v 1) o 208 37 9 1l
i, AR I R R I, AN e s R T
P, A% (bandwidth, BW)I i 55 I A5 %
S it 5. A SPSS 11.0 X Ed i T XU
t-test, S vk AR AT IR PR KT P<0.05, 25 3L
meantSE KR o

R

RLAT AR, R < 22 et NI 1IN
RATH LR, HAK MR, BEASSEH S WAr
R W, T HAE IR A RE T AR Y

2 &%

BRI P RGBS, AT IR B R .

A8 AP 93 T B 4 22 MRS PN SRS R85 v 3
ANANTA] LB HE B0 75 2 (RN HB B n=10). S5 3R,
TG < 22 e AT RIS (LR PN A F (8] 75 5 A B AT S
R R PSR 43 DAy AT W AN (] B ) [ 7S g A
N 75 2552 5+ (one-way ANOVA, P>0.05), [HIt,
EJa 8ol 3 MBI A S AT 590 BT
RIS < 22 e 1) [ P A Y S DAy UK v 4 (R
PR IR 3 2L Tk e 2 ) 14D e 7 Tk v R 7R (noise
burst), ZH P kot AIBE AR A6 [(6.6+£0.4) ms], ZH 1A bk
[F) B 42 Ko [(99.3+3.9) ms], P %5 W2 (1=23.89,
P<0.01)(FE 1)o XJEGEE— kot (4 A IR 2 — AN ik )
558 K (AL B AN BRI I A S ORI, &
SRR IR IS 22 S AN S 2, 3 — A B0 kb =44y
5 4(6.240.1)F1(6.2+0.1) kHz(+=0.57, P>0.05), ik
AR 3 ) 4 (2.9+0.1) F1(3.2+0.2) ms (t=—1.55,
P>0.05); P& i mn AR 72 S W 3, 56—
B bk IR g v AR 4y 0 A (20.1+1.1) kHz A
(15.4+1.0) kHz(t=3.24, P<0.01), TijeffAm2 55 ) 51
h(3.7+0.1) kHz F1 (4.0+0.1) kHz (=—2.32, P<0.05),
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Figure 1

Spectrograms of echo-clicks of Himalayan swiftlets (derodramus brevirostris) free-flying in the dark cave
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Table 1 Comparison echo-clicks’ first and second pulses of Himalayan swiftlets (4erodramus brevirostris)

free-flying in the dark cave

Z4) Parameter S5 — kv First pulse

B ik Second pulse t-test

F45i PF(kHz)

fit it Power(-dB)

I AR FMAX(kHz)
FARSZ FMIN(kHz)
A5 BW(kHz)

Jik i FE PD(ms)

Jik TR IPI(ms)

6.2£0.1(5.5~8.4)
32.520.6(26.6~38.9)
20.121.1(12.4~33.2)
3.740.1(2.3~4.6)
16.5+1.2(7.8~29.5)
2.940.1(1.7~4.8)
6.6£0.4(2.5~11.5)

6.2+0.1(5.4~8.6) 0.57™
352+0.9(23.8~474) ~2.46*
15.4£1.0(9.0~28.9) 3.24%%
4.0£0.1(3.2~5.0) —2.32%
11.4£1.0(5.4~24.6) 3.30%*
3.2+0.2(1.8~5.6) -1.55™
99.3+3.9(67.4~153.0) —23.89%*

S5 I DI e )8 EID L Ay ke i I8, 265 ik o 6 ko i o X0 2L 1) f v T] B (=30)
The IPI of first pulse is the IPI within double clicks, IPI of second pulse is the IPI between double clicks (n=30). PF: peak frequency, FMAX: maximum

frequency, FMIN: minimum frequency, BW: frequency bandwidth, PD: pulse duration, IPI: interpulse interval.

™ P>0.05, *: P<0.05, **: P<0.01.
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JREE: FE < 22 e 0] 75 A7 Y PR RFAE 11

M BCE — kb I3 5E[(16.5+1.2) kHz]> 55 ik
TP[(11.4£1.0) kHz](=3.30, P<0.01). Ik, 55—k

() fE B [(—32.5+0.6)dB]JR > 45 — ki [(=35.2+ 0.9)
dB](=—2.46, P<0.05)( 2).
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Figure 2 Frequency with energy distribution graphs (LPC graphs) of first (a) and second (b) clicks from the same double clicks
group of Himalayan swiftlets (derodramus brevirostris)

T I PR MT IR KB, M 4 24 A PRI
L P A R AT 5 0 A7 T R HH (R 7R 75 D B AR K
srie A e Wy A S (FA4~6.2 kHz), HI
TSR (R A Z >20 kHz), 1, 25—kl
B E A1) 4 (20.1+1.1) kHz (5% &l ik 33.2 kHz),
B KR s R AR AT 38 9.(15.441.0) kHz (B A T Ik
28.9 kHz)(¥% 1).

3 it

B AW G AT, RS A 1] A L K A AR
PR DX IR R G < 22 R S AE A AR N, 5 P R
Wi AT, AR S A AN R R BE XA K (80~ 620
m)o W 4 22 FERT WA B VA SLINE, 30 R Al
P B e, SRS IEAN TR T 7 (Medway,
1962; Thomassen & Povel, 2006), {EGLH 4T
CIE AR 5, JBE NS5 6T 5 1888k
AT LIS, B A R DX S A T 4k )y
AT M, HRAT R I kg

T 3 AT W 4 22 AR TR IR XN B B ORAT
A, R BZ A R[] 7 g A7 Y R 2k RUBK i 4 1)
I 75 ik ol 53 8 . Thomassen & Povel (2006)XF £ Ff1 4

it

2 it AT 3, b Fs 7RG 2, 4
ORI, 422 3 @Y A (1) [B] 75 5 A7 iy 75 kAR 1)
TR o G LR, BR T AL Bk B,
BTSSR (1 HAb A 5 240355 T Thomassen &
Povel (2006)11 255, Rl & dse MR . M iR
TR E (R 1), TRATTSR M0 R 6 4 22 3 [m] 75 5 A7
Y 75 ) g e AR AL T B R 3 (> 20 kHz), 1
Thomassen & Povel (2006)4R & 15 4 22 e B 1=y
BRZAN N 5~6 kHzo [FII, ¢ my B B s e A 3 3
FRATT SR A5 B PR AR5 2 (B8 — k23 A 16.5
kHz F1 11.4 kHz, 1fi Thomassen & Povel (2006)] 4}
52 2.7 kHz Fil 3.8 kHz)o I i (5 1) 72 57 ] i A2
T 5% B PR B R B4 19 AN [ Jr 30 (Price. & Lanyon,
2002; Price et al, 2004). Thomassen & Povel (2006)
i FH IR &l s L, n) e S G s W A, i
A FAL F 2 B Bk ) 5% £ [Avisoft-
UltraSoundGate 116(e)], JIT 3% il 75 & 140 2% 3 [ 5
K BbAN, AHIF TSR 1) 2 K W6 4 22 Fe e PR IR I /X
POE AT I [E]7E E A7 Y T Thomassen &
Povel (2006)7E 3L H AR FH IS . Thomassen
& Povel (2006)[F] i LR 3E T 2 Tl 4 22 #e )@ W
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n, FE5 IR G 2 (A. elaphrus) JI\IH: 43 22 3 (A.
fuciphagus)~ K&z 22 HE(A. maximus) & H4: 22 31 (A.
salanganus)~ WKF)N 422 3(A. terraereginae). 4l
{t 4x 22 M (A, vanikorensis) A ‘K 1l 45 22 FE (A.
vulcanorum) ¥ 8] 75 58 47, Y 75 R 1E, H 3240 8
(2.3~8.5 kHz), fHmiRWAR#EIT 16 kHz. HE0t
IyMT R I, AR A ) A e 2 e 2, A
T R E] 22 S ] REAT R T N EA T AL 2 A AT IR

4 22 356(A. spodiopygius) IR 75 5 A7 Y 7 1]
Wk ph g5 T2 bk (Suthers & Hector, 1982), [d]
I, PR R 7 G 2238, 38— bkl iy Jhk o B AR 80 e
(Thomassen & Povel, 2006). 7 T Z& LAk FIESE
UESE, FAURK R [E] e 5 A7 Y P AT BE A UK 4.
HEALTT K (Price et al, 2004). AWFFT RN, KW 422
MM E ALY S 5 e 22 MR, 5 ki 20
TEB ke, AHZ, HORE G2 DR,
— kR R FE RS TS kP (HE R AR E).
Suthers & Hector (1982)3% il 1) [ /14 4 22 e [A] 75 2 {7
AL S o R 20 U P 1R 2 — Bk P At 5, Tk IRt 4
R, PRSIk RE AN I R R T BE H I — 20 R
SUHH B — AN ok b (5 — Bk ke 2R ), i b 20 AL 56— fik
MR T2 kR o ASHIF S BT i A R < 2 e m]
SENLIY 7S, 80%(24/30) 4 55— BK PR AL, 20%(6/30)
h S KR R, A LA B A Ik (R R 5
AWK o 4 2 I k0 A e [E] A E A Y
Suthers & Hector (1982)f5 1, M4 AEHE 454 DL KL
S Wk ok WS B RFSE )R] RE A S U bk
515 — ko ELINP R AR IR S BRL; T ASHIE S A B,
TG <o 22 1) [] 7 5 67 IY 7 1R P i 7 TR B A O
RIZE— ki . Suthers & Hector (1982)i8f51H,
WA FLOGHT, SRR A R IR T A
UK e (R 58— bk, AN T A A5 1 2 < 22 86 28— bk
MR REGR R, ACH IR o ARG (B E A
L 7 T il P R 4 i 4 SR S s R < 22 e R 2R )
ST kel XTI R AR, R R
5, el HOR A HL R AR ] o

Li et al (2007)K H #~#3& &% Hl(Sony MD Z710;
B FEl 20~20 000 Hz) A1 Sony 23 ] [ 4% 70 K
DY 1 XF R < 22 3000 KB AR RTS8, 20 #fr
g RN, B HIRAE 2.5~9.5 kHz, “ 8y
F~~0.038 hms, PY TSI IEAF ] B ~0.15 57, %45
RE AW R I IR AN, E et

MBI e S8R E LA b, st
S B R < 2 e 1K) R B AT e R T AT SR
B 20 PR ) B PR U A e P R
FE2 S IR LW AR (Fenton, 2001), 1 sk {38
PR PR, SIS 23 T RE BRIE AU R PR
I E K UEAh, BT B B T LA ),
WhE R AP ~6.2 kHz, MR, feiihss,
XA T BT BT GT R s R T RE B
IR oy B2 IR R o Z R IR — BB A 5%
2 48 P (L et al, 2007; Price et al, 2004;
Thomassen & Povel, 2006), &5 & £ Al 25 /& 1l B
PPN T Rl PRI, ARG < 22 1Y [ 7 5 A7 g
JI AT B AN BAT 0] 7 5 A7 B 1R Wh RS A, (H 2,
FC[R] 7 o A P AL TR R, R
2o ) B 5 E AL BE ) AT REDL T AR, 20 fHE4D 80 4
AR, OA 27 2l P < 22 34 ] 75 67 Y 7 1) 2R A
. Smyth & Roberts (19833l i AN [|] (AT 2 S256 45
R 22 A RIS PR o BRI B R 2 H
124 10~20 mm; 1fj Griffin & Thompson (1982)]
fiath, R 22 T LRI 1) 5T [ 58F L AE 4 6.3 mm
4822 ., HIa] L, 422 )[R 75 e AL e )BT,
NGy VAL VER DR S e 35 A P e I s A

WLy HATYES S, BA KHIIRNS, 640
W A R YI(Medway, 1962). 5 M4 22 1)
B 52 AL 5 =400k 6.2 kHz, AR KB 9% 1)
PR, W REANIE H Tl 4/ Y B Hy(Griffin &
Suthers, 1970; Griffin & Thompson, 1982; Langham,
1980; Medway, 1962, 1967, 1969), Kt %M 422
PR 7] 75 5 Ao i 7 AT e AN ] T AR R A o
e HEAh, S eZ ey nl P E A0 i A O US4,
AL pr Tk b 4 P9 PR T T R AR, NS 5 G VA
IR P ik, AL FRATTT 3] FR AT S B i
0S4 L2 BT SRR R 2D, AT 4 <5 22 3 ) A
(T <5 22 3H6) T 4 BR (8 s T A AN 2B 4,
FPHOUMBERCR RIE S T . KL, W2l
SOT AT, A B TR R — 2 TR,
I HAT BT s HRR R 37 A

Bt BT ERGEZRENL; A
BHENESHALERBAAARAKRPREELL T
MRS B,
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