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Characterization and comparison of the doppler compensation
acoustic wave in Hipposideros armiger
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Abstract: We used the pendulum device to study Doppler-shifted compensation of great leaf-nosed bat
(Hipposideros armiger). The bats’ echolocation calls were recorded by the Ultrasound Detector both under the rest
condition and Doppler shift condition. Then we analyzed the calls with Avisoft software. Our results suggested that when
H. armiger was approaching the target, it showed positive Doppler shift compensation: call frequency and the velocity (v)
were positive correlated. Call frequency fell to minimum when the bats’ relative velocity reached to maximum; likewise
call frequency raised to the resting condition frequency when the relative velocity became zero. Negative Doppler shift
compensation occurred when bats were far away from the target. Under negative Doppler shift compensation condition,
we found call frequency and velocity were positive correlated as well, and moreover, call frequency raised to maximum
again while the bats had their minus direction’s maximal relative velocity. However, under this status, the elevated value
was much lower than the depressed value under positive compensation at the same velocity. The frequency of occurrence
of negative compensation was obviously less frequent than that under positive compensation condition. Therefore, we
inferred that the two characteristics of the negative Doppler shift compensation mentioned above may be the coactions
consequence of the bio-structural restriction and natural selection.

Key words: Hipposideros armiger; Echolocation; Positive Doppler shift compensation; Negative Doppler shift
compensation.
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1871). B NVFI(H. a. terasensis, Kishida, 1924). K
B E MR E AR 60 g, A& EFIE AR R AR Y
BRI P2 —(Zhang, 1997). K T ZAE T
TN, oAl AR BT 2 R P AR AR ARSI B A X
AR, Al o6 G LK (R 3 H O H R
HUy 32 (Wang et al, 2007).

i Rl 05 1) [m] 75 5 A7 Y 7S A5 R IE AT LK
WA 3 FpRAY, RIAAAY (frequency modulated,
FM %), fE45i% (constant frequency, CF 74)H1{E -
AR A U(CF-FM #Y)(Jones & Teeling, 2006). K
0 J& T CF-FM Ui (Fu et al, 2009), )k 4s
F4) > 1E LB (CF) A — AN 50500 1) 1 A3 B (FM) 44
JiCo KBS PS5 — RS A =M, T RE R F 2R
S RREE i, 2 O PN | A v D B e
#i(Zhang & Feng, 2000). {EWRIEISHET, 2 HFhk
F SR EE ] PO ALY A AT SR . X T
CF-FM A h 2, W of dpe AR A0 590 22 B A
AR S AR B A B XA, O DX Ok W
[U](auditory fovea)(Jones, 2005).7E CF-FM 4l i 1,
BATTAE ©AT B B I 28 H I 2 A A £ 20
(Doppler shift compensation effect; DSC), H[liz /)i
WE A CF # IAEBEAE 5 H SR % b &5 (1 224k,
([5G p2/ e S (E = 2 gt 0] Kl oy B2 PR E A ¥ 1E Y g
Thimn i, X 2l i P B SRR R M 2
W PR, Al IA] R SR AT CR A AR LUV LA, A
FUER A7 HbE(Ma et al, 2002). 3§58 1Mz
N SE CF-FM AUl s 0 28 A5 45 AT e FE RS 40 2 4o
S —FPiE N E I (Suga et al, 1987). — i,
2 IR AME RN AT PR, 5390 Dk 22 B AR 1
FMEZW (positive Doppler shift compensation) 1%
B SRS S kb 42 24 N (negative  Doppler  shift
compensation). 54t Ak, WiEdE AT IEREH, H
A LT 5 HARA AT RE DAL 22 3% B MRS 4% 2%
M. (Simmons, 1971), Kk, KZHMEH T, CF-FM
2R 0 1) 22 5 AN I R AT L e A B RAT
5 L PR ) [ P A3 T v 1R 22 5 B LA M . FAR SR
(G LR (FYORAS EY TS Y- F CSh Ul & N AN R X
Hix, PRI AR AAT—HIN A CE-FM A lE
HAFAE 2 3% IR IEAMEE RN, 17— M AN 2 0] A
FEAR (A [E] 735 B4 7 0 )3 (Schuller, 1986). Metzner et al
(2002) W 5% W ax, T Bk % Sk WE (Rhinolophus
ferrumequinum) A7 AE 42 51 K P AIFR K LGS ] 5 A
FRAC IR 22 35 B 0% 1 M2 RN, 487k T CF-FM )Y

Wt G 22 L5 850y R R 80 S EL AT L T B A A
2B R HLEI DL B2 . J4k,  Hiryu et
al (2005) xf B Wi BF 19— Bb b 05 S 0 AL g
(Hipposideros terasensis)iF 57, F) H [H] 7 7E Wi i
B b B 2w IXURE 5 i i B R AT I R 2
WML O, gl Tl s Pl A B YA B B
PAKRAT U B2 i R v RS A 22 05 B R
BN o

g bRk, 2% WA E - A AE, 143 CF
Wit A3 AT 2 A% () AT ARAS S LR H0 0] Ja] L34 5% 1)
Kt 2 s . 2 S WAMEILRAE CF Bl (1 F A
RGN RIEE T EEER, FINHE CF il
B 75 58 7 FR 8 v B RAR A I o RT3 X — I I
RAMTIATT fi# CF i 7] 75 e A7 i — A L
il s CF g G ] PR S 0[] 75 455 - PR 3R B AT O
TR I R AR () AR T LAAMEE . AR AR S BIX
A BT iR b e 34 An eI i R A, DA R [
A AE ST H R ) e T2 i R
FUREPEHE AT W B 4 22 38 8% (1R, R Sl A2 6] 59
R P i 0 A0 0 W o 2 D) et A B2 IR LA 5, 31X
AIRE R GIT P B N FESR T ) R o AR T
W BRATT R S F R BRI T ORI I 1) 22 3 )
BIREAMEIR G, D Z RN ] 75 58 A J 235 I AMEAT
WILAPAYN TR SAE TR A Y S
1 A &
1.1 SRIESEEE

2008 4 5 HF|FH % ™ (mist net) T2 #4 fa ek
(31°32'20"N, 116°08'61"E)fifi i 1] i 4= K Bl 4L 8 1
(A lFRic y C0176. C0205. C0220. C0231. C0241 .
C0361. C0373. CO0381). fliHit)m, JCE AgE L
7 (] S0 2 BT RS 5
1.2 ZEEMEMM AR R EHE

N T BRI AT IR T 16 22 35 B A% 2%
I, FRATIAE FH PR B ORBAUR Bl AT IR T ™
AR R o B RS S T ) B IR AT, [
FER X R b, M 2.0 m, FFF iR —
MRACEREFF (K 40 om), FEFF IR i 8 A ] 5 M s 1))
& J@ v Ay, RERF IS DA e sk R 22
K (Ultrasound Gate 116 R4, Avisoft Bioacoustics,
KFEAF Ny 750 HZ, $JEH 10~150 kHz), SL5K:
I s DA, 7 5 1) J T N, 70 R O T s Sk
SR T— 5 HE% E (K 1),
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Fig. 1 The sketch of the pendulum device

1.3 BT #MAMERLL BY A IR K

SCIG I RIZEMG b 19 I ZeAy, iR B T
SRAAT TN KR8 A A Er s |), Ak T BT )
TR KB AT RIS, e BN IR
TRL T R ] 5 s A (7 R 4% 1R PN 872 s ) K
R IR T ), SR i W T ol s P [ o 2% TN PR T
Ui (R RN o B S 53 FH T 2 e XU S TR AT I
(B T W50 S AT 77 15~20 em), 258 53— 5
EAUAHNIERE . BB T R EE, FH DL S
(AR PR o W [ o 50 B, LR L 3 min, ik
W g A T 12 B ST ) S LB, R R i e > A
AT 1 min A7 EDIRES T I A s dlil, o4 238 4
AR AR F AL S ], 2RO i B 2R
(resting frequency, RF). S & 5C G, Bl F i
B 3 min, BEEUAT 2 BIARE AME RN A sl
SRS, g PR (ol R 22 IX) 36 A 1) 3P B
1.5 m [R5 BE QI3 B 3 157 1) R A 60°,

IR 3.5 s), FRERIESRESRS), %05 1 BN IE I,

BRI R IRBN B R DT dn sk, SRIEEh e
JAW G A 385, RN Sl PR E S
B SEG )51 H 5 [ Habersetzer et al(1984)f5K
Koo IR — RS IR, JOoRE 1215 K. %
0 RHE B8 S B0 P 3 ol ) O B e £ B A
MR — A1

1T R B AR e R AR N B S, 1T
W 140 2 3 0 A B (L ) DR/ B L e PR AT G 5
PRI, AT e o422 8 013 2 v Y Ik 28 3 A1
Rl ) e R AMEHARLAE y BTN B o e KM
{EL(Cwm)=f B (RF)— AR R UUEAE (Fy) o Wi i)
1% BE 32 Bl IS A d5e K R B2 PR O B OKIE b 32 A
(positive maximum Doppler shift compensation), .

FRIEIN (1 fs RKAMEAE R A B K 1AM (negative

maximum Doppler shift compensation).

SR TTARTHT, FAT e T AR E A
WIN RO RERE AR SRR R FR BN A v B L AR AR I
MEEEEZEN 10 cm, HTEIGEEN 1.5 m,
Ub, 75 SR % E 0 — A s 3 i BE R
1/15=6.7%, 1230 mgh=1/2 mV?, AJ73 838 H K
SRt B A IR 220 3.4%, DRI, K E ks
L B A R e R B IR A% . il T SR Ik
L B AIGR IN E JL T 58 A AHAE, XUl UBLE 2
B AMERON 5 Al St TR — S 4k
14 BEFRITEHH

2 U ) D2 25 1R RS s I 58 e, A
Avisoft-SASLab Pro, version 4.3 47047, £E
ISl JE B (W W % FET points 1024, 73 3F% y 244
Hz) " 43 #1 ik B 18] (pulse duration). ik [6] B (pulse
interval) 7525, T RE RIS K BT I 3225
WSHON EME (dominant frequency, DF).

XTI, W H B RRE 235 B TuAh AN A
A o 59 P 3 e 7 IOk e £ O S i KA
HEAT X K5, H Kolmogorov-Smirnov test £ % 1F
Bl RAMAE A SR GIERS 0, & IES A
SRR ¢ KIR 1E F dse KAMEAR ) 22 57 B3 Tkt
TR, AFFE BRI AES B0 56 P 1 BUR B e Ak
Fr 56 (Wilcoxon Signed Ranks Test)#H1T Lbi% . T 4k
P& (153 B A ZE vk f ) SPSS 13.0 for windows 4Rl
Excel BAFE4T .

2 &4 R
21 KEIESHRERSS S ETHINBRS THER
$5IE LR

FERERASTS, KB AR EEaE57 3 4
(B 22), B RO A, AR (69.54 + 0.42)
kHz (n=944), H A G (FHE KR CH-30 dB).
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Fig.2 Power spectrogram of Hipposideros armiger at
resting condition (a) and DSC condition (b)
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Tab.1 The comparative parameters of Hipposideros armiger calls at resting condition and the Doppler shift condition
i RS SH ZEIMES L
Resting condition parameter Doppler shift compensation parameter
iy ikt A RESpIES Jik e i o QU pES HRORIEAMEA I R AMEE ik s i B
Serial Impulse Average Impulse Impulse Max positive Max negative Impulse
number duration (ms) frequency (kHz) interval (ms) duration (ms) compensation (kHz) compensation (kHz) interval (ms)
o176 8.44+1.82 69.87+1.16 347.01+630.06 5.7242.53 0.88+0.10 —0.28+0.11 65.57+50.60
(n=176) (n=176) (n=176) (n=125) (n=19) (n=19) (n=125)
C0205 10.25+0.53 68.32+0.08 177.94+90.47 7.81+1.84 1.04+0.19 —0.27+0.14 72.14+49.17
(n=91) (n=91) (n=91) (n=120) (n=17) (n=17) (n=120)
0220 8.66+1.24 69.87+0.21 152.99+212.20 8.99+1.18 1.62+0.13 0.24+0.18 76.20+57.69
(n=144) (n=144) (n=144) (n=119) (n=9) (n=9) (n=119)
Co231 9.51+1.43 70.22+0.54 188.28+545.84 3.71£2.64 1.21+0.37 —0.30+0.16 98.76+79.11
(n=129) (n=129) (n=129) (n=156) (n=14) (n=14) (n=156)
C0241 9.40+1.07 69.70+0.29 235.37+577.02 6.36+2.71 1.00+0.31 0.17+0.01 66.38+43.34
(n=67) (n=67) (n=67) (n=110) (n=16) (n=16) (n=110)
0361 9.61+1.72 70.63+0.19 159.83+113.49 6.10+2.34 1.91+0.19 0.46+0.15 36.13+23.43
(n=132) (n=132) (n=132) (n=145) (n=14) (n=14) (n=145)
C0373 9.12+1.28 68.66+0.53 249.17+240.96 7.39+1.98 1.21+0.17 —0.21+0.13 85.68+110.8
(n=111) (n=111) (n=111) (n=104) (n=16) (n=16) (n=104)
C0381 10.39+1.50 69.08+0.33 490.39+869.77 8.32+1.54 1.45+.029 —0.2140.20 80.06+62.07
(n=94) (n=94) (n=94) (n=114) (n=10) (n=10) (n=114)
Bt 9.42+1.32 69.54+0.42 250.12+409.98 6.80+2.10 1.29+0.35 -0.25+0.17 72.62+69.53
Total (n=944) (n=944) (n=944) (n=993) (n=115) (n=79) (n=993)

Bl T BIEEbRHEZEROR, n R FE WK B SAMEEE D XS T BrE A bt BUE R M ) S o 5 4

The data are displayed in the form of Mean + SD, n is the number of the echolocation pulses. In the total results of the Max negative compensation, only

the pulses which showed the valid negative compensation are analyzed.

U SRR v [RD B 2 1) 4(9.42 + 1.32) ms (n=944)
F1(250.12 + 409.98) ms (n=944) (3% 1, ¥l 3a). K
U 22 IR RS, HAE A 3 A E R (E
2 b), KRR K AT RS 43901 4 (6.80 + 2.10) ms
(n=993)F1(73.9 + 54.5) ms (n=993) (% 1, K& 3b), M
FARIT AR BN B P R T UR BRI 8] 24 (0.16 +
0.12) s (n=66). KWl 22 1 FPRA T IR Ik I RE
B 8 AN S IG AN A (1 ik v i F2 5 3 B AR
(Wilcoxon Signed Ranks Test, Z=—2.380, P=0.017),

a b

100
75

50

$#% Frequency (kHz)

25 -

0.6 I 1.2
s [B] Time (s)
K3 KBRS SRS () 5 2 TR RS (b) B A
Fig. 3 Call spectrograms of Hipposideros armiger at
resting condition (a) and DSC condition (b)

2.2 EHTRITRETHE ZEMBIMES T

5 PR 22 1 kM s B oy, L BB R 6 -  [)
MR RLT PR T 172 B IEsZ (K 4a). i
THT (14708 28 350 23 D5 T K IV SR T 4 1) 3% B 4 50) 1 31
15 3 g KM AL T AFDRS i 10 Ry 1k PR 2P A A R A
WIRIZ 3, 7EIX AN T P8 i i 1) 15 B 3, DRtk
W] P AR T v, O 2 A M T B R K
FE AR A L4252 1 [B] P A LR e A i S BT
M7 i T V14 8¢ Ve 350 4 FFD 38 T UK 7 B 58 DA R 1
7 ) S A R B B BIA WA I i Y
WHE3 e o T 7051 3 P b 0 S 1 e 12 1
D] b ] 7 A3 B AR, i i 3 e 22317 880 47 M AN 2
By Tt vy ] 7 AT A G2 AL P (] 7 40 236 R e 7 R
el P B NRA DN L P E AT I NIV INAIOE R SN
] 26 EAT AT FRAT T A LA DU PR ANRE Rt

(1) ZEEFAMEAR EAMEEE N2 . B
BRI N EES I, B2 3 1(C0220. CO0361
I CO24 1) AA R 223 ) 5 AMEL LR (1) M4, 3L
KA B 25 R B oR: FAMEH S IEAMEAZ
H) 777 25 P 75 5 (Tetest, 1=8.332, P<0.001), Hi#
SPEMEA LG E T2 —. 75 8 HAmbiE,
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Fig. 4 The Frequency-Time plot of a typical recording sequence for the Doppler shift compensation from
individual C0205 (a), C0361 (b) of Hipposideros armiger

2 WAL IEAMEE I/ N R AMA(C0176) 4 0.9 kHz
(0.88 £ 0.10 ) kHz ZiA7, 1 iEA#MAE e K A&
(CO36 1)L F] 2.0 kHz(1.91 + 0.19) kHz, 1Mk
(RS89 1 ) e RAMEABAE(1.29 + 0.35) kHz (n=115)
(&1

1EZ2 S B Gz, 8 FUR R AR T i 1)
SEEMEHR A T 0.3 kHz, 1 f KM % R
0.5 kHz (% 1), Ut RERE ) & F W0R ] g 4L
BT B, Wk 1 PR, C0205 KIFEAE N 68.3
kHz, 1A IE AL 67.2 kHz Aifa,
E s K AME R 1.1 kHz, i 5 a) e KA 1
68.6 kHz, 1t [ fse KAMEAEA A 0.3 kHz.

(2) ALEARA IR 2 I SAME Y . BT
FRZ A N 25 (Wi W R =AM A B 22 % 3
BORME (1) 355 B S s 3 B0

Kl 4 (b) WoRP2 R B Z4M4 Co361 (1)K
S RIS TA) i 2, HOfe E# 70.5 kHz, 1E 7]
P EARAIR 68.7 kHz, 1E [ KAME{E 1.8 kHz,
M S I 53 R, HoAR s AT 69.9 kHz,
TSR 0.6 kHz, G e KAMEAE, RIEAR R
T IEAH AT, 3 FUKm B 24 C0220. C0241
H1CO361 Wi [N 243 511k 22.2% 25.0%H1 14.3%, 1M1
HA4 5 HAMA C0176. €0205. C0231. C0373 Al
CO381 [N 2435 K 94.6% 100%-+92.9%- 93.7%
F1 80%.

3 i1 ig

AHEFTHR, AT TR A i SRS 5 23
MoIRZS N A BRF AL AT T RO PR I LR 0 R

RN, B I 1) Jp s RE AN i ) B s, LR
DRI BT AN s i L L IS0 ] RPN 1) 7 22 i
BRG AN R A, R T4 R H W
(Barclay, 1991). 2 S 8ISREIRAT, KB 1) bk
I R AR e T O S 4 T, 0 A i 0 3 RS
RS, A 0 R AR ST I TR) P R T 2 )
ik, AT SRAT B R A B ) S 2 R . T Ak,
T LA 2 0 )R 25O (1) i i A )R P Y A
HERI G SRR F, BT ES
LA B 75 5 A7 i 8 — A E R HE R P R I 2R T DA
TER ] F X2 1 OO I 75 A5 5 R RS S, A
Mg 7 He ] 75 g A7 /8 ) (Jones, 2005).
3.1 KRS L MIMBFIES H it CF MRizAYFHE

EEER

R B I 1) 22 e 2 e A2 R 0 B A ORI
R s ST IR 2 TR KB R A i 45 B A
R (RS PE RURE 0, A PR ) 81 0 A 7 A
REERAITE]NT 0.2 s, 11T Keating et al (1994) 7
WHGTREIG S (Pteronotus parnellii) 12535 i # M)
RIS BIREE 2 B BAME RN RIE 0.5 s idae
Habersetzer et al (1984)% Bl ARHK 573 784 APl it Fe
BilE (H. speoris) FXUEEGNE (H. bicolor) W%
SAMEFFAE IR R I, it G 1) 1 1) fME AR IA
FI| 3.5 kHz, 184 Bl IE) B R AMEA{EIA 3] 4.0 kHz,
T ASHIE S P R B 0 1 22 305 ) E A M2 IR Y AL 0.9~
2.0 kHz, Jifi [GEUE K M8 135.0 kHz, XUEET
3 EMA 154.5 kHz, 1 KERER =51k 70 kHz,
K45 R WoR T 3 M E R 2 0] A LS 2
T BAMEAE N Z AR — 8 A DG A8
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) i g A S FLIEAME B VO R BOR, X — IS A Al e
T R P AR B Ry PR Wl W [ ) 9 B BE K, B LA
RNREE RIS . BRI, KB e KM
WEERIECK, [, Habersetzer et al (1984)7E X {4,
S Rt G R O RD A 5 e A B A T8 ) R4 e
G R AT, HR BT RE A L N T e R
5 | 7S 1 B e AT A g i 22 5 B i ) o I R A
FA(Fv) R AE T 284k, T e s AN A 2 T) 0 S5 R 3R
) 22 et A s S A M A B30 FRL K I S AL
Schuller (1980)A 8, 7E—4.0 kHz % 5.0 kHz 1]
U, 1.0 kKHz FIB6EE A, AR A3 PR e B i OB £ B
st B e ) A7 W S PR R AN ISR, AT eSS CF i
W MY FE BN, 1.0 kHz R4 B Y R ok 77 b
SO R A AR s DR I R A7 ) K
AMEME AT 0.5 kHzo 45 Metzner et al (2002) X}
hERAG IR TT, 4 s Sk 3 T — 1.5 kHz
(R el P I R T S E A 0.6 kHz, X %
7x CF Wi 1) 22 385 3 R M2 80 g TEAMEE 00N, AR
BA AR SmL, (R e 2T 2
H AT AN AT 55 5K 50 Sk s AT 22 38 390 47 b 52 280
FUIRIE, S Gaioni et al (1990) 34 | F i
BEWFIIA S (Pteronotus  parnellin)If) 22 1 #) 4 M
BL, AH R e Ja HA N oA [l B rp R B 2 3%
PAMEILS, XA REZH T CF bl AR
Wi 17 248 385 3 PR 45 TR o A S22 3308 3 DR B s 1 [ ]
RSP BRI T 2 M . KB £k
% 20 AL ) 1N 26 A B B 7 A7 1 D e A1) 8 X
DUERE, X RPN 26 (R 30 5 A ] R A FH s s 1
PRSI R BT g B, WLk RSN 3R . PRt
TATTHHEDN, % T e A, A AMEDIRAS T H vy
DB Ry 1) 2 = A (& W P 1 s CE SR U T R A N
RE S I PRI S AME: LA /D e T #E . XSS —
3 TR W) 22 3% 85 A b 2 AR AT e ASAN A — fronf K B
IS B IR N TITE | VAR A A S 4 7
3.2 CFiRIEZ LTHOiMEIKMAESFEFE R
ARSIy B B KA B R o e L ek (]
AR R 1) 20385 ) SRMEE B8O, IR AP A o 2
SKIERFEE RS CF Wi 1) 3= 2228 HE, 7EX A~
Rhep# R I 2 ) MBS, Ui W] SRMEL T AT
e 2 W EAMESN. —FF, & MAE CF Wil
AT L2 AFAE I OB o 2538 80 A7 kM2 20
AR UL W MR NGB . A& FK4a i,
IXLEZE UL TE LG CF s V1 S By 25 BE 1Y

VERLSuN s AR S G RN c=£ e A ReR T RS TR
SEIL gz A By DA R S K AT I R A Rl R
I SREARAL 1) FE) <Rl 137 =1 Bl A o oy B AR M N LR
5 45 4 W) 1 18 152 (Schnitzler, 1973; Metzner et al,
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