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1S5 B SRR 1k O 5 R % (B 7 Ao B3 I

o AT REST
(T2 AR B R A T 15 8 A AR, UL 430079)

WE ERKHAEYELE RS, WIEE S T 68 AT R & S N AR AR A R N R AT N . i T SL s AR i
# T H (Chiroptera), JEME—REE IEATHINIFLANY), HAPSEHE 1000 B, (7SR 005 — K H . M H AR /N A
FEASRFAE A L 43 B K b i 32 H ( Megachiroptera) Fl/N g ME. H ( Microchiroptera). i il FRIAIF 57 H A 5 2 il Rl 2 i SR SRR B
FOME, WA 2o 75 H-5 A S O I S S A S B, R A B TR . AT 1 [ml 7 s v A 5 g,
TG TSI 3 R G0 A5 5 0 LU, G AEUT HoROR S 28 A (5 5 A0 BE 7 T, DI HE 4l i R 43 T B AR T
6, EANDEWRUFBIREY. Fiak, R4S r T B A T T MR, (007 5 o7 i 0 1 2 400 75 40 3R e EL A A v P ) [
TR, WA R TTRUGE. A OCHE A - RS EET W 25 A FI DY RE BT, A A MR E, A5 T A DA

W, BER BRI WT 8 b 0] 8 G247 4 22 ) B S S8 MR BB, AR SO 7 1 I A T 1) B2 A AN VA

KR A - R, [P E L, AL, BRI AR

Z89ES  Q6, R338

Wit % 8 1 L 3 ) 44 1) 3T H (Chiroptera), &
ME—REELIE VAT S, W0 R I T B Ak
I 1000 Fp0, A FLRE YIS —KH.
Pt FL A 20 RN I 28 R AIE K L 43 S K i 0 P H
(Megachiroptera) F /]y B #i5 3. H (Microchiroptera).
KW . H B3 G A6 R & (Syconycteris) (AN 5~
7 cm) Ab, HRRBBOC: /NE I H B B H b
BEK HAE (Macroderma gigas) (3 J&1] ik 50~ 60 cm)
Ak, FLARARITY Nk A /N . Kl S H S AR EE AL
WRIESZ S FEIAEE, IFLURSCRI e N &, Hukd
PR HL i (vegetarian bat), (X JIUE F} (Pteropodidae)
— Bk TN IR A, A B e A
(echolocation) B, 4= 4 75 4 (biosonar) & 4t >k J&k %11
PR FR I, SR X Tl S 28 ) g 8 9 R Ay [ 75 5 7
Wil (echolocating bat)¥ul A4 75 4. &A1 133
KUV AE S, JEWrH IS, Ao AR IGA 5
R, XRIIEP R ZH L RIChfr, MubFRe
14 & HUliE (insectivorous bat); 3 A5 20 3 43 P 2 4l
B/NFHESI Y, W U (Pizonyx vivest) A1 £ I
W§ (Trachops cirrhosus)55. 101 75 32 A3 Wit U5 14 2E90) 75
MRS LB 3 KRG, MAF RS Wik &
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ALK RO, I 0] e n] 58 B 2200 ) S a0 ib
e NSRBI o o FE AR I B 2 s
H B WI¥EE “F” BIUAR R, A
IR AR TUTVE, i 0] 75 5 R AT A6k
AR AR 1R 38 N DA SR i 2R 8 R B 45 77 Tk
TREWT, AT T A2 A8 H e, AR 4iG
P AT L5 % K A - I B (constant frequency-
frequency modulation, CF-FM)i i T A a9,  fa
T4 CF-FM Wl Re A0 W it 3R 40 5 HOR [B] R fr
FRYIE VY.
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B Wit 5 5 75 A o IR R R A K L 0 i LR 3 A3k
B8, a, I 4l (frequency modulation, FM) f I ,
FC{n] g A7 W R ) KR S R S O N R s
(downward FM sound), HfFE7E 0.5~20 ms, +14i
Y RZ4 1 /N8 (octave) BRERAT RS, — M H
H 21 (harmonic), “BXATTAE TH K i A1 Al 468
HorAu. b TEM - WA, RS A(E SRR 2
TE — B K I FE 1) 1H 45 (constant frequency, CF)f& %5
()T G R &5 A 53 A — B B4 FM 7 (upward FM
initial component, FMi) #1 ~ ¥ FM 7 (downward
FM terminal component, FMt). CF j§ 73 [f) i) fE —
e #E 5~100 ms, FMt IFFE 1~3 ms, 100 Fl—
fBcEH CF B3 (RAI% F 4 20%~ 30%,  1fii FMi [RIN
FEFIFA A0 B AR AN [ s, R A5 S — Ry 3
AN 3 AL R, e oA T IR OB R
KBt o3 A e IH K Bk (8 3 Sk W8 (R hinolophid) 1
W& (Hipposiderid) VA K 8t K Bili 1) B2 W8 (Preronotus
parnellit)%. c. Click BliF, WKW H ¥ 5L
R AR 5 I R AR R A, — AR 40~
50 ws, FAMSGEHE, WLLA$] 80 kHz, —fiA
AR, IXME 5 5 A0 R K 1) R P 15 5 A1
U . FM Wi i A1 CF-FM W i 38 ik ek 368 & 75 ¢ ifid
click Bl A 5 S R AW, TR, SRR
F1R) W HG R P A (R ABE 2 Wit T Ak PR R 5 AN [
RAAA, fln g 3l AT R AEES A
CF 75 5l CF-FM 5 (55 HAth CF-FM BRI 2, X
TR CF ISR, 1 FM A WIAR X)), i
FERNEIN A A5 58 FM A,
1.2 MRIEAF{ESHIATI

0T ] 75 5 (7 W AT TR, IR AR HE R
G SR S e, B 28 L (duty cycle) BEAT
3. RZHFM WG KR P05 5 10 7 S LU, —
fB/NT 15%, i CF-FM B 1 17 2% L 0T FM
Wil , — MO 30%. (Rl ,  SORDREX P A
3 FR Sk e 25 B B i (low duty cycle bat) FITK: by
75 LU I (high duty cycle bat).
1.3 [EFEEMRIEX R IERE RN

Wit I KD A AT A R B SRS A L Ll M AT
K. AElIE ARSI, T I R R 4 A
3FhEM: a. LT 5t A4 25 [H (uncluttered space),
TR FR AW RS LS 25 M i R B ) e s, A
R 2 SRl A TR, A S HREA
AR SRR, TG RER R 75 A5 5 04T 5 A 1 b B
Ry SRR AR L, AT A% R e TR oA 28 i g

Wi U5 (aerial-hawking bat), X I8 W i 111 & 75 15 5 I
PRI, B ieas, & 2~3 ICKATHE B 1 IR
b. 7§ 5t 449 2% [A] (background-cluttered space), £l
FEAE MRS AN TR R AL, DA AR Hb TR 7K T8I )
IR, A8 BN R R[] 75 vh 25 A7 R AR I [l 75 4
BA—E w1 mb A ER. TR s s s W)
HH R 5 A 7S AT A TN ) T A I AR TE A [ Y
Wi, R R AR ST, R A ik Al
Bom, B 1LKCITHEIIRAE 1R o mEREN
7% 1] (highly-cluttered space), 545 41U 7 A MR
MRS HEAR MFIAMR N 2], T AP R 25 5 A% =
R, AEWICAPE, FEHEE R 2k,
AL S B W AR R FH s i AL S5l
R W% (sit-and-wait strategy)®, & CATRIZ 845
TER A A IR AE A, 3K Lel i 0 F5 400
BTE ) FM Wl AT CF-FM W b, 47 8% BHE S
fIIFR 2 A 8k 78 2% 1] 3 Bl $8 5 B 1 (narrow space
active gleaning bat) B¢ 2% 7% 45 [W) 4ic & £ I Wit s
(narrow space flutter detecting bat). 1X£% CF-FM I
I e A S 2 (0] P A5 rp R H el B i S i |
5 A5 RATHT S R 1) 2 B W R R —— i 2
HI4iF% (Doppler shift, DS)™!1,

2  CF-FM w1245 1 B9 52 2R G 34 Bl /& E AL
BY3E K2

2.1 WTREEHRRE R FHHE

JIT AT 1] 75 5 7 Mt 5 )W 3k, R 98 35 e FEE AR A TR
B2, LRI ST BT IR S L pih 2 At ) 2R A LT
a. W T I (inferior colliculus, IC)#4K, iy
FELCZE R L4602 b, £ CF-FM Wl ) HR g 3
JEG B 38 A TR ] P A7 A 5 32 J (dominant
frequency, DF) =y F 50K (19 28 B0 T FE 5z g [
(fovea) &4, FR AW o Hh eV (auditory fovea)!> s
c. M w7 H W4 #% (anteroventral cochlear nucleus,
AVCN)WR B34 K, 7€ Preronotus 1> 7E AVCN [f]
UG I —BERTMAMR I 2 AT, d. B
) J5 BE H W4 #% (posteroventral cochlear nucleus,
PVCN) 2| _F#(#5 & 55 44 (superior olivary complex,
SOC), HAHEMMAN, ¢4 T HALmFLE
W) e. 1E Peronotus parnellii ] MSO 14 704X
2ok B AVCN (1 58 B4 A0, X4 h 2
Ak B H 1] ] 1] 22 (interaural time difference, 1TD)[1]
— AN S, MRS e LB, L
R A% (MSO) 52 2 B [F AT XSl AVCEN 1) 4
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N f. A B & #% (nuclei of lateral leminiscus,
NLL) B4 A1 e ()Rt A [ 3-8 K &
HAHAGN, FIREETUR A, A ]S o i 0 BT
N H IR T 8 RGERFA I RFAE, AR b S AT
Be T 0] e RrAT R . AR BT A (] S A i 0
CF-FM W B8 W7 58 28 48 I RAA G R S e Wi g vh
P, AR . R [R]FE E ALY DF b BURAE,
TR AR AR A A A () s BESE Y. U m
., CF-FM Wi ARV RIE 5 R I HH AR HLF5 N Rk )

22 WHHE

CF-FM W g 388 3 4 £ 75 AR B AR A P R AT
B EUT BAER A A AR I B L. Rl B I R
52 HERIT AL R T 3 REGEFI R AT R, R
WE T B R PRI e D . CF-FM i i (1) & 75
55— MEA 3~4 MR H~H,), 730K E KK
H11f) CF 1 FM 5 - A CF,~ CF, il FM,~ FM.,.
s Al (H) Re R A, L CF 13 (CF,) #EFR
i g A2 75 1F) DF,  {E DF [0l & a8 7 oK i)
WEE R, Rk, & T 2546 3540 0 6 DF(HP
CFy) B AU,

76 Fr W sE B CF-FM i i 1 ot o |
(audiogram) b=, WLEE 2N 5 (RUEAE AT A0, A (E )
X T CF,. Grinnell "9 % 5% K ] CF 75 i 5& T
CF-FM i 5 W7 4 figi 155 /& H. 47 (auditory brainstem
evoked potential), %z il H A [R]85 2 16 Wr [ fth 26 (Wr
JIE), B AR 2 AW RS A AR T SR ALK E
AR R BN IEA S TA PR NI )
55 H, B A— DI % (resting frequency) il
SCBa, Wy B B R AR, T e
F R DL R JLAS kHz A H B 1 AN B KUE{E.
1, K T4k 3k Ui (greater horseshoe bat, Rhinolophus
ferrumequinum) ) DF £} 83.3 kHz, {tH IC Frill
By 7 BoR, 83.3 kHz BTt B 1 NS,
1M 7E A 25 83.3 kHz LL 49 2 kHz (¥ 81.5 kHz [ i,
UPH IR 1 ANUEARL. OB PR . 1R BREL 5 2 (EL BT .
(1 BB 2 [R)4H 22 60 dB LA L. Neuweiler 2527 jifi
[C % U (Schneider's roundleaf bat, Hipposideros
speoris) F1 X (A i U (bicolored leaf-nosed bat,
Hipposideros bicolor) ] 1C W, 3k15 T U 45 K.
FH AT WL, CF-FM il 05 (1) W 3 3R 48 CRF A0 R 0 3L
0] 75 58 A 5 1Y) DF f A B0
2.3 EIREEERIIT ST RM

RPNV 22 0 350490 R AR P T A
TE R8T R B 6 A0 €8 DM RO 10 v e I 6] T T T

T, RHAT, {AE CF-FM Sl Fo i (cochlear) F i
[I¥ (basilar membrane) [FIAF 5T A A BAT % (9] 75 i A2 A
5 DF e B USR03 rh e [ g 5 4, K G
PRz AWt A e U081, EIX 75 T, BrunsPig FL7E
LA S IO [ A3 7 I 5 | 1) g
4RSI DF 53R 1 (0 20 A1 2 i
3 J& (1) (highly expanded), B[ v s 5 K08 [ I & —
FAEWRIE Y DF. Russell A1 KossIUSI 52 M 16 Jee i
T RN, SRR, BedE ] E E frfE
5 1] DF (61 kHz) 7F 2% JiK i I 4% 1 i & Ak (over-
representation), {1 B 7 2 JiC 5 55 0 58 B (1) 24032
I A B R J 1) 40% LA %) DF A HLAT 3 43
H dp A UK.
2.4  ERIT 5 G R M AYE NI 5 R AR AE

FH T B R 5 A% A0 28 TG (1) 4 0 41 R AT
FETEPENE— e PR E T A E g R T A 7] [X 45k iy
RAEMIARGESE, DA, I e A fr v e )
AT A AR AT (13 5 R TA AL A T AE AR AZ A v B
AL HE F Je I (1 o e U1 RAE DXL E R (1 o e
[ ZRAE X A6 DF 3 ik, i HApgs o ATk
HAL IR 221, Schuller A1 Pollak®! £
K 2k % 3L g (DF 83.3 kHz) IC 3543 T 593 i
SRR TG, o 2 50% il 28 TG 1R S8 £E A A
78~ 88 kHz, IfJIXLEHHIZEITH 16.3% 115 1E 83.0~
84.5 kHz, #iil ‘7 HEAZ1E 83.0~84.5 kHz fif
2 e H 2 AE L] P (unproportionately) [ i 5 2% 42
I3, R IC X AZ Pl W AT kA IR 1 R
ik, Ostwald™I7E1Z Ml iE T J7 2 1 I 2 oR,
T M AE 83.0 kHz 247 (It & oc 3 B AR L )
PEEAE AT, HAZE o ol 4 J0 B AT S Bl IK AR
W, RIHK QLo dBE W E T, HmAAESZLE DF
BRI A 20 0 1) /D L A, 48 5 PRI

3 CF-FM REERFITAMNHRINERIEN

3.1 #EinA=tt

22 i i ) B P A o R B PR A R
To Ve ATl CE-FM i 5 #0K5 185 Jon A 75 1 oy 25 B el
B2 2R LA R Tt S R] e 2 R A B A
B AN ERDZE G 0 o B 7 AR, Ak
W sk 3 e PR R, B . OKARIE (Epresicus
Suscus) WIEHEIA IR PP E A 22, iy Fe i W) LA
LW E MM A 2. Schnitzler 5520 5% T & K46 Sk
IiF (rufous horseshoe bat, Rhinolophus rouxi) # 15 F
RS NI A, 45 R REF RS T R AR
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RN 47%, TAER RS TN R AR
AR R 56%; dE— 0 b o, 3K AR AR B
P3N EE A 7S I R N 8, KA ESE
BIEARAAR . RERIE B AR N RS R
20 ms, MK TEIBEAE 20~ 100 ms 2 [0], i £EH &k
AT, FEIEEAK AR 2/ 10 ms A1 1 msPS 2,
AR M SN LA J K T A B A, AT
FAHEAL R AR AR, R AR G, AR SR 4
B, IXRERTE R S S A RS, MR 2
FHEYIIE R
32 ZEEMBIME

CF-FM st 5 (14) £ 20 T 0. 445 ) 349 v R AR A o o)
DF S5 o U8, T W 5 1932 3l 4 38 il B 7 7 A
DS, Wil 1) R 5 28 48 Re W A HA ol N (1) 1 A ——
% 1 B AFS M (Doppler shift compensation, DSC),
RIRATIRAS T i & 7515 5 TP IR CF Si%efis 5 H
P ) (RO PR B AR AT 3R s LA 52 1) [ 75 A e
PRl 22 3 860y 200 . T vy B i 20 0o AR ARG 1 R 1)

(2)

Frequency
’
’
7’
P -
Frequency

CF # K ANz DS, BV 2 3 3) Sl B 1F b 122 280
(positive Doppler shift compensation) (K 1); & 2,
WBE I & 7 CF i LUAME: DS, Bl 22 3% 8 5 1%
1 4 M2 %0 W (negative Doppler shift compensation)®.
XA ES ) DSC AT ARAOR T [0] 75 5515 4k 28 V& A1 d;
ok O3t TR RS L R R i A R Al S TN
Schnitzlert™ i@ it i (playback) 3% & 1715, W5
TR AN Bk LR K DSC AT R, K IR
U R M 1R 5 K DS B4 8 kHz.  Jim >R A1 il G
ECSFIEE MR EIRERTG TRAI S5 R, (HRERMEET
I K DS /N, —MAE2kHz 24, 25U
', CF-FM Wit DSC ML %, #8224 M0 3 F £
AR B H A I T AR PR [ P AR T A
2R EAME. KILCK, AT—EIAAh AR
ZAF N, CF-FM Wl R /b 2518 i B g 3 2
AT HAR, DA, A 2 A A A AR
FRD [0 75 50 I i g 551,

(b)

Time

Time

Fig. 1 Doppler shift compensation in bats using CF-FM signals while flying
El1 CF-FM $RIBE ¢TI EP AL LEINHBHME
(a) Vel DA B UL i AT I R v A B IR 3 A I AEBAY B ) 75 0 K (S5 486 15 A X [ 11 75 (R ). () Pl o i 8 R ke 4 31 8 s i 75 o
CF J8053 (R 4 LK e 115 5 3] 5 $EA0) S S Tk 4 B 75 v CF 8043 B A

4 CF-FM #wiglEl = EH{ESH CF 1 FM
B9 B91E B

CF-FM Wi an ] X 73 715 5t 5 B 1L, W] 3/ 43
ELARRE . TRAT IR DL B 55 B2 [l S R
(1) CF 1 FM J53 53 e SR IR U B b R AT 4
YER? X IAHHLRI AEABTR R .

4.1 CF o EMRBEHEETHPER

7t CF-FM e b5 4 £ iok % v 75 52 I SR RS
(B FEAE ., A B IAT 55, Wi 5 A
i “TH8E kA S5 SR DS, B ()

A IC AR, WEFUERW], 76 CF-FM Wil W 5 5t
A ik & 7K X H [ DSCF (Doppler-shift constant-
frequency processing) [X., H: CF IV [X il CF-CF I [X
PR TEREVME 58 k) CF 234 8% 45 5 n 1,
PR T B R A R RS 3R, BT DSCF X i
2 TC HATARILBUAL IR AR, TR 1 Aol 7l 0
REE X 43 [B] P A5 S CF, A Ame 22 55, AT
TR S5 DF LAAME DS, 431917515 5 1) CF,
BURVEAE “Wramrh e R, R
CF-FM Uil [¥) DSCF XA TCHEMS i O/ DS IFIKG i
#hE, {HIFAZ 5 DSC 478, DSCF X ffi4 el
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i 5 2 M X A TOAHIBE R, B RTINS M.

CF-CF [X 12 Je . §5 CF-CF, fil CF,-CF, &
JG, EANVERS BIIIAEX. XS 2 okt Bk
AR CF 8RR A CF R 10 s 8 24 AR 3
E2Y R P (5 R 7 5 2 S D g I i B e,
CF, 1 CF, 5 2 IF AW 7 CF, 11 2 {5 H1 3
5, AN . (ERRE 2 FRAS I EdE 2R, CF-
CF, X fil CF,-CF; X #ifi 2 JC g il FAIE (1) & 3k & i
FlfE-2~9 m/s, TP RAE B R E A 0~4 m/s
PR TOALE 7 )2 5 AR LB (1) 25 42 43 A9, CF-CF #if
2 U SCAE R IR 2 ORI, ARG SR TR
B, JLnT RE & JE T T A I IR A (medial
geniculate body, MGB)F".
4.2 FM B HERIEHEITAPRIER

PRERfA R B ERI B B A JE R bt s L b A £ 5
KEE., CF-FM Wil il i vH R 55 1 FM 5
[ 7545 5 1] FML R G320 () [l B (B[R] 75 43R, R
Rt 3R B R E R, BT AL 25°C 4
PR S LRI L2 0 340 m/s, PRI, 1 ms
() A IR 3 5 RS R B S INF 204 17 em. 5 CF-CFIX 2%
BL, [R5 GEIR AT B 2T B B (M T RE X, B
FM-FM X, ZX #0205 k) FM 7 3o CF
FE IS S, RO R A B 3 118 P —— ] 7 ik
AT S N SR ZN B FM-FM X A3 $5, FM-FM, [X .
FM,-FM; [X . FM-FM, X, %} %38 Ji) 7 v [l 4
0.4~18 ms, XJ I 1L 4 FE &5k 7~310 cm.
FM-FM 1 £ 70 ¢ 5. 4 MGB h i R B,  Jo Sk 4
IC v AH 48 4 & IR, {H B 43 3 (1) B K IE IR A
8 ms, KW MGB HHRIMEMEIZE T AT
SEIR P ERFPE I TE A%
4.3 CF-FM RIEXTE =7 B AR 5

TERIE S A AR, Wi PR 428
FE AT UG B S 0] 7 e 7 AT A 32 kg, AR
W2 22 2 W BRI RIS S SERBNE
5] () (AT, A a] 7 5 A ) B (1)
[] 75 i) f 2B (S ). I ol i 8 ke 0 i 4 i 114
SO0 I A i e S B A R P D B85 I ) 7 R 1 A
Ppuian. RN, WAL SRS AL R SRR AR
T M3 N AR AF IR, n] DAY XSS5 R (1 15 T T 1
R 00 B e, anggskig, HOR IR FM iy
i MR HAERAR,  ZE A i R AN S 2 Bk
BBl 75, Wt 2R Gent [a] 7 r R i3 T 5 /2 11
S PS5 R 6 PR AR A AR BEUR, 2 B MR X 40 B2

38 5 | A6 PR A7 5 2 ) R A [ RGO A 1 7 [
FEE. Lazure “EWIRHF R I, [0 @ AL A5 5 1 5
SORHIE, JUSLR KPP b A LERTIN A, mT DU 4L
AN A FELIA B FEYIRAFR bR, AHEE TG
IRl e A5, 2 LE B R A 5 6 AR R
JA R B AR R R ). MERFRZ A
Wt 0 L RO R A, TR L PR B VR A
., 1 Geipel ZEHIRIAIF ST AT TE A2 B CH] S8 56 R4 UE
By, ok 20 25 10 5 & W U (gleaning bat), Ul
Micronycteris microtis, M ] 0] P 5 ] S 2830
S5 RS Dy b 1 A (G b PRI ) BEAT R
SrRAERL. FAE 1911 AR B, RIE I HE A
B P SR IR e L, A RAES s 5 A A
EHIE NS SR IS A PR Lombard 243 (Lombard
effect), 13T JG R FUIAER.  Tressler SR
IR i 5% v B A AR X RPN, 4 Sk I ) Lombard 2%
AN R IAE 7 i P PR TR 3, A6 A, 2 Tk
i, AR S 55 R AR [ A 2 AL 2
ANV, PR TOR PR 5 Z 18] 0] BEA 4G AL,
[FIIS, AR ST B2 BRI R, 59 1R T 508 75
] R R A 20 T TR R R R Y, T e U A
TG EAEE T PRI S A 0 LT i PR A 2 T o S
R R e D) S0 2 220>
4.4 CF-FM #wig%S R R F 2 FHHE R IR 5]

LAY ERE NN 2] PR NS R B S
I, (Al B I 1 ANEAE, sk S (E
IR AR o DL R B R e i A0 A, ] iR
il B e R AT | R J P XU R
WA, AR, AR ¢ B UM SRR AR 1)
8. IXEfE B ASRE 3 BT [0l 7 e A2 A5 5 19
CF 7%, MAEREE M A K EEHR T, FM K
I3 IR AT B BRI A AR 0, 4 Sl Y il i
3 AT R P PRI SR SR AL HH 126 P il £ S 11
4.5 UREER RINEEAVIRIR I

v il BB Re A (functional modularity),
TR CF-FM Wil (1 W 5 B2 540 7 By AN [] 1R 2y
A Hi. 70 (functional modules) B I HEX, HBE/N X k1)
PRETC AT AR SN AR . 3 XS A 5 4
DS 1) DSCF [X, HIAN[F] DS i (B dL ¥ ATI3 )
(Y] CE-CF X, 5[] 4858 (& HLUBE ) 1) FM-FM
X (Kl 2), R e RN SR T RAEM
W5,
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(2)

FIR L)

€4 L L

G TX)

Fig. 2 The function modules of the auditory cortex of Pteronotus parnellii
B2 SARATIE EHE TTAThRERE IR
(a) BRIV BR10EF SU M R 318 CF: BE& BUK Y CF-CF X ; DF: H{lil%IX; DSCF: Wrif i RMRIEX; FM: LEEHE FM-FM
X VF: JEMAZIX. (b) SR 5z K T R M SN T X (DSCF) & 3 M1 UIX(CF-CF. FM-FM Fll DF [X) 4 $h 41441,

5 TR CF-FM E S BIR MR & H
AR BRI E/ER

CF-FM Wi 5 [1] 75 58 A7 4% 5 1 (1) CF Al M 53
REMS & RS AT AL LT RE, HRFESEN—
AR 2 S RAFAEAT AR e ? WA= Bt
FUoR, FM g2 e B Joh) CF B 1 S
51 TE#Z7TI CF-FM BE EALES R
X

P13 WIHE K 5 (leaf-nosed bat, Hipposideros
armiger) VT 1 1C (RFFEH 2SR, 7 [
SE PR AN FE ) CE-FM 75 B 4R, K30y
(76%) #1128 70K 5 ) B i T3, BI single-on
(SO) Jx WA (SO #hEEIT), A% CF-FM 75 [ FF i
BN s T 53 (24%) 4 7T R 40 53l I T2 1
WU N, Bl double-on(DO) Jz AR (DO i
JG) » Xf CF A M 53 I TT U6 73 ke Je ss4, - it
Ak, FM R4 36 1] 560 IC #2070 119 ) N R T8k
TSR AR I DA SRS SR 5505359, 7 CF-FM. 7 3l
N, DO &I WA I SO &tk 4
N PP S TR PR 22 7 FT BEAE Wi 1] 75 52 457 TR A [7 Fof

FHAAEAE .
5.2 FM 5 8eBHIEI CF B 5 B R AL

Suga SFEHLE R ST R, B CF 75 1T
R NE il ST S R RN G G = S E R VA
(cochlear microphonic, CM) 1 #] 2% Wr #f £& JC
(primary auditory neurons, N1) [ & & H A7 | MV,
El CM-on. CM-off fl N1-on. Nl-off. ifj4 CF
Ja B FM 4 5, W CF A5 off Y
(CM-off F1 N1-off) B A~ [F] F2 B2 0. FATT ¥
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Adaptation of Specialized Auditory System to Echolocation in CF-FM Bat’

XU Na, FU Zi-Ying”, CHEN Qi-Cai
(School of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology,
Central China Normal University, Wuhan 430079, China)

Abstract The evolution makes bats have abilities of flying, echolocating and highly adaptating to living
surroundings. Bats, as the only true flying mammals, belong to the Chiroptera, ranking the second order of the
mammals with more than 1000 species. They are classified into Megachiroptera and Microchiroptera according to
their size and morphological characteristics of the body. Because bats share some basic principles with human in
auditory perception, the researches of bats can provide helpful information to understand the hearing of human.
The echolocation signals emitted by bats are regular and can be easily imitated to study the mechanism of the
signal processing in the central auditory system, especially in the processing of complex acoustic signals, bats is an
excellent model animal. Moreover, the biosonar system of echolocation bats with very high temporal and spatial
resolution has very important value in bionics, which is a very interesting topic. The study on auditory structure and
function of CF-FM ( constant frequency-frequency modulation) bats has gone through a considerable time and
achieved numerous new understanding, some adaptive mechanisms of the acute auditory system to echolocation
behavior are also revealed. Therefore, the research progress in relation to the auditory system and echolocation of

CF-FM bats are briefly introduced and reviewed in this article.
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