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THBIATEIRPHETAFTHF, LEITHFEROLE, FEREFRRAAEG I, REFTEL
W, RRMBEAXR S REQSTH, L@ FRARK, BASFELERAGHR, ARZEAFT LAY
Wi T @AEE T, AMRBHRLEE, REARRLI5E, FATHBONZ AR ©F 45,
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ok, AFRENA, 21 LA R, FRBWHINEREE X, IR R T R ERk, ELLs
BALETERIE, RAFTHSARE SRR, REANMARLRELA, HAMFHRENL, TEFLE
Wde AL AR A FFAAELS . S EURREFFTERRAT REGRK, B EEFTIHO—KIH,
HAR % @A RN R
EERZE kIR

TRERBTEERKENMEL TN EIEFNE
WH T BE R A B BRI
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Abstract: In order to probe the duration selectivity of inferior collicular (IC) neurons within the dominant frequency ( DF)
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of echolocation signals emitted by Pratt’s roundleaf bats (Hipposideros praiti), the present study was performed on the IC

of 4 Pratt’ s roundleaf bats. A total of 56 IC neurons were isolated using extracellular recording under freefield stimulation

conditions. The ranges of recording depth, best frequency and minimum threshold of these IC neurons were 1547 — 3967 um
(mean +SD 2878.9 +629.1), 20 -68 kHz (49.0 +11.1) kHz and 36.5 -95.5dB SPL (59.8 +13.0) dB SPL, re-

spectively. The duration selectivity of these neurons was examined with sound stimuli of different durations and duration-se—

lective neurons were classified into six types: short-pass (SP, n =11/56), band-pass (BP, n =1/56) , long-pass (LP,
n =5/56), band<eject (BR, n=3/56), multipeak (MP, n=6/56) and all-pass (AP, n =30/56) neurons. By com-—

parison of duration selectivity between the neurons within and outside the dominant frequency of echolocation signals, we

found that neurons (n =32) within the DF of echolocation signals had higher duration selectivity and shorter best duration

than did those (n =24) outside of the DF of echolocation signal. Therefore, the results suggest that the neurons within DF

play a more important role than those without DF during echolocating of Pratt’ s roundleaf bat.

Key words: Dominant frequency; Duration selectivity; Inferior collicular neuron; Pratt’ s roundleaf bat

W5 28 58 18 32 BEAT: 55 02 NI 24 1 A AR 75 45 rhil
SIFISE A AR ) i L E S S H T A 15
B FESHEASHAFEMNAE (Frequency) | 5
JE (Amplitude) FIBF#E ( Duration) . 1 T % #f1 48
JUHE X IX 26 2 0 47 1 5] F Ak B (Covey and
Casseday, 1999; Aubie et al. , 2012)

[l 75 5 o7 B 0 7R Bk B, R AR S AR E
SR R AR O TR W B A e 0 AN [
AU AR BB B AR AH L SR AH AT AR A ((Moss
and Surlykke, 2010) . # % 75 47 £ 1 1] 09 48 R A1,
Y ] TE AR o B I REAR XS BRI T
(Popper and Fay, 1995) . 4 W #5 % B8 %E 55 9
Je, G R AR, % AR R R A S I R AR
B, BUCRAE TSR, ko 2 RN, BFSE &
B, RIPRE | AR G A 7S A S AT R T e i e IR
Ry, MR AL SEMRAHT 98 1Y R AR S A A T 0
I R R A RO ROk IR SR
[B] Y E 25 ( Covey and Casseday 1999) , A, [FI7A
SE A7 Wt 5 7 DA ] 7 e S I H B AR ENE R ) e AR
BN AW AT R B AR AR Z —  (Ulanovsky and
Moss, 2008) , fH Ji/¥ 4l ( constant frequency—fre—
quency modulation, CF - FM) W W A Y S ko —
MEA 3 A HE 3 AL B g (Harmonic, H) ,
Hp g 2 9% (2nd harmonic, H,) REHEI &, ©
) CF sy (CF. ) BPR iz i & 75 05 5 1 32 90
(Dominant frequency, DF), FM f% 4 B 49 4 Ju Rl
(Sweep range) — Mt CF W BIM R T 4H20% -
30% (Fitzpatrick et al. , 1991) . H, iy [0l {5 5
SHREARGFL, H&HUr s m# e, x3
Wi CF, #e H U (Haplea et al. , 1994; Russell and
Késsl, 1999; Grothe and Neuweiler, 2000 ; Neuweil—

er, 2003), BB, HAEMR (Best frequency, BF)
TE55 2 1 N Y P28 T mTRE LA B v Y I R T
Tk,

ZRIB M 9 £ B, T & (Inferior colliculus,
I1C) JEWr g f% T 18 % b 2 — > 32 B i 7 1o
4% Al (Covey and Casseday, 1999) , B} #2 £ 1
M ICHE 2B HES Y I 1IC #8348 K L ( Feng et
al. , 1990; Ehrlich et al. , 1997 ; Galazyuk and Feng,
1997 ; Chen, 1998 ; Fuzessery and Hall, 1999 ; Brand
et al. , 2000; Mora and Késsl, 2004 ; Pérez-Gonzalez
et al. , 2006; Luo et al. , 2008) . AR, I} FEE £
PER 28 Jo 7E W ok b B TG 2 BB TS W i — 25 BIF 5T
(Sayegh et al. , 2011), AL ZEFEEA CF - FM
(9 3E 35 3k %8 ( Rhinolophidae pusillus) ) 1C Kk 3,
B 22 o0 AE CF AT A B A AR g e 1k, i
TEMA FM 75 5 A0 gkAs 1 i Bk e, JF BB E
FM i B9 38 i RR e PR A 2 ooy L BB BE 2
o, X e gl R IR IR M PR M 22 JT e T A Ab
RS AT ARG R P A5 B, 49 0 Wl 8 X0 A [) 9 £ I A
B ml A {E S R 9 EE 51 (Luo et al. , 2008) , 7E 1]
P RE A7 B B A T R R A, R Y BE 4% SR
HP A SRR 2R BE AL T I 5175 RE 7 {5 5
M ERFEE A, A AR 2T BF 4T R
WG A, I BE Ab A B N 20T, 7E B
WEAT A I P E AT R T T, M E 2R THE,
FH I R S W 0 1] P R AR S R T AN WU B S L
Z—, P AL T F2 A Rl ) i 28 ST A I R e R Ty
I, 2R T EOANE T IRLE BF AR T AE 3250 F A9
Meeo, [HAE—LHN . Wik, AR08 LIE K
1% ( Hipposideros pratti) VERWFFEXFE, i 1C #f
LU XA R N FRRY CF R S L, BF 5T 1C #f 22
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JCHI B FESE$PE ( Duration selectivity, DS) , I L
BF 7EFIANTE H, N IC #R &0 B R B 25 57

1 HFR %

1.1 S bk

SHGE Y CHEE , 2 —Fh CF - FM i 45
R EREA YR (BIEES, 2007) AL H
4 Hodwig, 3 M 1 M, K Ch 43.53 - 52,14
(48.79 £3.93) g, FiAdb& T4 BHEM RS,
TESL R % H ¥ M U ( Tenebrio molitor) 1AM, 524
25 P g il W T 2 ) [ 7R AR
1.2 Jiik

Bl S 56 T AR Kb B R e ] A S RO S 56 LA
FEWFFE (Fu et al. , 2010) , F AR H % E 2480
(Nembutal , 45 =50 mg/kg b. wt. ) J& I 1 55 BR BE
IEAEF R JR &8 Jm &6 R B 25 3% & K I ( pro-
caine) U, TARBE LTS H, H—MH 1.8 cm
K3k /NERET B LOTITE 496 2 7 11 Kl 5 78 Sk T
fE b, IR A RIK IR E, il sk et B sh Y.
W 8 B 3 R W e R TR R H A VR HE HE AR ( Kopf
640, USA) M JeHs 2% b, FEIEXT 1C B e &84
(151 b Al — AN BL AR 200 — 500 pm (/N FL, FE Bk
BERG AR, ZRER IC, LU TE IR AL SRR, 7E
FESRREEZS 1 h JRFFARIC %, sk ad AR s i
RATRR . WHEPELS, AR TR S A T AR BEAR
B, T ZHT, HREHBMAERER (MR
1.5 mm) ZEFCH A F7 %042 ( Sutter P97, USA) L

PO ORI (R EHAE <1 pm), EWNHEE
2 mol/LKY NaCl i, HMLFHPT 5 - 10 MQ,

K E SR, PR AR G LA e Uk R
% (HP Agilent 3320A, Malaysia) . %8 /5 % E 2%
(H®) . #W 4 (LEADER, LAT - 45, Japan) .
AR SR AR () LA B A R R (AKMG
model CK 50, F{2 1.5 cm MWL 1 - 100 kHz)
PRI AR HE %I (B&K - 2610, Denmark) Fll
1/4 9o~ 2 5 X ( B&K 4936, Denmark) #:1F, #
WS TR 5 2 0°, 28] 5 5p X 30 ° 1E X
e A

M2 TERC NI IC SR, [ Sk 7, ol S IR G
KL, ARSI onsh fE AL & R YT
R R %% (WPI, 1SO - 80, USA) jitk, &/
B O(A/D) Fede )5 ATt B AR 75 IR
REaiE (K1), 2% (Presentation rate, PR)
A2 Hz, EIEBE K 0.5 ms, B, HBE R
60 =70 dB., BIFEN 7 ms BYLETT, JF AW AR
ke FHAHUEM Lot ; ERBIMEITE, AT
ARSI B 0 0 SR M JT I B AR TR B i
/N {E ( Minimum threshold, MT) #11ic 3% ¥ &
(Recording depth) . # 4l #1£8 S0 HY BF ke 4 Ky 7 )
Iy G TC R AR ERGE I E Bl 28 o0 Y I A ik
PEPEMS, sREEON RN B (MT +) 10 dB, HilliK
EHME (PR) N 2 Hz, BF & H 3 ms, 7 ms,
12 ms, 18 ms, 23 ms, 28 ms. 34 ms 150 ms, fh
BEML T 45 25 IR

i # Duration (ms )

—

palayi]

Rise time (ms)

—

Heinra]

Fall time (ms)

K1 AR BN 3 ms, 7 ms, 12 ms, 18 ms. 23 ms, 28 ms. 34 ms il 50 ms, YK BFHEIY M 0.5 ms

Fig.1 Sound stimulus paradigm used in the experiment. The durations were 3 ms,7 ms,12 ms,18 ms,23 ms,28 ms,34 ms and 50 ms, re-

spectively. Rise and fall times were 0.5 ms
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Fig. 2

The spectrum ( A) and energy spectrum ( B) of echolocation signal recorded from Hipposideros pratti. Scatter plots showing the rela—

tionship among the best frequency ( BF) , recording depth ( C) and minimum threshold ( MT) ( D) of inferior collicular (IC) neurons.

Solid line, r and P value in C and D represent linear regression lines, correlation coefficients and significance levels, respectively

P2 JCR BF AR CF A i3, 98 yid s
P2 B /NERME 10 dB (MT +10 dB) , LI
AP R T e KR EL 19 50% M B ( Fuzessery and

Hall, 1999) , ZEFT M1 ) 56 > 7 f5UE 1C #h 4T
b, HA DS FEMER R Z e h 46.4% ( n =
26/56) , ANEA DS FrtEm Mg oo e b 53. 6%
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(n=30/56), A I F BEFE PRI #i 2 o00] 20y 5 Fh
AR 2R (K 3A - E), HVJ i A ( Shortpass,
SP) (K 3A); #7iE#AY (Bandpass, BP) (KI3B);
£ i A ( Longpass, LP) (& 3C); Jz iy il Y
(Band-reject, BR) (K 3D); ZUER (Multipeak,
MP) (K 3E); A HA MRS A ph 2 on AT
HoE o4 M (Allpass, AP) (& 3F) zidEmt
FREFEA (Non-duration—selective, NDS) .

AN [7) F 40 1 f 22 5e 8 2R BY iy o7 LG 491) 2% AN AH
W (K 4A), Hd SP N 19.6% (n=11/56), LP

1 8.9% (n=5/56), MP} 10.7% (n =6/56),
BR 5 5.4% (n=3/56), BP N 1.8% (n=1/56),
AP 4 53.6% (n=30/56), 7F 1C H1, DS Fik: g
ZIUH P EE SRR E N (2813.6 £658.5) pm, F-
) BFh (48.7+12.7) kHz, F¥ MT H (59.9 +
15.0) dB SPL; Ifii NDS et 0 # 28 So i 7 310 S iR
JEN (2765.5 £ 612.9) pm, V14 BF Jy (49.3 =
9.7) kHz, V-3 MT 4(59.7 +11.2) dB SPL, &%
O 560 40 A, DS I NDS #1 £28 J0 2 [] 75 i S IR
(1 4B) MT(Kl4C) FMIBF (E4D) LB EEZER

bR ki) GiighiEs KiE#
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40 30
30- 20
D e e N s AU
& I 10] 0 S
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B3 RN R R L REE (A -F) MAERRRIE RN (£2EA) (F) Mt . B KF LR R Bk K 50%

Fig.3 Representative duration-selective ( A-£) and non-duration-selective ( all-pass) (F) neurons. The dashed-horizontal line in each pan—

el indicates 50% of the neuron’ s maximal response

TEFTIC s B 56 D& Ich, 32 &It
(57.2% , n =32/56) ) BF 7 H, (62 —48 kHz)
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WIARLE H 3G BN, 32 4~ BF 76 H. 75 BN 9 40
A 15 MHZIC (26.8% , n =15/56) HAG %
e, HA 17 A4t (30.4% , n=17/56) K
HA R, 24 4> BF ANAE H, 18 Bl N B #0222
JEH 11 AMZIE (19.6% , n =11/56) HF W}
VeHEE, HA 13 MMZIC (23.2% , n=13/56) K
HARBREEE (K 5B), BF fEMATE H. 75 BN
MEA R BN ST A 26 4, Hip
57.7% (n =15/26) B BF 1 H, 7L BN, 42.3%
(n=1126) ) BF AE H,{EHEN (K 5A), B4

ELAT IR BB B0 10 i 22 JT AR AT — A B Ry R Y B
2, AR R ( Best duration, BD) ., 7£ BF 4b
T H,{E Bl N8 DS #ZITH ,66.7% (n =10/15) 1)
20 BD A fE <7 ms HOME I FRIE BN, HA 0
33.3% (n=5/15) BIMZITH BD=7 ms (5C),

3 ik

IR A G S WA SR — . 18] o W 0
TEAH L I911E] 3 A s A T 2 5 09 180 P 6 45 5 1 I
W B g s, T Wl {E S SRR S R S
BRI, BRI AERUE, ME— AR IR
W, TRA N, B R R RN RS S B B R
s 5 [\ 5 A kR 2 (Ulanovsky and Moss, 2008 ) ,
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Wi, BLERSGESHRMTT AR HAERZEME B CF-FM SiEM L (5945, 2009),
o R4S 2 EFEEY, SREEZE—F CF 3 MMEUE, BH, , Ho, Hy, Hrh HfEER e,
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Fig.4 The distribution of duration-selective ( DS) ( Short-pass, SP; Long-pass, LP; Multi-peak, MP; Band-teject, BR; Band-pass, BP)
and non-duration-selective (NDS) (all-pass, AP) neurons ( A) neurons and recording depth (B ), minimum threshold ( MT) (C) and best
frequency (BF) (D) in these two types (DS and NDS) of IC neurons. The dashed-horizontal lines, vertical bars and # in B-D are mean

value , standard deviation (SD) and P >0.05, respectively
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Fig.5 The proportions (A) of duration-selective ( DS) and non—duration-selective ( NDS) neurons, the type ( B) and the best duration dis—

tribution ( C) of DS neurons within and outside 2nd harmonic ( H,)
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ABFFEAE 1C HLRTG T 56 &I, HEEAKT
PE . G0 SRR B L 1547 - 3967 ( 2878.9 +
629.1) wm; e AEM R F S 20 - 68 (49.0 =
11. 1) kHz; J DAY fe/h BY{EJE L O 36.5 - 95.5
(59.8 £13.0) dB SPL, £ o0hy BF 5id R
FEINE 7387, BT UL IC #l 25Ty BF Bl i & R 1Y
B Tk s WL S W e RGeS R B AR
Xof W BE A 3 Y FRAL w5 BE AT FF, 2k 1l U3 o B R W
IC #R 2201 BF % 1C 5 B2 fhmi4h o Ai . 5 M 1C 42
2RI KT B2 (Primary auditory cortex, Al) B,
1 1C A8 JZ AR 30 4 2H Aa A A 3 i IR A A A6 =
B AL BF FIEAHE P #2250 HFS) 7R [R) — AR
PP, TR BL AR A S A S HE 5 s ety | e
A (Shen et al. , 1997; Lee and Sherman, 2011 ;
Tang et al. , 2012)

T WEE IR B LG B 28 JT Y P N R R A
SIS EMAT N Z KRR, Frib s 1
BF 7& H, YW Fl N 5 R 1E H, i Fl Y i 28 T B0 I A2
PR Z MY 22 5%, 4538 WoR, 78 A WFIE T ic sk 3
56 D EUE T, FAT IR R R R Y A 22 T
i 46.4% , 5 ST AR B R A 0 B BT 3R
B 25 S KAKAE Y, G KAZEE ( Eptesicus fuscus) N
36% (Ehrlich et al. , 1997); & HE (Antrozous pal—
lidus) "N 53% (Fuzessery and Hall, 1999); ZKIg
( Molossus molossus ) A 41% ( Mora and Kossl,
2004) , MRYEHLoCH B R R, T 6
Fhk A 555017 CF - FM B 58 (Luo et al. |
2008) LAYBFFEALL, BERRSE R HLBIA B A
Ehrlich & (1997 ) EIMF5E A BLRAREE DS 4 20 0
RER I3 NDS $HZE 053 A AE T iy B 1 Fuz—
essery fll Hall (1999) X4 W& 8 58 H1 K & B SP
M LP RIS 2 5T AE N o iy o A B A 25 8RR 5 1
KBTI AR KB DS #i £ 0 F NDS #f &2 T iy IC
il o3 A ) S B R S, 3R N AR 2 R AR e A
WEHEEM 2 oun] BEAE IC W B VR EU A, BB
DS FI NDS # £ J0H) BF . MT Flig iR, 450K
B A GBSO 2E 0, TEABESE b B WL 2
(1 1C i 2T i I A5 45 M 15 S il i 9 22 [ i) e s
ANTE], BR T AT RE 52 M2 T R AR B D S 22
Hh, EMIEAFTEA FE 25, Wik — BT,

Wi g P I R 2 P ] T Rl el R i S R
Pk, ELRR 28 o0 Y de AR I ARV R AR S i e T

HE A P R e R 9 R — B, s I K A R bk
MR 1 -6 ms, o IC By % I A2 ff 28 o0 S AR A 2
¥J<7 ms (Fuzessery et al. , 1993) , ¥ [CHi g ® 17
RETH KRR (6.12 £0.62) ms, BHAARE
TR K b R (6. 93 £1.36) ms (BRELSE,
2002) . ASCINAG HA B RERE R 2T 66. 7%
(PR 2 TR B M A <7 msi [, JEAE HE
7 ke Bl — 3, $2% BF 76 Ho Ju N4t B A
SR I R e PE M, ] BB AR TR A RT3 7 T BT
EHAE R T BF 78 H 8 18 U 3 Bl P R AL 18 I 4
YU Pl N A 2200 5[] At BV RIE 1 308 e P R 3 34 X 7
55 ML VE T, PT BE SR X A3 258 R 58 B85 30 ot HL ) —
b S A (Mora and Késsl, 2004)
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