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(n=93). SRR, W IE IO T L 50% I 19X 5 3% 18] B% (inter pulse interval, IPT), TJ¥f 43 4 KBk & 2 (long
recovery, LR; 47.4%). FH&5ERf[a]1K 5 A (moderate recovery, MR; 35.1%)F14H & &2 %Y (short recovery, SR; 17.5%). H&EFpE
R FOV 52 3B TPT B g 2 BN RIS A6 SOy 1 — 2820 N B TP MR ZTC, 2 IPL IR ARE 0, DA SR IPT [
FHZEIG. LR, MR Al SR BUHE TG K % 50%H I 734 TPT 533 0 (64.0£24.8), (19.6+5.8)F1(7.1+2.4) ms (P <0.001), A%t
ISP B RERD 7 B E043 90 A (18.2 £7.0),  (55.4+15.7)F1(171.3£102.9) Hz (P<0.001). 45 H4¢7x, B IPIAIZ IPI WX
PR TG ELAT R TR IPT RONARETE BN s B 4l £ 7R T3 ) Ac P o ARV HE MR T, T S0 TPT S A28 TG 0T IPT A% 4 1) ek
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TGS, EOOBE D HL X LefE Bl IE,
R VTS A0 B2 IR e 591, R[] i 1) CF ik
32— P AR R A7 RN B A5 S, R
AR AR A AT AR e FH T i B LR R 4R AR L 3
(1) /N FNILARRS B A5 2049, i CF R HE 1 FM ik
Sy WR] F T oH 5 E AR SRR E AR 1 T e,
HB2 , CF-FM s g 7 52 ) A [w) [ i 5 AS ] 42 356
(1) CF-FM 75 JISONT, W7 ohobx 4 28 76 1) Pk 52 ) 00
B, H AR WA A DGR .

AT LL CF-FM Wi - KERIE (Hipposideros
armiger) RTINS, R AL H AOIRES CF-FM B
W R IR B R 8 AL AR S AR A I, sk R I
(inferior colliculus, IC)fHZEICIIRMY, 9T CF-FM
Wit 1C A 28 7Tk 52 B e AR et S L A= 2 5 L

1 HMRFTTE
SR TS, FEARS ARSI R = LR

%[17*18]'
1.1 FFARF0CFBRE &

ARSI 2 OB LA LA IR B 5 R )
1B B KB (Hipposideros armigers 4 HE 1 #f) A5k
K5, RE 43~50 g((46.5 £2.7) g). T AR
% ELLE Z 8 (nembutal,  $% sh ) 1A 45~ 50 mg/kg)
JE R S R, SKTHUE D) TSk B, B ek Tm it L
NG a1 28, g KT, 1 95% RS
BRI, AR R OIR. K 1 AR 1.8 em K9OF
SLEkET H LOTITE 406 58 ) JBOAS i 76 Sk Tt i i I,
HHF RO INE, fhdkFEeshy. R
IC e A IR oG — AN A% 200~ 500 pum 1)
ANFL, PRI, BREE IC, DAEAE A AR IR
SEHS T, BN A S B R (i 50 4 Ak T K
Jé 0.08 mg/kg, HIRFZ 4 mg/kg) (i H b T2 Al
HIRIORZS, K sl R N T I8] 75 Bl = P (= i
J& 28~ 30°C )HAT I . 45 B4 B AR B IR (41
1% 1.5 mm)ET FEAR A i 4% (Bioscience Co, UK) 4z
B I S A R (R AT < 1 um), & N RENE
2 mol/L NaCl %, HHFHPT 5~ 10 MQ.
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SIS/ QR VAN =i o i | R VA
(Elevation)0 )1~ 1 (12 V- 1f1 55 2y ) S5 MY 2 A 45 ] —
I FIKF J5 A7 (Azimuth) X5 ] 300, 75 51 % R 45
£0.35 B8 B A 5 Kk A 8% (GFG-8016G, GFG-8026A,
Good Will Instrument Co., LTD; Agilent 33220A,
Malaysia). £ 75 & £ 4% (B Hl) R A

(LAT-45, LEADER, Japan). 5l K24 (H
) 137 7 2% (AKG model CK 50, F % 1.5 cm,
12, Himg: 1~100 kHz). 75l &S B Rt
(B & K-2610, Denmark)Hl 1/4 F~] % 7 X (4936,
B & K)FZ 1, HE A M WA 1 % Hi 2 DL L7 7K ~F-(dB
SPL)#% 7K, 0 dB #1241 20 wPa. S5 FH i 75 il 4
{5 5 W) A& 4 BT =% 11 (D980,  Pettersson Elektronik
AB, Sweden) FI ¥ K Fi i 1) 7545 5 75 35 (B 1)
SRERLFT & H I CF-FM 55, o ifs B ks ae
Y57 ms CF 75, FM 820 (77 A ST i A s
NFER A 2 ms 2 Ramp &L 1 4109, A FHoA0
REME R, Hob EM A IATEE Bl A A2 0 e A
# (best frequency, BF) N #1313 80%, i CF Bis
AR S50 % 2 A o) BF AR, SRS A I
/N {E (minimum threshold, MT)_ = 10 dB, ¥ E
L%k 2 Hz.
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Fig. 1 Recorded sonogram of an echolocation call
from Hipposideros armiger and the sound
stimulation pattern in this experiment
(a) Sonogram of an echolocation call from Hipposideros armiger during
free flight, the frequencies of first, second and third harmonics were
33.4, 66.8 and 100.2 kHz, respectively. (b) CF-FM stimulation of 7-ms

duration used in this experiment.
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Fig. 2 The method measuring the recovery cycle of IC neurons and the recovery cycle

of a representative IC neuron under 7-ms CF-FM sound stimulation condition

(a) The PSTHs from 32 stimuli, the number of spikes were shown beside each PSTHs and the sound envelope is sketched below each histogram. (b) The

relationship between sound stimulation interval and recovery rate, neurons' recovery rate increased with the increasing of two tone stimulation interval,

the 50% recovery inter pulse interval was 45.9 ms. The recording depth (um), best frequency (kHz) and minimal threshold (dB SPL) were 3008, 66.1

and 73, respectively.

1.3 HIESHR

Jil Spss 13.0 Al SigmaPlot 2000 % {4 %} 52 46 %1
PIAT M AER. GG TR IS R v + s
#o”, JEH One-way ANOVA Hl ¢ K56 LA ARk 2
B WEE R

2 & R

ARG AN SR H) 133 A IC Ui & T, 4
A 22 T I 0 3% IR FE Y ] 432~4 493 (2 820.6+
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i 33~ 103(71.8£15.0) dB SPL, #{k 1l (latency)
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Y5 6.3~24.8(11.5 + 3.4) ms.

93 AN IC FhZ Tl T &R I, R4
FAK 50% I (1) X0 ) ) B e, ml L oK
i Pk & 7 (long recovery, LR; IPI> 30 ms; 46/93,
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recovery, MR; IPI 10 ~ 30 ms; 34/93, 35.1%, K
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Fig. 3 The types and sub-types of IC neurons’ recovery cycle

(a) LR neurons, A-1~ A-3 were the recovery cycle curves of single-IPI response area (diagonally stiped area), multi-IPI response area (diagonally stiped

area) and monotonic-IPI response neurons, respectively. (b) MR neurons, B-1 ~B-3 were the recovery cycle curves of single-IPI response area

(diagonally stiped area), multi-IPI response area (diagonally stiped area) and monotonic-IPI response neurons, respectively. (¢) SR neurons, C-1 and C-2

were the recovery cycle curves of single-IPI response area (diagonally stiped area) and multi-IPI response area (diagonally stiped area) neurons,
respectively. The recording depth (um), best frequency (kHz) and minimal threshold (dB SPL) were 2447, 62.9, 73 (A-1); 2650, 60.7, 68 (A-2); 2793,
68.3, 33 (A-3); 3440, 67.1, 65 (B-1); 4159, 65.6, 58 (B-2); 2556, 53.8, 81 (B-3); 3182, 67.4, 90 (C-1) and 2650, 68.3, 61 (C-2). See text for

abbreviations.
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B [ P R I 26 MR BLAZE T0(n=34) ] LR
—Ff, JNTT 5 R TPT S B X A28 G (] 3bB-1;
17/34, 50.0%), % IPI Jx M [X #ifl & JG (] 3bB-2;
13/34, 38.2% ) F1 # i TPT J v #1248 76 (/& 3bB-3;
4/34, 11.8%), {HZHKALLHIE LR AH LA 8K 2%
.M SR BUMZ T (n = 13) K404 2 Fhal &Y, Hp s
IPI Jo b X i 28 70 (1 3¢C-1;5 11/13, 84.6%)F1 %
IPI [ 8 X AFZE (] 3¢C-25 2/13, 15.4%).

34k, M LR Z] MR Fi3] SR, HIPI M [X At
28 J0 1 B AR 1K (23.9% — 50.0% — 84.6%),
1M 2 IP1 N X 2 00 L 91 (26.1% — 38.2% —
15.4%) AL RN IS, B IPT e A 28 7T 1) L
H1(50% — 11.8% — 0%)AS ki)

205 3 A& TT K 5T R ) 50% i
(P73 TPL, 4 J8 0 (30 5055 T 28 (Hz) I 1T 55
N, TR ARSI () e 2 JUERBE A K A AR
B BEFP K P £ (pulse per-second, PPS)ak ik &
5 % (pulse repetition rate, PRR). LR, MR F1 SR
PR TOIR AL IR B 50%H) [F1°F- 34 TP 43531 43(64.0 +
24.8), (19.6 £5.8)F1(7.1 +2.4) ms(/& 4, O0), 4lialtk
A B P 22 5 (One-way ANOVA P<0.001), #RBE
kR AR O 3 B B BE R 4 0 (182 =
7.0, (55.4+15.7)M1(171.3+102.9) Hz(K 4, m), 41
) b6 82 [A) B A 0k 2% P 2 7 (One-way ANOVA P <
0.001).
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© |-t T T T T T T T T T T T T
£ 100 I _P<0.001 1250 x
g ! S
> 80t ! 1200 §
=] | o
s 60F ! 150 &
=) | e
< 40} L _ P<0.05, {100 3
- ' Z
S N

0

LR(N=46) MR(V=34) SR(N=13)

P=000L 3 p<go01

I
[ ittt 1

Fig. 4 Mean IPI of 50% recovery and calculated
theoretically following pulse repetition rate
in three types of IC neurons
The mean IPIs ([ ) of 50% recovery in LR, MR and SR neurons were
(64.0 +£24.8),(19.6 £ 5.8) and (7.1 + 2.4) ms, respectively. The calculated
theoretically following pulse repetition rate (Il ) according to the mean
IPIs of 50% recovery in three types of IC neurons were (18.2 +7.0),
(55.4 £15.7), (171.3 £102.9) Hz, respectively. There is a significant
difference between each group(One-way ANOVA P < 0.001).

3 it it

ARSI T i i 1) 1K B R 5 (5 5 R, A2
— R CF-FM AR 5 (B 1), A 3 M, 5
—IEPAIE N 33.4 kHz, FAEEEE, 5 AN
# M 66.8 kHz, 5 fig it fe i, WK 2 8 0
(dominant frequency, DF)ifik, =5 —iFEME N
100.2 kHz, FRERWEAK. 2H— 1855 i
Z AR A 25 1 AN W (octave), 5 iR 55
TR AR AR ZE 12 ANERY, X 52 R [
AP CF-FM Wl B0 45 REE A AL, 0%
AR A I 2 o2, n LA A I el 1 U ) A
(P 2, A7 BTl s R0 K 2B T & B P s
AEAT AR ISR RIS FE AR Ak, HEN - ICE 2B
S S R P AR JER B ) PR

P A=) 7 g A e SR R R R, AN
b R 7S IS R RIR iy 7S 5 [l A ik b A A, A
S4B T IR A6 R0 PR SR A — A 7 g R A
AR TIARFAER. Yk 52 9 R h 58 i Wiy A 48 0 K 2 v
WK R R R 2 —. SeRi et R, fE
ANFEZY) EIAR AR T I, R BB
AT AFITRE, BRI 5 FEARHER T IR A5 (1) 2 2
WA PIAEE 12, RIE[EFE 2 FM diE, MR 4l
HEl FM A RIAE N RS 2 Rk, & o
(VS TR IR L AN [R] R s, A3 B m B
FE R peh 22 TC ER B ok b B A2 R () s AIG,  T karh EEA
F g/ K 8] 5 SCRT R #2850 22 7 T8I ) S AR
PEC2L PR, AR SEE B EN P CF-FM & A5
KL R, WY T CE-FM WRiE T i 7o 1K
SWIKE 2), M AIE 50% I 1) IPT AR K 17
Mo 28 I PR S RE PR 2 R BT 2 1) A 2 T
(N = 3K Zk 50%I 1) IPT A, mPRF 353 LR
BI(IPI> 30 ms, N =46; [ 3a). MR H(IPI 10 ~
30 ms, N = 34; & 3b)fl SR BY(IPI< 10 ms, N = 13;
Kl 3c) =25, CF-FM Wil 5 FM Wl —FF, K PE7E
i Eralm A e A SR R kb B A, AR L
RUAT RS> A 3 ANASFINFARRY, 0% 3 Sph g oA ]
SRR 3 AR, 3X e BA AN R 5
W IAREETT, B T 2B EAT IREAS [ S 3 i
SR DAL A AR 2 L5k, WEATTZ ] ()
EEAI(LR > MR > SRR, HE I A 2% 21 41l £
By, KA S TR AR S,
TR Z I LR fl MR 4702, iR asy
BT REIN B0, ST 8D (e e SR 4T
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RIAT.

CF-FM Wi 180 55 2 /5 MR S5 52 % IR B T R 4T
R &, LAY RO R AL AR S 2 A
N AKX LR. MR FI SR AL #h 48 Ttk
BT, AR AT A TPT R 0 S I
(AR, BERPSS B SOR] 43 ok B IPT B X 22 T (K]
3aA-1, bB-1fllcC-1), £ IPI JxJW X fMZ T (K 3a
A-2, bB-2 fil cC-2)F1 51 IPI [ WA &0 (- 3
aA-3 fl1 bB-3). KHLLK, ARG R )W 22
JUPR AL JE IRE TPT 34 n i b B AR ARk, Ak 2
—FPEE. AR, AN IXEAR R T
X i T AR SRR e ThRE RS S 2 AR, T
HARR R A . SERmF e kB, £ 1
TEAEAE RS S A PR R 1 A AN B SRR T i 22
TG, WIE R HH T IX LT Hp i A 2 TU AR A 22 [
A, LAREAT IS M fan A TR] R AH TR F A
Hro AT TP A [ (R AR T el AN [
I ST 1) T RN AR T 1 A2 40 75 Al AT kg 121,
Pollak (1) 5 56 % 1 S ST E A1) F e AR B 4k 4
S M A SR AR T IC WETC I gk, 45 R
RPN H AN AT € B IC PR T A
R TR A5 T T R HE R R e, Rk,
K P AN ] (W B 5 4 48 TC s v N mT
S5 T P N X F1Z TPT SN X [ .

HIPL N2 IPT | WX #H28 To HAT 4R etk TPT J
IR, R TPT S W X A 28 56 % i [ g Jik
M RN, JUHJE XK B AR Z 6 2 W
ik B RS BT UM R S P T RE T,
L0 i £ R S8 A 1) A 119 AN T) A Ak
AR IS, BRI, IX AN TT AL AT DL R R ik
IAHFRZE TG, 12 IPT J WY X AP 48 76 REXT 22 3 L 17
IPI 1 2 Fp B A A6 S W, LD W] PR 2 Ay 55 I A A 22
JG, WIMRIEAE— ORI & )5, st s
XGRS, F 423 AH (approach phase) sl £
A HH (terminal phase) |1 3|8 - #H (search phase) 35 9F
BRERX, T A2 20 T R 4O 75 Tk o i 2 23 R 7 i LA
[ 3048 A, X AP IS R h 22 T0 1E I Re i AL 1X —
TAEL. MU H IPT s WY AR e ) B AT 4 = 1 TPT
SCSEREE, B8 TP (R34 I S 2 i) TEAH SCAR 4K it
2k, KPP £ u X TPT (AR 1k ELAT 15 5 A A
S, AE LR PR 2, ATk L ) TP RS
TSR e A 3R A RN, I HA 2 N A A
FPTFHLrE. B, X FRB A T a2 e
PEIRIFS (AT C 7 T R FEE S IVER. 534, HIE 3

AL, MLR %] MR P3| SR, B IPI J v X i
JCI EE R 0K (23.9% — 50.0% — 84.6%), 1T
B TPT S 3 A 28 T (1) LE A (50% — 11.8% — 0%)
AT BN X e g B S RE T R R HEW,
CF-FM Wi i A48 S AH B AH, R BIZORAH, 1
VA IPT s 3 A 28 70 Jor ik PR 4 FH Bk Bk /. i T
IPI J2 W X #0258 70 ELAT 2 1T A S N Ao P R 2 i 11
PUHHEIRRE T, 70 e 0 5 20 5 ) 380 il SR A ) it
PR IRAE BRI, ORUE T 0 S IR RS i )
(SIFIETE

LR, MR 1 SR #l £ otk 5 Z81k 2] 50% N (1)
P IPT &5 Al 2 7t A IR 40 5 1) 12 344((64.0+24.8),
(19.6+5.8)H1(7.1+2.4) ms), #HIA] LB A W& M%7
(P<0.001)([¥ 4, O0). A4 I (IPT) 1 51 %5 55 14t
RKTEVEN, % LR, MR FIT SR BAHZ T F- 1)
IPI B 4% 48 i BRAR BF R ik £k PPS B¢ PRR Ji5, XJ 75
ik b B 52 S 744 B BR Bt 540 1)k (18.2 £ 7.0),
(55.4 + 15.7)F(171.3 + 102.9) Hz, 21 [a] Lb % A #
HREMZER (P<0.00)(K 4, W), HIEAXN T
CF-FM Wi [5] 75 5 A7 SN 3 AN IS AHEY, - B4 341
(search phase), #z 1T fH (approach phase) fil & K #H
(terminal phase) =i 3k H(catch phase).

g BTk, N M IR CE-FM A T
B B PR AN 5 kb ER B e A, T 25
YEE PR O 75 kb R BRBE 2, DT A Mg 2 T
Xl 0 AT R AT A A TR

s % % W

[1] Griffin D R. Listening in The Dark. New York: Dover Publications.
Inc. 1958: 57-80

[2] Neuweiler G. Evolutionary aspects of bat echolocation. J Comp
Physiol A, 2003, 189(4): 245-256

[3] Simmons J A, Saillant P A, Wotton J M, et al. Composition of
biosonar images for target recognition by echolocating bats. Neural
Networks, 1995, 8(7-8): 1239-1261

[4] Ulanovsky N, Moss C F. What the bat’s voice tells the bat’s brain.
Proc Natl Acad Sci USA, 2008, 105(25): 8491-8498

[51 Wang X, Luo F, Wu F J, et al. The recovery cycle of bat duration-
selective collicular neurons varies with hunting phase. Neuroreport,
2008, 19(8): 861-865

[6] Schnitzler H U, Kalko E K V. Echolocation by insect-eating bats.
Bioscience, 2001, 51(7): 557-569

[71 Chen Q C, Jen P H S. Pulse repetition rate increased the minimum
threshold and latency of auditory neurons. Brain Res, 1994, 654(1):
155-158

[8] Pollak G D, Bodenhamer R, Marsh D S, et al. Recovery cycles of

single neurons in the inferior colliculus of unanesthetized bats



2010; 37 (7)

FE1ESE: 1E50-1A5mER T L4 42 TT iy i & B HA R 22 75 Bk i BR B 28

*807-

obtained with frequency-modulated and constant-frequency sounds.
J Comp Physiol, 1977, 120(2): 215-250

[91 Wu M, Jen P H S. Recovery cycles of neurons in the inferior
colliculus, the pontine neuclei and the auditory cortex of the big
brown bat, Eptesicus fuscus. Chin J Physiol, 1998, 41(1): 1-8

[10] Sanchez J T, Gans D, Wenstrup J J. Glycinergic "inhibition"
mediates selective excitatory responses to combinations of counds.
J Neurosci, 2008, 28(1): 80-90

[11] Nataraj K Wenstrup J J. Roles of inhibition in creating complex
auditory responses in the inferior colliculus: facilitated
combination-sensitive neurons. J Neurophysiol, 2005, 93(6): 3294—
3312

[12]Lu Y, Jen P H S, Zheng Q Y. GABAergic disinhibition changes the
recovery cycle of bat inferior collicular neurons. J Comp Physiol A,
1997, 181(4): 331-341

[13] Neuweiler G, Metzner W, Heilmann U, et al. Foraging behaviour
and echolocation in the rufous horseshoe bat (Rhinolophus rouxi) of
Sri Lanka. Behav Ecol Sociobiol, 1987, 20(1): 53-67

[14] Suga N, Jen P H S. Further studies on the peripheral auditory
system of CF-FM bats specialized for fine frequency analysis of
Doppler-shifted echoes. J Exp Biol, 1977, 69(1): 207-232

[15] Kober R, Schnitzler H U. Information in sonar echoes of fluttering
insects available for echolocating bats. J Acoust Soc Am, 1990,
87(2): 882-896

[16] Simmons J A, Vernon J A. Eholocation: discrimination of targets
by the bat, Eptesicus fuscus.J Exp Zool, 1971, 176(3): 315-328

[17] Luo F, Metzner W, Wu F J, et al. Duration Sensitive Neurons in the
Inferior Colliculus of Horseshoe Bats: adaptations for using CF-FM
echolocation pulses. J Neurophysiol, 2008, 99(1): 284-296

[18] Wang X, Jen P H' S, Wu F J, et al. Preceding weak noise sharpens

the frequency tuning and elevates the response threshold of the

mouse inferior collicular neurons through GABAergic inhibition.
Brain Res, 2007, 1167: 80-91

[19] Suga N, Zhang Y F, Yan J. Sharpening of frequency tuning by
inhibition in the thalamic auditory nucleus of the mustached bat.
J Neurophysiol, 1997, 77(4): 2098-2114

[20] Neuweiler G, Bruns V, Schuller G. Ears adapted for the detection of
motion, or how echolocating bats have exploited the capacities of
the mammalian auditory system. J Acoust Soc Am, 1980, 68 (3):
741-753

[21] Zhang S Y, Zhao H H, Feng J, et al. Relationship between
echolocation frequency and body size in two species of
hipposiderid bats. Chin Sci Bull, 2000, 45(7): 1587-1590

[22] Jen P H S, Chen Q C. The effect of pulse repetition rate, pulse
intensity, and bicuculline on the minimum threshold and latency of
bat inferior collicular neurons. J Comp Physiol A, 1998, 182 (4):
455-465

[23] O'Neill W E, Suga N. Encoding of target range and its representatation
in the auditory cortex of the mustached bat. J Neurosci, 1982, 2(1):
17-31

[24] Pinheiro A D, Wu M, Jen P H S. Encoding repetition rate and
duration in the inferior colliculus of the big brown bat, Eptesicus
fuscus. J Comp Physiol A, 1991, 169(1): 69-85

[25] Hou T, Wu M, Jen P H S. Pulse repetition rate and duration affect
the responses of bat auditory cortical neurons. Chin J Physiol, 1992,
35(4): 259-278

[26] Xie R, Gittelman J X, Pollak G D. Rethinking tuning: in vivo
whole-cell recordings of the inferior colliculus in awake bats.
J Neurosci, 2007, 27(35): 9469-9481

[27] Xie R, Gittelman J X, Li N, et al. Whole cell recordings of intrinsic
properties and sound-evoked responses from the inferior colliculus.
Neuroscience, 2008, 154(1): 245-256



+808* EYUESEYYIRHRE Prog. Biochem. Biophys. 2010; 37 (7)

Recovery Cycle of Inferior Collicular Neurons Determine
Pulse Following Rate in CF-FM Bat"

TANG Jia"™, FU Zi-Ying"™, JEN PHILIP H.-S.?, CHEN Qi-Cai"™
(" College of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology,
Central China Normal University, Wuhan 430079, China;
? Division of Biological Sciences and Interdisciplinary Neuroscience Program, University of Missouri, Columbia, MO 65211, USA)

Abstract The characteristics of recovery cycles in inferior collicular (IC) neurons of leaf-nosed bat (Hipposideros
armiger) and effect of the recovery cycle on the following pulse repetition rate were studied using mimic CF-FM
sound stimuli emitted by free flying bat. Recovery cycle of 93 IC neurons were obtained from IC of five bats with
normal hearing. These neurons were classified into three types, i.e. long recovery (LR, 47.4%), moderate recovery
(MR, 35.1%), and short recovery (SR, 17.5%), according to their inter pulse interval (IPI) (ms) of 50% recovery
under two CF-FM sound stimulation condition. Each type of the neurons could also be categorized into different
sub-types according to changes induced by IPI increasing such as single-IPI response area neurons, multi-IPI
response area neurons, and monotonic-IPI response neurons. Mean IPIs of 50% recovery of LR, MR, and SR
neurons were (64.0 + 24.8), (19.6 + 5.8), and (7.1 + 2.4) ms, respectively (P < 0.001). The calculated theoretically
following pulse repetition rate (pulse per second, Hz) of LR, MR, and SR neurons by mean IPI of 50% recovery for
each type were (18.2 + 7.0), (55.4 + 15.7), and (171.3 + 102.9) Hz, respectively (P < 0.001). These three types of
IC neurons were well corresponding to their three hunting phases, search, approach, and catch phases. The
sub-types of single-IPI response area neurons and multi-IPI response area neurons had hunting phase selectivity,
and sub-type of monotonic-IPI response neurons had well sensitivity to IPI change, but their hunting phase
selectivity was of a sort. These results demonstrated that recovery cycle of IC neurons determined the ability to
follow pulse repetition rate and matched this bat's echolocation behavior.

Key words inferior collicular neurons, recovery cycle, following pulse repetition rate, leaf-nosed bat
(Hipposideros armiger)
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