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Abstract : The mismatch negativity (MMN) is a component of the auditory event-related
brain potential which is elicited by the infrequent stimuli within the repeated frequent
stimuli. The stimulus sequence which generates the MMN has the property which elicit
following two automatic processes: (1) the neural model for frequent stimulus is
established, and difference between incoming stimulus and the model is detected (Cowan,
Winkler, Teder, & Naatanen, 1993) and/or (2) the neural model for the context, infrequent
as figure and frequent as ground, is established, and the attention to figure is called.

The Papez circuit is known to be critical for memory because the damage of these
regions cause the memory deficit. In this study, auditory evoked potentials for frequent
and infrequent tones in the above stimulus sequence were recorded from the regions of the
Papez circuit (dentate gyrus, mammillary body, anterior thalamus) and cortices (auditory
and entorhinal).

The purpose of this study is to examine following three: (1) whether the components
which correspond to the automatic processes appear or not in the regions of the Papez
circuit; and if these components appear, (2) the temporal relation between the information
processing in the Papez circuit and that in cortical area by comparing the latencies of
components; (3) the effects of stimulus appearance rate on those components in the Papez
circuit.

In the regions of the Papez circuit, the amplitudes of the positive component peaking at
about 30 and 70msec for infrequent tones were higher than those for frequent tones. But in
the cortical area, only the amplitude of positive component peaking at about 70msec for
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infrequent tones was higher than those for frequent tones. These phenomenon disappeared
as frequent and infrequent tones came to be more equal in the stimulus appearance rate.
The results suggested that the information processing which based on the neural model of

the frequent standard stimulus and/or on the context of global stimulus sequence occurred
in the cortical area and the Papez circuit in parallel.

Key words : auditory evoked potentials, Papez circuit, rats, stimulus appearance rate,
neural model
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T, BHRLUBEROSITOIREL LT, BRHHEENM (ERP; event related pontential) A%
CAWLNTWA, ERP L, Rk LA-RNERER %, RMERRIOS L CRHEEZ EE L TN
BEHTHILICL->THBOND, 2070, BRICBIT A2 EHRLEBRE & HEN IS 5H%)
ZEEREIMIEEIC 2 V185, ERP DFIFIZ X 5 T, BEDHERUABROTEE L5am,. 2% ) KK
BEDOELEDODY HHEETHPPHLPICE-TEL, LEL, 20X ) RERUEAR~NOEET
DEEIZOVTIEH T NERIN T EWVWL I IZEZ S,

ERP G D—2IZ I A< v FEMHER (MMN ; mismatch negativity) A% %5, MMN IIEHHET
HBRTARBORFITICBNT, BHEECHATIHBCL > THEREND, 72 MMN id, #&Fhs
#5100~ 180msec PEEMBMTH Y, EELKICOFEICHDLL TR OOLN S, D% ) MMN i,
EHERR E BEEERBOBBNLE L KM TLELDTH S,

FOEIBRNRTFLLILEoTEDOOLNS MMN &, ZOBA LTV A BERLE L ORI
W, Cowan, Winkler, Teder, & Naatanen (1993) XLATF D &L H BTV 5%, EHBERIBAHR
DELBRENSEILIZED, 2OBHERBMOCRBERITEREND, Z LT, ZOiLERR L
A ENHBORBAEEBHICITbh, FRONFERE 5 TS T L 2K L2HEIC MMN 254
L, #ES bIMRRTVBAS, ik Sokolov (1960) 12k o THRIBI N, fREET WV EEMK
TGO EFBED LD TH B, MMOREICL D, ZORBMOMEET VIR I, 2EREINL
HIE DY IBA AR E TN & Bz o 1BAICEMRIEA A SN S (Sokolov, 1960) o F 7%
S5id. BHEHENHEEPERVELERTLILEHRICONT, 25T LI2L ) SHEBERBOEEL L
TOXRIFEEN., FOXRIFET S LIZL 5o TR LD TEREBERIBAMEED SRS 52
EMTEDLERBNTWS (Cowan et al, 1993) . D% ) MMN DRI L % HREEERRIZ, —D2—D
DOEBEERBIT T A EERR TR CHBRFIEEROTRICHTAIERTH S, LTHDTH5,
COZEIIEBEERNB R, EKEERNEERET D LD RRERFINY ¥ OMEE T NVATER S .,
BlCxtd 2 HEIMEZICLE 5 TMMN D X 5 %2 ERP O 63 Nb, ERRXDHIELBTE S,
MMN % %R 3 5 &5 2HER5IIE. ) BEHENBOMEEFUAIEE IN, BERINHHE
ZFOMBETFTNVELHEBT A, O) SEERNE T, BEERRERE TS L) 2ERFISY XD
CHRBAMEE TV EE L. BIiCx L CHBMNESE2ET S, Lo EBNRED LS 54,
F-RMAPEAMICELSEL L) RFEENEL TS EVR D,

ERPHFZIE. T v Vi BBV TH 2SN TEBY,  FOBELEAKORS GFIZP
3 MEE &N TWwb (Yamaguchi, Globus, & Knight, 1993; Brenner & Mirmiran, 1988;
Hurlbut, Lubar, & Satterfield, 1986) o Yamaguchi et al. (1993) ¥, B#HEE & KHE T D MMN
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EFRETHL)LRHRTNEH T, HHITBTDOS » F2 5 ERP 38 L7 5 v F DEZIC
HHIAATZR BRSNS ERP %588k L, EBABERIBIIA L CIRIEORI AT 2 #%B100msec (P 100)
&240msec (P240) DZODBMUE S RIE L7 51k, P240K5S & P 3a ORI %45 128
LTw237% P100KST & MMN DOBIE 5 ~X TV % (Yamaguchi et al, 1993) . HEHRF DMK
o, TNHDEGOIRIBOMKIZ, EROEBIMWLEIZHIET 20D THLEEbILS,

KA Dk DERAL T H 5%, wkEl, RO OERAL T 5 FLTEA, HRBIICREEN S 5 &
BEEDSRET L L vbhTwa (Bl 21X Squire, 1987) , TS DERALIZ Papez DEIE & LTH
b5 T 5 (Papez, 1937), MMN &SI 30 < HEIBIEHMEE & OBIE D S, MMN 2554
5 &) RRBARTERAVSE, ERBROEBIMLEE KB 5 X 5 % ERP Bi5 % Papez DEIEKICH
WTHREET A ENTELEBEbNS,

L2 L. Papez DEIBIZBITHEMBEST 1. MMN & H~5 EEBRRPBEICBVWTRZ 728N
Fe$ThTHA ) MMN ZEHEENISEEINLDT, BELHEEH KB LD DTH S,
KL% BRI A S XD Papez DEIFRICBWTIE, BHROMEE., WHEO S NF IR
HERRLZ-TWBEREDNRS, AN (1992) 3, REO—RBREFHLMEESTFICBWCHSE
WOBBAE S, ZHUITRT Papez DEETIE, MAICAD S M- S8 EHMICIRES NS
NREDDTHADPEPDHFNIAITON TS E LTS, DI LEhbit, FiRo kS 2HERT
DIFHMEIZ BT, Papez DEIEE DAL TIZEE & 0 BRI ICHELICERAEA 2 Sh,
MMN &XJIE$ 5 & ) % ERP IR E L D b BWERTROONL EBbh b,

MMN %35%$ 5 & 5 2HERTZ. Q) BEERBOBREFTNVORE L., BRI L
ZOMBEETNVEDLE; (b) HBEERB L, BKEENBZRETH L 2Ry » Ok
HMREET NV EE L, KIS T AEEOBIE— & v 7-50ERR ICE T C HEIWWE % A4k 12 4
LEE5 &) REELAEL TV A,

A, LTo3mx BWET 5, (1) Lk & S 2RBER % v, EHEERBICHTT 5,
MMN EMIET 5 & 9 R BRESA. 5 v F D Papez DREIBOTIZBWTAHALNE LD H. &
LD ONTIGE. TDRGHEDNOBRETE L 592 RaTT 5, & 512, Papez DEIEEDOERAL
R T, RERMN (BEEEE. BRAEH) OREDLITV. (2) Papez DEIM & BE O HEIHEH
MEBIZB T ARG Y. FOBMBESOER»OHET 2,

T, BHERHEEHERNROLBEEE*RCEHAIGEDTA S it SHEENS ., K58
BRI ZRE TS L) ZEERFISY V OURMBEEFTVORE 25O L5 ICHEBL52 L8
b, EBRICMMN 3£ 552 LICLDIREANE 25, b L, Papez DA BTN
ERP 53455 b 72356, (3) £ ERP K43 b FARICIRIEDWADE U589 2% . HIEH IS
BEErBETAZ LIZL 5 THRETT 5,

B, AFETIE, B0 (@) & O D OOHBHAEDRHIN I b, ELONRYTH L)
EVSTZRERIT) CEIREME LV, EBLIEBICESC HENLENZShThwE LN
HiddLBELTWwWA EEZ B,

Vsl =
1 . BEERIK

FI50HBDHED Y 4 A —RTIVE ) 55 LAV, K, BfEiX. x— 24 —-JHTH
Hﬂfgm& Lf:o
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(Fig.1) o
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Data Recorder H Personal ’ _presentation

200mm

Fig.1. Experimental apparatus.

HREICIIAY =AY, ChEBLTHEE LTHWAFTH#EEZER L, EREE, HiR
WO —VFNarEa—% (HERESR PC-9801DX) D FM BHRICE > TEHR L, TDERD
HED ik o TiF o720 FOB. 8B LFIXF—F 447 7 (YAMAHA CA700) I2& o
TR L7, EBEy >3 U3, FHOhOREEREKD OB LB L KEET (HEER=54360
VAFA) WL DHIEL, F—% L a—% (TEAC SR-50) (Z5e8k L7z, BEEt 6O Pid7T—
FLa—%%4L. A/D I r)N\—%K—F (CANOPUS ADX-98E) % ¥¥& L7z/s—vF+nrar¥
2—% (NEC PC-9801RA2) IZHEHRENTBY, 2 I 4 Y THREDH 7)) ¥ 7 &2fT o7

3. T
BERAICERIFAFH 2TV, 3 HEOBREHE* BV RIZF ALy T g R IT o7, Bk
& AEBAL % Table 11I7RT,

Table 1 Anatomical areas and stereotaxic coordinates

Stereotaxic coordinates

Anatomical area Bregma Lateral Ventral
Auditory cortex -5.0 6.0 4.0
Entorhinal cortex -8.0 5.0 6.0
Hippocampus -3.5 1.5 2.5
Medial mammillary nuc. -5.0 0.1 9.0

Anteroventral thalamic nuc. -2.0 1.5 5.0
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BHEIKIE, 5709 7054k b7 Ay ar%fTore 170y 7, 400E D 2 kHz &
8 kHz D#iE (80dB) DFIBARTI2 5K SN TE Y |, Fiibs i 2 50msec, RIBBEBEL 28 ~2.5
BELTIUVFLERL 1 ~50% 70y 2 Tid, 2 kHz & 8 kHz O 2 FEEOETDRFINT
OHBBEENGE S Tz (Table 2) o THTLIZED, ET7O 9 2I2BVWTC, BHEETERIN
LHRBE DRI, EEEO S OPBEEERME ko700 BEBRAIZLI Tl ~5070y 7%
ITIHOEFIIEZ, 1H1 70y 797572, HBARIIERENTVAFIIH L TEELIL I LETL
<. EBFNTHRIITETAI LATE L,

Table 2 Stimulus appearance rate in each block

Stimulus appearance rate

Block 2kHz 8kHz
1 10% 90%
2 30% 70%
3 50% 50%
4 70% 30%
5 90% 10%

4. ERP 9#7

ik DEEskiE, BFE$50.3sec. high-cut #30Hz & L TiT o 77, #HERMAR L DEH L 72k %, #
BE/R100msec AT & 04> 7 ZBMlmsec, A A ~ b K1024 KA » b LTH > 7)) %57 -
720 7)) 7 LR REANCIMEFY L, 2 kHz & 8 kHz OMTIC L AEEFREMN %
KDz, FOBE, FIEE/REI100msec DEHE M %KD, FhrRXR—25 1L L, B, &
ERP 3D Y — ZiEIE#EIZ, LTV A4 ¥ FyRICBITARK &) B E LT,

N20 : 10~40msec
N30 : 10~40msec
P30 : 20~50msec
P70 © 50~100msec
P240 © 200~ 300msec

5. FAr

WERKIZFT I TN+ b T s (FERE 4V —)V) 30~50mg, kg DIEEANIE G 12 X 5K
BxiTo720 ZD%, MEMEEEE (BK SR-5) ICEE L. bregma % ZH#E(Z, Table 117
L7zEBAZICEREIOO pm DT F AN IT— b 2L/ AT Vv L AROBEREBDIAA I, ANEERK,
T—ARITiE, EE200 y mD= 7 O ABOEHER—NVKICLAEBREFER L, ShODERE
T3 AF v 78a% 2% (Amphenol) IZEHF L., Ty ¥ NVt Xy MI& - THEICEE L.

6. AMBFRIMRE

EEBRR TR, BWBRELTFT7TIT—NF UYL BERET (200mg, kg) (2B X, 10%k
W) UERICE > TR L2, £LT, MERYHL, 10% K V=) YEBICE D EEBBEE L
7etk. A7 X574 %— (ERA— 12 DTK-3000) (2& D50 um/EIZHY L, Paxinos &
Watson (1986) D F » DT b T A2 & ) BAIEA TN OEZ 21T - 776



212 EHEHE - KEEE
#a R

1. HBFRER
BERAEASNCOEIEMT P AEICTT Y P LS DA Fig. 2 Th b, MBEENKRE
LD, BEAENE L-BEOS HHIRE T THASR TV I LG o7, & o T EE
WCHEBICEBMSEA IR TV 2K 2 BN L. S ROFAEEELE (AC; n=
7) . MEE (EC; n=6), KA (DG; n=9) ., LM (MAM; n=4) ., HKHK
(AT; n=6) O5FAL & L7

Mammillary Body
Auditory Cortex

Dentate Gyrus

-7.80

Entorhinal Cortex

Fig.2. Anatomical location of tips of electrodes plotted on transverse section outlines. The numbers of beside
each section indicate the distance from bregma in millimeter. The sections were adapted from Paxinos and
Watson (1986) .
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2. ERP

e E: - WHEE

1~50% 70y ZI2BWT, FHMUIHLFEINLFRENME Fig. 3ITR LA, KIALED
H) 38 2R #%300msec LAREIZBAREZ: ERP B3 A H Nk D5 72D T, Fig. 3 TI3HIEERAET100msec
& ) BR%300msec TTOBME 7Oy P LTHbH, TNTOIPAICIHE L TAH LN -EBMNET I,
70msec M DFEEDIEMES PIOLIERZ L L35, TR Tho7l, BERE., WAKEIZ
BWCik, ZORICEMES (BEEEE T2 N20, ANEE TId N30) 4545, siikEl, FLEEE,
HENCIE. oM (N10. N40) L BBHES (P30) 254 5h7: (Fig. 3) o

W PR 5T

Fig. 4 13, BEMLICBIT BT » 7 TE D PIOKST DIRIEDFH L IBRRFEETZ R L b, 70y
» 1. 2% 0 2 kHz #510%. 8 kHz A%90% O HESHE OB, P70 E. RAKRE ITHA ZZEMEN
W28 F 57275, FOMTRTOBWMTEEIEHEER (2 kHz) OFH, BHEERE (8 kHz)

DIRME L H KE 2572 (AC:

t

p <.05; MAM :t (3) =9.67,

60
40
20

0

~-20 .

100
80
60

40 +

20
0

150

50

AMPLITUDE(1 V)

80
60
40
20

80
60

4

20

-

(6) =3.58, p<.05;EC:t(5)=2.47, p=.06;DG :t (8 =2.59,
p<.01;AT:t (5)=6.55, p<.01;Fig. 4) o 7By 7 1 &

FLILCH]: = ] FLL

T

O2kHz
8kHz

S b b

EC

100

liri&ﬁﬁi&i

BLOCK

Fig.4. Mean P70 amplitudes to 2kHz and 8kHz tonmes. Abbreviations as in Fig.3. Vertical bars represent

standard deviations.
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DEBTHHT7Ta 925 (2 kHz H%90%. 8 kHz »510% D HBIHEE) T, kB TOHOAEEZE
WHRONT: (t 8)=2.49, p<.05;Fig. 4) o T/, 70 v 7 2 CREEEE LHKIZIIBY
THEIVEEEORE (30%. 2kHz) IZx9 HiRBO LA, EHHHE (70%. 8 kHz) TERENI
Db kEho7 (AC:t(6)=3.13, p<.05; AT :t (5)=4.50, p<.01;Fig. 4) o D
HFOEBTHHTUy 7 4 CTIEERFICBWTEHHEE (70%) TREREN/ 2 kHz DEH, &
BEECTE/R SN/BkHzORFUI T T HIRIBE D b KRED 572 (¢(6)=2.74, p<.05;Fig. 4) o, 2
kHz, 8 kHz DELLDORHLF ULEETHERELATO v 7 3Tk, 3 XTOFMICHEELZEITFE
Do o7: (Fig. 4) o

wkmE, LM, HREIE CA LN/ P30IX, 7O v 2 1CBIT 5, kb, BRI C. BH
BRI (2 kHz) ST HRE\EOF S EHERI (8 kHz) ICHTAHIDIDbKED -7 (DG
1t (8)=3.07, p<.05; AT :t (5)=4.63, p<.0l; Fig. 5) o

160 r 0O 2kHz
140
120 |
100 F
80 F
60
40 r
20 |
0

i 8kHz

AMPLITUDE(¢ V)

DG MAM AT

REGION

Fig.5. Mean P30 amplitudes to 2kHz and 8kHz tones in DG, MAM , and AT during BLOCK1. Abbreviations as
in Fig.3. Vertical bars represent standard deviations.

Ty 7 LIZBWT, BAEE L ALK, EFF240msec FTB DBRIABHER 5 05A S 7z (Fig.
3) o ZOH)BLAWEART, AEIEHETHRL- 2 kHz i T AFRBEMORES, BHED
8 kHz 12X 4 H5bDE Y KED 572 (¢ (3)=10.25, p<.001; Fig. 6) o LA L. FDfH7a v
7. LTI, 20X aHREBHEEMEED O 572 (Fig. 3)

60 r
<50 | 0O 2kHz
3 8kHz

b

S
o

wW
o
T

AMPLITUDE( 1
n
o

—
(@)
T

EC MAM
REGION

Fig.6. Mean P240 amplitudes to 2kHz and 8kHz tones in EC and MAM during BLOCK1. Abbreviations as in
Fig.3. Vertical bars represent standard deviations.
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[EXeT %0

BEEEETAH LN NOEFICOWTIE, 7Oy Z24IBWTHZICEEENS (8kHz) 125t
THIRBOFAEHENZ (2 kHz) ST BIDED b KEH o7 (¢ (6)=3.41, p<.05; Fig.
7) o 70y 7 5Tk, BHERB (8 kHz) EEHERM (2 kHz) OIRIBOMICH EEME N A
ooz (t (6)=2.29, p=.06;Fig. 7) o

RAEE TH SN NIOETICOWTIZ, 70y Z5ICBWTHEBEICEBEERIE (8 kHz) (°xt
T AHIREARAEERE (2 kHz) IS TB3DE D b KED o7 (¢ (5)=3.36, p<.05; Fig. 8) o

Papez DEIBRDEBLLTH & N-BHRFICOVTIE, ZORBOBERSTDEENH L1720, B

ﬁ‘iﬁb&ﬁ\’) Zo

-60 0O 2kHz @ 8kHz
S -50
2
LDU -40 }
2
= -30 F
o
=
< _20 }

-10

1 2 3 4 5
BLOCK

Fig.7. Mean N20 amplitudes to 2kHz and 8kHz tones in AC. Abbreviations as in Fig.3. Vertical bars represent
standard deviations.

O 2kHz 83 8kHz

AMPLITUDE(x V)
&
o

-20 }F
-10 }
0
1 2 3 4 5
BLOCKS

Fig.8. Mean N30 amplitudes to 2kHz and 8kHz tones in EC. Abbreviations as in Fig.3. Vertical bars represent

standard deviations.
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REBOHMIILDTISRRZ EBY ThHo7, )BHES LEEES ORI X > THK
ENLHBEEFNIZE - T, EHEERBUICHT 5 ERP KO DOIRIESESHERS L L THAT S
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LWV T EMNT y hD Papez DEIBDIMIZBNTALRENE ) DEREFTT 5. Q)b LADS
NI E. FORT O S, Papez DEIFESOIRAL & & HFA & OIERLB DRy RIBIFR & HESE T
%o (3) Papez DEBETH S N7z ERP RS HIBUHBIBE IC L 5RIRPA LN LD 2RET 5o

KFZED T 9 7 1 DERENS. T v D Papez DEEDOEAIZE VT HEHERBITT 5
ERP Bi5 R IZBEHERS) SEBEERBO DL ) AT L L) T LR LN (Fig. 3, 4,
5) o DT &id, Papez DEFICB VT, FEERRICED {FEROBHHLEAREIMERL TV
BT EERBET L, KEERNBICHT ARIEE KRS SN /FRIE, BEERE, WHNKRED
70msec TdH - 7-DI2xF LT, HRE., FREFIHE Tid30msec DEFFIZBVWTHAONL, DTk
Mo, BB LD b Papez DEIKDERAIZHE T, HEIHUEIBROVEEISEHL TS EE
25N5, HiEEREZDONEDEMBESH Papez DRI DIRALAT10msec DFERFTH HDITHT L
T, B EE T20msec, WMAKEE Tid30msec DFBFTH o2& nH T 00, FIBMANICELT
b Papez DEEDIALO T A, REATAM L D dFLFHRAMDES TV LBbNRL, Zhidall
(1992) @, REIZBVTHHFEROMBIAZL SN, £HITRNT Papez DRIFFT, TOHHH K
HICREENERE DD THLEPENDHBITONE L VI HRIIRTHIDTH S, AHFE
DTy 7 1 OREREDIS G, HEIEBIIRE A L Papez DEIBEOTFALIZEFIFICAT S, FHE
BMOBmAIL, Papez DEIBOHVBRVERTLENTVWDEEVR S, TDOZ id, REICBWT,
0L BRBHEBOBINE Vo BN L SNBVWETAHDTIA %Y, Papez DRI TIIAPETE
FMACED LB 2B S, Zh iy L CaEM A ANBRO SR ERMIZBNT
HENTWBEEDbNhSE, ZDZ Lid, Papez DEIEAFE T LN HIHERMLEIZ L 5 T, UREY
HREFHSTVWALEWHRZ AT LENTE S,

L2aL, 728y 21, 2% 2 kHz 2MBHERBE O A T, EEERFII 35 P30, P70
DIFEICHERARZD HN-DFEHS, 8 kHz PWMEHEREK TH - 7270 v 75TI3HIKRE D P70% Br
X, HEZIHET ARIBOEIBD SN L 572 (Fig. 3,4,5) o« TR YIT, BHEEH.
BN EE D ERP IZBIT 5 OBMES (N20, N30) (Zid, BRI 5 HRIEOH KA
2 ohs (Fig. 3,7,8) o SOOI L5, Papez DEIEE X 0 dAENCEEILLICE W TEHERIZ
ERLENTWALIICEZ B, 709 52BN THHBERBEZDOMNEDENIBS 1T Papez
DORIBEDOLRA DR S D HAE: (Fig. 3) o TDEHIRIEPELLZERELT, 7y MilEo
T 2 kHz & 8 kHz ORIEAS., FOFEBEH BN THITHILBE TV W) ITREEIEZLS
Nb, ZOMIE, 4EEV722 kHz & 8 kHz ORIEFT ORBEIICO VT, £ DL 70 RIB R
BMAHAEL TR TALEVEH LD Lk,

ERFFEDO T 9 7 1IZBWTIE, BNEE & ALK R 240msec fL DERBIBREHEME S A 5
 (Fig. 3) . 205 LILFEKD b OIMEHERNE & BEERNBOBOEBMICAELZENED LN
7z (Fig. 6) o ZDMEMWEAMIZ. A% L FABOHERYI % H\>7- Yamaguchi et al. (1993) TH
57 P20 L DEEAE Z HbB, LA L, Yamaguchi et al. (1993) @ P240I3BHE L2 H D
ERELNBONTLDT, FZOERPRFTIIEEDFEHICLHEIADPENIDERE LIS, T
Ze0D P20 St ALEALUSNOEAL, 2 F Y REAMMICBVW T RO LN L7 (BNEEIZ
DIADHNTA. FORBICAELTERBEEEONERITDON L o72) o SO ENH, K
e CEo & N7 FLEEAR D P2405% 45 & Yamguchi et al. (1993) @ P240R45 DRAEIIAHTH 5 &
BEBLEBLR,

KD HHD—DIZ, Papez DA THA S N7z ERP BT ICHIBHBBEEIC L 2R BA LN
ERRET A LD -7, SEERNM S EEENBOEBEELYR LEHEIEDT5HZ 8,
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(a) BHERIBOMBETNVEEE L, BRENFEE ZOMBEEFN L ORE ; (b) BEEN
BMeH., BHEERMBERE TS L) RRRYSY C OXURBAZEFVEER L, it L CESE
YRS L, LW ZONHBWAEICUTOL ) 2B 52 5L Bbh s, (Q)IIk L Tit,
SR 2 BRI O MR E 7OV ATEER & 1B B RSB R B RR S B 72012, 2 DREATE <
ho (DI LTid, BHEMNRLH, BEERNRERETE L) REERF Y » OCIRK ML
EFIWVBEROEESGTGOONE, 70y 72, RUTO v 7 3DOFERIZ. COHMREEHTLLO
THsH (Fig. 3,4) o 709272, 3IZBIFHP30, PIORESIE. WTFROFMIZBWTH 2
kHz & 8 kHz DHIBOBM THE ZZIRD LN LD o7z, SThid, EEMNH (EEENR) 2%
DELERTHLENHB L) JH5TMMN (Cowan et al., 1993) & —F T+ 5, oF b, KBFFEIC
BT Papez DEIFFDERLLTH L N/-BALES A, FLRICHKD < HEYTEBILE L 3t 5 BAK
FTHHI EBRET D,

/2, TRy 7 4IZBWTH, 8kHz 2YERBERIEMOBE. BEEREIZB VT N20ES DEHE
RIBUIH T HIRIBICEK (709 Z4TREEIC, 709 7 5 Tid@ER) »RDHN7: (Fig 7)
BAREED NOESIZBNTH, 70 v 2 51280 TEEERIEIC T 2 IBIEOMAHRD 5 h -
(Fig. 8) o 2DZ & d kD, 2kHz & 8kHz DHIEIFMOERICEI 2 DTHAHEEDLNS,

A EDEERTIX, Papez DEIEOFTHE L HRE DB EITZ ootz BICHERIZ, i
(2 HBREEAY S Papez DEIFEDOHRLH LT TH Y, FREEOBEDL L DIFRICL > TR ENT
W2 (Bl 21F Squire, 1987) , LR L7-RIBEOEEKEEIZ, CHOEILSHOBEL LTEX
h-FETH 5,
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