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Neuroethological significance in interruption
from response selection processing

to ongoing motion sequence”

Suzuki, Yusuke

Abstract

Enriched environment affords a set of alternatives of potentially available ac-
tions. Therefore, response selection processing that chooses an appropriate re-
sponse parallel to an input stimulus from the environment is critically significant
for organisms. However, we continuously perceive multiple stimuli from the en-
vironment, thereby response selections for each stimulus compete between them,
and particular interruption arises. Consequently, currently running action is of-
ten terminated, and then alternative action is newly selected. In this study, from
psychological and neuroethological perspective, a significance in such interrup-
tion was sought, through to examined how it divaricates the action properties.
In Chapter 2, psychological experiment for human revealed how competition be-
tween response selection processing interrupt currently and subsequently executed
action. In Chapter 3, an action was further segmented into a sequence constituted
from multiple but simpler motions on time series. This motion segmentation anal-
ysis enabled to detect when particular motions in the sequence were interrupted,
and how subsequent sequence divaricated. In behavioral experiment for rats, a

motion sequence selected in particular threatening scene was compared to that in

* Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD1061013, September
18, 2013.
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neutral scene. As a result, it was suggested that specific motions markedly arose
in the threatening scene, and another motion played a “turning point” between
the motion sequences in the threatening scene and that in the neutral. Especially
in the threatening scene, some motions like shutting rats away from a threatening
source was boosted, while others like keeping stay on-site was inhibited. Through
this study, it would be concluded that interruption from response selection pro-
cessing to currently and/or subsequently executed motions is significant so that

organisms rapidly and adaptively behave under ever-changing environment.

Keywords:

instinctive behavior[d action selection, interruption, motion segmentation, Cubic

Higher-order Local Auto-Correlation, Mixtures of Factor Analyzers
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oo0ooo0oOoOoO0oOoOooOoO0OooOoooOoOooOooUDoOoDoOooo
0000000000000 00000000O0O0O0O000000 (DOO0O0O
0)OooooOoooOoOoooOoOoooOoOoooOoOooooooooOoooooo
OoOooo0oooo0ooo0o0ooOo0oooO0o0oooOo0o0ooOo0oDOoOoDODbOonn
OoODO000000o0ooooooooooooOO0OC0COOO0O00UoobooOoOo
00000000000 (Cisek, 2007; Redgrave, Prescott, & Gurney, 1999)0 O
OoO00oOoO0ooO00ooO00oo0oooooooooDoooooDoooooOooo
000000000000 00 (Cisek, 200000000000 DOOOOOO
0000000 (interruption) 0000000000000 O0OOOOOOOO
000000 (Redgrave et al., 1999) 00000 0000000000000O0O
OoOo0ooO00oooOoOoo0oo0oooOoooooooDoOooUooDoOooDoboOooo
(neuroethology) 0 0 0O O0O0O0OO (action selection) 000000000000
0000000000 (Cisek, 2007; Redgrave et al., 1999) 0000000000
OoODo000oooooooOoooooooooooOOOOO0OObOODbODbODbO0O0o
oooooooooooooOOOOCOOOOO0OCOOODOOOOO0O0Oooooo
OooO0OooooOoOooooOoOoooooooooooooooooooood
OO0 “000’000oo0c00ooooogoooooooooooogoooon
ooooOO0O0OO0O0ODbO0O0000bobOo0oooooooooooooooooon
oooooooooOoOOO0OOOOODODOOOOOOOOODODOODbODbOO0O00
O (dominance relationships) 00 0 0000000000000 000O0O0O0O
0000 (Brooks, 1994; Doya & Uchibe, 2005)0
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1. OO

00000000000000000 (psychological refractory period; PRP)
000000000000000000000000 (De Jong, 1993)0 000
00000000000 2000000000000000D000O00O (stimulus;
S) 0000000000 (response; R) 00000000000 OOODODODOO
00000000000 100000000 (SHOO 200000000 (S2)
000000000 (stimulus onset asynchrony; SOA) D0 000000000
R1OOOO0O (reaction time 1; RT1) 00O OR200000 (reaction time 2;
RT2) 0000O0OOOO0O0OOCOOOOCOO PRPOUODODOOOOOOODOODOO
goodgdoooooobobbbboooooooououobooooobooo

2. PRPOOOOO

PRPOOOODOODOODOODODSOODODOODODROOOOODODOD
sooooooSoobooROObDOOOOOObDObOOODObDOOOROD
00000 300000000000000 (0 2100000000000
gooboobbuogobboobobooobbuooobbobbuooobboon
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0000 RI20000000000000 (Marois & Ivanoff, 2005)0 PRP O O
ODO0O00O00D0 1000000 S1000 2000000 S200000000
gobbobobbouooooobbbb 10 20000000000000O0
gobobobobbouoooogobobbob1o00o00oobboobbodg 2000
0000000 “c00000’0000 PRPODOOODOO (O 21b) 0000
OO0D000000O00O000O0DOOobOooosSoAODODOPRPOODODOO
gboobobooodgoboood

21 0O0O0oo

gooobooobD pPRPOUDOOOOODOOOODOOODOODOOODDOO
O200000000000000000000000000PRPOOOOO
O00000000000000 (Suzuki Naito, 2012)0 00000000000
OO0 10000 200000SO0000000 100ROOODOOO0OODO
OO0O00oOooboobooo SO ROODOObOObDOoODOobObOOObDOODO
OSO00000O0ROODOODOOODOOOODOOODOPCODOOOD 4700
gbobooboobobbobooboobobbobod 1s0ms 0000
OO0o0O0ooooboobooooooboboboooooooobogon s1os20
Ooobodboo RIOR200000000DOO0DODOODODODDOODLDOO
(0 22)00000 SOAOO5/00150050001000ms 00D OOOOOOOOO
ooboooboogoosoonD 00 o000 “Ob0vDh 200000000
oooboooboobo“b moobOooROODObDOObDOODO “N"OO
ooboobooooooboobooogooo“co mobobooogoo MO0
000000 100 2000000000000 (0 220000000000
OooSOooobooboooo 1000 “Noooo 2000 sM”OO0OODO
000000 (0 22)0000000000000000000000O00O (RT)
OOO0ORTIORI2O0000000000023000 420000 800000
0000 (00 70000 10)00000000000O0O0O0OOO0 OOO
gbobodgbboodbbuooobboobboobboobbooobbod
0000000000000 00000000ooo (197) 0co0oooooon
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22 0JO000O

RT1O00SOAODODOODOOODOOODO0OODO0OOODODOOODOODODOODODOO
0 (0 23a)00000RTIOD0O0O0O0OO0OOOOOODO 2000000 (OO
00 (0D0O0000000; 2) x SOA (50, 500ms; 2)] D0 OD0OOOOOODOO
OO00oO0oO0oOoooooo [F(L,7) =423, p< 050000000C0O0OODOCOO
0000000000000 00000RTOODODODODOOOOOODOODOO
0000 (Donders, 1969) 0000 00000000000000OO0DOOO SOA
=50ms 000000RTIODODOO RT200000 (O 23a)U0RT1I0000O
RT20000 (=PRPOD)0O000OSOATOO RTIO RT2000000000
0000000000000 SOA=5000 RT1O0000O RI20000000
O000000000000000000 (0 23b)D0000ORTI0O RT2000
000000000000 2000000 [D00O0(@OO00,0000;2) X
SOA (50, 500 ms; 2)] 0000000000000 [F(1,7) =26.3, p < .05 O
0000000000000 0D00000000000 h00ms000D0O0O0O
00000000000 00PRPODOODOOODOOODOOODOODODODOO
000000000000 00000000000D0o00o0ooooDooooonn
OO000DO00O00O0SoOADODOOLOOODOODOOD 1ODO0oDbODbOobOoOoo
0000 200000000000PRPUDOOOOOOOOOODO (Donders,
1969; Marois & Ivanoff, 2005; Pashler, 1994; Sigman & Dehaene, 2005; Sigman
& Dehaene, 2008; Spence, 2008; Suzuki & Naito, 2012) (O 2.3 a, ¢)0

PRPOODOODOODOOODOODOODOOODODODOODOOD SOAOODO
O00000 100000000 2000000000000000000 1
OO000000b0o00O0bO00oO0o0ooO0b0oooDooDOobObooboooDooo
SOAO00O00ODODOD0O0OD0O0OD0ODO0ODOO0O0O RTIODODOOOOODOO
0 (0 2300000000000 2000000 [DO0O0ODO(OOO,00
O00; 2) x SOA (50, 500 ms; 2)] OOSOADDOOOODOODOOOOOODOOO
O [F(1,7)=104,p< 0500000000 100000000000 DOOOO
O000000000000000 “000” (postpone) 000000000 (O
21000000 2000000000000000000000RTIO0O0O0O



0000000 (Miller, 2006; Schumacher et al., 2001; Smith, 1969)0 0 0 O O
00200 10000000000000000O00OOOOOO (O 23¢)00
000000 (18ms) 000D O0O0O0O0DO (34ms) D RT100000O0O00O0O
000 (0 23a)0000000000COCO00O0O0OOODOOCOOOOOOODO
doooooobodooonoooooooooooooooooogoooon
dooooooooooobooobbooooogoooobouooooooa
gobooouoobooouooboooouooooobuoooooon
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3. tDCSUOO

PRPOODOOOODOOODOOD-O0D0OO0OODODOOOODOOOODOOOOO
00000 (Sigman & Dehaene, 2008) 000 0000000000000 (dorsal
premotor cortex; PMD) OOPRPOOOOOOODO 100000000O0ODOO
(Ivanoff, Branning, & Marois, 2009; Koechlin, Ody, & Kouneiher, 2003; Koechlin
& Summerfield, 2007; Marois & Ivanoff, 2005; Marois, Larson, Chun, & Shima,
2006)0PMDOO00OOOO0OO0OOOOOOOOOOOO IODDODODOODODODOO
Joooooooooooooooooooooooooooooooood
0 10000 (Koechlin et al.,, 2003)0 PRPOOOOOOOOOOOOOOOO
O0000ooooooooooo pPRPOUODOCOOOOOOOOOOOOO PMD
00000000 (Marois & Ivanoff, 2005; Marois et al., 2006)0 0 000000
PRPOOOOOOOOOOOODOOODODOODODOOPMDOODDODODOOOON
000o0doooood  pPMDOOOOOOOOOOOODOOOOOOOOOOO
doooooooobooooooooooooooooooooooooooga
doboooooobooooooooooooooooobooooooon

000000000000000000000000 (transcranial direct current
stimulation; tDCS)0 PMDO OOOO0O0O0O0OO0O0O0ODO PRPOOOOOOO
0000000000000 O¢thbCSO000DOO0OO0DO0OOD (anodal electrode)
000 (cathodal electrode) 00 000000000000 O0OOOOOODOODOO
dooooooboooooooooooboooooooooooooooooa
0000000 (Hummel & Cohen, 2006; Nitsche & Paulus, 2000) (O 2.4 a)0
00000000000000000 (anodal tDCS) D00 O0O0OO0OOOOOO
Joooooooooooooooooooonoooooooooooood
O000000000000000000 (cathodal tDCS)DOOOOOOOOO
0000000000000 (Hummel & Cohen, 2006; Nitsche & Paulus, 2000)0
PRPOOODOO PMDOODDOOODOOOODODOOODOODOOODODOOO
O00000PMDOO anodal tDCSO OO0 PRPOODODOOODOOOOODOOO
RTOOOD0OD0O0OOODOOOODODDOODODDODDODO0O000000O0OOOOO cathodal
tDCSO RTOOOOOOODOOO0OO0O0OO
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3.1 JOdong

o0 PRPOOODOOOODOOOODOOODOOODOOODOOOODOODO
4000000000000 (0D 24b)0100000000OD 20000000
gbobogdbuoodbboobbuooobbuoooboooboooobbon
gboboodbbodgbboboooboobuoobooboo 1oogbboon
OO0D0O0+¢tbCSOOD00DO0O0O00D0O0OD0O0ODO0ODbDObOOO tbCSODO O anodal
tDCSOODODO cathodal tDCSOOOODOOOOOOODOOOODOOOOOO
OO0DO000ooboob0oobooboOobO 2000anodalll cathodalll 00O O O
tDCSOOO0D00ODOD0OODOODOanodalll cathodal tDCSODOODOODOODOONO
O000000000000000000 (0 20min) 00000000 tDCSO
0000 10000000000 0DO0000O00DOOobDbOoOooOotbCcSoO
ooboobooboo

3.2 JOoon

tbCSO0OD0 RTOOODO0ODDOODDOOODDOOODDOODDOODODOODO 10
OO000 20 RTO0OO0ODOOODOOOODOCOOODO SOA =50 ms OO
0 0anodal tDCSO RTIORT200000 60ms 0000 (O 24c) 00000
SOA=50ms 0000 RTOOOOOOtDCS (anodald cathodalD O OO O ) O
0000 (RTIORT2) O00ODOOOO0OOO 200000000¢hbCSOOOO
[F(2,14) =394, p < .05 00000000000 0O0OOOOOOOOSOA =
500 ms 0 0 000 0O 0O0shamO cathodal tDCSOOOO0OO SOADOODOODO
goddodgobbboobobobbbobobooobobobooooooooo
0000 (0 2400000000000 (DOUODDOOUOOD)DOOODOO
(RTIORT2) D0OODODODODODOD 200000000000000O0O0OOO0O
00000000 [F(L,7) =22.291, p = .05]0

000000 oPRPODOOODOOOODDOO PMDOOODDODOODOODOOOO
OoOoobdooboobuooboboobobooboobooboooppMDD OO
O000000000O00OOanodal tDCSOOOD0O0O0OOODOODOODOODOOO
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O00OPMDODO anodal tDCSO OPMDOOODOOOOODOODOODDOOO
OO000000D0000000D00SOCA=500msO000000000DOOOO0O
O0000Oanodal tDCSO OO OOODOOODOODOOODODOOODOOODOOODO
SOA=50msO000000000000D00D0O0OD00ODO0ODO00ODO0ODOOO0O0OO
OpPMDOOOOOOOOOOOODOOOODODODODODOOOOOOOOOOGOGd
O0D0D00000000O00Janodal tDCSOO00OO0OOOODDOOOODODOOO
OOSOA=500ms0000000000O000DOOO0DOODOODOODOOanodal
tbCSOO000000DO0O000 RTOoooooooooooooooooo
OOPMD OO anodal tDCSO RTO OO OO OO OO Ocathodal tDCSO O OO
0000000000000 Oanodal tDCSO cathodal tDCSOOODOODOONO
000000000000 00DO0D00000O00O tDbCSO000danodal tDCS
O0000000000Ocathodal tDCSOO0O0O0OO0OO0OO0O0OOOO (Hummel &
Cohen, 2006; Nitsche & Paulus, 2000)0 O 0 0 0 0 O O cathodal tDCS O O O
O00D00000000000 anodal tDCSOOOO0OOOOODOOOODOOO
000000000000 (Boros, Poreisz, Munchau, Paulus, & Nitsche, 2008;
Nitsche et al., 2005; Wassermann & Grafman, 2005)0 0 O O O O anodal tDCS O
cathodal tDCSOODO0ODOO0ODOODOODOOODOODOODOOODOODODOOD
O0000O00Oanodal tDCSOODDOOODODOOOOOODOODO GABAD
OO0000000OOcathodal tDCSOOOODOOO GABAOOOODODOOOO
O000000000000000000 (Stagg et al., 2009)00 000 PMD O
doooooobodoooooooobooooooooooooooooooa
O0000000D0D0+tDbCSOO0D00000DOcathodal tbCSOODOOOOOMO
gobooouoood

02000000000 000000000000000000000000
Jooooooooooobooooooooooooooooooooogg
0000000000000 oOot«tbCcsOodoooooopPMDOOOOOOOO
doboooooooooooboooooooboooonoooooa
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(a) (b)

anodal E4E
cathodal 48
RiaA=R Jowvws Jows2
R B F5t7R tbes anodal tDCS
EiR
: BREIE [ ZF5&R 1Cs cathodal tDCS
o> BRES ]  F5tAcs F5+H tocs
BRI D 7S5t tbes anodal tDCS
(c)
SOA=50ms SOA =500 ms

JOv49 1 hORTOZEILE (ms)
40 r
20

o] // -
| RT1

-40
RT2
-60

-80 *

0 24 PMD OO anodal tDCSO OO PRPOODODOO
() 0000000000000 O00(b) 0tbhCSO00000000(c) 00PMD OO anodal
tDCSOO00 PRPOONONONONONONONONONO0000000OSOA=50ms 0000000000
00 anodal tDCS (00O DO, N = 8)0 cathodal tDCS (0000000, N =8)00000
tdCS (0000000,N=8) 000000000000 anodal tDCS (00000, N =8) 0
OO0 RTOOOOOO0OO0OO0O000O0SOA=500ms 000000000
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30 oo
Jooooobbbbood
—oooboouoddtdd-—-

1. OO

O00O00bOO00bO00ObO00ooO0oooO0obO0bobOoboOoboobooDoo
gooooooouoooboooboboooonouooooooooogo
(sign stimulus) 00000000000 DODO0O0O0OCOCOOOOOOOOOOOO
00000 (release) 0000000 (Anderson, 2012; Tinbergen, 1996) (O 3.1)0
000020 30kHz 00000000 Oooooooooooooooooooa
O“000”0000000000000bODO0DOO0O0DO0bObOOoUUODOO
000000000000000000000000 (Beckett, Aspley, Graham,
& Marsden, 1996; Beckett, Duxon, Aspley, & Marsden, 1997; Brudzynski, 2001)0
O00000000000D020-kHzOOOOOO (20-kHz ultrasonic stimulation;
20-kHz USS) OO0 0000000000000 O000O0O00O0oOooooooo
dooooooooooobooobboooooboooooooooooooao
goboooooobooooonoooouooogg

0oooooooooooonoooodooooooonooooooogo
0000000000000 000000 (Anderson, 2012; Tinbergen, 1996)0
dooooooooooobooooooooboooooooooooooad
O000000000000000“XOR”0D00000000000 (Anderson,
2012; Lin et al., 2011; Mongeau, Miller, Chiang, & Anderson, 2003; Tinbergen,
1996) 00 0000000000000 00000O0DOOOODODOOODODDOO
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OO00000oO00oo00oooDooooooooooooooooooooog
000000000000 0bO0bO0o0oO0bo0bbOoooOOoboooDOoDO
O000000000000000000000 (Anderson, 2012; Lin et al., 2011;
Mongeau, Miller, Chiang, Anderson, 2003)00000000000000000O
000000000000 000000000000DO0000D0ooooon
OO0000000000000D0D00o0oooooooooooooooog
0000000 (Mongeau et al., 2003)000000000000000O00OO0O
0000000000000 000000000000000000 (Mongeau
etal.,2003)000000000000000O0O0OO0OO0OOOOOOOO0OO0O
00000 (Linetal,2011) (0000)0
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3 Top centre (no block)
Level of the \ Appetite behaviour
major instinct \,_____\._ (migration)

‘Territorial® centre
Fighting, : \ Appetite behaviour
nesting, etc. r ; (searching in territary)
O” —

Level of the
consuUMmMAtory act

Fing (Weiss 5)

Fin-rays (Weiss 4)

Muscles (Welss J)

Motor-units (Wein 1) FEEEREEERE]

st Co-ordinative interrelationships— | == Inhibitive interrelationships —

031 000b0o00ggn
boboobooooboobooboobobooboboooooboobooboooboOooboooon
0000000 (Tinbergen, 1996)0000000000000000000OOD0OOOOOOOO
boooboooobooboobooooboooobooooboooboobooobooooon
obooobooooboooboobooboobooooboobooobooooboooOobooooaon
0000000000000 0000000000000000 (innate releasing mechanism;
000 ILRM)OO0OO0O0ODOOOOOO0ODOOOO0OO0ODOOOOODOOODDOOOOOO
boboobooooboobooboobobooobooboooobooooboooboboobOoon
boooboooobooboobooooboooboboooboobooboobooobooboooon
obooobooobobooobooooboooobobooobooooboooboOoboooon
000000000000000000000000000000000 (0000 Weiss 5 0
O0OFinsOFinrays 00 ) 0000000000000 00O0O0OO0OO0O0ODOOOO0OOOO
00 (0000000000000 00) 0000000000000 U0O0D0DO0UO0OUoOO
00000o00000o0O0000oO0O00O0O0oO00O00oOO0OU0O0OO0U0OD (Dobooooo
oo0ooooo)o



goodooooooooobooooboooooooooooooooon
guobuooobuoobobooooouoooouooobuooougo
00000 (Redgraveet al., 1999) 000 0000000000000000O00O0O
Jooooooooooooooooooooooooodoooooooon
Joooooooobooooonooooooooooooooooooooga
0000 (Linetal,2011)00000000000000O00O0COOOOOOO
goboudooouoooooboooooooouoooooooood
O (Linetal., 2011) 000000000000 MRIDOOOOOOOOOOOO
0000000000000 0000000DooDoooo0o0o0O0Oggd (Mobbs et
al.,2009) 00000 00000000000000000O00O0O0O0OOO0OO0
doodooboooooooooooboooobobbooooooooooood
0000000000000 0O0000000O00DO000O00LODO00OD (0O
000)00000000000000000000000 (periaquedctal gray;
PAG) DO0ODOOO0OODOOPAGODUOUOOOOODODOOODOOOODOODOOO
000000000 (Fanselow, 1991; Fanselow, 1994) 000000000000
dooooooobooooooooooooooooooooooooood
O (Moers-Hornikx et al., 2011; Nashold, Wilson, & Slaughter, 1969; Schenberg,
Bittencourt, Sudré, & Vargas, 2001) 0000000000 0C0OC0O0O0O0OOOOO
O0000O0C00O0O00D0D00O (dominance relationships) 0000000000
0000000 (Redgrave et al., 1999)0

goooooooooboooooooooooooooooooooooon
dooobooooooooooboooboooooooooooboooooo
gobuooobuoooooooobouoooouooooooooood
0000000000000000000 (Benjamini, Fonio, Galili, Havkin, &
Golani, 2011)0 0000000000000 OOOODOOOODOOOOOOOO
dodobooooobooooooooooboooooooooooooood
000000000000 (Steele, Jackson, King, & Lindquist, 2007; Tecott &
Nestler, 2004)00000000000000000OOO0OOOOOOOOOO
gooooooooooobooooooooooooooooooooonod
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godooodoooooooooooboooobooooooooooood
(Goulding et al., 2008; Jhuang et al., 2010)0

gudo 3o oooouoooouooouoouooon
0000000000 000ooo0o0U00oDD (booo)oooooooo
dododoodooodouoooooooooooooooooooood
000000000000 00000000020-kHzUSSOOODOOOOOO
O0000000D020-kHz2USSOOOOOODODOO0OOOODOOOOOODOO
oot ouooooooood
oo ooooououoboouoon
000000000000 0000000O0O0O0000b0D0O0O0O20-kHz USS O
dddooododouooooooooooooooooouog 1goood
0000000000000 0200-kHz2USSOOODOOODOOODOOODOOOO
200000000000 2000000000000 0O0O0OODOOOOO
OO00000020-kHz2USSOOOOOOOODOOOOOOOOODOOO0OO0O0O0aO
dddoodouoououoooooouooonouooooouoooooa
godooodooooooououonooooouoooooooooonoo
00 (Fanselow & Lester, 1988)0 0 0000000000000 O00OOOOOO
oot oouootdoooouoooouoonoa
0000000000000 0000 20-kHz2 USS OOOOPAGODOOOODO
(0 3000 > 0)00000000ODO0O0O0OD (0D 3000 40)0000
goddodoodoooooououoooooouoooooooooonoa
ooodn

2. 0Ooooo

gbobuodgbbobodgboooboobo 20bbogboooboooon
gbobogoboobboobobooobbuooobboobuooobboon
gbooboboooobooboboobobooboboobobobooon
gobobbbbbbudooooooggooobbbbobobobobobooogad
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000000 20-kHz USS OO O0ODODODOOOODODOOOOODODODOOOOO
godgoobbobobbbbbbbbobbobbbbbooooooooooa
googoobbobobbbbbbbbobbbbbdduoouuuuooaa
goooobobobobobobbobbbbboobbooboobobooobbobboaa
O0D00000D0D0O00000D0CHLACOOOO 251 0000b0000on
goobobobobodooouooobbbbbddooouobbobbooooog
0000000000000 0D0000DO000O00O0DO0ODbODbO0OO0CHLACO
00000000000000000 (Mixtures of Factor Analyzers; MFA) O
gagd

21 oo, ogboboboboobooon

0000000000000 (cubichigher order local auto-correlation, CHLAC)
oooo0ooooooooooooooOoo0oooooboOooooOobooooDooo
2100000000000000DOO0O00DO0OOODOOOODOOODOO
O0000000000000000000 (Kobayashi & Otsu, 2004)0 CHLAC
Ooooooobooooboboobodoboooobooboooooooboobo 3boboooonoo
0000000000000 0000000 (Kobayashi & Otsu, 2004) 000 O
ooo0o0o0oOooooooooooooo,000ooooo00o0oooooon
O00000000000000000O0000C0O00000000000O0O
ooooOOo0OC0COOO0OO0O000OooooooooCobooooooboboDbooo
O0000O0000000ooDoO0OCoOoO0O00O0OCHLACODDODODOODOO
oooooOoOoOoOOoO0O0O0O00o0o0ooobooooooooooooooo
oooooooooooooobooooobobboobooo0Ubbobooo
OoO000O0000oocHLACOOOOoOooooo

200000000000C00Or00000 f(r)DODODOOOOOO NOO
0000 aq,...,ay 00000ONODO CHLACOODOOOOOOODOOOO

z(a,...,ay) :/f(’r)f(’r—i—al)...f(r—i—aN)d'r. (3.1)
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0obd » 000 ae000O00 xyO00O0O0O0DOODOOODO 3000000
gboodbbuogobboobuoobboobbooobbuooobboon
gbooobbubobooodgbbuooobboobbooobbuooobboon
OOCHLACOODOOODOOOOOO obOoO 20000000000 00DO
gbooboooobbooogbibb 3x3x3bbbuoooooboooon
000000000000000O0000000000 25100000 (O 3.2
) J00000000000000000000000O00OOO0oOon (O 3.2
by OOOODODOOoOOoOoOooooo 300000000000 1oo00gog
gbobogboboodgbbogobbuooobboobobboobboogoo
gboogbooobdog 1cbogbboooobboooboobbooboon
goobobobobobobobobbuobobobobob 21000000
0O CHLACOOODOOOOOoDoOoOoOoOoobDoOoooobooooboooooo
O0OO0OCHLACOOODO251 xW(OOOODO)0oOooooooo
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@ Height (3 pix.)

EETD 3 TL—L

T _,f’i’ime (3 frames)

“width 3pix)_

BT (F1—7)

(b)

pelLE
(1 k¥ g

& (2 REFH)
.. <5 Wi

HEDHE g R KH
(0 R¥5#) & NS
FRED

BEROYUT L

0 32 CHLACOOOOUODOOODOUOOOOObDoOOooo
CHLACOUOODOOUOOOOUOOOOODOOO0OO0O00O0D (a)000ooooooog (b)do

gbooboodbgooooboobobooboboo 200b0b0o0bobooboobog 3

pix.O0O 3pix 000000 3pix. 0000000000 ODOOOOOOOOOODOOODOO

0000000000000 000000000O00UDoOOooDUooOOooOoooOoOMm) oo

oboooboooobooboobooboobooooboobooobooobooobooooboooon

ubogbgobouoobobboboobobobobooboobobboboobodoono

gbooboo3boboboobooboobooboobobboboon.
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22 JOoO0oo,0oboooda

000000 (mixtures of factor analyzers; MFA) 000000000000
0000 (factor analysis; FA) 00000000000 (Ghahramani & Hinton,
1996; Goriir, Rasmussen, Tolias, Sinz, & Logothetis, 200) 0 FAOOOOOOO
000000 (0 33a)0000000000O0

(a) &F 547 (b) EBESEF7H

g 33 gbboboooggbbobuoaobn

x = Az +u. (3.2)

OO00O0pD0000000 xUODOpOOOOOOOODO kO0OD0DOODLOO z0ODO
OO0o00 A0DDbOOOO0bOo0oboobowbooboobooboboo
0000000000000000ON(0,))D00D0000001I0 kxkO
0000000000 wOON(, ) ODOODODODODDODODO0O0O®w O pxpOOO
ODO00000O00OO0O0bOrAQOOODOOOOOOOUODOOODOODOODOO
gbooboooobbboooobbbooood

p(x) = N(0, AAT + ). (3.3)

22



rFAOODODOOOOOOOOOOOOOOOOOODOOODObOOobDbOOoDOOO
0000000000000000000000000 AAT+9000000
OO0EMOOOODOODOOO0O0OO0ODOODO0ODO0O0ODO0ODO0ODOOO0O0ODOFAD
gbooggbblggoobobooobbooobbooobooobbobooon
gbbobuoooobbboooobob

OoooDoOoOoOoOMFADDOOOODOFAODOODOOODOOOODOO
gboboodbouooougbbooobooobboobb obbooobon
OOMFAOOOOOOOOOOOODO (0 33b)0000000O0 MOOFA
OO000000000FAOOOOODOODOODODODODODODODOD
Dboobooboooboobgd

p(o) = 3 mi N, AT+ 0). (34)

000000000000000000FAOOODOCOOOOODOOOOOODO0O
000 (mixing coeffiicient) - D Om > 00y M, =1 00000000000
00000 FAOOOOOODOOOOOOODOOOOOOOOO0OO0O0OO0O000O00
0000 z000O00000 wOOOOODO0O0DO0O00000wOO000 10
00000w,=1000000000000000FAOODOOOOOOOO
ooo
FAOOOOMFAOODOOOOOOOOOOOO u, A0, 000000
OODEMOOOOO0OO00O0O0O

l.ogobobbbooobobbboooobbbobooooobobn

2. ED00D:; 000000000 ¢“00000 w0O0000000000
0000000 QEx|w) 0000 #00000000000000000
0 oW’ 0oooooooono
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. MOOUOO;0b0b0bO0obobouo0bobobobobobobuobo
000000 0000000000000 00DOoooooooaot

4. 000000000000 ObOObOObOO000oobLbobObbObo0oOoon
OobOoboboboboooboobooooboobobobo E0onoOonOO
ooo

3. Joooonon

3.1 0JOdd

7 00 Long-Evans rat (8-12 00, 00O Japan SLC, Inc.) OOO00OO0OOO
0000000000 (O =345 mm, 000 =403 mm, 0 0 = 177 mm, CLEA
Japan,Inc.) 0000000 800000 80000 12000000000 (23-
24°CO0ODO0O0O (50-70%) 000000000000 (pellets; Japan SLC, Inc.)
oo bbooooooobbbbbobobooboooo
gobobobobodgooobobboobboobbooooooonbbobobooouobo
0o0oooobooooboboboobbbbobboobbbobobboboobbbobooo
00 (0000 1004)0

3.2 JOoon

gdddodoooooubbobbboooooogobooooo
gooooooooooobbbbbbbbboobbbooooooooogg
gobobbbbbbodogouobbbooogouoonbbboooaooonobo
googoobbobobboddddidddddduuuuuuuUuUuUa
000000000 Tunnel handling method 0 0 0 0 O (Hurst & West, 2010)0
0000000000000000000000000 (00 = 100 mm, 00
=90mm, 00 =250mm) 00 30s00000000000000O0O0O0OODO

0000000000 (Ghahramani Hinton, 1997) 00 OO
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000 60s 0000000000 100000 600 /O 00000000
ubboooon

0000000000000000000 (bO00O0)ooooooooooood
O0000000000000000000000000 (TAKAYOSHI KINZOKU
CO., LTD, Osaka, Japan) (0 3.4) 00 0000000000000 O0O00OO0O
oo oobboobooboo
O00000000000000000000 (gap distance; GD) O 0 mm OO
gttt oogoaoonbbobobobobobbbooooooon
oo oboooooobooddooouuoaa
O000060s000000 (0 350000000 1000500 /0000
0000500000 /000000000000 O0O0OOO0OOOOOOOO
gooboooobbboooobbobuoooon

gddoooooooobbobobbbbbobbbooouooouooooooo
O0O000000b00b00bO00booooooobooboOoOoGGD =220 mm
doooooobobobobobobooboboooboooooobobobbbbbboboboon
g boooboubbooboubobbouoo
O00000000000000o0ooOoo (VW-60000 VW-Z1, KEYENCE CO.,
Osaka, Japan) 000000000 0O0O OO O shutter speed = 1 / 4000 s 500
frame per second (fps) 000 O0O0O0O0O0DO0O0O0OO 20s0000000000O
oo oboboooboboboououoouuuouooua
goddobbooouduoobbbbooouoobbobbbobb 1o000o
000000000 GD=20mmO000000000DO0O pixelDOODOOO
00000000 (08lmm /pix)JD0000000000000 (O 3.5b)0
oo oooobooboooooooon
000000000 (boo0)o0oUooooooOooooooooooooo
gooooooooooon
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B—FINTSIRTA— L

FéI s PR R (gap distance; GD)

300 mm

034 000000
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(a) B4k

GD=0mm

(b) ARl F= &R

T

=7 YT TV — LR

h—Llr—2 <
60 s DI

g 35 0dbbobouogobobogd
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000000DO000 GbOoOooOOoDOoOODOOoOOODOOOOobOOOOoOooo
000000000000 0O0O0oODO0bO00oO0bObO0oDOoboboOoDOoDbDoboO
000000 (Pang et al., 2011; Voigts, Sakmann, & Celikel, 2008)00 0 000 O
OO000O0oGhbOOUObOOOOoobOooooooo Gboooooooooono
0000000000000 000DO00Do0bO0oo0ooooooooooog
00000000000 0000 4/8(x4/8)05/8 (x 5/8)06/8 (x 6/8)07/8
(x 7/8)08/8 (x 8/8) 00 500000000 O 100GDOOODODO (O 3.6
a,c) 00 0000000000000 00O00O0OO0O0O0O0OOOOO0OOOOO
0000000000000 000000oooOoO0ooooooooooooO (O
3.6a,c)00000000000DOO00OOOODOOOOOOOOOODO (LV-H300O
KEYENCE CO., Osaka, Japan) 00 0000000000000 00OOOOO
0 (0 36a, c)00000000000000O00OOOONOOFFOOOOOO
000000000000 (0 36a,c)00000 20s00000000000
000000000000 0000O000O0000000bO0o0oDOoDbOooonDg
O0000000Db000bO0oDbO0o0ob0bO0o0obOoOooDDbOoOonD 60s000
0000 20s0000000000000O000O00O0O0O0DOOOOOO0O0OO0O
OOOoooobooobobob eosObOoobOobDooboobobobobnooo
0000000000000 0O00b0o0ooO0ooOoO0oooboobDOooDOoDbOog
000000000000 0DO00DO00O00O0bO00oDOooDOoooDOooonDg
O00000000000000D0000000 1000000500 /0000
00000000000 GDO 1000000 100000 0o0o0obDOooDoon
OO00000obO0bObO0ooO0obooboobo GboboooOobOoOoDOobDOoODOO
O00000O0bO0o0bO0O0b0oO0bO0O0ooD0obOoO0ooOOoboooDOobOo GbO
0000000000000 00000O000DO00O0DO00D0ooDOoDbOoooDg
00500000 /0000000 500000000

O0000020-kHz USSODOOOOO0O0O0O0O0OO0OONeutralDO0OOODOOO
000000000000 000b0obOO0o0obOoDoob GbobOooDoOoOoO
O00000000020-kHz2USSOODOOODOOODDODOODOOODOODDODOOO
oo GbOOOOoOoooOobOoooobOoboooooboooobobooon

28



O00000000odboodod20dddddoodooooodnad20-kHz
USS 0000000000000 (Newtral) 00000000 DOOOOOOO
Jo0odooooooonD 2000000000000000000000000
20-ckHz USS OO0 O00O0O0ODOO0O0O00O0O0ODODO0O0O0OO0ODOOOoOoOooooDoOoa
Jooooooodoooooooooooooooooooooooood
00000000 (QUAD-CAPTURE, Roland CO., Shizuoka, Japan) 0 0 O O
O00000000000000000 30emO0000000000O0O (GX-7T7TM,
Onkyo CO., Osaka, Japan) 00 20s 0000000 (O 3.6b,c) 000000
0000000000000 000 7o-80dBOOODOOOOOOOOODOOOO
O000D0000D0O0000O000O0000O00000 ONOOFFOOOOOO
O0000000LabVIEW (National Instruments Japan CO, Tokyo, Japan) O O
000 (O 3.6 b, c)0
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ON, OFF

(a) HRI=HI+DH 1 &HfTD7A— HEEE

el

GD AT . R HiT HE
Lom Jo (58 (om0 Jo o ] (37 <52

ON, OFF

FiRERRS

(b) ABRI=BITH1HTOT7O— i
Gb BT . o 87 e
Loa | (e Jolrom ][5 o [om Jo 7 ]+ 55

BRI

Hi
3

20000 ms

(c) EERIRIE

ZFLFRE— .\zs}_’g@)

@ BERARR
FH—A
@ rUH—ASR

BET y0R2— OskEbyH—t A

ilfEpc

s
g 36 dbboboooobbobuooaobn
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3.3 U0

OO00Oo00oOo0oO0ooOoobDoOooboOooo0oOooOoOooONO OFFOODO
Oo00ob0oooobobooooooooobooooboooooobOooon
OO0000D00o0oobOobooooNODOobooooboooobooono
OOooN1O00DO0ODbO0bO0obOooboobooooooooONDOFFOOooono
00000000000 00bO0DbOO0ODOO0oDOO0o0obOOoDobOOoOoOoooONODOnO
OFFOO0O0DO0OD0O0O0DO0ODOODOO0ODODOODO0OODODOODbOODODO
000 20s00000 OFFOOOODOD (DODOCOOOOUOOODODODOCODOO
O00000)0000OC0000000O0OO0000000OooOooOg 20s00
O00000000000000.06000.06<p<.100000 (trend toward
significance) 0 000000000000 p20000000000000000
00000000000 0D0DODOOexperimental manipulation0 000000000
0000000000 strength of associationd 00 000000 (Cohen, 1988)0
ne00000000000000000000000000000ooOOoOo
000 (Olgnik & Algina, 2003)0 0000000000000 0CO00O0OO0OO
000 (>.0)00 (>.06000 (>.14)00000000 (Cohen, 19838)0

00

000000000000000ONDOOOOOOOOOOOOOOOD 1
000000000000050000000000000000000000
0000000000000000000000000 (Day 10 Day 20 Day 30
Day 40Day 5)00GDO OO (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8) 000 O
00000 200000000000

0O

20-kHz USSO OO Newtral OO0 OO0 O0OO0OOO0OOOODOOOOODOO
000000000000 00000000000 (20-kHz USSO Neutral) O O
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GDODOO (x 4/80x 5/80 x 6/80 x 7/80 x 8/8)0 00O 0ODOOODO 200
gboooooaon

Doooobo

0000000000 GD=xQ8/800000000000000O0OOO0O0O0
0000000000000 000D0D0O0O 20-kHz2 USSOODOO0ODOOODOOO
0000000000 000000DO (DooD)DoooooOoooooOoo 20
s0000000000000000000 2GBO0OOOOOOOOOOBOOO
O00000000000000DL0b0bO0ObO0O00O0O0DUDOdONeutral
0 20-kHz USSOOOO GD=x8/80 1000000000000O0OOOO
00000 5642 +20000 (10000000000 2GBO ~ 11284 ms)
J0ooooooooobbbsoox240 pix. U000 onoooon

000000021 00000000000000000000O000000O
oo obbO1b0bboooobbbboooobbbbooooobobD 20
O0000000D (000000 personal communication)J 000000000
did3omstl oo oooobbooooo
D002 fps000000000000O0 300msO000000000DOO0OO
0000000000 (Burgos-Artizzu, et al., 2012)0

MFAODOOOODODOOOD 6000000DDO0O0OD D Odefensive response
000050000 (Immobilityd Torrotingd Gallopingd Runningd Jumping) O O
0000000 (Schenbergetal.,,2001) 0000 50000000000000
O000000000FAODOODODOODODOOODOOOOOODOOOOOOO
O000000000DO0000 6e0D00O0O0OD0OOO0ODOO FAOODOO 100
O00000000DOO0ODO00O00O0OOO0OMFADODODODODDODODODO
6000000000000 000O00DO0O0DO0O00D00ODDO0OO Neutrald
20-kHz USSOO0O0OO0O0ODOO0O0O0O0OO0OO0OOO0DOOO0DOOo0OoooooooDg
02000000 [D000 (20-kHz USSONeutral) x OO0 (00 1000 200
03000 4000 5000 600000
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3.4 U0
gd

00000000GDO0O0O0O0D00000000000000000000
00000 (0 372)000000000000000000000 2000
000 [0000 (Day 10 Day 20 Day 30 Day 40 Day 5) x GD (x 4/80 x
5/80 x 6/80 x 7/80x 8/8)] 0000000000 GDOOOOOOOOOO
0 [F(16,96) = 1.79, p < .05, ne2 = 09000000 GhOOOOOOO000O
O0Day 1 000GD =x4/80 x 6/8000 GDOOOOOOGD = x 5/80
x7/800000000000GD=x6/80x8/8000000000000
000 (p<.05)0Day2000GD = x 4/80x 5/800000x 7/8000 GD
00000000000000 (p<.05)0Day3000000000000GD
= x6/800x8/80000000000000 (p<.050Day4000GD =
x 6/8000000 GDOOx8/80000000000000 (p<.05)0Day
5000GD =x4/80x 5/80 x 8/80000000000000 (p < .05)0
000GDOOO0OOOODDO0000000Ox6/8000 GDOOOOO0O
D0000000000000 (p<.050GD = x 6/8000Day 405000
0000000O00Day 100000000 (p<.050000GD = x 7/80 X
8/8000000000000DO0O0O0
0000000CGDOO00000000000000000000000000
(0 3.7b)00000000000000000000 2000000 [0O000
(Day 10Day 20 Day 30 Day 40Day 5) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x
8/8))0000000000CGDOOOOONOOOOODN [F(16,96) = 1.89,p < .05
e =.08)0 00000 GDOOOOO00O0O0O00ODay 1 000GD = x 4/8
0 x6/8000 GDOOOOOOGD =x5/80 x7/80000000000
0GD=x6/80x8/800000000000000 (p<.05)0Day2000
GD = x 4/80 x 5/800000x 7/8000 GDOOOOOOO000O00ODO
(p<.05)0Day3000GD = x 4/80x 5/80000 x 6/8000000 GDO
00000GD=x6/80 x8/800000000000000 (p<.05)0Day
4000 Day5000GD =x4/80x 5/800000x 7/8000 GDOOO
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00O0GD =x6/80 x8/80000000000000 (p<.050000GD
0000000000000000GD=x4/800 x7/8000000000
00000000000 (p<.05\0GD=x8/80000000000000
(p<.1)0GD =x6/8000Day40500000000000Day1 0000
0000000 (p<.05000000GDOOOD0OO0O000O0O0OOOO0O00
0000000 ONDOOOOOOOODODO000000GDOOO0000O0
00000000000000000000 (0 3.7¢)000000000000
00000000000 2000000 [0000 (Day 10 Day 20 Day 30 Day
40 Day 5) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8)] 000000000
0GDOOOO0OODO0000 [F(16,80) = 4.01, p < .050pe% = .21]0000
00 GDOOO0O0OO0OO0OO0D0D00000Day1 000GD = x 4/80 x 6/800
0 GDOOOOOOGD=x5/80 x7/800000000000000000
(p<.05)0Day 200 Day 4 00000GD = x 4/80 x 5/80 0000 x 7/8
000 CGDOOOOOOGD=x6/80 x8/8000000000000000
0 (p<.05)0Day5000GD = x 4/80 x 8/8000000GD = x 5/800
x 7/8000 GDOOOO0O0OO0O0OO0OOOD0D0O000 (p<.050000GDO
000000000000000000GD=x8/8000000000000
000000000 (p<.05)0GD = x 6/800 Day 405 00GD = x 7/80
0Day50000000Day1 00000000 (p<.05000000CGDO
0000000000000000
ON100000000000000000000000GDOOO0OOOO
000000D00000000000000 (03.7400000000000
0000000000000 2000000 [0000 (Day 10 Day 20 Day 30
Day 40 Day 5) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8)] 0000000
000 GDOOOOO0OO000O [F(16,80) = 2.08, p < .050ne% = .17]0 0
0000 GDOOO0O0O0DO000000000Day40000GD = x 4/30
x 5/800000x 6/8000000 GDOODODO0ONONONOOOOODDOO0O
(p<.050000GDOONO0OOOO0O0000O0OOO0O000O00OGD = x 4/8
00 x6/80000000000000000000000 (p<.0500000
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gooodooooooobon
oNOODOOooooooGbOoOoOobDODODODODODODODODOD
00000 (0 3.7e) 0000000000 O0OOOOOOOOODOOO 2000
000 [DO000 (Day 10 Day 20 Day 30 Day 40 Day 5) x GD (x 4/80 x 5/80
x 6/80x 7/80x 8/8)] 00 00DO00D0D GDOODOOODODOODOOO
0000 [F(16,96) = 1.71, p < .10pe? = .09)0 00000 GDOOODODO
OO0D00D00ODay1DODOGDOOONODODODODODODODODOOO
O00000000Day2000GD =x4/80x5/800000x 7/8000 GD
00000000 ONODOODOODOOoODOO (p< .05)dDay 3000 Day 4
O000000000000GD=x6/80 x7/8000GDOOOOODOOOO
ONOOODOOODOOOO0OO0DO (p<.05)0Day5000Day3 000000000
00 (p<.05)0000GDOOOOO0OOOOOOODOOODOOOGD =x7/8
0000000000000 00000000000 (p<.050GD =x 4/80
O0Day 50000000Day20 0000000000 (p<.05) 000000
GhOUODOOoOobOOoobOooooooono
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(a) |:|G|3=hody length x 4/8

|:Ix5n’3

100}

a0k Dx&'ﬁ
B0k -x7.|'8
M| Bl s
0 1 ' 2 ! 3 * 4 *

200001

% Success

w

(b)

15000

10000

Latency (ms)

5000

(C) 15000

10000

5000

Total ON duration (ms)

=]

(d) 8000~

6000 -
4000

2000

Each ON duration (ms)
L=

—
1

——

o0

1= =]
T T

)
T

ON frequency (times)

(=]

037 GhbOOOOOoOODODOoOoOoOoDooDoOoO
GhOOO00D0D0000000000 () 000 (h)000D00000ONDOOOOOOODD
(¢)DON 100000000000 ()DONODDOOODOD (¢)00000000000GDO
0000D0000000000000000000GD =x4/800000000GD = x 8/8
0000000 (0000ON=8)0000000000000() 0000000 (%)0(b)0
00000 (ms)0(c)0(d) 00000000 (ms)d(e) 000000 (0)0000000000
009% 000000000



0O

00000000GDOOO0000000OO000000000000000
0 (0 382)0000000000000000000000 2000000 [0
000 (20-kHz USSO Neutral) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8)]
00GDOO0O0000000 [F(4,24) =778, p< .05ye2 = 29)00 0000
0000000 GDhOOOOOOOOO000000000O00000000
000000000GDO0ON000OO00ONN0NOONONNNNNO0000000
0 (0 38bh)0000000000000000OOO000 2000000 [0
000 (20-kHz USSO Neutral) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8)]
00GDOOO000000D0D [F(4,24) =13.51, p<.050pc2 = 4000000
DO00O0GD =x4/80x 5/8000000000000000x%8/80000
000000000 (p<.05)0
OD00ONOOOOOOOOOONeutral 0000 20-kHz USSOO 000000
0000 GDOOOOOOOO (038¢)000000000000000000
000002000000 (0000 (20-kHz USSO Neutral) x GD (x 4/80 x
5/80x 6/80x 7/80x 8/8)] 0000000000 GDOOOONONONONOOON
00000000 [F(4,24) =254, p< .1y = 040000000 GDOOO
0000000000 0Neutral JOOGD = x 4/80 x 5/80 x 6/800000
00x7/8000 GDOOO0O0O0ONOOOOODOO0O0OOOOOO0 (p<.05)0
20-kHz USSOO0000000000000000GDOO00000000000
000000000000 GDOOOO0O00000000O000000000
ON10000000000000000000000000C0Neutral 000
0 20-kHz USSO 000000000000 GDOOOOOOOO0O000000
0 (038d0000000000000000000000O00 2000000
(0000 (20-kHz USSONeutral) x GD (x 4/80 x 5/80 x 6/80 x 7/80 x 8/8)]
0000000000 GDOOOOOOOOO0O0OOO [F(4,24) =3.04, p < .05
Mye?=.050000000CGDO0O000000000000020-kHzUSSOO
GD=x5/80GD=x7/800000000000000000000000
0000 GDOOODO0O0000000OOOO0O0GDOO0OOONNO0000000
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0000000000 GD=x7/80x8/8000000000000Neutral
0000 20-kHz USSOO0O0OO00O0O0000000GDOOOOO0O0000OO0
00000000000000000000000 (00000p < .1G62=.020
p< . 10pe2 = .11)0
ONOOOO0OO0ODOO0O00GDOOO0O0O0OO0OODO00000000000000
0000 (0 38e¢)00000000000000D0O0O0000O0OO 2000
000 [0000 (20-kHz USSO Neutral) x GD (x 4/80 x 5/80 x 6/80 x 7/80
x 8/8)]00GDOOOOOOODODON [F(4,24) =857, p< .050pe2 = .37)0 0
00000000000 GDOOOONOOOOOODOO0O0000000000
00000000
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ON frequency (times)
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x N8 x 68 % 718

¥ 48
GD (a.u.)

o

x &8

0 3.8 GDO 20-kHz USSOOOOOOOOOOO
GD O 20-kHz USSOOOOO0 (a)000 (B)OONODOOOOOOOD (¢)DON1000000
00000 (dOONODODOOOOO (¢)0000000000020-kHzUSSOOOONDOO
000000 100000000000000000000020-kHzUSS(N=7)00000
Neutral (N=7) 00000000000000000 GDOOOOO () 0000000 (%)O0
(b)) D0DOO00O (ms)0(c)0(d) 00000000 (ms)d(e) 000000 (0)000000
000D0009% 000000000



gooogd

20-kHz USSO OO0 Neutral 0000000006 000000000000
000000000000000000 (0 3900000000000000
0000 100000000000000 (0 39000000 2 00 20-kHz
UsSsS0000000000 (0 3.9b)000 30020-kHz USSO Neutral 0 00
000000000000 (0 3900000000000000000000
0000000000000000000000NewralJ0000 30000
00 405000000000020-kHz USSOOO000 3000000000
0000 600000 (039bh00000000 3000000000000
00000000 60000000000000 (O 3.9b)0

000000000Neutral D 20-kHz USSOOOO0O0O000000 (O 3.10)0
0000000000000000000000000 2000000 (0000
(20-kHz USSONeutral) x 00 (00 1000 2000 3000 4000 5000 6)]
0000000000000000000000000 [F(5,25) = 6.80, p < .05
ne? = 3500000000000 5060000000000000000
000 (p< 0500000000 50000000Neutral 00000 20-kHz
UsSS00000000 6000000000 (0 3.100000000400000
OO0Neutral 00000 20-kHz USSOOOO0O0000 3000000000 (O
3.10)0000000 304000000000000000000000 (p<.1)0

00000000000000000000000000000000000
000000000000000000Neutrald20-kHz USSO0000000
0001000000000000130090000000000000000
0000000 (O 3.11)0Neutral 00000000000 2040500000
0020-kHz USSOOO0O0O0O000000000000000000000000
0000000000000000000000000000000 (3 3.11)0
000000 2000000000000000000Neutral00 600 30
0000000002-kHzUSSOO 700 2000000000000 4050
0000000000000000000000Neuwral00 50000000
0020-kHz USSOO 200000000000000 204050000000
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0000000000000 00000000020-kHz2USSOD0O0OO0OOO
OO000030000000Neutral OO ODOOOOOOOO 3000000
gbbogobbugooogbbuooobboooboobbooobbon
00000000 (O 3.11)020-kHz USSOOO3 0000000010000
OD0O0000000D000O0ONeutralDDODO1 00000O00O0O0O0OO0ODOOODO
gbobogooooboobbooobbooobooobbooobboboooboon
OO0O000O0O0boooobDb20-kHzUSSOODOOOOOOOO 600000
ONewtral DODOODOOOOO0OOOO06O0OO0O0O0OO0ODOODOODODOOOO
000000 (0 3.11)0000020-kHz USSOOO0ODOO0OOO0O 8sO000O0O
gbob 1000b0bo0oobb 40000bbo00oobobuooooobon
Neutral 0O 04 000000000000 O0O0OO0O0OOO0ODOOODOO
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(a) Neutral

Motion (Mo.

15040 2000 4500 G000 TEO0 8000 10500

(b) 20-kHz USS
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Meotion (Ne.)
Fa 3] Y on

—_

1900 3000 4500 G000 TSOQ 2000 10500

(c) Overlay

Motion [Mo.)
Mo & m om

-

1800 3000 4500 000 TEO00 |000 13800
Duration (ms)

0 3.9 20-kHz USSO Neutral OO DO ODOOOOODOO
Neutral (a) 0 20-kHz USS (b) 000000006 00000000000000O0OOO0ODO
gooooOoOoOOOOOOOOOOOOOOO FAOOOOOOOO0OO0O0O0O0O0O0O0OoOooo
600000000000 FFAOODOOOOOOOOOOO0OOOOOO0OoOoOoooooggg
gr7oobo0obooob0obooobooooobooooboooobooboobooboOoobooon
0000000000000 (e) O0ONeutral 0 20-kHz USSOOOODOOOOOOOOOOOO
uoboobooboooboobooboooboobOoobooboobOoobOooboOooo
uboboobobooboobooboobOoboooonb 30oms 000000000
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1500 3000 4500 6000 7500 9000
Duration (ms) (+p <1 *p < -05)

0 3.10 20-kHz USSO Neutral OO0 OO DOOD0OODOODOOOOO
20-kHz USSO 00000000000 0000000000000020-kHz USSDO O ONeutral
oooOooooo 30 s5000000000000040 5000000000 20-kHZ USS
(N=7)000OOONeutral (N=7)0000000000000000OOOO0OOOOOO
0000 (ms) 000000 O0OO0DODOO9% %000000000%p<.10*p<.050
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4. 20-kHz USSOO0OOOOO0OO0OO0OOODOO

4.1 O0O0OO

700 Long-Evansrat (150000, 000Japan SLC)DODODOOOOOOO
gbobogbboodbbuooobobobbuoooooobbuooobboon
000000000000 0000000 (D000 1004)0

4.2 JO0O0OO

gugdooubboboobbobobobbboooboobooobbuduuuuuuouda
goooooogog 3booooobbouodoubboboooouuuuouua
000000 200 g 000 OKetamine (130 pl)0 Xylazine (70 ul)0 distilled water
(720 pl)0 10 x saline (80 pw!) 000 00O O0DODOOOOOODOODOOOOOO
goddgobobboobbobboooboboboobbobbbbbbbbboog
gttt bboooouoouodoouoooada
O00000000000 20% 0000000000000 0000o0oog
dddddoodddoooooooboboobobbobbb2bboooooooo
oo

goboooob 20b00bbo0oobboobboobbboobobon
0000000000000 000ooooooood (MouseOx Plus, STARR
Life Sciences) 000000000000 DOOO0OODOOOOODOOOOOO
O0000o00o0booobooobbD sobboooobdeosdbolsHzO0000
O000000000000000 (Pre)000 (Post) O 20s00000000
0000000020800 40s00 (ON)ODODOODOODOOOOOOO 10em O
00000000000000000 (GX-77M, Onkyo CO., Osaka, Japan) [
0020-kHzUSSOOOOOOOOOOO (WN)DO 30-40dBO0O00OOOPost
oot Ibmin 00000000000 100000000 0000O0O0O0O0
O00000000000000 LabVIEWDODOODOOOO 300 /JOOOOOO
gooboooobbboooobobo2bbb0oobliobbbuoooon
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goobooooboboooobobbooooobboooobbobooo

4.3 0OU

O000D020-kHz USSOOO WNOOPreOONOPost OO OODOOODOODO
O00ooboboboboboboooobobobobobuobOoPrebnO
OO000boooooobogbpPred0000ODO0OO0OO0ODOODOODODOOO
gbouobodbobogbooboobbodgbobuoobbuodbbog £200
O000000000000000D00000D000000O0 (20-kHz USSOWN)
00000000 (ONOPost) DOODDDOODOOOOOOOOOOOODOOOO
000 20000000000000000 ne?00000000020-kHz USS
OwNOOOOOooOoooboboooooobooobooooooboooboooo
gbobbobouogoogobbbbboodg 10sbbbbouooogobobon
gboboobbugobboobboobboobbooobbuooobboon
goooo

4.4 00O

O000000000020-kHzUSSOOOOOOWNOOOOOOOOOOoOo
0000000000001 00000000WNDOOOOO 20-kHz USSO O
O000000000000000000000 (O 3.12,a) 0000000000
000000 2000000 [0000 (20-kHz USS, WN; 2) x 0OO0O (ONO
Post; 2)] 0000000000 O0DOD0DODODODOOODOOOOOOOOOOOO
[F(1,5):5.21,p<.1DnG2:.02]DDDDDDDDDDDDDDDDDDOND
00000 (p<.)dPost 0000000000 (p<.0500000000O0
Oo000oooooooooooooooooooooooooooooooo
20-kHz USSOO0OO0O0OO0O00000000000 15% 000000 (O 3.12,
b)O

00000300000000WNODOOOD 20-kHz2USSOOOOO (O 3.13,
) 000 00000000000000000 2000000 [0D00O0 (20-kHz
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USS, WN; 2) x 0000 (ONOPost; 2)) 00000000000000000
00 [F(1,5) =997, p< .05y = .25)00000001-2000000000
0000000000000000000000000000 40% O 0 20-kHz
UsSOO0O00000 (O 3.13, b)O

00000000000000000000000000000000000
00000 (0 3.14,a0000000000000000000000000
00 40%0 020-kHz USSOOOOOOO (O 3.14, b)O
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gbooooood
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00000000OWNODOOOOODOOOOODOO0O0O0O010s000000000000000
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(a) (b)

154478
15 8- 20-kHz USS 0.5r B 20-kHz uss
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Z .
1
E 0.5 0.15F
E o
E—{IE 0.1
g - 0.05F
£ 15 '
8 2 . . . . a
- Pre ON Pest 10 20 30 40 50 GO
:ﬁﬁa 10 &/ Bin
3_
. 18
£
£ os
E
o
g
o 0.5
5
£ 15
n fal
-
Pre QN Prest

Phasa

0 3.14 20-kHz USSOODOOOODOOOODOO
000000 10000 30000000Pre000000O0O0OODODOOO0O (a)d20-kHz
USS(N=7)0OOUOOWN (N=7)0000000000000000 Pre000ooo (%O
0000000000000 0000o000D0oUOoUDUDOoOooOO (b)O20-khz USSO
oooooooooowNOOODOOOOooooooDbooOo1osobooboooooooooo
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5. 20-kHz USSO U000 PAGLDUUOUOOOOOOO

5.1 0OO4d

1 00 Long-Evans rat (8§ 00, OO O Japan SLC, Inc.) 000000000
oo ouoooooouood
00000000000 (Dooo 1004)0

5.2 c-Fos OO

00000000000000000000000000000000000
0000000000000 000000000000000000000000
000000000000000000000000000000000000
D000 1000020-kHz2USSO 60s000000000000000000
«Foc0O0O0DO0O0D0D0O00O0O0O0O0O0OOO0O0O0O0OO0O000O (00O, 2012; O
0,2010)0000000000000 9000000000020% 000000
000 (2000 ul/200¢) 0000000000000000Salined 00000
0000000000 0000000000000000000004°C0O 10
0000000000000030% 0000000000004°CO 2000
000000000000000000000000000000000000
0000000000000 Otissueteck 00000000000000000
000 20min 00000000000 000000000000000000
0000O0O0O0OPAGOOO (Bregma-484mm) 0000 10000000 50
040m 000000000000OPBSO000 2400000000000

100000000000.3% Triton-X100 in PBS (PBST) 000 (10 min x 3
0)000010% BSA-PBSTO 000000000000 20000000001
000 (rabbit anti-c-Fos 00) 004°C 00000000020000PBSTO
00000002000 (00000 anti-rabbit00)004°C 000000000
30000PBSO0O0O0OOODOO0ONOOOODOO (PBS, 70%; MeOH, 30%;
H,0,,1%) 0000 15 min 000000OPBSOOO0OOOOABCODO (PBS:A
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O0,B0O =50:1:1, ABCkit) 0000000 2h000000PBSOO0O0OOOO
0.05M Tris-HCIOOOO 5min 0000000.01% Hy,O, D000 DABO OO
Smin OO0OO0O0OOO0ODABOOOODAB1 OO 0.05M Tris-HCI OO 20 mL
0000000000000 000oooOTs-HC1IOOOOOOOOOODODO
dooooooooooobooobooooongoooooooooooga
OO000 700800900 950 1000 100% EtOH O O 0O O O Hemo-Ded O O 1 min
OOOOOODOENTELLAN neu0 00000000 0ODOOODOODOODOOO
gooooooonooooooouoouoonoooo sogouooogoot
O00000000000D000 (ventrolateral periaqueducat] gray; vIPAG) O O
000 (dorsolateral periaqueducat] gray; dIPAG) 00 000000000002
O00000on 1pix. OO0O0O0O c-FosOOOOOOOODODOOOOO0O

5.3 U0

VvIPAGO ¢-FosDOODDOOOO0OOO (O 3.15). 00000 200um® 000
560 +435000000000PAGOOO (Bregma-4.84 mm) 00O 0.004 mm
00000000 40pm* 000 2500000000000000dIPAGODO
DOO0D00O0 cFosOODOOODOOODOODOO0
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d

0 3.15 20-kHz USSO O OO vIPAGODODOOOO c-FosOO OO
0000000000 PAGO 40000 (dPAGOdIPAGO vPAGOVIPAG) 00O 0O c-Fos O
00000000 Cerebral aqueduct 00 0000000000000 vIPAGODOOOOODOO

gboooboobuooboobuoobobbo 1pix. DOODDOODOOODOODOODOOD
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6. OO

6.1 DOOoogag

00000000000000000000000000000ONDOOOO
0000000000000 1000000000000 5000000000
0000000 GDOOOOOOOOOONDOONDOOONOOOO0GDhOOOO
0000000000000 00000000000000000000000
0000000000 (036c¢0000O0ONODODODDOOOOOODOOOOO
000000000000000000000000000000000000
0000000000000000000000000000GDOO0O00
0000000000000 00000000000000000000000
0 (0 37a b, c,e)J0000ON1D000000000D0O00ODay 4000
0000000000 GDOODOOOO00O0 (03.7400000000000
0000000000 GDOOODOODOO0OO00DONDONONONON0ONONONooong
GhOO0O0OO0OD (0000GD=x4/8)0000000000000000
00000000000000GDOOOOO0O0D (J000GD = x 8/8)00
0000000000000 00000000000000000000000
00GDOOOOO0O0OOD0O0OODOO0DOONDOONDONONOONONOOnooono
000000000000000000000000000000000000
00000 1000000000000000GDOO00O0OO00O0O00OO
0000oo0O00oo0o0oooon
50000000000000000000000000000GD = x 6/8
00000 (0 37)00000000000000000GD=x28/30000
000000 (0 3.7)0000CGD=x8/30000000000000000
0000000 ONODODOOODOOOD 2000000000000GDOOO0
000000 (0000)00000GD=x8/800000000000000
0% 0000000000000 30% 000000000 (037200000
05000000000000000000000000000000
00000000000000020-kHzUSSO000000000000 ONeuw
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tral 0000000000000000000000000000000000
GhOOO0O000O0O0O000ONODOOOOO0OOOOOO0O0000O O 20-kHz
USSOO000000000GDOONO0O000ONDNGD=x8/80000000
00 (0 38¢,d)0000Neutral 1000 0000000GD = x 4/80 x 5/80
x 6/80000000GD = x 7/80x 8/80000000000000000
20-kHz USSOOO00000000DO (0000)0000000000000
0GD=x7/80x8/8000000000000000000000000 (O
38c)000000000000GDOONONONONOOOOOOOONOOOOGD =
x 4/800 x 7/800 0300 .0400000000GD =x8/8000.12 0
0000000000000000000000000 (0000)0
ON100000000000000000000000000000Neutral
00 GhOOOOOOOOO0 (0000)00000000000020-kHz USSO
0O0GD=x7/808/8000000000000000 (0 38d)00 GDOO
0000000000000000000000 .020.110000 (0000)0
00000GDOOO00000020-kHzUSSOOOO 100000000000
Neutral 100 0000000000000 000000000000OONOOO
000000000000000
00000000000GD=x7/80x8/8000000000000000
00000 (0 384 b)0CGDOOOOOO0O0OONOODOONONONONONOOOOO
00000000000000OFFO0000000O0O0O00O0OOONOOOO
000000000000000000000000000000000000
0J000O000OFFOOOOOOOONeutral 0OOGD = x 4/800 x 6/80
000GD=x7/8000 x8/800000000000 (p < .05)020-kHz USS
00000000000000020-kHzUSSOO GD =x 7/8000 x 8/80
000 OFFOOO0O00000x 6/8000 GDO0OOO0O0ONOOODOO0O0OO0
00000000000
00000000000000000000000GDOODO0O000000
0000000000 ONOOODOOOOOOOOOO000000000000
0000001 000000000000GDO0OOO0O0000O000OGDOO
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doooooooooooboooooooooooooooboooooooa
gobdooboooboooboooouosooobuoobouoood
000000000000000000GD=xg8/8000000000000
O0000GD = x8/80020-kHz USSOOO0OOOOOOOOONeutral 000
O00000000DOO0000D0OO0ooooooboooNOOOoDoDDOOOoOoon
O00O0D00OO0OO0ODODOOoOFFOOODODODDOOODODDOOOO0OO0OOOO?20-kHz
UuSSO0o0o0o0poooooobOobo0oooooDoooDooobobooooog
gooooooouoooboooboooooooooooboooooog
gooo

O0000000020-kHzUSSO NeutralDOOOOOOOOODOOO 6000
dooboooooooooobooooooooooooooooooooood
O00000000000000 (0 3.9000000020-kHz USSO O Neutral
000000000000000000 (0 39)00000000000000
0000 300ms 000000000 0ODOOOOOOD (OOL (O 39c¢), (O
3.10), (O 3.11)) 0000000000000 0OO0DOOOOODOODOODOO (O
03; (0 3.9c¢), (0 3.10), (0 3.11)) 0000000000000 00020-kHz
USSOO Neutral 0000000000 3000ms 000000 (O 3.10)00000
Neutral 0000000000 DO0O00O0O0OODOODOOOOOOOOOOOOO
00 30000 (00 20405; (0 3.9a), (0 3.11)) 00000000 020-kHz
USSO0000000000o0oo0o0oooooooog (0de; (0 39b), (O
3.11))0 0000000 30020-kHzUSSO Neutral DO OO DODO0ODOOOOO
O000000000020-kHz2USSOOODOOODODOOODO 304 00 Neutral
0o0ooooobooobD 20405 0000000000000 00000000
O0000000000000D000020-2kHz20000000000000003
000000000000 000000000000000000 (Brudzynski,
2001; Burgdorf et al., 2008; Sadananda, Wohr, & Schwarting, 2008)0

0000000000 ONODOFFODDODOOODDODOOODOOOODDOODOoOoaOo
0000000000000 0000000000O0O00000000D (0O
2,405)0000000000ONDODO0ODODOODOOOODOODOOODOOO
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0000000020-kHz USSOODOO0 Newtral 000000000000
((0 3.8¢), (0 3.10)0000000000000000000000O0OFFO
000000000000000000000000Neutral 00000 20-kHz
UsS000000000000 ((03.10),0000)000000000000
000000000000000ONOOOO OFFO00000OOOOOOOO
000000000000000000000000 20-kHz USS O Neutral O
0000000000000000000000000000000
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000

6.2 20-kHz USSOOO0O0OOOOOOO
PAGUUODODOOODDOO

200000000020-kH2USSOODOO0O0OOOOOOOOOOOOOOOO
oo ooooooooood
doddooooouooooooooooooooooooooooooood
000000000000 000000000000 dIPAGOvVIPAGDOOOO
000 (Berton et al., 2007; Keay & Bandler, 2002)00 000000000000
O000000000000000000000000O0O00O (Bandler & Shipley,
1994; Berton et al., 2007; Keay & Bandler, 2002)0 0 00 00 0O O 20-kHz USS
O00000000000000dIPAGOODODOOOOOOO (Nicolas, Klein, &
Prinssen, 2007) 0000000000000 (Kleinet al.,2010)00000000
gobuoooouooobouooooooobuoooouooood
0000000000000 0DOO00000000O00D00O0020-kHz USSO
OO0000D0O00dviPAGDOOOODOOOODODOO0O0O00OO0DOO0OoDOooDon
00000000 DOOO0000000000000DoooO0O0OviIPAGOODODO
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000000O0O0dIPAGOOOOOOODO0000 (Berton et al., 2007)0 00
00000000000000 20-kHz USSOOAIPAGOOO vIPAGOOODO
00000000000000 (0 3.15)00002-kHz208S00000000
00000000000000000000000000 (0 3.12), (0 3.13))0
000000000000000000000000000000000000
00000000020-kHz USSOOOOO0D0O0000000000000000
000000000000000000000000000000000 (Klein
et al., 2010; Meuret et al., 2011)00000000000000000 (0 3.12)0
0000OvIPAGOOOOO0OO0O0000O0O0000000000O0vIPAGOOO
000000000000000000000000000 (Bandler & Shipley,
1994; Keay & Bandler, 2002)0 000 020-kHz USSOO0O0O000000001
000000000000000000000300000000000000
20-kHz USSO0 0000000000000 0000000000000000
0000000000000000000000
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40 4UOood

0000000000000 Dd0oDoooOoooooDooooooooogon
O0000D0O00000o0oDoooooooooooooooooooooag
000000 2000000000000DO0DO0ODOODOODODODOODOD
000000000000 000000000D00bO00DO0bOoOO0ooDOooODd
000 (0 23)000000000°PMDOOODODOOOOOOOOOOOOOO
0000000000000 0000bO00D000bOOooOoDootbecsoooon
tbCSO D 000000000000 anodal tbCSODO DO OO OO cathodal
tbCSO00000tbCSO0OD0D00O0O0OU0O0OO0UoD (02400000
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