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Abstract

key words: defense phase, one side cut position, ground reaction force, trunk rotation

angle, forward lean angle

Introduction:

In order not to lose at the soccer game, turning the body backward according to an
attack player's motion, the defense player needs to chase sprinting or cut in between
an attack player and a ball, and needs to prevent an attack player's score opportunity,
without committing a foul. When sprinting in the direction of a straight line from
static posture, it is well known that using a counter step shortens sprinting time, but

the validity of the counter step at the time of the backward turn is not clarified.

Purpose:

The purpose of this study was to reveal the effect on the sprinting time from
beginning turn motion to subsequent acceleration motion, kinematics, and ground
reaction force data when a soccer defense player uses a counter step at the beginning

of backward turn.

Methods:

Fourteen male university soccer players (age: 21.1+1.5yrs; height: 171.8+4.4cm;
body mass : 67.8+4.7kg; position: right side backer) participated in the study. After
standing at one side cut position on the force plate, five 5.0m sprint dashes were
performed for each of the two maneuvers, namely backward turn using a counter
step (CS trial) or using a side step (SS trial). Experimental trial from start line to
3.3m point was filmed at 16 (Low position: 8 cameras; High position: 7cameras;
Ceiling: 1camera) high speed cameras (Motion analysis Corp., Raptor-E digital)
using set up to 200Hz sample frequency. On the subject, based on the anatomical
position, the reflective markers were stuck on 48 places, and the three-dimensional

displacement data was collected. The ground reaction force from backward turn to



subsequent the 2nd step was collected using ten sets (Tech gihan Co., Litd,
TF-4060-B) of the force plates as each sampling frequencies established in 1000 Hz,
and the sprinting time from a starting line to 3.3 m was collected using the

photoelectronic sensor (OMRON Corp., E3G-R13).

Results & Discussion:

Although the significant difference was not seen at the sprinting time from start
line to 1.4 m and to 3.3 m between CS trial and SS trial, the cumulative time
required by all motion phase of CS trial was significantly shorter than SS trial, and
the trunk and pelvis rotation angle of CS trial had significantly turned to the
sprinting direction earlier than that of SS trial. Moreover, although anteroposterior
impulse per body mass at initial turning motion of the SS trial was significantly
larger than that of CS trial, the impulse equivalent to SS trial was obtained by
counter step in CS trial. The significant differences were not seen at subsequent
impulse of the 1st step and 2nd step. Furthermore, the trunk and pelvis rotation
angle of CS trial turned significantly earlier to the sprinting direction compared with
SS trial.

The significant difference was not seen at the 1st step and 2nd step of anteversion
angle of body composition center of gravity. That is, it was suggested that backward

turn using counter step was effective to change quickly to the sprinting direction.

Conclusion:

It was revealed that using counter step was effective to change the trunk and pelvis
rotation to the sprinting direction in the earlier phase from the beginning of
backward turn than using side step. That is, it was suggested that backward turn
using counter step was an effective strategy for a defense player to chase sprinting to

an attack player's motion in the defense phase of soccer.
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HI OB TITRBR ORMEA N A EICREWZ LR LA E 72572 (Sasaki et al., 2011).

Agility

T

Perceptual and Change of
decision-making direction

/ factors speed \
Visual \ Technique / l Anthropometry
-

Straight
sprinting

Leg

speed muscle
Knowledge Pattern qualities

of situations recognition / l \

Reactive ” Left-right
strength Concentric muscle

strength imbalance
and power

1.2 HRAESHEE ) Ok (Sheppard and Young., 2006)



—J5, RGNS 2 BEICBES 2 JeATARZE ClE, —BE, AT MR LTy~
AT T SHLAZ—EE (LT, ZORT 7% [y —RAT7 v 7| LER
DFHD, EATHIAT ICAT v FSEL2A2— EaIE (LU, ZOXT v 7% [HA
RRAT w7 LER) K0 HBIERERAAREICEN 2 L AHE T2 (Cronin et al.,
2007; Frost et al., 2008; Frost and Cronin, 2011). i H D Z &, #%IJ5~J5 Afsi
U723 BT H M ~OFEERF M 2 8T 272X, IV Z—2AT v T2 HNRNG
R & R R ETH AT, HOSERRREETH T 2084 L 5 2 EB3HR
ThdIenEZLND.

ZOX D ENE, BN USRI THREE STV DYy I —X0, Mo BkE AR
—YVORBIZEBW TR DAL 02 Z EnliffSnD. LinL, 2OV F—AT
v P TR~ U, £ARET 2EEICET BT RG7Z6720w. 2o
Koz emn, W B—2F v T ERNTRTT~OF MEENER X O 0% O

HWENER, AT ~EEEREZ T D7 OOMEN L GERRH L Z LN THIENS.
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A H OMIE ) & [FIRFIZIE T 5 & WD o oG 72 7 — 2 B AT ) WER S H LB X
5.

1.2 HW

N B ATy T NI T ~O K REREIERS L O D% OIEEIETIE, +
A RAT v 72 W L0 b, SRR EET T M A~MET 72728 B IR E A I 4B R )
FEOAKE T M % D 5 2 & THREMMNEL 785, £z, Ktk LOVEBN R R ET
FE~NETFLHZENTEDLEEZT.

= ZCAMEO BRE, SFREFRER T~ G MEREEZIT ORI v v 2 — AT
FERANVDZ LN, SREEREIER A S E OB ONEEEE TORERR, Hikok
B L OVT BRI & 2 D% DR T v TCBT DRI T — Z B % 52 552D
WTHBMNZTHZ &L LTz,



B2E Hik

2.1 PR

PR L, BFRFY v U —8F 144 (i : 21.1£1.5 5% ; H &K 1 171.8+4.4cm ; &
WE & : 67.8+4.Tkg ; R va v HYA Ky r) & Uiz, KL, FrNER

Bl REGHHEEZERESD e 2R LT 5 EME OBE
[BKC-IRB-2011-019] (22 &, AEEBRF (CIXERZAT 5 AN, W0 B - RO
WNE, LZERMEOFMYIZITV, B TOWRE DO EFmIZ LD ERSIMOFE .

2.2 EBGRE

BRI T, 74 —A7 L —FLIZU YA Ry PRV Y 2 U THEZ S,
N B=AT y TEINTIA RAT v T EANTHRT GRS ERR 6, FRE
71T 5.0m L TORMiEENFEESEL (LIF, ThEhoREsr (ho o2 —27y
Tt (CS#E) ) BEW T4 RAT v 7l (SS#dh) ) L) (K 2.1).

i EEHRENERAGIIA B DX A 2 V7R, KR A 5 [P0 T v 4 A THEE S
7o, BB 16 0, BB THARUA— I T T v T EIThE L. FERITRESE
WA SNRVBNERETHEML, SHREIIIH LA —I—DF =0T
a—X (75 4 XA R, G16823 2E) ##45 A L€, EBRAH&21T-7-



< »
BEEE (T L —DEEE)
“ Am(#) x 2m (i) x 2m(FX)
&
il ®
- RAB—RFA>
: 1]
—a
5*—!' _é E
ke | [ 5
BE A RE—RHAS
o 3.3m & / wy qu.g
Lom mygmey
’ ‘ 5.0m E ’ ’
-t L T—ILSA

X 2.1 SR E

2.3 FT—HXINE

AR — KT A5 3.3m BOERREOEBMIEIL, 7V 7 A% 200Hz ([Z3%
ELZ166 (KR8 &, MILTH, KH1R) O/ A A —KH AT (Motion analysis
44, Raptor-E digital) # AW CHE L. BRE ISR B IC RS E, ~b
VoA R e —H—ty MUEEZ I 7= 48 IFTZER 20mm O~ — 7 & M L
(K 2.2), ZO=ZWEMT —F 2L LT

T AEHAEN N D E D% D 2 B H £ COMBERK L, TV U EEEE TR
1000Hz IZRE LT 10 EDO T +—A T L— b (7 v 7 Hlk#tH#, TF-4060-B) % T



INEL, AZ—FKF 40 3.3m £ TOEERRNIZ, tE 2V (Fiav o ARH
E3G-R13) ZHAWTIE L. N bHiE, AD AR — RE2HAWTE— 3 Xy FF

YU AT AR

1.55%B 9. B &R
DRIEEBLELBEEENR A % LRI B RRATED
QuiEERES @7 LRI B #RATER
Q% EERERE O L EBERP RERE
2.4K88 88 10.%5 KERED
@EEIELE QB KEF5MAED
OkEiELE G0E KERERRITE
CMEHRLE DA KER & 5MEIEESMAIED
@RIKZER T i QB KER B AEIEFSMAIER
@F tBEMmRER
QEERETA 11.5 TERED
WEBEFRETA RETRRERRTE
OE -+t iRER DB S B HMEIER
BDERESMEIER
3.5 EEER
f L& E 12525
B LBE 5 B OB E—h B EREALLERSMAIED
& LB RAE LB MAIER AEFEH P B EELEBSMAIE
BDEEBEREE
4 5 RIBIER
OBERBESEE 13. 72 KER &R
BOAEEEEZREEIMAE 9% KExF5MAIER
E REAIEK =R MU @7  KERERRTE
@ 7% KER & 5MEIEESMAED
5. 5F 40 @EKBR B ARIEESAED
BEFE-_PFEEMBER
14.7 TERED
6.4 L BiER @& TRRERRIE
OE LBEEE @7E 5 R 5MEIER
Q7 L B 51 LB SRS BERESEIER
Q% L BB A £ EF A
15. 2 B&}
7. ERIBEER @i E—h BB ELESMAE
QERTBIEN A E OEER P EBEHERSMAIER
DEEEEREEIMAE @EEBREREZE
@A REAIZEK =R 5MUE
8.EF&R

OEFE-PFEEMHDER

X 2.2 1587 A2 "B DHUEY 7 =T 0 E KO~ — I BfFHE

2.4 T —ZfEMT

15O NI S~ — T D ZIRGUEREENE, WIRDANY =D =20 —/S2A T 4 )V —%
IV CHEWTE 2% THz T b UTe. SSIALEES ) DS D T i E R EUR 0 =3k
TCHEEREE NS, =t EVEMEANT Y 7~ (C-Motion #:#, Visual 3D, C-Motion,



Germantown, MD, USA) % AT, BHEES - (Rmpl - 2oy BIsedD - A RIS « 224 F
B - B - AR - A FRRED - A4 RO 15 B 7 AL R bR DY v E
TNEER LT, 2OV 7 ETMCBIT 5887 Ay FOEEPO(LER L OB+
OMZE X Hanavan (1964) OFEETVICL > THHL, £ 7 Ay FOERNIT
Dempster and Gaughran (1967) OfEZH\Wz. ZNHDOT =215, HIRERKED
DRIy DENL 2 FH LTz,

FBGAEUC I T 2 I R AE (EBR 4G DBRINIE, RANCE S R (RlR) 7135k
HEICHRNTEIE TR (BE) OLD LR ) OSRERSGT A, NEALEH LRSS
DB HE38D Z il 2 72 W] & U7z, SR OB 1 X 71753 10N % _E[a] - 7= B,
Mt OB ] I T E S 713 10N & Tl o 7] & L, £l & BEGAE oA BE R
DEFEIT-T- (K2.3). HHrHEEIZO0.0m~1.4m M 0.1m Z & Ok L O
3.3m MR D@, @JF AEsHENERLA) b A BIER T £ TICE L7 RELRER, @A
B— T UNOBRBEREICET 2 EEMREDE TOKRTIERE (ARG REL DK
TRENHEE, OFBEREICHEIT DAY — T4 b REFLE TOARTIERE (Bt
(ifE), OFF LR ICI1T D R A BB LI B IR A AR ED & 8 0 & A T2 LR
EAERRD 2T AR (B ARG R DR A), ©FF LRSI T 2K L2 BES L
A S — N T A v L EATBERE A E I3 RIS RS AR T A (R
LB (X 2.4), QERERD - OHIE R S OKFRE S O TFHE (ISR
720 DM ) DRSS , MK )7 — # bR L Ie S EER I3 5 4%
HIRERE], @S BIERE ST 2 i S O Rt RSy OE % REAE > L7218 (I IRE &
720 DIIFEOKFRS), OFEMEREICIS T D T =IO FAREETE— 2 b & L.

2.5 fEtaLE

TRTOF—Z1%, FHEHEREFZE TR LE. CS L SS R ok a0
G, I 5 t EE AWz, MEICKT 28 BE/AKEILHAREIZ K 5 5%ATH
LT



HoBR—A Ty TR

O@E @ 6 .
FARR T TE

3

e

(5) (6) (7)

1 @ 3)

hOVE—RTv TR Y4 FRT7 9 TE8E

(1) AAEcHaRas - BT BIERALE (1) ArAEsiReRs - BB B EREA

() ARERMRET « B R B (2) ARSI T « STEE B
A AR

@) 19v5-2797" FAtR - AR
Lz 3 Bt | Q) &kEEEM

(4) &5 R Bt

(41 &8 A M1 S B8FE
158 | 6)h95-2797 87T - AR 148

O HERT : KRR

M1HERT . ZRHM

(8)2 HEHBA - AR (6)2 5 BFE - AR
248 248

(9)2 HE Bt - £ B Hh (M2 S - AT Hi

2.3 CS P LSS R DL EESR I D EFE

ARE—SA

2.4 R JOVE RN OE




BIE HR

3.1 0.0m~1.4m [H® 0.1m = & Oi@mEEF L O 3.3m Hi S oD a8 e
CS LB LSS HK B TIL, 0.0m~1.4m B 0.1m Z & OmiEREEE L 1U'3.3m
M OmBmREEIC A B R AT AN o7 (X 3.1).

1.8
0 A—ATyTEE

1.6 . -
QY ARRTYTHE é

14
1.2 ~

sééqlc}lwmwww

0.4 -

& ERF R (FD)

0.2

0 T T T T T T T ZE -
0 0.2 0.4 0.6 0.8 1 1.2 1.4 3.3

R ERERE (m)

3.1 CSHHEPBIOSSHABLICEBITS 0.0m~1.4m D 0.1m HEOmEEEEF B L O
3.3m E D FE AR D HLlig

3.2 ISR BNERRAG 2> O A BRI £ CIE L7 BRI

SeE R (CSEL : 0.40+0.16 7, SS#H: : 0.64+0.18 %, LATIEIA), 1% p
Hi (0.49+0.18 B, 0.92+0.20 #), 1 AxH#EH (0.79+0.19 7, 0.96+0.17 #), 1 #4xHEf
#Ht (1.04+0.19 ¥, 1.19+0.17 #), 2 A HEEMH (1.09£0.19 7, 1.2440.17#), 2 A& HHEf
H1 (1.26+0.20 F0, 1.42+0.18 7)) DOBRENCI VT, CSRILD A SS izl T,
AEICHE -7 (X38.2).



1.8 -

16 - —-@NhO3—RATYTHRE
1.4 - -D"&{Fz%‘ngiﬂi LH
1.2 + *

0.8 -
0.6 -
0.4 -
0.2

AR (7))

B SRR SBRVT 158 70090158 258 258
BESA  AEME R L R (L MM B AEm

3.2 CS#MEF LU SSAEDAEERE £ TICE L7 SR O Fig (* p<0.05)

3.3 HAGRE.LOKFEBEIERE R X OB E

HRG R E OO BB L OBAE L b, 1 ARB (HARGKRELOKT
B Eh R - CS 3 0.1120.11m, SS #H: 0.45+0.09m ; #2HI(TE : CS 35 0.15+0.14m,
SS #$% 0.48+0.15m, LA FEINE) , 1 4% A Bt (5 A pR O O /KRB #EHE: 0.82+0.16m,
1.11+0.20m ; BEHIAZ{E : 0.14+0.15m, 0.46+0.16m) & 2 #: A (HIAS R E LDK
R ENEHE : 0.98+0.17m, 1.29£0.21m ; BEHIATE : 0.95£0.18m, 1.25+0.25m), 2 #4*H
B (B IR A AR D O /K RS BN EERE : 1.66£0.22m, 1.96+0.29m ; #2HIA7 i : 0.99+0.19m,
1.27+0.25m) TDZA, CS REDIH SS MEKITHANTHEICAZ — M T A VZilEh -
7o (14 3.3).

3.4 HIRERLELHEIE A

05 1A EHA BN EBAAREIZ 3\ T CS AEE D 528 (-2+1°), SSEkE: (-12°) (T~ THET
J718) & W N B R AT Tz, ZAUSkt L OO R B <, CS B O H R G K
FORMESA (4+3°) DIH, SSHEL (1243°) TR THREI/NE Doz, TOH%ROH,
TERE T, HIRGRE DA OmREMICEE 2213 H bhih o7z (K3.3).

10



D
L[ povs—z7vra | O e /////////
08 p* :* ;{D*
o] ; /
0.2 - /
0 [ é‘\‘l [ [ |
-1 0.5 1 1.5 2 2.5
K BB (m) |
Y| w82 7YT8E | € /////////
08 i O?* ﬂ)*——%{}:‘* % ’; 3
1 ] ; ;
20 iz B ve s [ e
0.2 - f f ;
;\j' ;!:\‘ :{f‘\
0 [ #é{ﬁ -ﬁt\\‘ [ é\ ‘: [ 1
-1 -0.5 0 0.5 1 1.5 2 2.5
IKF BB (m)
O HMBSASRELNE O HUBSKEHELHE
® i EEHLE B e R Eh D E
— BMBSKARELIIER - BNESHARELTIER
> BHERELBHAR EETLBBSH

¥ 3.3 FEERmIZEIT S CSHEB LSS D F RS RE LDOKNAE, BEHAT
&1 L OB IR A Al B D RHE A O b
(*p<0.05 : HIEERKELOKFALE, #p<0.05: HEHILE, Tp<0.05 : H{AHE

DATE )

11



3.5 (AR E I ILE AR

FMERHAEIER 4R D 1 AR H 2T 2 £ COMERE T, ABEREZTA L)
7o, FAUCXILC, 1EHEEH (R 0 CS 3L 51+11°, SSakfk 56+13° ; Hik : CS
B 18+7° , SS af 22+11°, DAF[RIE), 2 AxHEEH (K : 48£10°, 52+11° ; Bk
20+6°, 24+8°) DR FE 72T HBBERAIZIBWVT, CSRED LN SS HEICHAFEIC
AT HEIC TV (%] 3.4).
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_ O NI E—ATYTRE
o 135 O-HFARFRTYTHE
g
W 90
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(H_
g 45 -
0 .
- 180
- 135 I
i
2
- 90 =
i
* * % - 45 \:
0

B 770 158 700 158 258 258

W g W U2 A Bt A

8.4 HIEREICH S OS WE LU S8 R0 I & /= LA SRS 0
(*p<0.05)

3.6 HRHEEHTZ ORI OKFRSSY
JriaEsfs (CS #H:-0.06£0.47N/kg, SS #tfH: 3.00+0.63N/kg, LA F[FE) & 14xH
(4.90+0.52N/kg, 5.25+0.53N/kg) 2B\ T, CSRAIEDITA SS iz bt~ CTHliE
FOKEENFA BTN E -T2 (X 3.5).
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RO R—RATU T

O AR TYTERE

*

BAEEH-YOD
HhiE R DK F R 5 (N/ke)
*

"

0 I L

H RIERE A R— 1258 2#%H
SER+RER ATy

3.5 FEMERMEICEIT D CS ik LSS ik oo i [ 1 DK Rk 4y D b
(*p<0.05)

3.7 MiE )T —Z DR Lo A EER SIS D AR

J5 s B EB AR D JE I (CS 3% 0.29+0.14 £, SS #f% 0.50+0.15 7, LLF[A]
JIE), #fee (0.37+0.17 £, 0.80+0.15 F) 2B\ T, CSRELD S SS KT HAH
BRI o 72 (K8.6). ZALTki L, 1 A3H ofEigf] <X, CS A D708
AEIZED 72 (0.25+0.04 5, 0.23+0.03 7).
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3.8 HWHEHTZ OIFEDKFASY

05 RN B AR R D el R L e R DA RUE (CS ##k 0.00+0.23Ns/kg, SS ilfk
2.06+0.42Ns/kg, LA FIRE) (28T, CS R D A SS K IZE~NFEIT/NE o Tz,
—7, CS REICBIF LNV 2 —AT v T TCOHKREREDH TV OIIFED KT X,
2.18+0.31Ns/kg Tdh 7. 14H, 2HBHICBITD2HEEESH - O SIFEDKFRS T
X, REMTHEEREIAON RN (M3.7). £, TXTOMEREIZHT 5]
HOAFHE I, MRAEMICARREZIXIA BN o7 (21.06£1.95Ns/kg,
20.57+2.51Ns/kg) .
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3.7 FEMEREICEIT S CS i L O SS il o 1T DK KRSy D g ( p<0.05)
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3.9 THR=FfEOFEHEiE— Ak

05 ERHURHZ 51T D TRE BRI O BT — A > b T, SR IR B i — A
> b (CS#$0.73+£0.31Nm/kg, SS it 0.37+0.10Nm/kg, LA FFEIE), 5o iR
HiffEE—A > kb (0.30+0.13Nm/kg, 0.59+0.17Nm/kg), Jcif /&I miie— 2
F (-0.33£0.13Nm/kg, -0.09+0.05Nm/kg), #%ii ek gimEET—22>F (031
0.10Nm/kg, 0.87+0.20Nm/kg), #fi Rt — A2~ (-0.08£0.04Nm/kg,
-0.21 = 0.07Nm/kg) , #%#Hc/e 2HEEKEE— A (0.28+0.13Nm/kg, 0.62+
0.16Nm/kg) ICHERENALNTZ (¥ 8.8). CSHAEDOI V¥ —ATFT v BT S
M= OFEREEIE— A o FTIE, FE=FAfTTICBNT, Rk I OERE
— AV MOFPRERfEEZR LTV (IK3.9). 1 AHHORKEICKIT D =M
FHRIE— A FTIE, CS REDOHNARICEMFHOMEE—A L MV NShole
(1.36=0.156Nm/kg, 1.47+0.17Nm/kg) (X1 3.10). F7=, 2HBHOFKMmIZKITH T
=P ORI — A > FTIE, WRER THEREIIA O o7 (K 3.11).
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#£ 15 -
I
g2 2 | —
= KEEE &z
i RREEEN EREHET ERHER | ARREEN RRESEN  RRBER

3.8  FIAHAHLEF D JARIEIC I 2 I = BEE O EHIREEI T — A > kD ik (F p<0.05)
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BAE BE

AWFZED HBNE, Vv I —IZBWTHBEEFOMET 2P T2 B E L Sh 5 FifiE
FOBIT DI IR ELIT ORI Vo 2 — AT v T2 N2 Z LA, Jrisifas)
TEBRAG D> D Z D% ORI E TORERM, HIROEKE I KL OT5 iRy & 2 0% o
ATy FNCBT MBS T — 2B 5B A DI OWTHLNITHZ e & LT,

4.1 PR O g

CS AT HIT 5 1.4m FTOHmBIFH I LV 8.3m £ TOHEERMIX, SSHLLfH
BRENRLNRD>TbO0, CS REOTXTOBEREE TITE L 7= BAERFRIX
SSHE LV bAREICEL, CSHEDKuT LOVEBRIRRA & AR RV B CiEfT
FHzEmmNCniz, DFED, By H—RAT v T E W ~O MR, 1
ITHANCH L TERLS FAIRR ST L W) S THNTH D Z LR STz,

Frost and Cronin (2011) (%, BT ~EET HEE, BV F—27 v T2 MW,
ZOEEANCAT v 7 Ll & T 5.0m F TOHRERMPARICH N & 2iE
LTV, ZHIZX LT, AWFZED CSRELICHkIT 2 1 HH TCOFHREEDHT- Y DI
DAERSE, SS ML & AREARZETAOLNT, 1.4m HUROEERH I L O 3.3m Hix
DEWRFRIZ BN T HREM THEREIZA ORI 72, ZhuE, Frost and Cronin
(2011) D FEBRFATL A5 MERH A (R 22 WA R T W~ DO INEEECdh > 7= DITR L,
AWFETIIR ST ~DF MERENEEZ Z AT Z ENER LI EEZEZ6ND.

4.2 HEARIZONT

Frost and Cronin (2011) DOHFZETIE, T XTHORT v 72k 2 HiE 1 2 ]IE L
TWRWHDD, AT EZ—AT v T HNiikickiT 5 1 HH TCOHEKREREHTY
D IFEDKER ST 1.07£0.19mNs/kg TH YV, TOF RN AT v 7 LIk D
1.4140.28mNs/kg £ W b A REITENZ ENHE SN TS, 2O X 9 IR THE
RN DI RERIL, AR RE R R DD Tholo. FIREREDHTZY DIIFE LI
SWEEH-Y OEHROLLE, T2bb, FERERECHEEDEE L EMTH L.
F7, 145H, 2H5BICBT2FRERERS TV OIFEOKEAM I L O =0 FY
FHEit— A baesd e, 1BRAORBASKEE—A >V MR TNTOREIZIHNT,
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M IS B R EXA DN o T, WL OO FEITHE T, IEREIZH VTR
T RIRBHEIRRE — A FERETL Z LA, EEEOHIMCEET L Z LRI EN
TW5 (JHiEs, 1997 ; B35, 2000 ; Johnson and Buckley, 2001). 2% Y, CS
RELTIB T D HIRERRE L DOACE T M~OHIN &I, SS R E & AERENRN-T2Z L
DEZHND.

AT B —RAT T EEDRONE T ~OJ EEREIETIE, (K ORMESS N4
BICREWZ ERHEIN TS (Sasaki et al., 2011). ITHOWFZETIE, A ~DM
HEREDDENEIEE, HERGRELOREANKENZ ERRESN TS (Kugler
and Janshen, 2010; Otsuka et al., In press). L2>L, SS#HICHITDH 1 4H, 2 4H
BT 2 HREREOHMEMA L, CSHELLAERAETAONT, ZHLDETHIT L IX
BRDFERPHGEONTZ. DFE D, 14m £ TOEBRFHEI LV 3.3m F TOHREAERRHIZE
WT CSik & SSHEL L DRI THERENALIRNoT=DIX, FREEH - D IJFED
KPR B L OB ARG RE L ORI ICHBRENHLNRN-T2Z LIk D ZenE
2bivd. DFED, ZThETORITHIE (Frost and Cronin, 2011) DL HIZ, 1 AT v

BT AHENK )T — 2 12 TEO#KOERRF & OBRERA LT ALV S, T
RTCORT v BT HMER 1T — 2 2 ETH 2 L1X, MR )T — & &R
EORRERT ETRYTHDL Z LEARIBE ST,

7 MR HAEN B AR RE O J B I & et e lC B D, CS R D KRG & 7= OHE R )
BLOHEOARFRESE, WO T 0 ICEVMEZ R LTV, ZAud, FiaishshERs
REDSEE R L %R DO ¥ v 7 BIETIY, HIRGRELIHETHM~EEAEBE L T
RNZEERETDHHEDTHD. LonL, BBEN -T2 &%, CSHEDh v —2
Ty NIBTDLHEREESH TV OSIFEOKFRKSTX 2.18+0.31Ns/kg TH Y, SSHE T
DIHIE L SRR DBRIETH D 2.06£0.42Ns/kg L1EFE A LRI UEEZRL TV &
Thbd. IHICZORED CS RAILTHB T D U #—AT v T OHEHIFEEIL 0.29+0.05
BThbv, SS ik H B (ERR Ak TE Lo BRI L 0 o 7o (YR
0.50+0.15 # ; t&fe/e 0.80£0.19 ). F D=8, CSHETOAN VL X —RAT v TDEH
WHEE® 7= OMERK I OKFER T 7.62+1.18N/kg &, SS kIR T 2 7 fisia)
VERF O D H IR E & 7= 0 ORI ) D KFRSYr (3.00£0.63N/kg) LV 2.54 58 D
HERLIEEZEAxbND. £, SSHEDOERBRITILRCSHEDO I Y 2 —2F v
DRAIRENT I 1T 2 T =FAF O FHRIHIE— A > M, AREICKEVWEZRLTEY,
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FOMITK 2 b oENL LN (K 4.1). ©F Y, CS RIELTBIT 5 FnlElrEo g
RERRELDOKFEFHE~DOHEEARIL, H X —AT v AT 5 ETORRENL
NREFEIC L > TEAHENTW 2 ENEZLND.

s

BAoA2—ATyTEHE
2.5 - O/ FATvIHiK

-

2 - — *

AHEDEEEE

BR/ER

BB D FHRAEIE— AV
(RARmE) Nm/kg)

EH/E

T

ARONIBE—R Ty ESS

CS

X 4.1 CSRAEDI D2 —RAT v 7L SSHE D%t DIFRAREIZI 1T D Tk = RIS
DB EIE— A~ F O (Fp<0.05)

4.3 Yy —OHEREICBIT DAY o 2 —AT v TOHE

Yy I —OFHEFREICBNT, KAETICAR— V2B 2720121%, FRAHO
HERZEHRSET, HRERF LA —LVOMICKRE AN DERENEE L 225 (1)1, 2012 ;
PESAEIEN BAY v I — %, 2012). ABFZEICRIT 5 CS ik kit L OVE i ais
AT L BIZ, SS MEKITt~ 1 B REELIE THRICEIT T & munTniz, 51,
CS RENTHBWTH MEHEERLA 2 B E Clo 2 L7 RAERERHIE 1.09+0.19
BThole., ZORBEFFRIL, SSHEICRIT S5 1 A B oB#E (1.19+0.17 #) M
BIDHDThHoTc. T, HERFOHEITHHISL TV Z—2AT v T % H
WIS, 119 BRRIITRERDS 132001~V TWedliixt L, A A7 v 7% v
AT L 124° LT H IR AT 5 Z ENTE RN ST LEERTHLOTHD. =
NODRRING, U Z—=AT v 72 W TEEREEL, 1 BAAT v 72T
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ZLenD b0, [FUEMEREIZBOTEIT M~ EZMITLZENTELH7ETT
72 <, HIESHENMER MG O A EMERE £ CICET 2N ES 25 2 b b, T
F~FRL HEEMT D2 ENTE D20, SFHHEERTICE > TR IEEREIET
boHLEILND.

ZO X 57 CS RIS 2 H MESREERI LA & O REERE R O X 1%, o [EHRD
FRI B RTHEMEER, SS MELV bEVWI L ERBRT LD THD. AR TIL,
B ~OFMEERBEESECICED L ZEBFE & LT, REFOSFHgmEIC
BWTIE, Fsg bk e e 5 micxt LTS SISl 52 NEENAH S Z L35
OIS, ILICHERFIX, SFHEBFLLDOITIEOICEERELZZLIE D, 00T
A= RAEEZTHELI O R RITAERNDZ LB ONL72®, SFHBETFICITRE
BFEORYTNVAE—=RIIEDLELIULEERHDL LN D, ZRBDIRWTIE, %~
DF D 15 H, 288 S HIZEDRICH S AT v 72BN T, CSHED L 1T
BEBEDR @D, S HIZHIO TR Z I S5 2 & OB ERE 2 28 b S
BHAHZENTRETH D720 (Hewit et al.,, 2012), ZOHEICBWTCHLAI T X —RAT v
THERWD Z XA FETH D ATREMEAVRIZ ST,
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BEE LY

ABFFETIE, W B — OSBRI ~O I EE 1T O BRI, B4 —2A
Ty TEHNLZEN, YA RAT v T H2HNDH T & AT, HsEERS o
Z D% DONHENEIZ I 1T 2 BAERH, FIEROESIS J UMK ITE VRS LD D)
ARRGE LT T ORER, WaE CHER, HRGRE DRIEA S L OHRE RS
D DHFED KRN B IR H SN2 T2 b OO, J7aHaEh{EB 4 LA O 4 8)
VERH £ CICET 2 BB TIE, AV v ¥ =27 v 7RV ERAERICEL, B,
Kipds L OVE BRI A IIA BICET T M Z MW TND Z LavRaiiz. L bo Z Lnb,
B ~DOFH R L Z OB ONEEETH Vv 2 =2 T v T2 HND 2 LiE, ¥4 KX
Ty T EMND LR Y, HEREIER A D R B CHEIT T AR K OVE
AT HEVI RTHEMTHDL Z EDNRBINT. DFED, DT EZ—RT v 7%
Wt T~ DI ESREN I, Y 7 — O RENIC BV TIPSR RS B R T O#) X
WCEDETEETDLODAMRTFRETHL LB DN,

ABFFEAE R0, 7R P 5 IERENE CIE, 1T 7R~IE S 8 5 72 0 S 5648
272 <, JTERHAEN RG> B BB TR T 5 72 0 D TR D SN I L 72 %
Z EMRBF 2 b (Dayakidis and Boudolos, 2006). = ®D7=, S#%O#EE LT, T
i = RAENIC I D —RITR R BHEERE K OB R 0 G, ARRFZRICE W T ¥
Y B=AT y T N Z E BT AR L SRR )T TR A R D 2 L
NdHT b,
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