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Biosecurity measures being implemented at Australian Antarctic Division
against non-native species introduction into Antarctica

Megumu Tsujimoto"* and Satoshi Imura™*

(2012 4£ 10 H 22 H%ZA) 5 2012 4£ 12 A 10 H5ZH)

Abstract: From February 15th to 23rd in 2009, the authors surveyed biosecurity meas-
ures being implemented at Australian Antarctic Division (AAD) against non-native species
introduction into Antarctica. By visiting facilities and conducting interviews, the authors
managed to understand the entire system of the biosecurity measures and management
policies at AAD and the situation on the ground in four topics, 1. Management of
equipment and machinery, 2. Management of expeditioners’ clothing and gear, 3.
Management of cargo, and 4. Education on expeditioners. This study demonstrated AAD
strongly recognizes the risk of transporting non-native species into Antarctica in
association with various activities of the Antarctic program thus has implemented
comprehensive management policies with a range of meticulous measures to minimize the
risk through the management of equipment, gear, clothing, cargo and the education of
expeditioners. The thorough education on the risk of biological invasion in Antarctica and
thereby the importance of the biosecurity measures for the expeditioners and staff
conducted at AAD in particular was considered highly effective. Consideration and
development of the organizational biosecurity measures for the JARE operations based-
upon the data presented in this study is recommended to promote the conservation of the
pristine ecosystem in and around Syowa Station in Antarctica.
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THENEFETHHEEZOND. ARFERKRZ ZE I LM 2SR R 5
SABPIIER ORI LY, WAL O BE R ERROREIIOLHNRH I L
HEEND.

1. I LC®IZ

SR OEA72RAZ, BHBROAEWESHERLMEOEEREE 1T L) KT, BN
BIR TR D BEINTWEIEDO—D L 5> Twb (Frenotetal., 2005). %2 Th, #HEO
B - R E R BDEE S TOFM X D IIEEHWICR LA TN L IBREORBEEE, fE
kex S TR E T A (Bergstrom and Chown, 1999; Chown et al., 2012a; Hughes et al.
2010; Lee and Chown, 2009a, b; Tsujimoto and Imura, 2012; Whinam et al,. 2005). FEEIZF5M#E
HEEHR LTV B LRI TlE, I R TH L WILBRIEO 25 12T 2 MEAHHKR T
% (Olech and Chwedorzewska, 2011; Smith and Richardson, 2011). 7z, 3 TIZREIMI%D —
HCHE SN D LTS BOEITE TSN TV LRI, 5% L WALk E 55
AR A NGRS, FRFIC X 2 BEBEA OLRERNOBBIIT S HICIKT 5 L FPHEINT
1% (Chown et al., 2012a; Molina-Montegro et al., 2012).

MR OB LR O A HiY & LC 1998 4EI2F%D L7z [BREGIRGE I3 2 MM S fy ik
EH] ITBWT, BHMEHHBANOIREOFR L AAIFEAINIZEEE SN TS (SATCM:
Special Antarctic Treaty Consultative Meetings, 1991). JGBRAYICHL AT I3 2 HL D A%
H#DTE/F—Z 7Y T (Potter, 2006, 2009) (ZHNZ T, RAEF A5 4 ¥V R OFHELH
W, MR LT RO LZEBBOLETHEAL LMY MADHE > TWwb (JAATO:
International Association of Antarctica Tour Operators, 2011; 7£74, 2010; United Kingdom, 2009).
DL RV T, WMELIFERFATFEHE2 (COMNAP: Council of Managers of National
Antarctic Programs) X R 7E R4 % H 4 (SCAR: Scientific Committee on Antarctic Research)
DT ENA 2D &, BNFEREEZIT-> T D K EOWERRS X OEH 2 YT 2 7HHEHRIC
MV, AR S A A O Gk 2 RIS 2 2 720 0Bk RITEI R 2 R L, KEICH
FEM 72 RAE R DY LA 2 HELE L T b (COMNAP and SCAR, 2011). H{R i THAD
BB RIS, BUIRRE AN 72330 TR 2 SR L TOBREED S
AENDEBEEZRL CTEBELERET 2130, 2012 FE05 A F =)V 2 V7 F O B
L T35, HARMMISBINE (JARE: Japanese Antarctic Research Expedition) & L C®#l
2R AREHIFT B L T e,

F—A M7 TIEEMAKED =20 M (Mawson, Davis, Casey) % T 5 & L 312,
WFEE ISR SN TR IMHO~ v 2 —1) —BIC O Bl 2 321, Ficahs 480
PITIZB W T RENNFEZER L T\w5 (Australian Antarctic Division, 2012a). 4 — & b
5 7 ORBEBITEE) (AAP: Australian Antarctic Program, ML FREBE) 133 _CT, ¥ —X b5
V7B OBREE - Bk REE - KB - A - Mgkt (Department of Sustainability,
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Environment, Water, Population and Communities) Fi & ® AAD THHL - EH 217> THB D,
AAP TIZAE 3 & 2 300 4 O BINIER B 2SR BU o> &2 BFEL, B X 2 5000t D& A
FeMh i L OKERE, BUINGEI O 72 O I E I Tw 5
ﬁ@ﬁ%ﬁﬁﬂ@iﬁ%&ﬁﬁ@iﬁbi, FBHIROH T IR DEARLRADRE L ZIFRT
. Wi S % (Frenotetal., 2005). FHICHERMICMET S5~y - —Bahls LT
F—=Z 707 OB BT, 1800 AFACLIRED ARIGENIC X 0 B X 7213 9FE
BIMICHEBIA TN ]S HERE S I, AR O BIREY 3B 7 9 F & 2 T & 7260
& % (Bergstrom et al., 2009, Copson and Whinam, 1998, 2001; Costin and Moore, 1960; Hughes
et al., 2005, Jones, 1977; Pugh, 1994; Rounsevell, 1978; Scott and Kirkpatric, 2008; Skira, 1978;
Skira et al., 1983; Skotnicki et al., 2003). = @ X 9 ik % %17 T AAD T, BIlIFEIZ X -
THRME OB (i, EER0 - 58, WHZR L) PHlEEIN S EREZ VWE RS
Bk L, EOLH) Y AT HIBWT L) Rz R % EOBURGITICS 0 5 L2, B
R 7 Bl 1R 5 % £ R LM L C %72 (Copson and Whinam, 2001; Parks and Wildlife Service,
2006; Potter, 2006, Whinam et. al., 2005). AMfFETiE, AAD 28T B4Rl E A A B ikkf
OB LI MADOFEMEZ, BIMFHAER CHRIC L DHL I L EWiEk, FKHsE
DFEBIINI BV THRFEREL ARG LN KL ZRETLIIH72), KEONEPEELRSE
ERE L EMREENA.

2. Australian Antarctic Division (235} % A DO #E %

200942 H 15 HA B 23 HIZH T, A=A M5V 7T - F AR =T IMD AAD I2BWVTHH
SRHERE B IAMBG LA SIS 2 A 24T o 2. AP TIE, SRS A AP IR D
Btk % WaEs 5 LIS, BREANDAL V¥ Ca—FB LT, BYoIRMN LIRS AA
Bilb i sy 27 A OERZIRT 2 2 L% 0z, ENRIZ, (1) BHOFE, (2) 2
OB, (3) MMOEH, (4) BHMBRE~NOEED 4HH & L. BHOBEHIZOVWTIZ
FUTA M UIZH D AAD KEBOWIFE - EIMICBER T % Kingston warehouse (F > 77 A T
YRR, EMLOEEIZOWTIEF Y 7 A b Y ABENIZKIE Sz “Clothing Store”  (BIfE
@ “Expeditioner Kitting Centre”) X775 — MSIZEH L TV BB [+ -5 - +—
ANTYA] G, BEOFEHIZOWTIEAN— M~y 3 —1) —EIZ AAD 2MREET 5
Cargo Centre (£t > % —) T, ZhENlIRAZ 1T & LK MR OHUTFEH (2009
EMRE) 124 vy a—%FEE L7z, BKE~NOHEFIZDOWTId AAD @ “Environmental
Manager” 2°5 4 ¥ % ¥ 2 — R T Z B 35 L 312, BUIRK BT ORI
7z
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3. HRAEEE JA BB 1R 3R

3.1 WHMOER

AAP DIGEN TR T 284 B 0% 1L, F Y7 AN UIZH D AAD RIERDOF ¥ 7 X
b UARICHERMR - RE SRS (K1), AR TIIEARELR Bk 7Oy 27 08
M EE LI, FX v THM (FY b, Y297, A=, avALE) RAF—H
ALy I BEDT 4=V FEMEZRE L, BAERTEHIN2IABIN T 27 MIBELTE
NENDLELREM ZHRREICELIB LTS, METHT L TWw ke - ERiios
RHEHOMMOEHN L EH 22 Titbh, LEIISCTHBICFEbI S NG, BI - 35
TuY s MILEREMOER - MEEED, FICCoAETIIbNLD. TS EHICH
LAENEEMIL, 7E Y27 METRICEEIZRSN, T2 THED L \VITEH TR,
FHAHO7-DORE L EOMNISED SN, B O FEBICHEE L AL IZOWT
&, AR T RTAEENOEGS TGS h, MEDoREsZ T ThoMcfiaiin
%.
FUTANVEETIE, A= T 7 ENIBHORA IZEEEEE & X L TRE S
nTwa, ENIHICE, NF— K-, BEE—F—, AF—MK Fv o 7THW, o—
T &, KBBEAERD EO IS LB R RIZ TR A DN TW S, Th o DI
A= THNTHEH S, MICHEEbH S 2 Lidhwy. i cmmicibishin
F—R K- MR I3, BAEMBIM CHH SN2 AAD NR SN, S NI &

1 F272 N AENOIIZBI - REEMHRE ST Tw 28T
Fig. 1. Equipment and machinery stored on the shelves at the Kingston warehouse.
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LTHH STV 5. EINFIBICEA OB 22 i 2 PN 5561218, T b 2 M
FHRATCHNII TR THEET 2 2 L2 KBEICEBET T TV 2.

WIS ERITE A COBRMIEZOBETRE L T2, —Hofid, B Ens
HARN— PRy 3= —REIZB W TERPEEMICEARDL. ZOREICBNTY, M
BICFH AL TN TORMIIMAEYOREZ 2, LES U THEREZIT> THOMARA
TWwa, BMTHEHRIBE DDA =X b7 ) 7R UCRBIEmE, SR TR, i
FAHDIRETHF > 7 A+ ARIRE SN TWE05, MBS I TEIIEHERRL, B
EZZITTHOMIHAAENS.

32. EfEmOEE

AAP (IS 7B HIx, 2N ZNEERCOME K OHAE RIS UT, %524
T RTAAD 258/ (—F#BIEEH) b, IS oEMmMIEF v 7 A v BRENIC
%1 X 17 Clothing Store THRE LT\ % (I2). Clothing Store THE L L T\ % Efii i, 7 —
v, T, fRRMEA v F— ARV, 7Y —EE Y xy, BikYy sy MRUISY Y,
NZA N, ForyTxry b, fFEEHORE, B, Y TIR, I=TN, Ay s r—5—
ST, A B - BRENEICS UHEER YA A BEICHZTwA. S TIRENB X
Z 500 4 OBMIBKE BB 7o Y27 FORBDET) ICEMHERA LTV, —i6
&, TNOOEMMITRTERE THICAAD KR 2 E0EHEMTOhTws. £
 OEMIIIIRY — X Y DB BEFMT 225, #F, F48 H—< A4 -5 ORICH
P 2 MO W TR EAIE DT, Hmssiisns.

20

i

f

2 Clothing Store ® 7177 > & — THIMIPR B AR & L %255 LEE R EE M & & i 2. TV B8R
Fig. 2. An expeditioner prepares the clothing and gear at the Clothing Store counter.
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Clothing Store Tl Z A dh DELAT & HITEB BT > TWbH. AAD TIIBKE ORI 75 L
THRAEDS IS H LA TN EMEL B L TB Y, Zozi/RICEVIED 2
720, WSO EHELTVDS, Z0—21F, EME~ONEDZRENICHRETLI L
Thb. BRBICIH L2 EMMEZ N ZIIEEE THRICF V7 A PV BENR SRS, RE
N7z Efiamidm B & Lt Sz, $_THEREFICH S N5, PRI TR o R0,
AAD 2 % v 7 B O % MRS L 72 #4212 Clothing Store DMIICRER SN 5. 72, Fhbd
O¥A T EREICEATT 2B, MOERRr Yy b, vV v rF—ThE, M1 - RE%
EOEFAER LRI LIITHE LR T VT Z AAD A5 v 7HFHREL TWb. &b,
RV 7T =TT EORREIM E T, YRR B AR DRIV LD
437 TULEE (Whinam et al., 2005), AAD TIE~ Yy 75— 72H I Vs Tuin
BWIERRL HIZL TS, F72 AAD Tl Clothing Store (23813 % 2 i i O B AT KR 2 2 T,
HFHNCBE T 2MRRPEATTHNY F Ty 22 EI2BWTEH, TXTOBMBKE~, 214
iR LTSRS RIS FE B 3A E B i~ A Wi 3 5 &3S, B3 5 2
DT RN OZA S OFIN O W TREM 2 0 588 2 R LT b (B4 HIZBMR).

AAD T Clothing Store 1231 % B S O HICINA T, WM - BERT O YR FHE B AR
IEXERHHTHOr7 TR - 3V 5 I 5= a VHIIER DT T b, BIHIBRE M E 2
WICHEL AL T COMM ML, FREIGBIFLART AN O FZERE I B W TR L O & W Bk
FAEEMTONGL. IO OV EBOGHR T Ml T 2R3 GEA, 2010)
LHBONETHY, 7-8HTLIMEESLTHLIEREICETY, () BREAETT V2
Wt OBk, (2) MBEICE L AL TN TOREDOKR S v bR 2y 7 NOWH] (7R
i) 3) ¥V v T —ToMNEWORE (Krty MELMEH) 21T, RECHREE
ZURIEDBHETIETRERTE LTV, SODHEEICLELRWEIX, AAP
THHT 2T XTOMMNCHEM L, FN— bAOFHERIEFEMN 7 & 2 FEFFA L T 5.
FoBAE T, T L IR OBBI OB D, 20 5 O TR A P B 2 & BLIRR B 12 3%
B Tws.

MR MM OM H 7 &12I3 134 EAMEAE - FH LT, PR BUNEY, RELRED
I RAl 2 KEIERGRREAS 5 (Ware et al., 2011; Whinam et al., 2005) Z &5, E#t%
B X AR O R BIARIIFICER SN TS, EWIREOBR - B 4 V2K &
L CHRHRCE A ST 5 Vikkon® 1, KRR THHEPHER SN TS LIZHE
PP, R T LT H 5720, MICHBIT2MBORREAE L TR EL TS
LEZBLNTWD (Curry etal., 2005). Virkon® (3 A1 B EOGHRC B W CTBDLZ A 1 Ry
AT 2 RHtovEE AR RAI L LCHHEIES N (JAATO, 2011), HBRIZE < oBDLARCf
HENTWAD. AAD T, Bt EEERTOMPIZ BT 5 MO Z O Virkon® & W Tz,
F 7o, EHSPRERIT 572200800 ¥ — X VHIEICIE, v a—Y —EBIZBW TR
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X 3 Zefiah - B 2 RE T 5720 0ERE—F L DI LB B H oK * v b
Fig. 3. Expeditioner Disinfection Kit.

WHRAH O bR RO D> Twiz, BHNTOANSNIHENIC X 2H O & 5 % 2 RYh K
ik 270, ~va—Y) —EBNTIHBZA7) BUIKEIZ, 3XTORMM L OB % i
T B720NCBITA 7L —HIC AN Vickon® 2B L, BEE1T) LHIHEEZZIT T
7z. AAD 2B 2 AM K TI, Virkon® OFERl, BETIARE MV, AT V—K, A2 5777
Y, T=U Vi E%R T L7z “Expeditioner Disinfection Kit” (X3) #HEL, ~va—Y—
B < B B B ICAT S % & 312, “Environmental training” 1238\ TREMER VT
WZOWTHP LT

33. EXEPENERE

BUE, AAP TIZBIEK H O KFER BB IATZ2ME 7 /N 2 A319-115LR A L T 5% 2%
FLZefCHEITN AR IR ICRONTEB Y, (Z& A & OB CTHEBICHX L TWw5
(Australian Antarctic Division, 2012a). R IZE XN 2 k&3 Z2imiia b &, HERIC
FRTCEN= M~y 3= —BEFAOEY L v & —~ERH SN, — LIS S (M4).
Bty =T, EHERXT VAN VBEPLEONTL R o5 (Higih, 8-
RENE, MBS LICaB), —RREDOHARARE TOBFIEXEEZIT> T 5. Wils
LIREEN WG LFHERICEW L v & —CTHT, —BREE R %o TV,

AAP THIHI L CW A3 RColfik T v 7, HHMCEw L Y & —NodEcmil
bEOIEEREERE L, WMakD BN OMAARNIIMIZ FFEERE T 5. BEHBICRED
AL TAR— b, KEEMHE, KBIEEW, T, ~NY 37— % EOH K OHINZERN T
RBIEZ AT 9 A%, MARLRNC TR CTHRE SN, FEWOFEEREL TV 5L, FRHELD
FERTVIERDI - TVBINET Y T F R A AR N, Hlj R EHE S E O (Whinam
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4 By —OFMPIRE S R OB T
Fig. 4. Cargo stored in a shed at the Cargo Centre.

etal, 2005) (Z2oWTIE, ¥ 7R M yBRELEW L Y —NOBERIZBVT, 77U
AF— NPRERE, RS A RSV 2 RIS L T SR AR T (Potter, 2006).
T/, BERICRHLALAEMEAENIOVTE, LReRUAEPMFEL TRV LR LVE
WEHVWDLZ L2 ERLORHFEMIILTnAD. EHI1T, TXRTOARMENIWE LI,
HA T O R H 7% 12 3> T Quarantine Tasmania (¥ 2~ = 7 HOEFEFT) OMIEEIZ L 5
BEZITTEY, ZORBEHESEZHCORCHEERAAEINS.

Bt vy —ciEric, Bm#Hl (Reslin® thermal fogging and ULV insecticide) % I &
MiAi T 5 Z & TRBENORMERICAES BRI ETL202 TR LTEY, HiBIcH
HEFRLAAIMAELFHLTWS, WXEE D720 OEEIMTbN D ¥ — X g, &M
M2 F A~ =7 BIERBIOBIEE DB L, AEICRE S Cw LR ~OMEY (4 -
T L) R, BHMNIZAZXIRRER L ERVLVDRERLIT>Twh. F72, WM~k
3B v 7 —AEN ORI & 312, AAP TH W SIS LT BIEEIC X 5 [k
DA TDI, FAA TN RAE, MNOEMRRHEDOMEREZ LT D. BN
TEHEZRTTHEERDOa Y FFI2oWTIR, EERMIMIY ==Ly — P THIIE 2 #
VL, TELREFRAMELRLTHNB A LN,

34. BRABKEOHE
AAP IZBINT 5§ XCTOBIMPKE &, BE#E L ST Environmental training %521 5 Z &
BHRBENIONTVS (RBFHIIIETE). THIIREMREICHET A8 1M O#RT,
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5 AAD Ko —% Thifi X 1172 Environmental training Ok T
Fig. 5. Environmental training held in a room at the AAD Kingston Head Office.

LI, MBS LTy 2y FTEICAAD RO L 7 4 ATHESRS (X
5). i CIXBMAK BRI EE R AAD OBBMEICHT AR LY A7 A2 /AL
7802, BRE OB AR D 2 FIHICOWCEHM ARSI Z 2 5. EHF LB -#HZTIL,
PP B ORAERBERE A, AT AV F K, RS & L P THLRIE O FE L A A B
IEASEASY BT SR, BBRBIEENC BV CTHRMAH LA T N A BRI ZEAT 5 L 3t
12, AAD TORY MAIZDOWTHBAN R STz, FEREHRONE L, ZktEo Rl
IR L 7BR RIS &, #HS 3 D AT HT R T AR O Rl i OB O TAH o 72. AAD T,
BB B Ak R 2 FE R L 2B, &35 K OSRANIC # il LT % “Alien In-
vertebrate Kit" (X 6) THRW % FRIT % & 12, “Incident reporting system”  (#FAHIZ R &
T, BREREIRD L TRTOHFELIIOWT Web FTAAD AEICHET 2 A7 4) TH
B 5 L EBRBICEBEIT T 5. Alien Invertebrate Kit % v 7z$3REL & Incident reporting
system ZALAGDEL T LICX D, RO & W) RHEREDOALR LT, EZTEDL
) BRIREEDS O Do 7o e v ERAE DR L, YERFEOFES AARITK T 2 B R0 7 T Bt
BEOMEIZEN LTS,

BLENER B 20 i (03 5 S8R AR O A 75 P B ARG (2K O FE 1SR D 7 5 TR (Whinam
etal., 2005), AAD TIIAFICBINER H D2 fn OB 2B LT K IERZME L TWw 5.
B U B B AR AR B A BB I SR IS oW TIE, BB E ST S b “Expeditioner
Handbook” (Australian Antarctic Division, 2012b) (225t #2sH H, BARNLZHNAEZ DT
(=i



146 B NI N P

B 6 HlkRMEZELLZBISRE - /17 - 8T 2700 ORYF v |
Fig. 6. Alien Invertebrate Kit.

- AAD 7 & 3CHE S 2 2 AR 2 AR DA MC Id B I SR IS L w2 &L F 7,
AT L2561 3 %EH 52 L.
BN O EOBEBANOFF L AR, WA R RE, ik L oft
MRV E2iERT 5.
Xvra (V7 T—7) RMOBEE, KEORCHLKR T v M ST R Eost
REOEIAESWME VLT WHITH Y, FHITERLTET 2.
CIRTORT v FEFRBEETHRIIL, 3 XTOKBITRAKTOWEREZIT) 2 &
U AR SRR L, AMINE T T YR RV T ATy, DO ES VW &
ZIERT 5.
ST AR A X SNy Y, ARXATSOER, V2 Yy y R EIREAFT
ERERETHI L.
DX IEMAR RfaBE LR L KRR T A 2 EiE, BUBKE oSk D A
HOFERIENDBSFE Z D, F72Bd RO 2155 LTHMTH L L bhs.

4. B by
FABIML T2 EBA~OFBH L, BULERZITTH 2011/12 ¥ — AV IZB X Z 3T AN
s, BB Tid 2007/08 ¥ — X V123 TIZ 7000 AE# 2 TWw b (IAATO, 2012; Chown
etal., 2012a). FAMEBINHE IR EHelr, ZHUSHE ) SRR L AA DR KL T
2% (Chown et al., 2012b; Frenot et al., 2005; Tin et al., 2009; Tsujimoto and Imura, 2012). —
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R LAV Z SR AT 52 L 3O THEETH ), MADERRIIBOTHLLLE
B L7V A EHT 5 2 Lid, AR, FARENCHIFFICHLVC E2ZHD
)& A cHE E T b (Bergstrom et al., 2009; Courchamp et al., 2003; Gren, 2008; IUCN,
2000; Mack et al., 2000; SATCM, 2011). MBI 351F 2 5EMll 20 SRR AERS 15k - BT 1 7
S ADVRERATIE, BRDBEEE 225 Twb (Chown et al., 2012b; Hulme et al., 2012).

S FA % Il L 72 AAD T3, 4 T o Bk < #9200 A O ERR R & # 80 44 Dk
ZBH, SHICENMOmEBM T 77 20K E 2 A EBIEIC%ED) ATV
(Australian Antarctic Division, 2012a). AAP |2 X % B~ D fiiE i3 EI2% L TR 8 b ),
Z DB HTHI 5000t OFEMT 2 EHAGE L Cwb. —JF, HAMBHISBNEE 2 EE3 5
E T SRR T, 4R 35 O ERRE &8 30 % OBABR RIS Z T, ek 20 AR
DFEATHEZFE LB OMIHETREY LML T3, HARMBBISBIIK (QARE) o4 RFE i %
HIIPB L 21100t TH Y (Tsujimoto and Imura, 2012), AAP D 55D 1 EETH L. F /2,
i P g R P e R T O BN B % 47 > T\ 2w JARE T, REN#EIPRIC B VW T IR FE TS
R S M7 ARAE S DO 3O T2, FBRMDBR AT X 2 AR OEK 2 9E X
BfEO L ZAMESNTHR W

ARWAICL D, AAD TIEXHEMIZIB U 2 BI - BEIEEIHE D FoRMER L A A O ekt =
50 RRRK L, MR, BT OB HA SBIIR BNOHE T, LIRITh7 5 WHEN A
HERTEFE D IAAB I R ZH LT D 2 e S E oz, Fia ZRERF - BT OMIEBIC
DIz BN AL, AAP DBIEARE <, HHHFHIC BV TINE THA OISR D ER -
BEEOBBNRREINTELILIGERNLTWD LEZ 5NL,. FEHRERPEE D 2T 4,
CEHIE D FARBRIEN KR E SRR 5720, AAD THDODIR TV AT RTOR Y HADHAD
MBI HEECTOULEPOEMNTH 2 LIRS 2. L Lad s, WAEBELTHN
Ky Ze AR E A5 O fE ki v (Chown et al., 2012a) LR XM TW A, HADH
FBLI 2 B T RLRUTHLERIY 72 SR AR 1A SO ) M AL N5,

Ll DORA TR ORI 57201, AAD TRV 2 Bi~ERTTREODH 5 H S5 W
DLW LT, WHEZRY OMBICBWTEHEM AR MAZETL TV ELETT
%, BREREHYOMEOAL ST, M T 2 MR 2005, Rs#% 3 2
% Ex W) TRTORMB BN GRS L 20 L AAOfBIEL I RHRL, ThoHo
Bilbxt s o mEME A IF L TV /o 2 L TH D, MEEBOEMICBWTH, #RoEMIC X
D ALRAERTEIC K 2 ik % 550, WIEANOMFREZ RS S5 2 L TRED S O M 22794
LNTW GEAR, 2010). ARMEOEHIZBW T, EEOFAEZWHEICTLIETIY
BRI EZEDOOSNL EEZ SNTWSD (Hulmeetal, 2008). MMOHICKED D3
TOANR, 72 TAHE3NLTXTOWED, [HRMEZED) 2WREND L] L) 2k
ER7eE L7200, BESCBIKENOHBEIEHIHBO THI G FRTHLEEZONL.
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FE AR ZERT T, BRI AH L CW B AF =L a v 7 IR 5 =4 &SRR
L CHBICH AT NS ERIED S & v ) il (Tsujimoto and Imura, 2012) % %1, ¥
TICHEREEREZEAL, AF— VIV T FORGEEBLTNL. 5HOS 5% 5 FHH
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