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Estimation of the Migration Source for the White-backed Planthopper Sogatella furcifera (Horvath) (Homoptera: Del-
phacidae) Immigrating into Kyushu in June. Akira OTUKA,"* Tomonari WATANABE,' Yoshito Suzuki' and Masaya
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Abstract: A 3-dimensional backward trajectory analysis was applied for estimating the migration source of the
white-backed planthopper that immigrated into Kyushu, western Japan in June from 1987 to 2001. The results showed
that the coastal regions of Fujian province in China and Taiwan were found to be possible sources. The migration dura-
tion taken to travel between the sources and Kyushu was estimated to be about 36 or 48 h. The comparison between
2-dimensional and 3-dimensional analyses indicated that the former method had a bias toward the southwest in estimat-

ing the source.
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¥k ETIREIRROED 1970 FRPEFITE -7 2
s, bef oy aOEEEL, T LR,
HE, HAZEDOBT3RET7T U THk#E, 7100k
EOBRTAEM7 UV TEK L I oh T3 (F,
1992: Tanaka and Matsumura, 2000). > w7 ¥ #IZDW
T3, HUREEBEOB T/ YA A 4 4 TOEVIZRIS T
sV, HEAE 7 4 ) Y TIRE L AR THRVRB N
NEEBZEHFMON TS (Nagata and Masuda, 1980).
BT P EESR N LS adEE T bh, KEEO RS
BRECHER . 4 2y Y AHOREEREE NS, 9V AR
NP FLILETRERELTED, 4,5 AZADOFEHEIC
FOMmEBESHICREL TS EHE SR TWS (FEI,
1993; &k - M, 1994).

IhoDMETEONZHRIERDOELSIZEFLDHENS,
Fabb, WMEEHCOACREST S 4 3y v AHEIIANL
F LI TREREL, BEIZZO—BAREREIRIZFEH
L, 22T, 2 HRFBL %, 6, 7 HIZHY FilBILE %
T ARKEIES FHERIC K> THEANE TN 5.
NEOHIRD A 3 v IR T U 7HABHATA L, f
DOEGHE» SBAZZFTHLL THFER T E E0D
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INETA 2y v HHEDORKIFHEE 13 850 hPa D JHlHE &
F— 2 ERAWTITbhTE /2, Sogawa (1994) %, 1987~
90 FEDHMET — 2 &Nz 2 RITET 217, /R 115 E
DI cdei 26 ELIEOHEREHES L ay v hORK
FTHAUEENRBVIEERLTNS, L, ZO®R
M CIlRE T — & 4% 12 BEREIREIRR D 7 — & T4*D 850 hPa %
EEICEEIR T\ 2720, ZOBRNPEDEERFBETE
ENZONVTHERORMAHZR I T, 25 LT
V¥E2—4 Va2 Ib-Ya VERORBEZIT, 3K
DM FEABE X N7 (Otukaetal, 2005a). #H LWF
BT, 3RTLOBIETREFLEROWAZLEIZXDESR
R OBEEMBERICmEL 2. ZoFke, BRBRAET
IZBWT 1969 FEICHE X N 1 ERBROEY Ty V7
LhEAL Oy Y HOHET -4 (Kisimoto, 1971) % W
T, HBROGEMRTZ | BB Z &> 2R TIE, BEY
IREBZOELEMEBETH B LHEZN TS (Otuka et
al., 2005a) .

51T, PEA Y Y HOWET — & RO BT
EROCTHERL-FlTiE, 270 7EEBROS T3 HE,
BETEERE7 VTHEERIBTS 71 Y EU 2ok
T TOBEREMEAR 2TV B (Otuka et al., 2005b) . fi
FHNRL 3 EEFIRHNE, SEmEE, PUREANLE
EREHIZL > THEAWEHN RS TREELE VD
( Nagata and Masuda 1980; Iwanaga et al, 1987, Nagata,
2002), 4 2 v v ABORKEHEE S, FREHLEET
»5.

% Z TAMETIE, Otukaetal. (2005a) D 3 XITHFBH
RN F i L RO T — 2 # VT, UNIZHSE
THEVuy v ADOFBEERKFEEHEE L, S HITHK
BRI 2 RICHEMT & 3 RICHT & £ B L T, ZDOMRKIFEHE
EOFBFEBIZOVTERETL .

BFRICHER LY uy v 0 g — 20—
% T RO R BB E N v v 4 — ORI,
EiFERABMABRBO/NMNAESK, BREBERREATS
DOGHRRICEHOTEERT 3.

itk KU

1. T —%

BE, AU VI ORBRIZRRL TS IZENS
(/5% - Hrh, 2002), AR TIIHEBER A ZVWEY DYV
HEBRONE L U, BT Sigis, T8 it
L DHERNIZRKBO B AME L, HIRIZ 1987 25
2001 SED 15 ERE L. ZOHBEEL TR uy v h
BERME SN 6 AEMITORMR L LA, 7 AERICD
WTIRERTHRATIHBICKOENMONRE L o7,
MR %0 7 A TRMBEORS, AKEIZ W THREAE
ARBEOXRMIRREA T TICREL TH O, FKEARDHIMHT

BEMEI BN LBMOMFE Lo,

BlIlRi A& AU 338 - (28 (33.17N, 130.33E) , #F
(32.82N, 130.02E), BE'RE (31.52N, 130.50E) & U, WH
HMREEPRELOAJHET— 455, £oOY Y HA50
FELL HiiE X M- H AR Y, RENRR 2 %REERN %
fTofe. dEEBRM 2 Iz >V Tidib L 10m IZERE L 7=
OF1mDi vy by F o TOOMNBEERE, BEREBTIE
Fy b bFy THRREOZDY 3 vy - T4 TRk
SRR B RIEER S E V-,

2. 3 RTHBEHEBENR

fEHTIZ Otuka et al. (2005a) (ZHEU T FELDFMETIT -
7z, IRTLAROBHE 4G ERTHR T KETRT
7L MM5 (Anthes and Warner, 1978; Grell et al., 1994) %
FWT, RPETEIRL - H %2 &80 3 BEO 3 XITHE
HBAMBLE, Y 3Iab—Y a3 v TR, 3EAOAR
B IR AHESE L TEhUROBBIZE % A
12> CEHET 37-0, #1B L L T NCEP-NCAR FE#HT
F— & %= (Kistler et al., 2001). Z#UZBFEDOHERE
EOAKDOREL BN L =3 DT, KEFREE 2.5° T 6 BF
FMRORE, JIREEDETRT—4HhEMEN TS,
Y32l - g Il AEEBERIZ, AL 12025 42°,
B 1020 2 5 140° OFH T, KF57MEEIL 33km, $E
FEIZ23 DL A HH D, FFEHNERL 1 BT 5.

Yy ADORMEE L 1~2m/isTEE TH 5 (Riley et al.,
1991) DIz LT, FKHEHE X 15D 850hPa iZ ¥
V% HRUAR 2 JBGERIE 10m/s LLETH % (Seino et al., 1987)
7280, vV AIIREEEICEE CHREITS LIRELE. &
7o, YA RPNE R RIC o TP REREHNAST
W3 EREL, SEAFREOARER» S EBIOHEER .
ZZTY Y A OBBEEOFEIZAW A FRERIKRD &
kKB

x(t—1)=x()—Udt
y(—D=y()—Vat )]
2(t—1)=z(r)— Wdt

(x,3,2) BTV HOMNE, 3BT v 7, (UV,W)
13 MM5 TEHE X N7z Jl# 3B 2 & BERE & =R TR S he
BEEL, 1 27y 7 (df) 12505 TH53.

FHEOERIZZNZhOMIER R _EZE2D 100 5 1,500m
(100m ¥ X) THB. ZORMBEHLRD-12BHFED
FREHEERIZEDE L &2 - 22BAITIE, 1,600 25 2,000m
DEWVEETLEIE L. EERZNL, NRHEHICKT
% 1 BRREIREIRROD 18 DERZIE L7, fERICmLZ1H
7 GEEBROKT24) OFE*—EBIZiTbEd» 2720
2, HEEROENMNAKEL ZDBELOL S ICHIERL -
DT, Turss0EEFOERICLS. BEAESA
BN E O 1B (R, DTRELC) 25 18K
FT, LLIEIAD 7D 5 248 F TTH B, FiTH
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ZOWRME T E L, PIEEARKRIEE 4 05 58I #
BLAD - 2BAITIERTE LR L7, 2 DORFBIH DM
AAbHICEBA@IFICKD, MEH—HyOHMEHE 7.
BBMBEOREYE L TH > BE R ERKEIHETE
BhoBAE, ZORTHIZH U THEBRO BN 217 - 7-.
£ 3y HEIR, VHEBTHICROY D HEMEAEH X
T30 (KRAMR - BEA, 1971, BBREHEOK TR
%22 HETO 108, 21 8%, 72131 HATD 10K& L7z
Zh S IHEFETO Y R AICHEET 5.
PED#EIZED, RERIZHLTGEARIIT LIZILS
HOKERB SN, 2770, RARP THERIZEREL 7
WoHL , EEA2,500m ZHE EE (KURAMK RN
Aot=b®) i, ZOBMTAEAKKT Lz, Bohis
B 2 RICHEE AR AR T 572912, WREE 0.5° D
BEIZREY T, 2REFNORT T EOREOREERL
7z,
HIBHOERNTIZ B0 ARORIFEHEE T3, RN (i
LIAERORR) OREICK > TRKIFEOME,»ED S 7:
B, RASO AN LRENERL LS, TDRD, K
R O BEAIE DI T 2 EEFAN, Bidok
HTRIRXNW-ERBIZKITS 6 AOMEHD S 5, &F
OWEROREE»->-HICHBL-8E%, 6 HOKHE
LB L THFRERS LIZERL Tofma#ANL.
BRI, REROD 2 RICHNT Tk L AR TRV 2 3 RT
BT FEORKEHEREROBECAFER TS 72010, BR
Blibit 5 6 ADMWER T XTIZHIE U 2 XU
ATV, 3RTCWBTOMREIK L. GHHETRINET
LE—DEF L&D, 850hPa DEET — ¥ DA% fH
F45&HCHRL, SREAROBEBEHEL b 572,
s R

1. #HEBRHEOH

vyvuv v OWERD £ H - 7= B O AR o %R #5E
2R L7 (Fig 1), BREBICH W TRIES 2,942 1
EHEHIRE TR Y £2 572 1990 F 6 A 14 HORBHED
% Fig. lalZR L7z, ZORIZIE, &A% 14 H 10
B, EAEEA 1,300 25 2,000m O 3 RTLOBEL , %
DBEEHEIHRYE L 2 RTTOMEIRER TS,
1,200m A F OB IZEEBE» BN B LETHRTLAEZDT
RRLAghor., BEEHBEL-HBRIEIEELEAL
BOoRAHBNEAR, 203 HEMAESEDSVHEIIEE
B LA L2, R 2 H 218 Th D, A
BRI 37RER (W15 B) Th -7z, HERmADRLH
S, BEMEOBERIRF)OBML k-2 Loy
MY, FOMERE ETORMEEEBOEREIEE A,
B & R TEL - 72,
FHRICBWTHERD 2 H > 721991 F 6 A 30 HOKE
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Fig. 1. (a) Examples of backward trajectories that started over
Kagoshima at 10 UTC (Coordinated Universal Time) on 14
June 1990. Initial heights were 1,300-2,000m. All the trajec-
tories ended at 21 UTC on 12 June. For horizontal informa-
tion, each trajectory was projected onto the Earth’s surface. (b)
Examples of backward trajectories that started over Isahaya at
12 UTC on 30 June 1991. Initial heights were 100—1,500 m.
All the trajectories ended at 21 UTC on 28 June.

#EDF % Fig. 1b IR L7z, BUEORMISHST L2 T, &
ABEYIAY 30 H 128F, &EAEEA 100 225 1,500 m D #iE
L7, BAEE S00m M EO#EIZAEILERE,» L
BRANBEANZREL 7. FEEAIZ28H21KTHD, TR
IR 39 KRBT H - 72, MREANOREME, S, T
OFITEEAEEDORVBEIRFOOHEL LD, HhE
LTk & A O FEEE S MV R 2D 6Nz,
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Table 1. Dates when a large catch (= 50/d) of white-backed planthoppers was recorded in Kyushu in June from 1987 to 2001

Date Place Catch Date Place Catch Date Place Catch
1988/6/11 Kagoshima (31.52N, 130.50E) 71  1995/6/25  Kagoshima 337 1988/6/23 Isahaya (32.82N, 130.02E) 702
1988/6/12 Kagoshima 70 1995/6/26  Kagoshima 421 1988/6/25 Isahaya 118
1989/6/16 Kagoshima 207 1995/6/30  Kagoshima 318 1988/6/29 Isahaya 192
1989/6/29 Kagoshima 389  1996/6/20  Kagoshima 127 1989/6/15 Isahaya 55
1989/6/30 Kagoshima 505 1996/6/21  Kagoshima 130 1990/6/14  Saga (33.17N, 130.33E)/Isahaya  215/233
1990/6/14 Kagoshima 2,942 1996/6/26 Kagoshima 115 1990/6/15 Saga/Isahaya 417/108
1990/6/15 Kagoshima 374  1996/6/30  Kagoshima 415 1990/6/26 Isahaya 68
1991/6/14 Kagoshima 1,336 1997/6/8 Kagoshima 55 1991/6/15 Saga/Isahaya 55/60
1991/6/15 Kagoshima 106  1998/6/13 Kagoshima 110 1991/6/30 Saga/Isahaya 213/522
1991/6/16 Kagoshima 493 1998/6/18  Kagoshima 280  1992/6/7 Isahaya 91
1991/6/17 Kagoshima 69  1998/6/19  Kagoshima 119 1993/6/17 Isahaya 53
1992/6/7 Kagoshima 157 1998/6/20 Kagoshima 228 1993/6/22 Isahaya 173
1992/6/10 Kagoshima 53 1998/6/21 Kagoshima 1,140 1993/6/23 Isahaya 356
1992/6/14 Kagoshima 127 1998/6/22  Kagoshima 103 1995/6/19 Saga 58
1992/6/15 Kagoshima 102 1998/6/23  Kagoshima 72 1998/6/13 Saga 302
1992/6/16 Kagoshima 64  1999/6/17  Kagoshima 83 1998/6/18 Saga 234
1992/6/22 Kagoshima 125 1999/6/18  Kagoshima 65 1998/6/19 Saga 105
1992/6/23 Kagoshima 83  1999/6/27  Kagoshima 263 1998/6/21 Saga 128
1993/6/15 Kagoshima 94 1999/6/28 Kagoshima 360 1999/6/16 Saga 91
1993/6/17 Kagoshima 84  2000/6/2 Kagoshima 52 1999/6/17 Saga/Isahaya 99/148
1993/6/19 Kagoshima 77 2000/6/3 Kagoshima 535  2000/6/23 Saga 51
1993/6/22 Kagoshima 82  2000/6/8 Kagoshima 1,319  2000/6/26 Saga 101
1993/6/24 Kagoshima 60  2000/6/9 Kagoshima 198 2000/6/27 Saga 51
1993/6/25 Kagoshima 67  2000/6/10  Kagoshima 580  2000/6/29 Saga 78
1993/6/26 Kagoshima 195  2000/6/24  Kagoshima 146 2000/6/30 Saga 76
1993/6/30 Kagoshima 50  2000/6/25  Kagoshima 165  2001/6/13 Isahaya 50
1994/6/11 Kagoshima 51 2000/6/26 ~ Kagoshima 112
1994/6/12 Kagoshima 190  2000/6/27  Kagoshima 50
1994/6/13 Kagoshima 123 2000/6/28  Kagoshima 194
1994/6/24 Kagoshima 351  2000/6/29  Kagoshima 146
1995/6/17 Kagoshima 254 2000/6/30  Kagoshima S3
1995/6/18 Kagoshima 190 2001/6/5 Kagoshima 133
1995/6/21 Kagoshima 83  2001/6/6 Kagoshima 92
1995/6/22 Kagoshima 87  2001/6/13 Kagoshima 232
1995/6/24 Kagoshima 191  2001/6/21 Kagoshima 53

A Johnson Tayler type suction trap was used at Kagoshima, and net traps were used at Saga and Isahaya. These places are located in Kyushu, western
Japan. The data source was the daily catch data in the Japan Plant Protection Network System (JPPNet) (Watanabe, 1997).

2. BRBICHTARXE :
tvuy A so0EL B h B, BERETE
15 T 70 TH >7z (Table 1).
BEREZEML T 5 RBHBEDOMKH M % Fig. 2a 2R
L7z, MEBEXDZBVEY FBICRETMEALGNS
DT, EFFITIITREK A 5 VG TED 2= IRAV R T
BRMEBELEFHE L 270 ThHLELZOND. BT
BIWEDNEL > TOBHBOHBICIRS &, hETIIER
BEERGATEBIREAAAH 0, FIEEARIIE
BAE, o7z, NESICEREATMBFEET S0, 20—
HCh B EEAONEZILERRE T 0 KRR IT/NHET
% %D T (Huke and Huke, 1982) , FEARRFE L IIRY
I e EZLND, BETIIEE, WHOBFBL L%
FAROEENE, -7, U Lh S5 ERE L BBEORF
AEBELRKBETHS EHEI NS, Fig. 2ahbiiE s h

ZMABEERIE, 1 B2 S 2HOBAL, 2B»5 20 %
DFEDRD 7. 72, BBPEOKR THALDHEE Z
RO BEFLNE, YHFEHTHTIRIRK TS - 7=,

3. EEHLUMBRICHITIRE
FEBBLVHEPE TR uy v HOMER S 50 5HL T
HorHik, 15EBT26HTH -7 (Table 1),
FEBLUHEARA L T2MEOREAAMIIERED
WAL XL MTHD, EEY, LAEGILHEREORE, BB
RBEROEE NG, -7 (Fig. 2b). HB#ED» & HE X
NERARELEREOHALERTHD, |HE2S2
HoBAE, 2825 2 BXDBAH 7=, 7=, HE
ENLROSL BRI, ¥ HEMHITHTRIRBTH -7,
4. RAMZEEOEE

Table | DERBIZHT28FORLMWEHIIHIBL &
14 FIOFKIZ DT, FRAFERH 245805 L =358 OB R
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Fig. 2. Frequency distribution of terminated points of backward
trajectories, (a) which started over Kagoshima on days when
large catches of S. furcifera were recorded in June from 1988
to 2001 (Table 1), and (b) which started over Isahaya or Saga
on days when large catches of S. furcifera were recorded in
June from 1988 to 2001 (Table 1). Initial height ranged 100 to
1,500 m. Terminated time was set to 10 or 21 UTC, and flight
duration ranged about 36 to 60 h. There were 2 kinds of mini-
mum flight duration (1.5 and 2 d). The frequency indicates the
number of terminated points in a square grid column, 0.5 de-
grees on the bottom side and 2,500 m in height. The grid col-
umn covered the whole area.

% Fig. 3a 12, R L 7-BAOKE DM % Fig. 3b IR L7,
G L 723BA, RSO MOLSRISERE &£ BEOILEICE
ELTHWB00, FREFHOKEFIEY FiE0ME EIZ
MEL 7.

FAFE 4 R L 72354, FEOBVEASMIZEEE
DR, S/ FTHE EICME L, IARARS & EEAE
BOWRENZ ORISR EEL 7. ABEOERSIZH -
FRRENTIZS £ 0EEY, ABEPLBEROBFHI
BMEOKRE L EL 7z,

5. 2 RTEBIFE DR

FERTID 850 hPa HFEH _E O JEHE G & 72 2 RIOTHKE
BB AT > TREERD =R % Fig. 3clIRL~, Z
OfENTIZ, BIREBIZHIT 5 3 XU (Fig. 2a) ISHE L,
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3. Various frequency distributions of terminated points of (a)
shortened trajectories that started over Kagoshima in June
from 1988 to 2001, and ended about 12h before terminated
times in Fig. 2a, (b) extended trajectories that started over
Kagoshima in June from 1988 to 2001, and ended about 12h
later than terminated times in Fig. 2a, and (c) 2-dimensional
trajectories that started over Kagoshima in June from 1988 to
2001. Two-dimensional trajectories were calculated for all the
listed dates for Kagoshima in June in Table 1, however, the
shortened and extended trajectories were calculated only for
dates with the biggest catches in each year (Table 1). The fre-
quency indicates the number of terminated points in a square
grid column, 0.5 degrees on the bottom side and 2,500m in
height.
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WEH LR, AR E L 4R~ T % (Table
1). R EN7=8R0mOEEMEOERI, $ELr XL
A 850hPa DIERDAER L7270 THh 5. 2RILBIF %
o156, ABEEOBVEESMIIRD, #3518
WRIC AL, FEEREASHRIIEREOBRENED I
2D, MOLEELEMOT LA LRIZEMNELA, L
T=h3o T, 2RI ORE I3 RICL B L TRl
NFEE L 7= R B,

& 3

42y Y AHEOTKFHRE ICB W T, A2 ICE N
ICHEAEEZ53DLELTRD2E, Thbbd, HBHHE
ERDBEESFEANBRY TH S I L L, HAREFDER
DEYUTHLIELHVEETHS. FIHEALER (D T
i, BT v K IEEE & F CHEE THBET 5 L E
L7z, oV HOREGERE /N X 021 (Riley et al, 1991),
RIS /I 5 &5 LBAOHTIEZ, v HIZETIC
BET2:EI013. TORBEIAHATHZH, L—4
BHATET 3 X512, SROFIEERORI Am L m &
NIV ELTHS (Rileyetal, 1991) & FT25%51F, 5
FRAMEAD & 5 () & OFRFUEE 1L, BIOFRFME D[ %
DOFFHE TIT B S, 2L L TRABRROTEEE
REEE L KT 5EEZ 605 (Otukaetal, 20052), L
> THERDIREZR Y THEEELONS.

BREUERNT T, RASBORELEL S LHES N
BRKBEOMNEIED D, TOLOHEE SN -RKRIFESZ
UTHH0D2mBOEML LT, #E S hi-FRARR
RELTHEFIEE SV, Thbb ARRIC LT,
RAEB O OIHEDOFE S (Fig. 22) &, RVBED
Bafn (Fig. 3b) LGB 8RLEDO»ERIT LA
50,

RAWEBOE X200 Tid, R & D B/ME
5. KB TEAALRELL, ZOBARNIIEES F
BHRILEND , ZOXRICHEREB L VS RKRIEDERMTH
BEEHIARIE LTV 5. Lani->T, HBT 2K (A
BRE) A2EL LBE, A2 AT UIRRE, &L
WBYFHFP»EMTHIC 3L VI XS ICRFEEELST
ZRENRHD, ZOLIIEHEL HADR AL, Fig.
3Ja DK AMOERPERERPEEILRICEELL-LD
O, KB EIBEL, Thol3MRRFELZE0/{A
Motz DD, Fig 2a DAGHEISFEICEETE 58
MNOFRAEFE E B ->THED, Zhy 1 BEDORAE LN 2
HOBADR S 7T IZk 5.

72, ROV OBEEBEAFRIC & 51, RO
BREE B k5 LMFTE S, FFIC, FHEALDA
HAT, £ UMATEILRE L D EAaROBEESTA
YV AEDOWERSZNI L BHSNTED (Kisimoto,

1971), ZHhIIFEMIE ERABFBHE N Z EAFEROV &
DTHAIEEZONS, L=AoT, RMicEHTEH
OFKEESBEINTEZLEE L 5L, RAEBO
BOIBAOKE DA (Fig. 2a) OHH, BROIBADKRES
i (Fig. 3b) &0, MkBE LTREEEABVEELIGH
5.

X6z, WNORBHIZCE T 5 1 EERIEFREO X v b b
Ty TOWMET — & # OB TIE, BURERENE D RK
Y7 LHBMBEORESHLORIE2 S5, 1 DORKE
R EFRTAMEBIIBREONRFD TH 0, FREHFEIZ
W1HYEHREER TS (Otuka et al., 2005a). T kb
5, BRI EA TRRORBIAI LK TRAZ T h N, £
NAEBAT A0 & Z ORORIMSESHEETE S L
W2 5, Otukaetal. (20052) 12k - THEE S -ERER
FEiL, Fig. 2 TREN-HIBER—TH D, » DR
BUIAKERD S BEVLBAII—R L TV, R
&L LTFig 2a DEWEEEIRL TS LELLGNS. L
E2 5, Fig 21TR L - RAEEAZ U TH I LEZEAON
5.

$ 7=, Fig. 2 121368 26 BLUALOHUSIC SRR BB 2 0
HWLTWABRENRHHH, ThoDiiskid, HBREFEIZH
AKEERRIZEE» 5 OMK %R 1T 2B TH D, RKFEL
BaEDIZSVWEHEZ LN TS (Zhouetal, 1995).

PEDOERENS, RIANREKL T BV uy rhDE
TARKEL, EREELABOBRFEHRTHILMETEX
5. ZOBAORMEEITN 1 HE»S 2H, 41382
Bas20%TH 7.

RO 6 HIZEZ 54 27 Y HEO IO EE LR
kh, WERE, BEOBRRE LD IR 5 h7-thigs
LRI -TWVBEHEEIN-BRIZONTL, XD 28H
B¥ohsd, $1 A3, EBROLRKES LD BEN2D
ROHEFIZFRE & hiug, FoREOARREO KB SERLPRR
BTH, RERRE EOBREDEOIZNET S5 Z L HTTHE
LB, RKBETOZH LERIE, BHRIZBITSM4 XY
VABEOMEARHERD L THERFICEETH 5720, KR
HEOEE A ELZZRIRE N, £, [PREICHRXK
TEOIR & 7w IR REE T2 L, KETHEREHE
FHEARRET 2 L EERNAZREHOUREMELAILS S &
Ziohs,

FIEHRZ AV EV L LORRKICHFRTS. ARXD
RIS, WA Yy Yy HOFEBELERKFITPER
HOBEEERLEBBOBRERTHA LR IN:, LIAM,
1969 S IZHE T TIrbhlz 4 2o v HEOHERE I
AZHBUMBERI T, Evug i bEfuy Y O
ERAREETH D, ZTOmMBEORKIFEIFEREABERT
botLHEIN TS (Otuka et al., 20052). ThbbH,
FEABT Y HIZDOOWTEERERFEEL MO FEEL
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RKETH D LHEETHIHRUIE SRR TE TR NED
O, Py, Y4y y hRnRERERER,SHA
IBETAZENDBLEILOND.

—F, A XS IcEAE X E S5 L, Otka et al
(2005b) 1 3RTCDOREHESRHS I -V a VETL
(Otuka et al., 2005¢) ZHWTETL, PEfaT Y AR
T4 VY SERENFEPE EOREREICHET S
BMEABREL TWE, LEd-T, 3 LZOBEM»ERIC
EL, ZOBE%, BEREARFB CRATFEEH»HEMY
L, 740 Yo OEEEAPEREELBEL THA
~RBEITAATREME BT 5. I EDERIZ, BRIZEY
TE, 74NN A A 24 TIHESOMEDREL S
AEBSRAT S TREMICH L THERT IR ERHBH T L
ERLTNS.

NI 7 A ERABIRR & Lkh - 72kl D0nT
#HRTH. TOEEOFEX (1974 F, 1988 %, 2003
2004 f£) OHREYM (6 A TE» 5 7 A LA) OFHIE
WMEfT-70, HEEIh=RkEre6 AL THETRES
RN R o7, E-mEERES, v 2 ESE
PRI IR SEOBES M RE T 54, ZOHAROA
BRZORE S E %R BIEKEOERHEL, 6 AT
M TAEMETRELSENTEEIEFELLS L. 1L
OhDBITERME KB ENAEREFZRIULT, 6 HO
AERHE L LT, MRKHOZY L RRIEHEH T
X3LELLONS, 51T, 1980 FR&EENL Y OT Y
HOFKBEHAS BRI L, 6 A EANZHIRKA S K- T
Wb (EN - JEE, 1989; A, 1992). Flkvuoo Yy
Az, THEHELT, 6 AICRERTIEAELES LT
W3 (g - H, 2002). 20728, 7 HOMEIZIER M
RIEARBESRC BN H D, RKDHEISHL < &>
TWw3, PUbkrs, RERHEOREMEABVEELLND
6 FAIZIIT N A4 - 7=,

BB, BORMEMRN FHEOBEER EIZDWTERT
3. 2 RICHN & 3 RITE &R L 72 5E, #EEShi:
MRFEOMBIREBEZEMbh -7 (Fig.2 &£ 3c). Th
2, EREOBERIEGEICL > TREILMELBEL DD,
2 RICIBRAAEBEDB VAR T — 4 DA EHNTNS 20
IZEREMECREELI OGNS, KR B TIdthREDOEE
k5T, 1,500m FBEO FZETHEARLSIKO T SR
EENTABIZORT, BEhE< hdLedicdtmz
12 (KRNI MEIENRTS. ZORFIIKREETLY
2V HHtAEMNIERTHS (NE, 1999), TDHIT2
RICHER TR 3 R E T 2 L, KMz EERA Y
T 5Lk B (Fig. 3¢). Sogawa (1994) 3 87 26
AERBD 6 AD A uy Y HOIMET - & # W7z 22k
TERRHTIZ & - T, RKBEO 7346 & PEIFEE CHAE 115 B &
DT, 20 BE O, ZhICEERICHEN A

W EHELSE., ZHEEED 2 XITRITOER (Fig.
3¢) EELMIBLE., —F, 3XTHBINOKERTIE, B
BOWEEE BEBB MDA 27 Y HHORKFETH 5
LHERE X RT-. 2 RITHNTOD 53 FIE 3 RITTO AN & s
ZEEBELDTHD, Ty vy 6 BATHHTET
b5, ZOKEkm OEMEOBENH 2 FHEOBEOE
WThBLELIONS.

1 £

AT T 2 L D uy v HORKEERD 5728
12, 1987 #EH 5 2001 FEFETHD6 ANk uy vy HDHH
REF — 2 2 FHWT 3 RICOBBUERT 2T, TD
R PEOERELBBOWBLEHROREH L VI
RHIER & M- AR IFE T H A E L HEE S h
7=, MREAL S N E TORMBEEIZH 1 HF L L <X 2
HEETH 7. 7206k 2 XU Fiki, $EIiT-
7= 3RICBHT R R s L €, v & D OFCRIFHEES =
B OZ LR EN,
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