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l.a E4A
H A
1.b il
LR
l.e HEA
I R I

1.d BERE

INEEIRGEE B X, P ORCEFE O AL ENF R AL E IS AL E L. B ARSI E 5 1,000km # 5 OUFIC
30 RV DR & LK) 400km (2 > TRET 2 B4 ORFHETH D (X 1-1), £ ORI,
NERRES & KILFNE ., BLOWS OO ENb R 5, NERBEESRXERIE. XS
Bl BEEFIENGRY . o, KIUFIBIZIEMES. MBS, MEEN OBk IN 5,

Hepg O MEROE, AL B /NVEREER . ALRTE S L MR, B X OVNERBER OIS

NETHIMNEORZENLR D (K 1-2),
HEEMOKLEREONME FERE) tmEt2E 1-11ITRLT,

F1-1 HEE MO RRE L EE
T B0 P REREE
HE-JBEH B4 P P m#E(ha)
INEREEE
E2EHNE A/ BLEBOEES N27° 43" 06” E142° 05’ 59" 3358
EELRDIOAESE N27° 40" 52" E142° 08’ 20” 284.66
WELREIDEESE N27° 37" 40” E142° 10’ 42" 146.94
RELRDDEESE N27° 29" 47" E142° 12’ 38" 77.36
INET N27° 36" 26”7 E142° 09" 18" 54255
REJE BELRAILOEESE N27° 09’ 59” E142° 11’ 27" 536.04
nRELRDDEESE N27° 07" 21" E142° 12’ 35" 811.62
RE (—Aitthish) LELIDETE N27° 04’ 12" E142° 12’ 33" 1,410.30
FAELEBDEHRE N27° 07° 02" E142° 10" 00" 51.07
HELRDDOAEESE N27° 05" 36" E142° 14" 42" 25.61
HELEBDEHSE N27° 02" 18" E142° 10’ 30" 33.24
i 1,050.31
INET N27° 06’ 08" E142° 12" 21" 3,918.19
BEINE BB (—ihihE) LRDDEHE N26° 40" 01" E142° 09’ 20” 1,419.49
RELELDEESE N26° 36" 11” E142° 07’ 47" 143.75
TELRADDEESE N26° 35" 07" E142° 09" 18" 63.93
BEELEBDEHSE N26° 34" 10” E142° 13" 54" 93.63
mEEFDDEHEE N26° 33" 15” E142° 09’ 23" 153.45
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HEFEHE D NAMIT o7 - C THESL B AR I8 PEHERE /N A0 R 58 & B et (AR T PRGN ) &
W) ICES A KFEDOR ARG X KA & FE L, B REENRIND (be 25
), 207, HEHMOIMINIZHEET 2Ny 77—V — Tt #EEHONIZDTZ
S TEMBFEOXNG LT oM E LT IMEHE ORI SHEBE (World Heritage
Management Area) ZsXE L7c (X 1-6 M), Z OFHEEE O L2 5 G®iH T, NS
HELZPLICHEE3~b5km O#HIFATREL THBY, TOEMIL, HEHZ SO TH
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2.a EEDIRA

2.a.1 #H

AN JERE B 1T R O RIS S e E B IN T H S (K 2-1), /NEJREE R Kl
B Jg % 8 5 g e — /NEFHNIRIE R 1,500km 12 & Sl — R TH Y . 48 Ma (1 Ma
1% 100 4T, 48 Ma=4,800 5 4H1) [CKFEHET LV — MR ETL—F T 740 &
PMET L — F ORI o TEAIAT 2 LI &L » TREA L7z,

AN R B A D O MR T O — NS 7 0 ) B Ul L — MANZ A o
T/NERWERE, NSRS T 7 EEEE. WE— NV ZAXTWE TN — T A ilgsE &
5 (K 2-1), e —/NEFELORTINT H 5 /NEFRWEE O IS SET /0 EEEE (e s
HEHE, KBS, FFEIE) THE =Moo kilT vy hTh o 2K kLA /NG R
BOWHAFC I 0B L Cilgm EIcBNnZboTh D, LEMEEEOEMNLKIZHE
—/NEFIMOBAEDO KL 7 v b T, W2 B, e, MEE, MREED 3 5ND
RHKWMANE R EDOTE RIS D, WE— NV ZAXTERITH T —/NEFHLE U — 3T
4 #E 5 O M2 30Ma~15Ma (22 CTHLK L= iliER T 5,

P — /NI R B O ARE & L CFIiF EX b TEHETHDL Z &b, HiEK
WERS), MU0, AR FRICHER TR KRS TWD, E0biF, NERFER
DEL DEAIFUVSIoTEHRETCHENTEBY, BHRBEHIZEENAL TS, Ki5DOT

FERCHEORMBEZIILD LT 2R FBIL, NEREEEZ R L7z UE PR A X
MZOWTOREFRZREEY FTH D,

FFE —/NEFESIOHE I, WEEEINORAENDBEICED ETOREBENS, 7

VAR & KIIEB O ER & L CHEBEMICESF SN TS, LaLans, tE— /MR
MOKPITMEE FIchd72, ZOMEF EXo CTEERLELBEHEFICRY, B8
52 LIFFEELERARERTH D, — . WNERGEE T EIE SN O R &R 2 fLik L7
JE 3k Bl KBIBICE L THY ., IO EAFHMICBET LN TE LA THE— DG
HIchd, 6, T TIEEIAKBRIEENC L > TREMBDOIC E 725 PN BE D
B IhooH 0, WHEEBIMAKRE L TKE~EELLT 27 rEARETL TS,

INEIRGE S OHUE L, ILAGARENREAE L T D EFIRBIZE D £ TOWPENE S Il
HMA) 7 R RAREZ R T DO THY | THITKREMFENED X HIC L TERSKE L
TEID & T HEROE(EEROFLEITITNR DR,
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(2T L) WWHIABH DI B REETE R = 2 HER D (L

A0 BH 40 BERT, v~ A =T v VBB A, KRTOKEKDHE L 720 FIGaHERIC
BEVIES, FIagHERIZ —momicEbhlz, xR IFHBRTEDNL, YLV— 77 b
=7 ANFCE-T, T — FOFERITITPIEEEDO T L — F OILRIGHT Th 5 bR
S RBIABAHEEONHKEER, MTNUERO T A7+ —LWEO 3R H D, T 9
BECIEARE~ 7~ S HIERNE L VI L, M EHSs 1E 0 e DAL, s i3k 204
I CHIERINEB I TR 2 iA de, WIHIOMIERTIZ, YL — T 27 b= AP E D L L L2
FEHUER DL ARG E Y | & I EEE SIS FEE Lz, £ OH 06 ] O R A3 Bl
Tzo TD%, YL — 727 F=27 ALY HINFALOFEEN GV IES, REIZKEL
5L TRENERENTZ, LEN, —HOWETH - ZFEH RN 7L — T2 =7
ANIEED RKERELNTZ T I A TH D,

KEFRK O THHILPABTIIBETEDLIICHEELEZDON, TLT, EDXIHIC
HELTRKEZEBRL TN D0, 7L — NDOWLHALNEED &, Z ZITIXMBEN TE,
~ 7R L WKL S v, EE RIS D, RRARN S BT &
Y ORETLHRENEL, BRI DA A DL FMERCIHIE K ILOMER S, FEx
REANAET, PR TEFREBICET S, EFREBICELLLAALTO L TIIEEES
MR LoSi, BOlKERIEBNC X - THI FIZ KRR O E L E AR & FE 2% LA E
TR N TR S 4L 5 (X 2-2, Kodaira et al., 2008; Suyehiro et al., 1996; Tatsumi et al.,
2008), Z OEBRIL, MEERGRO FICRAE LEEE RIS K E LT B AS KFER K
DIFLEVTHLZ L ERLTWD,

KREETER A T3 = X L OfFHITHEKE A OEE R T —~D—>Th v, Thid, MENHE
SIlOFEAE LR ZBBEOMIENSHBEIN>oH 5, NEREBITMEHEESINORE D
BUEICE D REBBRLLHT 2HENACEHL TR, ZOMEOTEERT 4 —/ FT
b5, IHIC, GHE —/NEFRINOH T2 ST KED T E 7 5 B OFE S WE S i,

ZDE DT, hIAIABA DORAEN D KIEFRICE 2 HER DL D A T = X 23 /NE G S
TSN LS ELTWD,
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0
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Upper mantle
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Distance (km)

2-2 g —/NEFEINOMFRE S OHEE (Takahashi et al., 2009)
o — /N RN 2 A8 D W B A HEN (P IR) #EMEZ RS, PIEE 6.0~
6.6km/s DENRHFEHFHTHY . BN FICORFET D,

(1) MNEFRHEEDORER
/N B O 8 2 BT 2-3 1SR K D ICHEREVE R L O T BGE R ISR o TIRD X 9 IR
HEnd, NEFERBOEMRDOELIT, KEET L — FDOWLHIABL DG E - 72 50 Ma HHIZ
WD (B 2-3), YR 7 ¢ U B EAITILKRF Th - 72 (Tatsumi and Maruyama, 1989),
2. KFEFET V= FOEEGEPILHIABIGD D Z LT > TERO 7 VBT L —
kB EBICHE D oM@y & . miilE K &2 4L U7z (Stern and Bloomer, 1992; Ishizuka et al.,
2006), TD7H, GIRO~Y Y MAVWEN, BWIEETER LTV (¥2-3A), 48 Ma
IR ZANTZT V= b O SN KREZTERET HHEICE > TS SR~ b
EBHMOBMEN TR~ T~ 2RAE L, ZHHB/NEFROYH O K ILTES) 2 8551 5 5l
KIEB O EDY ThH D (X 2-3B) (Umino and Kushiro, 1989; Ishizuka et al., 2006),
TDHT LV — MDWHiIAHRE EBIT/NERTO~ MOBHRHPNES, ~ 7~ X LD END
b~ FATRAET D XL D22 (K 2-3C), 40 Ma tH £ TIZIAED I — /NEJFIL (4
R IL o0 AT O & — /NI — TN — 3 T A ifpdE) OfLEIC K7 v FARIB L, EHW
IR UL Fr3A Bt DS HESE L7z (X 2-3D),
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(A) 50 Ma tH

T4V METL—FEELTWEREET V— NOLRBIABLRIRE D, T
A VECVBRITIERFTHY  SHIC7 0 VBT LV — MBS b ILEAA T
KFFET L — Mo BONTIREZHIG LTz, 2072, RO~ MY
BRmAEL, NERTO LS~ MR ERIZR - T,

(B) 48 Ma

ER DO~ > MVEEBIZIE A AT KEFET L — R B EITAKRN D 72 D iR 4EG
Sh, BMAS~Y T~ ERESET, REVENLEBIERDIZHT TEER
IRV AT KIS L » THEIR KL 2 R L2, KILERRRE T 21220 T
BCTA YRV AEZEZT LTk 7z,

(C) 44 Ma

B WT L — FDIRAHRIARIZE > T SO~ MVOEENRTRY, v~ 7~
DFRERE IR ICELS > TW o7z, TNE EBITHET L~ ~D(LFM
HE L, 44 Ma IZIZRBIIEOH T TEINY LT A h~7~0nRELT,
EAED & e B KT X DRS00 7 VA A it Y & SRR ) 70 B R ) & K R T K
Z R L7,

(D) 40 Ma

74U e ERIT 4A0Ma i E TIZILREZEIE LTz, SV~ MO mH]
Wk, kihz ey MEISREMTOFE —/NER - N — X7 FEEOME (1F
FHEOAkILZe FERL) FTHRIBLT,

(E) Present

PE—/NER—~ U 7 FEMI I E — S AT L 26Ma~15Ma (ZHE K L 7=
Tl E 0 JUN =T WD D HE LT, ANETRE S O3 58 L CONAE R
N ER L, DNER N 7RER SN, REE T O 2B~ KLUFE Tl
EEAKLEFLMZEHET A LT A NEZIUE»LT V) LRAENEN L
TEBY, kihzaer v EokilELTEHTADY 2R BEENEGLERIND,

B 2-4 1 IH BOHEOERFEN LG A DRY] (w7~ O/ OFERL TS, &
s O HE 2 AT 5 5 A OALFAE AT R RIEIC RIS EL L TWnD, 27 L—
F DILFIA S DFEZEBIRIAE D ~ 7~ OfL PR D —#H DB Z R L TR, LLTD 3 B
ElziBl IS,

& REFEKOEEIGOWEXILUAZER LIZEANSE~ 7 ~IChED GEAHRAHFIH) .

o REJNBORSICEINY VT A N IN7 T NAVENE~Y T~ OHE KO E K

LiGEh /&< GBIE#) .
® I/ S EDIMN— T AYEE EOWRIE K LA R L 7o R RE O Tk A Bl ok
LiEE~ L Bk L7z (BREH),
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el B F K| RIS RBAE | BEB  mohl Wimel D - B
[Epa ] T 85 )y
VEHERAY) - BIEHERIY Teiscs I G i
g | TR : 7.2 B KL J L BE z
i L) Mgy | %ﬁi{ig%ﬁm 7 B 5
¢ e H HERE I J HHh 1
' | EH a Ff Bk L (A oA b
>4 p=p S
| fEsTi 17/ ?IJ\_; b7
+ A
& 54 b b
|| T %
= ﬁ H3 3
@ S5 T ANERES
| £ I . - 4 /?
EA R~ WO JE I ;
34 Zi’: T MRS e
7 : 7 AL
2P L1 i S (LT Y O
“ = | T ;mﬁ‘@@ ; st JBI
1| | e - [CET mll
46 "“ — R S ImED
i & [ UL . PLTrA A
= -t v
18 A L e e e 4
50 [GUE:] TEAA A DB IS

2-4 NEFGEBSOBREREZNICHIET D E0DRY] (7 ~D#k) DLl (i
B E D, 2007 2L Z)

EARAANE CBEMSMORE)

48 /»H 45 Ma IZ2F Tk, 7L — h DWW HIA B BIERIC AR B il ok (LE B A3 46 & - 72 IR
MThHsd (¥ 2-3A, B), ZORHIIE, ETENERINOEERHINY LT A MEE N
RRCRMEIE CHMCIH T 2 AZBVIEL, REFNSCEBIEO LEEBR L, £
D% b RO KILTEB Sk L, T2~ ~idboE b NI TAh )R ILAESR
TAYA M, HHEAZILE, @ CaENSEICED ST,

WMAGIIREAZRE, 7 2AHD
~ NY 7 2R A (S A
VABRZAR) OFEENEEICEE -
TWaEm Mg ZliaD—HTh o,
NETHAETE S o FRh o & okl
PO BFIERLNTE LT, EFM
2R K LR B TR AR L 2 22V E
LEZLATNS, ZhiE, @O _ St e
WERH~ /v BRAETHES L0 b [ AR e
v (M N <30km) & ZATKEEA - NS () (gg 5 B 1)
72~ v MADRERT DLW | Rk
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HE, EAWRMHEEZLELTLEINLTHY ., EAE~ 7~ IZILHPABFEOREG 72 L2 T
X LN~ T~ EE XD, MNERTEE 7 4V A TO®RIEDO~Y > MVEEHICT
L= FDWLHRBIZE o TGS, BASE~ 7 ~ %24 L7z (Tatsumi and
Maruyama, 1989; Ishizuka et al., 2006), 723 A ST E THIDO CREd S 4L, B T
HoT-/NEFEO TN BN E 577 =25 Boninit” (EANFE) & s Sz (Petersen,
1891), BAMTH HRXEZIZ L HE LT, ADNEFEE R IT A Tl b R HE NS 2 8
B2 TH 5,

18 i HA

44~40 Ma (22 TO | FIHRIEN D EF KRB~ EIWLHIABLDBITL T2 RS TH
% (¥ 2-3C), ZORHIZIX, ~ 7 ~DOFELGIITEOVHIER L. X0 ROV~
Lz, 207D, v 7O FHRGEAEENSBHORBINY L7 A4 NE~EZEL
7=,

CORHICIZEE»OEEOKIUEKIZE > TEEIEOERNEK SN, BEIE
TiX, BEMOMKREZRFSOBIMY LT A AN T TAS Y BIE~ 7~ XD BEN 7R
MEG K L RO IR KR N AR BT & T

B, MNERBEECIEERHICET HRTE CITAATEENKE Lz, KIIEEhRAKE L
Tt RS TIT A gt W~ S W A AL R ERHERE L AR AR S iz,
A5 TUX MR ) ~ % W1(84~27TMa) (ZFVE O EMIZY o THENILA Y | B & oaK
"Ehol,

EEH

40Ma 7 B BRI E D LA B HIZ BT 2 BiIlKITEEB ORI <Td 5 (X 2-3D), 40Ma
B E Tl BIAKITEES ORIXBB L 2BREOFE —/NEFIMO KL 7 ey FOfEE T
%IBL, HINTOEEMEDET OLAPALTEOEFRBIZELZEEZDBND, NER
B O 1,000 km FPEICALE T 2 LN — 7 AW Lo BRI, 2 OEHOEFIRE
DL IR A BT S L7kl (Fed 5000 m) TH D, T D% 30 MatHIZ/A2 D &
FE—/NEFIMO SRR E D . 156Ma F TIZWHE — N L AXRZIAEOJLKRIZ LD T —
NI AWENPE —/NER—~ U 7 TRl 72,

D% 4T HFEMOEFHRILFHARIT X0 FE —/NEFINT 0O %2 1155 58 sk 03 T
B S Ao, WEREE R A R B R ISR S S SR TR ENE, 2 EO KSR D
RIEOIEKILEHCR OGNS K oic, B —/NMEFILF CHRAELHRVTWD (X 2-3E),
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(2) NERESDOHE &z
REIE

ARSI EAE Y 23.8 km? | Ak i M S LA
5 326 m T, fE5 250~300 m U (2
RODIZDNEHENIRN D, £, K
OB, B, R, M. R’
BREODBEND D, WEOmHMEIL 7.87
km?2, #HEOHMEIL 5.2 km?2 T, Lo &
F1km2 R CTH L, WITNBRET
HENTZBHROMIE Z 727,
RIEHIEIE 48 Ma (ZBA#A L 7= K K
GBS X VB SNTz, = OEBIIH RE AR (5 FHLI )
WEEZ O D2BERHREARKTHEY . EBKRE L TKEREL RDIZONTORME
HHREKERZD LI holc, REVSOME X FA»6M&ERE, BiLE, —AA
. FMiREICXgsnsd (FEER 22K, MEREIT 48~46 Ma (2 L 72 8 5
DHRBEEZ T LD LT LENERFIOKIEEE BINY V7 A NEZILEND, BILE
FIENERINOT A YA NENS, = HHAILEIX 456Ma (2 Le v s 7 U Zils
~TAYA NENPDLRY, WL T L — b ORAALBRIBEOIHICHEH L~ 7~ ORI
AT, MRBIEREDOKLTEEK TRICERESNTEARERE TH D,

/;

REGERE (FH&E., T35 (G&E: i)
(X 300 m ORI A SMRES, BASBRKAES, 744 Mk
e, MaENNA T 7 AXA4 NEIAREAEL>TERY, 48 Ma 7» 5 46 Ma
FTO 200 HTEMICIEE L2 KILUEHY 2 —HIZTE 5, REOEE (O— |
7y 7)) XREEZWTE T 100 m UL EEBIAA T B EAL O e D HE, )
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INHO—HOEAIIREINEDOKFEFTTBHETHZENTE D, FlIX, kb ViHl)E
ThDHEEANGMHRIESIIREOILENSHE, e, A, EECHTTHMLTEY,
WEESOBETHETLIZLENTES, £/, ZHALBIERKBEDO =1 H L% B THl

#TEB,

%®ﬂAEM%ﬁE(ﬁ%Eﬁr) wEOZHARE (FH: i)
(G & Yg k)

2558
BHEINEBIIREOK 40~70km LB L, BE, 5. BERENLRD, BOHE
IR 2.57Tkm2, BE 1.37km2, K 0.85km2 THD, WTINOBLIKFET, HOREMA
THRE LTS,
HENBELREBIE L IFIEFRMY (48~46 Ma ) (TR S U721 A L 28R L2 b
DTHD, FITT L — b DWLIHALBRIAFI NI E H L 7 A5 <0l R A 22 (LE 0 Bk
. OKWE. BINY LT A MEZIGEENRLR D (MBREE 2 2 H),

BHROEANE®H ( GE: ALFEAE)

HEIE (BHE: HAKE)
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BEIIS

FEEFE X B OK) 40~60 km I
MriE$ 5, REEITEE 20.2 km?2, & H
FUTAE R 462 m O A LT, BIEAITK
WA NERBERB O T ClEE b m < g
Byl 72 (L Z2 & o, FEEBFE &2 RV T
B & 100~350 m DERE THEND,
P —#ITIZ L A NN RET S,

RS FI S 1L, 44 Ma B O K K (LG &)
WZHEE D | EWEN B E Tk L7kl
BThol, BEIBESL DEAITE By O KA

( BE: ifg#ik)

MY VT A MR OO T TR ERS
DEWEE EERE L, RO REZRESCT AV A b EENLN, BAEITA LN,
RGN LERE~ I~ REBIBERHEBIEZBR LTCENSE~ 7~ LD SR WHT 35km
TELELDOTHD, T L— hDOLHIAZD 400 JTERMEGE LI-FER, < SV~ b
EHBGBH Lol MABE~Y T ~vE2RE LR ol EZE2bb, ZOEBAE~ T
MO LAY T~ ~DILFHE DO EACIT, hAABHmRN KD R L 7o B~ A TS &
LTS (FR&ER2),

KILTEBEI O T %, 5O AT EEE A Nummlites sp. <0 JREFA 72 E O IEHEA Y M
HEL CTAHKA Lo T,

BZE - KIS

VP 2 J55 R0 KL B B 1N S JRUBE 5 D 130~330 km 78 ~ 79 1 75 |2 g AL 7 180 1206 52 K 1L
T, PFrE—/NERIMOBELAKL 7 ey M &R, 20 RIEHH~% B EH D
KIUNEENZ X v Bk Sz (FEEE 228, KILFIE O KT, £ X0 Lk O 0k
IWEFERY TAT ) LEDEDE VDRI H 5 (Yuasa and Nohara, 1992; Ishizuka
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et al., 2007),

KBNS X AL 2 B ACHR S B B8 S PR S D 3 B 6 72 D b 35 5 1 i K 5.6 km2,
T 792 m. PR E ILE AR 3.5 km2, AR 916m T, BRI EIT/NERFEEOF TR
A m W, ALK B & m AR 1T B R 22 M JE K L O THENC AL E 3 5 poE k1l T B A
BMIT NIV TAR~TNANAVERIOLZRAETHD, 2200, EAADFLESLH
TEOMWEKIEEN X7 <, ARBRIT/NERBES ERBECKEL TS, 2, LI EMD
R KT, RIS Z L, BRICHERTEE B IS IO 2 < | MERED B ILTE E TO A
240 EEE 2R T, ABO EE/RO THREECTH S Z 006, lEICAMOIEE)
PITONTELT ., REDARKRENRSRARESNATVD,

rAf b (BE: BREE)

P2 B iX b & 3,000 m, KT A 20~ 30 km F2 & 0 F R 72 M Ji k11 o0 TR AL & 5 5 i f
0.29 km2 DR =AW O Th 5, %G EFH OB (ilr TIX 1973 £~1974 412
W) FE T O KL Y R OV IR HERE Y s DA S D (VR - PR, 2007), KL K &
WRICEVEBEOBR/ELTELL TS,

vz B (5 - g LR T)
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2.a.2 RIE

HEHE b oD S S LB TR AR 72 BB RE R ISR L TR D . RIBOFR A B REN /D&
RN E < . WEFEMEDORE A & o, HERE H T AL K9 & &L O RIS R L3 5 /AR
ERIEDOF DI ET D720, BRI K DBEMOEEN NS BARKENDZRV, 51T,
BEHNCIIARBENEKEL ERS 2 &, HENEL ., WEMAENSE L Vol 15 - HiE
FURDDHZ LD, TEPOKSEMIIFHICHEOGERIRE L 72D, Eo, HEH
OFTHEBCRMEOFENIZLEY | xRS BERER RIS, S O &
WA R 72 E O ITEE CIEEZEH BRI T 5,

(1) MNERESOKIUEHHH

HE#S UL RT ALK 400km 1272 0 K RICHTIET 2 30 KO B2 v 5720 CREH/
MIRZT, 2008) . ZDIEE A ENRHBGKEICE T D, WA KB L X, W@E, AR
JEH & Z 2RI E T OEMKHIC B SN TV LI TH 2,

HEHS HI PN OO A 8 DAE TR 5SR 1T 23.0 BE T &EH (2 H) OFHKIRIE 17.7 . &z
A (8 7) OFEHKIRIL27.6 ETH Y . BADF TIHFERMOKIRZES B2 A/
S (¥ 2-5), Mk, £FH 1,276.7Tmm T, ARITIX 2 AR b7 < (61.4mm),
S5ABEHE L (174.4mm), £/, 4 A6 9 ADOAFHBEIL 80% B A5, Z DX
I AT HEBE Hh oD K T R IR IR A AV RER ICE L TR 0 . EHOKIRZLS B #2508
NS L R A DR, RO KRB E WR D,

. EEKE

B 7k & (mm) — FHRE zum’C

200
180
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120 -
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0 -

2-5 REIZBT D HBOFEKIN & FEREKE
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HERS L & BRERGE BT EE R IZIER U ChH Y | Wik & /NSRS KBRS E T 5,
2. BARMEICRE T 2/ REKE IR, #EGE & REICH Y 3 2 0 RCEPE R &UE O P %
HIZH 720 . BRI TR DOBEEN DN D, KNI RQEIARALZE L DR
TR e REESHEH LTV (A - Bk, 1996), UL, H#HEEH#IZAE2 S 1,000km
ELEENLTEBY, DNERSRIEOF LI LV IEVWEIZH DT, KJUEREIIERE &
LIFRRY | BAKRICHELREVWAIEND,

M & MHRBIRIE T O A BB K REZ LT D & RERMICREBO TR D (HEFE
BIRe K BIX A C 1,276mm, ARE 1T 2,036mm) . FFIZEH (6 ~9 H) 121X Z O AENH
E2ThDH, TNEEICEROEZENEMRL TS, Gkt BITEMICRET /N ERER
JEDOREIZAE L, BRORBICHTZLZEnb, REOKERAbZLIND, —F, #f
BEHIINEREREOFRLIIE L, AR5 EDZ LWEEEICE £, AR X 2R
ROEEIIEN/ NSV, 207D B (6 HA~9 H) OB KELZ T 5 & R E (414.9
mm) (FI8E T (835.2 mm) DKIH4r Lo TWD, (1)1, 1989),

HEHE M O FF P 22 KB BREE DO — D12, EMOARFE &P KR Z KRIEIC LD Z LN
HiLd, 1970 F~2001 FORXFGITHIT 2 AR R (FRIKnE 5 2oL EITAREL
258 EHBAKBOFEENMENNOFEHME T 2-6(@ICR L, ATREARE GIE - 1k,
1997) X, 12 A P/ CEHLT1 HIZ 2.8mm &%), 7H Bk K (AT 5.4
mm) 720, FEROEFHEITIEY 1,380mm IZiET 5, BAKEIT, 4 H~6 HOHEINEH
22 <, FFIC 5 ATRARRBZ W, 6 H NAI~T7 A TAIXEMGEREICHEY L, £/l
LEKENR D2V TH D (BREIE), 2004), RIT, ATREARRE B & Mk E & O Rf%
ERDZOIC, REBICBTHREREE (b2 HMHNOKRKELZ THEARRECEH -l %E
AU, BRSO E - BEOEEE LTHYLRS) 2K 2-6(b)Ic/R LT,
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mm/day

(a) Potential evaporation and precipitation

——//\:—_

THRACENR A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-_—
S N A~ O OO O
Ly
)
/
S
]

(b) Wetness Inde

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2-6  (a): 1970 F£~2001 T3 1T 2 F B O F- 2 K &
() & P2y nREZK 6 B (FEHR)
(b) : 1970 F=~2001 FEIZF T B A B D KA 1 B -2 il
(fR 5 1E 02 (2004) D [¥] % kL Z)

SRR E L, £ DOKRE SITE Y 3 >DRMRKMORFHIC /T S dv, 1 LU B3 B
1 ~0.3 B HHE, 0.3 LT Z oA ICA Y35, Led- T, [l 1 IR
AR ENAREAREEZ TRV, HEFOKSPEEREBICHLZLEZERT D, KETO
i EE, 5 A TRZhL & LRk E, 10 A TR~ 1A EAE TORERHIZIRG
NTWD, W26 Hf G 9 AHAE TOEMITIIRFEAKEL DA az - i i 5 2
fikfe LTl 0 . 7H BN RS KEEEES /NS < (0.37), BRI #IT HEP oKX
RO TR LTRFBE e o TV D, Fo, 1 ARG 4 AT THikkE L TR
BEAWREAREEZ TR - Tk (HREHHE), B Lo A TERITIMRH L 2o T D,
INiE, REDOBEKENAEAEELD b0 LebBAKBHMAME-> TnD Z &ICX
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% (i, 2004), Lhdh, 26 OFMECITREN LB KE < WRE ORI R
bbb H 25 (Oka et al., 20005 FH HIZ7)>, 2006),

I oI, HEEH T, REREZRNDRL 0 MO HERE < R AT o R TS
W CHANZNE WS T LEE - MIBSRMEOT- D, BRI EEIZ KB EREEES I <,
BHRIZHH T 288 H 5 (B, 2004; N - FHEIT, 1982),

UbEDZ b, BAK, &%, L8 - iR EOBERICLY | FHEIM R GRS &5
RIS BRICEAL, 203 P T A MPHEBEMOBRERLZFEOTL2EE T RL -
TV (s, 2004),

(2) TEZEHF] OBBELEERR~ADEE

HEEHNOFH 2 IZB W THIELEM & OB LD | BRa R KBEFEN R I A 5
N5, Tobz2iE, WIESOEWEMEE R EOTHE CIX, EFEHENKLT D, I
X, o R X, B ERRICES T EORmEL ETEKT OKSNER L. B
MDY RTVHIE R END 0D Th D, EBEMO FIREE TR TIXES W, W
TR < ([, 2004), JEHE S (e 792m) . Mm#EE (& 916m). REE (B
B 463m) NEZEWHEEKRTIEMEE2AL TS, ZEFEH CIXEENRZEOREEHR DT
DIBENEL . BEENZ L BEMMORE T ZNER L, EHZHOME 2 REPSE K S
NTWD, 2D L) il x D ROR[HAY L KMBERES DNERGERORARREE WA D,
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2.a.3 1@

WS IR ICMET 20820, HEBMHIT LV IEMREARNICMET S, 20k
OHEMAHIZIZ L= B AT TATY UBVI ) F, X Vo v AR
X T T RIATFARFREEET VT OWBEEIEO L DN Z I, T HARF T
FFIOXATFAREARRE BRI - WE - WM ZET, ETZT7F 2P CBRED
EHCHVAEPHERRKRELSRRDZZ 0D, AEBEECBWVWTHARRLIZED TR
WEFEZ2bL S EEbN 2T ROBESLL=0 7 FEE, A=V EXY I XU R ER RO
LROND ZERHUMTH L, SIBIT, ZHERBIREROREMNME OFE o2 5T 72/ R
SRWHFEETHY RN OHEBEN L, BAEERGVORRETH L, HEREYIT 138
B} 445 J8 745 fElsk S (HfE, A 1L LTIV FLTWVD), 205 b kHE
(T 441 T, EAMEIT 161 TH 2 (BRELE HARRELR, 2004; #H X2, 2008), il
DERERIZHONTIE TBEORAIRD 4.0.1] THRD,

SUE D RCPERARM (B H - & 1)
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(1) &

HEREHII AN B DR BEEZ T IZEANBELS, ZO-DOEHERARBENSBICRFEINT
Wo (¥ 2-7, BEIEZA, 1983 B, 1989), FFICEEAIE. KA. KL HR
FAOHBRRE VN, £ CTIEHRRIMAENELS L, ZHELBRBREEZERL WD, #
BE U B MR R WA IIZUL T O b 0 0RdH 5,

B E AR

HERE M D REAE O R HUL . MY O BEEER AR Y T 5 R Lo S IS LSRR A S
~8m BEDY~A A XUy U oA BEET HEMEERAKRS, E. REOILHE
REEE, B, BE, MiE. kEREOR2EE, EEREORMMmEH Y EIL B o T
52 L THD, MMRHEAFEIBETIZHY . BARKEDDRODGEMEN Z 0 L5 R FRAgIc iR
THE LWVEAZHRY. S B LERAOND UM, 1994), a N TATY <A A/ F
BEEE, L= b AN —a T HUHE -~ A R FERE, & EREMEYBEEICE E
Ny 77707 0 ARE (EEEAREEE) O3 74 7 OMUMERARKNRE & LRI
TE AR A 2 DT IR 2N Do FEPEARARAR I, S S 2HKICHK 477 ha (BHEEDOK 60%). R
O Y (L T & R A2 K 481 ha (BRI DK 20%) 54 LT\ 5,

x U UL (BHE LR v~ A A/ % (photo : Takaya Yasui)

A (P, &) & B () o LTERER 2 0 I A A 2 BRI AR
BUEE TABREE 22T TRy, J5K (1999) I2X 2% 1976 4 KT 1997 F DR
OHRUFTEOFRAER R &L HEHE (1997) Oa X)) TATY —v~A A ) FRE, L=V
EAYNRF—a T JoREY~v A A FERFE, A LRFEMYBEEOMAEM RS ik
AR N THEGE S 4L TV 2 /NG, B B A fE A 3 5 & CGRAUERBRBE)R, 2007) . HLPEAK
AMIZIZ 69 FEDE AR S 4L, BAFERIL 67% (CRAKIZOWTIE 80.6%) & [HAFH
DEGNEWZ EPHER ST,

BEIETIE., anN)ThTY, X VoA A RENRESETEIEAKD N ) T HT Y
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— A=V T A A EREICREBIBEAEO NN Y~ FRINAEET S, - OEAKITR
ISR EARE VWD DT, EHEORKEO B OGRS RMRA, EE IR L
TW2 (BEIEH, 1983), REEFIEICE T D MHERAMNIL, 452K 37 ha (BHEEOK
26%) . BREIZHK 60 ha (HHEOK 48%). EEIZH 42ha (BHEEOK 48%). MEIZ
#) 61lha (BEAEDOK 44%) AL TWD,

EHESAMK (DF/ X-DTRILE/ XES)
BEOAMICIIHEET VT ROV ~HRL b %
TR)X, RTETFNFT T AT AT TS
T, h=vxT )X, B HURENPOHEREN DR
% 20m (2 K SEMEmAKRDY K% - <wkL
FXRBEEPRYET D, VR F— <RV M/ F
PRI NETER ORMEE D > B TH - & b REE
LIEBEE CTH D (REIEN, 1983), 7 U A~ AT,
Yu—FREloEAENL <. AMOAKE LD/
HIIE e A =T R YR XT LU TA4 Y TRESN
MO[RSNLDENEFTT 5, KESLHAAL TH
MtoEEREERDBEBO YA - D THEHERL 2D,
TV & AR AR D R AL AR I3 (5 48 22 D & U 7o iR S A
EORBERT, o, ARICKD Xy v TIEAE
DERELEFBERONWTMEEOF RN A SN D (GE
7K, 1998),

(¥

BIEm AN (FE  FHLE)
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Y8 F AT
I HFAFRLSVE AYARBEETDEAMRTES X FAF—F U~ T 5
£THDH (BEIED,1983), EZ X FAF =T U a7 HopEEIL, BEOIRWVEEIZ S
HLTWDb, EIXFARFT =TI NaTd B PBEOI L A=V Y TEREIREOESE
WML, A=v ¥ YT AFA TV bT, ~F, A=V VaRTUREREFTL, &
ERED DS B E IR E R B D,
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B DL

ERHE

P

28

2RI

E2RIE

d 3]

A=

RESS

X 2-7-1 #HEHOEE (BERIE. XBEIS. AZE)
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BEIE

1 FHbohE4E

| BRI
1.2 2R

| BEPE=T

[ BETC ST

I ERiEE

P nianeR

0.2 ZRER

[ nsAzEm

I ZOftFIARSEY

B ooaEse e 2ERE)
.24 bt - IR B T3

| IERVCURISTAC SN
4N TR (G it - R ERLY)
56 AR (B)IR, SHMLE)
6Bk sk

KIS &

EHES

KB &

mRES

2-7-2 HEMOEL (BEIE. tHRES - AHRES)
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(2) HE¥MHE
INEFGEBOWEMMIIEMET U7 %, 8T =7 %, ANFR. BEkEAER EERHO
HO) HRFICFESEWbiLD (B H, 2003; /N - /K, 1983), WBEER~OMEY OFE 1
i EOWMARDOBENIMD CHEETH D, NEFRGESICE ML, Wik, B, BRL
XD TRWERTHBM S b0 s D,

SRR O R ME O b &2 R T IR, NS RBERBTHY RPLEEN L,
FHEERNBVORERCTH DL, £/, MNERFBZETTH2HREEOL Y KU X b
(2007) fo#kfE|L 137 FE & MO TEH <, MM OEEREFTHE > T 5D,

HE ) HE O 2R

INE R R S ORI AR MG AT DRI, T VT RN L T0%IE< & | i
HHECH A7 =7 R (270X 7 RN X7 R) Lok@mfEizdbnl, £,
FEHHEBESSAARAR L LEOBEZI 1P 25 (X 2-8 EH, 2003), MEMHETIE, #
HYEDMEE DRNA T =7 R ERREAROMEM R bt <, MEEOZNHRET U7
FROEPIEVFH LD EEZEZX NS (BH, 2003; 1EK, 2007),

WE7 T ROMEWIT, b= b AYARR Vv AR F, BEXFEL X, AL
)X, A= T A ERETHD (BH, 2003),

A=V T REET, A=V Ex 2 Xy A wXFaw, )Yy AHPUSTHRFa Y
V. vmTY, Y I T AFTU ) UR LA T =T O EEKZBBEGROEWE
HThbd, NEFEGEAERL=V 7 PEEIE b2 L bERBREN Y 4 V—ITFEL,
WEJROETH D EE xBTS (Wright et al., 2000), EfROfEiIZWI b EHAOR
EREL . VBRI LIS TS, OB SEICRDEITD 2L, i
R, WEEICEFTTHIENZN Enb, RIS /NE R S ICE > CEAR S 72
V. ZDORICES> TELERET U7 ROMEMIIHEREZBDATZO TIERWMAE Wb D (E
K, 1998), BAHMEDREY) > D RERL S 4L T W T2 /NSRS B O R A 23 BEVERPE O MRS O 5R U
W T VT ROMEWICEZWD L L5 R&ER-><bhicbDEE 2 b5 (HH, 20083;
TH 7K, 2007),

Lh=r7 FEE(EE . ZIHER)
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BAXL

EE7UT7ER

LAY #H=E

THTY BARFLIESR
IIRILE/F FHNNXTS

RN INA FFOIXAFI
URAR/* \ 4 DR/

7Ty \

EHEFINS MER

F)INANTARY .

AHHISEDD i _
L=V R XZEF t —s =
N L=ZVUJMEE
Yo—RK A NTXFaD
FSE R vy

LS XX TR IV ISRE
N/XE

sq0LlitES" KUK T

REAT7CT

X 2-8 /NAEFEGEE O (3E/K,2007 24 E)

EHE

INETREE B ORI, BAR LR E. A% LB L T, MmNz off
B, LOLbEAEO SO 2EENENI ENEMTH D, NEIRGE SIS IIHES dhl
WA 441 FE (SR RFEERRLS) ABLTEY, 2 20BAE. 161 MOBEAEELE &, < OIH
AREERIL36% THD (BREAHARRER, 2004), AKMY TIX 138 fIC2 >OE AR,
88 FOEAMA G, T OEAMEEN
64% TV . KA EAFEHN L FFEA
HD,

/N B ISR T D [E A o T TRy
R e EICRI L ¢, ETEARLE L
TIAUBIeTYR, 7R UX
XE, VHXEYO) 27 F AR 2
TEVEAAERFBOIBEBNRETOND,
Flo, 3HU EOEAH L OB L LT
FRIFEIRTE IV R T YE,

vvin (BE : HEREKR)
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JA)XR ST ) XRRENBETOND (K 2-1),

AR ~Lm (b /%8 3/NEEEEOERRED 5 HME— ORI IER T, & - BE
FIEOWEFEN D IR AT T 2EAETH D, EFHOBRRKICIVERA RAEFTRL
D OHEEZAETLOZ L BEVLTHESEm OEGEAICRDLZLLHD (N, 2004),

F2-1 NEFGEEO ST FoEAGEAEHT LB (B, 1995; RS HREREE HmBE
X H SRR FEFE S T, 2005 X 0 1ERKR)

5y AR
%0 AN J
B4 i _— feEmA | | 2 jj
(B 4) 4;5( FH e Fl A 51| 51 | 51 | s
BE | & | &
FX T vu fRZ O | O
(FXZFH 4 THI I T 1 @)
a N pFRT O
NN R R T O
LTHFUXTE VAT Y X oOlo
(7 =YY I8) 3 |vovuairsTsYx 1 O
FH N LT HF Olo|]O|O
TENYTRE XY NT X O | O
(X7 #) 3 |a~7FLrv 1 O
~NTF L O | O
vaTrYE Na=Sra’ OO
(T HH) 3 | AT 1 O|lO |0 | O
TR a T O
TF ) XE L= A X7 O | O
(EF/ ¥F) L | YTET - O|0|O
A= EF O]l O | O
T NEF O | O
4 XEUE T A4 XED Olo|lo | o
(7 UH#) 3 | FAVY~AFPr 1 O
T FXFTUAXEY O] O |0 | 0O
27 ) XE a7 H O]O | 0O |0
(7 27 %8 3 | T UNaTHv 1 O | OO
L= A RXT A O] OO
~NA T X UFH I aXx O
(A 7 %8 3 | FFv~rux 1 O
L=k O
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vu bRT (BE ZHETR)

G o

‘#_\' _ £y
anN kT (BE

DRI TR NAANT = RRT (BE 72 HHETR)

MEEAKICETTIBOEEHFHEELDDEMNY

HEMEARARMRIZIZIANT A OA TR (EEK) LE@ET LB SV, Zo#HHBE LT, 2
DOTNERFBEHRT 2EDPREL, VB THoRRIC, BEFWICATAL LFEED
EFRPEANL L TV, OB E0K I X 2 WK E O &R L0 &K, 5k
IET B> TEZEHREROME B S - L THERARBRLLEZZDEEZONRT
W5 (K, 1998),

ZOXIRZENECTEMIMOOEON ) RE VUV BOGAHTHD, b=v /7K%Yy (H
HHE) IRBOHEHEBERAMNICEBT L TWER, "YU~/ R4y (EAME) ZTEEZEHRD
BRIEIC, /Ay (RBOMAFE) IHEWEEOEZENRIC, A4 v /K2y (VRZ 2 DH
HEME) FIMESOEZERICEFTLTND, ZHIEL=V I AZ b D TIEEZEMKRIC
TWBREICAFT LTV ThHo7mZ 2R L TWD (5K, 1998),

L9 —ODHME LT, FTVEBOHMICIONT, RETIEFTAAXTY (BAAFE) 2
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VMR AR RNICAEET 208, /5
TEANT 7 ITXT Y (FHRFT
COBAERE) NILEILILTEOE
BWICAEBTDEVIBEERH D
(TE7K, 1998), & H 1T, R E D H
BILD—HIEAT D L= Y
b, OTEZHITEWERED
MATICAET LTV SRS T
W5 (JEK, 2008),

=Rz (BE ZIFETR)

HHEEAMREBARKRLT - BRI SOBEMMDEZEDRE R

FEPEAR AR AR D MR 2 W AR 9~ 2 EEMRIT. BF 7 27 0 B IRRRIZ 2T T o BRIEB AR O 1
WMHEEEELIIE LV THBETLZ2LORZWN, BIZIE/NEFREED Y~ A 2 ) X3
BERIARAF DR A X FITH A THBRIZHEIS L2 ¥E AR > T 5 (Mishio, 1992; Ishida
et al., 1998; A H A, 2008), /NEFGE & 2 AT 2 B O & EFFIHE LI I &
0 70 Gz 1) O o CRRSERE MR SR ZERI AR~ E AL L CE L2 LR RLTND EBZHND
(757K, 1998),

(3) EiLDRHEE

HLMEAR AR MR K OB MEm AR 2 ol & 3 2 /N RGEE B O B AAMICITE AR Z < R
D, FLMEARARAR O RIS BTN AR E B DR b 7e E O SR R ER 2 KB L TV D
EEZDBND (L), BEARITIIMERENE DS ERLEAD AR e E#EL O 2=k~
RFESAEDTEREDS A S, R ICMAF OE(ERR AP BIRTE 5,

BISHE S S VETHOES L

AN R R B C ORE M) O TSRO L TIE. B D RN SRR E SIS Lok
FTL2OTIH AL ZRBENEY A TORESFFICHIG LB 20D, WATHZRHE Sy
EOBERZ R L TWDLORRETH D, IS MEN A U & Bbn 5w ic
RIBE, LTV UXTR, vaTVRE, N FXRERENABINLTWS (Ito and Ono,
1998; Ito, 1998, Ito et al., 1997; RIS, 1995), Fiid X 512, WMEEARM, FLPERAMK,
RMERVRAR AR AR GEPEIRARAR D 5 b LR < RO L WRBARK 2 L7 LITAEET S
HOT, BEIX0.5~2mIEEI7D b DONREZ W, FLORMERAK & FEMK S X O &
A2 B T 70 2 5K, 2008) D F7p B ERETICKHE Lok x B REMI A ke S &£ D
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WATHIFE 33 2 < OFETHR BN D,

NARBOISL, FFUVI/aXLyF X 7ax0 2 MIIREBINEIC, %D 1A
=7 X FBEIEOHMBEORIAEBTLTCWS, FF YV~ 7 X dfEm 3~Tm OiMK
AWiC, vFF 7 m R L0 EHROBRNEE 0.5~1.6m O RERFEAKICZ L Z R E
Foy i TN D, FMEARVRAR AR I B AR AR s D BRI IS o ToME L. Z o e
WATLCFE L 7axRnFFO~r7axhbyfblizbo:BEz 5 TW5 (Soejima
et al., 1994; J5/K, 1989),

N1/ xR

;e R W)

L=rrnx (BH : ZHHEIR)

a7 YR TIE, MEREAKITIZEN R TE & 10m 2L BIZR D23 A" aT YR i
PEARARRIITMEAR D > m 7 Y3 & HICEEE @ QAR G2 MRV AR OR AR T i i )S & &
ZAONDELNENVEE LT Y AT YRALND (NEEIEA,1998; MiE, 2004; 1%
K, 1989; RiFIE2>, 1997; Mishio et al., 2007).

F7o. WBTIBAARY CH DA A N ~R 7Dyl Uiz el et 23 @ WS R o [ A FEE v
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TRV, O EE TH A OWEAKIT 3 D iR Z RV BUETIIER CoOMFIZ
K 2BEEMHRZWNHIR S TWD Z ENRHEL N> T (Takayama et al., 2005),
FA N R PWRICEBTBRNRES NS OICK L, YT VR Z TR S 400m
BREORBRICHT TORNEBICETHMT DLW AR DENNZ S5 (Shimizu,
1984),

EDIT, EATFEEFFIMESNTHDN, BEDOHZETIZ, TAENOEFT DAl
RN IS LT ERN AL ZmT 2 &AL N E RS> T d (Fujita et al., 2002), Z D
O RBGITAERNBROF TH Y, NERGEBIBAETLooH oMok a Ao 2 L
DTELHHTHDLE VR D,

I B T D e

MEHEME D L IZMER TR RONDBIE TH 5, HMELIZ IV THEREME D 53 b3 AT 3
DAR=ALITENTIERVDA, EHERORAANZ LW, W CROMDOIENS R
BIZE s THEMPEEIN TR T L2 ERAELRLTWVWEEI LN, BERZHMICL 2B/
AT T DO DO EEETH D EDFNHSH (Kato and Nagamasu, 1995), 3
B, /NERGE S OB AR ITMEE D S DM Z R T b ONRE L b, MM Db
IMELERTRT, MHEEO SR ESICETHT THL I L 2R THMBREIND 2 & M
% <% % (Kondo et al., 2007; Nishide et al., 2009),

Bl z1E, NEFBBEARO L=V T AT CIIHERKTH LN, ok biikeEE
ZONDIHEEEOT A EIRWMELEZ DT 22D, INEFEBICHE > TH oMYy
fbZEEZ L7z EHEH STV (Sugawara et al., 2004),

LT7HXRTRTIINERFRBEAOA AN LTI H LT FH TTFTn
ILTHXOIFEE LEMEALE DT DMK L BEEIEEZ ST D EETHERS TN D2, M
PEAE 2 DT 2 ERDIERNIEFH I (HEM PN OHEFEN DOV DL /L) R T Z R L R
e, HEOKEEE LTI TH L Z LW LN ERoTe, TORFALEL TR WIER
X, FHERBRZEDLOORMM (B]) & L THRBHRELIEZDOTIE RN EZZHNATWND
(Kawakubo, 1990), /NEFZEEUNTZ O X 5 2MEEE2 > 7 <~V Y TR O T
STV ARWED, ZOWHEIB/NERGERS THEELZLEBZAON TN,

Flo, MNERESEBEAEOD X2 MM 7L L T2 (Kato and Nagamasu,
1995),
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LH9XxLX%TR

FANRY 3 LT H(GHE  FFRE)

BEROARNELER
BERDOARABGIT, "TAHEHD
HINRARGE, 770 s ~VF T
AR EOWER T, X 7B, VART
VB ¥Xa vRICEHEFICROND Z
Enmbns UhE,1994), ZaLE
OGN, HEHMTHLRLND,
INERFER T 3 Moo BEA
M.ovx )% ~TFLy, 22X
NI X NZREEBR RN D, Zhb
DOFEITEAMEOMILFENEHIZA > Th -
b FEAME DR CAAICHEAL LT b v x (TR RIRE)
#ESHTWD (FHEE, 1992; Ito and
Pak, 1996; Mk, 2004), 27 ¥ v/ i3kt 4~5m. @O EAD 10em 126 72 5 KA
DRAEL > TN D,
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FXaUvRIY I I VRO ANTFFa L AARLORIBICEAR LA LT,
KM ARRILIEFEEEZEZ NS, HEEEOE SN 3m IZZET LI ENH L0, WE O
ARARLIFTERY | —EBENORMEL > (B H, 2003; A, 2004; ML - "7%, 1996;
1998; Uchiyama et al., 1996) .

EYMEBMOfEL

NERGE S I & B o O FFREEL b D TR LN D,

Bl 21X, MNEFGERIZIEA S YA TF V7, PFUAXEY, TAFNFTIALSXETD 3
HEOA XV BOEAMER DD, A XEYRBITHECHFETOIRRAF V7 anFHIILD

PEMHAEREREIE AXETVBO LHIIKHLTUZEALEDORE 1EOAF 7 a T
HO BN LR 24T O FF R %2 Rd, Yokoyama(2003) 1 /NEFGEBICHOAMM T HA X ED
B AFT7anNFEIOWTHN L, kOB LZ, O/NEFHERBICEBWTRRDE
BICABTT 24 XY BHEDOEEHERKSILIZ0L, @A X ETUREAF V7 aFHH

BEFMEBIDBHREESNTA F U7 aNTFHOMEICEAREZDD, O3 b 5EBMR 1t
BOFIRNE Z 577D A F U7 BOBBNERNAE T EHHmL TWD,

Fo, o Lo (RRAEHOBEZSMR), BEIC/NERESICEBNZR T U EB VAR
MolzZ &N, INEFFEEOMEBIZ, 7TV EFOCEE CTHOMEE ST 572007k
NEROHERELTZL LT EEZ LN TWS (Sugiura et al., 2006; Pemberton, 1998; #
i, 2007), EEREOLVWELF YT IFTIX, MEFRES CHEHICHBLIZEEZXHNLD X
TIXBATH Y A=V ARXTA T I AN T HVIEHIE LSRR TnD (1
A, 2009), AIRDO, 2L OGEHETRONDILOMBENEDO b b EH R B L OREN L&
Lt TchreEELLND,

INERESICE T 2EYOEY

(A 551 155)

RETIXERMAEL LOFERMBEERHE, MEHEZPOICAR > TWD, £ HRIEAE
TL=V ERAYARSF—a T HURE, aX ) THATY v~ R ) XHE, aX)THT
VA= T AT ERETHD (BEIEH, 1983), MEBIZa ) THTY —v~A R )
FHEOGMERAROEMENILL . BRBAOE SN E WV, MEITEEY » IHRFEO A
JRAENDRDET, ansTrFavESCA VY~ Yk, 7Y 7 a8 alka
IR R BRAER LA BN D (BEIE), 1983),

(REE55)
BETIEZEIZXTFANTFT =T UNa T HURBE, VR X —v~vhRV b SHELPLE
THHRMENIEN > TWDS (BEIZD, 1983), £7-. BB OEET O 24 H < & #
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ik, 7R CNEREREAROU X ) X NMEETHEAKO T 2 ) FREENKAL
T2,
MEITEREAEDSZWE T, AFHP U IRy —Fa) FPELaIaN)THTY — A=
YT AT UEHEBIEN > TVD, WBEIXEOIFEAENBRBEED TN ) T HT Y — A
ST AT UL LoTEDONTWD, BEIZARMEAED AN ) T T — b=V
TAHTEHECEOR IR ED LN TND,

RS EREIZ40km BE LR TV RWS, ZNETROBICEAOENERTL, B
S REAAMHBRAOND Z L b EME VD, MBOEAREL LTS &, RBFE
IR IR WA 2 002 19 fES, REESIE TROREERDOKMNICAEFT T 00
AW E 15 ENEBFT LTS, WAISICHBEOREN 32FEL VN, EEEAFOHEDL %
<SRBI (BH, 2008 ; BBEAARERER, 2004), TRLENOE THEO L)L E Tk L
tEBEZbND,

ok, BRRENOESEENTVWDE T TR, BEORNTHEENE D & LB
NTNLZEICLY, ZRENOETHMA O ZZT AR FEEDER) ., 2 0B
WEENTEEEZBNRD (JEK, 1998),

(B EHIE)

BEORMG R ECEGFTOIHRNRBEEOE I X FANF =T U a7 B pEIE, —EOE
BREARZT. v VoS Fr—RFORERLLELS, ATV T I er RN ELOK
weElpoTWD (BEIED, 1983),

CRILFTE)

RS OB ET 2R IBEREN T X —F A"\ vaTr Vg, a7 hy—arsx
TOX B, SANTFHE X F AU ~IREREOFANBREE S, £,
EHEBEDEEDR SENF X —A AN T YEELTLET L HRBEECEDbOND 2
ELBRMEORmOWHIR E o T D (BE, 19825 BEIE), 1983),

Cipd=)

Ho I S HFIE KL OMERDOEELZ T TV DLHZBITHDOEBIZ L2 bE D0,
AKREHPEALTELT, HATBREOBWVREILHS, LB T, ZOEIEEK
% OWFIMEAAFIZ L DM ORARBZ ML EERRER L 0> TWnd, 1969 FI2iF 3
DR RTLEE ST, TO% 1973 T KL, ZOHOFRATIX, 1983 412 4 fE, 2004
FAZ 6 /IR ER S AL72, 2004 FFITRFR S NS DD O b 4 FlITVER BN, 2 I3
SR EIHELTCHMSINTZHETHL EEX LTS (Abe, 2006),
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2.a.4 EIY

KiENPHESBENLT, —EbREREDHEMESRD ST EORWVEEERTIX, 22
AR L TCWAEEOBWIL, TOMEENELZEL Z LN TE, LrbMEOMKVEA
WL TBENERLEZLDOTHE, 0D, ZZICEBRTHIEMHOMKREZRD &
HOLRFEDOREHN L AT, WICRONTESEHOBOLERE N & W o I
RO 72 R 7R R Y O & D AR AN 72 (disharmonic) EWEM Z k325 (VNEF, 1994),
Bl E, NEREBICHRSMT DREOBMMOF T, LN BEIRE 2 &V B A BR

EL MR IR, R 2T, MABHIIEETHD, . BBICBLT, #l2EK
PETIXZRRCTHLHIBBEICENT, AV ERIZ1IEOATHY  TERONLURHIT 1
HWVRVRILTH D (R, 2004),

— 05, WNEFGERICARS AT HRBOK 25%, MEHEOK 95%ITEAEE SN T
BYO, BECECEZZTZEAEL D WITEAHEBENIEFICZN LB THD (EE,
1970),

ZOXRIICHEEHIIRENOES FENTZBES TH D20, FEDOEMH»ME O %

B, BRLAEWHETER L2, £ OEWERITIBIED RBETH T, EHOLHELT 1
TAEHOYTDICTTELLGHTH D,

(1) WELEE
ReE 4% W L 48

FER ORI & LT
FAY VT FAayel O
WHE—EBT 2, FHEDD
L, RITEEIOHDaTEY
DDA L TV D FEFET
VR R D AL RE SR O R i A4 B35
IZRLTWD,

FAY U T FAayEVIik
IWNEIRFEROBEAREETH Y |
IUCN o v v F U R b

(2008) T CR (MM IA  pyyvstravey (BE: 2404005 1)
)., BEEOL Y R A K

(2007) THEpkfE IA% (CR) ICREfich TV

AFRIE, B, R, LR, R, FEMEB CEASRERINTEY, B (W
EIE, 1994) BB THANREBERA RO TN D, BEOHEEBHIT, BT
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100~ 160 51 (45 & I = FE B 5 AN B RSB FE T (BL R T/ B SRS iF5ERT ) ),
2008). A T 100 BELL ETH O (SARIZ D, 2008) . 2 Ol o 43 A 8 Tl kg~ 3%+
Lo TS (EREOHER B K OREDRIIC O W TIETBIEDRAIRN 4.2.2) 3 ]),
BYEIE, 18 B 5 DM O R T, HLE. B, L. EREEZFAL TWDL Z EnHRE
ENTWD (FREE, 2004), £/, A4 a vV IE iz s L CEERMMTIIHY, £
DWMAAEBIIA A 2T OAERBEELHEEL TWD I ERHREIINL TS (McConkey
and Drake, 2006), VU4 A a v VICHLTHLRMEOMEF-OBAHE L L TEER
ML H Y . DNEFESORREZMERT D2 1-OIIIAARZETHL LV D,

FAHU T A A3y U EREEOHEE PR

(R 5)

ARFEILA S TIEED LIS Tk, HM R CIRE T 52, 12 A THN»DH 4 A TH
F CIEREOMIBICHEMEZ RS 5, KESLFT COLEMIE, thotA=avE ) HITH R
BB, FHMICEFET 22 L3, REBICBTIARABORETH Y, 2 DIT4ILEH
ITENEBRMBIENEZ 2N TS (FikE, 2004),

(P B 35 )55

DA BHER SN TVDRECIME R ICHIT 2RO B ATENTMA N R EZITETH D
(FA%E, 2001 ; FRZEIZ A, 2002), LA L. MRS TIEL, BENO EBWE RO THEIITIT
BT 2 EENERINL, BRAMOTIEET 22 AWLMo TWD, MitHEOA
AHY T4 Aave ) PEMOIEBHTHHERE LT, MEBEHO LD RBHITH T MR
MWW T & BB AR RIC L D BMERFHOLER R ENREBEZ LD (8RIZD),
2008), HRFEOEENRVHMEGEOA TPV I A A a eV id, AMOARDERES
fEAT 2B OO THEETH D,

BIEMILE

INEIRGE R O I IT R OBER AL TEBY ., ZNETIZ6F 23 MmRMRIN
TW5 (£, 2004), R TIX 8O M L TEY (Jefferson et al., 2008), Z D
SH—AERAKTEITA4FEAR &, HAOHEIZIE 82 MOBEMN AR L TWD, /IE
JRFE B OREICIZIZ 0 bR3EORMNBERLTWVWDSZ i d, ZRICIZIER DR
BRI 0 AT - BilET AEHEOIZEAEREEN TS, BEICELTIZ, # Y 741
STERLAX Y ABR, NTANEBI UK ER%ETH Y | HEE T HEILEEO 4
BHtE L THBELRMBO—D2L VR D,

INEIFGER O TINE THRRBINTND 23D 5 H IUCNDO L v KU X | (2008)
WA v s vT, va AR SR YT B 7 VT2 EN GG IB )
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W2, vy av s IR VU EEEERITER) thZnfafsnTnsd,
NERERBOERTEY Py 7 V70~ a v s VT ORMPHRINTVD
(Darling and Mori, 1993; Mori et al., 1999), ¥~ 7 T (AR I 0D K iz <0 o5 Wl

JEO DM TEI L, ERFEFETIEANATARAFT Y TGN O 508, NERE S

EETT VT OEERTEL I HAEREET - BRE O AR L ITIE E A ERZRA RN D

EMFHENTEY  AEREFEETHOMEAERE L L THMAEOEIEZIT> TS EEFEZ LA TW

% (Calambokidis et al., 2008),

STFINYRUANTENTTTANDITNERBEE (BEIE-FEBIE) ORERE
BUCHAEHBE L DR LB I T INY FUAADITOWTITMIMEER L ORHARE S,
INERRERBMENICEEL TS Z &R I Twd (Mori, 2009; Mori and Yoshioka,
2009),

(2) B%a
BICIEIMITEE D DY . WA S ICHELEZEZ LD EEDbR DN, RBH»6H
1,000km b BN 7= BEICH D /NEFREE D L, BICE o THEFNIEERSGICBZETX

DT, BARLICHRTESEL TV IEEIFRONAS, L, —HEHFLE
FIZE WK 2200 T L, BARLICE 2 WHEBHORF R BEMEZEKR L TN D,
INEIFGER . NUA R, BT AEBOMEBOIEN D, BEE IS 2 R LT
DI OIZLE LV ERGOEBICEIBAAROETH S LWV ERNAH Y (Ono, 1991), =
NoOBEMPMEREBRIIBVWTRETEFIIREVWEEZEZLNLD, SHIZ, bR
MR OEERERHME Lo TWD,

S5

HepE AR T 2 BEIE. HBLEHOH 2 BETHL I Lok I ko Tz
FabR< L, 15 H 46 B 195 fi L 70 5 ()2, 1970; T2, 1977, 19905 il 1, 1984; [ -
T2, 1997 M TH8, 20015 5K « T3, 2004/ H SR UL BF 22 FT,2005; H 85, 2006;
Chiba et.al., 2007; Clements,2007) ,

HERE I CRtdk 2N H D 195 o H B, IUCN O L v KU Z kb (2008) (21 14 FEO#aikfa
AR - MEMPRAEEAER ST Y. NIRIT EN (el 1B ) N 2f, VU (il
R IHE) 236 f, NT (EMfBEMGEIR) NefiihoTWnd, £, BEADOL Y RY X L

(2006) (20X 38 fi - HEAENFH I N TEY . Z 0 5 HHEMEBPESEELL o NFRITHE G E
IA¥ (CR) 7% 3 Mifl, #updfci IBE (EN) 2% 12 % - difll, #k/ail 1 (VU) 28 14
e HAE, MEMEMRSEIE (NT) A5HEME 2> TWV5D,

D195 FEOH TIHE, BN HERIN TV AHEROREEIT 22 THD, ZOF ThE
SIX8FE (9F - fiff) <, WiIIEARO A /7 n 1 fie, BAHME7HE (AT 7
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AV TATYTHT AN, AHYU
Zea Ry, AT heda R AT
DIA A A F VA, FAAYTT
T Z7eV) BLERAYEeI RUTHD
(Committee for Check-List of Japanese
Birds, 2000),
BEICEL T ETIC 16 OB |
WG SN TWD 2, 1968 FLIREHEfE ¢ B =

BIENGTE I N TWD O, Hilfaikz L ra7 T Ay RY (BHE : i d)

TR RV ET AT HYARY 2L

14 fET& % (Chiba et al., 2007; JIl EiE2y, 2008), 27 AT RUIZHOWTIEEBHIEN
PEEB K T EEME— OB T D A - T3, 2004), 7 a7 o7 A7 RUEATA THEGM
LTCWBR, /NEFGER CEIHT 2HEM & ITBEEBEMICR 7> Tn5 (Eda et al., 2008),
Flo, 7 U I YRR TEAEREE, E/ eI XX R IEAFEMEBERCTHY . AR
FIZKFEERA v RiER IR TH DM, NEFRGES TLNEHL Ty (1K 2-9),

7/ mIXFFRY
(REVXEA R oI $37 1) o BEhEHh)

X2-9 5 Doy ATIEk
RETZE, & EIXIEBREE D04 2 rT)
(Hi# : the Handbook of the Birds of the World( Lynx Edicions, Barcelona) % &%)

BEHEA T ODOHH
INEIFFERORBIZEL T, 4 MOBARENAERL TWEZ EREHENTWNDH A,
BIETIEAZ oD 1 OLPEAREE LTEEL TS,
BELETORBBICORELT DA 70X, TOEBHEASCHMRNELBL T, HES
ThH/NERHSCTMEOELEZZRT T BORMERL TS,
INEIFGERBIIREN DR BN EHES TH D720, KEOKBEMEIIRESRRY,
W EEZFIAT X VEHSCB®R R CEFAT LIS Y Y SE, BIACTERT I TR SIIF
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LV, BETIE, A7l Y XEOMBT L X0 k@ TRET 0. KO
DIFIR Sy & Vo T2 i@ E O BIGHT & TR > T, B CTERZ T 20/ MESNTND
23 (Kawakami and Higuchi, 2002), ZAUZZ N O OREZF AT IHFE N V2N
ThHEBEZOND, FEESCH LHEEDREO/NEFRFEE TIE, A 70 ZHZkRNo L
@ HIKEE T, Mk, IR, BiEr, RIERCERARGFTEMAT L)ool E X
5h 5 (Kawakami and Higuchi, 2003), Z® X 912, MBERE TH LA /NEFEFHEE TlX, K
el T REHEBEEN R | BREN D RV DAL (= F) BEKSh TR,
ZOEREMRBIREEZ A 703 £LFA (ERK) LTWwa,

A 7w (BE : JR[EBE)

F AT 03 A N DA T T AT O E % 2 5 (Springer et al., 1995) |
F DO EPLR L TERRARENSH Y . DNEFIZ/ZE D 5 £ TIZHK 100km b Dff
EBZ 2L TERLBRPTIETTHhD, L2rL, BETIHEMER TCL2HLOT 28 km O
WL BEBOREEEL 20 | R EMELEKEICOMPRON, ERATREARFEHRERZ b Ol
BEOBICITERLTWRY, o, BET TRBETERELRELZY, RLBNTDH
BahAflR i, BEEERICEREN D 2 WIEEEHNREVWA AL TS (Kawakami et
al.,, 2008), ZDO L) RBHMEOEKITMESEDORBORE RFHUTH D,

NERES DN

FFAIRXFTFEFRYRE, NEFRES CTEMPHER S NTWMRBOIFE A LI, AL
WaEERERBDAHETH2b0THY, NEFEBEZSAOILRET D LONREL N, Fiz
INERFERIZ, 7 AV, U7 A4 A, v3 RY | AvnmEdb)i kOO B4R O R
EbroTWnD (¥ 2-10), 2D XHIT, HEEMIIE R LT RO BEOLAET D HIN
Lo TWn5,
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P}

B2-10 /NG Fes 2 Bl & 3 2 S HA D Bk
(R EGRH A 7~ T)
(Hi8% : the Handbook of the Birds of the World(Lynx Edicions, Barcelona) % %)

DUTILEREROEH

IR B AR R R E L E U’ BirdLife International o 8 28 554 B ik (IBA) 12
HESNTWDIEN, DNERBEEN, EAEA 7oL R e LT, £, £ kR E
THLNT AN (TAHTYTHT AN L) OERM E LT BirdLife International @
A B E M (EBA) IZHEE SN CTwb (BirdLife International HP)

(REFE)
2007 FFlICHfEE /o I XF XY D%
ﬁ?ﬁ’iiﬁﬂ.%@ﬁ%fﬁﬁmu :j’bﬁ)%ﬁﬁ%

Me—DF0Ek & 7> TV B (JIl EiEh, 2008),

Flo. NERFEBPTIEAIED S b
LOHRENRT T R OFERBEHHM & 72> T
VW% (Chiba et al., 2007),
RIGORFNET I HZ7 77 AN KDOHE
PR BIEM L 72 o TR | A B MR E
THDLHTANNT AT T T ANNR)

77‘373 /77‘371/\ b (BE : TEKSE)

57



DOEBHE LT IBAICEESINLTWAS,

(R:E5115)
FHERECHLAZ ), BEBIOZORETHLIKE LINBTOLELMEBI LT
b, £, BARE CHLANIITIH T T UVOEEREIMES>TND,
BAECTHLA 7 n0ERMB LOERMBRER TCHL DT ANN (TAHTTHT
ANK) OERME L TIBAICHRESN TV,

(BB

AN, EREHETEM a7 R Y R OBRERHER SN TWDIEN, NEFE ST
TEZ7 v 7 7Ry KU OFEREHME 72> T\b (Chiba et al., 2007),
HRICHEN GRS TH D7 a7 7 Ay R U o4 BHE X OV B s R & fE
THDLNTANN (THHTZHTANE) OARBHE LTIBAICHEESIL TN D,

Ck )
BEAEEECTHDL 7 m T IV N AOESH
W, KINEBTORMER I THD O R
2, 2008) . MEETIEALAL 5 T b B e RR
Sz BUE T rE i 58 5 03 ME— o B0
HLleoTWND, FRICHHMMEBIZIZINET
NBDEBEIZTEALEZ T TWRNTED,
YEATGIXFRRY, sayIVARL
Wo 7o O BERAERMIZR > TN D, : -~ e .
SHICEF, EZ7m I XS XY OB - }nviyk;zgg;%ﬁ@)
AEEE L R E TS (I EiEA, 2008),

ERHIBRERE COHL I TANN (THHTT AT ANE) OABMBIRZny Iy
NACTAFFy ZAF ay (FHENEEDLHS) OMFOMEEED 1 %L LA EHICAE
B+ oM LTIBAICIEESN TV A,

(V62 5)

1973~74 FOMEE X TEHAEDOH L 2o BT, BAELRE L HREICL Y AL
LTCWBA, B CEMEHROHHMMED S B Lo SEMAEI L TRV, HEHE
DHEEREHEMTH L O L1EH, 2005),

FAT O (BNEEDLKRE) OEYHBEAEEREED 1 %L EXAEMICA LT 5 Hl
e LTIBAICHESN TV,
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(3) Tehis

WEECh L/ IR, B<BEZBX TES TCELRBEOBEIT DR, £
NP RFFHOHEBERER SN TWVD,

EERRREIA YT T h A7 EIFI M)~ VO 2B 2R ERELTRY, £
DHIHLAHYY T b AFEREEOL Y KU 2 b (2006) (Z¥#EHEGEERE (NT) & LT
BfishTns, £, wEREETIX, IUCNO Ly KUY A K (2008) (2, VI H A
SHAEMNTHMINTEY, TONFRITZ A~ A, AT AN CR (Mgl IAK), 7
FUITA, THUIHFANEN EREMAEE IBEH) THoH, 206747 IH AT, &
L NGRSO B L CTHEINZITO Z NI TEY, MMM & L
THEE I EE 2 I E VWR D,

PEEEE B CIX, AH VT T M Z RO M ZIE— I B O R 2358 0 23 5@ T
HDON, PNERESICERTHIEEMEAATY YT N7, B S8 EO IR A VER
BZFHH L TWwWd (Suzuki and Nagoshi, 1999), ZiiE., AR WA WEREIZEB W T,
BT T NP ERBHBRBICE > T=y FEIRLEFERTHL EEZ LMD,

HEAETRAHICRI LT, 7 AT I A%, R OB - BV ORI AR T 525, |
BRSBTS T N R 5 WL OO BEIHER I o T 5, dEREFEFERIICIE~ Y 7
FRER AL 2N B A AT 2 FDE T 2L E S TR Y (Bowen et al., 1992) , /NEJH
T OEMICEB T AR DR KOG & 72 > T %5 (National Marine Fisheries
Service and U.S. Fish and Wildlife Service, 2007), /NEFE S CTOREINLI 4 A FaIND
9H BRI T, REFIE L BRBYIE TR, THAZFEM 1200 E & 700 B E O PE I
DHERINTWD, BA AT 1V — RT3 ~ARBREDEINZITI> &b, bl
% 500 FALL B D RUE A AW NERGE S A2 BIICHIH L T b EHEE SN D, £/ TR
BT 0BT, o7 AT IHALALE R R L2 =— 7 RBLRHBEBEZHAD 2D
(Bowen et al., 1992, Karl et al., 1992, Roberts et al., 2004) . HFRAJICE A3 Z LWV K
FEDAERECHEAL 2 AT 5 72D ORI RO LR E L THMENE WV, Hi#ERic >N T
X T2.b fE LB S,

PE N L )j:<5777l"'7 777(
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FATEOEMMBNESR

FHYT T R BT RBITKTPE - A v RERICIE L AT 5 28, 4O S ZEIC &
D, THHUT MNATIEIERBO S MBEALRICAE ST SEAOMINFEE L TEHE I
(Horner, 2007; EH, 2007), & b2, AFIT/NEFRHEENTHEEMIZOEL TS Z
ENRIITOFEIZ L V¥ L7z (Hayashi et al., 2009), +72bb, REVEEBEIE
MOBRHMERNZKE, o, KILFIBICHMAT 2L TIE, LR & MitE s O
BFRITRR>TEY, L2bMMEEOEFICIIRESNSER L LEOBEKE NS £
NTWnL—57T, LEBOEHICIEIREINEOEH L LBOBEFREIEEGTEND Z
E AL T3 (Hayashi et al., 2009),

= U T TR, FT v 7REER EWEEREO BB IR B b S EYEO b
AT THDLZIFTINIU=YEVIE, DMEFEBTIMER LMMEBICORERLTE
D, TOURAKFEOAOIRE > TS (TAIED, 1996),

INHD AT 2B T D AU R Z — 0k NERGE R O RN .
fflC—E TR AR W HE 21 i < (V&TiE, 1970a) | &L B O AR (HfE, 1970b; (LT, 2004) |
RECBHBOIMDPZELAEVRNLERINTWD Z 2R THERFEH TH D,

(4) KEBY OKEWHALERVCRFZER)

FHEFIEOT 2 BHIIKEEDY | BRICK > THOBRLRLTWVWEEZLN D, O
IR R WO SRR I B 2 1 1 D FEBE L 72 0 (BRI 59 1,000km B4 72 /N 55 5
BICEETEDKBEEMIMON D, EATSILHEIT, b DOREEEL 2 5z B R 5
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NIZFETHY, S HIZEEAMEDOREICE L TRk Z I L THBTE 2@ LENEMEDREICIR
%ﬂéo

1) BEKEEY

NG R O BEKBEEN Y A R ST 2 BEIRIE, KRB WA RN & & o ki
MOESBEHICETONATND ZETHY, TofEEIT ey, Ll REECEY . —
oM T LENEREOBE AR~ L, S BIC—H ORI, @ U a5 E IR O R
DEMPARCEAFE~EHE LB N D, DNERGEE T, AIER O E2 0
BYEAKME, MUK~ HEH ST EBEZ DN DR RAENHR S, AR HEAK~D
WL T D EBERMRTH S,

[
'y

JGEN (55 THERE)

A%

AN S D RRKI N HIE 2 E TIC 19 40 O fEA s S T D (F K, 2002).,
—ICHES T, BESRONTERVEHE TH L 2 ERXRBERENARERZ LR LI
X0, REEEHRXTHEENRD W ERMOLN TN,

NEFRERIZ BT D EAEMBEOEARIIRE, DELAOCRBICAERT LA TYU Z 3
YRV 1ETHY, BEADOL Yy KU XL (2007) Tk 1A B (CR) IZiHs
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nNTWs, av /R EREOL TR
Wi & Z IS KB B I A 9 D K et
BOWARMENERBETHY . KEEND
it < AL T NS TRGE B e A T D AR IR
WD THERPIRFELEZZDNT NS, &
YU 73y ) RIIEARINZAERT 5
OWPELER O I > 7 R Y JEFEEIC S
TEVWEREHZ LS, 20 LiE, KL
RSP L <A BAZEAYE LN RIS
BWT, # EW)I A2 R 20 5 RN E &
OHEOIWCHEIN LD EEZLN TS (B, 2006),

: ¥ o~ !
FHAHUITa s RY (BE : Bt —)

AR EE

kAT EHICHOW T, INEFGEE D
PN HIE 2R 5 E8MAREINTE
» (Stimpson, 1858; Kato and Takeda,
1981; Suzuki, 1972; & 48, 2002;
Satake and Cai, 2005; &4 - L%,
2004; Caiet al., 2006), 7> %7 74 »
PO 1R 1R 1IE A RESLTVD (=
%,1998), 9fEo = EHD I B, T v iR
vVIEREI IR IM, 7T ERIT2
B3 X~ ERNR3IESME LD D,
ZOOLNERGEBOBEAEIAT IV 73T F VLA AI I I ED2HTH
Lo BEADOL Yy KU XK (2006) Tk, A A7H UV IF7X~v=t (CR+HEN), 7 m7
vyARUTE (NT), A% U Z7arri=t (NT) I/ I4=X~v=xt (NT) ®4FfN
L SN TWD,

ARTDHI9MO L 7THENEIEROF TR ML 2T KT HWAIELER O TH 5,
—Fh., BAEE2EDOI L, AHY VT ar P oIV KBRICOABERT D, £, A
T U T X~ e EREOEAREICER L TWDL I ERRIDERMTH D Z LD,
WIT—AE2BEITREAMLEEZLNTEY, BIERIZRIT 2K B O REE IR
IR CH MBIy (4 - BB, 2001; Satake and Cai, 2005), £7-. A HH U T X
T EFREAEME I A TWVDICENnNbLT, RKEBLOREOE I FTDKR THER S
TW5,

N=FZONT, NERESETITIINETEIRTRETEIGFEINALTHD (FIE,

FHY TSR (G )
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2002), ZOOHLAHYYUTET AT =(ZEIEO - ITHMEE TR 2 238 5 130K
ARLTWD (UK, 2005), £72, R= A~ XX I MO TFRICHALTNDED (55,
1970), MO SOV TIE IS Ao T, BEDOL ZAF TV U TEI A A=

1FEOHRDN/NEFHESEOEAREE S TE Y (Komai et al., 2006), BREZDL v R U A K
(2006) TiE. #EFEAETE (V) ZREHS LTS,

Y RBVHEIZOWT, NEFGEETIEIA I Y RA IR 6P HREINTVWD, ZOHR
X, A Y RO VESFE, YU H=RB1HETHDL CRRBMABTLES, 1987 Ex K -
B, 2008; A, 2004), BWEAOL Y KU R K (2006) Tk, AV BV ROV ¥~
FHY KRBV E, YOH=BOY I H=0 2 MNEWRMAERITE (VU) IcR#EShTnb
AARBAREIILZYXA DY RAY 1FOALT, NEFRGEEOMIZ, BIRE, EEHES.
RRE . Bl R, NEILGERBICOMT D (xR - Ik, 2008), A4 ¥ M0 U B IZELH
ICHE SNMBORBNRH D Z Enb, 1970 FICEO RRLED IR E Sz (EIF,
1995),

ZOMOFBIFICONT, NEFGERBOEKPSEME 2EARESTERY, DER
OEAFE EN TS (Nunomura and Satake, 2006; Nunomura et al., 2008), = ® 9
LAYV Zay T hAVEREEOL Y R X L (2006) THggfai 1% (CR+EN)) (2
Al STV 5,

iR %8

PEARERE I, ZhETIC6R 11 B 17 M/ NMEFEE N LEEEI L TWnD (i,
1969; B, 1973; /e, 1993; Fukuda, 1993, 1995; #&47 - fill, 2006; /N5 B 4K SCALBF
FeiT, 2007, 2008), Z DS LEEADL Y KU A K (2007) 121X, AHVF T T HT =T,
FHA v FHAPMEBEERTE (VU) 12, Ry a v 737 <5 A BEEREALE (NT)
IRt s hTnad
AT T AV =FF, NUTETD
7 =+ F (Thiaridae) % 7/ 27
U =7+ J& (Stenomelania) 2§ L. /)
IRGEESEA OEAKEREEHTH D,
AFEIT 500 75 ~300 J7 4RI 58 1E &
UMICAERT 23U =F LodE
HENG oL LEEEEZEZbNLTWD
(Miura et al, 2008), # %7/ 2 Hh U
=FBOEKFED L 1T, HEHEKEE
OB I 2 FHLTEY,
PR & L7578 B O EA R~ & fRo b L7z

FHFT TR =F (G A4S
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FAAY T TNV =FIERABICEWTRENRGFETH D, £/, 7/ ah V=T RiIM
MENERTH Y | BEOAMEZRTHE 22 2 06 I T D A0 EIL 7K iE)E
O QA INIZR 5D EE X B TWD (Bandel et al.,, 1997; Koéhler and
Glaubrecht, 2001) , L22L., AV U T H YU = F X BiENAEY (XY Uy —WA) 2 F
DHLOO, KB EGERORAKBICOZRER L (Ex KIiED, 2009) | £ OFFES A IT
T 260m UL EOFREIC E TET S, £, MEBRKERE TICBWTEM - k&I 252 &
MHARETH D (Ea K - - TERE) o FUHZAV=FTRIZEWT, ZOKemEE
EKIEIC ETHA L, MRAKRE IS W T HATER 258/ T I3, B HENEEHER % %
HI2FEICRONTEY , BENERZAST LB TIEIATYTY I 00 =FUSMHZIER T
HMONTWRW, AT T HT =T 13, BERIEDMG KSR~ 0w S iR 2 i3 2 81
Kb, ELERFEFHMEOSWETH D,

2) BKESY

/N R B OB AL, AT 0O & 3 0 MR S RBEIR B & O HEE S FREE & 72 > Thy
BMEPTTWLZ e, ZoMEETV R BAROERTAVIAALZHEEN DK S 1L
TW5, EEEEY TR EEWIC D & — ISR H o [E A FR (T 2 s L /NS
D& OFEM» OE S HENTLE Z AT, RFEPCTUKIO A& XY 2 0 I B AL
55,

B3

ANEREE R ORI 51X 801 FE D HH N A STV S (Randall et al., 1997), Z
NOORBIIPEHE R EOIOHIKEY b~V 7 FiEE72 E OO ik & oL@t &
Vo FEZ RO REMIC I T D HRVE O U i T, P& o et s BRI S
TEmb . ZHEMEOE VT REERH SR OREERIZTTWD LR D (6,
2004),

MO BIEO AL TE, AR AR +0RWHR S 2 <. Mo, b HIc RS
NHAREME LS D DEATE L MW T2 0IXRETH LR, BIEO L ZAFET A, I X
FvYva, JIFIADTI, UAR=TFT UV EAE, BEROLLOERE ., IR
BLUS DD OFEN L, BAETHLEZ 2 LN T WD (R, 2004),
fE 2 48

WNEREEED > GIX 2 Bl 15 B 112 B 1,031 oOWEREE &I TN D
(Fukuda, 1993, 1994, 1995), Z O W, Aiff# X 884 Fi (85.7%) ., FEANHMIL 147 ff
(14.3%) TdH oD, AIFRHEM W THAGEZE BT 148 T (16.7%) ., #ritE H X 327
i (37%). #HMEEHIX 409 FE (46.3%) THDH, Z DX HICHFMIEEEH P ERWES &
BRDHZ LT, NTARST YT TR, E— v VHEBRETHLRAOND ., WEED—BH
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B TH D,

FEdEmm e~ 7 eI A & ERVEE R EW TO/NERGE S OB AT
UHBHRMEEZOLNTWVD, ZOFIIERALEEMITHEESN TV DI AT TAR0, ¥
A, ATV UITATANEEND (L), 2009),

EHEY T

NEIFEER TIE, TAE TIZ 226 f (BRBEAE - AAY I, 2004) OEEd o =
FRRE SN TS, DRI BEARRSCRE R R EDORBER VRN, OB
HMARHR S, MEBDRNWEEZLND, FEMRMEE LTiT, KEFEKE RS R
72 NU A ¥ (Acropora florida) LK - B RECTH L X7 A4 T F (Faviida) 72
EBRRLNDN, 2RI R A VHEPLE LERERET., PMEFREETITIZEAL
Ao ERBEEVWE 5 (R4, 2003),

INETRRE RS IE, SRS BT 2R OR BAERIC X o THAER b 2 5 JE P O i o By ifE
BMAERSNTEZZ DN, ST THEORFEICHE LW EN DRV, U THED
REERLHMIZONTIE, RKEO—MERESERIIMD THRL, BIZEYH o THEHMEO
BBIIRE S B2, EBEOAMICIEIRNER2 Yo VERERESL TS (B,
2004), FEEROMBUTRE O "R, BE, LEBEFICHET 2. LEOROIM. B
BORE, LR ETHY | R ZE L ZEEY  TAHEN RN D (FBEE, 2004),
B, REINESCRESESOZOMOWFIHITE 0 St EN R L TR, b A BEED
REIZELS A MY TROF T XA VR EOWEIRO/NRFENEHERE ISy F
WIZAEB LTV (FREE, 2004), ORI IT/EERESIX. MR L L CTRE 2 v
SEEZAET DL, FAEICHT 2R EICE D BKROEELZITIC WD &1 (TR,
2003), FfbiIc X 2 Y v IHEORELICK L TEERBERE 7 —VO%EHE %R Alaetk
bHO, PMEFREETY IR EOEERWUA L EEZLOLND,

WY = (G H : Lupin)
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(56) BRHREF

INEFFE R OB BEOR E LT, MAFEOEEGNE . DEBRA R TWD Z N
#Fond, BE, RREASERT 1,406 AR INTEBY, 202 LEAEIT 13 &,
[ A fEIL 362 fE (B AR 25.7%) TH D, MO BE~DOEFED HIEIZS>NTT, B
TORMCED b, FEHASLERREDRIWICED b D, MHRICE > TEELZH DR
ETHY, —HOREBENRREL, ROk EZ R LTS, £72, Ro oI
TR SRR, WO LEYHMAEENZEAZ L, BEAOELEZZTHE 0L
RREHENTND,
NEFFERORBEIX, RE7 V7250 RERSR, I72xv 7R, HIERKFROESE
MO END, EAEOIZLEALEFHRERZL LTI ZrX Y7 ROETHY, £h
S EBIFICEES b OMN/NERIZES LR RITE O, 2 b /NS RIS S U7 e M1
MDFEL~EIHL TSP T, ZRNICHRBESN D Z &I K V- R~ &b A
72 (FiZ, 2004),

©
R

, .. h "~ "1 ;

FHAYUITE~LY (BE .

\ﬁ\ﬁ
=
%
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NERESDERE

INEROBRBMHOFEEE LT, BARIIGORBHICHARCTEHAREOHAERNmWI &, &
MRS EOBREMRE> TV DZ D - HERTFH2 LN TE D,

AN JRURE IS 0 B A 1 2002 AR IRF ST 1,406 RO B RS RS STV D (KARIE DY, 2004
F)o BEOZWHDIEFIZUTO®EY Th 2,

O =2vF=2UH 457 H
Fa v H 275
1 AN H 210 FE
T H 185
NTFH 132 il
Ny 2 H 42 FE
THIU~H 20
NoARH 18 #E
TIABAEYH 14 FE

Lo 10 UL FofEROLRVWEELT15H, At T24 BORELRHDH, =
NOoDORBREOTFEDOK 1/4 NEAETHY | MHFEBOHBEZHEFICRL TN D, FER
BRlOEAREEL R DL, a7 F 27BN 31.7%., ~NTHD 31.9%, 7 A L HD 29.0%,
NFEHMN 25.0%TH D (F 2-2),

Fio. GEBROMMBIERRK>TVWD 2 Lid, hoEENOES Bz RETh 57z
DI, ZEVEBETEHBELNTWZZ L2 RBRL TS, MIRAENRESEAL TS
AU FaUHTRD L, AMEICHRRELT I2HOMBEE NSV EwE, £ S YK
T RN D0, Flz2iX, BAFIES THESOE LS BN E v A UEe T IR OFE
BRZN—FHT, BENE I T ALV ENLAVROERBEIIW 2N EEZX OND, /2.
Fay ARV T HO X IR A KR Tl I3 B pk o Fan 23 B < AR A3 R
B, B VORBEHMEHNKNET, BMEEE TV LIEWIKET 2T T 7V HED
FLERDN 72N, 2D X ) IR RER I O R FRFI L taxonomic disharmony” & FEIZ L TR Y | HFLE
BOKEO—>THD,

SECHCOBCNCIC

© ©
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# 22 NEROBRRE BRSO R BRI

A A4 (1989) /INEE T I (2002) (3B N

. s OB o e mam ma CRDD /A
reAH 360 1.28 4 4 5 0 0.0 0.39 1.39%
=T AU H 50 0.18 2 2 2 0 0.0 0.16 4.00%
a A H 13 0.05 2 2 2 0 0.0 0.16 15.38%
A4 /3H 14 0.05 1 1 1 0 0.0 0.08 7.14%
*IH 11 0.04 1 3 3 0 0.0 0.23 27.27%
HArary g 105 0.37 0 0 0 0 - 0.00 0%
roRE 190 0.68 6 13 18 5 27.8 1.41 9.47%
HUFZH 160 0.57 0 0 0 0 - 0.00 0%
a7 )EREH 2 0.01 1 1 1 0 0.0 0.08 50.00%
X% 7VH 54 0.19 2 6 9 1 11.1 0.70 16.67%
J1<xVUH 9 0.03 1 3 3 0 0.0 0.23 33.33%
varlH 20 0.07 2 5 6 0 0.0 0.47 30.00%
N A H 225 0.80 10 29 42 8 19.0 3.28 18.67%
7 H 20 0.07 0 0 0 0 0.0 0.00 0%
INYIATH 20 0.07 2 3 5 0 0.0 0.39 25.00%
HarhH 6 0.02 0 0 0 0 - 0.00 0%
F¥HTLVH 83 0.30 6 6 10 2 20.0 0.78 12.05%
NUTIH 150 0.54 1 1 1 0 0.0 0.08 0.67%
vI3IH 40 0.14 0 0 0 0 - 0.00 0%
THYIU<H 200 0.71 2 13 20 3 15.0 1.56 10.00%
BALYTH 2800 9.99 42 135 210 61 29.0 16.39 7.50%
TIANray | 166 0.59 3 6 14 0 0.0 1.09 8.43%
ayF a7 H 9000 32.10 53 234 457 145 31.7 35.68 5.08%
AT & 31 0.11 1 2 2 0 0.0 0.16 6.45%
NTH 4130 14.73 21 74 132 33 25.0 10.30 3.20%
ST LYVH 38 0.14 0 0 0 0 - 0.00 0%
J3H 69 0.25 1 1 1 0 0.0 0.08 1.45%
N H 4600 16.41 35 107 185 59 31.9 14.44 4.02%
[N=ravd=| 300 1.07 2 2 2 1 50.0 0.16 0.67%
FavH 5170 18.44 30 94 275 44 16.0 21.47 5.32%
&E 28036 231 747 1406 362 25.7 5.01%

UM R 5 3 B 2 B2 (W), 1989; KAk IE Ay, 2004 X v 51 )

IUCN ® L > KU 2 k (2008) (21X, /NEFGERBICAERTH2REBRELTHhUAR 5HENE
WIhh<TBY, VI IFIA MM R, ATV TTTAHA MR R, NFTET IR, &
~7 % CR G/t TA ) 1o, AF YT 7 bR EN (HIRfail 1B ) (/0%
EINTWD, T2bb/NEREAR M FARO2MER, IUCNO Ly KUY 2 K (2008) (Z%0)
BN TWDHZ LD, T, FHYTITA NN RETSTT ARITONTIEL,
1@ 1EDO/NERERE CTH D, £/, BEAOL Y FU XK (2007) (Z1E, HAEDF
VDR TROBMMBEOBZENLDENEBZONLIATI T T UI0, HIREOR RO
THE2LLBARIG LD BORFELFFOLEEZEXONDIZENOEREINDI A AT T
Y1avaEIIL®, 73 (CR+EN29 fEi, VU30 i, NT14 ffi) BE#H s Tnb, 20
2b, 71 /N EREARETCHY . NERIEIADREREOREERAERME LS TND,
RAEXIRIZOWTIE TBEDRARI 4.2.6] B,
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FHYTTA4 NN URERE Lupln)

iR

INEREROR IO ERE LTIX KE T VT 25 0RERKR . I 7 XU T &,
HALXRD BERENOLRY > TS, NERFEBICALET IEAEOIZE A ENRFEX
FHLIFEIZ7 X TROETHL Z b (IR, 1976b) . /NEJRGE & IS H W
EEL, BAFECOLZbDEEZOND,

— ., HIERROERZ L OFEDIZTEAENR, TIHEFALNIA-TE LD EEZ BN
TWb, L, EAEEATI T I a mIARIIESCHEICHMAT 5 Fonr
2V EEBOFETHY, HIEXRDEFERLZLHDEEZX LA TEHEY (BIR, 1976a), T DL
FIX/NEROBAERROPTIIFETHD, EFERAINTZIZIANATILAVEORTLE
BLEAMESZSZ O, HERKSLI 7 a3 7 ICEGERE N o AE3 (Ball, 1992), 1HAL
KADHETH D RENE V., KEOMIIMAZERT L7001, MH R & FEOEKR
ZFFo TWD ATREME DS i < BBRIZRWEI Th 5,

N OMED/NEFRICREZET 2K E LTI, BATORM, FHEASLH R EOXK
TIZF > TORNE, MERICE > COEENETHD (T4, 19865 MIE, 1991), H /I TH
ATELBIIN A AERT aVEHO —HOMICE LIV, BSCWHIRIZHE > TERARZED EWN
eBEZONDLORKREELEDD, " H, BALAVHICIEBEAENZ VR, 21D
D% IFWU/N e FEERRR T, [UIMICESTCEELZLOLEEZEZ LN TS, 2V F 2y
HTIEZ~A VR, BIFVATE, AT IREOL I ICBWIARCHEAICZEILT 5/
BEL, ENHEDOELE, AL EBICERL TR EVEFEVEHH I TWD UINEE,
1991),

BEHE~DEIL
BENERTRARONAEA R RIIERICZZONTZEAEORER 2R OM#E{LEN & LT
EERGFETH D,
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WHMHEEBHETHL T NA TR, ~NIrER, Saf EREEZELIALVH
SanAiHBEYEEOZL  OfIT/NT, KREORIZ X > T/NEJR £ CTHIE L7252
BALLIELDONRZNEZEZ OGN NERFEOHYIF D O L 34FENRBEAFETH Y |
AR RIL 52.3% Th 5,

ARAF 2R FLNE D B BIE TR R > T/MNEFGERICEIE L, TORBEALLTZSDORZL N
EEZOND, 2 FavHONT 7 IR 20D 5 H 19F A E AT, B AR 95.0%.,
HIFYVAVHATHEDO S L 3HENEAMET, EAEEN 70.2%., ¥ 714 LV ERI VD
LY EF 93D O H 42 FENEAM T, EAMERIT 456.2% TH D (FRA, 2005), 7 U A
ZLVHTI3EOALTHLIN 3L LNEAETHD (F 2-3),

Flo. ATFTHOANATAFER 11 OS> LIBIEAETHY (UM KRFRERFZHRE AT
#E - AARBAEYIIIE Y 2 —i8,1989; HE, 2002), 2D 9 H 4 FIXEITAKRM OREAF
LERIZFHT LA AFTATFRIZEL TV,

# 2-3 EAFEEOE WAL

8B | EEZLaw R 2 | a0 |y RS max
HALY [FaN(EB |DVhEFH e hE 2 1
EEL iz 2 hE 12 1
NRFHIUHE 1 1
PPN Pyt 8 3
FA NI OER 2 0
NITOEF 8 6
+3 FF +3El 1 1
TIIXLVER | TOIXLUE 3 3
) P= LH ) PEE 1 o] 89 34 923
ETAG xS TAXE A/ 1 Fl 1 1
TFSyH30/N(F 1 1
A3/ 1 Fl 1 1
ZAEFAHIa/\(F 6 5
BRSO3/ (FL 1 1
EATaNAF 3 1
ERTAVE:! 15 3
AY9Fa9|(aHRLVER [THRLIER  |9THELIFE 3 3 - - 100
AL EF B L F 9 6 - - 66.7
JILA T ERINF/SF: 20 19 - - 950
NLYEE HIXYLIE 47 33 - - 702
I LY EF EXFTAYOLUE 18 14
SYXYYHLIE 2 1
FEVOLLE 1 1 93 42| 452
VLR 64 24
FHIHLUE 8 2
INF NFHEHE TFHINF EFL TFHINFF 20 11 - - 550
NFNFER LA NFNFH 4 4
NTUNFE 3 3 » ol sis
I TRNFATFH 3 2 :
SYNFFE 1 0
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BL_ALTHELEZbDE LT, IIXFYLVROAHYY T H %Y E (Boninella)
RV TAVEOF AT T AN H T AVIE (Ogasawarazo) %O /WNEREHIEN H 5
(HA, 2005; Hasegawa, 2009), 245 DJ&ITFE N THRIEL TR L TH Y | ELHF
FOHMBTH L, £z, V7 IFT/NEREAOEWIEIS L THRELTWD, Ff
WZH T ) XBRO NV XY T I)E (Trioza) O —FECTIE, /NEJREE R PN Co s ici L 72
EEBEZAONDET )XBOAT AL ATV IITHIT A, T I NaTTUEOENEN
DIEMFEZ L IZHEpb L, SHICENENORERIERT 20 SOMELHENE L WS
2R LTS (K 2-11), $72bb, HASE TEIEYOFR - B Z LITIFIEREO H
EEELXR T IN, NERGEE TIIEY & o OBE T, YOI T OBRH
SACICHE IS L7e bR EZ o Tnad EE 2 b b (MK, 2009),

NGRS AR T, BRERYIG 70 SRR & HE S D il oo FE LT R HRRICHE L L
EAFELLTHWD2bDD, ZInb#ENTORENELTHRNEZEZLNLENRL
No, £lo. BARFNEBRLSKETIIZHEEHE RN LA L, FFEORD LD 2 A RRRHIAL1X
RONDZEN KA TH D2, NS CIXAERMMAAHK I TEY | E)7RfE
PR IR Z 5D D W) FRINBIE SN D, FlAIX, B Ix ) LAY EFEHEY
LOBBERD L, AARAKETIE =6 —OBMRICR D72 &% MY ORIRE RS LTV
52 ENZNR, NEFRFBCEWTEZO L) RERICIER-TELT, —HOHIF
ULAUPNEZROBEEZRA LTS, TOXH7m, BEBMTHLZ7 XY A IxY
X, BICBIRTAOBEOENIELS, A==V 22X TV APLVWIDIHEHETH D
(Sugiura et al., 2008; Olesen et al., 2002), ZNLORBMEDIEDIL S 1L, ZORENH -
RBICEE LRI, TOBTOMMBOE SIZHIST H72DICFFAITEH THA D =
ERERMINTEY (Sugiura et al., 2008) ., @i E I e fE LI E A ETO—DDEL
LEZbND,

INEFRFEREORBMHREIIRZZETHER Y, BBHISHEINTWHDEIIIFY LAY
BT 6, BFICR->T, ¥V~ EET MIIXY ATV T ITF AT IXFVED
BEE CHEARHENAERLINLTEY
(Hasegawa, 2004 %) | BL{EGRCL#L 7
oS H 5, TOMIZHHMADN

DX, RAMOEAFEN 5% I
S5 AREENEV, PO T
WRWHETCIXE L EZHEA OFFED
FERNIFF SN D,

[

2‘7?47"7?3?4'1:' 1\777 XU (%»E ARGEEE)
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S

X2-11 NEREEDAT/XBBMUXCIZBONHERISDEAT

O, Typel, V¥, Type2, ©, Type3, O, Typed, V, Type5, A, Type6, M, Type 7,
@, Type8, ¥, Type9. OO0@ BENDT7AI R, ABEDOITHL, RORXEDT
AR, WREDIATHY, XTUNATHY (K, 20095 K E)
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AYEOREGHEERR

INETRFE BT RESCH A LT, ZOEMHICHEY BZHY ., RELLZEID D Z
EIXATR L7280 THDHEN, WY DD D08 X IR R CHEERARNBERIER S, i
TRHBETERVWERERRH D,

— IR, B - AR ICB W TR T VER A AR LTHB L, AEROoF TS
FIERMELZRLTZENZ VD, TEOMZETIX, BEO/NEFE S CIIESN R T
UBWheholebEZ LTS (i, 2007), T 212, HH O AED#HEMECTH D
AV E R IR AL LT, (EAVERIT. WP EE L OVIE T 27207 ) 20 LE 58
WY BN DR ICERB VT, 14.8%~53.3% DML EREZ ST 5 Z L3
5L TV 5% (Bliithgen and Reinfenrath, 2003; Oliveira and Freitas, 2004), L 2>L. /)
HIRERTIE. BAREOT VAR DI IICHEAERBHERL TV DENZ S
(Sugiura et al., 2006) fEAEIRZ © DFEITE2IKD 7.5% D |2 1EFE - T 5 (Pemberton,
1998), T BIE 7T VDL 72 WNEROERRRICB T 2MBA OEILOFRREEZ X bND (B
i, 2007), F7o, MMHESHICIE, BAEDIERICIEE T 27 VERMIZE A LERET, WE
BORAENRAERERE L THETH D,

I AR ROBESMHFL LTI IIAPEELRERHERLL L TWVWDL 2 1%
WA, NEFGEE CHRAAONA TS T FI I AR 10 T X TUIRETHY . e b
ERFBDT7 NI I AR ol tEZ HiLD (Nakamura, 1994), F7-. Bk &2
7 FIIAREFRALTELT, ZNODOWRWTEARERE L TEERGFETH D,
—REVTIEI I AN ZORFNZ R L TV DO EENL, NERGEEIZB W T
TV AVH BN TOWEAEEERE ., £ LT, 20U 7 VLAVl TIEHEABEN
m S NEFGER THERSNA TS 26 OO 5 14 MABARETH L, £z, 256 BOFIZ
TFARREELEENTEY, TUOIEEAOHECH I AEEOSHIELEENT
W5 (\UEIED, 2008),

AN JEGE B IV AE SR DAL AN F R T N A9, BHMMED N F8F (59 10 TS
REN, TRCTHEAMESZXOND) OHEBHALTWD, BUEITI RO TN
FTHLIEAITVIVARTFRGHLTHDEIN, BT TVIVARFORALTHARVESR
BHEIE TIZHABEEENATAFER AR VARRBEI N TR Y, Bl F R
NFORTOEEREMRE LIRS TVILRELTEHERGFETH D,

ERFEODMICE T2 EMHMEBRHEY

(R 51 15)

YA RDPOEFLIRHER, < b 6211 EENRBIBOEAER E L TET
bz, ZOEASEHEEIHEST CRRTHY, BREPEVWIERTOERLEEZ LR
Lo AHYUITTHANNSAR, AHFUITRAUR, AHYUVIT=0Fau her 7%
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DEAARERBOFEEIT, REICEYVZENRAKRAPHFE LRI LERLTND, i
PARARKRE DDA =T v AR—RCERT AT I T 3y, MR 22 e KR AR
DR THDEV~A A XEHFELTIAATY I IA A an XY % GEEAMNKE
DODEEDOTEWEAEN R 6N Z L bR TH D,

(RER 41 E5)

Hipd b 45T 11 HEAREIBOBARRE LTETF L, KEFIEITH W THEA
SERER LV, BEBAKICERET2EAENEL AXI VI 7 FFRatnx, 47
VUII7FHRIAILY, 7P UFENT ) IFDORELEZRKOFHALKRAD H LT
ERTOMPNREN TH L, BEIIXEIETEIHEKL T LI EEX LN D EARA
YU I VIDBFTLIME-OERMLE L THHETH D,

(B E55)

AaVw b I HIFVEAFE, VIR F v AV BHEEYS Q HENEEY B OREA RS
ELTHEITLOND, ~BICEBIEIZYXFICE M AEDOHKEIC LV EHREER LR ST
LESTWNDEBZLNTWVNDN, EANTATFERLEAL I X AVHAFOMEAERITIZL
KV REREETIEZZ Y =07 ) —VEORIEIISRTE DR 2 5 1 T2 B HUE o bk
# (L72—T7) LLTEHETHD,

CKIF1 )

AFTIAIUAZ, IFTIAFV T AIFVE, L &b 52 AN KL
DEAFAERELTETOND, BBERTZR2WITIAAT VAT EZ Y ULUIE, BB
D Satozo TSN TEY, SIEME—-OBARE L THKRRWNFETH D,

(B & 17 DAL & 3 1k)

NERGE BN TH—ORFEREN S, KIS L BEIE, 38R LXK OE
BHEO XS, G EICHEREEICOM L TWAHENH RED WL D005 EEEC R
bivd, o, SARMICIEERIAHI LWL OO, BEMICIZSNEEICHEEES T
HNFTEI R URFEOF B LT VD,

Sl OB ERSEOFE LT, 7a hI7AIFVENRETOND, NERGERIZIX 5
FOERFENER L, BR50M 2> Tns, 9, B2REIBICLAaY~ FTIHIF
JiraveXxLa bInIFI, REJIBEROCRBEIIBICATF I T ETHIFY &4
YU ITHRABRNTAIFIDBSHLTND, EAENICHTER L, #FERLALHETH
D0 K OBRIIFNENR L OEEROEWEENME ) EWIBLERETWD, 2,
INLOREFHORFEZEZONDEITFTIAAT Y T IFUNRKILFIBIZAEELTE
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V. MEHERSEARES CERNENLOBERENERICOBEIN TV D, HRBIIR LA
BRABKONTNDLEIF AU I AR XY T AVESL, FlIEESCE I LIl T
MO ITHE EVERE & RN L BRI IR O BIE T, R0 RAHRES) 0 72
WITFTIAFT VAN ZY TLVENSMLTND LW BIRRW S Mz Rd, T th
DEFIFEMRIZONTH FREFHRMENRAG SN TBYIER SN D (K 2-12),

s

Magojima Is. . Hahajima Is. = --;'h

K212 BEAEDOY VLY AV T T ABE T LVEDSEME

ADVCANE S TRY ANV EANES UL EADET YA REHEM, EADE Y T LUR
B 5 EORTHMMEL Gt 9 - BMEZ R, B/E. WEEMN., RORKFEN RTINS ETH TH
5, (BH : fHikxm)
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(6) BEERLE

/N B DR RZEMMHO T T, BIGHBICEDFLWESMEEROYZVIZTED
=L LT, BEEREART LN, HEBHIZRE W CREEREIT, WERICHEMNR4EY
L ZBE IR TREBENLRBMHO 1 DTH D,

AN RS TCIEBIUE £ TIZ 23 B 44 J& 130 O RErE H NG S 4L, £ D O BRI
104 THY | 94%ITH T2 BB/ NEFFEBEAE TH L (TH, 2009), fERFED D
LBAERIT 80 ff (5 LEAHR 74 f) THV (TH, 2009). RO F TIHHBEE K
W ERRETH D, NEFERORERRIZ, 7VTRKESCIZaxy 7, R XVT
mE SR A IR U, 7o, ANEREEEICEIE L ALERE A M B oMb A2 T 72
O, EOWBITHFIC2=—2 Thd, BN TOBISHEIT, NERGESTRRHINT
W5 100 FELL EOREERBEO S D 94% B/ NEFREEOBEAERE VWO FRE L TZH LT,

ZORRREISHBOEE X, DNA #HWeRIC L VI >oH b, I ¥~ A~
ARTIX, BR2IEX, BB ICAERT 2 0LRAMBICENZETH-TH, [HLAE
R E & 2RI ENICEMT 5, IR RFECEZTLENICE O THRY IR LE
BOEFHRR~OBERBEOPRE-ZLERTLOTH D,

Flo, NEIROMEEEHBITE A 2RMA 7 — L TOELOEEZ R L TW5, (bAafls
BUEREO L 2> B 13 E 2 S BUE £ TOEL RO LR L ORI A EZ B 5 2 &3
TE 5, —J. BFEOREEICT 2BHEET RO EZ =T b FEET D,

BB, REMKIZONTIE TBEORSKRN 4.4.7) THRRD,

FF IR AE R
(BE . Hows)

S I N P ES P
(5B . o) (BH : o)
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BREEEDE

WNEREE R OB AEEBBEORFIZOWTIR, 7 VT KESLCAASIEG L, I 70207 -
RIVRTTREDKFEEDOHD AN D, T bOEFEMNLE B TlELZ L, L
b, BRNERICTEED ENTE I DEOBEKO B NHEEFEE 20 BIEALN DN
DL DOER N —TT ot () NEATZ, £DTw NERGE R OREE M 2 B o
LRV THDE, BxORICBT 2BOHBRIE. BAKERHRIE., &5 WIT/NERO
FICALEST 2~ 7 TEORERFEMEIINRVOEVWAH Y FEFHIZ2=—TThd,

-

= A4
ﬁ:ﬁ*ﬁé”«%’\% (R:E) \%
€
FhR H A7 () Q Ls,L6
001

— i[:umww (RREALED) [
A I~ A~A  (REEALTD) G SAG

Eims A (R W e E3L0

R ARG A < AAE PN5, PN6

(R eh-AE)
R ANIAAAEE (i) ,é

. VGG A~A 07

(5 ) ‘
bl 5 “ PS4
A @ s~
(R By 80) .

——@ et (BEED) o
FhnseAvA (R | ‘

FIAD B~ A~A (BEETHED) ‘ . HS5
. — @ AL () €a

@ irriA~A () “ HI7

TFAE=A~A
w[~® (5 B ) @a
L. TF G A~A -

1l
& (RE &AL 7E ) :
= [-. HH=A=A (REALEB) MI, M2
FFIvhEvA~A C3
(BB 6

|. OB EAABE (L

)
| @ vomseremn s %

SNTTF DA .
® sewim
® = rnserot & s

(2 Bk )

T=URHEA~A
® () 6 NI

V= A~A Euhadra herklotsi

i

X 2-13 W EZ~A~AJBDHT LML AREOG

I b= FU 7 DNA (16SrRNA, # 1000 ¥t & 12SrRNA.  # 600 i Eh)IC 55 < R BELGE, Sk ITm Lk, &
Stk R B SRS EME (RAE) . BLIEH B ), F, B S IEK 2-15 1ZxiE 35 (Chiba,1999a;
2003 Z &%)
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T, DNA T X 20 FRMMEERTOIL, WEAYATARBPHAARARLTOR L O
WHLESH#EL L= 2 & (Chiba, 1999a; Davison et al., 2005), £7-, TV AV A I E /
TIHARPINTH AFEDO I NV—TICimkTHL I ERPALNER>TND, T b=
> FU7 DNA Z Wiy FRMFHINZEN DI, DNEFRICBEZE LI~ A~ A RO
BNIZBIT 2 TREREICHIOBELZ /RS ZERATED (K 2-13), 2F0D ., %75
BICBWTHEHEO AR A~ORE LA BV IR LEZZELRTHLE, AARARLEN DRGNS

AR A U7, 978 Bk, e Bk, i B PO ARERIC L, 20D
B 1RIINBESN G~ FIMORINTH L8 LT T h 2~ A ~ A OMIRINNREE
I~ LT, BEESEBRNICRA LA IT, HEATHOR LM, 8 bk B

L7z (K 2-14), ZOERBRBORESGIIRE CTIXREZR L RZH LR L 4 B
VLTEETWS, ZU6& 2 DRMETHIL LR L X A 7 OERBRITEREMICIZELT
Do ZOX D RWATHI A IS UL A TE RO SER RO 2L L R b o T D 2
L& L TWwW5 (Chiba, 1999a; Chiba, 2004).

— it
g T YEEE
FERit
—_— ()

EBIE

REIE B IS
Ked
!
.
| by

\/

X 2-14 B H~A~AJBOEIKEE ME P Bt

2-13 Do FRAMBRITIES | I <A <A B OHEE 55 AR B,
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3 it AR

WNERF S ORRE B CIEZ OBEISHBOENZ LD LN TE D, FrIZ, FAETHIC
ERTHMITAEBRANERD LV Lo, AEMOMEEHE MBITIhETITLEA
ERE SN2 Z L Do IR R TH D, ZHIIT/NERGE S IZH T 2 v Rg 7 22
EovTFTOEBEEINRRESEELELEBZLONL TV,

NE~ASABIIBAEFET 19, (kAL EZDDL L 29 @A EEINTND, ZOEN
BT LHELVERLICIT AR OB EZ L WISHBRRESFLELLEZ 2B,
DE=A <A BTIE, AUHILICAEET OB T, AT DHH. WIRT S8 A/
LIZH72 5T % (Chiba, 1996), A DO IIHIER CHIEZEBRT 2 Lk, oKD ET
EEZEBRT 8 B, 2O0F B TARO BT TRSHmIZORED 58 Bt E v A
HRERICKBI S G, &bhic, M EMHOREN 2 MLFET2HE,. —HIXFICKERO T
W > TIRIRT 2 TEAJITR L, & 9 —HId%ERORRE L TRIRT % 1R 4 (Chiba,
1999b) ICX S D, ZD X I RAEEHRRXNOEWVITZOFBESCEZ IS S v, B Bk
OFETITHOBTE N E /PN P EMEoOMITRE Y, M EHEoMTIEE R NE< D VoI
BN RBO LN D, SHICETOMWSMEITRALIFBEMTHRIIRLEE, B2dE, &
BRHRFOETHF CAEERNE L 2MITEL L2 EELEST 2 (K 2-15; Chiba,
1999b)

79



3 1 1 1 | I F feFE
S “ii ----- ot
2T % \‘I : N A
C ‘\\ N 07 & - === PR ()
< X;SKLQ“\ :
1 AN o PS4 -

RN \\\\‘
U H
PC2 0+ sVSSA4 N /Mg €3 —

SN oY
-1 — n \\5,’\\ 1
HS4 S
S \~~_J

2-15 W ~A <A J&OAETGERNIC X 2R EME

FRD AL 23O ED 7 Vv —T b, PCl 3@ OV A4 X, PC2 HBEORILZOO/NSSOEELRD, 2H
EHEOBREOERERAE (FLIXTH) 280, TOPFRICEOTS (K 2-13 W), FEICIZAENRZOREEZ R
L7, (Chiba, 2004 % &%)

AU T ¥~FHTAR/E/NERHESEHEABOREERE TH L, BEICTKHEINL 15
LD CREHMEE G, 4~Tmm FEO/NUFETH 508, HREM, EREM RN
WL, AN AR RS 2 R LT D, BlZIE, B TIX, BEBO Lo iR
WE2WT =Y ~X YA D AT I T~V BERTH»O LERBICARET
HANNYw X d M ETEHRLS X ) FOELEREICAERETIARZAR Y2
D4 FERFEPFTICAERT 5,

TP TABICEBNTHBROBREIIZLVWEZHRILZZET TS, KBIZITIZINET 14
W< OO ENTLE SN, TORTEHMEICRERA~AZ TV T A0, BhEE
THOPRPEL~AV IR P HA L FURBLITEZRWIEEITHDOEREDZE R
HExTnd, 1RBOFTINIZERDO SR E LD Bk & 2 7= BB R Mic s
CThd, Zhix, BOBENRMMELEEBGFTOSITEERBERICHDL ZLE2RLT
WD, FIZIERBICENTIE, BEEORmMIK THREDOEIZEV NI A~AZF VBT
A (arBZ 7 b XB) BERO THICAEAET DT F U HA (Ya N ER])
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WHERE TOHEPF THSEWTERORBICAEET A~V Rz P H A4 (FA) o 3N
FIATAIICERT D, 20X 2 REITERRE~DHEIEOERTHLIEEZLND (K
2-16. Chiba, 2009),

IVHHAR S BRiE FAYDSVv<IFH IR

f

E#B

RILORITUYHA
X 2-16 BRI & & OREE O BER
BE~A A BUSMCE T FHABOAA YT T~ H TRICEVCRFMICAELT 2GEEICHWT, &
BEICH Y BOBEOESROND, (B THER)

BotDBELERE

AN TR I T A KA LT 3 Mk A D Ok
FFICHEBRL TR0 . A & BLAR O g
I &K 0l E B BUEE TOEMRYICHE
DL ORFHINEELZE S Z LN TE
%,

RIS~ ey & BE 0 BT o #iE ) 5
SRR N~ A~ A BOLAFEDPEH S
o, B 2-17 1%, R &M TRIZE <
SRy A Y K= O & AEVALNGE
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RMEEE AN TEAAEMOEREZRE L, FEHENZE > THEEBEOZ{LE B LZH O
Thd, ZOKEY, K2 HEANCTXTORTIZIERFMICEERTBREMNZ(LNE & T
WL ENGMD, Flo, TREREHICaL~ I~ A~ A DREBMEIEL TV D, =
NOENL AL~ A ~A OBEBHNEIZIE, BOZ LWRENRIEY L Al 2
EORHN DD LWV Wik F O N = ERT IR ND, Ldh, ZOEMIEE
TOXRM TR L T ETWWb  (Chiba, 1998),

S (T EAl)

X 2-17 B HE~A~ABITEBITDHHDOEHRED R B2 1L

4 FEMPDBEORIG LHEBOAARINCHONDHEOHERMNZILLEEOB Y £V, KT oLk,
&7y MIEASHZY OFEfE  (Chiba,1998 # &%)

—F . A A A B TCITETFTOENDO o A ERTEHLEITDH I ENTX S,
BEISICAERTHIXIAT I~ A~ A1X, BIZE o TIR Lk Bk o A RER T2
TEIREENHEIT L T WD, FEEOFIIMmOETH Ao TRY ., ARBM OB 2 1f- - s
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oM 2~ D TH D (Davison and Chiba, 2006) . BEE &R E T, W
NbHROINMAESEE LTOMEET S 2O CHEMEMMAERI A TS, 26D
RHER L, L HIASPRRE L 72 5> C 2 A~ b 23R T, WA EREOHRR A Ko7 Z &1
F0BNEBEZ LI, 2 ERRFTNESMEOBRERICH T L EZRLT NS, £,
IHDOMREBEEIIBEBEO TN RBMOLLLT, WThoOBREE b RR DR ME LD
LAENHY, MEADZHEEOMEL LTS OO ESDTHL I EERLTND
(Chiba, 1993, 2005) , & HICREEBORE TIX, MR BE HDOZ LS OO |Z LR 72 fE
BEZR LICBBIR WA B, £ HI TR E RBARM LR ETH DO H O b & 5 (Chiba,
1993) ., il x X T 234k 100m O EHECHEARN ., BEMRFMABINICEILT S L0 oL
REFHN, ahRxHF~vA <A THLERL TS (K2-18) ,

200
m

100 1

2-18 REEMEE O a2 h X~ A~ A HLH OB ZE 5,
BEROBEZEMTLICH Y 7 7 CTmd, MBLAYREEE 72 U128 sk T4 23 41k
4% (Chiba, 1993% tf%)

T DOREZICHES L, AEERZZLSEZEHA B NWD, ST~ A~ A DJE
B (GliE) [CAERT 2 —8oEHIL, S KREOY 208y T AR L, BRICHOER &

BB ER O, ZHEAROENELABELEITT THL I LE2RL TS, [
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RIS, AV 7~V TRO 1IN RBEOE S ~ AUV ORERITHENIZEND,
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Diversity of genus Mandarina

1-43:Modern species 44-56:Fossil species

Species name

Distribution

Mandarina mandarina (Sowerby)

Chichijima/Mt.Yoake

M. chichijimana Chiba Chichijima/Takayama
M. chichijimana Chiba Chichijima/Kohiyama
M. anijimana Chiba Anijima

M. sp. A Ototojima

M. suenoae Minato

Chichijima/Hatsuneyama

M. tomiyamai Chiba & Davison

Chichijima/Mt.Mikazuki

M. hirasei Pilsbry

Chichijima/Takayama

M. polita Chiba

Hahajima/Mt.Chibusa

M. polita Chiba

Hahajima/Okimura

M. polita Chiba

Hahajima/Higashiko

M. polita Chiba

Hahajima/Kitako

M. polita Chiba

Hahajima/Mt.Higashiyama

M. sp.C

Hahajima/Sekimon

M. aureola Chiba

Hahajima/Okinotaira

M. aureola Chiba

Hahajima/Minamizaki

M. aureola Chiba

Hahajima/Sekimon Nakanodan

18

M. aureola Chiba

Hahajima/Sekimon Harinoiwa

19

M. aureola Chiba

Hahajima/Sekimon Uenodan

20

M. aureola Chiba

Hahajima/Nabetsuruyama

21

M. ponderosa Pilsbry

Hahajima/Sekimon

22

M. ponderosa Pilsbry

Hahajima/Sakaigatake

23|M. ponderosa Pilsbry Hahajima/hyogidaira
24 (M. ponderosa Pilsbry Mukohjima

25|M. sp.B Hahajima/Minamizaki
26| M. conus Pilsbry Anejima

27|M. conus Pilsbry Imotojima

28

M. hirasei Pilsbry

Hahajima/Nishidai

29

M. kaguya Chiba & Davison

Hahajima/Minamizaki

30

M. kaguya Chiba & Davison

Hahajima/Mt.Chibusa

31

M. kaguya Chiba & Davison

Hahajima/Mt.Chibusa

32|M. kaguya Chiba & Davison Hahajima/Higashizaki
33|M. hayatoi Chiba & Davison Mukohjima
34|M. hayatoi Chiba & Davison Imotojima

35

M. hahajimana Pilsbry

Hahajima/Sekimon Uenodan

36

M. hahajimana Pilsbry

Hahajima/Sakaigatake

37

M. hahajimana Pilsbry

Hahajima/Sekimon Shitanodan

38

M. exoptata Pilsbry

Hahajima/Sakaigatake

39

M. exoptata Pilsbry

Hahajima/Nagahama

40

M. trifasciata Pilsbry (D type)

Nakodojima

41

M. trifasciata Pilsbry (D type)

Nakodojima

42

M. luhuana (Soweby)

Chichijima/Minamizaki

43

M. carinata Chiba

Chichijima/Minamizaki

44

M. ogasawarana Chiba

Chichijima/Minamizaki

45

M. pallasiana Pfeiffer

Chichijima/Hukurozawa

46

M. hayamii Chiba

Chichijima/Minamizaki

47

M. hayamii Chiba

Chichijima/Minamizaki

48

M. hayamii Chiba

Chichijima/Minamizaki

49(M. io Chiba Chichijima/Minamizaki
50| M. chichijimana Chiba Chichijima/Minamizaki
51|M. titan Chiba Minamijima

52|M. sp.F Chichijima/Minamizaki
53| M. polita Chiba Hahajima/Okimura
54|M. sp.E Hahajima
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