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1. IROEBERELEN ,

INETHEHOEFPLERBICE T 22 O ER T, ZHROEHITIX
BERBEILPEEREEFZXAEL TR LERHLNICRA-,TER., &EbiT,
HABEIL, BEOCHRPHELERTAEEQV LS L LTEXRBBEN
5L oTW3 (White 1979 , Denslow 1980).

BELCIWEMEIZRIT S, Wb 3KENEBE L Wb 5 HEHRDER
BHEAH T, RECHECLIBMAOHRICERTIHAES Yy v 7OBK T
HY, THICELLRI>IBEBEOEFRNBER SN TE 7 (Nakashizuka 1983,
BF 1984, HFE - LA 1987, 5K 1984, H [l 1984, [hA& 1984, Yamamoto 1989,
1992 72 ). —75, REMOILHBICROND VELASRWVORBR TIX, BB
THICRBRELREOLUVREAL, TNCRAEENBELEINSD X5 2 KH
HWREENAELT T3 (Sakio 1997, Sakio et al., 2002). EFEEIZ & 5
NEVADRYUIZNINE, ZOXIBRRAEEILCHENV—FEHT S (&
B 1988, 1992, 1995, Sakio et al., 2002). =D X 5 R EH M2z T,
MEEORWY I DVEIRE T CRIEMME LTHEET DI LN TE, ¥y y
THBRBREOABRREOHFRIZL > THEARAETCERT I ZLBRRESNT
V3% (Sakio 1997, Sakio et al., 2002). L2xL, #0HEAEL, EWHEE
MEDODNDDIIHEABRLLERO—FBICRONTE Y (Sakio 1997), E
EOEFCIHREIEIBEELTWVWS.

WRETEIE, L EBHCHERERERT LTS AW S PHIZEL,
WHREERAPEIDPARRDZILE TEREINEHBE T, E<BVWEASTRAEY
BoREzLDd. 220, LEMABORNREZIRRS, HELRERARK L
ST HFERPELT D "MV VRYPFFEOEBETIHRMKITIT T2 5 X8ic
BI520MBE2FTHS (EH 1987,1988). MEEHFIX, WHIETH
BREKICEK - TERSNTELLYERHERE L CTELLHMBTHLEN, 22
W, BEOHBRECHEIAHEZEY . WHEHF O X2 EELEH XK
BOERBRBEKICLIIEEOH S ARABETHS. L& 21T, LEHORE
YHETE LEROEELENRBEEINDI L) b FEATBEHRF-ETIIER
TELT, BEHEFORAREHEOER 50%CH Y TIHEHON, KELEAE
EROVBLTVWDLIEWVWIHENH D (# 1999).

MEEH T, 0I5 MEOEILEHS, ZHROKRICEHICHEE,
MBICREZRZL TR ERTFHREINLIN, EEIHE NIRRT
BV, ZZTEER, WEEHEE2ARETIEMABEEOV LS THE A L= L
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RIR DL 5T, "=V, EHRIHMICEFTTEIETCHDL Z L BRFLRE
R, ZTOXIRBEOAREBEZHLNCT A2, KWEHECTEELHK
FERANTREZTRIOILERDDILEEZOND. LML, "LV=2LOAET
HMOFLLEEZONDZWHERMIZ, ARXEFLLLRBELTEERED, ZkiX
BEAEERENTVRW. BomHEHHRDOEL bABZDOEELZ R Z T TV,
ZFVECHRFRESHICIEREDEVWAL=LRBNESEBEER TS, &
OHFEDOEHIL, ZOHBOALV=LHKIZONWT, OEEDEEKR, OF
FEE, OQUMBEMELTALETL, "o LHKORI 2 EET A EGEELE
BIXUOEHLHMEHILAH L OBREZHAL TSI 2L THS.

2. LtEbOBE ,

EEHITERRN 1500n, FEJICHR > ZEWVWAELE T, EHWEKIELN 500n
DRE (B# 1993) B8 1sknicbz o THEHELRS (K 1-1). ELE#z2HRY H
%, PHILEOCOEETEZERL, BEREXKEWVWEDEEERBNIZT
LW, BN TZERBIEIEINCZEOREZHBL TV, LE#OR
DHEMAMIZZVZAOREERI, BRELTLUEELRIEhEIEE=ZRORILEER
BEREEKEE»ORY, AL ER TR, BRXAREBERS BT E. —F,
REAOWLEDOREFEZITF - HEROBE, BERENLRBZN, NEL-—BR
EOEHRIBELRLUEREIVERSNL TS (A1 1984). EEHIx, &
BIZHNETI2REEXRLOBHAICLZ2EEXEDOERATEL b HERE
hole., BESL, AFEOLA2» L0 LBEHBITME, KEBREURDES
DOEDEROMALMHL Y, N OFKITZHRAICEF LTS (BHHE  1992).
LR ERNSFE) Iy H(EFH S ZER & T2 IWHF I THh 3 2,
EEHICBITI2EHDEIL 9.6% & X THEL (HH#E 1993), EE 1500m
CABLZ2BOMERBEWINE N OIBODTENRFBELZ LT WS, ZONE
B, AN TR IIETESHETE25ra vy FXFICRBEND P FXH
R, WI7=IVMK, "A=VL-0F3 0T IRKRER, EFA I7RICEFI L=
BHABPISBEELTWVD (# 1995). £7-, XFOBOIWCHER I - hEk
LT, Y- IMK, ISV, BT AL I-NA UK
ER, IWWHAEIZE, aAYTR, XK, Z7uaxKR2 8RBT LT
WD (il 1984). 1969 EN D 1974 E X TO EEFE M AN /INE (¥ 1520m)
WWRBIT2KRBOEFLHMEIIX 4.6C, 1983 END 2002 EFTOREF L& #
BAF BT 2FEFEHBEAKEX 2317Tun TH 5.



HEELDVDT, TORDOEAE2DITHEEIT- 2.

NNVZVPIZODOWTIEINET, BH#EE L2 0VHOEELRL (BEARIF
21992, #1961, #HERIZ D 1966, SERIE A 1967, FITIE A 1960, Z5H#h -
FEIL 1989, T - FFH 1978), EHFHICHEHKBOWEL L bR 5 KEE L HE
REAVBLETHD (& - W 1999) LVWIHIRERL, vX b —T R M &
STHRRENTEIMEICHERILTVWEEWIRERDH B (B EM 1976), F
7c Sakai et al. (1999) X, FEFWHOBBEHICIB VT, N1 =1L O#t
B & RBAERBEAKOFHA B LTWBEZ L, "=, /2% F R
YN ) FLEBL THRELMIBATEIN, EH0HE VY v ) X
RF /X T ERRETDIEICED AN VEERRRITEEELD
NOEZLEREZRELTVS. Thb0oBEF, "= VR KEEEILL T
FOBSLLTEBY, ABRMBENRZEBRORVEARATHEZZLERERLTY
5. TNICKLTHE (1999) I, REERLEEHOEVWAEEHFOLREREICRK
Y LEFRRIZONT, "= LbR¥YF&E, vV eI NEET 3HKT
YFTFERRLTI YA VXKD BB LELOTHY, SHOEENRIZE D
2V, EREBEOHRMNKIZ, "L, ¥YFFE, USTCoEIRLENEBLE
HHMEL LTBALTRITHERNTWVWS, /Al (1988) X, "1 =10
HERBEED, TREHELBEBEOFTHMAEZRT I L2RELTVS. 21
LBDOZ i, "NV VORI, PRLTFTLLREELHREILYLE
ELRWVWZ LERBLTWVWS.

NV = VRO HEEICONTIE, tEOBEHEIEL, HEREL, B
BTHD (BERITAE 1976) LWIHIRERHL—F T, tHBIIMECTHEAKOR
HoHBELET, 8KXEIEL, KEEXEVEVWIRELH S (Fujitak
Kikuchi 1984). Z DX 512, " =vHRiIZOoWTIE, EFSE, THEHE
BT, AEEZLRZRROTEZRBERIRENTWS., Z0Z LiX, "A =L
BERRIUMBMIZAEETTIETHIILEZTFTRLTVWREHEZ NN,
FTHRIZLTSH, "V LVEODWTORFREFIZL R, ChETOHREZRE
LTH, "NV HRDODEBER+SHALNICR2TWVD EEVEIRV., 51T,
BHMORUREFEEXD L TEETHIEZLEDEERRITOVWTOHSE
BRENTWRY. Seiwa (1997) X, "V =LVORBFORFIX, WELHE
CEFRANROBRH CTHEINDZ L, "MV VO EAREABOEBENE
L VFZ—BREWEZATHRBETET, BE0ZDICE, ELEIE
HT2 L) hHREIABXMLETHEILEZHELTWVWS, LALrL, ZOHR
TEEDREICERBPBIPNTVT, BELLEER LI TEZTRLINE N
SEEFETHHALIZLTWARY,



EHOBERNPOUEME TIC/ENSIE 400mIFLOR0RBEVEICIE, Y&
NN =V, BTN, ANV U HRREOBRKRBEENKEEZTS. - OL
ST, CERERZESUVALH - BORBHERXE AL AR,
NV VHNOBBRBIZHTIX, =2 UNY ) SREFTTI2HAL LN
5. ERMO—HIZ 1978 FELPLEROLDOBENRBE S TV 3R,
COMaERTIE, DEIERECIDZABREIOEEBITIZLALRALATH
RV, LREOMBEHEIREBEFINARFICIVERSH, BEL (LEK
Im) LTWBR, YTEFHREIZIOBEDOTHALEEDERBRLE OB IZIEK
LO0mIZD/e>TER-> TS, WEFEZFRLEAXBARIRAELERICLD
ZEATRY, MBEAZOKKMBEENL, THEEOCBRICLVAERENE-ED
(=%) OHEBICIVBEEINL TV, IR0 LRHICTIIDHEREIES R
TWVWLH, AEME LE@EBECIIALIBEDIRE IR TR Y. KFBICHE
DLEONTYYOHBIIALONRL ), HEHILEROZHAEFZICE
MEROBHEEL 2 5.

REF X
HEMROBELABEORSE
FAEIX 1998 FE 8 AD 2003FE 8 AT TiITh - 2.
AEMEEEBEICDESTEEL, "V oLBLIORYFXEOEAE - 1TH
BMEzBRBLEARIIFBREZREL, FRERANOELELHEBOEELE, BX
BOEHEELELGE L. £, FRREZBVWEHEAOBEARE, EEABOE
EMEEEOME, SOLICHMHEBEERLL. FREROKRE &%, E4£Ito
WTIX 0.26—4md, BEBICOWTIE8—16nfd L. BE 20cn L FTOEMEK
EEAE, 20en 268 700ecn TTOBEEREHRM XS L.
—HMOFERIZOWNWTIE, REKZ —EHRILIIELZTELEDHEER B
L, BERTEOEFIRERABOBEEREEHE L. £/, ELEDBEHK
BEZTRSOTEAV=VHAOHHEBEBIZBNT, "V L BIOYF FE
DEEZSONVT, BEIPLI1EROELAOESETHELE.

BRERTFOAE

EEBIUVHBOAEETHOLHIIOVWT, BETHEINBETHE 22T
FL, RBZHEMLTROLICEEOHEB ko, 72, HILETF
#E (RPPFD) W E L 7.



FE2E FEEOEBEEX

FL&HIC
FRTONTEES, "V UHROBEFRLRITICIE, HEHILLAEEES
T3, ERE, ERBEEELRZVWE VI, HIRTASTEODRBEEAFIEINAT
BY, TOEBIEIHELNICTR TRV, Seiwa (1997) 1, Nl =L #HicE
TOBARBRLL, "V VOEERZRERBOHEBERREL, V¥ —BIHE
WEZAHATREETETY, REOEDIIE, CETENBELET A LS 2 #E
HEAPLETHDERELTWVS. Zhickhid, "V VEEDREAEICY
oT, BALDOHBHEIDPEITL WD LELXLN, EEORLE, EF
EHIRBWEOBEBREALNICTAILEN, "V LHROBRIE S 2 BEET
DIXAT, EETHDLEZDND. L2L, BRRETLD X S hiiEH
ABNANNVZVREDEFICHE LTV DIDEHELNITR 2 TR,
AHEOBMIL, LEBERECBITIBINANVLVOEEDEETHAEE L IC L,
EEMNMOFEIT, MINEILRRZTHREZHEALMIITEILTHD. K
EOREMTH 2 LEHIIERRERT lkn T RA3LUBMOBEESTH 5.
CZRRENEZR»TYTFER, "o b-FFFE-US e Itk, 75
TYRBREDHEREENESRKRIL TS, ZOHFEHKIZBWT, "A=L0
RELHEBP LD RIBMBLIOMKRSICRE, £FLTWAE 2%, HEH
MTHEVPFFEDENLUHEBLT, 1) BELAD0RAREE»HET Ay E
FMREERIZRICHPEALMNCL, 2) Mk 2#RBEIRI A L= LELE
DEE, EXEXCEDLIEZPPDLoTWEINEEET I L2ENET S,

HEM

REMIT, BREAMOHMOFBINAREROILERICE &K 1. 5kn, B
45 ICHL T > THRETOIHRMNE (—HEROYFIHEZEL), 20REII
IERDAEROBESRE, BIY, NERXFOBRADICHE SN - HHEED KR
MEPOHENABROBIZENZ Y FERICRELE (B 2-1). WEOIEIX
COMETHERT 60 IZETD. DEEHEICIE, KBEOCERZYFXHED—
ERBPANAYFRICRILTVS. BEHOTEF 2R TNEEOHAEIZ OV
T, # (1995, 1999) 2HBHML, — WO W TIIHBHER 2Nz TK 2-1
R L7z, :

LERICE, RRICH->TIE m ZEPO0BEBREFROBEHIER S,
YTTFXFHEOEBRSLI =T IANV )R-V F XK, EEABICA L= L RE
T2 FFHK (FFXF-~r=ol#) RERRILTWVWS. BREHRK
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ERFBELLEEREFE

REEFHICOWVWTIE, FERICEBELZHAOLEEBY, V¥ —%%
WTH Gem DESETHEMULZ. BEFTHIZCOVWTIE, BROKHZ EE
BeAHBRL, TOREZENT, EEYOBB 2 FHEL VWA ML E S F
FERNIZBWTH 5cn DESITHER L. B O ICE, Ro#HBEIZLY
REPEDONTVWEIEERDHY, BEOLBIZIHMEET T 2enBEDOES D
bOND Acn BEDEREDLDETH L Thor. BEIHE 4 A UNICHZE
BRXHFLR), IEECTHABRECRELLZ. WEEIZELREI X TRERIC
BELZ. HECELT, A2 2TCT48EMEARZL, BIECHLE. £
KR, 2EFXEHFEL C/NTF 5 AP — (SUMIGRAPH E{b SV ¥ — =X
B) CHELE. Sbiz, RE LI 105CT 48 REERS ¥ (BE),
BE+LTOKNEERERDL. 2R%K - EXEERIT, BB+ 100g b
WOERBIZHELTRLE.

VNS KT EE SR

Z2RF - BZRABCAVEZL O LR CEAEE: 100—300g 28 EIZfL7~=.
HETHEZELEZD L, 0075 D53 VEBEL, 30V EBLEKF S
VUL LB RLTEFLEOXFICLIVREL, 1B ALBEBICXT2E
SETHRLE. HERSE, tEITZSOXE%E (>2mn: B, 2-0.425nm: 4
®, 0.425-0.075mm:#A>, 0.075mm> : )b k - ¥5+) 105t /=,

HXNXETFHE (RPPFD)

BEZ, LEROEVPEHR T IO 5 A TAL»L 6 AFAIEHTTE, |k
BARDODENBEBR LEZHDOSAMANL I AFTHD 2H, EET - IHMOE
ETH o, WEICK, XERBAHHXEFE ¥ —L LT, Li-cor # 0
LI-190SA L /NABAERT O IKS-2T 2 A W72, BIEIIBRRXA T RA-oF. €F
DEREHATRABZHAEL, IEOXEFEECHTIHMELFEH D
MMt EFEELLE., £/, EFBERAD 10 »FITHEETRY, 20
THEZEFREOHNXETFEEL L.

BWkodz
MEPEFTTDIEREDS L 7T rHiE2RMBE L, FRREEFOEHE, ¥
ImMPEOREDOHRDICEBWNT, B LHBAROREB ZEE L. HEHITH
BERE LK, RAMETEKEL, 9V O00EHE2E 2. KELRKZoW
T, ERFZIVE S ImHETCEHITE2ERLTCEH 2K 2 7.
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NLVZLVELUVYFIEDEREL#HBOIME 1T

RIBDEED, "V VBIOYFHFEDEL, MBOLETHEZ &0 5T
THEREZBRBELEER, "V=LVEEIZONVT228E, YFXEEEIZH
WT O, "= VLHEBICOWT 16, YFXEHBIZOWT 23 E, &3
TBEOFEHRERBONTZ. YFHFEDEAIZTT T 19994 8 B ITRER L 7=
BEEDLDTHoTE . A= LIZDOWTIT 1998 ED 5 2002 E % Th &4,
WMEEELTHEERLEL.

FHREREH S OILHEEE, #iZh (1999) OBERSE2BEIZLC,
BmAE, ERABOBLIHELBHAFORRICLLESVWTHRHNL, 11 O
WMEA TR L., ThEhOBMEZE2-1ICRL, B4, B OEE R
MHLE A T RNCR 2-2 1ITRT. '

SH#EIATa b XMEOWEBETDHS. a TIZTEEETH B (BEF0
EAPEETIHASHSE) OIRHLT, bik, B 2n BEO ¥ FXEM
EFTD. cbkil, ERLEKBICEDN, 22 LY EEKRTHEBIT,
HEBE THEENBLEZLEOBAKZRELPA TV ARWVILE RS L O ®
ETHDL. TDODH, clE, HE LnBEOYTIXENESTILERO
KA THD. dieldBE I5mIEEDF=HIANY ) LY FXRE ST
DHRNTHY, MBFRILERCEERXFEERBBICRIT S, f IHE0
ITmDOY T XEPBEET 2K T, WEERBWICKRITS. g & hix, #
WA 1IBmOY T XFROERABICHE 2nE X DAL LR E LT 5 Sy
T, BERICEILTWVWS. i, jBITkiZ, #5 25mig X0 =1
BETOIHDTHD. 2055 1%, BEA— FARRE O M #2358 RICERE
TOHMETHDIZ L, ERBRIZLAEEEL TRV LD, HEET
MABEETHWEF LWREBR TSN, ji, i PRBOHBTH 5
B, BMEDREPROLNDZ LD, HTWVIRKE & MW L. kik#REE
ZREITVRY, LEFEOREZTOLDO LYE TEXITHTH 5.

NIV=VDREEZ, EELTCHERD 2 oOTHE AT (a,b) L=
VA (LLRBIOHEERBBICODEITAHRERBBO Y =H T
S FE-FTENR DICHEFILALDNRTEZ., —F, HEIXIYFXFEOEBH (o)
L, F=HUNY X -FTFEHA (de), WHERBETRO Y F 4K ()ic
ERLERL TR, e, "A=VUVKRNOBRER GDICbEFEFTLTHL
.Y FHFEDODEEREINANVZVHKRND 20D MF AT (1,k) 12D HFEDR X
NI . H#IL, FEOY T X (c,f,g,h), F=H UL ) F-FFXh(d,e),
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NANV=VHRRNOERER (DIchabhid, BEEODEHE (a) L ¥ F 0w,
BAHRMIZIETEFTL TR -7 (F 2-2).

THMOBBENLZL, YFHXTORE, REOHH

AELELT6DOEFERBENDL, "NV VEEIZOWT 16 R, HiHico»
T8FHBR, YFHFEEEIZODVWT 8 FER, MBICOWVT 14 FERX %2
O, tBO2RE (CR), 22FEEFE NE), VL b - BEH5EEHE,
EH, FBLUCEODRPPFD, EARBOHWBEEL*T /. TLEPhOEHES
SLHEE A TR E 2-3 TR, ~

EROBRERFEZELL LTERSTHI (PCA) 21T\, R 2-4 KR T8
REBL. BLERDLBE2ERDOFERDAHIT 6% o, 1 %
BT+ BOCE, NE, YUV b - BENEOBSERLEOHERES, &
O RPPFD ¢ R OB R E -7 (PC.0001, 7 YL OHEBEEEORE).
o, F2EKLITHE, EDO RPPFD L EDMHBEMNE 2 o 7= (P<0.0001 : &
2-5).

BLIBILIOBE2ERSOBRCIIEERTORREE, TH DL, EAL -
MM T LR 2-2 WCART. MMHIT LT H B L, RPPFD A& < V4 b -8+ 4
HEDEBLIUCE, NELERABOEBERNEVE (E28W) cEHEAE
(@, YT XHEMR O BIOHEERBHEOF = H T AL ) F-FFE2HD
THHBEH () D —HMBME L, HHED RPPFD RIEL VL kB HEE L=
BIOCE, NELEABOHEBEEIEVE (B4EB) KgSHo 1=
VHEKBMEBELE. TOMOFRRIIBEORATRABICEHB S LR, £+
DN TEHRREBERBE LOF¥=F U N> ) F-%F X4 (d) I, RPPFD A&
<, ROV - BEHEESRBIV CE, NEXS WA, HEgk
WES D ¥ F XA (£)1X, RPPFD BXME<, oY A N BEHBEELSRB L O
CE, NEFBEWVWRIZAFES BEMZR LKL (K 2-24).

KE BT, "MV LVOEREZEDFERIE, BEEDIZIELKICH
o TREEBESH, BETRERNTFORVEE D> TRAET DI L OREN
"o, ZThicxt LTHMIZ, BEEOE 28R LEA4LBTRREL, &
REICEFTTIWMANTINL (K 2-2B) B A XRET2ERIZZLERN,
BHELAODEE (XY FFOHEWHK ()&, BEHOAL= LI K ICHEY L
e (K 2-20). YFHEDEERELFHRIZ, B2E2BATRITTWVE (X
2-2B) . HEMIZ, BI1BBLEIRBICELZR VNS EE R REIcLE S L,
NNV VOB ERKRES2RBIVEABRBRICERETIERMBED? - 7= (X
2-2B).



EEOHESLSUREREEE

NV VOREPBREFZIRONT-EELEODBHE )L 5FFHK, v
THER D) 2D 2 FRR, "V L HOFREH Q) 2D 4 FRK, #F
HONLV=VLHREK 2D THFEREZBY, EEOHEBIZ S VW CEBTE T
o2, ¥FFEREILOVWTIE, "V=LHROFERBE Q)20 3 FBEK,
BEHONAV=LHEHNPDL4FHEEREY, RBRICERREEST-7~. &
MAEOKREZ, FRENOEABOBEHERL L HITK 2-6 IKRT.
BELEDODEH () TIX, 5 FERDSS 3 FRERAEENARABRIZE b
D, NNV VOREFTIFEBRE TR TIRTEABELTVWE D2 F BRI,
EXBOEBRITIVTHLLEL, BEIFERETTELED B ENERL T
W, 4 ERICRIBEETATARELE. YFEABHG) D 2 FHED
SHLIFERETIE, ERXBOMEBRIE -0, ZEEFBERIIBERD L,
SERICITNTHERLE. o | FERRETIHEAIZAERLE T 26%08 4£ %
Tol. MIEBOELETMOMBIZEKELZLDLERY, YELDY L Xh
CEORKMELEPoRLILBPEERBENTE. "V LHRNOHHE (1)4
THEDS B 1 FBRTIE, REZ2ERBLEYEOERBOBEERIT 104
BErofebDd, 2F%ITIT 0%CHML, EAIFTTTHEELEZ. LaL,
EARBEOERKD 30-506CMIONT WD 3 FBETIiX, 14 TEAL
DESRIBERERLEZ. BEHOAL LK) TRERABOREBEERE <,
RER 27 ABRETICRTRTCHEELE., YFAEOEE R, BABOESE
BREDNANAL= VRN OF R (1) TiX, 10%2°5 30%N4ERE TAE SR
ol =X, BEHOANV=LVHRKNOEEBOHEERIT 90%L &<, EA
XRELEBEEITICTRTHEELE.

NIV VHKNOFRBERICB TS, "L D 1EEEEDE ST 4.0cn
&, YTFHXED I EFEREORSONELST, FOEIEFETHo (RF
2 =7 FDTKRE, p<0.001). (X 2-3),

HEBELEEOER

R2-TECANV=V, PFHFEOHBMLZOLBIZABTTA2Y FXEB LV
BoFINY ) XOBBERT. "NV VOB ORI, Y- X8 (5
MZATc) TiX, S—10FERBETHoZDITXH LT, KEDO Y FXED
BiX 156—20 FRIBE ThHhok. WHERBEOYF X (S#HF 17 £) T
T, "= VHRBOBEBIZ I0EMBE THoDITH LT, ¥ EEM 40 £
METHo7. "V VHEBEIRBEALY 0EPL30EFIEENL-7E. ¥
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FEEHRBORBIL, =2V UN ) - F 4K (IHZ A7 d) Tk 22
—2FHBETH-ZZDRIHLT, MBEOX=H IV F, Fo ) xn o7
FHIBR ThHole. WHERBEOYFEHK (IHEAL 7 ) TIE, YF&E
FM OB S 25 FRBE CHoDIH LT, Y EFEIT4ETH o7, ¥
FHEHBMIIHREARLY 5 20 0 EREERH Thoz. DX 51T, ~A
=V, ¥YFEER, AEBOBEAROERICEBNLTED FICHRE, £+ 3 -
EETTHERENELNEZ.

ER
3L #b & AN EL
NAKié@%HH(H}wU®%2%@Km%éh5%ﬁé®@@ﬁ@>
X, CE, NERDPRVWDEBEOHEBYOBE»LHI LT, DR ERT
DEIBRTMAKOEETICLELIEESb &, BECHBEERZHEEIZS T T
WBLEAZLNBIMTHS. YFEABM (b) 1%, MEOTHIC, Bk
DEBVPRLRPEREINT, BERBRENBEDELDOTHDS. TOMBOE
ARRIIEBENZHEHROANV=VHR K IE, RBLEZKT, EEBO
EHEEBLIVCE, NEXFBVWI Enbd, CEEZREVHRZT TV 2NnEE
AbND. Tho SEICHLT, FPREKICEBIS L EZIHO > b, HRKE
IR LEDOF =H U AN ) F-F T XHh (d) LT, EXBOEHEER
B, BHZCE, NEXNBVWHKO M v 7 ARFTHET B 205, #
HEEOEERIT, BROEBBASNDI LR, (BB IrRHKADE
BTICEPNERYARDoR, BERELRELTCVIEEZILNE. HRE
BIR#E LEDY FFEFEBK (¢), YT F-~1 =1 (g), ¥F F# (f) 11,
EABOEBMEREL LBEHNCENEDEVHAEE L TVDE I &b,
BHE, ARCBDOEBE b 20T X R B AKOERE2ZS I -EH RN H - -
B, BEEIREELTWSRLEEZDODNS. WHEERBTEOX=F T N> ) -
XM (o) ¥, EABOHBEB LU CE, NEREDTENC &5,
BELMRRKICBDOHEERI LIELIEBEI - TWVWAREEZ200%. 2 b LR
HMEBRT D7 avvrx, 245 vF %, Fa )X REQOYTFXTERH
SHIN 7 XE, BEOTEE2FATEETAILRBE IR TWVS (H
L 1987, 1989 ; BFFH-#HE 1991). UREHMTYL, YT XHEH (b) 1T
HOMBYH EIZERILTWE. ()b (D)X, TOHRERBMASIEZL TV
KHBET, hkOEREZ2ZT, BAEBELELOLHEBINRS.

NV VHAOFRBEE (D)X, EXBOEBRMIELS, C&E, NEMNK
BREWDRVDBEOHEBYNEMR T, LBENBFE TRADEE T ITH - -
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LHB SRS, AV VKA BRBE () 13, BERABOEBEERE S, C
ENEOBENEEOT MY v 7 ANEEEEET S L0 5 Y 0%
LHBI LT, MADOEE» bHKS W THYOHBARE LE L UIEShs
THITH B

RE0RE

NV=VDOREDFRBRILZ, 22 0BIE0RRIChbEsTREBSHh, =
A, EVWHEON AR, hEEELOMMIr0bbPRETZ - L2
RERINT. "= VEZOWTRE, EXBOREBEEREL, V¥ —REL #
BMLULAENHICIELEDRERENE DD THRL, BEEADORACEEE+SOR
HICoR2BD LS RMRBEINLETH B2 & (B 1992a,1992b, 1994),
BYIORFRIFREFRBRIVERAABHTCHESINS 2 & (Seiwa 1997)
PRESNTVWD. ZORKIL, EABXIWESL, FE+FEABHL T
D, BMEBESCHANOH LVWREBO L > RI#MICB T3 o LEEDRE
WEETDS. Lrl, SEOHRETIE, "o LOEEARBEHDO L =1L
HRICObBEETEELTWVE (£ 2-2). ZOSXHIIZ, IFrAL ALY 0
LORERERPNHMREENICH S - DICE KB T D RPPFD 2K < , HEFE M
DCE, NERSZVWILEMDHRT, RRILWRIHMEEEINL, “hHETO
BEL—BHLR2W. 2EL, "= L KO ZOSXHIIZY ¥ — 0 EVHEITE
BENT, V- R2EERLDOEEFRRNVDBDOLEZILNRSE. AN L=
HRAOERBTOREHETIE, BFORFROETIZBETIOAAVIZLTY,
BMAESHNI2EFORIENZ N DI, RETIELEOEMHEBIZEL 2o
TWabDEEZLNB.

YFAEDOEERTIR2-20F 2R8BTRRITZ2EREZR L. - OERKIT,
HBEH DO VL LS ERD R 2O RPPED RE WM H, +hobb, Bk
MEPHER LA NIHEERL (R 2-5), WEOBEBESLYFEDH
BEdh, HWEERBREOLD (v9) HBEHE CHY TS (K 2-2). ¥vF4&
TORBFRIKIBEAEINBAEORILRET IR, 2k, BFREAE S
EHRTRERRBRBATCHLOBERECAKEYERE TN TVEEDTHY (&
JIl 1956 a,1956b,1956 ¢, 1957), MARBA L THRETHIEHITIT | £%0
&;b\f:“ﬁof:ﬁiﬁﬁ;‘ﬁﬁﬁéhéﬁgﬁﬁ&é._.[:%Ed)ﬁi’rﬂ“ﬂi{%z‘(jmﬂﬁ_ﬁb\i:
W, AR, HREEREBRLLSTWEEZEZONIE., YFAFEEFIIALSR
ROVEDICENRBRTAMICETLTLE) 2 ERHEESNRS.
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REDERE

P ET T OMADOIHEFIEELLS DR THVEEICBESL T
Wiz (K 2-2).

WEEOBBEEMSICREE LAV LVOEET, B LE 5S4+ NT
THRLEDY, TORREEAKOEZEDERAICLIZ LD Th o7 . WHEH -
DY S XHEHRICRE L L ELEOBEEOER IS BICIABELEES
5. DBETI, XFEHFE+LTH, BAICLIIHHCHBEOHERE O E I,
HDLVWIRHBEORLD, EEOEFIRELRLOLEZILNS.

X5, EROMHMLITHBHIE, AOEANLBERS N RE R TH T,
BEARBOEBEERB VD CHREKDO L EERBEBD TEVZEH DO AL =1
BRO(R2-3) WBRELEALV=VOEEYL, 2 7 AURNICTRCHEL -,
ER, YT IEOERED, BEHMO AL VHRICEELE S OF, BEER
o 1FEBETIZTRTHEELTWE., —F T, EXBOEHEERE N L
SVHRAOH LWHREHICREE LEAASEOELR, | FROBSTIZIFE
BULEBPEEHE > (£ 2-6). ThLDEET, BEXABOKRIZE %R
RVREDEEDCPHEERIZARDIZLETBRL TS,

REBEONNV=VHEBOFEEIR, YT XEBHK, ¥ T U L ) F-FFx
W, YTEROLI) REBMBORNICBONZEmMERLE (£ 2-2, X
2-2). REOHEZBELEBRIZINIE, Y FXEONBKRITIAE L -
W VDREB AFRTRBHUEBEEB-TVAIEFRARH D (£ 2-6),
COEIRIMTIE, BONE—BWICLTHO AL LOEERNHEMIZKE T
EORER DI bDOLEEZILNS. ’

YFAETOHMIERBBORSICMEZ T, YFF- 1A=Lz 85
nie., Ele, BB L LTALV=LHKADOERBHICAETLTWSIDYL, & o
EOYFFETHY, ALV LVOMBIZIZEAPBEEBSR A D-7+ (% 2-2).
WREEDPHIWICHEES LTS, "V=LHRNTIE, "= LDOEEITHE
BETHOLBZONDIN, CORREZHEMIATORESEICE 2% RECEY
HDIEETERY. MBOBSTHELLERPPFD DENDLEZ L, "L =L
HRRDHEBEIZ, "o VHEBEPEAETTEYFXHRNR S ICBELTE
BHEONBRNNDTHD. NV VOSEEELEY A X LY F X7 2B
LA EPoR (B 2-3). £/, "V LVOEEARYFIEDEE D
NIHREERENZ EARE SR TWS (VM 1987, 1988). “ Dk 5 A
HOBNE, RNORBB CORMBMBOEEDE VO EEICR > T30
BLARWH, "NV VOEREOEEBEERALNIT D ICIE, BEXE
DENERLHEAKDIERZL b EDE, ELEHELVHERLETH 3.
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HRACEETT DNV VBIOYF X EOHBMOBEIL, LEADOEEIC
EARTEZERAETN 1000 30F, s 2L 30FFEEBTHo (F2-7). F
BAROBEBIZHE In CBTI2HMEETHY, ZOBESETICRET SEH
EERTDLIDERILIERENVLDILASL. ZOEEX, ~A=L, ¥
FEEOHME LTOERL, ERHELNEBHKERE LR THB - b %
FLTWDS. EiED (1999) i, KBEHOANL = LHKIZONT, ¥FIH
P LEBT AL LI L VR LE L ERL TSR, AEERE NS
FLTWVD. 2L, #Ei1E2 (1999) BN 3 X0, YT X2 THRRE
THILTALZUBBALELIEE 2T\, LB HIC L E L7 S AE
EBPRBREND LT, REODEBENEESNTLEI DL TH S, Z&ED
EREIZ Lo Tk, HRBEPHEEI NS X5 RMERLRETT B L2
LABIREIND. ZORT, YT XEBHROY T 5, MBEERBESD & =
HBONL ) F-FTERRET, "o VOB ARERLIOEESEED
By, BEOTHBIEEFELTWIEEREBE SRS (3 2-3).

IR L 52, AEEHTIZ, BEOIHIZERHASRET B8R T,
WARKODERZI T, RERCBOHEBRIEATNS. ZhIX, KEBERHEL
BV, MRBEAEDLEZHMET L L) RHEABICBERLLAREILTHS. BO
HBICLVERBREBESNZHARER, ENEXRCB SN BERE, P Ick
AT, TRMPERLICL, LB DHBEHIVWEEESNS. 20k 5 A
ﬁﬂm%ébtnw:vwiim,ﬁ%ﬁﬁigﬁw,%ﬁmiﬁﬁﬁﬁé
LB TEDLEZLOND. ERBHROKKICRDOERE L -5 L, HEHE
EEZWET L) RBAKDEAR AN VOEEDES IThHE > CiL, BEEA
REZREZLTVWEbDEEZLNB.
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EIE NL=LVHKOFEL

FLC®HIC
TTEFETRALLIE, "V V%l 2 b 2R WSS R+
(FEARIZD 1992, £ 8 1961, &5 M5 1% 2> 1966, &8 M 1E 4> 1967, 1T IE 2> 1960,

¥4 - L 1989, L - B 1978), KHEEAMBEE OB IC KRR L LT

E&ET S (Sakai et al., 1999), EHILEIHEBE CHEBIND LS X

RBELHBREARLETHILEVIRERDS. 2hickt i L= VTR

FTRICEFR T LI ichsd., LhL, B28lcbhbotr, BEADOE

BICBETOIHAOKRICEINIE, "Lk, Y FEERE DOk 5 LEH

%ﬁ~ﬂmﬁbt%,mﬁﬁ@#mm;éwﬁwﬁﬁﬁﬁb,%%ﬁmﬁé

NDESRBEIALLBICEETDIILENTRBINEZ. ZhicIhiE, ~1=

VHBER LB b ALV VOEERNEETEII L DY 23D L ES

bhD. EOBERIRNNZVORFTHREFNTRL 25, A= iX, 0K

ZHEPDD DT> EHEDORERICONTHRNS .

REMEBESE

AEHIT, REM-—EROM, % 2kn O&BH L Lz (X 3-1).

FAEIX 2002F D 10 A & 200D 5 AND 10 BT TiIFoi. "=
VABABICHEE AU ECTEST ARSI EY FEXROES KABIZHE 3
UETESETIMADERAT, KE 400 ~1600 0 FHIK % 14 HHREL
2 (K3-1). FBREAZBWT, & 1L.nl Lo+ RToTAROHE & g
mEZEZEEL L. ~

NANNV=ZVIZ2O2WT, BE nONECREECLI Va7 2HEERL, #Ess
ﬁﬁbt.%ﬁmﬁbfwéﬁwﬁ?&fﬁﬁ@ﬁﬁébtﬁ,¢b%ﬁ%
STVWLIEESLIOCBHEERS In U EOEEIZSOVWTIRERTE 22 o7,
AT BRERTE R P o BB VTR, a 73 BBLEEEOWSER
BMEm»rOROILEAN (K3-2) CHEERE2 L TRDTCHEBEZRDE, &
BEECOVWTR, FHRa7TE2WEERIEC, T IABIICERLE. *
LT, BBLADoBEICOVTIE, BMEEROKE I NERTOEE D
WEZEXT., PIERICBOTIE, PFREDX=H T AV ) 200D,
EWMa T ZHEEERIBECRE I ABXIIERLE.

YTXHOEBRBIIALVLREET 285 L, N = L 0% RER 2 4
RIZEABLTWVWEIHRSIEOWTIE, "V VOEBRBEERAKIANLL FOR
EHFBEEINTWEINERARZ. Thbbh, "o UVERBEEOBTRKITE
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EEOMBIZBLPNWIRSOEREER 2 ERBEFOBMTEM N T 2 E
FERELT, EEILICEELZ.

LS

NLZLDY A XHEE

RI-LIC, FFEBRCBVWCHALEBE: PO ENEEAS 27T,
TIFEHICRBELE 2 20FBRZRBRTIE, "o LI WEKEELSS O
50~90%z 5O TV, ¥ FERTRE I a v v F®, =V ¥FE, Fry
F, AZIANAYTIRLEOY T XELIWEWERA DO 38.3%, 47.7%% 55
EOIK LT, A= L3 18.3%, 36.3%% &8 Tz,
M%m,mﬁﬁmﬂﬁbkﬁﬁﬁ®,@,©,@K%MTM7y#V7,
IFXNAALY Y, FAFAATEY, TH, FS5LFoa v, FAvrw
TYIREOERAPFESL TV, HRERBTICLET S FHEOIL,
ROKEGRL T )PV EZELRLTVER, BYOBS I+ DN HE L EA
BRBESNL TV, ZRUADFHRIZWTNR S VT ) F ¥ NHE 5 T
&> T,
MEBEERESTA~2LHDE (K 3-2), SEFAELEA AL LKOKSE
ERD2EDAZATIZKRFIEND. Thbb, BEER 40cnREO L=
VR EST MG (O, @: Z@WHkF17), WEER 60cn BIEOYF X
EPOROIMDICHEER 40cn RB\EO AL = URETTEHLS (B, @
YTFEHEZAT), BEER 60cn UEDOANLZLDLEAKDIC, BEE
B 30cnLTFTONV=VRELLEFTIHSEY, (6,0, D: %k & 1 7),
MEER 30cn RIEONANNL=ZLRIFLALEBTLAVKS (@~ : 4% #Ek#t
FEFAT) Thd. YTHXHEAT, BB LA TLH, "A=oLOKE
EE 30em UTFOBER, KEBILELTVWA b0 bbokR, ELAL0
LbOETERBABIZAEFT L TCVWE. O~QOFEETEYTIZIALIN, @, @
~OOFBETRYIVREIRNIERL LTEL AT LCVE. B2 HE
HELTE, O @, G, @, ©, @, QEHEEOFREBEIL, ®, @ixw
MEO LB LRI, @, @, ®, @, DIFEEEICHKITL TV,

NILZ LD S

43 REFHRICBIT AN L= LvOBBEEL =T,

EWARI A TOANLZVHRTIE, "= LOBBIZTWVWTR S 45~60 £
EFLTVE (O, @). YITEHRIAL TS TIE, HEBZHRT BV F2HD
ﬁ%ﬁ9deM?F%ot®KﬁLT}/V%:V@ﬁ%ﬁ4&%0¢(@)_
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ETi, 30~60FICEFLTWE (@). B ¥ 1 7Tk, WEERE 30cn
UTONL=VL oL, 46~604F (@, ®) kix, 30~454F (@) &
EFLTVWE. BMEER 60cnlEDOAL=LiZoNWTIE, B, DicBW T,
150 T3 & 260 FfF3L 0 2 EAT ISR O E — NAFE L, @12 B\ T 120
FREICLIER, BBMOE—FREELEL. BB AREX AL 7O A= L
T, MBOT—FR ILEHRICEFL, TRLhEIVEVEERET oL HEEL
BVH0 (B, @), MBOT— FiZ 1 EAFICEFTT 528, 2 FEE 2B
MICETFEFEETI2LD (@, @, @), 2 2UEnE—F2L25b 0 (O,
@), BEEL, 22U EDOE—-FE2b 200 T, B0 60 £
ThoT.

FhEGOREHEE

YTIFEREZAT (O, @) LHEMB YA TOKS (B, ®, @) KBWVT,
NV = L OERBEE (B 30~604) OBTEN, POoRERTEGEORT
KEVERINTVWEIN2HERR SXMOEESH L LTK 3-4 125,
EFELLTOBABOEEEIL, @, @, OBV TIHGEE, ®, @T
8B ETHL-72. @, @, OOEHBELIMNTEHERIALTHARVLD
(09D b D) BELKRbNDE—F, 90~100%HRIZENLTVWBE b DNRLN
EWSHESHEZRLE. ®, @TI, HERE 90~100%~ D5/ N EEIC
H b,

FhEFOHESHIER L HEOMK

K 3-56 CHBEO~ORBIT A NNV VEBEEOMTHIEE L #E L
DEAFEZRL, ABKROHMBEREBI VMBSO REEKEE 3-210%
FY. @, DITBVTIHEE BB OMICIZEEERITRD bR Do,
®, BRBPNWTEZLLOMIZIBVWHBEEZEABOONE. —F, HEaRL
BMEORICIE, WIFhoRFIZBWTHRVAOCHBERABRDOLE (&
3-2). MR OEEIL, EANICKREN L, #BEIZ, BVniboTy
Im U ECELTBY, BEVHOTIE28ne, HEBIZELTWAHLOL B
bz, HEERN 100%OEEIILEMICIRENELS, BV O TIX 2niE &
WLPEELTWERMNo7z., —F, BWHOTIE, BMEN niT ezl T
WEHEED B LR

EE
A=V OBBER, WTNOFBRTOLHBEN Th o, 72, A=
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L ONER (30~40cm) OBEBBEVKET—RLTWVE (B 3-3). —h
BOZEFE, ANV URRALDPDALA R MNIESTEHLTND - & 55
BRSED. "V VOEERERAOHEER T CHEHEELTLED>Z L, A=
VHRANOTBEE O K 57, MEBAERN NEEICHESR - T I %A LT
b, MBIICETHRET 2N TEP, B ETRETE 301F, MERELE
PDHBHEHEBACEES N EADN I EHRBMEOKRNICEONS = &3
BL2EIZBVTFRENTVS. 2O enb, "NV=LOEHLE xR -4
AR P, MREENEHBICHEIS N LR LERNBEEOB B & 4
HMBHETHDLEZXZLNRD. LL, BB XA TORSTY, RV
FATORGTYH, REBEBRIEE SN TV AETIIEEIATHAN T &
B,%@ﬂﬁﬁﬂm,%Ewmﬁ%&b&m,%%ﬁ$03%mﬁﬁéié
RbDTHoTELEZOND. L 2ETYH, NL= L DEAEN, LEEREK
DHRER~OBONEDHEBICE bR VEBLEI LR HEIATWVS. &4
RELENEROBEIL 30 FE~60 FICEPF LT, L&HTIE 1938 4

(4225 65 F8/1) 1T, KWOED, FERRONMCEST 2 h#eE 5 5kx
FREL, FREROTSERICMBETI2HRTAO IBES R+ CEE 5 7= -
EHEFEENTWVD (FH# 2001). MERDEZIZZORFICE B LREHED
OB AKRZ LI L ZHMBREELICHE LT WS AEEND B .

4 (1995) X, "V LV OEHICONWT, N =L OEREEE, HEn
AHLBEESNDOREILRDI L, REBZE LLELARAVMET S LEHLT
WS, ZLT, EFCEIREROBMEL M RKEELHRBEILNALETDH 3
EBERLTWVD (5 1999). SEOHEETE, "V L ABAOKEHERE
LEEORMICIEARVACHBEZRARD bR (X 3-2), BEOWBRER 0%
OEE D F IR 50 FRETHEE (280 BE) KETELTVS b0
Rohfe. L2L, #ERE 10O EETHREOHE T 15n 1L O#HIC
BLTWS3b Db EbR~Z (K 3-5). /A - B#% (1987) 1%, ~A=1%
MEERECTEIREEZDEIVFNALARAVERRTWVWE., ChbDZ &iE, ~L
SVRERTTLH I BERR CELIRETHBLERLTVE. 2D &
PO, NV VOREFICE, KEBOMERZMES LY A KBEEA RIS
LFTLOBBEELR2VWEEZEIOND. HEKRBEIZE bR WVWES L7 EEIE,
TUBRHBEROEFERT ThoLEE, ZOFETHBRIKREL, T H4F
AOBMBETICER LEEESL, EARLICIANRBEROEITALRIFTN, b
DVHREBEBYVREZIIAERBOBEAKICLE L2, ABRICBRBECTEX B F ¥
CABRBHDLEEADND., NV VOBEBEOLICIT 0 EBRELESE T
DLORHDHIERREINTVS. (4 1999) £, SEHELE, ¥
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FHLEDVEANVSVERBEKAZET LTV EALS LEREEOME L
60 FRECTHoTc. EHIIT, NP LHROTHMIT, RVBLISZ 2%
HEZEORITZLEBEMINTVD (F4L4E)., LERoT, EEREST
LDBWRINTBVEBELBNDILEEZON, PO kB OBRERTR SR
Bo, REPRSDEEST, BEFTHLILLHETHI EEZLNS.
T, SEZHREXR L LR o20, EEHICE, "V=2LDOXBEADL
THERSNLD, BRIE LNV L HRBEETSE. 20 L3R AL=LHD
HMERBEEPHERHEILICIVBMEBSRLNIE, EBFL-RBBOZ BEAITARIC
BRETEDLEZLND. SEOFHREOKRE &% 400 nf~1600 nf & H ik
HENCHEDLLT, "= LOBEBIZ, 220U L0 — FREET B HE
s bohzZ bid (K 3-3 @OQO®), "V =10FH»FEFHIE
ZoRZEZBRLTWD. ¥/, YTEFHRICEBLEAA=VIL, YT X8
DR 100 FRELENTED, YT XFEBIME L L ATESBELE R
HEEZBLND.

NNV VEHREEOWBELHEIHBREILIWC L bR TEHFLTVE L
SBMENDY, EESEHORETHLAANVOEREEO —FHK (K 3-40
@) RN EDPDL, "V LOEFIZEFDOLIRERXN LS L X
RTHHS. L, SHOBREBRICINET, ZHROKEKIZAL=L D%
MEEPIEEEEL, EFRIT 2L AAEANEET I L bEETHS.
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BAE A= LD HEH

FC®HIZ

AN = VI, HRESCRR S, UMW omE L S EBEKE L B0
EHRBESNTWD (EfH 1987,1988 (L 1979). b= L kit # F A fir
BE ERARSDBRZIHICKRIT S (ER 1967) LHGBMEMKE Vb
v (A 1979), ZOMHBMEIZ, THhET, N FRRYFFERL O
HEBIZBWTHER SN TE 2. Fujita & Kikuchi (1984) iF, o ) S Hk28,
BREPELS, BETREBORY, U VERRETEOTBIIRSTT 5 010
HLT, "=V HRiE, BEEBEL, SAkOBRGFABEOMBE LB Ry
THILERELTWVWS. £/, HE (1996) 1X, B tic v %, ¥+
FEPEBET IO LT, "= LkiE, WROEELOEBL L OO
ERDIVZLEREL TS, Fujita & Kikuchi (1986) 1%, #iF 7 48,
FRRICHEEIZCENDZZ LB DY, DOKMOEE BN /NS WS HIZ T AL %
HRBEILLTW20RR LT, BEEKT S 2 L0872 <, #i FAMDEHH
REVWIHIZBEANANZUVHEBRITEZELEHREL TS . HEIZA (1976)
I, "= VB, RBEET, BELLEARMICELELEDbn 3 HBEYIC
BRBoNWl-EmE2MH, T2 b Massmovement O H LIz & 2 B R H R H#
BLREME FTHOFAEM R L, ARCEMNE LS HBEY DR 5 THIC
DHOFLELDDIIRLT, N> KT, EBEOBOE 74 PO
HEPHEELCERBRIMIIOFTEEL, MEOLHMICIT, HBEORKR Y 7
LICHRT S, REHEOOHELNREVWLRBOOLNI LHBEL TS,

CHNETOHRICED, "A=VHOBRIEZHIBT23EME/OSKEREDS
WDIZRBDEEHI, IHBREOBEVWZALZHIERL LT, #IFERE ot
ABWLS PP TR LR RBRENBZ LI TR, LarL, Zhi,
NV=VHRORIEZRETI2UMELEO—>OREER - b 0BT,
NV VHROLHEOESEBITEKRE LTHLATIER .

NNV UVHROBEEEINAV ) XIRICEEORY., fl2E, EWAETLS
THLHIRBREGHICK, RUEBOREHEBIZALV=LVH, 5= Uk, ¥
TUVBEIMRPEELTRILTWS. ZhLDORSEFIIE, 5507 H#
FBEZHBELELbDEEBEXZLNDIDN, TZARREHMEIBELNLTARY., AL =
VRO HMEEEHAL N T 520, BERELOTHOL S ELE
RLZEPEELEZOLND. ZOWEOBEMIZ, OLBEH#H O = oMz R
WT, "= LR EENICEETAIIIIYMRK, SV IHhot#r R
ELEZNThZzEBT22L, QLBHOEIBICOHAT I L= LD STH#
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THRET DI LITEY, "o LHROSIHEEER LN T AL THh B,

REmEERBESE
FAEHBIL, MRPORKREMIZNTTORN 12kn OBEE L L 7.
AL, 2002F L 2003 FEDVTRE5AND 10 BT CIFrAorr.

NLZLHETOBMBERSOREE

HAEXORE ,
BNZHEO T XARHRERBE S & RFOMBEIC 2T TIE, A=,
ATV, UIVBEIRENTROBERESL 5T WVNS. 22t
NOKRZEZEL LS 3.94ha OREREZRBE L (K 4-1). BERX S 25
X2mDZ7 Yy FIZEIL, REREBZY v FERWEZ 64 HOF U v R
FRERNR L LE. UBZIOFAEME TYXEAREH & ES

WARE

64 DT _XTOTY v PZBWT, HEROHBEL ZORE>»REL -,
WEOHEIX, MMWIEEMWMEEFE (Braun-Blanquet 1964) D F iz L
TERWERTITR o7,

e o2

NV=VEER, BTVELEK, ISV -USTueIBEEKIIBL
T,Eﬁﬁwibﬁé1mﬁﬁﬁﬂﬁﬁwﬁﬁn7%ﬁmbf$%§%ﬁz
7.

HERRE T b TR AR
22y 7EAVTER O BECHS R LW Y, HMEELEBS Lo
THMELRE L. EERMEOMNIE, MIBIC L 5B - W T
o 7.
AERROTATOT ) vy FitBWT, BESZAVHEHEBEY OE S
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Summary

Introduction

Natural disturbances have been emphasized as key factors in maintaining and
regenerating forests. On alluvial plains, particularly on valley-bottom plains,
destruction of vegetation by floods or river-channel shifts constitutes a major
form of natural disturbance. Although the establishment and regeneration of
forests on alluvial plains is thought to be associated with such disturbances, this
has not been empirically demonstrated. In this study, I focused on Japanese elm
(Ulmus davidiana var. japonica) forests, which are considered to be a major
forest type on alluvial plains in the Fagetea crenatae region of Japan. Seedling
recruitment of Japanese elm, as well as regeneration traits and soil properties of
elm forests, were studied to determine how flood disturbances influence the
establishment and regeneration of this species on a valley-bottom plain in

Kamikochi, central Japan.

Seedling establishment

The emergence, survival, and establishment of elm seedlings and coexisting
ash trees (Fraxinus mandshurica var. japonica) were investigated in relation to
environmental traits. The role of fluvial disturbance in the establishment of
these species on a flood plain was examined along the Azusagawa River in
Kamikochi. Elm seedlings emerged across a wide range of environments and
disturbance regimes, from arid, disturbed sites with high levels of sunlight and
coarse deposits, such as sandbars, to undisturbed sites with thick vegetation
cover, such as mature elm forests; ash seedlings, however, were not observed at
the former sites. Elm seedlings on sandbars were washed away by floods or died
as a result of desiccation. Seedlings of both species that had emerged under the
thick herbaceous layer in mature elm forests also disappeared within a year
because of light shortages. Seedlings survived only at sites that had a thin
herbaceous layer, such as recently abandoned channels in mature elm forests and
young willow forests (which included Chosenia arbutifolia, Salix rorida, and
Populus maximowiczii, among other species).

The occurrence of elm saplings was mostly restricted to willow and alder
(Alnus inokumae) forests, while ash seedlings occurred in partly disturbed elm

forests as well as in the forests mentioned above. In willow and alder forests,

40



elm and ash saplings were 10-30 years younger than the canopy trees. This
suggests that both species emerged in pioneer forests dominated by willows
and/or alder, and did not directly colonize bare land. Elm saplings in willow
forests were supported by sandy deposits, suggesting that the establishment of
elm followed flood disturbances that brought sandy deposits and extensively

destroyed the herbaceous layer.

Regeneration traits of Japanese elm forests

I investigated the size and age structure of Japanese elms and the height of
young elm trees in relation to crown coverage by canopy trees. Fourteen study
stands dominated by Japanese elm were selected within a range of 12 km along
the Azusagawa River. One to three modes were observed in the age distributions
of Japanese elm trees in each stand. Moreover, young individuals were
concentrated in the 45-60-year age class throughout the study area, suggesting
that Japanese elm regenerated synchronously after major disturbances. Young
individuals in each stand were distributed both in canopy gaps and underneath
the crowns of canopy trees, although tree heights were negatively correlated
with the rate of coverage by canopy crowns. Several of the young individuals,
. not affected by crdwn cover from canopy trees, reached the canopy layer (about
28 m). However, there were some individuals, growing beneath 100% crown
cover, that reached a height of up to 15 m, suggesting that Japanese elm is
relatively shade tolerant and can grow under the canopy layer. This suggests that
the regeneration of Japanese elm is associated with soil disturbances that

destroy the herbaceous layer but leave the canopy intact.

Soil properties of Japanese elm forests

Soil profiles were investigated in Japanese elm forests, as well as in an
adjacent larch (Larix kaempferi) forest, that were established on the distal part
of an alluvial cone from a tributary stream to the flood plain of the main stream.
In the elm forests, the soil profiles were complicated: layers of clay and silt,
fine sand, medium sand, and coarse sand were deposited alternately. Mottling
and a gley horizon were seen at a depth of 50-80 cm in some stands, but the
soils were not in an anaerobic condition. The bases of Japanese elm trunks were
buried in sandy deposits, and the formation of many adventitious roots was

observed in these individuals.
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Differences in the substratum between the larch forest and the elm forests
were evident, although they were established on the same level. In the larch
forest, soils consisted of cobbly deposits filled with very coarse sand. Larches
with buried bases were not observed.

Soil profiles were investigated in 14 stands dominated by Japanese elm,
selected within a range of 12 km along the Azusagawa River. The wettest soils in
these stands consisted ’of sandy deposits containing mottling and/or gley
horizons, located in the distal part of the alluvial cone. The driést soils
consisted of cobbly deposits covered with sand about 40 cm deep, located on the
flood plain. Soils of intermediate moisture characteristics were also observed,
e, sandy deposits without mottling and gley horizons on the flood plain, and
cobbly and pebbly deposits filled with relatively fine sand on the alluvial cone.
Elm stands investigated in this study did not show soil profiles similar to the
larch forest, which consisted of cobbly deposits filled with véry‘ coarse sand.
The soils in the larch forest were considered to have particular characteristics
that did not allow for the establishment of Japanese elm forest, including poor
water availability.

In the elm stands, several layers with high carbon content were observed
within the soil profile, suggesting that the stands had intermittently experienced
sedimentation, most probably associated, in turn, with disturbances in
undergrowth. Such disturbance seems to be favorable for the establishment of
Japanese elm forests. Repeated sedimentation would not only create a bare soil
surface essential for the establishment of elm seedlings, but would also exclude
tree species that lacked the ability to resist oxygen shortages in their root
system. Sedimentation at certain intervals probably played a significant role in
the establishment and regeneration of the Japanese elm forest.

Ground water levels in the elm stands varied between seasons, and among
observation points, from 0.17 to 1.5 m. This suggests that ground water levels
were not a key factor in the establishment of elm forests as long as it did not

reach the ground level.
Evidently, the establishment and regeneration of elm forests at this site are

associated with moderate flood disturbance, a type of disturbance that brings

sandy deposits and destroys the herbaceous layer but leaves the canopy intact.
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