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Sadao Takaoka' and Yoshihiko Kariya': History of landform—-vegetation
relationships in the upper Azusa River basin, central Japan:
Effects of landform evolution on vegetation structures
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Abstract The relationship between landforms and vegetation was examined to clarify the long-term effects of
geomorphic processes on vegetation structures on mountain slopes. This study was conducted in the Genbun-
zawa and Zenroku-zawa watersheds in the upper Azusa River basin, central Japan, where landslides and sagging
landforms prevail. In the middle and lower parts of the watersheds, landslides characterized the vegetation struc-
tures. Larch (Larix kaempferi) forests occupied the scarp slopes of large landslides, while spruce (Picea jezoensis
var. hondoensis) forests occurred mainly on landslide deposits. Even-aged alder (Alnus inokumae) forests and
mature fir (Abies homolepis) forests dominated the alluvial cones that form in the lowest part of the watersheds.
However, spruce and fir-spruce forests were found on a large debris-flow lobe (LDL) in the alluvial cone in the
Genbun-zawa watershed. The LDL seems to have controlled the distribution of debris-flow paths on the alluvial
cone because both recent debris-flow paths and even-aged alder forests caused by debris-flow disturbance were
restricted to the area south of the LDL. Dendrochronology and radiocarbon dating results suggest that a large
landslide occurred in the middle of the Genbun-zawa watershed ca. 370-350 years ago and had lasting influences
on the vegetation by creating new edaphic conditions on debris-flow lobes and by changing the local disturbance
regime in the alluvial cone.
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Fig. 1 Geological setting of the study area. Contour lines at
10 m intervals were generated from a 1 m digital elevation
model (DEM) (Matsumoto Sabo Office, Ministry of Land,
Infrastructure, Transport and Tourism). The geology is sim-
plified from Harayama (1990). The inset in the upper right
corner shows the location of the study area on an elevation
sliced map of central Japan (elevation range 1000 m), using a
250 m DEM (Geospatial Information Authority of Japan).
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Fig. 2 Geomorphological map of the study area. The LDL represents a large debris-flow lobe on the alluvial cone of the Gen-

bun-zawa watershed. Inset boxes (a) and (b) show the location of Figs. 6a and 6b, respectively. Inset box (c) shows the location

of Fig. 5. The contour interval is 10 m.

HEAZZRHAIANA YD, 35 UL EoMEM ORI HEk§ 5,
ZOWIICIZ WS (Landslide scarp) &% 2 5415 K/
DGO ZEBERLH AN, ZD THIIZBEL 7 1
DHERE L CTERLEEZ 5N BREMEAL (Hbd XD @ik
Landslide body) 233224505 % (Fig. 2), W&
D% 1340 ~ 60 FEOMHR 2 b BIEvEE Liilicd %
TERI R DN T b 225, ERIDY 25 ~ 35 ERE T L
ISR TR Wb DO T 5, WIEEED T H7ICdH 2 HER
i & 2 & N B BRI, & EIRE O RBENT O R &
B 7R fi2 LT 5 (Fig. 3)
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—a— Dissected slope (outside landslide bodies)
—n— Dissected slope (whithin landslide bodies)
—¢ - Alluvial cone

Fig. 3 Slope class distribution for each landform type.
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HRIOMMTIHIZZ L7, WP AN 20 (LA
0—7) BRERHDONZEIHAVDH L, ZN6DIHH, XX
PO RESHE D FRTE 2> & F I 201 THIE N A i & D
LI RMDH DT, JHHE D HEIEEHORGHT TS m
Pzt Z223% % (Fig. 2 #1d LDL : large debris-
flow lobe),

2. MR EEEDRROME

B4 (Fig. 4) & BMBIZORERICHED F,
Ml A AR DOREE 3R DR Z IR 5,

ZODWIED TR FIREBICIAD BT OHEA TV R VR
N 2 IEARKREA A T YR T8y OEGT
2Rk S EERIR DS R T 203, 2 DINERIC B B KR M
I2ix 7 v+ b= K Sorbus matsumurana (Makino)
Koehne 5 2 %741 5 Acer micranthum Siebold et Zucc.
7 D5 75 B INEBME AR, aXA 54V Veratrum
stamineum Maxim. °4 7' % R 77 Libanotis ugoensis
(Koidz.) Kitag. var. japonica (H.Boissieu) T.Yamaz., ¥
7 > ) ¥ a < Cimicifuga simplex (DC.) Wormsk. ex
Turcz. % EDPMEL T 2R ZFEVPHEBT 2L 2A03H 5,
¥/, 6 HTAH 2037 HEAEFTEERALN, [MH
JE I HAE /N ST S T b L 2 % bd 5,

BEINTDHEA TV IR D 8 & TS F Tld s 7
EYpax ‘Yﬁ‘ﬁi\ﬁlﬁﬁ‘%ﬁﬁﬁ%ﬁf%ﬁﬁ&)“(b)% £z

4|

ELREN

A% \DY, RETTHR S X9 2 KBTI 24§~
DTS 6 LB GHT T, TERICH 7 2 RHEIC A 7 <

Y Larix kaempferi (Lamb.) Carriere HMD3A S5 Z A3
Hb, HENFHIBND 45 7Y vy FOA T I HhDH S
43 7'y FRZ OBANT OMEA PRI ICHFEAEL, ZDH B
41 770w FIREdERICHEBIL 72 (Table 1), L2L, #f#&
D2 TOWEETH 7 IYMBH SN DD 7‘“( 374,
EVEETRD kT 2 DI E R EEBRTH - 72,
MREHEICIZ Y =T Ny 2 F Alnus inokumae Murai et
Kusaka 57 7Y nE sk A 6N L2 HD3% 0
23, LR Mo RO L ajie—7" (Fig.2 ® LDL) L

Table 1 Number of grid cells for the vegetation-types

Vegetation

. Coniferous shrub

. Coniferous forest

[ Broad-leaved forest
. Larch forest

Broad-leaved shrub and meadow
77 Landslide scarp edge

Smooth slope
Dissected slope
M Alluvial cone
WS-G: Genbun-zawa
watershed
WS-Z: Zenroku-zawa
watershed

Fig. 4 Grid map of the physiognomic vegetation types of the
study area. Coniferous shrub is dominated by Pinus pumila.
Coniferous forest means a forest that is dominated by coni-
fers other than larch.

IZIE b7 e DT MR AR ST,

3. XCREFOKIBEM T XD HYICE T D & HEE
KGR E S 1900 m HTICiE, WEED S BBk
DRI ETOHEED 12 ha DT XY HERA LN S
(Fig. 5), W&ED LI 40 Ex2H 2 2 20Rha2 sk L,
O R g cdh b, JIEOFITIIEA TV, i
B OFINICH 2 BEEA T/ NP — 7 ROEE ) 2 L

Dissected slope

Vegetation type Smooth slope

Landslide scarp

Alluvial
Without scarp uviatcone

Coniferous shrub 80 (34.5%) 5 (0.8%) 0 (=) 0 (-)
Coniferous forest 118 (50.9%) 417 (70.0%) 556 (69.8%) 119 (30.0%)
Broad-leaved forest 28 (12.1%) 112 (18.8%) 199 (25.0%) 244 (61.5%)
Larch forest 0 (=) 41 (6.9%) 2 (0.3%) 2 (0.5%)
Broad-leaved shrub and meadow 6 (2.6%) 21 (3.5%) 39 (4.9%) 32 (8.1%)
Total number of grid cells 232 596 796 397

The values were obtained by overlaying geomorphological map (Fig. 2) with vegetation grid map (Fig.4). Coniferous shrub is dominated by Pinus
pumila. Coniferous forest means a forest that is dominated by conifers other than larch.
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Fig. 5 Rock types at the observed sites. The mapped area is
located in box (c) in Fig. 2. The contour interval is 10 m,
generated from a 1 m DEM. Both andesite and granodiorite
rocks were observed in the ‘mixed’ plots. Only landslide de-
posits mainly composed of andesite rocks and related scarp
edges are shown. See Fig. 2 for the other landslide deposits
and scarp edges in the area of Fig. 5.

DWHITE R H S5, ZLSORATIR TR L 512K
THREIRRIS OIS RbI T30, ZUANDEHs
TIBINTSHEA T e,

WiEEIC BT 2 EBE (Fig. S: G1, G2, G3, G7,
G13) FWVINHLIETH -7, BERICH 7 2 KERE
I EREY A X DRIE AR HER DO TR E % K  IREE
TRET 2855 (G6, Gl11, G12), BFE2~5m®D
ERALINEAEEIMIET 25361 (GI), —7H,
GS, G8, G10 D k)2l & ALRPIfRS O B SRAE
TLEMBEAEL 2, GAAEL D 1 m EofEth -
W2d b, il LRSS 72 2 EREDS, BERTIC /R
WL % R IRAECIRAE L T\ 72, R D AR I Al
RIEN S Z oML #IFH I, #REF)T 23 1978 ISRty
L 22 GEETIEIARICEB LN TV 325, HEFTFH 1983
IR L B EE IR IR S T & 225 T
W3,

0 100 m

Landslide scarp edge

Landslide and debris-
flow deposits

Debris-flow lobe

NP,

Vegetation plot

@ Larix kaempferi forest

A Picea jezoensis var. hondoensis forest
® Abies veitchii forest

® Abies homolepis forest

o Alnus inokumae forest

Fig. 6 Topography and vegetation type distribution showing
plot number in the landslide area (map a) and alluvial cone
(map b). Maps (a) and (b) are located in boxes (a) and (b) in
Fig. 2 respectively. The dashed line areas were disturbed by
debris flows in the last 70 years. See Fig. 8 for the detailed
debris-flow history.

O XD MM A 2 HITE & BT % &, MisE ORI
—EDOMNICERDFRD 55 (Table 2, Fig. 6), 3,
TEEE T A 72 Y MDFET 201 L, BBk LTl
TROHOFFH L FRICY 7 EYMBAR SN 51EH, bY
EMDFEET B, WEEDA T YR TRHREREICH T <
YRELEL, b eY A v Betula ermanii Cham.
BHEET2Z b H o7 (Table 2, V1 ~4), HiEARE
TicAh 7o iEHHEE T, >IEVMEEL, aXvhP
FyeREEN T, —7, BEHK LD~ e RTIERE
TEICEWT Y EDEERDEL, A72ver I8y
HIHBIL7 (VS ~8), HiEAREMUTICiEI7EY Eax
VHDBMEEL, PYEIZHEL R, HETIHBATY
INS VAR TH > 7o, FHTEARIFIZ b7 e 3BT 23 2
LizEnThot, BEEK DY 7Y RoFICIIMIEE
W7 EDHET26003% 5%, HiEARBEU TN TIZ MY
EFEAEHBE T, I YRa XY AT e
ThHh-o7 (VI~11),

2015 R B o 2 il kl o 9 b, i E bR
B, EfRL a7BoRE, FighRoh#E ) o Hk
LCHEDT FTRETEZEEZ SNSRI O WTHE
Bzt By 2 L, WERE LD VI ANEE X O V4 fHEoD
A5 2 Y MERDEERE T VLTS 200 ERTHETH - 7
(Table 3),
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Table 2 Structure and coverage composition of forests in the landslide-site plots

Forest type

Larix kaempferi forest

Picea jezoensis var. hondoensis . o
Jex Abies veitchii forest

forest

Plot number Vi V2 V3 V4 \'Al Ve V7 V8 V9 V10 V11
Elevation (m) 2092 2080 1963 1939 1928 1912 1905 1893 1954 1941 192§
Slope inclination (degree) 45 50 45 40 30 30 5 20 35 30 30
Canopy height (m) 26 13 24 30 23 26 27 27 27 21 24
Maximum DBH (cm) 45 16 76 65 67 57 71 64 62 66 24

Larix kaempferi 80 70 70 70 10 25 30 15

Picea jezoensis var. hondoensis 10 80 70 35 45 20 5
Canopy layer (%)  Abies veitchii 10 20 20 50 50 70

Tsuga diversifolia 10 5 15

Betula ermanii 15 10

Abies veitchii 25 20 40 10 10 15 N 25 15 20

Tsuga diversifolia 10 20 20 15 30 15 10 5
Subcanopy layer (%) Picea jezoensis var. hondoensis 5 10 5

Cercidiphyllum japonicum + 20 N

Betula ermanii S

Abies veitchii 25 50 + 20 35 50 45 75 40 20 20
Shrub layer (%) Tsuga diversifolia + + + 15 +

Picea jezoensis var. hondoensis +

Only the species that occur in a canopy layer in the study area are shown.

+ Coverage less than 5%.

Table 3 Number of tree rings

Plot number Landform Sampled tree pecies Coring height (cm)  Diameter at coring height (cm)  Number of tree rings

48 49 202

V1 Landslide scarp Larix kaempferi 55 66 191
55 53 174
49 47 206

V4 Landslide scarp Larix kaempferi 41 45 190
60 47 188
30 22 32

V18 Alluvial cone Alnus inokumae 20 21 31
15 24 30

4. XSOCRFIEHICH 1T B EHEE Gi7

YOOROREHE I F I AR & > TR S Lz fEeh
BRI 67 203, Z ORI P X D5 m Eosilisl
DREWILIE % L 7=t 2 o < 2 KB e — 703
%% (Fig. 28 XU Fig. 5o LDL), G14 ~G19 T
&, B 1 m DL EoBEBEDHRICSIEL, G16 & G18 T,
BRI m 22 26 REMOEHELL, o ARE—
7 Lo windLlinch o7 (Fig. 5).

Gl14, 15, 17 Tlx, ZoXhe—7%2/M% 3 2 1k
VIOWIHABEIN BB H L, Zno6DIHH Gl7 1
B 2T, ERPIEED S 22RO Ficd 7l
£H 10 m L EoEREE bOE (MEE) 2dh, v
MEDOIE ISR I N A Ml T & L eSS ThH
2 EINE DTS IRAE L T (Fig. 7). 29 ki,
FIFLIEDAOFEE, WAHE L 2 RGO
JE@ (L) 2360, EHEZ LS 1ISm M ETHho7%,
EEEMRICEAEAEIZRD SN ot, KCRTIE
BUED HARIC X 2 TSR A TH D, OB
MW RO HIEBEAET 5720, Tk, e bzt

30m
large debris-flow lobe (LDL)

Gravel bed mainly composed of
andesite rock clast

242+23 BP
304-285 cal BP

20 165-157 cal BP

)

manit 4+ Buried humic topsoil
4+ Humic silt

4051+£27 BP

4569-4514 cal BP
4474-4445 cal BP

Gravel bed composed of
both andesite and granodiorite
rock clast

Lower gravel bed——» €«——Upper gravel bed—»
Relative height from the present river bed

Granodiorite

Genbun-zawa
v

i 0
Fig. 7 Sketch of the outcrop at locality G17 and radiocarbon
dates.
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FED L Id T R EomEr o stEi60 %,

COFBIHICE VT, MilEOR B> o8
1@ DB ERIEE (10) 13 304 ~ 285 cal BP, 165 ~
157 cal BP CH o7, —J, oM EEHEDH 1 m
IO T EEHICPAE T R > L b E OB FEBIEAFAR
(10) 12,4569 ~ 4514 cal BP, 4474 ~ 4445 cal BP TH -
72o AR —7 D G20 T 2014 FifkiRS
72 b e REEARIZ, RERE 90 cm D/NHI T 270 EDAE
RHSEH S N7z,

1947 FE DI ICIRE SN EhEED H B, 1978 4,
1983 4, 2009 fFICfy SN2 EE X, KD
SITHHIC R > TR 2D Stz (Fig. 8), 24
5D 2009 FEDEFEEIZE S TW5HHDIE, 2006 4
7 HDOZENRFCF A L - HATROTE T U 22 #ipH & 13123
T3, s IWHHIC LA 2 B L 22 5nE, -
ot AHjr—7" (LDL) XD FEflofEERICR S 1Twiz,

BN A E A AT E Ny WP el s iy FANVE /7
WHEKL Tz (Table 4, Fig. 6), 77 0 IHRICIIHE

Fig. 8 Debris-flow history for the last 70 years on the allu-
vial cone of the Genbun-zawa watershed. Black areas show
debris-flow paths as estimated from aerial photographs.

B ST 70T I0ENICH TV, FTHUN,
7 7V & Pterocarya rhoifolia Siebold et Zucc., L=
L Ulmus davidiana Planch. var. japonica (Rehder) Nakai
R EWIRRTHHDORHFAE LT (V12 ~15), Libo 31K
Mo amsHhclx, ¥=2vny ) 2o T
Wi (VIe~19), TN6D =4Iy ) XHROKEE

Table 4 Structure and coverage composition of forests in the alluvial-cone plots

Landform

Alluvial cone

Large debris-flow lobe

Forest type Abies homolepis forest

Picea jezoensis var.

Abies homolepis for .
bies homolepis forest hondoensis forest

Alnus inokumae forest

Plot number
Elevation (m)

V12 V13 V14 V1S
1572 1581 1508 1503

Vie V17 V18 V19 V20 V21 V22 V23 V24 V25 V26
1947 1505 1505 1499 1562 1546 1536 1525 1602 1589 1578
) N S N 10 15 15 15 10 10 20
16 4 16 15 27 22 22 24 27 2727
31 4 17 16 97 66 49 64 76 56 75

Slope inclination (degree) 10 15 5 N
Canopy height (m) 27 27 30 24
Maximum DBH (cm) 115 86 96 58
Abies homolepis 30 70 50 50
Alnus inokumae +

Picea jezoensis var. hondoensis

Betula ermanii 30
Larix kaempferi 10 5
Pterocarya rhoifolia 10

Ulmus davidiana var. japonica 30

Tilia japonica 10

Fagus crenata 20

Cercidiphyllum japonicum 10
Chamaecyparis pisifera 20

Canopy layer (%)

60 60 80 75 30
90 95 85 80
N 25 N N 40 70 30
15 10 10
10 25

Abies homolepis 20 10 50

Tilia japonica 15

Ulmus davidiana var. japonica 30
Subcanopy layer (%) 7T 1O "
Picea jezoensis var. hondoensis

Chamaecyparis pisifera 30

Betula ermanii +

Abies homolepis + 20 N

Tsuga diversifolia 10

Picea jezoensis var. hondoensis  +
Shrub layer (%) Aesculus turbinata + +
Cercidiphyllum japonicum +
Pterocarya rhoifolia 10
Fagus crenata +

Only the species that occur in a canopy layer in the study area are shown.
+ Coverage less than 5%.



FUPERE -HEtic 51 2 MIAEAE S« L AV TIROE & RZE DRSS (R Ek - Xinag) 55

©

ET=HINY ) XDADPOHERINTED, 3RHHZN
FNOMREREIRT 28 = A7 ) ¥ Ol L REER
Z55TC0, ZDXI Y= ATy 7 IR ARE —
7 (LDL) X D RGN 2215346 L Tz, 1983 4RIt
DHEI N W HiPH (Fig. 8) ICIZET 2 VIS okiE%
W T 2% =7y ) 61, 2015 4E12 30 ~ 32 4F
DAEHFEEIDE S 117z (Table 3), XSORMREH DY 52
BDEINRL Y= AT Y XK, HEREDUN IS T
ZDIETI7YVREITHo, £, PTERINSDK
FOMEARBUTICHET 22 LIENTH 7,

KGR E NSRRI KB+ Aifie—7" (LDL) E
TlE, 770 E I (V20~23) b7 EM (V24 ~
26) MSEBEL Tv7- (Table 4, Fig. 6), 2O 5 0ES
HOMTERIZ 7 EDRHBIT 22 E23H 5%, Foetk
B svue iMoo d, HEAEUTICRYE
DHETA2ZE3EFNTHH T,

= =

1. LERE ORI & E4

IR AN BV T TR Y HufE & s U 72l A4 o A
DD SN, FEHIROIEREICE W Th T YH
EARECEL T aMIE, T U TR AT R ) i
VRIS T 2 28004 LT\ 7z (Table 1), 9~
F KRR RO I L > TTOE IR AT 5%
BRFEE LCHsnsds (FiliiE2e, 1965), MMEEEAMEL,
AHIECHHEARBEL P ICHB T2 2 813 EA LR
(Table 2), 2N oD h IV hkiE, HEARELLTICH
T2 7Ey0axXy M T25MICES D> T
W EEZLHND,

FERR I EHIR N O WVE IR &5 2 6N 2 B O
AR DL CIFHREHEERIC X o THO STV 328
(Table 1), HFkEIEBRANDEREIZIZENL 5 VORI Z
WS DLDTHA ) D KSR IS & 2 KBUBH T~
DHLDWGTRERICAEE T 2 4 5~ DD S #HEH T 2
&, HIT RO FEEBZICAZRL ED 206 EDL E2FEHEL T
LEEZoND, WEEBRED N 72 VRA - EE DR
I 20 BB RIS & TR T 2 DIC T T 2488, 4
D REPHLE TR MR 2B BT 5 L, WiketiE
BIPRNDELIZIE 206 L ) ROWEREET 2856030 %
LWz B, 7B, WEREDD T ROHIZ ISk
EERO/NS My bEFTITED (Table 2 :V2), HE%
EECRIRINCHFRETLE T 2 28I X > TR OIch 5
2 VHOEFBHE TR EEZ NS,

FEMRIZOWTIZA T YD &9 Icgh B G
T HIRN O 2N M2 R T 5 2 L3 CE ko
7o, KGR B O KBS XD OB EhAIC b 7 Ebk

DO L TR EDOREEI N, 51T, FHMIRNDIZ
DOBFICEWTH b7 e MR R NI Eiiiko
I IN D FHIDRH o7, e SIMEEIMEL, THH
I RHBEBRTILSSRIETH 2 L Z 5 (Mori & Takeda,
2004), AHUIKOLIERIAIC BT ~ ™7 23 A DL
TIcHBT 52 8134 %w (Table 2), Py eldA T~y
EFBRIC, AHIE O KBUEREELANES 2 7o 5T H3 T3 7 ST
BHTD—D o TWEEEZLND,

WL ODOHT R HETIE, HEEBICHRY T 28HE D T
TR Z DORIEICY 7 7L 2908 Y 7T 23 A 5 1
720, BEMANOEBEIRET 2RHAICY 7 IR A SN
720 L7z, 26 BHLT RO HIZHT 72 ISR S 47z a7
SIRLTRIZL72bDEEZ oS,

2. hIESEDHTE &4

MRS B LT3 B AT R £ X A HERHIIE & IR L 72
MAZHDFRD o le, WEEHEICIEY 7Y v SHPA
ST 20, EEICEARICX 28IL2Z L2 51
i, ZNENOHIE TS CIEERSZ A>T 5 5 =
ANy ) FEEKRDH SN (Table 4), s DI
a2 ELOBIC-FICHET LI Th D EEZS
n, HEAEU T BT 20377 ne I Tho
7o BEHE - b (1992) 12k B E, =AUV X5
BOREZEEREBETELDIZ 30 FRETHS &
VW, Lo L ZSCORIMRESE T, 2 =7y FoRE
K5 30 ~ 32 FE D F Akt 2353 5 4172 V18 (Table3)
1978 FEDAHIC X D HAEDIHIES Nz VI6 ITEWT
GBI ) FEEMRDTBRINTED, y=h7 v
J XM 30 EM Bich o THEF ST 3, TliEAHE
DUF O@ RO S HW L <, FERIZY7YrEID
BEETARIOBR LTV EEZIGNS,

—7, X ERHRICHAE L 2 A L X o
CALHIBREE DAL L, Z 3SRt U CJEPH & B7s 2 a4 03
AL L T BB BEE S Nz, XCRMREHED HIET > 5
RIS IC 2o TIEX 2 KB+ fAifie — 7" (LDL) 21,
b EMRE T TP O E MK L T2/ (Table 4), i
WD X Hicy 7 vuE MM EHENO R - Aia —7
PNDEZAIZbALNED, ZOREL AT —7 Tl
Widlgc b7 e 2 GO IEBMES T 5010 L, LA
0—7LADY 7Y aE IRTIE b eI IR T
BIEIFEAERL, ERFTHUN, TN E, N
V=L, v X EDIREBHOERREIC b > Tw
52 EW% ot (VIZ~15), 2oz iz, wiffic
WALz by eidifEEsMEnCE, 7o nE I
ZOHEPTIC R B L L7 ) BRI ED SRS
BHEGHO—DThHh-o7D)§ 52 L (B - BH, 2000 ;
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ek - AR, 2003 ; BIFTIEDY, 2009) L E%2EZAbY
2 &, MR b e BT 2 KRB AR —7 Lo b
TeREY IYRE IR, KB — 7 ORI X
UL IR L 72 b D EE 2 oG,

%%, W LTIV R SHRERUC DT TR
RO EEZ T QOB REED D 228, XSCGROKRA+H
iu—7 k& 20N OGAr eRHEERHC R & 2213 7% <,
RERDEHERPIEN R s o T W2 L IZE 212w, ED
RAEDE KR OFEIC L 2D TIE RV EEZ 6N D,

G17 OBIACBEE I Nz LB, HERE, 5k g
DA, FEFEEORM» S, TR %D -mBHEI1 X
VMo T EICHER L b Dt E 2o s, TiHEED
& FERICBRE gD S B 2 E s, T GL7 AT
JEREDER D E 2RI P HFEL LD, ZNZ2EoT
Mg RS Lk HaiED ibas 5 ) - EiE L
TR AR =7 DRI N e HE Lo b, TOKRE
+aEE — 7 OBBERICOVBTIEM T LI IcEZoNn
%, G17 TTFi#EOR L oo @it Eo “C 4
R—IBERIEEN (1o) 13 304 ~ 285 cal BP L0165
~ 157 cal BP ThH o7, TR+ Afie—7 Lo
G20 Th 7 epMiIRE N7 2014 FE2 HHEICT 2 & 368 ~
349 4EHT & 229 ~ 221 FFEHTICHYS T2, 2Eh ZotLh
W —7E 2o DTN DENRDIEICER S N L%
260503 G20 O b7 e KEERDY 2014 H12 270 4EDA E
OB ChHo L EEZ ALY L, TARu—T7 D
B 2014 4E0 368 ~ 349 {EH &L B2 2 DWHYTH B,

WE, XSCROMEEHETY =Ty ) X O—FHDTE
RINTWEDIE, ZoORMEARE—7 X )Ml S
N5, £, 1947 FPRRICE I N BpEHEICE,
oAy e — 7 oduilic LA X 2EFELBIE I R »
(Fig. 8), LCGROBEEOMIKE ZotAaiin—70 1
O IFETER (Fig. 5, G17 £hE) <% 30 m,
T2 587400 m Tt G20 fHETH 10 m Th b, +f
WA Z oA E — 7 % R iz TR JLFEIC R
TRZERELLL TS, DFh ZoAFE— 713
FdfE Eotiic X 2 REELAY M SSEIFH 2 HIR L, A%
BELEEIC Z 2HEHIB E 2 9 TR WHEI L IS Tw B,
ZoL AT — 73 370 ~ 350 LERTICTBR I - Z &
W& -TC, WS EOBEARIS DX S IcB L L H
A6N5, Tk, WRHEOMEEZ KESEZ 2 X9 RHiE
ZALDSTFOA U R WIR D, MRS R IR T 2
V) BHELATIER SN LB Z 5N D,

3. HINDAMEEFRICR U e ZERE
R CIb A~ 7 LSRR O R i — 7 (LDL)
¥, ZOMEBINRECHE (EH) OR#EhS, HED—

[ HBEIA XY MkoTERINEZDDEEION
%, Z L CZOHREMDOMAEIR E L CTH R EHIC R 2D
EXSOR B o KBS XD HCH %, 2 D KBS
AN, BB D 7L L 206 ELLERTICREEL L E
feE S, REEE Lo LA e — 7 ORAER L PG
WV, F7o, XSGR IZAERPIRA YA < A L LIS
FIRO—ICDAFAMT 5 (Fig. 1) 23, T OKEIEH:
TR HDOWTE RS Z DEIHNIC T R 2 MK T 2
HIEE, WEE Lo aiie — 7 O EUEREEWE LR U
a2 589 % (Fig. 5).

COMIEIRICB T 3 HEE D IE L v & 4UE, §370 ~
350 fERT ORISR A L 72 KB 9 R0 1, FeAEm &
7o T RIS B L CIEVE R & Z DRI OHER I A 5
VM E P EMRBIK L 2720 T, NI b5
HERIFL, TabbBEH RO —IBIZTER TR0k
B#EIZEL CRBlo PAe—7%22( D), Z2ZIhvE
MR R eDRAETEYIPOEIMEZERT 2L LI,
s Eic B 22 0Bo L ATROF FHIPEZ IR 2
BEDRE %2 BT k)l ot, DE D) I DORBIEH TN
DL, FPHEZE R D IR RO D TER (LLHER}
iE L OTRESE) &, m— VB AR 0T (b
EWV) oD E T, MAEZLE LS L2b D LSRR
TE 3%,

ek, HigT RO FEAEDR 370 ~ 350 FHITH 51D D
PbhOTHERICERT 20 7Y ofGo i Eliiko
BARMEDS 206 FETH -7 2 L ld, HEEOBH L &
FRDIRALT 2 DHNENT- T &0, HEVEEE CRIKA &Y
RO PEDIRINTELEREDVERELTEZONS,
DL R ARBO AT — 7 1EE N IRO TR HIC D
A5 51 (Fig. 2), X6 ERICH 2RISR TH %
R (Kida et al., 2015) HEXAA - R KiiEd,
2014) 7& EOWEEHEIC B0 S, FEIT R o i i
TR BB SN A TH B Z L3bh 5,

4. KON DHEIT EHEE

Wit F COEEE LT L L, NS (Fig.
2) ftksrfi (Fig. 4), HEEOFRBE DFEH (Fig. 7)
HEDPS, HEMISRERORE RGO OV TYL
TokHikItnELoNS,

HAR DT KD % NI A > TRHABINT 23 E A
rZEEZoNTEY (MTH - =ik, 2001), A% Tl
R E LS e e bt ERsIc B Ty, SERTity)
HDIB IS T RO ANERL L 72 2 L 2R T 2513 H 5
(Migy, 2018), XSRS EDORIEGE G17 Clig s ik
TR ATEED LS 3T XY oW E» 65741,
ZD B HAE T 2@ D C R — IR IEER (1o)
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734569 ~4514 cal BP & £ 184474 ~ 4445 cal BP (Fig. 7)
THodIEn6, SR XTI XSGRO MRHEDJF AL
BRI Tl L E, ZRUh i bz dtis§ 572
VF ORHIFHT DSFEIRHH & CIC XOGRFEEN THE#ET L Tk
CEDHENI NS, MUIRINIC S BBIZE S 1 5 TR O 1Y
(Fig. 2) 73, TWOMEHOEFEZRL TW5, §92 4
B DRI IE WL, H3 XD I X 2 /bbb O
T E T EMRA T2 Y ROBAIGHT 22 D LTS
rtEIons,

BN B O 2 RHH IO WL, ZDIBESER
ORI E DR &, FOKMPERIC X > TSz
MW Th 2 AlREEZ FERE T 2 WG b H 25 (F4], 2006),
TERIRE 1 2 52 9 5 DI 0 B BEARA T — 2 133 5 T
Wi, L L, Wi I S 5 KRBT o Rt T
ZARHEDFEE L 220D T, D7 L bR FOKIT R I ]
DIBIC R E R ZE DA L o TG Ch 5 EEZS
N5, T TITIFHIRMD e RN S{RERSEAETE T 503,
—RICZ D K IR RY (FiEE) ORiIkEEZS
T3 (Chigira & Kiho, 1994), BlfElZ Z DAEBNTO
FHACA AT 7Y TEY DM T 2B, 7
TRVRETENELESTMTETIRT 5 2 L1d7R 003,
PR R DI K > TRUAIDBINT ETT T2 L, 2D X9
A E ARSI Z DL B LB Z 6N 5,

il Fi

R zEDd 212Hh 70, BREE, HEFT, YTz
FnFhgATI 2V, 7, REM AR R D
T4 PSI34S 2 H\ 7, BATHRED S I3EY)
iR R % Z O ARIZSE S N, DL B &2 L
L B2, B8RRI, JSPS BHfE (inzfFEke
T 2% JP24300321, iz L 2 JP26350404 5 kO
JP17H02033) D% L TfT- 72,
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