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F1E BHLE=R

RPN W EE E TR0 M B OB ARENHIET 5. TITIE, &
B HBCES OB ECRERERE, e EE - REORIELNEL TWS,
B ELII O TE TR IE ) & U Thk & Fn i BB 2 A i d = & T TN F TR
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E Do TWD, 29 LAEKIORENRLZ ERkbR TSRS EILAL
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ARG, BEELAR O R O M % < THONTH 0. AKLHOERBABEREDE
BEERECHDIENENODDH 5, TOHIH MMM R OFEMMNEE L/
STL BN, 2O LEMEEEESHTHFONTWAIZHNnb 5T, dhimletE
Btk TIIRFZEBI 2 L W, £z, IR KEMA 2 O IR Z2 &5 D 72 RO
BESEFH AR D0 A - ST HURET & b RICHFE L 72l FE v, S 5ITIEE, #kz
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W0 TETWANEZEIT D0, AUZE T, s L e SR O RIRIRIZH
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ST &R ENER E L TE R S, 250 & ILRFEARIC BT S
WAERIINY — > ORNBEEEZAARLTVWSEEZ SN,

EIE BHLFTORFMEICE T EHEMBEEORIL & hRVEOE

HA O EILH T, e e SR < B L TWw S, dim vk RF 3R o ffR
PR BELDS D7 < B LE LS THERITH L E—RMIZEHLNT NS,
52 BB WT, A IR QR &g & OMREEZREL. TORMEZ
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F1E - HRBENEER
1-1. KBMRDEEM

RN WIZIEE L OHRMEEN IR o 2 EH OB ARBENEET 2. TOD
KOREHTIE, BR - HBECL2TWBHORMmAERE, ReTBE - BED
HEELAE U TS (Nilsson et al. 1989, Baker 1990, {Rjif - thAf 1994, lREIE N
1995). =5 L7z alid, MBHEmRIER &L THE, b4 R LIRE 2 £ A
L, TNFIUIRHISUEEDNFHIET S I EDNH SN TV S (Johnson et al. 1976,
Pk - it 1994). KD ET, FHERNIMHEICEEEZ LT TEMREERLS
N, FOHTH, #{)IO LFBIZALET 2 AKDHITREH - ZREKREIFEIN TV D
(h#F 1995, IR - thA 2002).

Z D U7z AKME — M A FE L AR 2N W 2 &2V 51T H D (Duncan 1993,
Pollock et al. 1998), #il Z L, JLXra#EF O KUK TIIBET 2R EME D H R
7t 2—3 %% < (Gregory & Ashkenas 1990), A7 =—7 > O —#JIID KA T A
D —T AT S e AT 13%H VB L TV % (Nilsson 1992). €DK D73
AKAMDOFEEEEOB S OERE LTIV DM OWEND 5. WEKRN S RHAIAN &
AT 2 ki it & 3T BRBE O %R BE AR 2 A 72 A EIE A (1996) 1. KUK TIE 1
D1 D0y FROEEIIE WA, BN S B E THEY 1 7 212 Tk
RTBZETNYy FRIDERENEE D ERRTNWS, £/, Suzuki et al.(2002)
W, SRR Ko TR S N - EME e LI EREE A, (B SO MICHICH BT
DHFED, JEIRMEYE OB FEANEAZ ATRE/IRABIZ L. RlmEA L 0 b e WS HRIEEIRT
ERRTW 5D,

S S ICAOOMITRES E KR OE SR E U THA R ERBAOEREZE L THD, B8R
HHER & X T VY5 (Brinson 1990, H4f 1995, Naiman and Decamps 1997). i
ZAE, BEARO B SHEWTIC X SKIR ERHIE, V&Y — P RE%E FICXKSKEAD
S LA (M - AT 2000), M OFREIZK S KE OLE L (Peterjohn and
Correll 1984), W DR CIREEZA T /2 & %5 U /=i )11 Hu J T pl > 58 % pli(Ward
et al. 2002)72 ENH T 5N 5,

U U, AR & TIHBEE 7 L R R BRSO )1 S i, M. JEBRBARR. & Lt
R ETREIIERDNDDH D, BIIE, TRZERRBO X ETER > TWHAIHKIL
DL, FHNCHEERDBOIZ RO TND, T U, KIREN KL &
EOLNTUSRFEPCSBIERL TS THASREBEEEORITDHAILKDE
BICDWTIEM/TERNAEER0OE LD, RE-EH - BEZL TS ENLE
Thb.



1-2. MRME LBEOME - B, BREOLEERSM

A, AR RAK, BEAES E S LR, B O REEL R
49 % (Nilsson et al. 1989, Baker 1990, ik - #4f 1994, IHEIZ/» 1995). €T D
L= ZBELV A BRICS X 2 8IIRE < (FiE - A 1994), ERBEL &
EFBIZEL TE L OENTTONTE .

HAOADHIZ BT LB %EHIE - EHI2D W THZEIE Kukichi(1968)
WEDHHRBRABOTYIN /F - HITNI - hF/FTHREIN HEZ
Rt L= ORBIE LSRN TSR - 1ILA 2002), ML LT, WMyt¥
RFZEIC K 0. AL D AP FEHKRAH S NIZS N TE /(A 1978, Ohno
1982), ¥ /-, Ishikawa(1979, 1983)°A/11(1980,1982)12 & 0, HALHh 5 <>t #ipaE
DOWJNZBNWTALEED R HINY — 2 P RERE EDORFENSHEL TWD. L
ML, TN EOZEIE. BEERESBELORRIC B W T OBRA - fRHTAHY 2 I K
THolzl EMb, FBEAETONTIRho o BRIIZ AU DU RIG S
N7z 013 1980 FEREH TR TH S TH D,

Frili(1987, 19893 E OMNNZ BN TY FFRMY O M & LR O
BfRZ 2RI Lz, 512, Y HFRED O LERRBIC D W THUKEEEL & f T
BB A SR S AT L 7z (Niiyama 1990). % (1988) 13 kil v 7))
SHOBHIZDNT NN E T 2 HRBEL & Kk U 72 i & OBIEAE 2 S fifth &2
1ol £z, EREA992)IZBNWTIE, 77 I BB AIWIC BT S HER D910
PEE, AEFRBERICOVWTHRE 2T/, T LT, EHQIBIZEWVWTENS
., ALHE S OY T7 7)) I % K & T D REEA O R RS & R BEEL & O#
HENSREMIZHE L,

1990 4EACLARE, IRBEAREPRTED £ PICE A Z Y T ENR S TRHRA T
bz, Hic, MERKRQILUHDOLFZ - YTV - BV IHELT SRR
HIZH W T OB IR 27— < & LR E 1w, §21993) T, &
FETT TN IOMBICBVNWTHREREZEBTOR/CEOREL 2 —FD
HEIZDWTHEZ2{T5 7. & <12 Sakio (199NIZHWVWT, B EMETHL D
OFEGFEHIAEROBEBRMEIZDWTHMIERS T WS, Sakio et al. (2002)13.,
FT BTN Y T OREEEIZ D WT, BELAES & FERE & OBRN S
LML TWVD, AVTIZDOVTIE, EEORELEEFERFETDOVWTARED
2000)%°, BAZFIZFE H U7z RS A F I (ARIE D 2001)72%FL e 512, &
MR P TH@AMELEBETH 2242 -V - AV TOEFLM
ETFEMAEBRAE OB DI S M LA RIED 2001), > F P EHT T
JU 2 O HAFHERE O R LU 2 FE I FFE S 31T S (Ann & Ohshima 1996). £ 7z,
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WA L EEMIIC B W TR, A PHRET TN I MO S MEICERT %+
BOBREAFFHOBEBNVWIZE D THESNTNAEZEDBRBINTNLRE - K
1994).

EBFOEECBNWTHERMKELETHS M F/ FOHTTI I 2H/HRIC
ThN T, KIBIENA990)TIE, FF/FEHT TN I OAMBEICDNTH
BRI SRR ET o7z, o, HEAHI RS HE BB 0T OMREHAR S
E DT HITHIN TS (Kaneko et al. 1999, Kaneko & Kawano 2002).

EWEO EEHIZEWTHHEFAITIZ W, #lZE YO EHBRE SHMEOR
OB TR O B4R 2 Mo AT . HEREAR . HEREAD O RIPEALAR . R MEAREE O H o RS RR
NS R L 2P AR 1995), Y FHONILZ LMt EY 1 7 IRIZHAT 50
WEARIZ 33V 2 E B AR GEIZ A 1999, FH - 4t 2004)0 0 520 E I MOFEHAK
IZDWTHIEE R & OBEIRD S T S N7l (&M - BH 2000)7d 5.

ZDE DTG ETHDM DI, BERMAR. BEELA T 58 5RO gl 7% <
frof. TNSHFFEIE. AT A4 BEAY B BE-C /KL O 8 B F iR SIS H 2 B AR
MODODHDH, TOHIHEBYTNAOEMAIEE Lo TL 5H, 2EJ/MT
ThNTWaIZHbhH 6T, WElg EMAGTCLTERE FTEMEMANZL N
DNBIRTH 5.

1-3. HhRIMELZ KB U /- Hb 24838 & MBI R OBR

BRSO I B W T, KL <)) THUE TS BEAR O 0 fF itk 2 5%
Mz, BREICITERZMMEN A L, SMDICEBELICER L2 EEA 5N
HENPHLTNDZEZH S ML TS5 (Sakai & Ohsawa 1993, 1994). FFlZAd
Bl EiC—FMERRT 2 7Y S0 W T, 8RR B I & AT
L 7=(Sakai et al. 1995).

FOMMIFIZBNTH, EKRIFEL NI B T LB ER RO M ZNTEL
2B WS DOME SN D XD IZ/ - TE/=(Hara et al. 1996, Enoki 2003). =7
T D FEET B f IR FPHR LM 3 W THERAE L <)L O ZRAFAREE O 22/ /N5 —
CETOREERZMARIZHIETIE, WRAOLREHDVHEMEEZRE L. Hi2
MRS 2 R U R E R E ORI — BRI NS EfEm L T
% (Kitagawa et al. 2014). $iAFEN(2012)1%, JEH S EIRMIZ AT TRILT %
AGOM OB 2L L, BN TOREO T AZH S L 72 BT, kS
SEMBREE ORHE ARG L T W5, Ttoetal. (2012) Tid, JuNLIDE R - W Hbk—
HikLEBMBITHICBWTEGMIIO V FREFMEESY 1 7 ERmBIR, L8
ERLO, HKEE S OMBEMITL. RN AREOREZEL 20O
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BT EZ TR, MNBORETHERIN TS LML TS,

UL, 2OK D72 EEAZ ALK Z O RARE Z 5 O 2 R OB RS 7
fi « SEHERBEZBFZE U2 FI3IEE 1D, S 5IEFEIE, bmEL B EICH W
T, #AKRBEICIZ2MERILEMABEBE W o EREMETHZEEL 2R
(Nakamura et al. 1997, Nakamura et al. 2007) Hi7HNLHKIIZEH>TETW
LINEIZRII DI,

1-4. FHAERD B LK

AWFFE T, i LSRR O AL BV 2 RABERO AT, BRUHETL
2L 2 E QX RBEFREHES ML, ZOMBIZ BT SIRBEMRRALO AT =
ALEMBEREOMEEIEET 2 E2HME Lic. LFICAMFRDOMRZLT .

o5 2 BT, i E g BERT AT I BV D IR R O AU M ORERA R OB, B
FOBEMMR LB OBBREHSNMIT LI EE2HMNE Lz, 3 BT, #is
(L BER AT 12 BT 2 AKER D RRAL A 7 = X LA D T, 8 5 RHRE o0 3%l i bl e
BT BRBE A 48R U 72 ETRET L 7. 5 4 BT O MERT /5 17112 35 U 2 {0 IR
DAL B HE OBIRIZEH U, KLBICE LS T OARABBEO M/ —2 %
BHONMITHILEHNE L. B 5 HETH, 2~4 HO#RED LIZZOHITOD
o 7 L B SERT AR 12 33 0T S MU - MR A S 7K G A D BE SR AEL RIS REE 1T 5 2 D R
Z U TBEAFIFZE - RE R BR BE R T DK DMBFTE O FE e 24T V72t 5 o ol e 1L S S 46
M BT 2 KAMRORFEIZOWTRENRERZ{To .
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2-1. Introduction

Ecosystems in riparian areas have been focused on because of their
unique contributions to biodiversity in forested regions (Gregory et al. 1991,
Naiman and Decamps 1997, Sakio and Tamura 2008). Riparian areas include a
variety of habitats associated with both fluvial processes and dissecting
processes of valleys: For fluvial processes, erosion and sedimentation of shifting
rocks and sandy gravel disturb the ground during floods at various frequencies
and intensities. As dissecting processes, shallow and rapid slope failures occur
on lower sideslopes of valleys, a major topographical component of riparian
areas, which are disturbances that are remarkably frequent compared with
those at upper slopes (Hupp and Osterkamp 1985, 1996, Nilsson et al. 1989,
Baker 1990, Poff et al. 1997, Sakio 1997, Suzuki et al. 2002, Sakio et al. 2002,
Osterkamp and Hupp 2010, Ito et al. 2012). These land-surface disturbances
generate highly dynamic environments in riparian areas (Naiman and
Decamps 1997, Suzuki et al. 2002, Sakio et al. 2002, Sakio and Tamura 2008,
Osterkamp and Hupp 2010). Here, as such disturbances function as
land-forming processes, structurally complex micro-landforms often develop in
riparian areas. Examination of the micro-landform structure can provide a
framework for understanding the spatial pattern of heterogeneous local habitat
conditions in riparian areas (Osterkamp and Hupp 2010).

In lower montane and hilly regions, micro-landform units at a scale of
101-102 m2 (Gregory et al. 1991, Tamura 1996) have been used as a basis for
vegetation classification as well as units for analyzing local environmental
conditions (Tamura 2008). In other words, when understanding patterns and
processes of riparian vegetation, defining the composition and rules of

arrangement of micro-landform units has been given priority. Tamura
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established a topographical classification for valley heads using a method based
on the work of Savigear (1965) and Curtis et al. (1965) (Tamura 1969), extended
it to downstream areas (Tamura and Takeuchi 1980), and after it was updated
by other researchers, he presented a systemized general landform classification
(Tamura 1996): For riparian areas, micro-landform units such as lower
sideslope, footslope, small terrace surface, bottomland and channel way were
defined, which are roughly arranged from upper to lower elevations. Above the
lower sideslope, the upper sideslope was recognized as being situated outside
riparian areas. However, this generalization was established in temperate hilly
regions. Components and arrangements of micro-landform units have not been
examined in subalpine zones, where there might be a pattern that differs from
Tamura's scheme due to the different climatic and geo-historical conditions
(Suzuki et al. 2012).

Investigations of vegetation based on micro-landform units have
revealed that the distributions of woody species tend to be restricted to certain
units (Hara et al. 1996, Nagamatsu and Miura 1997). For example, so-called
riparian species like Fraxinus platypoda and Pterocarya rhoifolia were found to
be locally distributed on footslopes and bottomlands (Kikuchi 1968, Sakio 1997,
Sakio et al. 2002). These units are generally strongly influenced by debris flows
and floods, so these species were interpreted to be specialists at adapting to
such types of disturbance (Sakio 1995, 1997, Sakio et al. 2002, Kawanishi et al.
2004, 2006, Ito et al. 20086, etc.). Similarly, Euptelea polyandra was found to be
mainly distributed on lower sideslopes (Sakai and Ohsawa 1993, 1994), which
is generally the unit most frequently subjected to slope failures, with high
disturbance tolerability via re-sprouting (Sakai et al. 1995). On the other hand,
it has been repeatedly reported that late successionals, or climax species in
Clements’ sense, dominate outside riparian units (Hara 2006). For example, the
habitat preferences of Fagus crenata and Abies firma were found to be biased to
upper sideslopes on hills (Kikuchi and Miura 1991) and ridges on mountains
(Kitagawa et al. 2014), both of which are characterized by relatively stable
ground.

However, these vegetation studies were mainly conducted in
cool-temperate montane zones or focused on cool-temperate species. In
subalpine and subarctic or northern temperate zones where conifers dominate,
detailed studies on riparian forests have been limited to large flooded areas
(e.g., Shin et al. 1999, Nagaoka and Okuda 2000, Wada and Kikuchi 2004),
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which are rather rare geomorphological landscapes in subalpine zones on the
main island of Japan, Honshu. Because of the geological conditions in Japan,
the subalpine zones of Honshu are usually located in areas of steep relief,
where stream topography is basically regulated by excavating processes that
prevail over debris accumulation, which latter is recognized as the collateral
process (Tsukamoto 1998). This causes a typical landscape of well-dissected
V-shaped valleys in the subalpine areas of Honshu (Yonekura et al. 2001),
including Minami Alps (Matsuoka et al. 2013). Little is known about riparian
forests in such typical subalpine valleys, such as species composition and forest
structure, or about the composition and arrangement of micro-landform units.
In this study, I thus examined micro-landform structure and
distribution patterns of woody species in the valley of Norogawa River, Minami
Alps, central Japan, as a case of a riparian forest in a subalpine V-shaped

valley.

2-2. Methods

2-2-1. Study Area

Field surveys were carried out at 35° 40' N and 138° 12' E at 2,000—
2,200 m a.s.l. along Norogawa River (Figure 1) in 2010. Norogawa River is the
uppermost stream of the Hayakawa River and runs from Mt. Kitadake of the
Akaishi Mountains. Norogawa River branches into two streams at the head,
Hidarimata and Migimata, and the study sites were located along these
streams and near their confluence. The water catchment areas of Hidarimata
and Migimata are 360 ha and 466 ha, respectively. Stream gradient is
approximately 1/10, meaning that it is extremely steep.

According to 1-km-mesh climatic data for the past thirty years
(National Information Division, Climate Mesh 2010 data ver. 2.1, MLIT of
Japan 2012a; grid square code: 5338-41-06; 2,120 m a.s.l. on average), the
annual mean air temperature is 2.6 °C, and 13.4 °C from June to September

and -8.4 °C from December to February. The annual mean precipitation is 1,884
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mm. Maximum snow depth is observed during December to March and,
according to annual records, it is 43 cm on average.

The Norogawa catchment area is underlain by Mesozoic sedimentary
rocks of the “Shimanto group”, which consists of Mesozoic sedimentary rocks
including hard sandstone, shale, chart, acidic tuff, slate, greenstone and
mélange in this area. These rocks intermingle, and the type of bedrock changes
along streams, affecting the local gradient and width of streams (Kondo,
unpublished). The section of streams examined in this study is dominated by
mélange, which can cause a relatively steep stream because of its susceptibility
to corrosion (Kondo, unpublished). The Akaishi Mountains were formed by
rapid uplifting of seafloor sediments that began ca. two million years ago. The
current speed of this uplift is about 4 mm/year (Dambara 1971), which is one of
the fastest globally. This area is near the Median Tectonic Line and the
Ttoigawa-Shizuoka Tectonic Line, where many faults and shatter zones have
been identified. Because of the geological conditions and abundant rainfall,
deep valleys have developed. Deep-seated large landslides adding shallow and
rapid slope failures frequently occur as one of the most active mass-movement
areas in Japan (MLIT Japan 2012b, Matsuoka et al. 2013). Basements of
valleys are sometimes covered with thick deposits originating from the
deep-seated landslides (Matsuoka et al. 2013); however, exposed bedrock is
continuously observed in this study site, namely, bedrock in 60-90% of the total
length of the stream segments studied, indicating a “bedrock channel”, a major
type of topographical feature for mountain streams (Tsukamoto 1998).

Natural vegetation is conserved well as this area is included in the
Minami Alps National Park and Minami Alps Biosphere Reserve of UNESCO.
The subalpine zone ranges from 1,500—1,600 m up to 2,500—2,600 m and is
dominated by subalpine conifers, Abies vertichii, Abies mariesii and Tsuga
diversifolia (Gansert 2004). Phytosociological studies identified 7visusu
urbaniana (old name of Salix cardiophylla var. urbaniana) - Populus suaveolens
community and Larix kaempferi communities as the types of vegetation in

valley bottoms in this area (Miyawaki 1985)
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2-2-2. Core-plot

To examine spatial patterns of micro-landforms and wood communities
in this riparian region and connected areas, I set a plot of 60 m x 70 m beside
Hidarimata Stream (core plot; Figure 1). A small valley cuts into the main
valley at this point, which is a common and important geomorphological feature
of mountain riparian areas (Tsukamoto 1998). Therefore, I simultaneously
treated two general types of micro-landform set along this denuded V-shaped
valley, namely, set with and without the contribution of a tributary. The
riverbed was exposed mélange with little debris.

Using a laser range finder with an electromagnetic compass (Impulse
200 and Mapstar, Laser Technology Inc.), I first measured every corner of 10 m
grids as 56 reference points and then added survey points: horizontal and
vertical distances and the azimuth of a survey point from a reference point
were recorded. The survey points were placed in order to detect slope changes
in as much detail as possible, keeping the distance from a survey point to its
nearest neighbor as less than 1 m. Offset surveying was conducted for points
that could not be collimated directly from any reference point. Survey points
were also placed outside the core plot within 5 m from the edge. A total of 1,996
points were measured.

On the basis of landform survey data, a Digital Elevation Model (DEM)
was generated with 1 m as the spatial resolution. A contour map was drawn
from the DEM using the Kriging method (Oliver 1990) (Figure 2a). Terrain
variables, that is, relative elevation and slope inclination (Figure 2b), were
extracted for each 1 m grid from the DEM. ArcGIS (ver. 10, ESRI Inc.) was used
for these procedures. I made a geomorphological explanation map (Figure 2c):
small cliffs, shallow channels and convex/concave breaks of slopes were
recorded on the contour map in the field, and micro-landform units were
detected (Figure 2d). Although Tamura’s general description for micro-landform
units (Tamura 1996) was referenced, because it could not be adopted instantly
as denoted in the Introduction, I gave priority to our field observations.

The range and average of slope inclination were calculated from the
DEM and the land-surface conditions were recorded for each micro-landform

unit. Species name, location and diameter at 130 cm in height (DBH) were
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recorded for all stems with DBH larger than 5 cm. Total basal areas and stem
density were calculated for each species and micro-landform unit. Dominant

species were determined using dominance analysis (Ohsawa 1984).

2-2-3. Belt transects

To confirm the generality of the forest structure described in the core
plot, I set belt transects along the streams (Figure 1), where vegetation had
developed fully from the edge of the stream .to the upper slopes. Each transect
was orthogonal to a stream that was 10 m in width, and the length ranged from
30 m to 105 m depending on the site. The transects were segmented into
sub-plots at intervals of five meters in horizontal distance. At the center of each
sub-plot, the elevation from the stream and the slope inclination were
measured. All plant stems with DBH larger than 5 cm were recorded.

The distribution pattern of each species was analyzed for eight
abundant species using a generalized linear mixed model (GLMM); the
dependent variable was binary data of the presence (1) or absence (0) of the
species concerned, using binomial distribution and logit link function.
Independent variables were elevation from the stream, slope inclination and
elevation above sea level (altitude) of each sub-plot. Belt transect number was
used as a random effect. The best models were selected from models for all
combinations of independent variables based on the Akaike Information

Criterion (AIC). R ver. 3.1.0 (R Core Team 2014) was used for the analyses.

2-3. Results
2-3-1. Core-plot

Five kinds of micro-landform unit were identified: "mountain slope",
"terrace", "scarp of terrace", "floodplain" and "channel," which were arranged
roughly from higher to lower elevations from the stream. These units differed
in terms of slope inclination and ground-surface conditions (Figure 2, Table 1).

Mountain slopes were steep slopes located at the highest parts

connecting directly to main ridges above the plot. At these sites, humus and

20



moss covered rocky gravel and bedrock (Appendix 1), indicating relatively
stable ground despite the steepness. Under the mountain slopes, terraces were
identified. They had relatively flat ground delimited from mountain slopes by
concave breaks. Although this shape naturally means it had been under the
influence of flooding in the past, it could be considered that the ground surface
had been stable for a long time; land-surface condition was similar to mountain
slopes and there were humus and moss, although more sandy gravel appeared
instead of rocky gravel, adding more soil, and rich understory vegetation was
observed. The past flooding that had created these terraces could be considered
as events occurring along the main stream for the left bank and originating
from the tributary for the right bank. On the right bank, there was also a
terrace-like topography between steep slopes (scarps of terraces) at the east
end of the plot; however, it was completely covered by a new flood (alluvial),
could not be identified with slope change and thus was regarded as a part of the
floodplain (alluvial fan).

As lower borders of the terraces, scarps of terraces were recognized
with convex breaks of slopes separating them from the terraces. Unfixed rocky
gravel was present, indicating instability of the ground. A similar steep slope
was also identified in the floodplain area as a fringe, which I also classified as
scarp of terrace. Floodplains were relatively flat and covered with deposited
materials, mainly exposed rocky gravel. They were separated from scarps of
terraces by concave breaks of the slopes. Many shallow channels and small
cliffs were observed, indicating active temporal drainage and frequent
ground-surface disturbances. Floodplains included an alluvial fan on the right
bank, which was considered to have originated from the tributary, beside the
bottomland, which was assumed to have been subjected to direct fluvial
processes of the main stream. The approximate border is shown in Figures 2
and 3; however, I did not separate them here because their differences in
topographic features and substrata were unclear. Channel was the minimum
level of the water surface during our field investigations.

For the left bank, the approximate elevation of each unit was 0 to 1 m
for floodplain, up to 5 m for scarp of terrace, up to 6 m for terrace and more for
mountain slope. For the right bank, floodplain (alluvial fan) reached over 10 m
and the other upper units also tended to be located higher than those on the left
bank, although they sometimes showed similar elevations. Terraces, which

were accompanied by the tributary, were located at 9-13 m from the main
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stream on the right bank.

Fifteen species were recorded and they showed biased distributions
topographically (Figure 3, Table 1). On floodplains, there were only three
species, which were all deciduous trees and were dominated by Salix
cardiophylla var. urbaniana. On scarps of terraces, the highest tree density was
observed across all units owing to abundant A/nus matsumurae, while total
basal areas in unit areas were minimal. Evergreen conifers, deciduous
broad-leaved trees and a deciduous conifer, Larix kaempferi, co-dominated
there. Terraces were dominated by evergreen conifers, Abies veitchii, Tsuga
diversifolia and A. mariesii, which shared 83.2% of total basal areas. Mountain
slopes had a similar composition to terraces, but these three evergreen conifers
shared more of the RBA and tree density. Total BA per unit area was the

greatest among the units.

2-3-2. Belt-transects

Sixteen species were recorded (Table 2) on the belt transects. A.
veitchii and S. cardiophylla var. urbaniana were the most abundant, accounting
for more than half of the individuals observed. Other major species were 7
diversifolia, A. matsumurae, L. kaempferr, Betula ermanii, Cercidiphyllum
magnificum and A. mariesii. The distributions of these eight species could all
be explained significantly by the elevation from the stream (Table 3, Figure 4).
Evergreen conifers were biased to higher sites; they were nearly absent at
streamside, rapidly increased with elevation, and reached 50% at 4.9 m for A.
veitchii and 4.4 m for all evergreens pooled. Meanwhile, deciduous species were
more abundant at lower sites: they often appeared even on valley bottoms,
rapidly decreased with elevation, and diminished to 50% at 3.9 m in the case of
S. cardiophylla var. urbaniana and 7.3 m for all deciduous species pooled. For
the other variables (Table 3), S. cardiophylia var. urbaniana and C. magnificum
tended to be distributed more at lower and higher altitudes, respectively. Slope

inclination was not a significant factor for the distribution of any species.
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2-4. Discussion

2-4-1. Micro-landform structure

I identified mountain slope as a non-riparian micro-landform unit, and
terrace, scarp of terrace, floodplain and channel as riparian micro-landform
units, which were arranged from higher to lower elevations, partly with lack of
terrace and scarp of terrace units. This composition and arrangement of units
were generally found in this study site, although each area and inclination
varied (Appendix 2). As characteristics of the subalpine riparian
micro-landform in this study area of a V-shaped valley, I identified 1) probable
lack of lower sideslopes, 2) conspicuous terrace segments (terrace and scarp of
terrace) and 3) single-layer floodplains (i.e., higher floodplain was not
recognized), as follows.

1) Lack of lower sideslopes: In Tamura's general framework (Tamura
1996), there are lower sideslopes that are separated from upper sideslopes by
convex breaks of slopes, called erosion fronts. Erosion fronts have been a focal
component to understand the landform structure in accordance with
topographical processes, especially in hilly regions subjected to active mass
movements (Kikuchi and Miura 1991, Sakai and Ohsawa 1993, 1994,
Nagamatsu and Miura 1997). Lower sideslopes have been attributed to
unstable and/or denuded ground, often with rapid and shallow landslides. Also
in mountainous areas, lower sideslopes with erosion fronts have sometimes
been recognized. For example, Takaoka (2001) reported habitat separation of
temperate deciduous trees and subalpine conifer trees at erosion fronts,
inhabiting erodible lower and stable upper slopes, respectively, in Kita Alps
climatic transition area. Thus, erosion fronts can exist on not only temperate
hilly regions, at which Tamura's framework was derived, but also in other
climatic and mountainous regions. However, such a slope-breaking line
between ridges and riparian units was not observed along the stream segments
studied here (data not shown). It might be embedded under terrace segments;
however, I could not confirm this in the field. Small and shallow hollows
suggest slope failures on the mountain slopes (Figure 2); however, these are
probably very old scars because edges were unclear and the land was covered
by a developed matrix of humus and moss (Appendix 1), also within such

hollows. This suggests that slope failures are infrequent, at least at present.
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Thus, if adopting Tamura’s framework, the mountain slope can be regarded as
upper sideslopes rather than lower sideslopes because of relatively stable
land-surface conditions.

2) Distinguished terrace segments: The same as in the general
definition (Machida et al. 1981, Hupp and Osterkamp 1985, 1996), terraces in
this study can be interpreted as ground surfaces established by large and
infrequent debris flows and/or old floodplains at which the ground is what is
left behind after streams dissect valley bottoms. While terraces are features
commonly described in riparian studies (Suzuki et al. 2002, Nakamura et al.
2007, Suzuki et al. 2012), they are minor units in Tamura's schema (Tamura
1996). This is probably related to the large-scale topographical conditions. For
temperate regions, Suzuki et al. (2012) surveyed riparian forests from mid- to
upper streams of the Kinugawa watershed, and showed that relative areas of
terraces among micro-landform units increased at the uppermost parts of
streams located in dissected valleys. In addition, Kaneko and Kawano (2002)
recorded that terraces had a similar size to floodplains in a mountainous
narrow valley in Ashiu, Kyoto. These findings suggest that clear terrace
components of our study are common for V-shaped valleys in mountainous
regions, irrespective of the climatic zone; besides, terrace segments were more
conspicuous, which was caused by scarps of terraces being detectable as clear
units. Rocky debris assumed to have been supplied by infrequent deep-seated
landslides as noted to be relevant to Minami Alps geology (Matsuoka et al.
2013) may reinforce this morphological attribute. Tsukamoto (1998) also
remarked on the contribution of debris flow to the emergence of terrace
segments in mountain valleys.

3) Single-layer floodplains: The floodplains identified in this study
were combined segments that originated from the main stream and tributary,
and thus their elevation was over 10 m; however, they were basically uniform in
terms of land-surface conditions, exhibiting the deposition of rocky gravel that
was assumed to have been exposed to seasonal floods of the main stream or
tributary. Floodplains have often been classified into two types: lower and
upper ones, in riparian studies, based on the step morphology and differences
in deposited materials coinciding with the frequency of exposure to flooding, for
example, 50% probability per year for lower floodplains but 5% for upper
floodplains, as estimated in the Rekifune Watershed, southern Hokkaido (Shin
and Nakamura 2005, Nakamura et al. 2007). Nevertheless, many of these
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studies were conducted in alluvial fan zones that typically emerge in regions
intermediate between mountain valleys and plain river zones. Fluvial
processes of both aggradation and degradation function significantly there,
leading to wide bottomland and complex micro-landforms including multiple
layers of floodplain. Meanwhile, in mountain valleys, especially narrow
V-shaped uppermost valleys as in this study area, degradation basically
exceeds aggradation (Tsukamoto 1998), and upper floodplains would probably
easily disappear if they formed. Single-layered floodplains have been
distinguished (Suzuki et al. 2012) or used as micro-landform units (Tamura
1996) for upstream riparian forests in temperate climate zones. I confirmed
that they can also be applied to this study segment of a subalpine V-shaped
valley.

The micro-landform attributes observed here can be summarized as
follows: the riparian area is smaller (from 1) and simpler (1, 3) while having an
extra unit (2) compared with fully developed riparian topography in the

temperate zone.

2-4-2. Species composition and distribution

I found that relative height from the valley bottom was a key factor to
explain the overall pattern of tree distributions, and that this elevation
dependence arose from the fact that each species tended to be restricted to
certain micro-landform units. The elevational arrangement of woody species
being linked to micro-landform structure has been reported in various regions
(Sakai and Ohsawa 1993, Kubo et al. 2001, Suzuki et al. 2002, Ito et al. 2007,
Nakamura et al. 2007, Suzuki et al. 2012). I confirm that this also basically
holds for our study site of a subalpine V-shaped valley. I can also assert, as
indicated repeatedly in other regions, that riparian areas contribute to the
biodiversity of mountain forests by providing unique habitats. The significance
of this function is emphasized, given the general tendency that species richness
and diversity are lower at higher elevations (Ohsawa 1984, Stevens 1992), as
reflected in the short species list obtained in this study.

Despite the basic consistency, there are some differences between this
riparian area and riparian areas in temperate climate zones or alluvial rivers

in subalpine/subarctic areas: the riparian area of our study site is characterized
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by low species diversity, especially in floodplains, and by being much smaller in
terms of areas occupied by a riparian community, as follows:

Floodplains were occupied by almost pure stands of Salix cardiophylia
var. urbaniana. Although the extent to which this species has adapted to
unstable ground and the mechanisms used have not been examined, it is known
to establish itself as a pioneer just after riparian disturbances in upper
temperate (Ishikawa 1983, Shin et al. 1999, Sakai et al. 1999, Sashimura and
Ide 2007) and subarctic regions (Niiyama 1987, Ishikawa 1987, Nakamura et al.
2007). Salicaceae is a clade that mainly consists of early successional species,
with adaptive radiation to various land-surface conditions along rivers
(Niiyama 1987, Sashimura and Ide 2007). The texture of land-surface materials
is the key factor for niche separation, and across the riparian Salicaceae, S.
cardiophylla var. urbaniana is a species known to prefer mostly rocky ground
without clay (Niiyama 1987). This niche is explained by its development of
vertical roots alongside a lack of tolerance to submersion in groundwater
(Honma et al. 2002). Accordingly, along long rivers, Sal/ix communities
dominated by S. cardiophylla var. urbaniana have been recorded typically in
mountain valley zones, especially at the uppermost streams, but not in alluvial
plain rivers (Shin et al. 1999, Sakai et al. 1999, Sashimura and Ide 2007,
Ishikawa 1987, Nakamura et al. 2007). Despite the trend for upper regions to
be colder, and in fact S. cardiophylla var. urbaniana shows the cold-end
distribution among multiple examined species, Nilyama (1987) revealed that
distribution was controlled more edaphically than climatically. Thus, only this
species may inhabit this subalpine V-shaped valley owing to its traits and the
topographical properties mentioned above. Low species diversity has often been
recorded for communities dominated by S. cardiophylla var. urbaniana in
studies on other areas (Suzuki et al. 2012).

Alnus matsumurae is another typical species reported as a pioneer on
rocky surfaces near valley bottoms (Suzuki et al. 1956, Kikuchi 1975,
Yoshikawa and Fukushima 1997). In these previous studies, A. matsumurae
was often found to co-dominate with S. cardiophylla var. urbaniana, but they
were markedly separated in terms of micro-landform units in this study: A.
matsumurae could be labeled as the species of scarps of terraces. Scarps of
terraces were considered to be subjected to ground-surface disturbances as
slope-dissecting processes, rather than fluvial processes that dominate where S.

cardiophylla var. urbaniana is located. These species might share the same
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sites where the ground conditions are intermediate, but their habitat
differentiation is clear in this study, probably because of sharper features of the
topographic structure. Of the other species showing a biased distribution to
lower elevations in belt transects, Larix kaempferi and Cercidiphyllum
magnificum were also distributed on scarps of terraces. Although evergreen
conifers, A. veitchii, T. diversifolia and A. mariesii, which were species showing
biased distributions to more elevated sites in transects, were detected as
co-dominants, the deciduous species shared larger basal areas than these
evergreen conifers. Accordingly, scarps of terraces as well as floodplains can be
regarded as riparian zones in terms of vegetation, and scarps of terraces are
considered to be more advanced in terms of their successional stage than
floodplains.

Terraces are a riparian segment topographically, but are occupied by
upland communities that are basically the same as those on mountain slopes,
which were dominated by A. vertchii, T. diversifolia and A. mariesii, the major
canopy species of climatic climax forests in this region. This phenomenon, that
is, a smaller riparian zone in relation to vegetation, is relevant to the properties
of succession as follows:

Micro-topographical differences in composition and structure of wood
communities around valleys have generally been explained by differences in
successional status after disturbances (Suzuki et al. 2002, Sakio 2005, Shin and
Nakamura 2005, Nakamura et al. 2007). In this context, .S. cardiophylla var.
urbaniana and A. matsumurae are typical species reported to be the earliest
immigrants in upper temperate and subalpine/subarctic valleys (Niiyama 1987,
Yoshikawa and Fukushima 1997). Because the phase that a community can
reach depends on the duration between disturbances, much earlier
communities tend to be located much nearer to a stream center, often resulting
in Salix communities being arranged at the vegetation front. This
interpretation is also relevant for our study sites; however, there is a difference
regarding the subsequent phase. Many studies have pointed out that middle
successional communities are then established, after which climax
communities emerge. On the other hand, this study area has a dearth or
absence of a middle successional phase, namely, succession instead proceeds
directly from pioneer to climax communities.

This shortcut in succession can be explained by 1) topographical

simplicity, 2) a poor species pool in the regional flora and 3) the characteristics
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of subalpine climax species:

1) For subarctic and subalpine large flooded valleys, the middle
successional phase is often described as communities that develop on higher
floodplains, typically dominated by Ulmus davidiana var. japonica, Fraxinus
mandshurica and Quercus mongolica (Kon and Okitsu 1995, 1999, Wada and
Kikuchi 2004). In our species list, Larix kaempferi and Populus maximowiczii
could occupy this niche (Shin et al. 1999, Shin and Nakamura 2005, Nakamura
et al. 2007); however, the lack of a central habitat, higher floodplains, may
prevent the development of these communities.

2) In temperate mountain valleys, riparian species such as Pterocarya
rhoifolia, Cercidiphyllum japonicum, Fraxinus platypoda and Aesculus
turbinata occupy large areas as pioneers, or middle or edaphic late
successionals. Once established, these species can persist via their long life
spans, namely, 100-150 years for P. rhoifolia (Ann and Ohsima 1996, Sato 1988,
Kaneko 2009), over 200 years for C. japonicum (Kubo et al. 2005), over 250
years for F. platypoda (Sakio 1997) and over 400 years for A. turbinata
(Hoshizaki 2009). There is no such ecological guild in this subalpine V-shaped
valley. The life span of 8. cardiophylla var. urbaniana is about 45 years (Ban
and Ide 2004). Although I could not find such life span data for A. matsumurae,
Alnus is generally short-lived, that is, a few decades (Kastuta et al. 1998). This
suggests that, if the ground surface is stable for only 50 years, the next
successional community can emerge. As a result, the succession time from bare
ground to climax forests in the subalpine zone that I studied may be shortened.

3) Three major subalpine climax conifers seem to accept disturbed and
thin-soil ground, which is also common outside riparian areas in the Minami
Alps. In fact, abundant seedlings and saplings can be observed even on
floodplains under S. cardiophylla var. urbaniana (Figure 5). This contrasts with
representative climax species in the temperate zone of Japan (e.g. Fagus sp.,
Abies sp. and Castanopsis sp.), which inhabit relatively stable and moderate
slopes with deep soil across major species in regional flora.

The attributes of the vegetation in this study area of a V-shaped
subalpine valley can be summarized as follows: Riparian communities were
established on floodplains and scarps of terraces, but not on terraces. Terraces
were occupied by upland communities. There were two types of riparian
community, namely, pure stands of a species of Salix on floodplains and mixed

stands with abundant A/lnus on scarps of terraces. Upland evergreen conifers,
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Abies and Tsuga, co-dominated on the scarps of terraces in terms of RBA. The
two representative species of riparian communities were short-lived pioneer
trees, and these communities would succeed directly to climax stands with the
upland conifers in a short time if the land surface is stabilized. This may be
because of the lack of the ecological guild of riparian trees having a persistent
niche, which has Dbeen identified in temperate mountains and
subarctic/subalpine alluvial valleys in Japan, and also possibly because the
upland conifers have more or less adapted to unstable ground on these
geologically active mountains.
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Captions of figures and tables
Figure 1
Location of study area.
Black bars and squares indicate the position of the belt
transects and core plot, respectively. Altitude of belt transect

is 2,000-2,200 m.

Figure 2

Topographical information of core plot.
a) Contour map

The contour interval is 1 m.

b) Slope inclination

¢) Geomorphological explanation

d) Micro-landform classification map

Figure 3
Micro-landform classification map and location of the trees in
the core plot.

The contour interval 1s 1 m.

Figure 4
Relationship of the appearance ratio and relative elevation
from the stream of eight major species, all evergreen conifers

and all pioneer species in the belt transects.



Figure 5
There are young trees of evergreen conifer (Abjes veitchii) in
the lower layer of the Salix cardiophylla var. urbaniana

community.

Table 1

Micro-landform parameters and tree species composition in the
core plot.

C: conifer, B: broad-leaved, Ev: evergreen, De: deciduous, *:

dominant species (Ohsawa 1984), **: area does not include the

channel (0.022 ha)

Table 2
Tree species composition in belt transects.

C: conifer, B! broad-leaved, Ev' evergreen, De: deciduous

Table 3

Results of variable selection of the best model by AIC for
presence/absence of eight major species, all evergreen conifers
and all pioneer species in the belt transects by GLMM.

E: Elevation above sea level, RE: relative elevation from
stream, SI: slope inclination. Verification of the effectiveness
of the explanatory variables by Wald test (***: Pr(>|z]|) <

0.001, **: Pr(>|z]|) <0.01, *: Pr(>|z|) < 0.05).



Appendix 1

Measured cross sections of belt transects.
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Table 1

Floodplain Scarp of terrace Terrace Mountain lhpe
- . BA RBA Density BA RBA Densty BA RBA Dasiy BA RBA
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Betula corylifolia B De - - - 7= - - - - - 0.1 0.55% 17.5
Cercidiphyilum magnificum B De & s & 00 0.12% 133 - - - 00 027% 175
Pinus koraiensts C Ev§ - - - 00  065% 133 - - - = & -
Populus maximowiczi B De 00 017% 6.5 - - & - - - . e (i
Alnus viriis B De 4 - -0 000 ol6% 133 = g = - - -
total 60  100% 10749 42 100%  2164.7 47 100% 13975 13.9  100% 1399.8
Number of Species 3 o 9 10
Arca(ha) 0154 _ 0,075 0,055 _ 0114
Relative elevation from main stream E T 7 } % ] ; S -
Average {range) (m) 33(0-1 16} 72(0:2-183) 9.2 (2.6-20.4) 118 (25-243)
S[:’c':‘:‘)"‘"m“' averuge (ringe) 155 (05-36.3) - 39.5(13.9-609) 205 (1146.4) 414(17.7638)
— -

The lifcforms are C comfer, B broad-leaved, Ev

De

species (Ohsawa 1984). ** Area does not incrude channel (0.022ha)



Table 2
DBH (cm)

mean (min-Max)

Ev 248 (42 - 596 ) 259

De 11.8 ( 4.1 - 586 ) 226

Ev 28.5 ( 5.0 - 89.1 ) 69

De 89 (4.1 - 27.6 ) 61

De 93 (42 - 98.3 ) 42

De 11.4 (4.0 - 30.6 ) 42

De 11.0 (42 - 272 ) 42

Ev 276 (75 - 51.5 ) 41
)
)
)
)
)
)

Species Lifeform

Abies veitchii

Salix cardiophylla var. urbaniana
Tsuga diversifolia

Alnus matsumurae

Larix kaempferi

Betula ermanii
Cercidiphyllum magnificum
Abies mariesii

Sorbus commixta

Acer ukurunduense

Alnus viridis

Populus suaveolens
Cerasus nipponica

De 147 (5.5 - 253 22
De 11.1 (4.4 - 30.8 21
De 6.5 (42 - 174 18
De 296 (55 - 913 14
De 145 ( 4.8 - 25.7 10

W WWmwmwOwwOwOwmO

Betula corylifolia De 11.2 (6.3 - 16.1 6
Salix udensis De 5.2 1
Acer micranthum De 5.1 1

Total 875

The lifeforms are C: conifer, B: broad-leaved, Ev: evergreen, De: deciduous



Table 3

Species Intercept E RE S1

Abissmariesii coefficient ~ -2.4209 - 0.7668 &
&k & ok

Abies veitchii coefficient 1.0880 - 2.6140 d
*k Kk

Tsuga diversifolia coefficient  -0.7398 s 0.5522 -
Hkk Exd

Larix kaempferi coefficient -3.8240 - -2.6010 -
kl? k% s,k

Salix cardiophylla coefficient ~ -2.2283 -1.0364 -3.6693 0.7771

i i Fokk * *okok

Betula ermanii coefficient -1.8481 - -0.9141 =
kK * %

Alnus matsumurae coefficient  -1.6223 - -1.2779 0.4708

*ook ok *okok

Cercidiphyllum magnificum coefficient  -5.1150 1.4600 -5.0740 B
Fokk * *okk

Evergreen conifers cocfficient 2.2750 s 4.4080 -
¥ * koK

Broad-leaved trees + Lariy  Coefficient 0.0745 - -2.0955 -
ook

E: Elevation above sea level, RE: Relative elevation from stream, SI: Slope inclination. Verification
result of the effectiveness of the explanatory variables with Wald test (***: Pr(>[z]) < 0.001, **:
Pr(>|z) < 0.01, *: Pr(>|z|) <0.05).
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£ 3F BELUFORRRICSITEHMABEEORILHRR
ALDE

3-1 [FUBIC

BT, SRS, LR, BELERR E EHBEICEEL. TNENOH
NI 3 U 72 RS RAL 9 2 (P & 2004). BEELITFRAREEVE O FRHLAL PG Z R E T
LI A TEELRREZF > TH O (White 1979, ik 2004), KUK OHE, itk
REOBEIIC Lo T, BMICEBBYREBICE SN, THORE L EBIZHUE
BT 9 % (Decamps et al. 1988, Swanson et al. 1998).

ALK K P2 O 8t BER MRS FEZE T 2 I O KL TIT DN MR T, SR O ks
MREE & E DI kED LR, 2Ok, VY —EoRELRE, TN 5
REICEENEL, ZOREIZXD, YFHFERE. N2/ FE. NavYFFE. b
EROIBIZEBBNEAL TS ZERRASNIZESNT NS (Viereck et al. 1993,
Pelet et al. 2008), ZNEHFEXDAT—JIZETHETOBB LT OREMIT5—-10
ETYFF - N2/ FE, 2040 F TN/ F - NIV FFE, 80—100 T/
IVFFRICEVEROERVPHEHULDKIKCAED, 126—-176FETh7E-NTY
FTFBOEBERZMERD . FNU LI MV ERMMERD T EMASHIZEINTNDS
(Viereck et al. 1993). £/z. HOBAT TITHON=HETIT, 50 FRETYFFiR.
100— 150 EF TNV FFE. VIR VU SRR ETHR S NBEEITBRE N,
THERE S ZE, S almEa E O ey B %~ & 7 % (Carbiener and
Schnitzler 1990). Z®O X D12, HEhr & TURAVERPI L 7z #5470 & iR ar 12 VT
THMT2KAKTIE, YFHF N2/ FRABEOBBAMBEENS b)) OR/e
NAVFFEOPEFEZ R TREANIIIHEM 2 EDEBRIFECT IR/ b X
Daf@o il BT 75 2 &M 51T WS (Johnson et al. 1976,
Decamps et al. 1988, Carbiener and Schnitzler 1990, Viereck et al. 1993, Pelet
et al. 2006, Nakamura et al. 2007).

HEOHE&IUFETIE, PFEY - FFIIEY - aAVAREOHBILESEE
WA R < B85 LT A GEIR - B2 2003, Gansert 2004). 2415 OFETEB#MN T
HO, AUCHEHIIOHT DY 7H NI EDBBICI, MR <, REH
ENBEWENRHIONTWE(EAS 1996). £z, MEICAECFr v 7TE2E-T
HH(H11 1984, Mori and Takeda 2004) %1772 0. #EkSAUEH (W 1983) %17 -
DT HZZENANENT WS, 2O K DI LS B2 O FE R 1t R A B EL
W L, BHNEE LU TERITHLLEEALND. TNETIZ, #EELME
B HERT O ME A BEHE RS 72 ST T 2 O KB id e @ U =Rt B 7s &
TITHONTHY, KOO, MR L < FEET HVMIZEWTHR SN
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pliddE 0 Rsnizn,

92 EICHWNT, LR O & M & OBBREEMAEL. T Ok
YEEB S MU, BEEILHOERR T, EBRETHL2ETANTFF - AN
)FNEEFEETAIAKUMBER I TSR, TO L D IEREIC S # &k
BHEMAMESMERRL TWD ZENHL NI a7z, ZaUd, Wl tEet s
LELERESRBRZ T Th< MERILOZ W THRKICEF L TWS ]
fEtENEZ 5N S, LML, T3E TR AEF T 2 8 6 10k SR O 84 B
VR ERL ST AZETON TA < # & L R mEE ) B 5 W o il
BILEHEMICE2TEDLIRNEY v 20D TIRESbho Tz,
EEEE I SIS EMICE o TEDKDIBNES Y FRONZBHENITSHZ
i, RIS EM O S CHELE OBRBREHSNIT S ETH BRI
R & 72 5.

AT LIS D2 FZMNERORMMREZIZEE L. RHE RIS T 5 8%
EIRBERIC RN T AR, E TN TNOREEBO R DIBEITB W T OB %R
e FEMEORREERN, MEOFRRBZICIOVTOEVWERIEL . L
T BRI &R B 2RO RN T 2SI HBRBE DB WA S Iz L, el
FHEOYMBABRECREOHREIZE D, ML ORMRICB T 288 AN X
LEMBL 2,

3-2. AT EAEAE

HMEHA L, 2014 4F 7 A~9 RIZ 3 TEHE) Bl 5 ERIR, GRIRIZ
T THr o 7= (Figure 6). M ZEAE L /25, 10mX10m® 7 0 k% .
ERER O FFMGEIRE D R D BT T NZHUZE 51 » FiakiE L7z, RlEso 70y

MIFRBEN S D@D D 156m BLETHAKCREE2 & OMEREOF
AR SN2 WIRFNICERE Lz, RO 70y M, KBNS O&EA 5m LAA
TlAZEC I OB L - LIcRB L. 2L T 70y FRICHERL 2
DBH 5cm BA EDARAFE#IZHWT DBH EBFEDFEEZfT>72. £72. DBH5cm
RKFEOAEBAEIZONTIE, @S 16em LA EOETORGEERERENICHAY > L,
0y hNOERFELERVEAOBHEZHHETHE L Lz, 70y FOME
I2 GPS IZ5c#k L 7=,

%7Dvb@DBmmn®*$m¢ﬁmﬁLt$T®fuyh’xmf T&
L7 DBHMWKELS MAEIZEL TWHEBLRBTEZ 3~6 A%E L. MRS 1.3m
DALETHREMHEZRWT, /R0 POETCOERI Y 2RI L 72 SR 24
W71, TELROELNITHEEARERD, FimHslO#EEZ A WT 0.1mm
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AL CHERBZFHIL 2. POETRERTE2MAEKIIOVWTIIMBZRE L L. &
HEOREMS-EEZZTO T 0w @ Stand Age & L7z, BHmICBE L T,
AR AR L 2@ S IET D ETICELZRFRIEEE L Ty, I L 2 F i
A7 EMNT ERREMHTOHREAED Sl Y - 42T Y)
DREROLEZITI B, FRIBOT— 5 Z2HNT, EEEMEOZTNZTIIC
BWTHEL 30 EM DM R REE S REHEREZLULTORICLDKRDT.

GR = (DBH2014 - DBH1984 )/ ( 30 years )
RGR = (In( DBH2014 ) - In( DBH1983) ) / ( 30 years )

2014 £ DBH {3 aH 12 K > TIHM L 724, 1984 £ D DBH IZ D W Tid.
ol 3 7 I K - THIE S N7 F ek O #EE L7z. RGR & 2014 4 DBH O {El
B AT IR & BRI OFE & TR EEEICENR SN S0 2RI R
EL7z.

70y hORBEEFHIOTLHERELT. £70y MIBWT, #OY A X
OB OB D /177 > b, BER TS ORI EE T %2175 T RO RIEHR % 38
REBIZTOy FOPLIIBNT, EEOQOV Y —Z2BRELZREBMSEIZERS
20cm O IZHB LT LHE %K 200g FRELL 7=,

FHL 72 BN, 1AMEZ S |25 2mm O 7)1 ZH W TEEZID
Rz, LT, 6%DBEEL/KFEKBEZHWTHEMEZROBRWE, R
AN 105C T 24 Bz Bz, T 0%, L — — B 20 5547 3 2% i
(SALD-3100: Bt BEFT ) 2 i TRIED T Z2T W, &£70y MiZBWTO L
Wt 2 BRER S OERED 2B EGE IV it 0 0.075mm AR, MUK
0.075-0.25mm, HRIRY : 0.25-0.85um, HMKIFS : 0.85-2mm)& FHRIBED AT 1 7 >
Al (um) 2 W& U 7z

AAIZENT, —HMOEFERZR &, #KHILEZEZTEROIFIEALERE
JAIZ LB D THD, LizhioT, ZOMBIZH T 28tABIEL A X2~ O Z#R
R5EHZ. BEFEAEBZRWT 1985 FLUBEO KHAHTQIBREOBREZ X LD,

3-3. BR

BEO7Oy bTRMERENZEAESFEY - FTFTFEY - aAAVHAITES
THREN., 75 A NPT HINFTRELGEN SR TS > /= (Figure 7.
Table 4), BHAM T O MNIZOHRBTIRFZEAERDTF LI ENTET, il
284EDOT0OY MR 1 3FAIBHBDOAT, TOTOw MIASIVEYT T NTHE
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RENTW, IO 70y MI, ANV FFVREET L5 1 7 &S ER)E
HTEYATEWCKRELFTDHZENTE, RIFIIHEBDH 20~80 £, HHFITH
80 LA L T& - 7= (Figure 8, Table 4).

BEEBOVMTIIEREBETHLFTANYFEENYNINS I F ATV O/
BnE2<AonNs—4T, BEBENETHLIIEY, AV HOMHES L FE
L TWiz(Figure 9). &7 7 B OHEBHEAE LI LB ER I S BTz
# - 7= (Figure 10).

EEEE BRI B T, I EY OREEEIZIIIM R ENFE L 72 (Figure
11). L, L., #F IS EVTRAEERENA SN 2o/, YFEVIR, £TH
2 7= (Figure 12), F7/z. miHFIZIIH 1 Ik FELZREOEIZR ST, BH
OREOERIIAOE TREREREZE LI TV

1896 ELIBFD XA RKEFOR Z - 2R E iR OB E M Z RS L b2/ R,
MHFEBBLER/EL Tz, KBEBEGENBIH S /2 1982 F + 1983 FIZHG
L THRH 30 4EFIE, 1935 4F « 1945 4 - 1947 4F « 1959 4F - 1966 FIZ &L T,
Rl 50~70 4EFFIUT. 1896 4F - 1898 4 - 1907 4F « 1910 izt L T, #ki 100
~110 4E 3T D4l DL AR AN L T Uy % D3RR T & 7z (Figure 13, Table. 5).

FEEERTII L EOEN 2 R RER oz, FEHETIIREIHL,
FHA I T < 7z S I S N7z (Figure 14).
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3-4, EE

3-4-1. BEEIUFHORBAROBEEEE

— iz, AGOMIEN D EECIZ K o TR O AN EEE T S (Decamps et
al. 1988). =i, HELZEOFRFRBE & HITVHDtkEHO LR/, HHEOZk. U
F—EORERE, TNOSMHBREICELNEL, TOEBIZLD, NMMFZT A
T2, YREB AT, FUOMELELULZEHEAT—2 OIEIZEREA
T ZENMHSMNIZETN TS (Viereck et al. 1993, Pelet et al. 2008), Z415
BEXDAT—PIETHETOBBLEORRIXS—10FETYFF N2 /R,
20—40 £ TN/ F - NOYFF®/. 80—100 FTNIVFFREIC FTEROE
ABEALDEDIZRD, 125—1T6 FET RV E-NIVYFTROERMKERD, £
NP b etk E 72D 2 EAH S MZ TN TS (Viereck et al. 1993). 5
DEFATHOLNZMFETIE. 50 FERETNANA AT AT = OV FF RO,
100—150 £ TNV FFIR, ZVIE, V27 JEa E TR S 1V PRBS B
EREn, THELUBREZFIE. brUaARAREO LHMmHAREENS BB TS
(Carbiener and Schnitzler 1990).

ZDL DI, M & SUENER U 7z 0 S i I T g 2K H
T, YFF N2/ FELREOEBBONBENS b)) 2NV FFEOH
Rl % 4% THRACIICITSHER /2 EOBB RS F I /m-5 b ) 280 i A 4
HAEBBPETT LI EAMS TV S (Johnson et al. 1976, Decamps et al.
1988, Carbiener and Schnitzler 1990, Viereck et al. 1993, Pelet et al. 2006,
Nakamura et al. 2007).

Linl., BAFEORER, I EY ORBBHAT—DITHS T 264, B4
WOBEBEN S, YFHFREON >/ FmOBHEE [FRH A L Tz (Figure 9). #
EOHE L 72/ A 27RO O FEIIELITK DEBBERE ORER - SR H 5 &
DOGIEH 2 H(Virerk et al. 1993), HELEZR OB ORENSEFA - EHFLTW
LEOWMERIISORA Sz, 512, AL, PREBBREZERT S E
SND.NAVFFRO RO FOGMAREFIIORLS —HoToy hTRSH
LIETH o /= (Figure 8, Tabled), JLiFiE DO AGLMHIZHB T, BB, R
FEOFmITRELEE &6 T 5 2 £V HE SN T2 (Nakmaura et al. 2007), Z
O D E/s KBEERAERIEICERIZEZS2b0THD ., ZOEAMITBEDT —
NG, 30ERETH D ZENno7z(Table 5), RO/ FOFmiTHENEL,
BIEPR MG B 50 FFRRETH 5 & OWME N H 5 (Nakamura et al. 2007). & 51T,
SEERFE O 43 A EREE OWE eIz < ENLA TP RTE, RN E
i 9" % (Carbiener and Schnitzler 1990). L/ L. AFHE TIL, LA s ot
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KOEENRBT S < HNEIZ, FEREEIZHEEILEFE (Kondo and Sakai, in press)
DR HIBIZI2> TLUED BT, FREBFENELTE SR D/t bianl &
HEZENDS., Lo T, RO/ FREMBETIEEAEMATERWEBEL TE,
ZOWMBORIAHOEEZLLEENESS. THT DO RO/ FOEFITEL
FeXLHIS IR N T &R, M BT 2 K D A KRB EUKEEELA RO ) FoERE
MO REEMBETORMEIDBES, B 2R L TWS ZERREETH 5 Al
MEZSNz. ZOXIBHEHANS, PRIBBEOZAT—JORMPFTEI D, N1
FZTBEDAT—TME, A LT MR T —IANEBBE T SHMH LD
TiRaWwhEEZ 5N,

3-4-2. EMERICHITEHLSEVORRRIRHE

ZOWBOBMFEDORETH 5> 7 EV Il LM OH THIE > THEE
IHMEEETOIRTHDL I ENASNTVRDHEMIEHN 2008). £z, >FTEV DR
Eld o i L gt SEBHZ LR TRIBRBE O LICHMETH 0, AU THET v v 7
MEDBIANFEET LI EELSREFEENEHLT SE L TS (Kimura et al.
1986). R TIE, AL mBE TR ET TN H 5 2 &0, KR
IRRBRICEE L TV ABICHBENRVNEEIOLNSAICYSEVOREZLD
RS D REMN A D 5. S 5ICIE. EBYNTEIC XL 2 BB RO RE - (212
ROWEEDRH D, YFHERERON ) FRIEEHEEREOFEREZRF>THO.
BELEBEOEREZEICBNT, MERBICERL TWSZEBHMSNTNS
(Endo et al. 2008, Clark and Clair 2011), 2% 0., & LSRR EOYFFE -
N FBBNEEAERSNI WAL DS, RO G 2EY O kBRI A R/
LA H B

Fz, I EVIIEEMENATFWAEICHEIBTIIERF TERWEEINTWLS (Yura
1988, 1989), L L, TIUIRE LRV ORI BERN TOZ EZ2BEL TNLHHIZ,
A A QRO RE BT, YTRESsRWITEERH 5. Lo T,
BRI B W TITERREDS RN/ NEIND S T EY OFECHETH RN
BRENMREND ZEICED, BELEROBUM TES - KEZRIZL TNSDOTIX
amEEZ SNz, ER TEREICOWTIE, fEEERTIILBOEN2
SHERZRLDEHERELZD, B TIIHREIH <, RARTEHMN <7220 ER SN
7= (Figure 14). KBEOHWTEII L VEHREL ST, #OHEVEMICH D L&
ZA6NE. ZTHNIZHMPOSTEMETEEL . HREZRAETWZEME B,
PLLEOHEBERIZITAEZ S5,

ZOEIITHERILOZL NI T ORI FEVICE>THEZKTFEES
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AHRETHRS. OLAMEZRES R L2RETH 5 ATHetE 2 H £ L iy
Feo LMo TINGOHEID, #iEILAORE TIIHERRBELIZE > TSN
Te R S AR IC B S B ICE T SRR IRICHENER I NS EEZEA BN
BHo IHIZ, WELBELREOERAIZED, THTOLOMEEKDL DI &b,
TANYFHE GRS ERE LD 2 Ny -2 UNAMRRS<ZDIED
FIHZ 0 VT A A1 S LT OO SRS A A Ny - Ak R A & RIAR 7 B
BHERD, WL NIV TR EHMII/R->TLED EEFEZ SN S,
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Table 5
FRRSE8ITLRI8SF)I LR TRALL-FTURELKSE

faE A R ( AEE) i & BP(%)
1983 BR5E65 306mm 31
1982 AR 105 143mm B &R 63 7mm 32
1982 ERI185 290mm B #1601 mm 32
1966 BR26E 179mm Bk T367mm 48
1959 =) Yk= 194mm 55
1959 ER155 82mm B )il T439mm 55
1947 =) 310mm 67
1945 = 308mm 69
1935 =) 419mm 79
1910 = 583mm 104
1907 =3\ 327mm 107
1989 =4t 310mm 116
1896 =} 394mm 118

LB (1980)% %



F4E BHEBSCRESKIBRMELBARIH/NS —
Y BT INVTAEEIWF 2 RETOEH

4-1. (FUBIC

HARIZBWT, vYF+F. N/ FEBHEIIMIEEEZBRT 2 EBLER SR
STWb, TNSOHHICETHH78E, biEECHEHAD EEZWTMNNIZHBNT,
FZVFFERARELTITONTH O, W)IAEELH N HERMICBES FIETHI L&
MH STV 5 (Ishikawal1983, Hiil 1987, #il 1995 72 &), F/z, W KRAEIT
REREAE DREBT BRI TO R M ZRD S ETHEETHLEINTND,

FINMBIZBWTIE, EICHEREOMBEMEIC KEEREZZTRNS, Lk
N5 FRIZES L THAROEIZIE U TH B> L EoOR M, BRGNS ENELL,
ZAUNZIE U7zl 473 4i 3 % (Sorriso and Sylvester 1993), il K&K D 2k D E A
W, WEROEECHRIRMICE 2 2 &ML WEhE 1970, /hE 1994). /2, il
OWBIZLOHERYOEN LT LI LXK 2TYFTFONMIZRETNS
(Schnitzler et al. 1992),

ZOXDIT, WE WA - WESMIIEECERLTNRDIEEZI SN D,
LinL, TNSE2BEMICEK - TERIZIFEA LRV, K ETEE TN TAD
o LU VAL S 2 01 OO PR 35 W T 171 E W A5 170 T oD Ml BT A 3 & T R M
OEBRZHSNZIL. FEAICE ST S5HRKOPMITEDOXDIZBEFKEL TWD DN
ZARAET S,

4-2. FZEH

IR 7 )V 7T AHIZAET 2LEERES 3193m)DWEERIZALET L&D
% 2 S AT & U 7z (Figure 15). fA&EREIIM RN SAERRKIEETO 1.8km D
X (BEm 2020~2230m) TH 5 (Figure 15).

ZORBEOMEITHEROABERTH O, KEHIRBUE R SR & O KRR
HT. RAMCTF+— M PBIKAEREDEADRONS(LARMENEREZEES
1970). ZOEEOMENL, ks, Fr—bh AT2Tan5R5AREHETE
BRI, TN T ADOHTHHBIIRIZK L W,

FBizRsN 2 AT, mE/AEEREmN S 2km BE FRICMET S
PR MSTFEIET 2720 T, MEMANOMAIZIZZFEERBOXETH L. HiLKE
A, PIEVEOHEE LM EBSEL L. W WIZIE, FFNTYFE T
AN F, AT ANBEODNAFZTEBRFHL TS,
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4-3. AEHE

AREEIE. 2011 4 8 HICHF A O B, A Rl R H &~ R K0E
1600m)IZ BN T2 /2. TOXM THM/ZF KR ZF T 572012 L —5—#|
B EE T3 > /8N A (Impulse200 and Mapstar, Laser technology Inc) % H 2T,
10~20m 2 B O [ @ T )1 O MWl i 217 - 7z, FRFICHRE AN SHEETO
WREICBWTHELT 2 EBEOEELESM(YFFR, AN/ FRHEEZCEL
7z (Figure 16). {MEFIZH B LZ THA 30 ERMOREmRE L7z,

VHIERBE 2 BRIE T S 2012, AR K O BRI 35 ) T O g o A
WRIZBWTHEBENELL TWAHEATIE, TOEa0OfHEZLER L. HY
BRETHAEMVASNBVWEF TOMWEOEEIZIL, WEHEREE Y —FITD 5
01 WHEKE THE 225120 k.

KB OWTIE, BTl on/zflliT — 2O THEKXKZ 20m Ot
FAZRIMLTUL, ZOPLIZHENT, 5mX5m @ DEM 2 W T, #WITXZ ML
IR L THEMAICHKEZG Lz, DEM ETONKEOEEIZ, #EE S ED R
IZIan o THARHE 30 EARMOHPE & L.

HEE T AL MICBT DMK EE &R RIE & OBk E A E Y < 2 O NEALAHBE &
BOBHMREEZMWVTRE L, £/, L7 A2 MIHBT LM & RAAL.
WRIEIZZEDIH D0 E D MIZDNT, Steel-Dwass IEOZELLIHEZHWTHREL 72,
FTLT BT AL MBS B OEATE SRS, WKEEDBERIZD N
T. GLMZRWTHEN L=,

ZEWEHCHAZE B T8, F 2T A2 bOEAREIIHT 2 EAE ORI
BHETOHEBMZREHLZ. AICICES2EHERZITL. SHREOHEE & FKRLE,
WIRHE, R IEEE D BEZHE L.

4-4. R
4-4-1. Hh'E LAIERMMAZICDINT

AERMANTIE, Fvr—b, AL—b, BEUHEKED 3 DORLLMENZAE
WZERDEBR LA SN2 HEMENHREI Nz, FiIZ. THRATEAL—~OBENE
<. EWRMITIEF v — hOEGH &Nz (Figure 17).

PR AN ST )IBIZ B W T WA OB S 17 (Figure 18). HIE &)l
BORMETIE, BUEBKAEEFy—b, AL—bEFr— b EOMICHBERTKE
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DENRBLI, AINHFr—FORNDIET A FTHM 72 (Figure 19). i
HEMEKENREOEBTIE, BERBIKEEAL—F, Fr—FEAL— MORITHK
BRIZENASN. MINHAL—FDRSNDET AL b THKRAR#ES 122> T
W7z (Figure 20).

WEHZ B RAEOL S T BEERIKEE AL — DRGNS ET AL
FCHEMEBELTED. FICEERREDR NS LS A 2 b TIRAT R
FREMREAEL TW/iz(Table6). —H T, Fr—rDAELNDZEIT AL FTRHIEEA
ERmAEITIE S 3720 - 7= (Table 6).

4-4-1. BARDPHICDNT

FEREHIC BT S FERE (FANYFF TV FF AN F S
YN 3 FirhN) omBiEEm ERIE, FERLROBFRIZONT GLM
ZRWT AIC KL 2EBEIRETo 2. TOHE. SHFEIIOVWTENSERKD
BIRZR M B - 7=,

FANYFF, A/ TV FFIEWKARVPEORETRIRE Nz, FiZAHFNY
FFVIR ARSI U TIEQAHBEA S 0, WRAELAE < . W R DA WA I B
I LM MNB o 7= (Table?). F/z., WHFITMEHMAO DT, EFEANZIZIEFEEAE
WM R SN - 7z (Figure 17).

TNZNY / FIIRARAR, WREE HIZARZA M ETIVITIEERENT, XA
N EFIVCILIEEREROADRIRE Nz, LU, TOEROAGEEIZEL, -
Pzo 7 A 2 INITFRIENE QR TR N, WIREDES 228 THBIT S
f@niZ & - 7= (Table 7).

SYINYJFIE. ETOEEN Best EFIVICREIREI NN, EROFEN
VOEBEERE O A TH 572 2 &N 5, KR, PR THEBIMZHHT 5 2 &5
T &M > 7z (Table 7).

4-5. EZ

W O RABANDFEE LT, B OB RIZB W TR AT 5 A
Nhofz, ZHE, Fyr—rAMOERICHRTHELS, BT WEENEK
LTWwaEZEZONE. FFIZ, Fr—FTHREINZERMS FTRMO AL — MZ
MTTOMBEOBERT, MKAEDRII/Ro 2. R, flEsH<, WRIZHE
BENBHLTWEEMNEN /. TOEIRBAATIE, TV¥YINL/F AL
N FHRMEL T AEANZH o T,
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—H T, TOWEDOERN S LM TR R ABLHFE < 725 72 (Figure 17).
FIRICESREANBHL TS &R R, ZL<NLWHHEE 2o TV, Th
i, Fr—rRFLO%EZRZL, ERMSO LW EZHEE LD, HRMERD
TINETHBEELI N TOLIOIBBHRTE, AANYFFELF /v FF
WELELTWE,

YNINY/FEF ) IV FFIR 2BIC3aHET, ThfehReE —Eff L
O EFE TS Lo lz. ZHUIFIR ISR &7 ERRE 2 53172, R,
F/IYFFICBEL T, FRBEOEWTROADZHNEETH o /.

NI U T, 2EMICHRIBSIA 221 F E5MH LT WA 531
7208, MRAERIZEZE TIE/AaM o= (Table 7). #4771 N3k A RREEA ML A
FWICHIETELETH O HIEDN 2014). EROBFHRERES T LEENH
5T ENHMSNT NS 1991, 1992) . F/-. THAEERMEFICKEEDS
THB O 1991, 1992) ., A LIHFICB W TH A IRBENRELCTWAHTIESY
H XKL LA T Ly (Ohsawa 1984). LA LD HENS, WEKRIZBITL5 75 N
DAL, #KE EIC L o THREER S /2 E DO BRBELDE Z 02T W0 ELEKRAY L W
VHMBAEBETHLIIENEZ SN,

COXDITHE M NIERE S ORBBRIL, BEETHOD, METHEEAS
FTEETHDERMI NIz, FiIZ, HEOBERMRICR SNSRI RAA DR
MEMMNREZEAH L, TNEICHBLZWEENGHL TNl &5,
W HEWT A0 TR R AR A GN Y - ERETHEELRERERD, TN
WK OMEOMEEZ KM LD TH S EE Z S N7z (Figure 21).
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4-6. SEH

Ohsawa, M. 1984. Differentiation of vegetation zones and species strategies in
the subalpine region of Mt. Fuji. Vegetatio 57: 15-52.

Schnitzler A. Carbiencr R. Tremolieres M. 1992. Ecological segregation between
closely related species in the flooded forest of the upper Rhine plain. New
Phytol 121: 293-301.

Sorriso V. M. Sylvester A. G. 1993. The relationship between geology and
landforms along a coastal mountain front, northern Calabria, Italy. Earth
Surface Processes and Landforms 18:257-273

i, 1991, AN A R L ARARBR S O & 7 1 2N EERR. T3 R B = o
FlTER T 44: 141-146.

e, 1992, AN EILE R RO M T 25 7 N HOEH. TEK
FRIZEAE AR T 450 1-6.

AL B (MR FEZE B 2. 1970, (HALRMERE 10 7500 1 KL ALIRME B X
[ONEETLEE NIy

B 1994, ¥ BRI FIRICH VTS MR LA 02 & ] IR 2% ) 8 oD HERTIR L.
PR REER 67-5: 311-324.

FIE. 1987, AFRFINZIM > oV FFRHEM O 5 M L EF O L3O L. AAL
HEFE 37:163-174

Frilig&, 1989. ALNIINZHh -7z a v v Fonm L EEMO L. HALREYE
276 39: 173-182

B, 1995, v o FRHEY) O 416 HRFE S IBREE. HAERRF R 45:

301-306.

ANMRE. 1983, HALM A OWAIZFHEET 5V FFHONT. @H KA MLk
&, 31: 95-104

AMHT - RAERE - PAEAN 2014 EYIVTALETBICET D5 70 2 N\ KO
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Table 6. 2 #E T3V 2R} i s 5 O MR
BET AL MTBWTHRE S NN E S &l

The number of segments in the presence or the absent of landslide each geology unit.

geology Landslide Non-Landslide
acid tuff 12 0
chert 2 32

slate 11 22




Table 7. GLM D %
AIC DIRWIEIZEZ XA FET DS AAICH 2L FOETIVERFTRT,

intercept A ERIE ARG A g izl 4 AIC AAIC

-3.753%** SN -3.302%* B 40,67 -

-5.852%% : -3.334% 1.931 41.16 0.49

-3.798 %+ 0.178 -3.313%+ - 42.55 1.86

F/xx+¥ -6.140%* 0.303 -3.388* 2.104 42.84 217
4.942%* 5 i 2.471 48.92 8.25

-5.135%* 0.324 - 2616 50.28 9.61

2,358 0.255 50.85 9.69

Null . = £ 4929 8.62
0.038 0.631% & - 106.64 -

-0.455 0.702% = 0.386 107.09 0.45

0.041 0.667% 0.108 : 108.44 1.80

Hhrhs -0.436 0.718%* 0.057 0.372 109.04 2.40
-0.223 - - 0.193 113.06 6.42

0.025 -0.076 113.39 6.75

-0.263 - -0.113 0.224 114.82 8.18

Null : B £ 111.50 4.86
-1.915* - - 1.224 101.13 -

-1.852% -0.250 - 1.164 102.16 1.03

-1.868* . 0.161 1.190 102.89 1.76

LAY YAV LS -1.829* -0.233 0.082 1.149 104.10 2.97
-0.507* -0.352 . - 106.78 5.65

-0.494* 0.317 107.16 6.03

-0.504* -0.282 0.237 z 107.89 6.76

Null : E . 106.90 577
2349 : 0381 0634 0 -116* 0 10550 -

2.190* 0.501 -1.579 105.68 0.18

1.411%* -0.901 106.54 1.04

ER e AV E 1.375* 0227 = -0.869 107.64 2.14
0.338 0.269 110.05 4.55

0.335 0.171 110.88 5.38

0.346 0.347 0.277 - 11091 541

Null - = 2 109.40 3.90
-0.217 1.629%k0k =1.723% - 73.17 -

-0.249 1.630%%% ~1.731%x 0.020 75.14 1.97

0.154 1.749%%% = . 81.12 7.95

b AN o ot o 0.154 1.749%x%% - 0.000 83.12 9.95

-0.164 - ~1.645% - 96.42 23.25

-0.199 - ~1.647%% 0.024 98.37 25.20

-0.017 0.031 113.43 40.26

Null 111.50 38.33
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ES5E LEEE
5-1. B ILHEOREEA

BRI L5 T, #EILE OEBEFKIC DWW T, BB AN S M4 22 EHH
S5MNZIRo fz. EERE QMM R SIBEEMRIZE D WD {fThbiTWw
(Table 8), FrBEHids CTiX. HAT(1996)3 M Z BHAY & LU 72EIZ K 0 dEMIiZIX 2
LTWwa, THILKD &, BREBEZEREL TZ0O EFIC LEAEERmAALEL .,
ZOTFEE D 2RO TR > T EAEE MBHEALEL TWaD., TakaEER
L, REPTIEIRDBMEREL>THE0, KERETH D 2 &01% 0, TR
B o FRIZIE, BERZEZR T TESAmC/NERmAMLET 5. BEAmL, ~
R BE L E O MIER I ALIE T D REEAOMIE TH 0, ZIUTIEEE N 5 Kif TiE 1IN
Pz RIS HERE U 72 pPpRESERY 72 H O 0 NI, DO T ORIEE A b L
ZEHETH O, FH T FHRABERmE LE)CET 5. TLT, LEORHIE
WIBFTIZ IR BE DB AR & 31, & Z VBRI 5 2V 72 it T & 5 81 5 ik
DRFE-HERHERIC L > TER S NREEA BT 5, A RER I & 85
BT & BERITERH THRIZK SN 5.

AFEORERNS, F2ZORICHIEOBMI IS 200, BEILFTHEN
SEFHRTRSNSHOEIZERBOMMBEAMNASNDS Z ENHS MR
Fzo MBS OBREIZH W TIE, RO MREZY S NITT 5 HB THIME
K73 Z N TH D CREIEAN 1990, ik 1995, Sakio 1997, AfRIEM 2001 72 &), €
NSIZDNTIE, AWK & (1996)D X5 & D B R BHATH D, AR &
RS s Naho . FiC, #Bl FBERIcB W T, BEE TR SN 5T & IE
RIS OO BT U (AAT (1996) D LA RERT & FEBEERITOEIS), 2 TOMKT
RFpINTWREEEZEND, INHOIEMNS, HEILFHRREIC S, ILGER
e gy SR 2RO AL E T 2 L E A D L L, By
THO, {EARVBRTHLENS, BITWIAERIN DS <, FTAEM Bk
U T\ % %1 LU F O SR IR 3802 V3B i Y I D R 7 R SR A T Rt T RS DG 08 R &
NHTEMHMELTE TSNz, /2, ENWERHNEZRE L. 200k
KOFBIZEEL TWIENSS, BENS OAILHEELEL D ® BN S OMEWT Hm
NOWMBBENIEFICRKEREREEZ TWSARENRZ 5N,

o ey LA O FR B I 2 TR AT Sk RIS & TH U 72 f5 B BER D /Xy — I35
720 TU /= (Table 8,9). BMEKIZOAEEL TWLFEEEMELERT L, Ll
B TV, MR 7R Rl & JE R OB R T dh 5 B RERNE & T Sh R R
(HIA 1996) % B3 ICREAES ANED D FN L0 L EBTIIIEERERE O LRI AL T
HETF AXTF, SXFIRENVBLETHIHMIIH S, O FETIHIREHED
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BEICHELLEZYAD, YOFNVI, AV S, bF/FREOTHmMEREE T
NHEMEBEEL. RE TRIIRERETCINSDEEICE > TEDNTWVS,
COMBHER THEMRNSE LSBT LI &3 EBRMOFIE TS UL UITEHR
X 41Ty B (Sakai and Ohsawa 1994, Nagamatsu and Miura 1997). — 4. A9 21T
7o di i LA O ERE T Z OB RIS T AT AHBRTH - 72, T72
DERHRD LS 12, [EMBHETHLIIEY ., FFTFEY, IAVHOGA
VI EA(1996) D L EBABE R A4 9 2 I AV I A D3R E S T, A RERE
DO—FIZHRAL, TTIAOXDRFEMHETIIEBLERBERo T, 51, TF
INY AR 5 9 2 HERE S IR R OBk 72 AR R T HE & (L 1 5E 45 O REAS
L L TW/i=(Figure 5,10). L7=41> T, E&ELF T, LA &3 R0, FE
IEREME O BFEAY, B FHOMBARENEETTFOTE TS LMRTES, N
WEES 7 bTREESBHEUSNC, A5V, AN, eONAYIO
I Z My 5 J=(Table 2). 71 5 = Y MWEEL LA & 7 AR B2 72 & O EL A~
FEERANZAR A L MHEEHE® & 00872 18T H BEVE 2 T pk T & BREDE IS GE 11 238 W
(Ishikawa et al. 1987), #4741 > NId, BERLATMIZ HHEF v v 705 54 ¥ TREVE
EERTHIENENESNTVD(RE 1973). S BIChTVES TH 2 NITHE
SR TIIF 2 E ORI EHICRAT O TH L ZEMEHRINTY
% (BAE - AGH1999). Lo TINSBERMEONAIFTTHETHLEEZLN
%, banNhvSid, b omEtto s EER SR EasrhE L, WiEEO
Y FITHYST DEMME L TWS(Kubo etal. 2010). RO/ FIZDWTIHHBEE
Whizinof=m, Fo/ F3FANYFFERUL, {)INZTE/2EE O HERMIZ
ST DI ENSEIL 1989), HimE LA OERRICOM T OBETHL DD,
ey A H O EEB MG OIZEMTIX RO /) FOMMRTHL YT
BASEBPIRICUITUIXEL TS L TH STV S (Viereck et al. 1993,
Pelet et al. 2006, Nakamura et al. 2007), L L., AFETIE, Fo/ i35 s
AEEBSET, RATICHARTELET DT E o/, ZOHEHBELT, ZOH
WOBELAR Z 2HIE RO /) FOEMCEHEERICEET H2ETOMNMEDE
<, WRELTRO/FMBLEEE L THMTERVATREENH TSN,
PEEEEDDERZERBIZEWTHEBEBIZRAL U7 R IR & IE DRI E
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Table 8. AR TEAEh - Wi L, BHR1996)DRUEH 5 HE LVENRTORMEHORMGIES O LB

Tamura (1896) Oshima et al. (1990) Nagamatsu & Miura (1887) Nagamatsu ot al. (2003} Kawanishi ot al, (2004) The present study
Upper sidesiope Upgper side slope Upper side slope
- Upper part of slope Upper sideslope
Upper side—hollow Head hollow Head hollow
5 New landslide
sl Sloping area Lower hill siope Lower sideslope Ok ndelde =
Foot slope Fluvial area Foot slops Alluvial fan Flood plain (Alluvial fan)
Foot slope
Small terrace surface Terrace area Flood terrace Terrace of debrisflow Terrace
- - - = Scarp of terrace Scarp of terrace
Bottom land Abandoned channel Flood plain (Bottm land)
Fluvial area River bed River bed
Channelway Activ channel Channel
Table 9. FFARCEFHR TORMRA S SHIBO L
Qshima ot ol (1290) __J | tagamatsyotsl(2003) 1 Kewsnishiotsl(2004) 1  Thooresertstudy  J
Yoggtation zong |~ Tomperste-misod forest L Decicious brosd-ieaved forest] Subsiping conifery forest
Quercus serrata Fagus japonica
Fagus oranata Acer mono £ il Fagus crenata Abas yatond
Upper sideslope Quercus crispula dissectim Fague japonica Fagus japonica r::' ey
Fague japorica Abios firma
Acer. Mel EEEY
Fagus japonica Fagus japonica
Lower sideslope Aasculus turbinata Idesis polycarpa Jdesia polycarpa =
Alluvial fan Pterocarya rhoifolie g % r Salix cardiophyfla var.urbanians,
Fagus japonica Swida controversa
Idesia polycarpa Abies firma - =
Mellosma myriantha Carpinus tschonoskii Abies veitchil
Terrace Aesculus turbinata Abias mariesii
Ptmo_cm rhoifolis Tsuge diversifolia
Fraxinus pl
Corcidi oo
Scarp of terrace = = = o Alnus matsumurae
’::::::opmc Swida controversa
Bottom land Pterocarya rhoifolia o ” Jdesia polycarpe Salix cardiophylla var.urbarians.
Meliosma myriantha Al s i
Carpinus tschonoskii
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