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Patch mosaic distribution of overstory vegetation in a riparian 

b担fferstrip along a meandering V -shaped valley of Oyabu creekラ

central Kyushu， southwestern J apan 
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ぺTomo江UMarutani2， Osamu Shimizu1 

lPaculty of Agriculture， University of Miyazaki， Japan 
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We investigated the relationship of v巴getationto g巴omorphologyin a V -shap巴dvalley bottom of an incised meandering 

mountainous stream in a transition zone from fiトhemlockforests to cool叩temperatedeciduous broad叩leav巴dforests in Kyushu， 

southwest巴rnJapan. Th巴bankof a channel reach (410 m in length) of a forth-order vall巴yofOyabu cr巴ekwas divided into 32 

units， and overstory vegetation， slope characteristics， flood fr叫uencyand oth巴rgeomorphic features for 15 m width from the 
vegetation edge wer巴surveyed.Th巴bankvegetations of 32 units wer巴classifiedinto three types: Tsuga sieboldii forests (ridge 
typ巴)， QuerclIs cri勾ワulaforests (secondary broad-leaved type) and Betula grossa forests (vall巴Y“bottomtype). These types 

wer<巴 relatedto slope forms， soil depth and slope inclination， but not to flooding frequency. These results sugg巴st巴dthat the 
bank vegetation typ巴classifiedby the overstory speci巴scomposition in the V罰 shapedvalley was influenced by hillslope proひ
巴ssesrather than by the fluvial process of the main creek. Th巴slopeforms wer巴relatedto the incised meander and geomorphic 

features such as the back slopes and the escaゅments.These results suggested that river m巴and巴rand g巴omorphicfeatures may 
also have significant impacts on patch mosaic formation in a riparian strip in a V -shaped valley through th巴promotionof dif-

fer巴ntbank slope characteristics through long叩 termlateral erosion processes. 
Key words : flooding frequency， geomor予hicproc巴ss，slope form， soil d巴pth，speci巴scomposition 

伊藤 哲，丸谷支n己，清水収:九州111地の穿入蛇行河JIIのV字谷渓岸における森林のモザイク分布.森林立地

54 : 7-17， 2012. 
九州山地のそミ・ツガ林一夏緑林樹林の移行常において，穿入蛇行河JIIのV字谷渓洋級生のタイプと斜間形状，

土壌深度および洪水頻度との関係を解析した。ーツ瀬川支流大薮}II上流域の 4次谷区間(410m)のお岸を地形およ

び相観に主主づいて長さ 5-17 mの32個のユニットに分割し， i芙岸から15mの範閥の高木屑(林冠層)および亜高木屑

(樹高>8m)の個体の樹種および腕高直径を誠資した。また，各ユニットの斜問形状，受け盤・流れ擦の別および

土壌深度を調査するとともに，過去の降水データおよび扱移データを用いて，洪水に伴う各ユニットの冠水頻度を

算出した。 32ユニットの植伎はツガが俊おする尾根型椴~， ミズナラが優占する二次林裂植生およびミズメ等が優

I討する水辺型植生の 3タイプに区分された。これらの植生タイプは斜面形状，斜面傾斜および土壌深度の違いと対

応していたが，洪水による冠水頻度とは対応しなかったO これらの結果は，調査対象域の椴生が河川の洪水撹乱よ

りも斜面の地形プロセスに影響を強く受けていることを示していた。また，斜面形状の分布は，受け滋・流れ縫お

よび河川の蛇行と関係していた。以上の結果から， 51"入蛇行河川のV字谷の渓岸植生のモザイク分布は，長期的な

1!l1J方浸食の影響を通した河川の蛇行と受け盤・流れ盤の影響で形成されていると考えられた。

キーワ}ド:種組成，斜面形状，冠水頻度，土壌深度，地形プロセス

1. Introduction 

In riparian forests， various types of disturbances (e.g.， 

floods， landslides， d巴brisflows)， and wide range in frか

quency， size and intensity of disturbances play important 

roles in maintaining the diverse structure of vegetation 

(Nilsson et al.， 1989; Baker， 1990; Sakio， 1997; Ito et al.， 

2006; 2008; Sakio and Tamura， 2008). High diver計tyand

continuity of r・iparianforests promoted by these disturbances 

have b巴巴nsaid to contribute to various ecological functions 

as riparian buffer strips (Gregory et al.， 1991). 

Many studies have revealed details of pattems and dy-

namics of riparian forests， in which flood， s巴dimentation

and its reworking have been mainly addressed as major dis-

turbances in alluvial flood plains (Jhonson et al.， 1976; 

Ishikawa， 1988; Duncan， 1993) and in mountainous valleys 

(Hupp and Osterkamp， 1985; Hanお， 1987; Gregory et al.， 

1991; Sato， 1992; Sakio， 1997; Nakamura et al.， 1997). 

However， most of these studies d巴altwith the channels with 

relatively stable (hardly reworkable) sediments on wide riv網

erbeds. Consequently， less knowledge was available for V-

shaped valleys where the sedimentation process is not pre-

dominant. In order to consider the importance of continuity 

of ripaI・ianbuffer strips in t巴rmsof ecological function (Foト

man and Godron， 1986; Sakio and Suzuki， 1997)， it is nec勝

目 saryto c1arify th巴 V巴getationpatt巴m and its promoting 

* i!!b絡・別lilUlil制と先(CorrespondingAuthor) T 889-2192 宮崎市学窓!木花台頭1-1 宮崎大学j兵学部森林緑地環境科学科:Department of Forest and Envi-
ronmenta1 Sciences， Faculty of Agriculture， University ofMiyazaki， 1-1 Gakuen Kibanadai Nishi， Miyazaki 889-2192， Japan 
E-mail: s.ito@cc.miyazaki-u.ac.jp 

1 宮崎大学農学音11
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factors of V -shaped valleys (Ann and Ohshima, 1996) in the 
longitudinal riparian continuum. 

In V -shaped valleys, two kinds of factors are expected to 
affect on the structure and dynamics of bank vegetation: flu
vial processes such as floods, and hillslope processes such 
as rill erosions, soil creeps and shallow landslides (Flaccus, 
1959; Garwood et ai., 1979; Miles and Swanson, 1986; 
Kikuchi and Miura, 1993; Sakai and Ohsawa, 1993, 1994). 
With a reference to the hillslope processes, slope forms have 
often been discussed as a direct factor determining the vari
ation in the small-scale sUlface soil movement and in slope 
vegetation (e.g., Kikuchi and Miura, 1993; Sakai and Oh
sawa, 1994; Yoshida and Ohsawa, 1996; Nagamatsu and 
Miura, 1997). In this paper, we firstly aimed to examine the 
relative importance of the effects of hillslope processes and 
fluvial processes on the formation of the patch mosaic distri
bution of tree communities in a forth-order V -shaped valley 
of a mountainous stream. We compared bank vegetation 
types in relation to the slope forms and water level fluctua
tion cause by flooding. 

Considering a long-term effect of stream processes, lat
eral erosion of river course has a significant impact on sta
bility of riverbanks (Andrews, 1982; Simon, 1995). In V
shaped valleys, development of incised meander (a river 
meander that is cut deeply into bedrock owing to drainage 
rejuvenation, c.f., Thornbury, 1969) is expected to affect 
magnitude and frequency of lateral erosion (c.f., Osterkamp 
et ai., 1995). In addition, other geological and geomorphic 
features such as escarpment (Fig. 1, the slope face which 
terminates the stratified rocks, being originally used for a 
cuesta) and back slope (the slope whose overall gradient is 
in the same direction of the rock strata) also causes vari
ations in size and frequency of surface erosion processes 
(Ito et ai., 1998). Consequently, different erosion processes 
due to river meandering and back slope-escarpment would 
be strongly related to long-term slope processes. Thus, we 
also examined the relationship between incised meander, 
back slope-escarpment and slope forms along the V -shaped 
valley. 

Back slope Escarpment 

Fig. 1. Schematic drawings of the terms, 'escarpment' 
and 'back slope', used in this study 

'Escarpment' is the slope face which terminates the stratified 
rocks. 'Back slope is the slope whose overall gradient is in the 
same direction of the rock strata. 

2. Methods 

2.1 Study site 
The study was conducted in 1998 in the Miyazaki Forest 

of the Kyushu University Forests located in Oyabu catch
ment, a branch of Hitotsuse River which runs through cen
tral Kyushu in southwestern Japan.·The total area of the Oy
abu catchment is ca. 5.2 km'. The drainage system of the 
Oyabu creek is composed by a main channel with average 
slope of 10 (%) and several tributary channels with average 
slope of 24 (%). The Oyabu catchment is principally under
lain by the Nobeoka-Shibisan tectonic line along the 
Shimanto shattered belt (Hashimoto, 1957). Shimanto shat
tered belt bedrock, including mudstones, shale and sand
stones originating in the Mesozoic era, is inherently unstable 
due to crashing and shearing. Exposed rocks of hillslopes 
are quickly weathered and thinly cleaved. Annual mean, 
maximum and minimum temperature recorded at the nearest 
meteorological station (Miyazaki Branch Office of the Ky
ushu University Forests at 600 m above sea level) were 
12.8°C, 23.6°C and 1.5°C. Annual mean precipitation was 
3,500 mm, and was highest in the June rainy season and in 
the September typhoon season, highest daily rainfalls tend 
to be in the range of 400-800 mm over 3 or 4 days accom
panied by intermittently 50 mm hourly falls with totals 
reaching 600-1,000 mm. 

The altitude of the study site ranged from 1,020-1,070 m 
above sea level. This range corresponds to a transition zone 
from fir (Abies finna)-hemlock (Tsuga sieboidii) forests at 
lower elevation (from ca. 800 m) to cool-temperate decidu
ous broad-leaved forests dominated by Fagus crenata and 
Quercus crispula at higher elevation (up to ca. 1,700 m) 
(Miyawaki, 1981; Nakao, 1985). No obvious elevation gra
dient in distribution of these two communities was observed 
within the range of elevation of the study site. The right 
bank of a main channel reach (a forth-order valley, 410 m in 
length, ca. 450 ha of flow accumulation at the end of the 
reach) of Oyabu creek was chosen for the field survey 
(Fig. 2), since the bank slope was covered with naturally re
generated forests. Yuruki and Setsu, (1992) suggested from 
annual ring analysis that some part of the area may have 
been cleared ca. 90-100 years ago. However, since no evi
dence of planting was observed, we assumed that these for
ests have been recovering after the possible human distur
bance according to their natural species composition. The 
bank slopes did not include obviously new landslide scars. 
The understorey was mostly covered by Sasam0l7Jha bore
alis, and less other species were present except for forest 
edge facing the channel. 

Average bed slope and bank full width of the studied 
channel reach were 1.96% and 13.1 m, respectively. This 
channel reach was a typical V-shaped valley with incised 
meander and less deposit on the valley floor. The volume of 
sediment stored in the main channel once increased after the 
1993 flood, which caused aggradation of the riverbed along 
the whole Oyabu main channel (Kasai et ai., 2004). How
ever, several flood events occur every year, remobilising 
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sediment from the main channel. These minor storms are 
not able to mobilise sediment in smaller channels or to acti
vate slope processes. Therefore no sediment supplied into 
the main channel occurs and the sediment storage volume 
along the main channel decreases. This process limits reten
tion time of sediments in the channel reach less than 10 
years, which is not enough to develop riparian forests on the 
sediment (Kasai et al., 2004). 
2.2 Field survey 

The channel reach was divided into 32 units of 5 to 17 m 
in length in order to maintain homogeneous physiognomy 

Oyabu creek 
(main stream) 

of vegetation and slope form within each unit (Fig. 2). Each 
unit of 15 m width from the edge of vegetation was treated 
as a study stand for species composition. Canopy (over
topped) and sub-canopy (suppressed by canopy trees, 
height> 8 m) tree species were recorded together with their 
coverage class (c.f., Braun-Blanquet, 1964). Percentage 
cover of Sasamorpha borealis in understorey was also re
corded for each unit. Geomorphology of the bank slope was 
surveyed at each unit in order to classify slope forms of the 
units into four categories using longitudinal slope profile 
and contour shape according to Troeh (1965): 1) water-

Fig. 2. The channel reach and units investigated in this study 

Unit numbers correspond to the vegetation plot numbers in Fig. 5. 
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Fig. 3. Schematic drawings of four slope 
forms classified by longitudinal slope 
profile and convexity of contours (c.f. 
Troeh, 1965) 
No SW (water-spreading and wash) slope ap
peared in the units investigated. 

spreading and creep (SC) slope, 2) water-spreading and 
wash (SW) slope, 3) water-gathering and creep (GC) slopes 
and 4) water-gathering and wash slope (GW), as shown in 
Fig. 3. Average slope inclination was surveyed for each unit. 
Soil depth of the units was also measured by inserting aIm 
metal pole at randomly selected 10 to 15 points for each unit. 
Geomorphic structure of each unit was described as a back 
slope or an escarpment by observation of bedrock inclina
tion. 
2.3 Vegetation data analysis 

Vegetation types in terms of overstory (canopy and sub
canopy) species composition was classified by cluster analy
sis. Squared Euclid distance calculated on the basis of rela
tive dominance of each species in each unit was used as the 
dissimilarity. The coverage class data in canopy and sub
canopy layers were converted into percentage cover (5: 
87.5%,4: 62.5%, 3: 37.5%,2: 17.5%, 1: 5.0%, +: 0.5%) us
ing the mid-point value of the percentage ranges covered by 
each class. These values were summed for each species to 
give one representative dominance value for each stand. The 
relative dominance of each species was then calculated as its 
dominance value as a proportion of the sum of the domi
nance values of all species in each stand. Species types, 
which have similar trends of OCCUlTence, were also classi
fied by cluster analysis using the Pearson's cOlTelation coef
ficient matrix as the similarity between species. DCA (De
trended COlTespondence Analysis) was applied to ordinate 
the stands by species composition. The same dominance 
values of species as in the inter-stands cluster analysis were 
used in DCA. All the multivariate analysis of species com
position was made by PC-ORD Version 4 (McCune and 
Mefford, 1999). 
2.4 Estimation of flood frequency 

Flooding frequency at the bank slope was estimated for 

each unit by following procedure. First, we measured the 
cross-sections of ground surface at the both ends of the all 
units (Fig. 4). Then, in order to estimate the maximum daily 
discharge (Q"" m3 s-'), relationship between Q", during No
vember 23 in 1998-0ctober 31 in 1999 and cOlTesponding 
daily rainfall was curve-fitted by the least square method as 
follows: 

Q", = 0.0386 x (¥- + Rio) + 1.022 (R2 = 0.877) (Eq.!), 

where, Rfo and Rfl are the rainfall of the day (mm) and the 
previous day, respectively. Qm for the periods (1998-1999) 
was calculated from the maximum daily water level during 
the dates and flow velocity (V) measured at the upper end of 
the unit 25 (Fig. 2) as follows: 

Qm = V x A (Eq.2), 
where, A is the cross-sectional area of flow, and was deter
mined by the water level and the measured cross-sectional 
profile. For Rio and Rfl, a rainfall record measured at the 
Miyazaki Branch Office of the Kyushu University (Kyushu 
University Forests, 1969, 1989, 2000, unpublished), which 
is 2 km away from the study site, was used. On the basis of 
the rainfall record, but that from 1944 to 1999, the maxi
mum daily discharge (Qm) at the unit 25 during 56 years was 
estimated by Eq.l. 

For every unit, discharge when the water level reaches the 
lowest point of the stands (that is, the vegetation edge) (Qt) 

and the center of the stand (7.5 m interior to the forest from 
the vegetation edge) (Qe) were calculated similarly as for Qm 
(cf. Eq.2) based by estimating V according to Manning's 
equation, which commonly used in hydraulic studies: 

1 ~ l. 
V = - X R3 X /2 (Eq.3), 

n 
where, n is the roughness coefficient, and the mean value 
(0.2254) obtained from the measured V at the section 25 
was adopted in this study. R is the hydraulic mean depth 
(m), and was calculated as a ratio of cross-sectional area of 
flow (m2

) to its wetted perimeter (m). / is the bed slope 
(m m-'). The frequencies of floods, which the water level 
might exceed the lowest and the center points of the stand 
for each unit (exactly, at the intersections of the both ends of 
the unit), were obtained by counting the number of days 
when Qm exceeds QI and Qc, respectively, and averaged for 
the unit. As a 95 ha tributary confluences into this stream 
just before the unit 24 (Fig. 2), Qm for units 1-23 was cor
rected by propOltion of the catchment area (343 ha / 438 ha). 
Direct lateral inflow of water from the bank to the channel 
was ignored in the analysis. 

3. Results 

3.1 Classification of vegetation types 
Figure 5 shows the result of cluster analysis between 

stands based on the similarity of species composition. 
Thirty-two stands were classified into three vegetation types, 
VI (19 stands), V2 (7 stands) and V3 (6stands). Figure 6 
shows the dendrogram obtained by inter-species cluster 
analysis. A total of 34 tree species OCCUlTed in 32 units. Spe
cies types were classified into three groups, S 1 (14 spp.), S2 
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Fig. 4. Measured cross sections of the survey units 

Vegetation survey was conducted on the right bank. Numbers beside the cross sections denote 
intersection numbers (e.g., 0 and 1 are the intersections for unit 1). 

(10 spp.) and S3 (10 spp.). 
The relationship between the classified vegetation types 

and species groups is shown in Table. 1. Average cover and 
relative frequency of species types, SI, S2 and S3 were 

highest in the vegetation types VI, V2 and V3, respectively. 
VI consisted of T. sieboldii and Q. crispula as co-dominant 
species. Pinus pentaphylla ver. himekomatsu, which is a 
typical ridge species (Nakao, 1985), was found only in this 

-11-



~**JL!~54(1).2012 

Relative distance (%) 
25 50 75 100 

I I , ! 

P1 
P17 
P16 
P10 
P11 
P28 
~i ----, 
P20 
P23 
P24 
P25 
P13 
P26 
P14 
P15 
P27 
P12===J--l P22 

1-----, VI 

P2 
P19 
P32 
P9 
P29 
P3 
P21 
P5 
P31 
P18 

1--------'V2 

~3o ====~~ ___ V,-,3=-----, 
P8 

Fig. 5. Dendrogram obtained by 
the cluster analysis between stands 
Three major stand groups (VI, V2 and 
V3) were detected. 

Sl 

S2 

S3 

Relative distance (%) 

TSllga sieboldii 
Pnl11l1S jamasakura 
Enkiol1tlmscerllUlI$ 

Rhododendron pentaphylum 
Clelhra ban'incrvis 

flex pet/ullclI/asll 
Lvonia lIe=iki 
-Abiesjirma 

Carpinus fSc!/olIoskii 
Magllolia ohocata 
Acer mien/lIllll1l11 

Fagus crenala 

o 50 

AclulIInrhopalJ(H ~~::;I;[::~:~:,(::~ ... \-__ ---' 
Querclls crispula 

Rhododendron relicu/afum 
Rhamnus crel/ala 

Styrax japan;e.\' 
Kalopallax iflllOVOIIS 
I fydrangea sC!lndcs 

Pillus dcnsijlora 
Trochodcndron aralivides 

RhustriclJOcG'1J
(I ====_J 

Pill us pentaphy"a vur. himekomalslI 
Belllia grossa 

Euonymlls oxyphylus 
ParabclI=oin friba/lIIl1 

Acer sieboldimlllf1l 
SlclI'arria momule!pha 

I1excrellata 
lIex macropoda 

Carpinlls la:djlora 
Conws conrro'rersa 

Rhododendron kaempjeri 

100 

Fig. 6. Dendrogram obtained by the 
cluster analysis between species 
Three major species groups (SI, S2 and S3) 
were detected. 

type. Although T. sieboldii existed in all vegetation types 
with high percentage cover, species reported to have posi
tive correlation with T. sieboldii (A. firma, !lex pedunculosa 
and Lyonia nexiki) (Nakao, 1985) appeared or increased 
their cover in Vi. V2 was dominated by Q. crispula associ
ated with Pinus densiflora, T. sieboldii, Acer sieboldianum 
and Stewartia monadelpha as sub-dominant species. Hy
drangea scandens and Styrax japonica, which are common 
in early stages of forest succession rather than in old growth 
forests (Ito and Aragami, 1993), also occurred in this vege-

tation type. V3 consisted of Betula grossa, which often 
dominates in landslide scars or gravel taluses in the region 
(Ito et al., 1992), with high percentage cover and relative 
frequency. Other major components of S3 such as A. sie
boldianum, Comus controversa and S. monadelpha, which 
were repOlted to occur frequently in valley bottom of the re
gion (Nakao, 1985), also exhibited high percentage cover 
and relative frequency in V3. In contrast, conifers and other 
species, which associated with T. sieboldii and Q. crispula 
classified in Sl and S2, were hardly found in V3. 
3.2 Relationship between slope characteristics, flooding 

frequency and vegetation types 
Spatial distribution of vegetation types classified by the 

cluster analysis, slope forms, and geological features (es
carpment or back slope) along the creek is shown in Fig. 7. 
Three vegetation types were distributed alternately along the 
main creek, forming patch mosaics. Figure 8 shows the pro
portion of vegetation types with reference to slope forms. 
Thirty-two units were classified into three slope forms, SC 
(17 units), OC (5 units) and OW (10 units). No SW-slope 
was observed among the units. While VI and V2 were ob
served in all slope forms, the proportion of VI was signifi
cantly higher in SC than in water gathering slope (the sum 
of OW and OC) (Chi-square test, p < 0.05). No difference 
was obtained for the proportion of V2 (p > 0.05). V3 was 
observed only on water-gathering slopes (OC and OW), and 
showed a significantly high proportion on OW than SC and 
OC (p < 0.01). 

Table 2 shows the summary of ANOV A performed for 
average soil depth, slope inclination, and estimated flood 
frequency at the lowest point of the stands and the coverage 
of Sasa11l0lpha. borealis between different slope forms and 
vegetation types. The flood frequency at the center of the 
stands was equally zero for every unit. OW had significantly 
shallower soil than those of SC, and tended to have larger 
slope inclination. Soil depth of V3 was significantly shal
lower than those of VI and V2. V3 had steeper inclination 
of slope than that of V 1. There was no difference in the 
flood frequency among neither the slope forms nor the 
vegetation types. The coverage of S. borealis in understorey 
was higher on SC than in OW. Among vegetation types, the 
coverage of S. borealis was higher in VI than in V3. 

Figure 9 shows the scatter plot of 32 stands for the first 
two axes of the detrended correspondence analysis (DCA) 
ordination with reference to slope forms. The stands on OW 
were biased to the lower-left on the coordinates of the axes 
1 and 2, while the stands on SC were widely scattered up to 
higher scores of the axes 1 and 2. Stands of OC had low 
scores of the axes 1, but wider range of the axis 2. Figure 10 
shows the scatter plot of 32 stands with reference to three 
classes of flooding frequencies at the lowest point of the 
stands with threshold of 5 days and 50 days during 56 years 
(which approximately corresponds to a flood at intervals of 
ten years and one year, respectively). There was no differ
ence in scattering plot between the three classes. 

Table 3 shows the correlation coefficient among stand at
tributes shown in Table 2, and the scores of DCA axes 1 and 
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Table 1. Classified species and vegetation types by cluster analysis 

Species 
Species Vegetation type 

group VI (19 stands) V2 (7 stands) V3 (6 stands) 

Sl Tsuga sieboldii 8.2 (63.2) 7.9 (71.4) 5.0 (50.0) 

flex pedunculosa 2.5 (26.3) 0.4 (14.3) 

Magnolia obovata 1.3 (21.1 ) 0.4 (14.3) 

Prunus jamasakura 0.8 (10.5) 0.4 (14.3) 

Clethra barvinervis 0.1 (5.3) 0.4 (14.3) 

Acanthopanax sciadophylloides 1.2 (26.3) 

Rhus succedanea 0.1 (5.3) 

Lyonia neziki 0.9 (15.8) 

Carpinus tschonoskii 0.5 (10.5) 

Enkianthus cemuus 0.4 (5.3) 

Abies firma 0.4 (5.3) 

Rhododendron pentaphyllum 0.1 (5.3) 

Acer micranthum 3.6 (26.3) 1.7 (33.3) 

Fagus crenata 1.2 (15.8) 1.3 (16.7) 

Average of S 1 1.5 (17.3) 1.0 (12.7) 0.6 (5.6) 

S2 Quercus crispula 7.0 (52.6) 45.4 (100.0) 3.8 (66.7) 

Pinus pentaphylla var. himekomatsu 2.0 (5.3) 

Rhus trichocarpa 0.1 (5.3) 

Pinus densiflora 4.7 (31.6) 8.2 (57.1) 

Rhododendron reticulatllm 0.1 (5.3) 2.5 (14.3) 

Trochodendron aralioides 0.5 (10.5) 0.7 (28.6) 

Rhamnus crenata 0.4 (14.3) 

Styrax japonica 0.4 (14.3) 

Evodiopanax innovans 0.4 (14.3) 

Hydrangea scandens 0.4 (14.3) 

Average of S2 1.4 (11.1) 5.8 (25.7) 0.4 (6.7) 

S3 Betula grossa 1.6 (15.8) 3.9 (28.6) 45.8 (100.0) 

Acer sieboldianum 3.6 (42.1) 7.5 (71.4) 9.6 (83.3) 

Stewartia monadelpha 1.4 (26.3) 6.1 (71.4) 5.8 (66.7) 

flex macropoda 1.7 (26.3) 2.1 (28.6) 2.5 (33.3) 

Carpinus laxiflora 0.8 (10.5) 2.1 (57.1) 4.2 (66.7) 

Parabenzoin trilobum 0.4 (5.3) 1.7 (33.3) 

Comus controversa 7.9 (33.3) 

Euonymus oxyphyllus 2.9 (50.0) 

Rhododendron kaempferi 0.4 (16.7) 

flex crenata 0.4 (14.3) 

Average of S3 0.9 (12.6) 2.2 (27.11 8.1 (48.3) 

Figures indicate the average percentage cover of species in each vegetation type. Figures in parentheses indicate the rela-
tive frequency (percentage of the number of stands in which the species appeared). 

2. There were significant correlations between soil depth, 
slope inclination and the coverage of S. borealis for 32 units. 
Flood frequency was only correlated with the coverage of S. 
borealis, having a lower significant level than those of soil 
depth and slope inclination with the coverage of S. borealis. 
The score of DCA axis 1 was correlated with soil depth. The 
score of the axis 2 had significant correlation with every 
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variable but with flood frequency. 
Figure 11 shows frequency of slope forms in relation to 

meander and geomorphic features on bank slopes. The SC
slopes occupied more than half (17/32) of total units. This 
slope form was common inside the meander, and signifi
cantly infrequent on back slopes outside the meander than in 
other three categories (Chi-square test, p < 0.05). Water-
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Table 2. Summary of ANOV A of soil depth, slope inclination, flood frequency at the lowest point of the stand 
and coverage of Sasamorpha borealis of the units with respect to slope forms or vegetation types 

Soil depth Slope inclination Flood frequency Coverage of 

Slope form 
F-value 3.4409 2.2605 0.6524 4.3712 

Prob. 0.046 0.122 0.528 0.022 
SC 0.58 (0.09) a 33.3 (8.6) 50.6 (83.9) 55 (19.2) 
OC 0.50 (0.24) ab 37.4 (11.2) 14.6 (31.0) 42 (23.7) ab 

OW 0.42 (0.19) b 40.6 (7.3) 31.6 (37.4) 28 (27.7) b 

Vegetation type 
F-value 7.5175 3.4786 0.6354 5.5787 

Prob. 0.002 0.044 0.537 0.009 
VI 0.57 (0.14) 33.4 (9.2) a 49.5 (79.2) 52 (22.5) 
V2 0.54 (0.14) 37.6 (7.5) ab 29.9 (48.5) 47 (20.7) ab 

V3 0.32 (0.14) 43.5 (5.7) b 16.7 (20.5) 17 (22.1 ) b 

Figures in parentheses indicate standard deviations. Same alphabets indicated no significant difference between slope fOlms or 
between vegetation types by multiple comparison (Tukey's HSD, p > 0.05). 

Fig. 7. Distribution of the vege
tation types (a), slope forms (b) 
and escarpment-back slope (c) 
along the studied channel reach 
Symbols refelTing the "VI", "V2" 
and "V3" in the figure indicate the 
vegetation types classified by cluster 
analysis (see the text and Fig. 5). 
Symbols referring the "SC", "GC" 
and "GW" indicate the water
spreading and creep slope, the 
water-gathering and creep slope, and 
water-gathering and wash slope, re
spectively (see the text and Fig. 4). 
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Fig. 8. Proportion of the classified vegeta
tion types present in each slope form 
SC: water-spreading and creep slope, GC: water
gathering .and creep slope, and GW: water
spreading and creep slope. VI, V2 and V3are the 
vegetation types classified by cluster analysis (see 
the text and Fig. 5). 

gathering slopes (OC and OW) mainly occurred outside the 
meander. Particularly, OW occupied significantly higher 
proportion on back slopes outside the meander (7/9) than in 
other three categories (p < 0.05). 

4. Discussion 

From the species composition of the units, the classified 
vegetation type VI was characterized as T. shieboldii for
ests, which were usually established on ridges rather than on 
valley bottoms (Suzuki, 1979; Nakao, 1985). The occur
rence of Pinus pentaphylla ver. himekomatsu in this type 
also suggested that VI be related to the ridge habitats. V2 
was assumed to be Quercus crispula forests because of its 
dominance. The occurrence of several early-seral species 
and high coverage of Pinus densiflora, a typical pioneer, in
dicated characteristics of secondary forests of the region 
(Yuruki and Setsu, 1992; Ito and Aragami, 1993) compared 
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Table 3. Correlation among soil depth, slope inclination, flood frequency, coverage of Sasamorpha borealis, 
and the scores of DCA axes 1 and 2 

Soil depth Slope inclination Flood frequency Coverage of 
Sasamorpha 

Slope inclination -0.433 ** 

Flood frequency 0.215 -0.193 

Coverage of SasamO/pha 0.548 ** -0.629 *** 0.381 * 

DCA scores 

Axis 1 0.557 ** -0.210 0.293 0.285 

Axis 2 0.855 *** -0.390 * 0.Q75 0.481 ** 

*, * *, and * * * indicate significance at p < 0.05, P < 0.01 and p < 0.001 levels, respectively. 
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Fig. 9. Scatter plot of 32 stands for the first two 
axes of the detrended correspondence analysis 
(DCA) ordination with respect to slope forms 
SC: water-spreading and creep slope, GC: water
gatheIing and creep slope, and GW: water-spreading and 
creep slope 

with mature Fagus. crenata forests (Miyawaki, 1981). V3 
can be characterized as a valley-bottom type of the study 
site, since only this type consisted of species that tend to ap
pear in valley bottoms. However, Pteracarya rhaifalia, 
which is a main component of typical riparian forests of the 
region (Miyawaki, 1981; Nakao, 1985), was not observed 
even in V3. This may partly be due to the less sediment ac
cumulation on the riverbed, because former studies have 
pointed out that this species successfully regenerates on de
bris flow deposits (e.g., Sato, 1992; Ito et aI., 1994; Sakio, 
1997). 

The classified vegetation types reflected the difference in 
slope forms. On the water-spreading slopes (SC), the ridge 
type vegetation (VI) dominated even along the main creek. 
In contrast, valley-bottom type (V3) has been mainly estab
lished on water-gathering and wash slopes (OW). On the 
other hand, we detected no relationship of fluvial process in 
terms of flood frequency to neither slope forms nor vegeta-

-15 

450 

400 

350 

c;;: 300 

.~ 250 
<: 
u 200 
0 

150 

100 

50 

0 
0 

<>x 
.A 

X 

~ 

<Y .A 
.A 

x 

>lK ... X X 

oi> ><> 
XfJ 
JO 
X 

100 200 300 400 

DCA axis 1 

Flooding frequency (FF, days' 56yrl) 
<> FF<5 x 5<=FF<50 .A FF>=50 

Fig. 10. Scatter plot of 32 stands for the first two 
axes of the detrended correspondence analysis 
(DCA) ordination with respect to three classes of 
flooding frequency 

12 

2 10 
'2 
::: 8 

"'" 0 
.... 6 Il) 

.D 
S 4 
Z 2 

0 

iiiii)! 
,III!I!! illlll11 

Escarpment Back Escarpment Back 
slope slope 

----.=..::.::.!:...:... 
Inside of meander Outside of meander 

[ill SC [] GC Dow 
Fig. 11. Slope form composition of the surveyed 
bank units in relation to meander and geologi
cal features 
SC: water-spreading and creep slope, GC: water
gathering and creep slope, and GW: water-spreading 
and creep slope. 
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tion types. From these results, we conclude that overstory 
vegetation of the bank slope of V -shaped valleys is princi
pally influenced by the bank slope characteristics rather than 
by direct effects of the fluvial processes. 

The steeper slope and the shallower soil of GW suggested 
more surface erosion rate than in Sc. Thus, the differentia
tion of species composition between VI and V3 has prob
ably originated from differences in hillslope processes 
(Sakai and Ohsawa, 1993; Nagamatsu and Miura, 1997) as 
well as by differences in soil properties (Brubaker et al., 
1993; Enoki et al., 1996) due to slope forms. The cover of 
Sasamorpha borealis, which strongly correlated with soil 
depth and slope inclination, and had a low value in GW, 
also suggested a possibility that small-scale frequent move
ment of surface soil on GW has been preventing develop
ment of the cover of S. borealis. Although the cover of S. 
borealis correlated with flood frequency, it was difficult to 
assume this correlation indicating the direct effect of floods 
on S. borealis population of the stands because the correla
tion was positive. For V2, we could not have a clear conclu
sion about the relationship between geomorphic processes 
and species composition, because they had intermediate 
slope characteristics of VI and V3, and consisted of species 
relating to secondary forest. 

As described by Sakai and Ohsawa (1994), water
gathering slopes (shallow valleys) are bordered by water
spreading slopes (small ridges). Hence, alternate distribution 
of the different forms of the bank slope along the main creek 
may primarily result in patch distribution of vegetation 
types in a narrow riparian buffer strip of the V -shaped val
ley. Particularly, the presence of GW might be important in 
promoting diversity of riparian buffer strip, because this 
slope forms supported high proportion of the infrequent 
valley-bottom vegetation (V3). 

Although there was no direct relationship of the fluvial 
processes during 56 years to slope forms and vegetation 
types, long-term lateral erosion of the foot of the bank due 
to main creek floods may cause the failure of bank slopes, 
resulting in the creation of water-gathering slopes called as 
"zero-order valleys" (Tsukamoto et al., 1973). Thus, long
term processes of the main creek such as floods and bank 
erosion might influence indirectly the formation of slope 
characteristics, and consequently, bank vegetation types. 
Further, incised meander must relate to lateral erosion, i.e., 
stronger effects of erosion outside the meander (Osterkamp 
et al., 1995). In addition, back slopes are apt to promote fre
quent sUliace erosion, while the sUliace of escarpments was 
relatively stable (Ito et al., 1998). The relationship between 
slope forms, river meandering and back slope - escarpment 
was also evident in our results: GW was apparently frequent 
on the back slope outside of river meander. Therefore, the 
combination of incised meander and back slope - escarp
ment, which promote alternate distribution of different slope 
forms of valley wall, would be amongst the reason for patch 
mosaic formation along V -shaped valleys as a long-term ef
fect. 
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