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Abstract The relationship between micro-Iandform and vegetation structure was examined in a 
quadrat (15 m X 50 m) set up to cover a slope from the ridge to the valley bottom in an evergreen 
broad-Ieaved forest on Okinawa Island, S-W. ]apan. Based on an erosion front , the slope was divided 
into two parts: upper slope and lower slope, each of which comprised two micro田landform units. The 
upper slope was composed of the crest slope and th巴 upper side slope, and the lower slope was 
composed of the lower side slope and the bottomland. There were large di仔erences in stand structure 
and species distribution between the upper and lower slopes. The tree density in the understorey was 
less and the size of th巴 largest trees and the basal area per unit area were both considerably less on 
the lower slope than on the upper slope. The spatial distributions of many tree and shrub species 
including dominants such as Castanopsis sieboldii ssp. lutchuensis and Distylium racemosum were 
mostly restricted to the upper slope, whereas only a few species such as Turpinia ternata were 
confined to the lower slope. 

Key words: micro-Iandform, evergreen broad-Ieaved forest , erosion front , vegetation structure, 
Ryukyu Islands, Castanopsis, Distylium 

Landform is one of the most important facｭ
tors determining the vegetation pattern on a 
micro-spatia1 sca1e within the same climatic 
region. In hilly or mountainous areas particu-
1ar1y, comp1icated micro-1andforms offer variｭ
ous habitats for p1ants and bring about a fine 
mosaic pattern of vegetation. Many studies 
have shown re1ationships between the spatial 
arrangement of micro-1andform units and the 
vegetation pattern or plant species distribuｭ
tions (Hack and Good1et, 1960; Miura and Kikuｭ
chi, 1978; Tamura and Takeuchi, 1980; Ishizaki 
and Okitsu , 1988; Kikuchi and Miura, 1991 , 

1993; Sakai and Ohsawa, 1993, 1994). 
In recent studies, the stability of the 1and 

surface has been noted as a factor affecting the 
vegetation pattern in re1ation to micro-Iandｭ
form. Sakai and Ohsawa (1 993, 1994) showed 
that the invasion of late-successional species 
was prevented at valley sites because of repeatｭ
ed disturbance of land surfaces; early-succesｭ
siona1 species persisted there. Other studies 
(Tanaka, 1985; Kikuchi and Miura, 1991; Shiｭ
mada, 1994) have a1so shown that vegetation 

on unstable slopes, which are frequently disｭ
turbed , is often composed of pioneer or succesｭ
sional species. In terms of the spatial structure 
of micro-Iandforms , Kikuchi and Miura (1993) 
showed that a hills10pe can be divided into two: 
the upper and lower hillslopes, whose boundｭ
ary corresponds to the erosion front or the 
dissected front introduced by Hatano (1986). 
The lower hillslope , which is located below the 
erosion front, is characterized by relatively 
active processes of soi1 erosion, lands1ides and 
slope failure (Tamura, 1987). 
Well-developed evergreen broad-Ieaved 

forest remains in the northern part of Okinawa 
Is1and. Several phytosocio1ogical studies on 
the vegetation of the Ryukyu Is1ands including 
Okinawa Island (Suzuki , 1979; Fujiwara, 1981 , 

1986) have shown that evergreen broad-1eaved 
forests in this area are different from evergreen 
forests of mainland J apan in terms of floristic 
composition. However, there are no studies on 
the relationship between micro-Iandform and 
vegetation in the Ryukyu Islands. 
This paper deals with the relationship be-
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tween micro-landform and vegetation strucｭ

ture in a well-developed, evergreen broadｭ

leaved forest of Okinawa Island. In particular, 
species distribution and stand structure above 

and below the erosion front are verified. 

Study Area 

The study site (26 0 45'N, 128005'E) is situatｭ

ed in compartment 76 of the Forestry Experiｭ

ment Station of University of the Ryukyus, 

being located in the uppermost drainage area 

of the Yona River, which runs through the 
Kunigami Mountains from the east to west in 

the northern part of the Okinawa Island (Fig. 

1). Based on the climatic records at the office of 

the Forestry Experiment Station in Yona (10m 

altitude and 3.0 km northwest of the study site) 

from 1962 to 1971 (Shinzato and Moromizato, 

1972), the mean annual temperature was 

21.50 C, the mean temperature of the warmest 
month, August, was 28.8 0 C, and that of the 

coldest month, January, was 13.50C. The mean 

annual rainfall was 2630.6 mm. However, the 
rainfall in this area is known to increase with 

increase in altitude (Shimabukuro et al., 1975), 

and thus rainfall over 3000 mm is expected at 

the study site. Strong winds are frequently 

brought by typhoons in summer and by monｭ

soonal pressure patterns in winter. 

The study area was covered with an everｭ

green broad-Ieaved forest whos巴 canopy height 

Fig. 1. Location of the study site. The contours 
are drawn at 100・m intervals. The area above 300 
m altitude is shown as sparsely dotted, the river as 
a dotted line. YEF: the office of the For巴stry Exｭ
periment Station, University of the Ryukyus, Yona. 

was about 10m on the windy ridge, but over 20 

m at more sheltered sites. This is one of the 

oldest-growth forests preserved on Okinawa 

Island. The bedrock is composed mainly of 

Paleozoic slate, on which the red-yellow soil 

develops (Shinzato and Moromizato, 1972). 

Methods 

The field survey was carried out in February 

and May 1990. A rectangular quadrat of 15m 

x 50 m was set out on the slope facing south, 

with its longer side in the direction of the slope. 

Inclinations were measured with a hand level 

along four lines which ran at intervals of 5 m, 

parallel to the longer side of the quadrat. Lonｭ

gitudinal profiles of land surface and a contour 

map were drawn based on these data. For all 

trees taller than 2 m in height, species names, 

trunk diameters at breast height (DBH) and 

tree heights were recorded. Their locations 

within the quadrat were also mapped. 

The whole area of the quadrat was divided 

into four micro-Iandform units: crest slope (CS), 

upper side slope (USS), lower side slope (LSS) 

and bottomland (BL), based on the form of the 

land surface and distribution of micro-Iandｭ

form elements according to the classification 

system of Tamura (1969, 1974, 1987). In the 

present paper, CS is combined with USS and 
called the upper slope (US) and LSS is comｭ

bin巴d with BL and called the lower slope (LS). 

The upper margin of LSS, i.e. the boundary 

between US and LS, corresponds to the line 

called the erosion front or dissected front introｭ

duced by Hatano (1986). 

Results 

1. Division of micro-landform in the quad-

rat 

The quadrat includes a gentle broad ridge in 

the uppermost part, a steep slope in the middle 

part and a valley bottom in the lowest part 

(Fig. 2-a). The slope exceeds 40 degrees in the 

steepest part, and the elevational difference 
between the highest and lowest points in the 

quadrat reached 29.4 m. Several sma]] cli仔s

occur across the lower half of the slope (Fig. 2-

b). There are no streams in the valley bottom 

under usual conditions, but there is a small 

gully running through the fioor. 
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Fig. 2. Contour map (a) , distribution of microlandform elements (b) and arrang巴ment of micro.landform 

units (c) in the quadrat. Contour lines are drawn at intervals of 2.0 m. Sharp boundaries (in part c) are 

drawn as solid lines and vague boundaries as broken lines. The boundary b巴tween USS and LSS 

corresponds to the erosion front. Lines 1 to 4, along which longitudinal profiles of the land surface were 
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Fig. 3. Geomorphic profiles in the quadrat. For 

horizontal locations of each pro白le ， refer to Fig. 2.c. 
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LSS were clearly delimited , but the boundaries 

between CS and USS , and between LSS and BL, 

were only partly clear. 

2. Floristic composition 

Fifty.four woody species occurred in the 

quadrat (Table 1). Although the larger DBH 

classes were composed mainly of several large. 

tree species, such as Cαstanopsis sieboldii 

(Makino) Hatusima ex Yamazaki et Mashiba 

ssp.lutchuensis (Koidz.) H. Ohba, Quercus miya. 
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Longitudinal land.surface prof�. les in the 

quadrat (Fig. 3) can be classif�. ed into two 

groups, according to whether or not a concav巴

section occurs (Lines 1 and 2) versus (Line 3 

and 4), at the middle part of the slope. Along 

Line 1, the convex prof�. le in the upper part was 

interrupted by a small cliff at the point X = 16.0 

m and changed into a concave shape downhill. 

There was also another, smaller cliff at the 

poin t X = 23.5 m. The opposi te slope, beyond 

the valley bottom , started from the poin t X = 

40.0 m. The prof�. le along Line 2 was similar to 

Line 1, but the break into the concave section 

occurred at a lower point. On the other hand , 

along Line 3, the slope increased rather abrupt. 

ly at X= 11.9 m , extending steeply downward. 

Between this straight slope and the valley 

bottom , another short but steeper slope inter. 

vened. The prof�. le along Line 4 was similar to 

Line 3, but the shape increased more gradually 

in its middle part. 

Based on the above longitudinal prof�. le and 

distribution of micro.landform elements, the 

land surface in the quadrat was divided into 

four micro.landform units (Fig. 2・c). USS and 
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The number of trunks in every diameter (DBH) class for all species in the quadrat. Table 1. 
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gii Koidz., Distylium racemosum Sieb. et Zucc. total area of the quadrat. The expected numｭ
and Schima wallichii (DC.) Korthals, many bers were compared statistically with the real 
other species occurred in the smaller DBH number of plants in US or LS. Ten species 
classes. Many of them were small-tree or shrub showed densities significantly higher in US , at 
species which rarely reached the canopy layer. the 0.5% or 1.0% level. Most were higher-rank 
The proportion of basal area shared with the species in the species order viewed from the 
first dominant species (c. sieboldii) was limited number of plants occurring in the quadrat 
to 28.8% total basal area of the stand and the (Table 1). Many other species also showed 
remainder was shared with many other spe- higher densities in US , although this was not 
cies. Based on the number of trunks, there was statistically signi白can t.

no dominant species. On the other hand , only one species, Tuゅinia

ternαta Nakai , showed significantly higher den-
3. Species distributionaI pattern sities in LS. Ardisia quinquegona Blume and 
The occurrence of every species in areas US several other species showed distributions 

and LS was compared using a binomial test skewed to LS, but the differences were not 
(Table 2). The expected number of each species statistically significant. 
in US or LS was calculated as the total number Examples of tree spatial distributions in the 
of plants of each species in the quadrat multi- quadrat are shown in Fig. 4 for several species. 
plied by the ratio of the area of US or LS to the The first and second dominant species, Castαー

Table 2. 8inomial test for the distribution of plants in slope portion US versus LS. 

Relative no. of plants (%) Total no. Species 
of plants US LS 

Distylium racemosum 93.2** 6.8 74 
Meliosma squαmulata 83.3* 16.7 36 
Myrsine seguinii 96.7** 3.3 30 
Randia canthioides 83.3* 16.7 30 
Temstroemi，α gymηαηther，α 100.0** 。 28 
Aγdisiα quinquegona 52.2 47.8 23 
Dendropanax trifidus 95.2* 4.8 21 
Syzygium buxifolium 89.5* 10.5 19 
Castanopsis sieboldii spp. lutchuensis 80.0 20.0 15 
Tricalysia dubia 100.0* 。 14 
Schima wallichii 90.9 9.1 11 
llex liukiuensis 100.0* 。 9 
Tutcheria virgata 88.9 11.1 9 
llex goshiensis 88.9 11.1 9 
Rhododendγon tashiori 88.9 11.1 9 
Machilus thunbergii 75.0 25.0 8 
Scheffiera octophylla 100.0* 。 8 
Tarenna gracilかes 71.4 28.6 7 
Daρhnかhyllum teijsmannii 100.0 。 7 
Elaeocaゆus japoni.αiS 100.0 。 7 
Neolitsea aciculata 66.7 33.3 6 
Cinnamomum japonicum 33.3 66.7 6 
Psychotria rubra 80.0 20.0 5 
Eurya osimensis 80.0 20.0 5 
Turpinia ternαta 。 100.0* 5 

Area (%) 70.8 29.9 
Area (m2) 422.0 225.2 

** and * indicate significantly larger values at the level of 0.5% and 1.0% , respectively. For test procedures, 
refer to the main text. Only those species having more than four individuals in the quadrat are shown. 
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nopsis siebodii ssp. lutchuensis and Distylium 4. Stand structure in each micro-Iandform 

racemosum , particularly their larger individu- unit 

als, were mostly restricted to US. Many other As shown in Table 3, the sizes and densities 

species also showed scattered distributions of trees di仔巴red among the various microｭ

over CS and USS, but rarely occured below the landform units, in particular between US (CS 

erosion front , the upper margin of LSS. Turjぅi- and USS) and LS (LSS and BL). There were 

nia temata was mostly conf�ed to BL. trees of larger DBH in US. Basal area values 

Distylium Castanopsis sieboldii 

racemO$um ssp. lutchuensis 

-• 
• 

-.!・

Dendropanax 

trifidus 

• 

• 

Meliosma 

squamulata 

‘・ • 

• 
• 

were nearly twice as high in US as in LS. 

Myrsine 

segUfnll 

Ardisia 

qumquegona 

• -

Syzygium 

buxifolium 

Turpinia 

ternata 

DBH (cm) 

・ 0ー 10
・ 10-20

・ 1 ・ 20-30
• 30-40 

.40-50 

.50-60 

Fig. 4. Examples of tree species distributions in the quadrat. Circle size corresponds to trunk diameter. 

Table 3. Comparison of max. DBH, basal area and trunk density among micro-landform units. 

Micro-landform Area Max.DBH Basal area Trunk density 
unit (m2) (cm) (m2jha) (/100 m2) 

159.6 52.6 67.6 119.7 

uss 267.1 50.6 77.1 76.4 

142.2 34.0 36.5 34.5 

BL 79.2 28.4 41.1 31.6 
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Fig. 5. Height.class distribution of trunks in each micro.landform unit. For abbreviations of micro 
landform units (CS. USS. LSS and BL). refer to the main text. 

Trunk densities were also considerably higher 
in US than in LS. Di百erences between CS and 

USS and between LSS and BL were relatively 
smaller. The comparison of tree height-class 
distributions among micro-landform units reｭ
vealed that trunk densities in height classes 
lower than 10m were considerably lower in 

LSS and BL than in CS or USS. although the 

canopy heights and the trunk densities in 
higher classes were similar (Fig. 5). 

Discussion 

Clear differences of stand structure and speｭ
cies distribution between the upper slope (US). 

above the erosion front. and the lower slope 
(LS) were recognized in this study. Tree densiｭ
ty. particularly that of the understorey. was 

lower in LS than in US. Furthermore. the size 
(DBH) of the largest plants and the basal area 

per unit area were considerably smaller in LS. 
These results suggest that the establishment of 
plants is more severely hindered in LS than in 
US. and that the growth or longevity of estabｭ
lished plants also differs between the two parts 
of the slope. Viewed from the distributions of 

the species. many species were mostly confined 
to US. In particular. the two dominant species. 
Castanoρsis sieboldii and Distylium racemosum 
showed this pattern. which was responsible for 
the differences in size of the largest trees and 
basal area in both units. 
The importance of the erosion front in dividｭ

ing habitats within a slope. from ridge to valley 
bottom. as observed in this study. seems to be 
common to many forest types in various 
region. Japan. Kikuchi and Miura (1993) reｭ
ported extreme differences in species composi-

tion of the plant comminity across the erosion 

front. in a hilly region near Sendai. N-W. Japan. 
Sakai and Ohsawa (1994) reported that the 
distribution of late-successional species. includｭ
ing canopy species such as Castanopsis cuspiｭ
dat，αvar. sieboldii (synonym of C. sieboldii). was 
restricted to ridge sites. whereas only earlyｭ
successional species were seen on valley sites 

in the Boso Peninsula. central Japan. Valley 
sites in the Boso Peninsula were characterized 
by repeated disturbance due to slope failures or 
small-scale shallow landslides. and thus the 
upp巴r margin of the valley sites seems to correｭ
spond to the erosion front. 
In this study. only one species. Tuゅinia terｭ

nata. was found to characterize the vegetation 
on LS. although many species showed a distriｭ
bution which are strongly biased to US. Other 

species occurring on LS. except for Tuゅinia

ternata. were either those which occurred also 
in US at higher densities or “ rare" species 
which occurred in the quadrat only as a few 
individuals. Some species such as Machilus 
japonicαSieb. et Zucc.. Diospyros jaρonicαSieb. 
et Zucc.. and Ficus bengutensis Merrill. howｭ
ever. occur with relatively high frequency 
along the valley ftoor adjacent to the plot 
(Oono. unpublished data). They were not inｭ

cluded in the quadrat because of the low plant 
density. Although the LS is characterized by 
frequent land-surface disturbances. pioneer 
species which are common in secondary forests 
such as Macaranga tanarius (L.) Muell. Arg. and 
Mallotus jゆonicus (Thunb.) Muell. Arg. 

(Ohsawa and Ohtsuka. 1989) were usually 
absent or scarce. 
In addition to stability of the land surface. 
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many other factors, particularly soil fertility 

may cause differences in vegetation structure 

between US and LS. It is known that poor soil 

fertility on landslide scars, where the mineral 

soil is often exposed, limits the growth of seedｭ

lings there (Guariguata, 1990; Dalling and 

Tanner, 1995). The growth of trees might be 

similarly limited, particularly in LSS, because 

this micro-Iandform unit is characterized by 

the most active processes of soil erosion and 

the most frequent occurrence of landslides or 

slope failures (Tamura, 1987). Further study is 

necessary, however, because there has been 

almost no study of soil fertility in each microｭ

landform unit or its effect on the growth of 

trees. 
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沖縄本島の照葉樹林における微地形と
植生構造の関係

原 正利・平田和弘・大野啓一

千葉県立中央博物館
子260 千葉市中央区青葉町 955-2

沖縄本島北部，琉球大学与那演習林内の照葉樹林にお

いて，尾根から谷底にかけて 15mX50m の調査区を設

置し，微地形と植生の関係を調べた.調査区内には，頂

部斜面と上部谷壁斜面，下部谷壁斜面，谷底面の 4 つの

微地形単位が認められ，それらは侵食前線を境に，上部

斜面(頂部斜面と上部谷壁斜面)と下部斜面(下部谷壁

斜面と谷底面)にまとめられた.上部斜面と下部斜面で

は，林分構造や，分布する種に顕著な遠いが認められた.

すなわち上部斜面に比べると下部斜面では，下層木の密

度が低く，また最大例体の!J旬高直径と単位面積あたりの

胸高断面積合計値は小さかった.オキナワジイやイスノ

キなど林分の優占種を含め，多くの高木種および低木積

の分布は上部斜面に偏っていた.一方，分布が下部斜面

に偏っていた種はショウベンノキのみであった.
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