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Abstract The geomorphological environment for vegetation in East Asia was examined from
three landform aspects; ‘distribution’, ‘morphology’ and ‘function’. ‘Distribution’ refers to that of
surface altitude. Mountains and lowlands produce regional differences in rainfall, temperature,
wind, sunshine, water, soil and other factors, which all affect vegetation growth. These
differences cause regional variety of vegetation. High mountains, extensive lowlands and wide
straits act as barriers or corridors for vegetation migration through climatic changes. There are
many geomorphological barriers or corridors in East Asia. ‘Morphology’ refers to the shape of
the land surface. Fine texture and complex landform configurations create a composite
environment, inducing a mosaic distribution of vegetation. The composite environment also
provides various niches for plants, making the flora more complex. Landforms in East Asia
show fine texture due to intense dissection by high rainfall. ‘Function’ refers to the movement
of surface materials due to geomorphological processes such as slope failures, landslides and
flooding. Bare land densely and frequently created by erosion and deposition accelerates
vegetation migration and also induces a composite vegetation with various stages of succes-
sion. Movement of surface materials rich in seeds and fruit also accelerates vegetation
migration. East Asia has some of the highest erosion rates in the world, contributing to the

mosaic distribution of vegetation.

Key words: geomorphological environment, distribution of altitude, morphology of land

surface, function of landforms, barrier, corridor.

The surface of the earth shows marked
regional variations in the physical and chem-
ical environment due to regional differences
in geomorphological, geological, climatic and
hydrologic conditions. These regional varia-
tions create differences in the indigenous
flora and fauna. The earth’s environment has
changed through geological time, and this
has been accompanied by migration of plant
and animal habitats, and changes in their life
style and even species. Thus, the current life
style and geographical distribution of plants
and animals reflect the combined results of
both their adaptation to the present environ-
ment and adjustment to historical changes in
the environment. Landforms produce the
conditions necessary for plants and animals
to survive, and significantly affect their
growth and life styles. Changes in landforms
thus induce the alterations of species and
communities. In this paper, the geomorpho-

logical environment for vegetation in East
Asia, focusing especially on areas covered
with the laurel-leaved forests, is examined on
the macro-scale.

Geoecosystem and Geomorphological
Effects on Vegetation

Landforms have both direct and indirect
effects on vegetation. Landform properties
such as surface gradient, sediment types, sed-
iment structures and the chemical composi-
tion of surface materials (soil nutrition) affect
vegetation directly. Landform attributes
such as elevation, slope aspect, undulation
and arrangement control the surface climate
under the influence of temperature, rainfall,
snow accumulation, wind and sunshine. For
example, temperature decreases with in-
creasing altitude at a rate of 0.5-0.6°C/100 m.
Thus, the existence of high mountains pro-
duces various climatic conditions. Through
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Fig. 1. Examples of geoecosystem showing the chains of interactions among landforms, soils, climate,
plants and animals (ground beetle) observed in the Tonegawa-Genryubu nature conservation area, at an
altitude of about 1,700 m above the sea level, central Japan (after Ohmori et al., 1987).

the influence on surface climate, landforms
have an indirect but significant effect on
vegetation.

Examples observed in a mountain area in
central Japan are shown in Fig. 1 (Ohmori et
al., 1987), where surface conditions of gradi-
ent, soil and snow accumulation vary with
landform types. The differences in surface
conditions induce different plant com-
munities. The combination of surface condi-
tions and vegetation types provides different
conditions for ground beetles. On the other
hand, the population and diversity of the
beetles conversely affect soil development,
which controls plant communities. The plant
communities affect snow accumulation,
which in turn induces different landform
types.

As shown above, action and reaction
among landforms, climate, soils, plants and
animals show a complex cycle known as a
“geoecosystem”, which is a feedback system.
It is difficult, therefore, to distinguish wheth-
er the direct or indirect effects of landforms
on vegetation are effective in the field.
Because the two effects are interrelated, the
integrated effects of landforms on vegetation

should be considered from a comprehensive
viewpoint.

Geomorphological Framework of
East Asia

The laurel-leaved forests of East Asia are
distributed from the south and east flanks of
the Himalaya Range to the low mountains of
southwestern Japan, via central and south-
ern China. In this area, large mountain
blocks higher than 3,000 m above the sea
level—the Himalaya Range and the Tibetan
Plateau—stand to the west (Fig. 2). To the
east of these mountain blocks, mountains
higher than 1,000 m a.s.l. stretch like a wall
from north to south. In the western part of
Central East Asia, plains lower than 200 m
a.s.l. such as the Dongbei (Northeast) Plains,
Huabei (North China) Plains, Chang-Jiang
Zhong You (Chang-Jiang Middle Reach)
Plains, Chang-Jiang Xia You (Chang-Jiang
Lower Reach) Plains and Yang-Hu Plains,
exist. The eastern part of Central East Asia is
bordered by the Sea of Japan, Yellow Sea and
East China Sea. The island arcs of Japan and
Taiwan with many volcanos stretch along
the eastern margin of East Asia. The terrains
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Fig. 2. Dlstrlbutlon of mountains, lowlands and sea in East Asia. Contours are given in meters.

the estimation of mean

Partial regression coefficients

Month N ) ) Inland Constant r Standard
Altitude  Latitude Longitude . error (°C)
index

January 30 —0.00629 —1.41247 0.19720 26.3319 0.9908 0.80
February 30 —0.00634 —1.31369 0.14871 29.4948 0.9882 0.90
March 30 —0.00624 —1.11280 46.1721 0.9899 0.83
April 30 —0.00611 —0.98078 47.6299 0.9893 0.81
May 31 —0.00599 —0.89457 0.01652 48.3235 0.9881 0.80
June 31 —0.00551 —0.65670 0.00947 44.0777 0.9875 0.72
July 37 —0.00501 —0.49948 42.1077 0.9855 0.75
August 37 —0.00515 —0.39341 39.2700 0.9871 0.71
September 33 —0.00532 —0.86049 0.13329 34.2543 0.9899 0.66
October 31 —0.00551 —1.00302 0.20667 23.7898 0.9914 0.63
November 30 —0.00605 —1.34352 0.23924 26.7292 0.9922 0.69
December 30 —0.00634 —1.58511 0.38232 9.7557 0.9749 1.32
Winter 30 —0.00633 —1.36694 0.17712 27.4847 0.9914 0.77
Summer 38 —0.00503 —0.44944 40.7437 0.9902 0.63
Year 30 —0.00582 —1.00462 0.12215 33.0961 0.9938 0.56

* The multiple regression equation estimating annual mean temperature is shown in the text.
N: Station numbers used for regression analysis, 7: Correlation coefficient.

classified by macro-scale landform types
show differences in surface undulation, soil
and water storage, and the arrangement of
the landforms accentuates the regional dif-
ferences in rainfall and temperature. In
Japan, temperature decreases with increase

in latitude at a rate of about 1.0°C/1°, and
increases with increase in longitude at a rate
of about 0.1°C/1° (Table 1; Yanagimachi and
Ohmori, 1991). For example, annual mean
temperature (z, °C) is given by the equation:
7=33.096—0.00586—1.0046¢+0.12222
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where 6 is altitude (m), ¢ is latitude (°N) and 2
is longitude CE). As shown above, geograph-
ical location itself governs the standard tem-
perature of the terrain for an extensive area
such as East Asia.

Geomorphological Characteristics
of Vegetation

The characteristics of landforms can be
examined from three aspects: ‘distribution’,
‘morphology’ and ‘function’.

1. Distribution

‘Distribution’ refers to the distribution of
surface altitude. Because each landform type
has its own pattern of altitudinal distribu-
tion, it can be said that ‘distribution’ indi-
cates the distribution of landform types,
including land and sea distribution. How
does the distribution—mountains and low-
lands, or land and sea—control vegetation
growth and distribution ?

1-1. Distribution of mountains and low-
lands.

Distribution of mountains and lowlands
affects the distribution of soil, temperature,
rainfall and water, and causes regional varia-
tions in plant species, vegetation growth and
distribution.

i. Distribution of surface geology, soil and
water conditions.

Mountains consist of bedrock, weathered
materials and thin soil. On steep slopes, sur-
faces are generally well drained, resulting in
lower soil fertility and quick alternation of
dry and wet conditions synchronized with
rainfall fluctuation. In contrast, lowlands
consist of thick deposits of fine sediments.
On gentle slopes, surfaces are poorly drained,
producing fertile and wet conditions for veg-
etation habitats. The differences in soil depth,
fertility and soil water produce variations in
plant growth and species. Especially, on flood
plains along large rivers such as the Heilong-
Jiang (Amur), the Liao-He, Huang-He and
Chang-Jiang, the presence of swamps and
lakes and the frequent occurrence of floods
have a marked effect on the distribution of
plant communities and vegetation types.

ii. Effect on temperature.

Ridges on high mountains are low in tem-

perature in contrast with the high tempera-

ture found at the foot of mountains as de-
scribed in the previous section. The altitude
with an annual mean temperature of 10°C is,
for example, 2,200 m a.s.l. in Taiwan (122°E,
25°N), 1,300 m a.sl. in the Wuyi Mountains
(120°E, 30°N) and 1,000 m as.l. in Kyushu
(131°E, 33°N). Deciduous broad-leaved trees
such as Fagus and Lepidobalanus stand in a
zone with an annual mean temperature from
about 10 to 4°C, whereas evergreen broad-
leaved forests consisting of laurel-leaved
trees such as Cyclobalanopsis, Castanopsis
and Cinnamomum generally require an
annual mean temperature higher than about
10°C in Japan (Ohmori and Yanagimachi,
1988). Thus it is difficult for plants living at
the foot of mountains with a high tempera-
ture to migrate across high mountains. On
the other hand, alpine and sub-alpine or mon-
tane plants can migrate through the corri-
dors over high ridges, although they cannot
cross lowlands, which act as continental
straits for alpine and sub-alpine plants.

The conditions of the barriers and corri-
dors have changed with climatic alterations.
During glacial periods, temperature was sev-
eral degrees C lower than at present. This
would have been a good chance for alpine
and sub-alpine plants, and even for montane
plants, to expand their habitats through the
widened cold areas. On the other hand,
during the Hypsithermal period, temperature
was 2 or 3 degrees C higher than at present.
Some species living on mountain ridges
might have lost their habitats as a result,
becoming locally extinction (Ohmori and
Yanagimachi, 1991).

Mountains higher than 1,000 m a.s.l. such
as the Da Hinggan Ling Mountains, the Loess
Plateau and Yun-gui Plateau stretch north to
south along the western margin of East Asia
(Fig. 2). The Changbai Mountains and the
Wuyi Mountains stand in Central East Asia.
The backbone ranges in Japan and Taiwan at
the eastern margin of East Asia are also
higher than 1,000 m a.s.l. These mountains
and their paired lowlands, which stretch
north to south, would be primary barriers or
corridors of temperature for vegetation

migration.
iii. Effect on rainfall.
Orographically enhanced precipitation
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Fig. 3. Annual (A) and July (B) rainfall showing
regional variation in distribution (from Central
Bureau of Meteorologiy, China, 1979).

causes relatively high rainfall on the wind-
ward flank of mountains, where wet environ-
ments appear. In contrast, on the leeward
flank and hinterland of the mountains, rain-
fall is low, providing dry conditions. Thus,
the arrangement of mountains and lowlands
significantly accentuates rainfall distribu-
tion. When dry or wet areas extend con-
nectively as a belt, the dry or wet belt act as
a corridor or barrier. The Wuyi and Nan-
Ling Mountains in southern China and the
Changbai Mountains at the base of the
Korean Peninsula would be the barriers or
corridors of rainfall for vegetation migration
(Fig. 3; Central Bureau of Meteorology, China,
1979).

1-2. Distribution of land and sea.

Sea generally acts as a barrier for vegeta-
tion migration, although some plants use the
ocean currents to expand their distribution.
When a strait is narrow, even if it is deep,
vegetation tends to cross it. On the other
hand, a wide strait is a significant barrier to
vegetation migration, even if it is shallow.
The presence of a number of straits would
make rapid expansion of vegetation distribu-
tion less probable. The Taiwan Strait be-
tween Taiwan Island and Continent Asia is
shallow but considerably wide, and it is not
easy for vegetation to cross. There are also
many straits in the Japanese Archipelago.
The individual straits are narrow, and do not
create barriers for vegetation migration, al-
though some of them could be barriers from
the viewpoint of probability. On the other
hand, the sea level has changed according to
alternations of glacial and interglacial peri-
ods. Viewed from changes in sea level, the
depth of a strait has a significant effect on the
distribution of land and sea, causing the ap-
pearance or disappearance of straits and land
bridges. During the climax phase of the Last
Glacial period about 18,000 years ago, the sea
level was around 100 m lower than at pres-
ent, and most of the continental shelf was
exposed (Fig. 4). Taiwan Island was connect-
ed to the continent by a land bridge, as were
many of the islands of Japan. However, the
Ryukyu Islands were composed of independ-
ent small islands. As shown above, moun-
tains, lowlands and the sea can each act as a
barrier or corridor for the migration of vege-
tation. These barriers and corridors have
changed in extent through times of climatic
change. These changes in extension have in
turn caused the regional variations in plant
species and vegetation distribution.

2. Morphology

‘Morphology’ refers to the shape of the
land surface; plan figures of individual land-
form types, the association of various land-
form types, and the composition of surface
undulation. The sunny sides of ridges pro-
vide dry conditions, and the shady sides wet
conditions. Rainfall and wind are affected by
the aspect and arrangement of slopes. Thus,
the fine texture of surface undulation and the
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Fig. 4. Landforms in East Asia showing the fine texture of mountains and coast lines. Continental
shelves shallower than about 100 m emerged during the climax phase of the Last Glacial period.

complex configuration of ridges and valleys
produce a composite environment with local
variations, supporting complex vegetation.
Because composite landforms produce vari-
ous environments, plants can easily find the
right niches or escape locations when climat-
ic changes occur.

2-1. Coast lines.

The coast lines of East Asia show complex
features where ria coasts and small islands
are widely distributed (Fig. 4). They have
local variations in the environment with dif-
ferent rocks, soils, slope aspects, slope angles
and climate. A patched distribution of vege-
tation such as mangrove swamps, bamboo
groves, palm forests and various types of
evergreen broad-leaved forests is seen.

2-2. Landform texture of mountains.

Mountains in East Asia are deeply dis-
sected and show a complex relief structure.

Fig. 5. Examples of configuration patterns show-
ing differences in texture. A: Sumatra Island (5°
15’N, 95°30’E), B: Bendeleben (65°34’N, 164°09’
W), C: Kirchdorf an der Krems (47°52’'N, 14°12’E),
D: Ohgawara, central Japan (35°35’N, 138°03’E),
E: Shobara, southwestern Japan (34°55’N, 138°08’
E), F: Niupu, northern Japan (44°34’N, 142°40’E).
Every other contour interval of 200 m is in-
dicated in black (after Sakaguchi et al., 1976).
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Differences in landform texture with latitude
are shown in Fig. 5 (Sakaguchi et al., 1976),
where every other contour interval of 200 m
is indicated in black. Mountains in the trop-
ical region show fine texture due to intense
water erosion (A in Fig. 5), whereas those
in the boreal and sub-boreal regions show
smoother landforms due to glacial and
periglacial processes (B and C in Fig. 5).
Mountains in the temperate regions with
high rainfall are considerably dissected by
water erosion and show a fine texture, as in
the landforms of Japan (D, E and F in Fig. 5).
The Taiwan, Nan-Ling, Wuyi, Taihang and
Changbai Mountains also have fine texture.
They create complex environments, inducing
a conspicuously mosaic distribution of vege-
tation types. Considering a wide area 100 X
100 km, the complexity in the distribution of

Akaishi Ranges

vegetation types in East Asia would be
among the highest in the world.

3. Function

‘Function’ refers to types and rates of
surface material movements. It includes
geomorphological processes of erosion and
deposition such as debris flow, landslides,
soil erosion, floods and volcanism. Active
geomorphological processes accentuate the
distribution of vegetation types and ac-
celerate vegetation migration.

3-1. Bare land.

Bare land created by landslides, floods and
volcanism initialize a sequence of vegetation
succession. On areas of bare land of different
ages, various stages of succession appear,
making the vegetation composition complex.
Bare land can also be a front of vegetation

Suruga Bay

Fig. 6. Distribution of 3,424 landslide masses with areas larger than about 10,000 m? in the Akaishi

Range, central Japan (after Ohmori and Sugai, 1994).
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Fig. 7. Distribution of erosion (denudation) rates of drainage basins in the world, showing high rates in
East and Southeast Asia due to heavy rainfall (after Ohmori, 1983b).

migration when climatic change occurs.
Bare land created in forests composed of
plants which have flourished under previous
climatic conditions is easily invaded by
plants which are adapted to the new environ-
ment. Frequent creation of bare land gives
vegetation an opportunity to alternate and
migrate quickly.

Figure 6 shows the distribution of 3,424
landslide masses with areas larger than
10,000 m? in the Akaishi Range, central
Japan (Ohmori and Sugai, 1994; Sugai et al.,
1994; Ohmori and Sugai, 1995). Landslides
occupy about 8% of the area of the range
(Sugai et al., 1994) and the mean volume of
landslide masses in 1 km? is about 4,000,000
m? (Ohmori and Sugai, 1995). The erosion
rate of the ranges is about 1,000 m®/km?/y
(Ohmori, 1983a). Thus, the surfaces of the
ranges are roughly estimated to be un-
covered about every 4,000 years, although
the steeply sloping surfaces would have a
shorter cycle of regeneration and the gently
sloping surfaces might be stable for a longer
period. Surfaces with different ages of gener-
ation support various vegetation types in the
Akaishi Range. On Yakushima Island to the
south of Kyushu, the interval of regeneration
of mountain slopes is estimated to be about

1,000 years (Iso, 1984). This short interval is
due to the extremely high annual rainfall
exceeding 3,000 mm.

In the mountains of East Asia, the situation
is similar to that in the Japanese mountains.
Debris avalanches and landslides occur fre-
quently and widely due to heavy rainfall, in
spite of the high vegetation cover ratio. The
dense and frequent occurrence of bare land
would induce not only composite vegetation
types but also rapid adaptation of vegetation
to the environment newly created by clima-
tic change.

3-2. Distribution of seeds.

Seeds of plants, not only trees but also
herbs, are distributed over land surfaces and
mixed with surface materials. They can be
transported to distant places far from the
original ones by geomorphological processes
such as soil erosion, slope failure and flood-
ing. Thus, active erosion and deposition of
soil rich in seeds contribute more to vegeta-
tion migration than in areas with less active
geomorphological processes. East Asia has
among the highest erosion rates in the world
(Fig. 7; Yoshikawa, 1974; Li, 1976; Ohmori,
1978, 1983b; Summerfield, 1991). The active
erosion in mountains and the frequent occur-
rence of floods in lowlands, both of which
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also produce bare land, accelerate vegetation
migration and the adaptation of vegetation
to the current environment.

Conclusions

The geomorphological environment for
vegetation in East Asia was examined from
three aspects: ‘distribution’, ‘morphology’ and
‘function’. ‘Distribution’ refers to the distri-
bution of surface altitude. In East Asia, high
mountains and extensive lowlands are dis-
tributed alternately, and produce various
soils, temperature, rainfall and water which
affect vegetation growth and distribution.
Mountains and lowlands act as barriers or
corridors for vegetation migration when
climatic change occurs. During the alterna-
tion of glacial and interglacial periods in the
Quaternary, Japan and Taiwan were connect-
ed to the continent by land bridges during
glacial periods, and were islands isolated by
straits during interglacial periods. With the
various conditions created by ’'distribution’,
plant species and vegetation types are very
complex in East Asia.

‘Morphology’ refers to the shape of the
land surfaces. Fine texture and the composite
arrangement of ridges and ravines produce a
complex distribution of soil, water, sunshine,
temperature, rainfall and wind, providing a
complex environment for vegetation. Land-
forms in East Asia show fine texture due to
intense dissection by high rainfall. This cre-
ates a mosaic distribution of vegetation and
provides niches for plants when climatic
change occurs, resulting in a highly complex
distribution of vegetation types.

‘Function’ refers to the movement of
surface materials by erosion and deposition
processes such as soil erosion, slope failure,
landslides and flooding. Erosion and deposi-
tion create bare land which initializes a
sequence of vegetation succession and also
provides frontal areas for vegetation migra-
tion. The frequent occurrence of bare land
might accelerate vegetation migration and
induce complex vegetation with various
stages of succession. Active movement of
surface materials containing many seeds
would also accelerate vegetation migration.
Active erosion in mountains and frequent
occurrence of floods in lowlands in East Asia

contribute to vegetation migration and adap-
tation of vegetation to the environment.

The micro-scale effects of landforms on
vegetation have been studied for many cases
(e.g. Kikuchi and Miura, 1991; Sakai and
Ohsawa, 1994; Shimada, 1994; Sakai, 1995;
Hara et al., 1996). For the macro-scale land-
form effects on vegetation, there have been
few studies except for those on landforms
such as straits and land bridges that have
affected vegetation migration for a long time
since the Mesozoic era. It has been noted by
Ohmori and Yanagimachi (1991) that even in
a short period such as the Holocene, some
plant species might have disappeared from
some mountains in Japan due to patchy dis-
tribution of high mountains. The lack of
Abies mariesti, a sub-alpine conifer, on some
high mountains in Japan could be caused by
the disappearance of thermal conditions suit-
able for the species due to the increase in
temperature in the Hypsithermal. Once a
species has disappeared from an isolated
mountain, it is difficult for it to become re-
established, because the path through which
the species migrates does not always recover
even if thermal conditions become suitable
again on the higher part of the mountain due
to climatic cooling. The geomorphological
environment for vegetation examined here
was mostly deduced from the palaeogeogra-
phy, landforms, flora and vegetation types of
East Asia. It is desirable to promote suitable
studies of the macro-scale landform effects
on vegetation for further understanding of
the vegetation in East Asia.
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