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FOREWORD

The International Symposium on Mountain Vegetation held in Beijing, China on September 1-5, 1986 sponsored by the
Committee on Plant Ecology and Geobotany of Chinese Botanical Society and Chinese Association for Science and
Technology (CAST).

The mountain ecosystem is currently paid more attention in the world. As the major component of the ecosystem-mountain
vegetation provides a great number of renewable natural resources for human being. It is the base for development of forestry,
animal husbandry, and sideline production and plays an important role in maintaining ecological stability.

As the world population increases in number and the demands on natural resources rise, mountain vegetation are coming
under increasing pressure, especially in China. Population stress is often associated with over-exploitation of certain natural
resources. Forests are being destroyed in tropical, subtropical and temperate regions. Steppe and desert are under the severe
human disturbance. The vegetation types become simplified. The production and biomass of vegetation decrease. Water and
soil loss are aggravated. In order to continuing destruction of mountain vegetation, especially reclamation on mountains cause
serious environmental deterioration. World Conservation Strategy aims to resolve conflicts between conservation and
development. The strategy sets out there objectives for living resource conservation: To maintain essential ecological processes
and life-support systems; To preserve genetic diversity; To ensure the sustainable utilization of species and ecosystems,
vegetation conservation and utilization of species and ecosystems, vegetation conservation and restoration are important
measures to improve degraded environment, to explore the effective approach to sustainable utilization of ecosystem,
especially in mountain areas.

In the capacity of the chairman of Committee on Plant Ecology and Geobotany, Chinese Society of Botany. I greatly
appreciated co-chairman of the International Symposium on Mountain Vegetation Professor Hou Hsioh-yu and Makoto
Numata for their remarkable contribution to the Symposium. Many thanks to institutions and all the persons who have given
generous support to this Symposium and publishing the proceedings.

Professor Chen Ling-zhi

Chairman of Committee on
Plant Ecology & Geobotany
Chinese Society of Botany

March, 1987

EDITORIAL NOTES

The International Symposium on Mountain Vegetation was held in Beijing during September 1986 and for many scientists
from the western countries it was the occasion for a first contact with the chinese scientific community and with the vegetation
of East Asia. In this occasion it was decided to publish the reports as a special volume of Braun Blanquetia.

The assemblage of manuscripts from a large number of contributors was a difficult task and required alot of time. In many
casesarevision of the manuscripts was necessary and this work required additional time and energies. Therevision was carried
out by L.C. Bliss (Seattle, USA), E.D. Box (Athens, USA), F. Klotzli (Zurich, Switzerland), L. Pignatti (Milano, Italy); an
additional revision, mainly for chinese texts was given by.C.Y. Sun (Trieste).

For the contacts with Authors and editing of some articles A. Ubrrizsy Savoia wasresponsible. The complete composition
of the manuscript was carried out by L. Carimini, in interaction with R. Venanzoni, the secretary-of Braun-Blanquetia, both
in Camerino.

Financial support for the volume was provided by the Italian Research Council (CNR).

. Sandro Pignatti
Franco Pedrotti
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THE PRINCIPAL TYPES OF MON-
TANEVEGETATIONALBELTSIN
CHINA AND ECO-GEOGRAPHI-
CAL CHARACTERISTICS

Hou Hsion-vu, CHANG HSIN-SHIH
Department of Plant Ecology & Geobo-
tany, Institute of Botany,

Academia Sinica, Beijing, China

Key words: Vegetational Belt, Eco-
geographical Characteristics

1. INTRODUCTION

The uplift of mountains has altered
- even the smooth spherical surface of the
earth. This has destorted, inclined, di-
srupted, or disguised the earth’s ideal
latitudinal zonation, which is determi-
ned by solar radiation and complicated
the hydro-thermal effect of longitudinal
zonation caused by maritime-terrestrial
interactions. Different types of montane
belts have thus been formed which dee-
ply influence and greatly enrich human
life and their economic activities.
However, the ideal and perfectly
horizontal terrestrial landscape is no-
nexistant. Mountains are inevitable
products of crustal movements. The
vertical zonation of mountains is inevi-
tably accompanied by horizontal zona-
tion. The latter fundamentally affects
the vertical differentiation of the monta-
ne vegetation on it. The characters of
horizontal zones are strongly reflected
in the various kinds of montane belts.
Montane belts have the appearance of
being secondary geographic zones ba-
sed on horizontal zonation. A certain
horizontal zone has its own particular
type of successions. The cold-tempera-
te, temperate, warm-temperate, subtro-
pical, and tropical zones are aligned in
parallel fashion from north to south in
eastern Asia and the forests, steppe, and
desertregions succeed each other as one
moves in land from the Pacific Ocean.
More than 2/3 of China’s area is moun-
tain and plateau, such as the Tibetan

Plateau which is known as the “Roof of -

the world”, with several of the highest
peaks and greatest mountain ranges in
the world, as well as many mountains
rising high on coast plain or island in the
country. Except for the polar and equa-
torial regions, China’s mountains or
plateaux are located in almost all the
climatic zones. This makes for varied
zonational patterns, the most prominent
feature of China’s vegetation and land-
scape. Their complicated types, extensi-
ve ranges, and striking constrasts are
unparalleled.

Some authors have discussed the
characteristics and patterns of China’s
montane_vegetational belts from the

view-point of geographical zonation or
three-dimensional zonality (TRoLL 1968;
Hou 1963, 1982; Hou & CraNG 1980; L1
& CHANG 1966). Based on this research,
the present paper tries to generalize and
analyze this long-standing but eternal
topic from the view-point of comparati-
ve geographic ecology and vegetational

typology.

2. STRUCTURE AND DIVISION OF
MONTANE VEGETATIONAL
BELTS IN CHINA.

The division and classification of
montane vegetational belts is confused
unanimously agreed upon. Attemps to
standardize or unify classification for
the belts have been suggested by several
authors (see Love 1970). We propose
the following system as a basis for de-
scription, comparison, and analysis
(Table 1).

The division into strataand belts on
the vertical zonation is based on the
ecological character of vegetation and
landscape, and not simply on the absolu-
te elevation.

There are three important geogra-
phic or vegetational limits: snowline,
upper limit of continuous vegetation,
and upper forest limit. Snowline is the
natural divide for nival stratum. Howee-
ver glacial tongues and separate snow
patches can appear in the alpine stratum
below the snowline. The upper limit of
continuous vegetation is the dividing
line between the subnival and the conti-
nuous alpine vegetation belt. The upper
forest limit can be used as a marker for
delimiting montane stratum and alpine
stratum. The subalpine belt on moun-
tains of the temperate zone consists of
scrubland, meadow, and krummbholz. It
represents a transitional section from
the montane forest belt to the alpine belt.
But, on subtropical and tropical moun-
tains, the subalpine belt also includes
the upper montane coniferous forest. It
is difficult to distinguish alpine and
montane strata on treeless arid moun-
tains. The appearance of a certain num-
ber of alpine elements in plant commu-
nities should be taken to indicate the
alpine stratum,

The vegetational belt may be furt-
her subdivided according to the diffe-
rentiation of dominant species of com-
munities within the belt. For instance
the subalpine coniferous forest belt can
be subdivided into an Abies subbelt and
a Picea subbelt.

3. GRADIENTS OF MONTANE VE-
GETATIONAL BELTS IN CHINA

The principal montane vegetatio-
nal types and their zonal geographic
gradients in China can be summarized
using the following latitudinal and lon-
gitudinal gradients (Fig. 1):

1. Latitudinal gradients: a. Ea-
stern forest regions (Fig. 2); b. Western
desert and plateau region (Fig. 3)

2. Longitudinal gradients: c.
Temperate zone (Fig. 4); d. Warm-tem-

. perate/subtropical zone (Fig. 5); e. Sub-

tropical/transition tropical zone (Fig. 6).

4. PRINCIPAL TYPES OF MONTA-
NE VEGETATIONAL BELTS IN
CHINA

1. Taigatype:isthe typical vege-
tational belt for the mountains of the
Siberian taiga zone. In China, it is pre-
sent on the Great Xing’an Mits. in the
cold-temperate coniferous forest zone
and on the Changbaishan Mts. in the
temperate coniferous and broadleaf
mixed forestzone. It also appears on the
northwestern Altai Mts. in northernmost
Xinjiang. Its typical climatic/topogra-
phical parameters are long and severely
cold winters, intermediate or low snow-
fall, with relatively abundant summer
rainfall, flat relief with water accumula-
tion on the ground surface and excessive
moisture, as well as permafrost in the
soils. The vegetation consists an alpine
tundra belt with scrubs and mosses of
largely boreal and artic-alpine affinities.

2. Broadleaf deciduous forest
type: found on the Wutaishan Mits.,
Taihang Mts., Luliang Mts., northern
slope of the Qinling Mts., etc. in the
temperate and warm-temperate broa-
dleaf deciduous forest zone of northern
China. At the base is the lower montane
broadleaf deciduous forest belt domina-
ted by deciduous Quercus ssp. This
species composition indicates that the
climate of the broadleaf deciducus fo-
rest zone in Eastern Asia tends to be
drier and transitional to steppe. The
winter and spring are dry and cold and as
such unsuitable for-mesic broadleaf
deciduous tree species. This is in sharp
contrast to the broadleaf deciduous fo-
rest in Japan, eastern North America,
and western Europe with stronger mari-
time influence and dominant species
composition of Fagus and other mesic
trees, mixed with Tsuga, Taxus, etc.

3. Eastern Asiatic subtropical
broadleaf evergreen forest type: there
are great number of subtropical high
mountains in southwestern China. They
form a series of continuous “mountain
bridges” between tropical mountains in
the south and temperate mountains in
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Table 1 — Division of mountain vertical belt system in China.

i
|
|
'; Vertical strata Mountain vertical vegetation types
i and belt Forest (moist) region Steppe, desert (arid) region
l Nival stratum (belt) Icefield, glacier, bare rock, talus, etc.
|
| Snow line
1 A Subnival Lichens, mosses, sparse alpine plants, or separate
| 1 belt plant patches
i P .
| i Continuous vegetational upper limit
| n .
} e S Typical or true Alpine tundra, meadow, Kobresia meadow
! t Kobresia meadow & cushion
| T alpine belt cushion plants plants
i
| a
| t Tree/Forest limit
! u
i m Subalpine Scrubland, meadow, Alpine
i belt Krummbholtz, subalpine steppe
coniferous forest Alpine desert
|
§ - Forest limit High cold limit
| . .
M Upper montane Coniferous Coniferous
! 0 belt forest forest
! n
| t Coniferous-broadleaf Broadleaf
| a Montane deciduous mixed forest deciduous Steppe
' n belt or broadleaf deciduous forest or
; _ e S forest desert
{ t
! T Broadleaf evergreen
! a | Lower montane forest Steppe
! t belt : or
: u Rainforestor seasonal desert

m rainforest

Plains Zonal forest Zonal steppe or desert

the north. This greatly influences and
accelerates the migration, exchange,
mixing, adaptation, and evolution of
montane floras and plant communities
within these zones. These subtropical
high mountains display complete and
highly complicated vegetational belts.
They did not suffer from continental
glaciation during the Quaternary and
avoided serious influences from the
Mongoli-Siberian continental anticy-
clone and Artic cold current; rather they
received precipitation from the wet
Southwest Monsoon. As a result, extre-
mely abundant and varied vegetation
types have developed here. Besides the

especially wide spread differentiated
broadleaf evergreen forests in the basal
belt, there is a mixed coniferous-broa-
dleaf forest zone with Tsuga chinensis
or T. dumosa, a multi-stratified subalpi-
ne coniferous forestbelt, containing quite
a few species of endemic Abies, Picea,
and Larixas dominant species. The shrub
layer of this coniferous forest consists of
aparticular shrub bamboo, Sinarundi-
naria fegiana and Rhododendron spp.
This represents an important difference
with the northern taiga forest and cold-
temperate coniferous forest in northern
mountains. However, there are also some
boreal elements in its shrub and herb

layers, that demonstrate its relationship
with the boreal coniferous forest.

The subalpine scrub belt of this
type is also characterized by abundant
species of Rhododendron. The Kobresia
meadow in the alpine belt is dominated
by Kobresia pygmaea.Itis therepresen-
tative par excellence for alpine mea-
dowsin continental Eastern Asiatic high
mountains and makes a striking contrast
with the luxuriantalpine meadowsin the
European Alps.
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4. Transitional tropical rainforest
and seasonal rainforest type: There is a
lack of typical tropical high mountains
in China. Even to the south of the Tropi-
cal of Cancer, there is a cold winter
season on the southern margin of the
eastern Asiatic continent because of the
powerful influence from the cold cur-
rent and continental anticyclone which
blows directly southwards without to-
pographic interventionin eastern China.
The mountains on tropical Hainan Island
are too low to form the upper vertical
vegetational belts in southwestern Chi-
na, because of the protection from the
Himalayas and Tibetan Plateau, the
northern limit of the Tropics extendes
northwards to 29° N. latitude in the
Eastern Himalayas. However the typi-
cal montane vegetation is not developed
here. The mountain vegetation has a
strong transitional character. There is no
sign of paramo or Puna vegetation types
which are characterized by giant rosette
plants (TroLL 1968). Instead of typical
tropical alpine vegetations, there are
alpine vegetations that are very similar
to those on the eastern Asiatic subtropi-
cal high mountains Rhododendron

scrub., Kobresia meadow, etc., with this
difference that its basal belt consists of
tropical montane rainforest and seaso-
nal rainforest.

S. Temperate and warm-tempe-
rate steppe type: The mountains in the
steppe zone, such as Dagingshan Mt.,
western slope of the Luliangshan Mts.,
Liupanshan Mits., and Xinglongshan
Mts., are characterized by a basal belt of
steppe. There is usually a montane coni-
ferous forest belt with Picea, and finally,
a subalpine scrubland and meadow belt
at the top. The clevation of the moun-
tains is usually not high enough for the
appearance of an alpine belt.

6. Temperate and warm-tempe-
rate desert and extremely arid desert
type: The Tianshan Mts. Qilian Mts.,
and Kunlun Mts. are high mountains in
the desert zone. The Altai Mts. are situa-
tedin the transitional zone from desert to
steppe. The northen slope of the Tians-
han Mts. and eastern Qilian Mts. in the
temperate desert zone, facing the moist
current, developed a montane conife-
rous forest belt, consisting of Picea or
Larix, in the upper part of the montane
stratum, but usually without a broadleaf

Fig. 1 — Geographic location of the gradients for
mountain vertical vegetational belt system

G1 — latitudinal gradient for eastern forest regions
G2 — latitudinal gradient for western desert and pla-
teau regions

G3 — longitudinal gradient for temperate zone

G4 — longitudinal gradient for warm-temperate/sub-
tropical zone

G5 — longitudinal gradient for subtropical/transition
tropical zone.
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Table 2. — Spectra of vertical vegetational belt system. deciduous forest belt below it. The high
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inthe southern Y aluzangbu River Val-
ley.

The structure of the above types is
listed in Table 2.
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ABSTRACT

Vegetation is usually stratified
horizontally and altitudinally, not only
on mountains, but also the vegetation
belts from coast inland. Even in the
intertidal zone, there are life zones con-
sisting of algae and sedentary animals.
The upper or northern limit of such
zones is demarcated by the extreme
physical conditions such as low tempe-
rature, and the lower or southern limit is
demarcated by the biological factors such
as interspecific competition. There are
volcanoes (active and dormant) and no
volcaneos in Japanese mountains. The
example of immature vegetation is easi-
ly observed on volcanic mountains.

The Fagus crenata zone of Japan
has the northern limit in southern Hok-
kaido and the southern limit in southern
Kyushu. The Fagus crenata communi-
ties on the northern or southern border
are ecotonal particularly in the under-
growth., In Hokkaido, thereis atransitio-
nal type vegetation between the tempe-
rate East Asian region and subarctic
Siberian taiga.

On hills or low mountains, there is
a miniature or scale-down version of
altitudinal zonation.

INTRODUCTION

There are various problems in ve-
getational zonation on mountains in
relationship to climate, soil, geomor-
phology, geographical situation, geolo-
gical history, flora andlife-forms, etc. In
textbooks, the altitudinal vegetation
zones are described from the base to the
top, such as tropical rain forest, subtro-
pical monsoonal forest, warm temperate
evergreen broad-leaved forest, cool-
temperate mixed forest, cold-temperate
coniferous forest, subalpine scrub, and
alpine mat and cushion. Thisis an exam-
ple on humid high mountains in tropical
Asia, and there are variations and sim-
plifications in different climates. Some
aspects and conditions relating to vege-
tation zonation on mountains and the
mechanism of vegetation zonation will
be discussed.

THE MECHANISM OF THE ESTA-
BLISHMENT OF VEGETATION
ZONATION

Vegetation is usually stratified
horizontally and altitudinally mainly
indicated by physiognomy and landsca-
pe. This kind of physiognomic unit is a
basis of sampling and measuring vege-
tation. On the other hand, a vegetational
continuum corresponds to an environ-
mental gradient, suchas from wetto dry,
from hot to cold, from lowland to high-
land, etc. A vegetational continuum is,
in fact, an overlapping of distributional
patterns of various species, each corre-
sponding to an optimum habitat as a
combination of species with high fideli-
ty. At the same time, a dominance-sub-
ordination relationship occurs among
those spatially overlapped species, and
some species are excluded from a com-
munity dominated by aspecies. Cynodon
dactylon is a dominant of the Cynodon
dactylon-Imperata cylindrica pasture
under2500 minaltitude in eastern Nepal.
However, itisexcluded from the Festuca
rubra-Carexnubigenapasture over 2500
m and sparsely distributed on the
mountain path up to 2700 m (NUMATA
1965). It is no longer a dominant of
highland pastures but it is distributed as
a subordinate species outside the pastu-
re. Factors settling the highest border of
Cynodon dactylon-Imperata cylindrica
belt are usually physical, such as low
temperature. Tribes of Gramineae have
their distribution areas corresponding to
the temperature range > 10°C or < 10°C
in the monthly temperature in mid-win-
ter (HarteeEY 1950). However, the lo-
west border of the same belt is usually
determined by biological factors, such
as interspecific competition, and indi-
rectly by physical factors, such as high
temperature. Therefore, the ecological
optimum range of a species is, in gene-
ral, narrower than physiological opti-
mum range.

I studied the limiting factor of the
distribution of temperate bamboo fo-
rests, particularly Phyllostachys bam-
busoides. The firstlimiting factor for the
northernmost distribution in Japan was
found to be the average of the lowest
minimum temperatures being -10° in
the coldest month (NumaTa 1979).
However, the first factor of the souther-
most distribution is not physical, such as
high temperatures, but biological, such
as interspecific competition with tropi-
cal bamboos.

The zonation of biotic communities
and their successional sequence were
observed in the denuded quadrats in the
rocky littoral zone (Opaga and NUMATA
1979). This is not zonation on moun-
tains, however a common general prin-
ciple for zonation is recognized. Accor-

ding to the environmental gradient, dif-
ferent life zones are established chrono-
logically and spatially in the intertidal
zone. Species in the upper belt were
more pioneer-like than thosein the lower
belt. In general, pioneer plants and ani-
mals on the upper belt in the intertidal
zone are small in size, short in life span,
and broad in distribution in the littoral
zonc. Grazers caused retrogressive suc-
cession, however some seres were stabi-
lized as disclimaxes. The uppermost
border of life zone is limited by the
environmental gradient caused by tidal
action, such as drought for several hours,-
and the lowermost border is limited
mainly by interspecific competition.

On the sandy seashore in central
Japan, there is a characteristic zonation
of coastal vegetation, such us unstable
or frontal belt: Zoysia macrostachya-
Calystegiasoldanellacommunity, semi-
stable or intermediate belt: Ischaemum
anthroides-Fimbristylis sericea com-
munity, stable or rear grass-shrub belt:
Imperata cylindrica-Vitex rotundifolia
community, and stable or rear forest
belt: Pinus thunbergii-Pittosporum to-
bira community (NUMATA 1959). The
factors regulating such a zonation are
salt spray (NUMATA 1949), flying sands
(Mitsupera and NumaTa 1964), etc. The
sandy soil is changed in its physical and
chemical properties by plantcover, such
as volume weight, porosity, and the
amount of nitrogen and carbon. Chan-
ges in such soil properties regulate the
development of vegetation (AONUMA
1976). Even in the stable or rear forest
belt, tree species with leaves of a salt
depositing type, such as Persea
thunbergii, llex integra, Cinnamomum
japonicum, Daphniphyllum teijsmanni,
Camellia japonica, Dendropanax
trifidus, Pinus thunbergii, etc. are in the
frontal part of the coastal forest, and
those with the leaves of the salt-inva-
ding type, such as Clerodendron
trichotomum, Celtis sinensis var.
japonica, Mallotus japonicus, Ficus
erecta, Zelkova serrata, etc. are in the
rear part (Kurauchr 1956).

Salt-spray damage by typhoon was
seen in the frontal coastal forest. The
recovery process of coastal forests
damaged by a typhoon in 1959 was
observed later (Kurauck 1986). Ac-
cording to the results, the Persea
thunber gii forest situated 60 m from the
beach line did not recover even 25 years
after demage by a typhoon. They are still
scrub-like. The Persea thunbergii fo-
rests 50 m from the beach line had also
suffered greatsaltspray demage 25 years
ago. However, 16 years after the dama-
ge, they had almost recovered.

If we macroscopically observe the
zonation of the forests from the coast
inland in central Japan, the spatial se-
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quence of Pinus thunbergii forest-Per-
sea thunbergii forest- Castanopsis cu-
spidata var sieboldii forest and Cyclo-
balanopsis myrsinaefolia forestis seen.
Inthisregion, Pinus densifloratorests are
aninland forest,and P. thunbergiiforests
make up the coastal forest. However, in
the northeastern part of Honshu, there is
no P. thunbergii,and P. densiflora forests
aredistributed ascoastalas well asinland
forests.In Hokkaido, Quercusmongolica
var. grosseserrata, Q. dentata and Abies
sachalinensis forests are sometimes
coastal as well as inland forests. The
resistance to salt spray is one possible
reason for the establishement of coastal
forests, but not the only one. The possi-
bility of changing the spatial sequence
in the zonation of vegetation according
to the geographic situation is another
aspect.

VEGETATION ZONES ON VOLCA-
NOES AND EXTREME HABITATS

Mt. Fuji offers a good example for
the nomination of altitudinal vegetation
zones. Havata (1911) classified the
altitudinal vegetation of Mt. Fuji such as
1) prairie zone (his term was region) or
basal zone, 2) deciduous broad-leaved
tree zone, 3) evergreen conifer zone, 4)
Larix zone, 5) Salix-Alnus zone, and 6)
higher grass zone. Miyoshi’s observa-
tion (1888) was also similar, though it
was simpler. Hoxpa (1928), the author
of “The Forest Zones of Japan”, critici-
zed the Miyoshi-Hayata’s idea of the
basal prairie zone which was maintai-
ned by burning. The prairie zone is now
almost completely covered by pine
(Pinus densiflora) forests. The Larix
zone by Hayata is also an early stage of
succession, because the zonation of Mt.
Fuji is not mature though it is not an
active volcano at present. The subalpine
scrub is composed by shrubby Larix
kaempferi, Abies veitchii and Tsuga di-
versifolia (Onsawa 1984). The subalpi-
ne scrub on ordinary high mountains of
Japan iscomposed of Pinus pumila where
ptarmigan is found. According to Kno-
MENTOVSKY (1983), Pinus pumila seems
tobederived from P. parviflorafromthe
evolutionary viewpoint.

Confusion in the nomination of
vegetation zones of Mt. Fuij is closely
related to whether amountainisa volva-
no or not, and geologically new or old.
Mt. Fujiis arelatively new volcano (the
old part of Mt. Fujii erupted 20,000
years ago and the new part erupted in the
Pleistocene epochand upto 1707 (Tsuya
1971). After the 1707 eruption, Mt. Fujii
became a dormant volcano, however,
there has not been enough time for the
formation of soil biota and vegetation.
There are many volcanoes in Japan

among which Mt. Fuji, Mt. Tateyama,
Mt. Norikura, Mt. Ontake, Mt. Miya-
noura and Mt. Hakusan are all dormant,
while Mt. Asama, Mt. Mihara, and Mt.
Sakurajima are active. When compared
to non volcanic mountains, such as the
Chichibu and Hida mountain ranges,
there are various differences: 1) moun-
tain flora of new volcanoes is not matu-
re, and altitudinal vegetation zonation is
notcompleted, and 2) und severe condi-
tions, such as solfatara, alpine plants
come down and vertical distribution is
disturbed (cf. LoTscurrT 1969).

Mt. Fuji is an example of 1), there-
fore, itis the highest, but notarepresen-
tative mountain in Japan in regard to the
zonation of its vegetation. On the lava
flow in 864 A.D., 1120 years ago,
Chamacecyparis obtusa-Tsuga sieboldii
forest, including Quercusmongolica var
grosseserrata, Fagus crenata, Picea
polita, Abies homolepis, etc., the so-
called ” Aokigahara Tree Sea” was esta-
blished, and on the other lava flows,
there are immature forests composed of
Chamaecyparis obtusa, Picea polita,
Tsuga sieboldii mixed with Picea
bicolor, Larix kaempferi, Pinus densi-

flora, Quercus mongolica var.
grosseserrata, Quercus serrata, Alnus
hirsuta var. sibirica, efc.

The Abies veitchii zone develops as
the highestconiferous zone however the
Fagus crenata zone, the commonest
montane zone, does not develop well.
The influence of pioneer tree species,
such as Pinus densiflora and Larix
kaempferi is strong, and the altitudinal
zones of climax forests are not comple-
ted. The examples of immature vegeta-
tion on volcanoes are easily observed
after eruptions, such as was shown in a
follow-up survey of environmental
chages caused by the 1977-1978 erup-
tions of Mt. Usu, Hokkaido (ITo and
Harukr 1984).

FLORISTIC RELATIONSHIPS BET-
WEEN ALTITUDINAL AND HORI-
ZONTAL VEGETATIONAL ZONES.

As arule, the altitudinal vegetation
zones correspond to the horizontal ve-
getation zones. For example, the cool-
temperate Fagus crenata zone on the
mountains of central and southern
Honshu corresponds to the lowland
climax forest of northeastern Honshu,
and the cold-temperate Abies zone on
mountains of Honshu corresponds to the
lowland Abies-Picea forest in Hokkai-
do. In these two examples, Fagus cre-
nata is similarly distributed on southern
mountains and northern lowlands. The-
re are A. mariesii, A. veitchii, P. je-
zoensis var, hondoensis, and Chamae-
cyparis obtusa on southern mountains.

Northern lowland conifers correspon-
ding to those are A. sachalinensis, A.
sachalinensis var. mayriana, P. jezoen-
sis, and Thujopsis dolobrata. The do-
minants of Fagus forests on mountains
and lowlands are the same species, but
the floristic composition differs
depending on the geographical situa-
tion. In the southernmost natural Fagus
forestin Kyushu, the dominant tree layar
is occupied by Fagus crenata, but the
undergrowth involves many evergreen
broad-leaved subtrees and shrubs, such
as Illicium religiosum, Sapium
Jjaponicum, Camellia japonica, Sym-
plocos myrtacea, Cyclobanopsis salici-
na, and so on (Sako 1960). Therefore,
the subordinate species of Fagus forests
are different depending on whether they
are northern lowland forests or southern
mountain forests.

From the Kuromatsunai depression
of southern Hokkaido to the Schimidt
line of Sakhalin and the Miyabe line in
the Kulire Islands (Fig. 1) there is a
transitional type of vegetation between
the temperate East Asian region and
subartic Siberian taiga (TATEWAKI 1958)
whichiscalled the cold-temperate district
(Ito 1980). In the central and northern
Sakhalin north of the Miyabe line, we
cannot find Abies sachalinensis, Picea
jezoensis, Betula platyphylla var.
Japonica, Acer mono, etc. and the Pinus
pumila scrub stretches to the sea coast.
On the other hand, the climax of nort-
hern Sakhalin is Larix kamtchatica fo-
rest. In Honshu and Hokkaido, Larix
kaempferi is a pioneer tree, mainly used
for plantations. The same situation is
seen in Pseudotsuga menziesii in North
America. Pseudotsuga menziesii is a
pioneer or seral tree in some places of
south-central Oregon and Washington,
however it is a climax tree in drier parts
on the eastern slopes of the central Ore-
gon Cascade Range and British Colum-
bia (FrankLIN and Dyrness 1973).

The Distylium racemosum associa-
tion as the upper laurel-leaved forest
zone is in southem Kyushu, while the
Distylium lepidotum association (Disty-
lio Pouterietum dubiae) as the lower
laurel-leaved forest zone is found in the
Bonin Islands. The Distylium racemo-
sum zone appears betwenn the lower
zone of Castanopsis cuspidata var sie-
boldii and Persea thunbergii and the
higher zone af Abies firma, Cyclobala-
nopsis acutaand Tsuga sieboldii. Thisis
an example from the warm-temperature
(Kyushu) and sub-tropical (Bonin Is.)
regions, and the other examples mentio-
ned before are in the cool and cold
temperate regions.

The floristic differences, already
mentioned, are based on climatic, eda-
phic, and geologic differences. In Japan
which is a long chain of islands from
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Fig. 1 — Important demarcation lines.
A. ScuMipT’s Line;

C. Kuromatsunai Depression;  D.

north to south, the distribution of many
species, climax and subordinate, are
limited and closely related to temperatu-
re microclimatically, and then to rain
and snow mesoclimatically, such as the
south slope of Eastern Himalaya under
the influence of monsoon rain and the
north Tibetan Plateau rain shadow. The
south-castern slope of the Japan Alps
under the effect of monsoonrain and the
northwestern slope under monsoon snow
are similar cases.

In the southern most part of the Kii
Peninsula (Wakayama Prefecture), it is
warm and very humid (4000 mm in
rainfall), and the polydominant and
multistratified structure or warm-tem-
peraterain forestis observed. The warm-
temperate climax forest in Japan is
usually mono-dominant such as
Castanopsis cuspidata var. sieboldii.
Moreover, the altitudinal zontaion there
is different from the normal one. Rho-
dodendron spp. is usually found higher
than Fagus crenata zone, but it grows
there at 50 m in alt. along the river.
Quercus phylliraeoides is characteristic
of the coastal forestalong the SetoInland
Sea, but it is found on the ridge of the
mountains facing the sea. Alpine plants
descend along the solfatara and on the
windward slope of lowlands. However,

. the phenomena of highland plants de-

B. Mryase’s Line;
Ishikari Depression

scending and lowland plants ascending
are very curious (NUMATA 1971).

The distribution of a five-leaved
pine, Pinus parviflora on the Boso Pe-
ninsula, central Japan is a similar pheno-
menon. It is distributed at 170 m in
altitude in the warm-temperate zone.
The highest ridge is only 400 m in alt.
which belongs to the laurel-leaved fo-
rest zone. Itis a geomorphological limi-
tation of plant distribution. The warmth
index (the accumulated monthly tempe-
rature over 5°) of the highest altitude on
the Boso Peninsula is 120°C which is
out of the potential range of Tsuga
sieboldii (40~110°C) and Pinus parvi-

flora (40~115°) (NumaTa 1972).

If there were high mountains in the
Boso Peninsula, the ranges of the cool-
temperate, the upper warm-temperate
and the lower warm-temperate zone
mightbe higher than 1200m,and 0~1200
m, and 0~600 m respectively. However,
the three zones there, mentioned above,
are actually higher than 400 m, 200~400
m, and 0~200 m respectively. This is a
kind of miniature or scaled-down ver-
sion of altitudinal zontaion according to
the lowness in altitude.

BoyseN-JENSEN (1949) discussed the
causes of plant distribution altitudinally
and horizontally, based on positive net
production, reproductive capacity, sur-

vival in the unfavorable season, and
interspecific composition. In the diffe-
rentiation of subalpine vegetation zone
on Mt. Fuji, the basal area and biomass
of dominant species of forest zones be-
come lower in the ecotones between
them (Ousawa 1984).

The horizontal ranges of species
distribution have been drawn based on
existing data (Ousawa 1975). The nort-
hern limits of the range of climax spe-
cies of the laurel-leaved forest are con-
verged on a line, however those of seral
species are diversified. Vegetation and
zones are an aspect of vegetational
continuum, however according to seve-
ral reasons, the vegetation zonation is
typologically recognized. I compared
altitudinal vegetation zonations based
on climax and seral (secondary forests
and grasslands) species in the Himalaya
of Eastern Nepal (NuMaTa 1966). In the
zonation by seral species, it is only
roughly classified by comparing climax
species. This is similar to the previous
case of the horizontal distribution of
species.
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COMPARING THE NATURAL
MONTANE VEGETATION TYPES
OF EAST ASIA AND EASTERN
NORTH AMERICA*

Box ELGERE O.
University of Georgia

Key words: vegetation belts, mountain
vegetation, phytogeographical connec-
tions

INTRODUCTION

East Asia (China, Korea, and Ja-
pan) and eastern North America (inclu-
ding SE Canada, NE Mexico, and some
Caribbean islands) occupy roughly the
same latitudes on the east sides of the
Northern Hemisphere’s two large tand
masses. Due to the regularities of global
atmospheric circulation, the tworegions
have similar climate and vegetation
zones ranging from tropical-subtropical
in the south, through warm-temperate
and typical-temperate, to boreal in the
north and temperate-continental toward
the continental interiors (see Figure 1;
cf. also TroLL and PAFFEN 1964; WALTER
1979, etc.). Mountain ranges in these
corresponding climatic zones show cor-
responding altitudinal zonation. In fact,
similar N-S orientation of the main East
Asian and North American mountain
ranges permits even more direct compa-
rison, including (see Figure 1) the Ap-
palachians and northern Sierra Madre
Oriental in North America, the long
Japanese mountain chain, and the Chang-
bai Shan and other ranges of mainly
northeastern China. Because the exten-
sive mountain areas of central and
western China (especially Qinghai-
Tibet) are similar to some parts of the
Rocky Mountains, our concept of
“castern North America” is actually
extended to about 110°W longitude, in
order to include the easternmost Rocky
Mountains. On the other hand, eastern
North America has no large subtropical
region corresponding to southeastern
China and perhaps no true warm-tempe-
rate mountains comparable to those of
Yunnan and Sichuan, eastern-southea-
stern China or the southern islands of
Japan, with possible exception of some
parts of the Sierra Madre Oriental (at
lower latitude and higher elevation).

* Manuscript completed in 1987.

MONTANE VEGETATION BELTS
IN GENERAL

Whereas most mountain areas of
East Asia and eastern North America
occur in humid climates, the Rocky
Mountains and much of the Qinghai-
Tibetan Plateau and the Tien-Shan sys-
tem occur in distinctly dry, temperate
continental or even temperate arid cli-
mates. As a way of systematizing vege-
tation types in mountainous areas one
can begin by identifying the climatic
zones out of which the mountains rise
and then identifying the different altitu-
dinal belts of vegetation which occur in
the differentclimaticregions. An attempt
to summarize the characteristic potential
natural vegetation types of the different
altitudinal belts in the different east-side
climatic zones of northern temperate
continents is given in Table 1.

Within each altitudinal belt one ex-
pects a different characteristic vegeta-
tion formation typein each climatic zone
(cf. WaLTER and Box 1976), even in the
alpine belt. On the other hand, different
occurrences of the same zonal-altitudi-
nal combination are expected to show
the same general vegetation type. If this
does not happen, then an explanation is
needed, which often yields new infor-
mation. As a complicating factor, some
species from lower altitudinal belts tend
to recur in higher belts in adjacent,
warmer climatic zones, e.g. lowland,
dominant Castanopsis sieboldii of warm-
temperate Kyushu and southern Honshu
occurring also in montane forests of
more southerly, subtropical Okinawa.
This can yield a superficial similarity
between the vegetation of different cli-
matic zones and may lead to confusion
about the true geobotanical “position”
of some species. One might resolve this
question by saying that the species in
question belongs to the climatic zone
where it occurs at lowest elevation. On
the other hand, many genera which re-
cur athigher elevations in warmer zones
recur as similar but different species. In
East Asia this has yielded, for example,
an unusual diversity of warm-temperate
montane species of genera suchasAbies,
Picea, and Quercus, especially in sout-
hern China.

MONTANE VEGETATION IN EAST
ASIA AND EASTERN N. AMERICA

Based on the framework described
above, an attempt is made in Table 2 to
juxtapose the corresponding main natu-
ral zonal and topogenic vegetation com-

ponents of the mountainsof China, Japan, -

and eastern North America. This system
is based on the general descriptions of
natural vegetation types by NUMATA

(1974) and Ismzuka (1974) for Japan,
by Hou (1983) and Wu (1980) for Chi-
na, and by Numata (1983) and TroLL
(1972) for the eastern Himalaya. Secon-
dary vegetation types are generally not
included. Additional vegetation infor-
mation was obtained mainly from Hou
and Cuanc (1986), Cuanc (1981), the
CHINESE ACADEMY OF SCIENCE (1979)
map, and WanG (1961) for China and
from Mivawaki (1967, 1980-86, 1984)
and NUMATA et alii (1972) for Japan. The
treatment of eastern North America fol-
lows BRAUN (1950), MiIRANDA and SHARP
(1950), Kuchrer (1964) and DAUBEN
mire (1978) but with some adaptations.
More detailed, local information was
obtained from many other sources, li-
sted with Table 2. General floristic in-
formation comparing East Asia and
eastern North America has been presen-
ted by L1 (1952), GrRaHAM (1972), KoRr-
Nas (1972), Hara (1972), and MISSOURI
BoranicaL Garpen (1983), among ot-
hers.

Asone can see from the table, many
vegetation types occur in all three re-
gions and with many of the same genera.
This has been seen before in many indi-
vidual cases, but a more rigorous com-
parison requires a more systematic ap-
proach using some common classifica-
tion basis for all three regions. This
initial common framework is based
mainly on vegetation structure, seaso-
nality, and altitudinal position. The ta-
ble attempts to be comprehensive geo-
graphically but has various gaps and
classifies the vegetation at only this in-
itial level.

The vegetation types in the table
were identified by their importance in at
least one of the three regions, yielding a
total of 32 general types. Of these, Japan
lacks the three truly tropical montane
types and lacks three other types charac-
teristic of drier climates (dry conifer
forests, grasslands, and alpine cushion-
shrubs), as well as the dry subalpine
sclerophyll Quercus forests found only
in eastern Qinghai-Tibet and western
Sichuan. North America also lacks this
type, plus montane vegetation domina-
ted by evergreen broad-leaved trees (two
types), bamboo (two types) and Larix
(two types). Of all 32 types, China ap-
pears to lack only the dwarf bamboo
(Sasa) stands and the treeline Larix
krummholz of Japan.

MAIN SIMILARITIES AND DIFFE-
RENCES

The greatest similarity between the
mountains of East Asia and eastern
North Americais probably in the typical
temperate, temperate continental, and
boreal/subarctic zones. The montane
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Fig. la-1b — Locations and climatic
situations of the Main Mountain Areas of
East Asia and eastern North America.

The main mountain areas treated herein
involve all of China plus the adjacent eastern
Himalaya (mainly Nepal), all of Japan, and
North America as far west as the easternmost
“front range” of the Rocky Mountains
(longitude about 110°W). Korea and Taiwan
are not specifically included due to lack of
local experience by the author.

Within China, the main mountain areas
treated inclue the Chiang-Bai Shan along the
Korean border, the Himalaya chain and
Qinghai-Tibetan Plateau, the highlands of
Yunnan and adjacent Sichuan, the uplands of
southeastern China (including Hainan), and
to a lesser extent the drier Tien-Shan system
and highlands of Xinjiang, western Tibet,
and Gansu. Within North America the
mountain areas include mainly the
Appalachians of the eastern U.S.A. (into SE
Canada) but also the Sierra Madre Oriental

~of NE Mexico, the easternmost Rocky
Mountains, and some subtropical mountains
of the Caribbean islands. The climatic
zonation is shown by the Roman numerals
and follows the system of WALTER (1968,
1979, 1985).

Climate types:

I = equatorial

I = tropical wet-dry

V = warm-temperate

VI typical temperate

temperate continental (a = arid)
boreal

1]

1]

viI
VI

Subtropical climates may be transitional I-
VorlII-V.

P
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Table 1 — Characteristic Vegetation Types of the Different Altitudinal Belts in Mountains of Different Climatic Regions of the Northern
Hemisphere (Ease Sides of Continents). '

Climate Type (Walter)

Humid Climates
Tropical-Subtropical
(II-V, I-V)

Warm-temperate

V)

Typical Temperate
(VD

Boreal
(VIID)
Dry Climates

Temperate Continental
(VID)

Temperate Arid
(VIIa)

Characteristic Potential Natural Vegetation Types

Lowland

BL EG or semi-EG
forest
(tropical taxa)

BL EG or semi-EG

forest
(temperate taxa)

BL deciduous forest
(temperate taxa)

NL conifer forest
(EG except eastern
Siberia)

Grassland

(Semi-) Desert scrub

Montane Belt

EG BL or mixed forest
(tropical and some tem-
perate taxa)

EG mixed forest
(temperate taxa with
endemic conifers)

Conifer and BL-
deciduous
mixed forest

Krummbholz and
montane “tundra”

Drier conifer forest
(with some BL-
deciduous elements)

Montane scrub or steppe

Subalpine Belt

Cloud forest
(tropical and some
temperate taxa) -

Mixed, mainly conifer
forest (with BL-decid.
elements and endemic
conifers)

Boreal-like conifer
forest

Alpine “tundra” or cold-
desert (arctic taxa)

More moist conifer
forest (boreal or local
taxa)

Scrub, steppe or
conifer woodland
(depending on
water balance)

Alpine Belt

Grassy shrub-steppe
(many local taxa)

“Tundra” like grassy
shrub-steppe (local

and some more common
temperate taxa)

Wet alpine “tundra”
(most typical, with snow-
patch veg., etc.)

Alpine cold-desert
or permanent snow

Dry alpine “rundra”
(with cushion-shrubs,
many snow-patch and
other special elts.)

Driest alpine “tundra”
(cushion-shrubs
especially common)

The climatic zonation is based on that of WALTER (1979, 1985), with minor modifications. The vegetation types are based on characteristic
patterns throughout the Northern Hemispere. In this general scheme, the main vegetation type of each altitudinal belt is different in each

climatic region. Transitional vegetation types are not shown but are important and extensive in some areas.

Legend:

BL = broad-leaved

NL = needle-leaved
EG = evergreen

mixed = BL and coniferous trees

Main general references: BEarD (1942), BRauN (1950), WaLTER (1968, 1979), TroLL (1972), Numata (1974), Wu (1980), Hou (1983),
Mryawaki (1984), Hou and CHaNG (1986).
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Table 2 — Some Corresponding Main Zonal and Topogenic Vegetation Components in Mountains of China, Japan, and Eastern North
America.

The most important vegetation components of these mountain areas are juxtaposed here based mainly on physignomy, altitudinal location,
and ecological relations, including climate and substrate. This comparison represents a very general, incomplete, first attempt, based on the

most readily available literature.
Within this framework one can see many genera common to corresponding vegetation situations in at least two and often in all three regions.

Many understorey genera are common or closely related also.

Topographic forest types:
Ridge/slope
xeric conifers

Moist lower areas

Wetland-margin
“swamp” forests

Special conifer stand

MONTANE-SUBALPINE
Forests

Mesic conifer
forests

Acer, Tilia, Fraxinus,
Ulmus, Betula

Cool-microphyll:
Betula, Populus

More xeric: Quercus

Pinus tabulaeformis,

P. densiflora,

P. massoniana
Taiwan: P. taiwanensis

Tsuga, Acer, Quercus,
Betula, Tilia,
Fraxinus, Fagus,
Castanopsis, etc.

Alnus, Fraxinus, Salix,
Ulrmus, etc.

Metasequoia, Tsuga,
Cunninghamia,
Cryptomeria

(NE mtns., E Qinghai-
Tibet, some SE mtns.)

NE mitns.: Picea jezoen.,
P. koraiensis, Abies
nephrolepis, A. holo-
phylla, Pinus sylv.,

Subtrop.: many Abies &
Picea spp., with Qu.,
Rhodod., Tsuga, bamb.

Fagus crenata, with
Quercus, Carpinus,
Stewartia, Betula,
Tsuga, Sasamorpha
Japan Sea side:
Fagus crenata, with
Quercus, Magnolia,
Kalopanax, Acer,
Camellia, Sasa

Pinus densiflora,

P. pentaphylla, with
Thuja, Quercus,
Sciadopitys

Prerocarya, Magnolia
obov., Fraxinus,
Cercidiphyllum,
Acer, Ulmus, etc.

Alnus, Fraxinus, Ulmus,
Pterocarya,
Hydrangea,

Picea

Cryptomeria, Thujopsis,
Chamaecyparis, Tsuga,
Sciadopitys, Thuja

(throughout except
for south)

Abies sachalinensis,
A. veilchii, A. mar.,
Picea jez., P. gleh.,
Betula ermanii,
Populus can.

Legend: BL = broad-leaved EG = evergreen N, E, S, W =north, east, south, west
Vegetation Type China Japan Eastern North America
MONTANE FORESTS (NE mtns., E Qinghai (BL-EG in S only (mainly central-south
(lower levels) Tibet, SE mtns., etc.) others throughout) Appalachians)
EG-BL forests Subtropical mtns: Lower mtns. S Japan:
Cyclobalanopsis, Castanopsis, Cyclo-
Castanopsis, Laurac., balanopsis, Quercus,
Theaceae, etc. Cinnamomum, etc.
Mixed BL forests Subtrop.-W temp. mtns.: Less developed: with ~ ==-mermmmmmrmemeeee
Cyclobalanopsis, Quercus, etc.
Fagus, etc.
Deciduous BL forests Mixed mesic: Pacific side: Appalach.:

Quercus spp., Castanea,
Pinus, Carya

W foothills:
Fagus, Liriodendron,
Acer, Quercus, Tilia,
Tsuga

Pinus rigida, P.
pungens, P. virginia-
na, with Quercus

S Appal. “coves’
Liriodendron, Acer,
Tilia, Tsuga, Carya,
Quercus, Betula, etc.

Alnus, Acer rubrum,
Salix, etc.

“Spruce flats™: Picea
rubens, Betula, Acer

Tsuga only

(Appalachians, SE Can.)

Abies fraseri, with
Sorbus americana,
Acer spicatum,
Picea rubens, Tsuga
Cornus canadensis,
Clintonia, efc.




26 Proceedings of the International Symposiun ...
Secondary decid. Temperate: Betula plat. Betula ermanii, etc. Betula populifolia, etc.
forests Subtrop.: Bet. albosin.

Mixed forests

Larch forests

Floodplain forests

GRASSLANDS
‘| (montane, not alpine)

SUBALPINE-ALPINE SCRUB
Deciduous woodlands

Deciduous thickets

Ericad scrub/

krummbholz

Larch krummholz

Evergreen NL
krummbholz

Deciduous BL scrub/
krummbholz

Dwarf-bamboo scrub

ALPINE VEGETATION
Dwarf-shrub heath/
6 mn dr a’ $]

Windward grassland
(some subalpine)

Snowbed communities

Topogenic deserts

B.plat.v. sz.

NE mins.: Abies, Picea,
Larix, with Betula,
Populus, many others

NE: L. gmelini, with
Ledum, Vaccinium

Salix, Betula, Alnus,

Miscanthus, Pleioblastus
Drier: Stipa, Festuca,
Kobresia

(NE, E Qinghai-Tibet)
NE: Betula ermanii

E Qinghai-Tibet:
Salix spp., with
Caragana, Potentilla

Subtrop.: Rhododendron
thickets, with Salix,
bamboo, etc.

Pinus pumila
Sichuan: Sabina

Betula albo-sinensis (1)

(NE, E Qinghai-Tibet)
Vaccinium vitis-idaea,
Rhododendron, Phyllo-
doce, Arctous jap.,
Empetrum sib., Salix

Qinghai-Tibet:
Kobresia spp., with
Polyg., Thalictrum,
Pedicularis, etc.

Espec. Qinghai-Tibet
many geophytes,

graminoids, etc.

rock slopes, fells, etc.

Hokk.: Abies sach.,
Qu. mong. v. gross.,
Betula, Ulmus, etc.

Central: L. leptolep.

Pop. max., Salix spp.,
Toisusu, Alnus,
Chosenia, Sasa

Meadows: Pleioblastus,
Miscanthus, Sasa

Pastures: Poa-Festuca,
Zoysia, Pleioblasus

(J. Alps, Hokkaido)
N: Betula ermanii,
with Alnus, Sorbus

J. Sea side: Quercus
mong. v. undulatifol.,
Alnus, Acer, Sorbus,
with Sasa kurilensis

Xeric ridges with dense
understoreys: Rhodod.,
Vacc., Sorbus, etc.

L. leptolepis

Pinus pumila, with
Vacc., Rubus, etc.

Alnus max, Sorbus,
Salix, Acer, Junip.,
Tripetaleia, Vacc.

J. Sea side: Sasa
kurilensis

(J. Alps, Hokkaido)
Empetrum n. v. jap.,
Arcteria nana,
Loiseleuria proc.,
Vacc., Diapensia

Kobresia, Carex, with
Oxytropis, etc.

many graminoid, geo-
phyte, forb
communities

screes, earthflows,
rock slopes,
volcanic barrens,
serpentine areas.

North: Betula spp.,
Picea rubens, Abies b.,
Acer, Sorbus, etc.

N: Acer, Ulmus, Salix,
Populus, Alnus

Uncommon except
pastures: Poa,
Dechampsia, etc.

(North, few S Appalach.)
N: Betula, Salix, with
Sorbus, Ericaceae

“Heath balds’: Rhodod.
spp., other Ericac.,
Viburnum

N: Abies balsamea,
with ericads

N: Betula, Salix, with
ericads

(N only exc. subalpine)
Diapensia lapponica,
Loiseleuria procumb.,
Rhodod. lapp., Vacc.,
Ledum, Empetrum

N: Carex, Deschampsia,
Juncus, etc.

S “grass balds™:
Deschamps., Kobresia

N: Veratrum, Deschamps.,
Juncus, Houstonia,
Vaccinium, etc.

fells, screes, rock
slopes, etc.
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Sources:

China and Himalaya: CHANG (1981), CHANG (1982), CHEN et alii (1986), DING-HU STATION (1984-86), “ForesTs” Ep. Comm. (1986), Hou and
CuANG (1986), Hou (1983), Jianc (1960), Jianc (1980), Jiv (1986, in prep.), Lv and YE (no date), Liu (1983), Lu et alii (1986), NumaTa
(1983), Ousawa et alii (1986), Qm et alii (1982, unpubl.), TroLL (1972), WALTER and Box (1983 a, 1983 b), Wana (1961), Wu (1980), Wu
and ZHu (1986), XU (1986), Yanc & Comm. (1985), Yoba (1967), Yu (1983).

Japan: Funwara (1981-83, 1985), Hara (1972), Hukusmma (1972), Isurzuka (1974), Kikuchr (1981), Kira (1949), Mivawakr (1980-86;
1984), NakacosHI (1981), Numata (1974), Numara et alii (1972), Onsa (1969), Onno (1982, 1983), Tacawa (1964).

deciduous, conifer-deciduous, and co-
nifer forests are generally quite similar,
involving familiarimportant genera such
as Fagus, Quercus, Acer, Ulmus, Pinus,
Tsuga, Abies, and Picea in all three
regions. Understorey Sorbus, Vaccinium,
Rhododendron, etc. are also important
in all three regions. Warm-temperate
and subtropical semi-evergreen mon-
tane forests similar to those in East Asia
occur also in some small mountain areas
of NE Mexico and on some Caribbean
islands.

The main differences in mountain
vegetation of East Asia and eastern
North America occur in the warm-tem-
perate and subtropical zones, where
North America has few mountains. Ex-
tra-tropical evergreen broad-leaved
montane forests appear to be generally
lacking in North America. Southern
China (especially Yunnan, Sichuan,
Guizhou, Guangxi, and Guangdong, plus
Taiwan and Hainan) and southern Japan
(southern Honshu, Shikoku,and Kyushu,
plus Yakushima), on the other hand,
contain many smaller and some larger
mountain areas which have very intere-
sting warm-temperate and subtropical
evergreen and mixed montane forests.
These areas have a wealth of local taxa
and may have no real counterparts in
North America or anywhere else. Of
perhaps particular interest here is the
large number of endemic conifer spe-
cies (in otherwise common genera, €.g.
Abies) and endemic or at least highly
localized conifer genera, including
Torreya, Keeteleria, Sciadopitys,
Cunninghamia, Cryptomeria, Thujop-
sis, and Metasequoia.

Of these, only Torreya occurs in
North America, confined (as a relict) to
a very small lowland area in northwe-
stern Florida.

CONCLUSION

The similarity of East Asian and
eastern North American mountain ve-
getation, to the extent that quasi-natural
vegetation still exists, offers excellent

. opportunities for comparative work. Up
tonow such work has focused mainly on

historical and taxonomic aspects of
individual or closely related genera or
families. The hypothetical framework
presented here is at the level of general
vegetation compositions. It is intended
as a basis for comparative work on more
integrative aspects of vegetation, such
as vegetation structure, environmental
relationships, productivity, and phyto-
sociology, as well as processes of ecosy-
stem recovery and restoration.
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HOCHSTAUDENFLUREN CHI-
NAS IN PALAEARKTISCHEN
VERGLEICH

Frank KroTZ11
Geobotanisches Institut ETH,
ZiirichiCH

EINFUHRUNG

Jedem Besucher, der die hoheren
Lagen zentral- und ostasiatischer Gebir-
ge durchstreift, fallen nicht nur ausge-
dehnte Bambusdickichte, sondern auch
Hochstaudenfluren auf. Vom Altai und
Himalaya bis zu den japanischen Alpen
zeigen sie viele gemeinsame Ziige, die
gelegentlich auch an die alpinen Vertre-
ter erinnern. Auffallend sind indessen
die ostlichen von Cacalia-Arten be-
herrschten Fluren, womit sie sich allein
schon farblich und physiognomisch von
den westlichen unterscheiden.

In diesem Beitrag zur Struktur ei-
ner global verbreiteten Vegetationsform
sollen die Gemeinsamkeiten ostasiati-
scher bis zentralasiatischer Bestinde
vom Lorbeerwaldbereich bis zu den
subalpinen Uebergangslagen vorgestellt
werden. Ein weiterer Beitrag geht den
Lebensformen der Hochstauden i.w.S.
und ihren spezifischen Strategien ver-
gleichend nach (KLogTzLr im Druck).

DEFINITION DER HOCHSTAUDEN
UND DER VON IBNEN BE-
HERRSCHTEN BESTANDE

Unter den Begriff Hochstaude (vgl.
z.B. Ricuarp 1985) fallen krautartige,
zumeist mindestens 70 cm hohe, in der
Regel sommergriine Arten von Hemi-
kryptophyten, Chamaephyten und Geo-
phyten’ sowie auch Therophyten. In
kiihleren Lagen iiberwiegen Arten mit
unterirdischen Ueberdauerungsorganen
(im Nadelwaldbereich). Stellenweise
konnen die Bestinde auch von Thero-
phyten durchsetzt sein (Schwergewicht
inLorbeerwald-Uebergangsgebietendes
feuchteren Ost-Nepal).

Solche Hochstaudenfluren werden
hiufig von wenigen Hochgrésern mit-
beherrscht (Calamagrostis, Festuca,
Poa) und sind in der Regel durchzogen
von Rosettenpflanzen und von Boden-
kriechern. Moose konnen grosse Fla-
chen bedecken, und Holzpflanzen, z.B.
Zwergstriucher, konnen je nach Hohen-
lage und Feuchte beigemischt sein
(Ericaceae, Salicaceae, Rosaceae u.a.)
Ein Grossteil der Arten sind ndhrstoff-
und feuchtezeigende, Humuslager be-
vorzugende Arten, stellenweise und
zeitweise erscheinen auch sdure oder
basenzeigende Arten (vgl. Tab. 2).

Der Standort ist mit Vorzug eine
Zufuhrlage, also oft muldig und durch-
schnittlich feucht bis sehr feucht. Uber-
ginge zu Sumpf-Hochstaudenfluren
oderdann zu subalpinen Gebiischen sind
oft fliessend.

Eher xerophytische Hochstauden-
fluren mit vielen Apiaceen werden hier
nicht behandelt (vgl. KL 1988).

VERBREITUNG

Die palacarktische Verbreitung der
Hochstaudenfluren in den einzelnen
Biomen, Zono- und Oro-Biomen, kann
aus Abb. I entnommen werden. In die-
sem Zusammenhang werden vorwie-
gend Hochstaudenfluren der hoheren.
Lagen beschrieben, insbesondere sol-
che der hochmontanen bis unteren alpi-
nen Stufe. Demnach besteht ein gewis-
ses Schwergewicht in Breitenlagen
zwischen 70° und 40°NB, ohne dass sie
in feuchteren subtropisch-tropischen
Hohenlagen ganz zu fehlen brauchen.
Allerdings sind schon dortund erstrecht

in der ozeanischeren siidlichen Hemis-

phére Farne und stellenweise auch Zin-
giberaceen die tonangebenden Gruppen.
Echte Hochstaudenfluren gibt es dort
kaum, ausser an gelegentlich oder
dauerhaft feuchten, quellig tiberrieselten
Standorten, z.B. in Lateinamerika mit
Gunnera-Arten. Die Kausalitét ihres
Vorkommens wird in KroeTzLr (im
Druck) besprochen.

SPEZIFISCHE HOCHSTAUDEN-
FLUREN

Wie Tab. 1 zeigt, werden Hoch-
staudenfluren Chinas (z.B. Wolong)
durchschnittlich von den folgenden
Gattungen dominiert: Cacalia, Cirsium,
Geranium, Ranunculus, Sanguisorba,
Trollius, Apiaceae (z.B. Heracleum),
Leguminosae (Papilionaceae, z.B.
Astragalus), Calamagrostis. Ferner-
vind beigemischt: Aconitum, Anaphalis,
Angelica,Aster (Heteropappus),Astilbe,
Cicerbita, Euphorbia, Gentiana,
Halemia, Parnassia, Potentilla, Rod-
gersia, Arisaema, Iris, Polygonatum,
Scilla,Smilacina,Streptopus,Veratrum,
Athyrium, Dryopteris. Sie liegen somit
wesensmissig zwischen den innerasia-
tischen (Himalaya Tab. 1.6., Altai
(Sayan) Tab. 1.9.) und japanischen
Typen(1.3.-1.5.). Inallen Féllenkonnen
Cacalia-Arten zur Herrschaft gelangen
und damit den Status von Adenostyles
und anderen Asteraceen der
Unterfamilien Eupatoriae (Adenostyles
und Eupatorium) und Senecionae
(Petasites, Doronicum, Cacalia,
Senecio, Ligularia) in Europa einneh-
men. In den von uns auf der Exkursion

nach Westchina besuchten Gebieten
kommen z.B. Astragalus, Anaphalis,
Aster, Euphorbia und Halemia dazu.
Dagegen ist in den Ostlichen Gebieten
(z.B. Changbai Shan) eher die Domi-
nanz von Calamagrostis typisch, aber
auch von Sanguisorba. In Japan wiede-
rum erscheinen z.B. neben den allge-
mein verbreiteten Gattungen der Tab. 2
vorzugsweise die  Gattungen
Adenophora, Angelica, Astilbe und
Rodgersia, und konnen zusammen mit
Sasa-Arten weite Flichen beherrschen,
wo Nadelhodlzer durch mechanische
Faktoren (Schneedruck) benachteiligt
sind. Weniger auffillig erschienen mir
die Hochstaudenfluren im naf3schneear-
men, relativ trockenen Zentral-Sibirien
(Sayan-, Baikal-Gebirge), die unsern
zentralalpinen mit Aconitum, Geranium,
Heracleum, Ranunculus, Thalictrum
und Calamagrostis sehr dhnlich sind.

Besonders bekannt wegen Ihrer
Masse sind die Hochstaudenfluren im
klimatisch begiinstigten stidwestlichen
kaukasus. in diesen iippigen, floristisch
rech vertrauten Bestiinden kommt ein
aggressiver Neubiirger Mittel-Europas
vor, namlich Heracleum mantegazzia-
num.
Aber den Mssenrekord tragen si-
cherlich die von Polygonum beherrsch-
ten Krautfluren davon, die in Sacchalin
und den umliegenden Inseln zu finden
sind (Piersci, mdl).

Vom gewohnten Bild stirker ab-
weichend sind die Bestinde des feuch-
teren Ost-Himalaya, namentlich dieje-
nigen im Uebergangsgebiet zu den Lor-
beerwiildern. Diese werden hiufig von
Impatiens-Arten mitbestimmt und in
wirmeren Lagen schliesslich von im-
mergriinen Farnen und vielen monoko-
tylen* Gaitungen (Actaea, Angelica,
Cacalia, Impatiens, Panax, Senecio,
Calamagrostis*, Roscoea®, Sasa*,
Costus*,Smilacina*, Ariseama*u.a.m.,
Dryopteris, Lastrea, Polystichum,
Osmunda) abgelost (vgl. Tab. 2).

SCHLUSSFOLGERUNGEN

Die oft verbliiffende Ueberein-
stimmung im Bauplan, ja auch dieimmer
wiederkehrenden gleichen Gattungen
bestitigen wieder einmal die These der
Konvergenz. Einmal bewdhrte ange-
passte Strukturen setzen sich unter dhn-
lichen Bedingungen weltweit durch.
Konvergente Erscheinungen lassen sich
bis in detaillierte Muster von Baupldnen
von Pflanzen, Pflanzengesellschaften
und Oekosystemen nachweisen (z.B.
Konvergenzen bei  Asteraceae,
Apiaceae, Ranunculaceae und ihren

. etwaigen vikariierenden Familien; vgl.

auch Harroy 1983).
Von besonderem Interesse sind
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namentlich die tropenwiértigen Grenzla-
gen mit sommergriinen Vertretern, die
in logischer Folge bei zunehmender
Wirme typische Hochstaudenfluren
ablosen und zunehmend mit immergrii-
nen Monokotylen und Farnen, sowie
strauchformigen Ericaceen durchsetzen.
Besonders eindriicklich sind die Abfol-
gen in den Hohenstufen des Ostlichen
Himalaya. Ebenso logisch gestaltensich
die Verhaltnisse in der siidlichen He-
misphdre, wo unter kiihltemperierten
perozeanischen Bedingungen Hoch-
staudenfluren durch Farnfluren bedréingt
und meist abgeldst werden, ¢fters unter
Einschluss von Baumfarnen.

Nur offene iiberrieselte Standorte
geben hochstaudenartigen Gewidchsen
eine Chance (z.B. Gunnera), so dass
unter diesen Umstidnden an Petasites-
Fluren erinnernde “Rhabarberblatt-Be-
stinde” entstehen.

Auch die eutropheren Feuchtge-
biete weisen vergleichbare Strukturen
auf. Indessen sind doch echte Helophyten
eher verjiingend, also pagodenformig
aufgebaut, so dass der Lichtgenuss fiir
jedes Blattstockwerk optimal ist. Im
Waldschatten herrschen doch diffusere
Lichtverhiltnisse vor, so dass verwand-
te  Hochstauden . (Urticaceae,
Polygonaceae, Asteraceae) dhnlich
grosse Blitter wie die basalen auf der
ganzen Sprosslinge entwickeln.
Schliesslich kann “Ndhrstoff auch
Wasser ersetzen” (RueBeL 1930): Ue-
berdiingte gestorte Fldchen (z.B. durch
Tritt), feuchte Ruderalstandorte, weisen
sich ebenfalls mit der Dominanz von
Hochstaudenfluren aus, wie sie in
dhnlicher Form in Siimpfen vorkommen
(vgl. die Lagerfluren, z.B. mit Senecio,
Epilobium, Urtica, Polygonaceae,
teilweise mit Artemisia).

Alles in allem hat sich somit die
Struktur der Hochstaudenfluriiberall dort
bewihrt, wo wihrend gut 3-4 Monaten
des Jahres kiihltemperierte feuchte Ver-
hiltnisse herrschen, ausreichend Nahr-
stoffe vorhanden sind und mechanische
Faktoren das Aufkommen konkurren-
zierender Holzpflanzen teilweise ein-
ddmmen (vgl. Imeck und Orr 1987 fiir
Konkurrenzverhiltnisse).

Unter noch feuchteren oder trocke-
neren bzw. nihrstoffirmeren Verhilt-
nissen, die wihrend der Vegetationspe-
riode vorherrschen miissen, ersetzen
Hochgras- bzw. Biischelgras und
Zwergstrauch-Fluren die breitblittrigen
Bestiinde.

Tabelle 1

— Vorherrschende Arten und Gattungen in den einzelnen Regionen (nur aus
Gebieten mit eigenen Aufnahmen)

1.1a Wolong (subalpin = sa)

Cacalia

Cirsium

Geranium

Ranunculus

Sanguisorba

Trollius

Apiaceae (z.B. Heracleum)
Leguminosae (Papilionaceae,
B. Astragalus)

Calamagrostis

1. 1b. Wolong (hochmontan = hm)

Aconitum (auch sa)
Anaphalis

Angelica

Aster (Heteropappus)
Astilbe

Cacalia

Cicerbita

Potentilla

ferner:
Anaphalis
Aster
Euphorbia
Gentiana
Halemia
Parnassia
Potentilla
Iris
Polygonatum
Scilla
Veratrum

Rodgersia (auch sa)

Arisaema
Smilacina
Streptopus

Athyrium
Dryopteris

(nach Wang Liund eigenen Aufzeichnungen; vgl. auch die iibrige Literatur iiber Lorbeerwl-
der, z.B. HANELT 1963, LinG und YE 1985 usw.; vgl. auch ANoN. 1985)

1.2. Changbai Shan (sa)

Aconitum
Adenophora
Aster
Cacalia
Campanula
Cirsium
Geranium
Heracleum
Polygonum

(nach Danzgrt 1960 und eigenen Aufzeichnungen)

1.3. Fuji San (sa)

Aconitum
Adenophora
Angelica
Cacalia

1.4. Mittel-Honshu (sa)

Adenophora
Angelica
Astilba
Cacalia
Cirsium
Conoselinum
Oplopanax
Polygonum
Rodgersia
Thalictrum

Ranunculus
Sanguisorba
Saussurea
Senecio
Thalictrum
Calamagrostis
Athyrium
Dryopteris

Saussurea
Thalictrum

Calamagrostis

Calamagrostis
Carex
Sasa

Athyrium
Dryopteris
Polystichum

(nach Exkursionsfithrer Mivawaki et alii 1984 und eigenen Aufzeichnungen)

1.5. Hokkaido-S (m)

Actaea
Angelica
Cacalia
Impatiens
Panax
Senecio

Calamagrostis
Sasa
Smilacina

Dryopteris
Lastrea
Polystichum
Osmunda
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1.6. E-Nepal (feucht, hochmontan, also noch ziemlich stark laurophyll)

Aconitum
Anaphalis
Cacalia
Cirsium
Geranium
Gnaphalium
Heracleum
Impatiens
Ligularia
Pleurospermum
Ranunculus
Saussurea
Spiraca
Thalictrum
Valeriana

Arisaecma
Carex
Roscoea
Smilacina
Selaginella

Dryopteris

Polystichum u.v.a.m.

ferner:
Boechmeria
Circaea
Pedicularis
Pilea
Polygonum
Potentilla
Sanicula
Senecio
Viola

Alpinia
Clintonia
Costus
Smilax

Hymenophyllaceae

(nach NuMATA 1983, MALLA ef alii 1976 und eigenen Aufzeichnungen)

1.7. Siidliches zentralsibirien Baikal-Gebirge (hochmontan-subalpin) und Sayan-Gebirge

(subalpin)

Aconitum
Cacalia
Crepis
Fabaceae
Lathyrus
Trifolium
Vicia
Geranium
Heracleum
Ranunculus
Thalictrum

(nach WALTER 1975 und eigenen Aufzeichnungen)

Calamagrostis
Carex

Lilium

Poa

(eher weniger Farne)

ferner:
Epilobium
Galium
Polygonum
Maianthemum
(Vaccinium)

Tab. 2 — Durchschnittszusammensetzung zentral- bis ostasiatischer Hochstaudenfluren

Dicotyledonen: Aconitum, Cacalia, Geranium, Heracleum, Ranunculus, Saussurea,
Senecio, Thalictrum

ferner: Adenophora, Angelica, Cimicifuga, Epilobium, Galium, Impatiens,
Ligularia, Pedicularis, Potentilla, Sanguisorba, Trollius, Valeriana

Monocotyledonen:  Calamagrostis, Poa , Smilacina, Bambuseen

ferner: Carex, Lilium, Streptopus
Pteridophyten: Athyrium, Dryopteris, Polystichum
ferner: Lastrea

z.T. Lianen: Clematis, Rubus, Smilax

z.T. Zwergstraucher: Gaultheria
Vaccinium

Kleinwiichsige: Apiaceae, Ranunculaceae, Asteraceae, Rosaceae, Ericaceae, Rubia-
ceae, Gentianaceae, Onagraceae, Cyperaceae, Oxalidaceae, Poa-

ceae, Liliaceae
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THE OAK FOREST IN NORTH
CHINA

CHEN LING-ZHI
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The oak forest is a zonal vegetation
type in the warm-temperate deciduous
broad-leaved forest region between 32°
30’ -42° 30’ N and 103° 30’ - 124° 10°
E including parts of the provinces Liao-
ning, Hebei, Shanxi, Henan, Shaanxi,
Gansu, Anhui, Jiangsu and province
Shandong, Beijing, Tianjin (EpITING
COMMITEE OF VEGETATION OF CHINA, 1980).

The climate in the region is warm
and subhumid. The annual mean tempe-
rature is 8° - 14° C, gradually increasing
from north to south (Fig. 1). The mean
temperature of the coldest month ranges
from -13° to -2° C with a minimum
temperature of -30° C. The mean tempe-
rature of the warmest month reaches
25°-28° C witha maximum temperature
of 40° C. The frost-free period is about
150-230 days, vastes from north to south
and from west to east. The annual preci-
pitation is about 600-900 mm, decrea-
sing from southest to northwest. The
seasonal distribution of precipitation is
uneven. The precipitation in winter and
spring accounts for only 3-7% and 10-
14% of the total amount of precipitation
respectively. The rainfall is the most
abundant during the summer. During
this time nearly 60-70% of the total
precipitation falls. Usually, itisdry from
October to April and wet from May to
September. The climate of the Liaodong
Peninsula and the Jiaodong Peninsula
such as Dalian and Qingdao is warmer
with a longer frost-free period and hi-
gher moisture than in other areas in the
same latitude.

Thé natural oak forest in the plain
were destroyed by human disturbance.
The oak forests on the hills and moun-
tains have had a long and continuing
history of cutting, burning, grazing and
are highly modified; though many have
regenerated spontaneously, some have
been planted. Most oak forests have a
coppice structure with trees and shrubs
of either uniform or varying age. So oak
forests are only sporidically present on
the hills and mountains in north China.

Oak forests mainly consist of
medium sized trees, characterized by a
dominance of deciduous broad-leaved
species whose leaves are shed in winter.
The dominant trees are virtually all
species of Quercus, such as Quercus
mongolica, Q. liaotungensis, Q. aliena,
Q.variabilis, Q. dentata, Q. acutissima,
Q. glandulifera var. brevipetiolata, Q.

alienavar.acuteserrata,Q. baronii. The
last one is a semievergreen species.

THE DISTRIBUTION AND CHA-
RACTERISTICS OF OAK FORESTS

The distribution of the various oak
forests depends on climatic (Fig. 2) and
edaphic factors.

Quercus mongolica forest as a
dominant vegetation type is present in
the northern part of the warm-temperate
broad-leaved deciduous forest region
including the hills and lower mountains
between about 200 and 700 m in the
eastern and southwestern parts of Liao-
ning Province (Dong, 1985) and the
mountains about 800m above sea level
in the northeastern part of Hebei provin-
ce. The annual mean temperature in this
part is 7°-9° C with a short frost-free
period; it also occurs on the hills in the
eastern part of Shandong province as
small scattered stands.

Quercus mongolica isa constructi-
ve species in this type of oak forest.
Quercus liaotungensis, Fraxinus
rhynchophylla, Celtis koraiensis, C.
bungeana, Acer truncatum as promi-
nant subordinate trees are mixed in the
overstorey, Quercus dentata, Q.
variabilis, Q. aliena, Betula dahurica,
Ulmus macrocarpa,Populus davidiana,
Tiliaamurensis,T.mongolica sometimes
also appear the evergreen conifer Pinus
tabulaeformis occurs as an admixture in
the overstorey, Pinus densiflora appears
in the Quercus mongolicaforestslocated
in the Liaoning Peninsula.

The deciduous shrubs, e.g. Lespe-
deza bicolor, Spiraea trilobata, §.
pubescens, Corylus heterophylla, Rho-
dodendron mucronulatum are domi-
nants of the understorey in the different
microhabitats, but some kinds of shrub,
such as Lindera obtusiloba, Symplocos
paniculata, Zanthoxylum schinifolium,
Rhus chinensis are found only in Quer-
cus mongolica forests on the hills of the
Liaodong Peninsula. A part from these
species, Armeniaca sibirica, Andrachne
chinensis, Myripnois dioica, Lespedeza
floribunda frequently present.

There is a ground cover consisting
of sedges and herbs. Dominants Carex
lanceolata, C. siderostica and associa-
ted herbs Sanguisorba officinalis, Con-
vallariakeiskei,Polygonatumodoratum,
Cacalia aconifolia and grasses Spodio-
pogon sibiricum etc. constitute a well
developed ground layer.

Quercus mongolica forest is wide-
spread over the northeast temperate
mixed coniferous and deciduous forest
region in China.

Quercus liaotungensis forest ex-
tends over large areas of the warm-
temperate deciduous broad-leaved fo-

rest region, but is mainly present in the
middle part of the region (Zuu, 1982;
Cuen, 1985). From north to south the
elevation of the oak forest gradually
increases. The oak forest occurs on the
hills at altitudes of 80-600 m in the
northern part, on the mountains at 500m
or 1000m to 1700m in the middle part of
the region, attaining its maximum altitu-
de of 1800-2300 m on the northern slope
of the western section of the Qinling
mountains at the transition between
warm-temperate deciduous broad-lea-
ved forest and subtropical evergreen
broad-leaved forest region. Quercus
liaotungensis forest displays a diversity
of species in the tree, shrub and ground
layers. Quercus liaotungensis is a con-
structive species. The composition and
structure of this oak forest is similar to
Quercus mongolica forest, but there are
more trees, such as Ulmus davidiana, U.
propinqua,Maackiaamurensis,Juglans
mandshurica growing in the overstorey
of Quercus liaotungensis forest in the
northern part of the region. Quercus
aliena var. acuteserrata, Rhus
verniciflua, Acer ginnala are restricted
to the southern part of the region due to
the warm climate with a long frost-free
period.

Pinus tabulaeformis and Platycla-
dus orientalis occasionally are mixed in
the overstorey. Pinus armandii is only
presentin the oak forest occurring in the
southwestern part of the region.

Quercus liaotungensis forest has
shrubs in common with those in Quer-
cus mongolica forest. Besides these, the
understorey may also be dominated by
Spiraea frischiana, Ostryopsis
davidiana, Elaeagnus umbellata, Rosa
hugonis and Sinarundinaria nitida - a
shrub bamboo with a lot of accompa-
nying species - Abelia biflora, Deutzia
grandiflora,Campylotropis
macrocarpa,Rhododendron
micranthum, Rhamnus globosa, R.
parvifolia, Cotoneaster multiflorus, C.
zebelii in the different sites. v

Carex lanceolata, C. siderosticta,
C. humilis var. nana dominate in the
ground layer. There is a variety of herbs
and grasses associated with sedges, for
example, Bupleurum pekinensis, B.
falcatum, Atractylodes chinensis, Con-
vallariakeiskei, Rhaponticum uniflorum,
Scorzonera glabra, Vicia unijuga, Po-
tentilla chinensis, Sedum aizoon,
Polygonatum sibiricum, Sanguisorba
officinalis, Cleistogenes squarrosa, C.
caespitosa, Spodiopogon sibiricus,
Arundinella hirta, Selaginella sinensis
often covers the ground. ‘

Toward the west, this type of oak
forest may penctrate into the mountains
of the temperate forest-steppe region in
China. ’

Quercus aliena forest is the major
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vegetation type on the mountains at an
elevation of 1000-1500 m in the sout-
hern partofthe region. In the central part
Quercus aliena forest appears at 600-
1350 m, while to the north it is found at
an altitude of 150-600 m. Quercus
alienaforesthas scattered standsin these
two parts of the region.

Quercus aliena is a constructive
species in this oak forest, its floral
composition is close to the above-men-
tioned types of oak forests. Pistacia
chinensis, Quercus glandulifera var.
brevipetiolata are restricted to the oak
forest in the southern part of the region.

Vitex chinensis,Armeniacasibirica,
Spiraeatribolataand Carex humilis var.
nana dominate the shrub and herba-
ceous layers respectively. The accom-
panying shrubs, herbs and grasses are
similar to the Quercus liaotungensis
forest; besides these, Cotinus coggygria
var. cinerea and Evonymus ssp. are [re-
quent species in the shrub layer.

Quercus variabilis forest is found
all over the warm-temperate deciduous
broad-leaved forest region, but mainly
appears on the mountains at400-1500 m

above sea level in the southern part and
on the hills of the central part of the
region. It is also present on the hills of
Liaodong and Jiaodong Peninsula. Va-
rious oak species and Ailanthus altissi-
ma, Koelreuteria paniculata, Morus
mongolica etc. are occasionally mixed
in the oak forest. Dalbergia hupehana,
Rhuschinensis,Albiziakalkora, Quercus
baronii, Melia azedarach and several
shrubs - Forsythia suspensa, Lindera
obtusifolia, Symplocos paniculata,
Zanthoxylum schinifolium are restricted
to Quercus variabilis forest distributed
in the Peninsula or southern part of the
region. Most of the shrubs are similar to
componentsin Quercusalienaforest,but
Grewia biloba var. parviflora, Lepto-
dermis oblonga appear frequently in the
understorey of the oak forest.

Carex humilis var. nana, Bothrio-
chloa ischaemum are dominants in the

ground layer. Themeda trianda var.

Japonica, Arthraxon hispidus, Setaria
viridis and other grasses as well as
Platycadon grandiflorumand Codonop-
sis lanceolata are present as associated
components in the ground layer.

Quercus dentata forestis of limited

extent at the lower altitude in the warm-
temperate deciduous broad-leaved fo-
rest region. The floristic composition is
close to Quercus aliena forest in the
northern part and close to Quercus va-
riabilis forestin the central and southern
parts of the region.

Quercus acutissima forest appears
on the hills and low mountains. It is the
major vegetation type in the eastern part
of Shandong Province, while also pre-
sent in the Liaodong Peninsula. In the
southern part of the region Quercus
acutissima forest is distributed on the
mountain slopes below 1000 m. Thereis
a similarity in floristic composition and
structure between Quercus acutissima
and Quercus variabilis forests.

Quercus glandulifera var. brevi-
petiolataforestasavertical beltis present
on Fu Hiun mountain at an elevation of
1000-1300m, forming a transitional belt
between Quercus variabilis and Quer-
cus aliena var. acuteserrata forest belts
in the western part of Henan Province, It
rarely appears below 400 m inaltitude in
the Jiaodong Peninsula. Quercus
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glandulifera var. brevipetiolata is do+
minant in the overstorey, while oaks
except Quercus mongolica often from
an admixture in the oak forest. Platyca-
rya strobilacea, Dalbergia hupehana,
Acer mono, Castanea seguinii, Carpi-
nus cordata, C. turczaninowii are fre-
quently present in the overstorey. The
understorey mainly consists of Lespe-
deza bicolor, L. formosa, Rhododen-
dronmicranthum,Corylus heterophylla,
Prunus tomentosa, Evonymus alatus.
Indigofera marostachys, etc.

The herbaceous layer is composed
of many species, such as Arundinella
hirta, Carex filipes, Rodgersia aesculi-
folia, Melampyrum roseum, Phlomis
umbrosa, Anemone tomentosa, Smilax
spp. and Actinidia arguta, Pueraria
lobata etc., some of which only appear
at higher elevations on the mountains.

Quercus aliena var. acuteserrata
forest is the major vegetation type in the
western part of henan province at an
elevation of 1000-1800 m on Fu Hiun
mountain; itisalso widespread occuren-
ce on Qinling mountain. Besides the
dominant Quercus aliena var.
acuteserrata, Q. variabilis, Q. glandu-
lifera var. brevipetiolata, Populus
davidiana, Carpinus spp., Betula spp.,
Sorbusfolgneri,S. alnifolia, Tilia ssp. are
accompanying tress in the overstorey.

Lespedeza formosa, L. bicolor,
Sinarundinaria nitida, Spiraea chinen-

sis, S. wilsonii, Abelia engleriana are

major shrubs at the differents altitudes.
The associated shrubs are abundant.
Besides the shrubs and herbs which are
similar to those in the above-mentioned
oak forests, there are Buckleya lanceo-
lata, Philadelphusincanus, Cotinus cog-
gygria, Forsythia suspense, Cotonea-
ster spp., Lonicera spp., Viburnum spp.
in the shrub layer.

Quercus baronii forest is only pre-
sentin the western part of Henan Provin-
ce and the southern part of Shanxi Pro-
vince with only a very limited area on
the mountains at an elevation of 900-
1400 m. Quercus baronii often mixed
with Carpinus turczaninowii are
codominants. Carpinus cordata, Quer-
cus variabilis, Q. aliena, Pinus tabulae-
formis, P. armandii, Acer spp.
occasionally occur in the overstorey.
The composition and structure of the
Quercus baronii forest are close to the
Quercus aliena var, acuteserrata forest
but have fewer species. .

At presaent Quercus variabilis, Q.
altissima and Q. baronii forests are wide-
ly distributed in the subtropical ever-
green broad leaved forest region of Chi-
na.

Fig. 3 shows the vertical distribu-
tion of forests on the mountains at
different latitudes in the warm-temperate
deciduous broad-leaved forest region.
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THE FLORA AND LIFE FORMS OF
THE OAK FOREST

The flora of the oak forest in nort-
hen China consists of northern tempera-
te elements (Epitmg COMMITTEE Pirysi-
caL GEoGRAPHY OF CHINA, 1983), sauch
as Quercus, Fraxinus, Acer, Betula,
Spiraea, Tilia, Ulmus, Carpinus, Pinus,
Corylus, Rhododendron, Morus,
Arundinella, Lonicera, Cotoneaster,
Sanguisorba,Deyeuxiaand Convallaria,
Polygonatum, Caragana, Campylotro-
pis and Armeniaca belong to the tempe-
rate Asiatic element. The oak forest also
comprises EasternAsiatic elements
(Platycladus, Platycarpa, Sinarun-

dinaria, Leptodermis, Deutzia,
Codonopsis, Actinidia, etc.) and Old
World temperate elements

(Cleistogenes, Syringa, Forsythia etc.).
Some tropical elements are also present
in the oak forest, such as tropical-Asian
and tropical-African elements (T hemeda
and Arthraxon), Pan-tropical elements
(Dalbergia, Celtis, Zanthoxylum,
Symplocos, Vitex, Evonymus and Both-
riochloa). Species of Compositae, Ro-
saceae, Gramineacand Leguminosae are

very abundant in the oak forest, but the
plants playing the predominant role are
Quercus spp. along with some deci-
duous trees of Aceraceae, Tiliaceae,
Ulmaceae, Betulaceae and Oleaceae. The
oak forest also contains an admixture of
evergreen coniferoustrees, suchas Pinus
tabulaeformis and Platycladus orienta-
lis. According to Icon. Corm. Sin (1972)
FlL. Reip. Chin (1978) is Pinus densi-
flora present in both Shantgdong and
Liaoning peninsula and Pinus armandii
mixed with oak only appears in the
southwestern part of the region. The
species of Rosaceae and Leguminosae
are very rich in the shrub stratum. The
shrubs of Ericaceae (Rhododendron),
Caprifoliaceae, (Lonicera, Viburnum),
Rhamnaceae (Rhamus) and Verbenaceae
(Vitex) are also frequent. The dominant
or frequent species in the herbaceous
stratum are mostly Cyperaceae and
Gramineae, suchasCarex, Cleistogenes,
Arundinella,Spodiopogon,Bothrichloa,
Themeda, etc. The herbs of Compositae,
Ranunculaceae, Campanulaceae alt-
hough rich in species, have, with the
exception of Artemisia,not made a great
contribution to the plant community.
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The different types of the oak fores
show a similar spectrum of life forms.
The spectra of the life forms of oak
forests in Beijing can be taken as a good
example to demonstrate the general cha-
racteristicsof life forms in the oak forest.
Depending on the habitat and human
disturbance hemicryptophytes or pha-
nerophytes in the oak forest prove to be
the most abundant life forms. Phanero-
phytes, especially mesophancrophytes
always play the most important role in
the overstorey which possesses both
mesophylls and microphylls. Usually,
several species of nanophanerophytes
are codominants in the undrstorey main-
ly with microphyllous leaves. The
hemicryptophytes are the richest in the
ground layer, some of thembeing domi-
nants. The geophytes are less common
than hemicryptophytes. The chamae-
phytes comprise only a few species, but
sometimes they occur in dense stands.
There are plenty of microphyllous plants
in the oak forest. Fig. 4 and 5 illustrate
the spectra of life forms and leaf size of
oak forests on the mountains of Beijing.

Nowadays, due to human distur-
bances the oak forests occupy a very
limited area on the mountains. Nonethe-
less, they still make a greatcontribution
to water and soil conservation and im-
provement of since they have been de-
stroyed by cutting and displaced by pure
coniferous plantations. The oak is not
only native to northern China, butcan be
used as an excellent silvicultural species
for the restoration of forests on the
mountains.
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VEGETATION TYPES AND THEIR
GEOGRAPHICAL DISTRIBUTION
ON THE SOUTHERN SLOPE OF
QILIAN MOUNTAINS

ZHOU XINGMIN
Northwest Plateau Institute of Biology,
Academia Sinica
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The Qilian Mountains are located
in Western China. Their eastern part
forms a bridge between the Qinghai-
Xizang Plateau and loess plateau, being
located at the northeastern corner of the
Qinghai-Xizang Plateau. The composi-
tion of the flora is complicated and its
vegetation types varied. The study of the
vegetation types and their pattern of
geographic distribution are a great im-
portance with regard to the characteri-
stics of the vegetation and their rela-
tionship with contiguous zoner, and will
provide a scientific basis for regional
vegetation in China.

ENVIRONMENTAL CONDITIONS
AFFECTING THE GROWTH AND
DISTRIBUTION OF VEGETATION

The Qilian Mountains are one of
largermountain systemsin Central Asia.
Its eastern part is located between Qin-
ghai and Gansu Province (latitude 36°
20’-39°40’ N, longitude 98° 10’ - 103°
E). The mean altitude is more than 3200
m above sea level. The climate of this
area is dominated by the southeastern
monsoon and Siberia-Mongolian cold
high pressure. Itis warm and rainy in the
summer and cold, dry and windy in the
winter. The average annual temperature
is 7.9° C; mean temperature in July and
December are 21.1° and -6.9° C respec-
tively. Average annual rainfall is 373.3
mm. (Fig. 1). Solar radiation is strong.
Sunny days are fairly common, with
long hours of daylight. Annual daylight
amounts to 2672.6 hours. Temperature
differences between daytime and night-
time are great. Soil types are gray-drab
forest soil, chestnut soil and alpine
meadow soil.

FLORAS AND LIFE FORMS

The eastern part of the Qilian
Mountains is located at the cross roads
of the Eurasian steppe zone, the Asian-
African desert zone and the alpine vege-
tation regions of the Qinghai-Xizang
plateau. It is a place where a number of
different floristic elements meet.

. Proceedings of the International Symposium ...
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Fig. 1 — Climatic chart of the southern slope of the Qilian Mountains.

The Eurasian steppe elements, such
as, Stipa bungeana, S. glareosa, S.
breviflora, Artemisia gmelinii, A. frigi-
da, Heteropappus altaicus, Agropyron
cristatus, Koeleria cristata, Aneurole-
pidium dasystachys, Potentilla bifurca,
Delphinium grandiflorum etc. from
Mongolia, Inner Mongolia, Ningxiaand
Gansu, are dominant steppe species. The
floristic elements of the Sino-Japanese
boreal forest are important, such as,
Quercus liaotungensis, Populus
davidiana, Betula alba-sinensis, B.
platyphylla, Pinus tabulaeformis,
Ostryopsis davidiana, Picea asperata,
Malus transitoria, M. kansuensis, Lo~
nicera tatsienensis, Viburnum
betulifolium, V. macrocephalum, V.
schensianum, Sorbus hypenensis, S.
szetschuanensis, Rosa hugonis, R.
omeiensis, Syringa pinnatifolia, Acer
barbinerve, A. ginnala, Barberis
kansuensis, Philadelphus incanus, Sor-
bariasorbifolia,Cotoneaster acutifolia,
Hydrangea bretschneideri, Geum
aleppicum, Oxytropis aciphalla, Agri-
monia pilosa, Sanguisorba officinalis,
Fargesia spathacea, Clintonia udensis,
Paris polyphylla, P. verticillatum,
Convolvulus tragacanthoides etc.
Quercus liaotungensis, Populus
davidiana, Betula alba-sinensis and P.

platyphylla are typical of the deciduous
broad-leaf forest. Pinus tabulaeformis
forest and Osiryopsis davidiana scrub
and typical vegetation of evergreen
coniferous forest and temperate
deciduous broadleaf scrub in Northern
China. Subtropical floristic elements
such as are: Pinus armandii, Lindera
umbellata, Podophyllum emodi var.
chinensis, Aralia chinensis, Juniperus
formosana, Cornus alba, Smilax
vaginata, Dioscorea nipponica only
appear in the warmer parts. On mountains
higher than 3200 m floristic elements
are alpine-artic and Sino-Hymalayan
elements such as Potentilla fruticosa,
Salix oritrepha, Rhododendron
thymifolium, Rh. capitatum, Caragana
Jubata,Kobresiapygmaea,K. humilis,K.
capillifolia, K. tibetica, Polygonum
viviparum, P. sphacrostachyum,
Gentiana algida, Arenaria kansuensis
etc. They are dominant in the alpine
deciduous broadleaf scrub, alpine ever-
green broadleaf scrub and alpine mea-
dow.

According to the system of RAUN-
KIAER (1937), the plants of this area
belong to phanerophytes, chamaephy-
tes, hemycriptophytes and geophytes,
with geophytes and hemicryptophytes
being the most important (Fig. 2).
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VEGETATION TYPES

Based on community physiogno-
my, synusial structure and life forms of
dominant ecological factors and vegeta-
tion typesin the area the following types
can be recognized (Table 1). The vege-
tation types in the area are very com-
plex. The deciduous broadleaf forests
and the temperate coniferous forests are
found in the eastern part of the Qilian
Mountains, where they occupy a very
limited area. The former represents the
extention of the deciduous broadleaf
forest zone in North China. There is
steppe on both sides along the valleyson
the Datong, Huang and Yellow Rivers.
This indicates that the area is part of the
Eurasian steppe zone on the mountains

-over 3200 m. Alpine shrub and alpine

meadow are found. They are related in
vegetation on the Qinghai Xizang and
high mountains in Central Asia.

GEOGRAPHIC DISTRIBUTION
PATTERNS OF VEGETATION.

The most prominent feature of
vegelation geographic patterns in the
eastern part of the Qilian Mountains is
its vertical distribution. The structure of
vertical belt spectra is shown in Fig. 3.
Its basal belt consists of steppe. The
forest vegetation is restricted in its di-
stribution and does not form a complete
belt. The vegetation on the southern
slopes of the Qilian Mountains should
be considered as belonging to the Eura-
sian steppe.
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Alpine sparse
vegetation

Table 1. — Vegetation types on the southern slopes of Qilian Mountain.
Vegetation Vegetation Formation Formation
type subtype group
Deciduous Typical
broadleaf deciduous Quercus Quercus liaotungensis
forest forest Mixed
forest Populus Populus davidiana
Betula Betula platyphylla
Temperate Evergreen
coniferous coniferous Pinus Pinus tabulaeformis
forest forest
Cold-tem. Cold-tem. Picea Picea crassifolia
coniferous evergreen
forest coniferous
forest Sabina Sabina przewalskii
Tem.deciduous
broadleaf Ostryopsis davidiana
Deciduous scrubland
broad-leaf
scrubland Alpine Potentilla fruticosa
deciduous
broad-leaf Salix oritrepha
scrub
Alpine '
Evergreen evergreen Rhododendron thymifolium
broad-leaf broad-leaf
scrub Rhododendron capitatum
Steppe Typical Grass steppe Stipa bungeana
steppe Suffruticosa
steppe Artemisia gmelinii
Alpine Kobresia Kobresia pygmaca
meadow meadow Kobresia humilis
Meadow Kobresia capilifolia
Bog meadow Kobresia tibetica
Blysmus sinocompresssus
Cushion plant
community
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FLORISTIC CHARACTERISTICS
OF MOUNTAIN VEGETATION IN
BEIJING-TIANJING REGION IN
CHINA '

WANG HE-SHENG, ZHAO FENG-WEI
Institute of Geography,
Academia Sinica, Beijing

Key words: China, Mountain vegeta-
tion, Flora, Distribution patterns, Ori-
gin. :

GEOGRAPHICAL BACKGROUND
OF VEGETATION ANDFLORA AND
ALTITUDINAL VEGETATION
BELTS IN BEIJING-TIANJING
MOUNTAIN AREA

Beijing and Tianjin mountain area,
a part of Taihangshan and Yanshan
ranges, lies between 39° 23’ and 41° 05’
N, 115°30’ and 117° 42’ E. They occu-
py the eastern border on the Eurasian
continent, the north-western part of N.
Chinaplain with an area of about 13,900
kme. These ranges were built during the
Yanshan movement in the Mesozoic
Era and uplifted again during the Hima-
layan orogeny. Most of the mountains
are about 1,000-1,500 in altitude with a
few peaks over 2,000 m. Around them,
there are lower mountains and hills as
little as 100-200 m high, as well as some
basins and broad valleys.

The climate of this region is conti-
nental warm-temperate monsoon being
more arid than Europe, Japan and N.
Americainhomologous vegetation zone.
Characteristic are the rainy summer, cold
winter and spring with a more or less
pronounced arid period. The montane
climate is cool and humid and displays
an obvious vertical change. The mean
annual temperature is generally less than
10° C and total annual precipitation is
between 500 and 800 mm (see Fig. 1).

The zonal vegetation consists of
broad-leaved deciduous forests belon-
ging to the warm-temperate zone of
China. They are mainly composed of
xerophilous Quercus and Pinus without
the Fagus typical at Europe, Japan and
N. America. Altitudinal vegetation belts
are as follows:

a)Subalpine meadow and scrub belt.
Alt. 2,000 (2,200) - 2,300 m

b)Montane cool-temperate needle-lea
ved forest belt.
Alt. 1,500-2,000 €2,200) m

- ¢)Montane temperate needle and broad

leaved mixed forest belt.
Alt. 1,200-1,500 m

Fuyeding 40736’ N, 116°08’E
Alt. 1224m

524.0mm
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=100
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Fig. 1 — The climate diagrams in Beijing-Tianjin mountain area (according to H. Walter’s

method).

d)Montane temperate broad-leaved
deciduous forest belt.
Alt. 800-1,200 m

e) Lower montane and hilly warm-tem
perate broad-leaved deciduous forest
belt with needle broad-leaved mixed
forest.

Below Alt. 800 m

THE FLORISTIC CHARACTERI-
STICS OF VEGETATION

The floristic characteristic of vege-
tation in this mountains area may be
described as follows:

a) Plant species are very numerous.
Natural vascular plants in the mountains
and adjacent plain area include 136
families, 581 genera and 1377 species
representing about 5.1% of all Chinese
species (see Table 1). Every type of
vegetation includes about 40-50 fami-
lies and 150-200 species.

The principal families are Compo-
sitae (51 gen./136 spp.), Gramineae (61/
119),Leguminosae (24/75), Cyperaceae
(10/69), Rosaceae (11/67), Ranuncula-
ceae (15/56) and so on in order. Moun-
tain vegetation is mainly composed of
plants belonging Pinaceae, Salicaceae,
Betulaceae, Fagaceae, Ulmaceae and
Tiliaceae.

b) The life forms are diverse.
Perennial herbs (832 spp.) are predomi-
nant constituting 60.5% with annuals
composing 16.6%. Trees (78 spp.) and
shrubs (141 spp.) are represented by
5.6% and 10.3% respectively. The rest
are lianas (41 spp.) and a few parasitic
and saprophytic plants. Most of the
dominant plants composing the vegeta-
tion are deciduous species and perennial
herbs.

¢) The geographical elementsare
complex. All fifteen distribution pat-
terns of Chinese spermatophytic (Wu
and WanG, 1983) exist in this region.
Among them, the patterns of temperate,
especially N. temperate elements are
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Tablel — Thestatistics of vascular plants of mountains and adjacent plain areq

in Beijing-Tianjin region.

Order Families % Genera % Species %

Pteriodophytes 19 14 27 4.7 69 5.0

Gymnosperms 3 22 6 1.0 8 0.6

Angiosperms 114 83.8 548 94.3 1300 944
Total 136 100 581 100 1377 100

predominant (see Table2). The 8th-11th
&14thdistribution patterns make up 337
genera, i.e. 71.5% of the total genera
(excluding Cosmopolitan). The tropical
elements (patterns 2nd-7th) are also well
represented (22.5%). This shows the
close relationship of the vegetation and
flora of this region with the tropical
zone.

As to geographical elements, the
plant species mainly belong to tempera-
te elements, although the elements
composing various vegetation types are
by no means uniform. The dominant
numbers of the forests are mostly com-
posed of eastern Asiatic, especially Sino-
Japanese elements (e.g. Betula
platyphylla, Carpinus turzaninowii,
Quercus acutissima, Q. dentata, Q.
variabilis, Evodia daniellii) and N.
Chinese elements (Larix principis-
rupprechtii, Pinus tabulaeformis,
Quercusliaotungensis,Acer truncatum,
etc.).

The shrubs are mostly Temperate
Asiatic and N. Chinese elements, e.g.
Corylus heterophylla, Deutzia
grandiflora, Spiraea tribolata,
Caragana jubata, Lespedeza bicolor,
Zizyphus jujuba, Vitex negundo var.
heterophylla and Myripnois dioica, etc.
They all cover N. China and most of
them spread to NE China, Inner Mongo-
lia, Shanxi, Gansu and southward to
subtropic China. Meadow with mixed
elements are not important here.

Thus this mountain vegetation di-
splays affinities with part of East Asia
and the N. Chinese forest region, and
thereare close floristic relationships with
many regions mentioned above.

d) Endemic elements are very
poor by represented 200 endemic gene-
rain Chinaonly 6 genera occur of the ca.
here, i.e. Ostryopsis, Pteroceltis,
Pteroxygonum, Oresitrophe, Bolbo-
stemma and Myripnois. Local endemic
species are only represented by
Batrachiumpekinense,Clematispinnata

(Ranunculaceae) and Pimpinella
cnidioides (Umbrelliferac).

By way of contrast, there are many
ancientorrelictelements? Besides some
ligneous genera mentioned above, these
include Ephedra, Juglans, Hemiptelea,
Broussonetia, Albizia, Pistacia,
Alangium, Schisandra, Actinidia, Lo-
ranthus as well as herbaceous Pyrola,
Phryma (Phrymaceae) and Chlorantus.
In addition many ferns are to be found in
the vegetation especially in forests. The-
refore, it is apparent that in this region
the origin of the vegetation and flora is
extremely ancient. Evidence from the
history of vegetation and flora in this
region lends support to this clain.

ORIGIN OF VEGETATION AND
PAST FLORA

According topaleobotanical reports
(Kong & Tu, 1976; Kone & Du, 1980;
1982), the history of the present vegeta-
tion and flora may at least be traced to
the Paleogene in this region. The early
Cretaceous vegetation and flora di-
splayed tropical-subtropical characteri-
stics. Coniferophytes existed at that time;
Angiosperms did not appearuntil late
Cretaceous.

In the Paleogene, the vegetation
was similar to evergreen deciduous lea-
ved mixed forests in the southern part of
the northern subtropical zone; however,
the floristic composition was very diffe-
rent. Past flora decreased greatly or dis-
appeared, while the conifers (mainly
Pinaceae) increased, e.g. Cedrus, Kete-
leeria and Tsuga. Angiosperms were
more diverse being chiefly represented
by Juglans, Pterocarya, Quercus,
Betula, Carpinus, Corylus, Ulmus, etc.
Some typical subtropical and tropical
elements still exist.

The Neogene vegetation belonged
to warm-temperate broad-leaved deci-
duous and needle-leaved mixed forests
containing numerous Amentiferae. The
flora of the Paleogene decreased greatly
although some elements were retained
asrelicts. In late Neogene, broad-leaved
deciduous forests composed mainly of
xerophilous Quercus covered the base
of the hills in Beijing, while shrubs and

Table2 — The structure of distribution patterns of spermatophytic genera in
the mountains and adjacent plain of the Beijing-Tianijin region.

 Distribution Pattern Genera -

1.  Cosmopolitan 83 —

2.  Holotropical 62 132
3. Tropical Asia-Tropical American sy 1.1
4. Old-world Tropical ‘ 11 2.3

5. Tropical Asia-Tropical Australian 11 2.3

6. Tropical Asia-Tropical African 10 2.1
7.  Tropical Asian 7l 1.5
8. North Temperate 177 37.6
9.  East-North American 32 6.8
10.  Eurasia Temperate 63 134
11.  Asia Temperate 27 5
12.  Mediterranean-Central Asian 17 3.6
13.  Central Asian 5 1.1
14. East Asian 38 8.0
15. Endemic to China 6 1.3
Total 554 100

* Excluding Cosmopolitan
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steppe plants expanded. Itis evident that
the vegetation and flora was basically
formed in the Neogene here.

During the Quaternary glacial pe-
riods, Picea and Abies forests became
predominantand extended down the hills
to the plain in Tali glacial period. In the
postglacial, they retreated to the higher
mountains and were replaced by warm-
temperate deciduous forestsonthelower
mountains and hills; the grasslands in-
creased inamount here. In the late Holo-
cene 2500 B.P. caused the pine forest to
expand climatic cooling. Today, becau-
se of human exploitation and disturban-
ce over a long period of, the natural
standsaremosly secondary. All the same,
there are still many subtropical Tertiary
descendants and relicts remaining here.

CONCLUSION

a)  The vegetation types are relati-
vely diverse in the Beijing and Tian-
jing mountains and display an obious al
titudinal zonation

b)  The floristic composition is con
siderably rich, principally of various
temperateclements and perennial herbs.
However the dominant plants in the
communities belong to deciduous trees
and shrubs which are mostly Sino-Japa-
nese, Temperate Asiatic and N, Chine-
se elements. The endemics are very
poorly represented.

¢) - The original vegetation and pre-
sent flora were basically formed in the
Neogene. As a result they display a
close relationship with the subtropical
flora and many kinds of ancient or relic
elements remained.

d) The present vegetations are
mostly secondary. They must be con-
served and managed reasonably.
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Zuou X1unA, FENG ZHmAN, Liu JINGLIN
Department of Biology, East China
Normal University

Key words: Mountain vegetation, South-
east China, Anhui, Jiangxi.

The districtincluding parts of Anhui,
Zhejiang and Jiangxi Provinces, is a
hilly country to the south of the Yangtze
River, to the northwest of the Zhejiang-
Jiangxi railway and to the northeast of
Poyang lake (Fig. 1). The district is
located between 27°47° -31°12’ N and
116°16’-119°40’ E, witha total area of
79786 km?, of which 76.7% or 61228
km? are mountainous area. It forms a
resource base for Shanghai economic
region and as an important tourist area.

THE NATURAL ENVIRONMENT

The topography and landforms of
the districtare basically middle-low hills,
belonging to the Huangshan, Wuyishan,
and Western Tianmushan mouniains.
The mountains above 1700 m in altitude
within the district are Huangshan, Mount
Sangingshan, Mount Qinglianfeng, and
Mount Guniujinag. The river systems
are divided by the Huangshna moun-
tains into two parts. The northwestern
one belongs to the Yangtze River, while
the southern one, the Xinanjiang River
and the Fuchunjiang River belong to the
river system of the Qiantang-jiang Ri-
ver. Its climate is in the central subtropi-
cal humid region influenced by the
southeast monsoon, i.e. the temperatu-
re: mean annual temperature 16.9° C,
extreme maximum temperature 39.9°
C, extreme minimum temperature-11.5°,

0\,
g Ay F i

T~

Fig. I — Geographic location.

> 10°C accumulated temperature 5159°
C; frostless season 239 daysa; a mean
rainfall of 1572.9 mm and a relative
humidity of 79% (Table 1), which are
factors favourable for plant growth.

The underlying rocks are mainly
granite and phyllite in the central moun-
tains, phyllite and sandstone in the low-
mountains and hilly country. The diffe-
rences substrate lead to different kinds
of soil, such as red earth, yellow-red
earth, yellow earth, yellow brown earth,
meadow soil and lime stone soil, etc.
These represent physicochemical para-
meters (Table 2).

ved mixed forests, predominated by
Cyclobalanopsis multinervis and

_ Liquidamber acalycina, Cyclobala-
nopsis myrsinaefolia and Nyssa
sinensis, Fagus longipetiolata and
Daphniphyllum glaucescens, Cy-
clobalanopsis gracilis and Carpinus
fargesii.

3. Evergreen broad-leaved forest,
mostly Cyclobalanopsis glauca fo-
rest (C. glauca and Lithocarpus
glaber, C. glauca and Castanopsis
fargesii), Castanopsis sclerophylla
forest (C. sclerophylla and Cyclo-
balanopsis glauca, C. sclerophylla

Table 1. — The climatic resources

climatic factor| mean annual mean annual extreme max extreme
place T (°C) rainfall (mm) T(°C) min T (°C)
name
Mt. Huangshan 7.8 2941.5 23.8 -25.8
Mt. Tainmushan 89 1625.9 24.1 -20.6
South Anhui 16.2 15164 39.7 -13.5
West Zhejiang 16.4 1469.4 40 -113
Northeast |
Jiangxi 18.2 1733 40.1 9.8

THE PRINCIPAL NATURAL VEGE—
TATION TYPES AND THEIR DI-
STRIBUTION

The district is rich in plant resour-
ces with relatively complicated vegeta-
tion types, especially in the relatively
undisturbed regions, such as the West
Tainmushan, Huangshan, Sangingshan,
and Guniujiangshan reserves. In other
parts, because of irrational human acti-
vities, these have been more or less
destroyed. The broad-leaved forest
consists mainly of genera such as
Castanopsis,Lithocarpus,
Cyclobalanopsis, Cinnamomum,
Machilus, Phoebe, Schima, Eurya,
Manglietia, Fagus, Quercus, Lindera,
Liquidambar, Platycarya. The nnedle-
leaved forest is composed mainly of
Pinus,Cunninghamia,Cryptomeria and
Metasequoia.

The vegetation types are classified
into the following categories:

1. Neede-leaved forest, mainly Pinus
massoniana, Pinus taiwanensis,
mostly distributed 800 m above sea
level; Pseudotsuga gaussenii and
Tsuga chinensis; Cunninghamia
lanceolata, Cryptomeria fortunei,
etc.

2. Deciduous and evergreen broad-lea-

and Cleyeria japonica), Castanop-
sis eyrei forest (C. eyrei and C.
tibetana, C. eyrei and Elaeocarpus
Jjaponicus), Schima superba forest,
Machilus thunbergii forest (M.
thunbergii and Manglietiafordiana),
Phoebe sheareri forest, and Miche-
lia skinneriana forest.

4. Bamboo forest, the main species
being Phyllostachys pubescens and
Phyllostachys congesta.

5. Shrub forest, mainly Rhododendron
simiarum and Pieris formosa, Rho-
dodendron anwheiense and En-
kianthus chinensis, Viburnum sar-
gentii teatum, Quercus serrata var.
brevipetiolata and Rhododendron
simsii, Castanea sequinii and Quer-
cus serrata var. brevipetiolata.

6. Herbosa, principally Themeda
triandra var. japonica and Imperata
cylindrica, Imperata cylindrica and
Anaphalis sinica, Miscanthus si-
nensis.

7. Swamp, mainly Alisma canali-
culatum and Sparganium simplex.

We will also discuss the vertical
vegetation zonation based on the inve-
stigation in West Tianmushan, The ver-
tical distribution of the forest vegetation
is evergreen broad-leaved forest, deci-
duous-evergreen broad leaved mixed
forest, diciduous broad-leaved forest,
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deciduous dwarfed forest, and Crypto-
meria fortunei forest (Fig. 2).

EXPLOITATION AND MANAGE-
MENT OF VEGETATION RESOUR-
CES ’

1. Analysis of vegetation resour-
ces. According to the analysis of 29
samples of main vegetation types, the
forest volume of timber (V) per mu is
calculated using the formula V = G
(H+3)f3 where G = cross section of
trunk, H = height of tree, f, = coefficient
(Table 3). .

Braycurtis and Euclidian metho-
dologies used to group the forest vege-
tation:

m
Y (Xij-Xik)
.1 i=1
Bjk—
Y (Xij-Xik)

=l

Ejk=n/ i (Xij-Xik)

i=1

Initially the distance were calcula-
ted followed by grouping (Table 4), and
finally a diagram of the total cluster was
made (Fig. 3). It shows the complexity
and multiplicity of the vegetation types
in this mountainous country.

PROTECTION, MANAGEMENT
AND UTILIZATION OF THE VEGE-
TATION.

1. Changing the logging met-
hods: stopping large-area clear cutting
and abandoning “burning-and-reclai-
ming”, turning from forest coverage.

2. Changing the tree species used
in afforestation, avoiding pure stands of
Pinus massoniana and Cunninghamia
lanceolata, increasing the proportion of
broad-leaved forest, shelter belts and
fuel forest, improving the habitat envi-
ronment and diminishing erosion.

3. Planting trees on barren hills.
The district has 12134.17 km of barren
hills in the area. Part of the hilly country
problem of rural energy shortage could
be solved.

4. Establishing nature reserves to
protect plant and vegetation resources.
Appropriate tourism could be developed.

Table 2. — The physicochemical characteristics of different soils

Chemical composition Physocochemical properties
Soil groups Si0, ALQ0, Fe0, pH Organic matter Total N Total P
red 42.74- 14.1- 5.13-591  4.5- 3.15-4.85 0.185- 0.113-
earth 48.83 269 5.5 0.124 0.163
yellow 41.02- 104- 529759 456 875234 0.148- 0.076-
earth 3295 212 0.471 0.084
yellow brown 34.12- 313- 735978 58- 647-11.23 0.231- 0.054-
earth 3723 362 6.2 0374 0.075
meadow 54.70- 16.8- 446-554 4.9 10.5-15.48 0.23- 0.09-
soil 60.58  20.7 54 0.57 0.18
limestone 6.9- 2.09-6.47 0.09
soil 73 0.20

Deciduous broad-leaved
dwarfed forest ‘///—\\4506
Deciduous broad- 1300
leaved forest 1
_____________ 1100
Deciduous and evergreen Cryptomeria fortunei [
broad-leaved mixed o Torasb .. _ ' _ L900
forest
Evergreen broad- 4 700
leaved forest Phyllostachys pubescens L
forest L 500
3
300
Fig. 2 — West Tianmushan vertical distribution of the vegetation.
Table3. — Timber volume of the cross section. -
HGYV P 03 04 0.7 1.0
Species name H G V H G V H G V H G V
Ciclobalanopsis glauca : 7.2 3.45 25.87
Castanopsis sclerophylla 7 056 24
Castanopsis eyrei 12.7 3.47 29.53
Castanopsis sclerophylla 124 2.81 23.53
Castanopsis eyrei 10 1.38 6.95
Liquidambar formosana 9 197 832
Pinus massoniana 7 042 1.72
Pinus massoniana 13.3 3.36 26.33
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Table 4. — The calculated distances and groupings.
KG= 28 P= 12 Q=13 DM 0.137405
KG= 27 PI=S"18 Q=19 DM = 0.243697
KG= 26 = 21 Q= 22 DM = 0.258907
KG= 25 =¢n 17 Q= 18 DM = 0.276596
KG= 24 P= 6 Q= 17 DM = 0.298893
KG= 23 P= 15 Q= 16 DM = 0.331445
KG= 22 P= 21 Q= 24 DM = 0336323
KG= 21 = 20 Q= 28 DM = 0.425868
KG= 20 = 6 Q= 8 DM = 0.436975
KG= 19 = 12 Q= 14 DM = 0.438356
KG= 18 = 15 Q= 17 DM 0.448029
KG= 17 = 20 Q= 21 DM = 0.454546
KG = 16 P= 11 Q= 23 DM = 0.456790
KG = 15 P= 9 Q= 10 DM 0.473684
KG= 14 P= 11 Q= 12 DM = 0.506024
KG= 13 P= 25 Q= 26 DM = 0.518625
KG= 12 P= 5 Q= 6 DM = 0.522124
KG= 11 P= 20 Q= 29 DM = 0.524862
KG= 10 = 20 Q= 25 DM = 0.538462
KG= 9 = Il Q= 20 DM = 0.559322
KG = 8 P= 15 Q= 27 DM = 0.560166
KG= i P= 2 Q= 11 DM = 0.574468
KG= 6 P= 4 Q= 5 DM = 0.597990
KG= 5 P= 3 Q= 15 DM = 0.624665.
KG= 4 = 2 Q= 3 DM = 0.630953
KG= 3 = 1 Q= 2 DM = 0.640876
KG= 2 = 4 Q= 9 DM = 0.645161
KG = 1 P 1 Q= 4 DM = 0.667482

! , ‘
Z )|
x |
] ! o
g 22 4
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I 22 ’
n
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] " 0
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Fig. 3 — Plant community diagram of the total clusters.

LITERATURE CITED

Eprring COMMITEE OF VEGETATION OF CHINA,
1980 - Vegetation of China. Science
Press, p. 250-360.

CoOoPERATIVE TEAMFOR VEGETATION OF ANHUI,
1983 -Vegetation of Anhui. Anhui Press
of Science & Thecnology, p. 43-187.

LN YING, 1979 - The Altitudinal Zonation of
Forest Vegetation on Mountain Wai-
Zi, Eastern Jiangxi. Journal of Jiangxi
University, 3 (1): 75-78.

Znou CHILUNG, 1965 - A Study of the Vegeta-
tion of Mountain Huangshan. Science

and Thecnology Press of Shanghai, p.

207-264.

Zuou XA, 1984 - The Main Natural
VegetationTypes of Shanghai and their
Distribution. Acta Phytoecologica et
Geobotanica Sinica, 8 (3): 189-198,




BRAUN-BLANQUETIA, vol. 8, 1 992

47

THE VEGETATION OF CHANG-
JIANG SANXIA (THREE GORGES)
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The Changjiang Sanxia (Three
Gorges onthe Yangtze River) Regionin
Western Hubei is located north of the
southwest mountains of Hubei Provin-
ce, with its drainage area located at 30°
34°-31°34’Nand 110°07° -111° 18’
E. The region is composed of two parts,
the region of Xilingxia and the eastern
sector of Wuxia, including a watershed
areain the four counties of Zigui, Xings-
han, west of Nanjinguan in Yichang,
and the north of Badong (see map).

This region lies in the subtropical
zone, belonging to the subtropical broad-
leaved evergreen forest region of the
map of the vegetation of China (Ebpito-
RIAL COMMITTEE OF CHINA VEGETATION,
1980). Elevation varies greatly across
the region, as does the microclimatic
character, so the plant resources of the
region are very rich and the vegetation
types diverse and complex. This results
not only from the obviously transitional
character of the climate butalso from the
distinctly vertical character of the vege-
tation zonation (ZHENG ZHONG, 1983).In
this region, altitude varies from 42.7 to
2005 m in Yichang (the highest point is
at Mit. Tianbaoshan); from 65 to 2079 m
in Zigui (the higest point is at Mt. Yun-
taihuang); from 109.2 to 2426.9 m in
Xianshan (the highest point is at Mt.
Xianlushan); and from 66.8t02441 min
Badong (the highest point is at Mt.
Wuyunding). According to our field
work and primary statistics, the vascular
plants in this region can be classified
into 167 families, 818 genera and 2048
species (including a few cultivated
plants) (WUHAN INSTITUTE OF BOTANY,
AcaDEMIA SINICA, 1976, 1979 and up to
1984). Among these, 79 species in 37
genera of 20 families are ferns, 29 spe-
ciesin 17 genera of 6 families are gym-
nosperms, 1660 species in 632 genera of
124 families are dicots and 280 species
in 132 genera of 17 families are mono-
cots.

The vertical zonal formations of
vegetational in the region can be descri-
bed as follows. The considerable area
below 800 m has been reclaimed for
agricultural vegetation, but there are
some woods of Cupressus funebris,
Pinus massoniana, sparse Sapium sebi-
ferum,and othereconomical plants, such
as Citrus madurensis and Citrus reticu-
lata (cultivated species), as well asa few

other evergreen plants which occur on
the slopes of this zone (ZHENG ZHONG,
1983). Cupressus funebris grows thrif-
tily on the limestone soil. In the zone of
low mountains and river walleys bet-
ween 500 and 1000 meters, there are
some relic evergreen forests in which
the main components arc efficiently
species of Lauraceae and Fagaceae. In
the secondary and sparse forests on these
slopes, there are also species such as
Castanopsis eyrei, Betula luminifera,
Populus adenopoda, Pistacia chinensis,
Liquidambar formosana, Castanea
henryi, Ulmus bergmanniana, Carpi-
nus fargessi, Corylus heterophylla var.
sutchunensis, Cyclobalanopsis glauca
and Zelkova sinica grow on steep slopes
andcliffsand Quercus spinosaforestcan
be found on mountain ridges. The zone
1000-1500 m is occupied by mixed
evergreen and deciduous broad-leaved
forests, mainly with a great number of
deciduous species such as Betula
luminifera, Populus wilsonii, Populus
adenopoda, Carpinus chinensis, Ptero-
carya hupehensis, Quercus variabilis,
Quercus glanduliferavar. brevipetiolata,
Castanea seguinii, Juglans regia, Ju-
glans cathayensis, Platycarya
strobilacea, Celtis sinensis, Eucommia
ulmoides, Toona sinensis, Cercis chi-
nensis and Cornus controversa. The
evergreen tress in this zone are mainly
Cyclobalanopsis glauca, Cyclobala-
nopsis myrsinaefolia, Lithocarpus
cleistocarpus, Cinnamomum wilsonii,
Machilus ichangensis, Phoebe
neurantha, Phoebe faberi, Lindera

megaphylla, Daphniphyllum glauce-

scens and Photinia serrulata. Conife-
TOUS species appearing in this zone in-
clude Cunninghamia lanceolata,
Cupressusfunebris, Pinus henryi, Pinus
armandii, Tsuga chinensis and Kete-
leeria davidiana. Atover 1500 m eleva-
tion the vegetation belongs to the warm-
temperate [chinese terminology] deci-
duous broad-leaved and coniferous fo-
rests but still includes a few evergreen
broad-leaved trees. The deciduous broad-
leaved species in this zone are mainly
Betulaluminifera, Quercus acutidentata,
Fagus engleriana, Fagus lucida, Popu-
lus wilsonii, Populus davidiana, Ptero-
carya insignis, Pterocarya hupehensis,
Juglans cathayensis, Acer davidii, Acer
franchetii, Carpinus henryana, Sorbus
hupehensis, Cornus controversa, Cor-
nus macrophylla, Rhus verniciflua, etc.;
the evergreen (rees are species of
Lauraceae, Rosaceae, Ericaceae,
Aquifoliaceae and Theaceae. Species in
the coniferous forest are chiefly Pinus
armandii, Pinus henryi, Abies fargesii,
Tsuga chinensis, Picea wilsonii, Ce-
phalotaxusfortunei and Torreyafargesii
(JIN YIXING e alii, 1984; ZHENG ZHONG,
1983).

Based on our comprehensive inve-
stigation and analysis of the vegetation
of Changjiang Sanxia Region in We-
stern Hubei in edificators, structure,
physiognomy and biotypes, the vegeta-
tion can be divided into 6 vegetation
types (cultivated economical forests
included) (CooperaTIVE GROUP OF SI-
CHUAN VEGETATION, 1980; Hou Hsuenyv,
1960), 11 formation classes, 20 forma-
tion groups and 54 formations (JIN YIXING
etalii, 1984). The classification follows:
theRoman numerals (IIL........ )indicate
physiognomic vegetation types, the
English capitals (A. B. ...... ) indicate
formation groups and, the Arabic
numbers (1. 2. ...... ) represent the
individual formation.

I. Broad-leaved forests
A. Broad leaved evergreen forests
of the subtropical zone
a. Broad-leavedevergreen forests
on lower mountains
1. Phoebe
2. Castanopsis sclerophylla
- 3. Cynclobalanopsis glauca
b. Broad leaved evergreen fo-
rests of mountain slopes
4. Quercus engleriana, Querus
fargesii
5. Quercus spinosa
6. Quercus acrodonta.
B. Mixed broad-leaved evergreen
and deciduous forests of the subtropi
cal zone
c. Mixedbroad-leaved evergreen
and deciduous forests on moun-
tains
7. Lithocarpus, Fagus
8. Quercus fargesii, Platycarya
strobilacea
C. Mixed needele-leaved and
broad-leaved deciduous forests of the
subtropical zone
d. Mixed needle-leaved and
broad-leaved forest on lower
mountains
. 9. Pinus massoniana, Quercus
glandulifera var. glandulifera
e. Mixed needle-leaved and
broad-leaved forests on mountain
slopes
10. Tsuga chinensis, Quercus
acutidentata
11. Abies fargesii, Betula utilis
var. sinensis
D. Broad-leaved deciduous forests
of the subtropical zone
f.  Oak forests of the mountains
12. Quercus acutidentata
13. Quercus glandulifera var
brevipetiolata
14. Quercus variabilis
g. Otherbroad-leaved deciduous
forests of the mountains
15. Fagus engleriana
16. Castanea henryi
17. Castanea seguinii
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18. Populus davidiana
19. Betula utilis var. sinensis
20. Platycarya strobilacea
II. Needle leaved forests
E. Needle-leaved evergreenforests
of the subtropical zone
h. Needle-leaved evergreen fo-
rests on lower mountains
21. Pinus massoniana
22. Cunninghamia lanceolata
23. Cupressus funebris
24, Keteleeria davidiana
25. Pinus henryi
i. Needle-leaved evergreen fo-
rests on mid-mountain slopes
26. Abies fargesii
27. Pinus armandii
III. Bamboo forests
F. Bamboo forests of the subtropi
cal zone
j.  Bamboo forests with large
stems (D.B.H. larger than 6 cm)
28. Phyllostachys pubescens
29. Phyllostachys bambusoides
f. tanakee
30. Sinocalamus affinis
31. Phyllostachys bambusoi-
des
k.Bamboo forests with small
stems (D.B.H. less than 6 cm)
32. Sinarundinaria nitida
33. Fargeisa spathacea
34. Indocalamus tessellatus
IV. Scrubandscrubmixed withherbs
G. Scrub on mountains of the sub
tropical zone
1. Broad-leaved deciduous scrub
35. Pyracantha fortuneana, Co-
riaria sinica
36. Cotinus coggygria var. pu-
bescens
37. Coriaria sinica
38. Rosa
39. Quercus glandulifera var.
brevipetiolata (sometimes be-
comming small shrub)
40. Loropetalum chinense,
Rhododendron simsii
41. Vitex negundo
H. Scrub mixed with herbs on
mountains of the subtropical zone
m. Broad-leaved deciduous scrub
mixed with herbs
42, Pteridium aquilinum var.
latiusculum, Lespedeza formosa
V. Herb formations
I. Herb formations on the moun-
tains of subtropical zone
n. Grasslands
43. Arthraxon hispidus,
Kummerowia stipulacea
44, Imperata cylindrica
var. major
0. Fern stands
45. Pteridium aquilinum
var. latiusculum
46. Dicranopteris dichotoma
VI. Economic forests (cultivated
vegetation)

J.  Economic broad-leaved ever-
green forests of the subtropical zone
p. Broad-leavedevergreen forests
for fruit
47. Citrus sinensis,
Citrus reticulata
q. Broad-leavedevergreen forests
for oil
48. Camellia oleifera
49. Trachycarpus fortunei
K. Economic broad leaved deci-
duous forests of the subtropical zone
s. broad-leaved deciduous forests
for oil and resin
50. Vericia fordii
51. Juglans regia
52. Sapium sebiferum
53. Rhus verniciflua
t. Broad-leaved deciduousforests
for starch
54. Castanea mollissima

The Changjiang Sanxia is a world-
famous canyon, and this region is spe-
cial in its geographic position. It lies in
a north-south transitional zone and re-
present a distribution on center of relic
and endemic plants in China. The vege-
tation of Changjiang Sanxia Region in
Western Hubei comprises about 68
species of rare plants (ZHENG ZHONG,
1984 & 1986) soitis very important and
necessary to build a proper preserve in
this region (JIN YIXING et alii, 1984), so
that the vegetation can be renewed and
can develop well.

Rare species in the Changjiang
Sanxia Region include:

Metasequoia glyptostroboides
Davidia involucrata
Liriodendron chinense
Tetracentron sinense
Cercidiphyllum japonicum
Emmenopterys henry -
Heptacodium miconioides
Manglietia patungensis
Berchemiella wilsonii
Eucommia ulmoides
Sinowilsonia henryi
Juglans regia

Ginkgo biloba
Cephalotaxus oliveri
Picea neoveitchii
Depteronia sinensis
Euptelea pleiosperma
Ormosia hosiei

Stewartia sinensis
Tapiscia sinensis
Prerostyrax psilophylla
Magnolia officinalis
Pteroceltis tatarinowii
Phoebe zhennan

Coptis chinensis

Corylus chinensis
Dysosma versipellis
Gastrodia elata

Trillium tschonoskii
Abies chensiensis

Amentotaxus argotaenia
Picea brachytyla

Tsuga forrestii
Deinanthe caerulea
Decumaria sinensis
Maytenus variabilis
Magnolia sprengeri
Chuanminshen violaceum
Psilopeganum sinensis
Gymnotheca chinensis
Astragalus henryi
Symphoricarpos sinensis
Corydalis tomentella
Sassafras tzumu
Diphylleia sinensis
Atropanthe sinensis
Citrus ichangensis
Noecinnamomum far gesii
Hepatica henryi

Lindera obtusiloba
Carrierea calycina
Gymnocladus chinensis
Chimonanthus praecox
Perrottetia racemosa
Neomartinella violaefolia
Stylophorum lasiocarpum
Hosiea sinensis

Acer griseum

Toricellia angulata
Triaenophora rupestris
Aesculus wilsonii

Iris wilsonii

Tsuga chinensis

Torreya fargesii

Davidia involucrata var. vilmoriniana
Myricaria germanica var. laxiflora
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THE VEGETATION OF THE
NANSHAN MOUNTAINS OF HU-
NAN PROVINCE AND ITS RATIO-
NAL UTILIZATION
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INTRODUCTION

Like the south of China, the moun-
tain areas of Hunan have a warm climate
with abundant rainfall. The zonal vege-
tation is evergreen broad-leaved forest,
consisting of Castanopsis, Cyclo-
balanopsis, Lithocarpus, Schima and
Machilus (= Persea) as dominant
constituents (Qr CuenciN 1984). On
mountains with an altitude of 1,000-
2,000 m this turns into mixed evergreen
and deciduousbroad-leaved forest which
is dominated by the above-mentioned
genera plus Fagus, Quercus, Acer, Be-
tula and Prunus, somewhere with coni-
fers of Pinus, Tsuga and Fokienia. In
addition, there are large areas of conife-
rous forest on the low mountains, inclu-
ding Pinus massonianaand Cunningha-
mia lanceolata. Bamboo forests also
occur widely. As the human population
increased, land exploitation, was inten-
sified, resulting in the destruction of
forests and the expansion of scrub and
grassland. At present, there are large
areas of barren mountain waiting to be
utilized. How should this barren land be
exploited, should it be used for stock-
raising or be restored as forests? This is
a widely disputed problem among agri-
culturists and ecologists. In this paper
the local vegetation is analyzed. Nans-
han may be considered an example to
demonstrate what are the best way and
the proper direction in the rational utili-
zation of the south Chinamountain areas.

GENERAL GEOGRAPHICAL SI-
TUATION AND NATURAL CONDI-
TIONS '

Nanshan mountain is located at 26°
14’ N, 110° 50’ E in Chengbu County in
the south-west of Hunan Province, bor-
dering the Guangxi Automonous Re-
gion. In the broad sense, the Nanshan
mountains are considered to be a part of
the Yuechengling mountains, of which
the main peak in the Chengbu area has
an altitude of 2,021 m. In the strick
sense, Nanshan mountain isrestricted to
the limit of Nanshan Farm with an area
of 105, 300 ha, of which 8,870 ha are
managed. The main rocks are Creta-
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ceous granite, but Ordovician metamor-
phic sandstone may also be found.
According to the recorded data, the cli-
mate of Nanshan is as shown in Table 1.
The area above 1,600 m is cool and wet,
with an annual mean temperature of
11°.7 C and an annual ice-snow period
of 98 days.

Mountain soil may be divided into
various soil types according to different
elevations: Yellow soil below 1,300 m;
Yellow-brownsoil 1,300-1,700 m; above
1,700 m there is mountain scrub-mea-
dow soil (see Table 2), with bog soil in
depressions.

The soil is usually thick and rich in
nutrient elements, containing high per-
centages of organic materials more than
10% when the vegetation cover is com-
plete.

THE VERTICAL DISTRIBUTION OF
VEGETATION

In the north part of the Yuechen-
gling mountains, which include Nans-
han, the vertical distribution of vegeta-
tion can be divided into four belts as
follows (Q1 CHENGING et alii, 1982):

1. The belt of cultivated vegeta-
tion

This belt lies at an altitude of 500 m
and below. Large areas of flat land as
well as a part of the hilly areas are
constantly exploited to grow crops. Much
of the hill areais used to cultivate econo-
mic forests and orchards, involving
Camelia olifera, Vernicia fordii, tea

plants and oranges. Scattared Pinus .

massoniana forests and Quercus Loro-
petalum shrub forests also occur.

2. The belt of evergreen broad-
leaved forest

This ranges from 500 m to 1,300 (-
1,400) m in altitude, dominated by
Castanopsissyrei,C. carlesii, C.far gesii,

C. fabri, Cyclobalanopsis glauca, Shi-
ma superba, S. argentea, Machilus
rehderii and M. thunbergii, with com-
panion species such as Cinnamomum
bodinieri, C. wilsonii, Michelia
platypetala, Manglietia fordiana, Pa-
rakmeria lotungensis, Engelhardtia
roxbourghiana,Lithocarpus litseifolius,
L. paniculatus, Phoebe sheareri, Or-
mosia xylocarpa, Lindera megaphylla,
Huodendron tibeticum, etc. The forests
have suffered from large-scale
destruction. Pinus massoniana forests, .
sometimes with  Liquidambar
formosana, Betula luminifera, Nyssa
sinensisand Castanea henryi,are widely
scattered.

3. The belt of mixed evergreen
and deciduous broad-leaved forest.

This occurs between the altitudes
0f1,300(-1,400) and 1,700 m, where the
dominant and frequent species, which
form varied communities, are as follows:
Cyclobalanopsis multinervis, C.
stewardiana, Fagus lucida, Quercus
engleriana, Lithocarpus henryi, L.
cliestocarpus, Machilus rehderii, Schi-
ma remoteserrata, Manglietia insignis,
M. chingii, Betula austrosinensis, Tilia
obscura, Halesia macgregorii, Mellio-
dendron xylocarpum and Acer ssp. On
the peak of the mountain, one can occa-
sionally discover several rare and ende-
mic coniferous forests, involving Cat-
haya argyrophylla, Tsuga longibrac-
teatea and Pinus kwangtungensis. Due
tothe destruction of former forests, there
is a wide distribution of Quercus
glandulifera, Platycarya strobilacea,
Rhododendron simsii and Clethra
esquirolii scrub and Miscanthus-Arun-
dinella grassland.

4. The belt of mossy elfin forest
and scrub and grassland

This belt occurs at altitude 1,700-
2,000 m. The elfin forest occurs on
sheltered slopes of the mountains and is

Tab.1 — The climate record at the locality of different elevations
Altitude Temperature (C) Mean annual Mean annual Annual
Precipitation relative fog days
humidity (%)
(m) Annual | January | July
mean (mm)

447 16.9 38 27.1 1,126.3 77 12

1,000 14.5 25 23.3 1,590.8 86 141

1,640 11.7 43 19.1 2,023.2 88 158
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Tab.2 — General Properties of Mountain Scrub-meadow soil.
Parent | Altitude | Depth | PH . OM.| CN N PO,1 KO| CEC. Base Particle
rock (m) (cm) % (%) (%) (%) | meq saturation size(%)
100 (%) 0.001 ] 0.01
Granite 2-8 5.5 |10.50 | 12.16 | 050 | 026 | 1.57 | 29.06 26.84 20.7 | 40.2
1,810 1525 | 53 | 412 | 1278 | 0.19 | 0.18 | 3.19 | 19.38 30.43 28.3 | 56.2
40-50 | 53 | 121 | 1376 | 0.05 | 0.11 | 2.72 | 10.57 40.12 304 | 574
Granite 1,920 2-10 | 5.74| 543 | 13.00 | 024 | 0.10 | 195 | 18.73 40.12 7.6 | 221
13-19 | 5.70| 1.78 650 | 0.12 | 0.13 | 041 14.03 38.42 8.6 | 28.7

composed of Fagus lucida, Cyclobala-
nopsis stewardiana, Illicium majus,
Sorbus pratii, §. folgneri, Rhododen-
dron spp., Symplocos hunanensis, Lin-
dera obtusiloba, Stewartia sinensis,
Magnolia sielbodii, Acanthopanax
evodifolius, Ilex triflora and Stranvae-
sia davidiana var. undulata. Sinarun-
dinaria basihirsuta, as bamboo scrub,
covers large areas on the summits of the
mountains. Owing to the strong winds at
high altitude and frequent burning of the
mountain by farmers, large areas of
grassland occur. These grassland area
include Miscanthus sinensis, Arundi-
nella hirta, Dyeuxia scabrescens with
Pteridium agquiliuum, Anaphalis
margaritacea, Artemisia japonica,
Astible chinensis,Lychnis senno,Swertia
bimaculata, Eupatorium japonicum,
Gentiana davidii, Juncus setchuensis,
Carex  cruciata, Fimbristylis
diphylloides, Lilium brownii, etc. In
addition, the occurrence of some shrubs,
such as Rhododendron, Lespedeza,
Berberis, Buxus and Buddleia spp.isnot
uncommon.

THE GENERAL FEATURES AND
PRINCIPAL TYPES OF VEGETA-
TION IN THE NANSHAN FARM
AREA

Nanshan Farm, set up in 1973, has
a total managed area of 8,870 ha, ran-
ginginaltitudefrom 1,273 mt0 1,946 m.
The area of grassland amounts to 5,615
ha, which wrks out to be 64% of the
total, while the area of forest land is
1,990 ha and the scrub area is 980 ha.
Because of the unfavourable natural
conditions, the land was abandoned af-
ter the destruction of the original forests,
The farmers used to burn the mountain
frequently, resulting in an expansion of
grassland areas. In the early period since
the Farm was set up, only natural grass

was used as feed for cattle. However,
some other types of grass such as Clover
and Ryegrass, etc. were imported in
1975, and this achieved initial success.

The vascular flora in Nanshan
comprises 510 species, 33 genera and
138 families. Among them, the families
withmore than 10 species are as follows:
Poaceae (32 species), Rosaceae (31),
Asteraceae (24), Liliaceae (11), Aquifo-
liaceae (10). Most of them belong to the
flora elements of Central China and
North-Central China (X1ao YUTAN et
alii 1985, 1986). The vegetationin Nans-

han may be divided into 5 vegetation.

types and 15 formations (X1A0 YUTAN et
alii 1985, 1986): -
I. Forests
I). Deciduous broad-leaved
forests
1. Fagus lucida forest
2. Alnus trabeculosa forest in de-
pressious
II). Mixed evergreen and
deciduous broad-leaved forests
3. Cyclobalanopsis multinervia and
Fagus lucida forest
4. Machilus rehderii, Daphniphyl-
lum macropodum and Clethra esqui-
rolii forest
5. Lithocarpus cleistocarpus and
Acer pubinerve var. kwangtungense
forest
II. Scrub types
6. Hydrangea paniculata and Wei-
gela japonica var. sinica scrub
7. Clethra esquirolii and Rhododen-
dron simsii scrub
8. Enkianthus quinqueflorus and
Rhododendron chisinianum scrub
III. Bamboo scrub
9. Sinarundinaria basihirsuta scrub
IV. Grasslands
10. Miscanthus sinensis grassland
11. Arundinella hirta grassland
12. Trifolium pratense, T. subter-
rancumand Lolium perenne grassland
- a cultivated grassland

13. Deyeuxia scabrescensandIsach-

ne globosa grassland - declined becau-

se of the grazing

14. Swertia bimaculata and Ligula-

ria sp. grassland - in the area of over-

grazing

V. Bog community

15. Scirpus lushanensis, Juncus set-

chuensis and Sphagnum cymbifolium

community

From the viewpoint of vegetation

dynamics, grassland in the area is nota
stable vegetation. Today, though, large
areas of grassland have arisen from ori-
ginal forest destruction. The basic suc-
cessional pattern of the principal vege-
tation types is shown below

EXIéTING PROBLEMS AND PRO-
POSED SOLUTIONS

1. The amount of nutrient ele-
ments for cattle is low in the natural
grass. Large-scale farming using only
natural grass can not achieve its purpo-
se. Most of the nutrient elements are
gross cellulose, with no nitsogen ex-
tract. Thus, after one to three years of
grazing, the natural grassland declines
rapidly, with the result that the Farm had
to use cultivated grass instead of natural
grass.

2. After several years of grazing,
grass yields decreased rapidly.

In 1982 the average yield of fresh
grass per ha was 2,100 kg.; in 1984 it
was only 750kg per ha. At the same
time, a change took place in the crop
composition of cultivated land. In 1979,
the grassland consisted of Red Clover (
a good grass) 55%, White Clover 35%
and Ryegrass 10% in terms of area
covered. Five year later, the percentage
of White Clover had risen to more than
80%, while Red Clover became scarce,
and Ryegrass almost disapeared. Mo-
reover, wild grasses and other plants,
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Fig. I — The vertical distribution of vegetation of the northern Yuechengling mountains.
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such as Arundinella hirta, Swertia
bimaculata, Polygonum, Ligularia and
Pteridium, invaded the man-made gras-
sland. ‘

3. Soil erosion was intensified. in
some areas of man-made grassland,
erosion occupied 35% of the total area,
sometimes up to 60% on steep slopes. So
the soil fertility was also decreased.
Measures should be taken to control the
number of cattle, to carry out rotation
grazing, to apply fertilizer and to deve-
lop forestry, and special care should be
taken to protect the natural forests and
water conservation forests. In general, it
is better to avoid large-scale, one-spe-
cies stock raising. Nanshan Farm should
undertake the restoration of mountain
forests as its work and arrange the rai-
sing of livestock in the proper way.
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Fig. 2 — The succession pattern of the principal vegetation types in Nanshan.

Tab.3 — The amount of nutrient elements of the natural grass in Nanshan

Month | Moisture Gross Gross Gross No nitrogen Gross

content protein fat cellulose extract ash

(%) (%) (%) (%) (%) (%)

5 6.89 1325 3.07 36.60 39.62 10.59

7 4.68 491 3.28 32.26 50.62 4.85

12 8.30 3.61 3.15 41.33 38.16 546
average | 7.52 725 3.17 33.39 42.80 6.96
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The Pan-xi region (Panzhihua and
Xichang region) is located at 26°-29° N,
100°-103° 31’ E in southwestern Si-
chuan. Geologically, it belongs to the
Pan-xi Rift Valley Belt of the Hengduan
Mountains between Schuan and Yun-
nan. The region consists of 21 cities and
counties, including Panzhihua and
Liangshan, and covers a total area of
65,900 square km, over 70% of which is
occupied by mountains.

Influenced by the “Kang-Dian Earth
Axis” running fromnorth to south, many
mountainrangesandrivers alsorun from
north to south, such as the Daxue Moun-
tains, Daxianglin Mountains, Xiao-
xianglin Mountains, Dalian Mountains,
Xiaolian Mountains, Jingsha River,
Yalong River and Anning River. The
relief undulates prominently, and the
differencein elevation between the peaks
and valleys is tremendous. The climate
alternates between dry and wet. In the
valleys below 1,300 m, influenced by
the valley wind and foehn, subtropical
vegetation can be found, where the
annual mean temperature is 18°-20.3°C

and the annual accumulated temperatu-
re (=10°C)is6352°-7359° C. Because
of the complex geographic and climatic
factors, as well as human activities, the
vegetation of the region has the follo-
wing characteristics:

I. Complicated floristic compo-
sition with abundant tropical and sub-
tropical elements.

1. Theregionabounds withende-
mic plant species. 'Some of them are
relict plants, such as Cycas panzhi-
huaensis, C. baguanheensis, Pseudot-
suga xichangensis, Cunninghamia uni-
canaliculata, Terminalia dukouensis,
Noueliainsignis, Pinus Yunnanensis var.
pygmaea and Quercus Spp.

2. In the valley below 1,300 m,
tropical and subtropical plants occur
widely and account for 46% of the total
genera there, such as Gossampinus ma-
labrica, Oroxylum indicum, Tamarin-
dus indica, Eriolaena malvacea, Jatro-
pha curcas, Calotropis gigantea and
Barleria cristata (YANG QI-x1u, 1983).

II. Prominent vertical vegetatio-
nal zonation.

From valleys to high mountains,
the major vegetation types occur in the
following pattern:

Open scrub and thick grassland are
found under 1300 m, along the arid, hot
river valleys. Some tree species are
scattered in this belt, such as Gossam-
pinus malabrica, Toona sureni, Tama-
rindus indica, Engelhardiia spicata, E.
colebrookiana. Bushes Phyllanthus
emblica, Jatropha curcas, Trema laevi-
gata, Psidium guajava. Grasses grow

Open scrub and
¥ ' W1 dense grassland

Yo¥y

%

Sclerophyllous evergreen
¥ phy g
Y Y| forest

av | Larix potaninii var.
LA 4
macrocarpa forest
Shrubs and meadows

vr 4 4| Mobile stone-slope vegetation
[l

Pinus yunnanensis
forest

Evergreen broad-leaved
forest

Tsuga, Acer and
Betula forest

Abies and Picea
forest

Fig. I — The vertical distribution of the vegeiauon types in Xichang, Sichuan

well there. The coverdegreeisashighas
90%. The major grasses (Gramineae)
include Heteropogon contortus, Arun-
dinella setosa, Cymbopogon distans,
Eulalia quadrinervis, Andropogon
yunnanensis, Eulaliopsis binata, etc.

Between 1,300-2,800(3,000) mare
the evergreen broad-leaved forests of
Quercus cocciferoides, Castanopsis
delavayi, Cyclobalanopsis glaucoides,
Lithocarpus variolosus, Cinnamomus
wilsonii, Machilus yunnanensis,Schima
argentea, Eurya ssp. and evergreen co-
niferous forests mainly consisting of
Pinus yunnanensis, P. armandii, Kete-
leeria evelyniana. Those occur on low
and middle mountain slopes. These
broad-leavedforests and coniferous fo-
rests are often mixed, becoming forests
of Pinus plus Quercus.

Between 2,800 (3,000) - 3,200 m
are mixed coniferous and broad-leaved
forests of Tsuga dumosa, T. chinensis,
Abiesfabri, A.forrestii, Acer davidii, A.
laxiflorum, Betula utilis and B. platy-
phylla.

The subalpine forests occur in the
range 3,200-4,000 m, with Picea [i-
kiangensis, P. brachytyla var.
complanata, Abies fabri, A. forrestii, A.
georgei, Sabina pingii. On south-facing
slopes there are sclerophyllous forests
of Quercus aquifolioides and Q. pan-
nosa.

Deciduous coniferous forests of
Larix potaninii var. macrocarpa can be
found 4,000-4,100 m.

At 4,100-4,500 m cover alpine
scrub and meadows occur, consisting of
Rhododendron spp., Sabina squamata
var. wilsonii, Spiraea alpina, Berberis
spp.,Kobresia,Carex, Festuca,Poaand
Deyeuxia.

Above4,500m is the subnival zone
with sparse alpine plants such as Saus-
surea spp., Rhodiola spp., Corydalis
Spp., Androsace tapete and Eriophyton
wallichii.

These vegetation types cover wide
vertical belts and extensive areas, with
extremely rich plant resources.

III. Higherdistributionlimitsand
wide habitat ranges.

Due to the favorable moisture and
thermal conditions of the region, the
upper limit of the evergreen broad-lea-
ved forests, mainly consisting of Faga-
ceae, Theaceae, and Lauraceae is as
high as 2,800-3,000 m. Larix poyaninii
var. macrocarpacanbefound in areas4,
300 m and forms forests. Rice can be
cultived inareasabove 2,500 m (Liu Yu-
CHENG, 1982).

According to the vegetation cha-
racteristics, the general principles of ve-
getation management and utilization as
follows:

1. It is necessary to readjust the
agricultural system acoording to the local
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conditions. A series of special producti-
ve bases, such as grain, forestry, fruit,
medicine, sugar, and tea plantations,
should be planned and established in
order to make full use of the forest area
accounting for 49.14% of the total area.

2. According to the mountain
vertical structure, “three-dimensional
agriculture” and the multipurpose fore-
stry processing industry should be deve-
loped. From the low valleys to the higher
mountains, an arrangement of fruits and
crops should be alternately harvested all
year round.

3. Mountain grassland should be
rational managed and improved to esta-
blish animal husbandry and its accoun-
ting for 27% of the total.area (CoopE-
RATIVE GROUP OF THE VEGETATION OF SI-
CHUAN, 1980).

4. Ttisnecessary tousesmallsites
and isolated areas on the mountains to
develop tropical and subtropical plants
and establish small commercial crop
bases.
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Huanggangshan, which is the sum-
mit of the Wuyishan mountains, is loca-
tedat27° 51" N,117°47’ E.Itis 2158 m
above sea level and highest summit in
southeastern China. The mountains are
high and steep, streams and valleys af-
ford irrigation. In the lofty peaks and
deep gorges, environments are very
different from each other, providing
habitats for many vegetation types and

~ abundant biological resorces.

NATURAL ENVIRONMENT

Huanggangshan is in the northwe-
stern part of Fujian Province and in the
Central Subtropical Climatic zone.
Because the region of Huanggangshan
is mountainous the terrain is high and
steep. These mountains provide a natu-
ral defence for Fujian Province. These
against cold airflow from the north in
winter. The mountains also block the
penetration of moist southeastern morn-
soons into the interior in summer. These
mountains have the lowest air tempera-

ture, the highest rainfall and relative
moisture, and heaviest fog in Fujian
Province.

The main elements of climate at the
summitof Huanggangshan (2158 m) are
compared with corresponding values in
Chong-an county (223.4 m, eastern foot
of Huanggangshan) and Nan-chang city
of Jiangxi Province (45.7 m lying west
of Huanggangshanin figure 1 (LINP., YE
Q.H., 1983).

Fig. 1 suggests that the monthly
curves of airtemperature are very simi-
lar but that climatic conditions are very
different at the top and the foot of the
mountains. As a result, there are quite
different vegetation types. The parent
rocks is mainly volcanic and rough-
grain granites. Soils are red earth, yel-
low-red earth, yellow earth and moun-
tain meadow soil, in regular order from
the foot to the summit of Huaggangshan
mountains. Because the slope is steep,
alluvial materials are often found. Soil
organic matter and total Nitrogen gra-
dually increase with increasing eleva-
tion (Caao C.P., 1981).

SURVEY METHOD

The following methods are used in
the vegetation study.

(1) Quardratmethod: For the tree
layer (10 x 10 or 20 x 20 m?), shrub layer
(2 x2 m?) and herb layer (1 x 1 m?or 1
x 2 m?) the list quardrat method was
used, or sometimes the herb layeruseda
denuded quadrat method.

(2) Point-centred quartermethod:
On some steeper slopes, the forest plot
used the point-centred quarter method.

Fifty plots were studied, 11 of them
in mountain top meadow vegetation,
eight in mid-mountain dwarf forest, ten,
in necdle-leaf forest, four in needle and
broad-leaf mixed forest, two bamboo
forest, seven in evergreen broad-leaf
forest, and two in cultivated economic
forests.

THE CHARACTERISTICS OF THE
FLORA

Angiosperms comprise the main
part of the Huanggangshan flora. In this
class there are about 72 families, 180
genera, 352 species, and 10 varieties.
Among these 38 families contain only
one genus, making up 52.8% of the total
number of families (see Table 1).

In addition, many genera contain
one or few species (not over 4 species),
making up 89.0% of the total number of
genera (see Table 2). This includes 108
genera(60% of the total number of gene-
ra) which have only one species and 22
families that contain only one genus and
only one species (30.6% of the total
number of families).

So the area of Huanggangshan
seems to be a marginal region for the
distribution of these families and gene-
ra. On the other hand, component of the
Huanggangshan floracome mainly from
the Tropics and Subtropics making up
68% of the total floral component.
Among these, phanerophytes with me-
sophyll coriaceous and herbaceous,
entire and single leaves are the main
type. The vertical spectrum of plant
communitics of Huanggangshan is con-

2158M 223 ,4M
275 1VN °4% 46.7M
= 8.5 "G 3 °58" :
, 5392.5 17.9°C1975.7 115°58g ]

54§ 300 (2-2) (10-10) A 17.7°C 1483 g
‘ 150 29:8 g 100-140 5 (107’()%)
120 40 "l 80 .120 46
90 30 "" 6@ 490 30
60 20 I 40. 60 20
30 10 20 30 10

15.5 G U 7/, /) -
A B g
Fig.1 — Climatic values at the summit of Huanggangshan, Chong-an county of Fujian, and Nan-chang city of Jiangxi. A. The top of

Huanggangshan (2158 m above sea level) is at 27° 51’ N, 117° 47° E; B.  Chong-an county, at eatern foot of Huanggangshan, 223.4 m, is
at27°43’ N, 118°00" E; C. Nan-chang city, west of Huanggangshan, 46.7 m, is at 28° 40’ N, 115° 58” E (cited from “Chinese Vegetation”,

Wu LY. et alii, 1980).
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sidered to be a concentration of the ve-
getation of the Wuyishan Mountains,
situated in the Central Subtropical
Climatic of China, and a representative
type of Central Subtropical mountainous
vegetation, in which the biota is very
rich and complex in floristic geobotany.
From foot to top of the mountain the
total number of pantropical species de-
creasesand the Central Subtropical flora
is replaced gradually by the Northern
Subtropical flora.

VEGETATION TYPES AND ITS
VERTICAL DISTRIBUTION

The region of Huanggangshan is
high and broad, the relative height from
Chong-an (223 m) to the summit (2158
m) of Huanggangshan is about 1900 m.
The average annual temperature drops
from 17.0°c to 8.7° C. The temperature
difference between both stations was
9.2° c. These differ greatly from each
other in relative moisture as well. The
complication of geographical features
in the area has formed many microhabi-
tats for growing many vegetation types.
Based on our observations, the vegeta-
tion in Huanggangshan Mountain could
bedividedinto 7 vegetation types and 28
formations as follows:

1. Mountain-top meadow (1800-
2158 m): which includes (1) Mesophyte
grass meadow (see Fig. 2); (2) Grass
meadow with scattered dwarf Pinus tai-
wanensis; (3) Transition type of mea-
dow from bush to meadow, (4) Boffy
meadow (LINP., YE Q.H., 1985).

2. Mid-mountain dwarf forest

Table 1.
(LiNnY.R. etal., 1981)

Distribution of Genera and Families of Angiospermae of Huaggangshan

Number of species 1 2 3
in the genus

Number of genera 108 36 14

Percentage of 60 20 7

total genera

10

445 lgeT TEER0rs

Number of Genera 1 2 3 4 5 6 12 13 15
in the Family

Number of Families 38 12 9 3 2 3 1 1 1
Percentage of 528 166 125 42 28 69 14 14 14
total Families

Table 2. — Distribution of species and genera of Angiospermae of Huanggangshan.

14

0.5

(1700-1900 m): which includes (1)
Cyclobalanopsis multinervis, Eurya ni-
tida,Rhododendron ovatum dwarf forest;
(2) Acer amplum, Pyrus calleryana,

Fig.2.

Mesophyte grass meadow in Huanggangshan top (1800-1900 m) [Dominants
are Miscanthus sinensis and Hemerocallis lilioasphodelus (Yellow flower)].

Styraxjaponicadwarfforest; (3) Cornus
controversa, Litsea cubeba, Fraxinus
chinensis dwarf forest; (4) Pyrus calle-
ryanavar. cedanum, Symplocos anoma-
la, Litsea cubeba dwarf forest; (5)
Symplocos ernestii, Eurya saxicola
dwarf forest; (6) Styrax japonica, Acer
amplum, Buxus sinica var. parviflora
dwarf forest (see Fig. 3) (Cuex ZR.,
1983)

3. Needle-leaved forest: which
includes (1) Pinus massoniana forest (at
200-1200 m above sea level); (2) Pinus
massoniana, Cunninghamia lanceolata
forest (200-1200 m); (3) Mixed forest of
Cunninghamia lanceolata and Phyllo-
stachys pubescens (500-1400 m); (4)
Tsuga chinensis var. tchekiangensis
forest (1500-1800 m) (see Fig. 4); and
(5) Pinus taiwanensis forest (1100-1900
m) (LiNP., YE Q.H., 1984).

4. Needle and broad-leaved
mixed forest: which includes (1) Pinus
taiwanensis, Cyclobalanopsis multiner-
vis forest; (2) Pinus taiwanensis-Prunus
campanulata forest; (3) Schima super-
ba-Cunninghamialanceolata forest;and
(4) Pinus massoniana, Liquidambar
formosana, Schima superba forest.

5. Deciduous and evergreen
broad-leaved mixed forest: whichinclu-
des (1) Styrax japonica,Betula lumifera,
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Fig.3. — The Mid-mountain dwarf forest (1800-1900 m) (Dominants: Styrax japonica,
Acer amplum and Buxus sinica var. parviflora etc.).

E - .

Fig.4. — Tsuga chinensis var. chekiangensis forest (1500-1800m, 25 m in height, 100-
150 cm in diameter breast-high), a peculiar community in Huanggangshan of Fujian.

e

Fig.5. — Phyllostachys pubescens forest (400- 1400 m). The undergrowth is Hydrange
paniculata, Eurya sp., Liriope platyphylla etc.

Lithocarpus harlardii forest; and (2)
Quercusfabri-Cyclobalanopsis glauca
forest.

6. Bamboo forest: which includés
(1) Phyllostachys pubescens forest (see
Fig. 5); and (2) Yushania hirticaulis
(Fig. 6).

7. Evergreen broad-leaved forest:
which includes (1) Schima superba-
Cyclobalanopsis glauca forest; (2)
Castanopsis eurei-Schima superba
forest; (3) Castanopsis eurei-
Phyllostachys pubescens forest; (4)
Castanopsis fargesii forest; (5)
Castanopsis tibetana forest; and (6)
Altingia chinensis forest, etc. (HUANG
S.Q. et alii, 1984).

In general, Huanggangshan
vegetationisdivided into 6 primary types
and 7 secondary types which form an
obvious vertical zonation (Fig. 7). Fig. 6
indicates again the relationship between
climatic conditions vegetation in
subtropica mountains.

There are many different habitats
suitable for living beings, with varied
biological characteristics. The
incovenience of transportation in this
rugged area of high mountains and d