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An introduction to the main forest vegetation types of
mainland SE Asia ( Indochina Peninsula)

ZHU Hua

( Center for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, Yunnan, China )

Abstract: The vegetation of mainland Southeast Asia is less known to science. This article introduces the studies up to
now on the vegetation of mainland Southeast Asia (Indochina peninsula) , and describes the main fo-rest vegetation types
based on fragmentary information and field visits. Seven main terraneous and wet land forest vegetation types, including
coniferous forest, coniferous-broad-leaved mixed forest, tropical montane evergreen broad-leaved forest, tropical rain fo-
rest, tropical seasonal moist forest, tropical monsoon forest, and dry thorny thickets/woodland (savanna), are recog-
nized. Of them, the coniferous forest includes two subtypes: temperate coniferous forest and tropical coniferous forest;
the coniferous-broad-leaved mixed forest includes also two subtypes: warm temperate and temperate coniferous-broad-
leaved mixed forests; and the tropical rain forest includes four main vegetation subtypes: tropical lowland evergreen rain
forest, tropical seasonal rain forest (tropical lowland semi-evergreen rain forest) , tropical montane rain forest, and peat
swamp forest. The study history of the vegetation in the region, its classification, physiognomic characteristics, and do-
minant species composition, are also concisely introduced.

Key words: vegetation types, classification, physiognomic characteristics, distribution, mainland Southeast Asia

CLC number; (0948 Document code: A Article ID: 1000-3142(2019)01-0062-09

ABEFRBMIT(FEFR)NEZRKERRETA
K
( HEPHEGETTURA PRI, ARG, ZF B 666303 )

B E. REARM (RS MR ST L AN, ZA TR RGNS BORE, 2SR IR BaA xiZ
DX IR EF AN 5 NGO 2 1 2K Pl AR (0 T S 00 B0 R SCRIR A LB A 12 3t IX. = S 2R ARARL B 1) 70 2 A
2 B EA PRI RYRAIE . T 7R 3 3 DX AR #7360 4 - B A il A S 3t 1) R AR A B DS TR i
ARBE RTR SR AT L Ml 2 R AR R TRBR AT 24 P T v R 2 KUK ( ZR I AR) | 5 000 DA/
B2 AR, Forb B R B R A AT IR R B bR AN B B bR AN AR A R B TR S AR A IR B R
TRASARANGE i P B R YR SR S0 2R 5 Al R AR 4 28 75 A AR o PR B4l 2 3 e R A (A {1
SR TAR) AT L AR 8 5 T ARAR DU AR B 2R 32 S o DA Bl 2 g STV Ml DX AR T 5 0 o e
IPRARGE AR RARY) X R A AT T e

KR MPEERL, 2, BREARAE, AT, KRR R

rRE B 2018-08-17

E£WmB: BRA KB 2=E 4 (41471051, 31170195, 41071040) [ Supported by the National Natural Science Foundation of China
(41471051, 31170195, 41071040) ],

EHZ R RIE(1960-) 58, mmRAA, 4, BF580, FEMNFHGSHEY X ZF5E, (E-mail ) zhuh@ xtbg.ac.cn,



13 ARAE . KRR P (R R ) 19 B 2R R R 41 63

1 Introduction

Mainland Southeast ( SE ) Asia

peninsula) is composed of five countries: Myanmar ( Bur-

ma), Thailand, Cambodia, Lao PDR and Vietnam. In

(' Indochina

biogeography, mainland SE Asia is an intrinsically
floristic unit (Zhu, 2017a). Vegetation studies for the
whole of mainland SE Asia are lacking, except for the
works of Blasco et al. (1996),Vidal (1997) and Ashton
(2014). Blasco published a vegetation map of tropical
continental Asia, and Ashton described the forests of
tropical Asia, including seasonal forests in tropical conti-
nental Asia. However, vegetation studies for each indivi-
dual SE Asia country began early, especially in
Thailand, Vietham and Myanmar where there have been a
lot of studies, but there have been fewer in Laos and
Cambodia.

In Thailand, the first vegetation survey was made by
Credner (1935), in which a concise outline of Thai vege-
tation was given. Ogawa et al. (1961) focused on northern
Thailand vegetation and published “A preliminary survey
on the vegetation of Thailand”. Smitinand (1966) studied
the limestone vegetation in northern Thailand and
Santisuk (1988) gave an account of the vegetation of
northern Thailand. Phengklai ( 1989) studied the peat
swamp forest of Thailand. After these authors’ works, a
lot of studies on vegetation for various national parks and
nature reserves, such as Maxwell & Elliott (2001) for
Doi-Sutep National Park, have also been made.

In Vietnam, Schmid (1974) published “Vegetation
du Viet Nam”. Many vegetational studies on various na-
tional parks and nature reserves have also been made,
such as Thin’s work (1997), “The vegetation of Cuc-
phuong National Park, Vietnam”.

In Laos PDR, Vidal (1960, 1972) published “The
forests of Laos” and “La vegetation du Laos”. He distin-
guished the forest types of Laos as moist semi-deciduous
forests with dipterocarps, mixed deciduous forests, and

savanna in the lowlands, and moist montane forest of

Fagaceae and Lauraceae species dominating the high-
lands.

In Cambodia, Dy Phon (1970) published “La vege-
tation du sud-ouest du Cambodge”. Rollet (1972) pub-
lished “La vegetation du Cambodge” , and Martin (1973)
published “Notes on the vegetation of the Cardamon
Mountains, Cambodia”.

In Myanmar, Stamp (1925) published “Vegetation
of Burma, from an ecological standpoint” and Champion
(1936) published “A preliminary survey of the forest
types of India and Burma” , as well as Davis (1960) pub-
lished “The forests of Burma”. In recent years, Htun et
al. (2011) published “Classifying tropical deciduous veg-
etation; a comparison of multiple approaches in Popa
Mountain Park, Myanmar”, and Aye et al. (2014) pub-
lished “ Floristic composition, diversity and stand
structure of tropical forests in Popa Mountain Park”.

However, comprehensive accounts of the vegetation
of mainland SE Asia are lacking. Here I provide a concise
introduction to the main terraneous and wet land forest
vegetation types based on the fragmentary published infor-
mation and my own field visits. This article is intended as
a reference for people who are interested in the vegetation
of mainland SE Asia, especially for the researchers in the

recently established Southeast Asia Biodiversity Research

Institute, Chinese Academy of Sciences ( CAS-SEABRI).

2 Vegetation classification

Classifications of tropical forests are essential for
production forestry, conservation planning, and ecological
research (Corlett, 2014). The terminology and classifica-
tion of tropical vegetation have not been standardized
world-wide, because different approaches were used by
different investigators. As Corlett stated that there is no
single, agreed, global, or pantropical classification
system for vegetation or just for forests ( Corlett,
2014). Beard (1944, 1955) made the earliest classifi-
cation of the tropical American vegetation types. Rich-

ards (1983, 1996) classified the tropical rain forests of
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the world. Hall & Swaine (1976, 1981) classified the
African tropical rain forest, Webb (1959) classified the
Australian rain forest, and Robbins ( 1968 ) and
Whitmore (1984 ) classified the tropical Asian rain
forest. Zhu (2006, 2017b) and Zhu et al. (2015a)
classified the tropical forests in South China at the
northern margin of mainland SE Asia.

Blasco et al. (1996) classified the main vegetation
types of tropical continental Asia into (1) Tropical rain
forest formation ( including tropical lowland evergreen
rain forest, tropical lowland semi-evergreen rain forest,
tropical montane rain forest and peat swamp forest ),
(2) Mangroves, (3) Monsoon forest formation
(including tropical dry deciduous forest, tropical moist
deciduous forest, dry evergreen forest) , (4) Woodland
(including dry deciduous dipterocarp woodlands and
mixed deciduous woodlands) , and (5) Thickets (inclu-
ding dry thorny thickets and coastal Melaleuca stands).
(2014)

landscape-scale ) classifications were usually at least

Corlett commented that local ( or
partly based on floristics; dominant species, indicator
species, or overall floristic  composition, and
classifications at the largest scales were usually based on
the dominant growth forms. Physiognomic and ecological
characteristics have been mainly used for classification
at the SE Asia vegetation type level (Richards, 1983) ,
while floristic composition and habitats combined were
mainly used at the formation level. In this article, clas-
sification is based on physiognomic and ecological
characteristics, floristic composition and habitats com-
bined. Based on my field visits, information collected,
and referring to the classifications of Blasco et al.
(1996) and Ashton (2015), I recognize seven main
terraneous and wet land forest vegetation types in main-
land SE Asia. More forest types probably exist in main-
land SE Asia, but I have not visited the sites and could
not include them in this article. Mangroves widely dis-
tribute in coastal saline or brackish water and contain a

complex salt filtration system and complex root system to

cope with salt water immersion and wave action. They

form a particular ecosystem. Mangroves are not
introduced in this article because of their popular well-
known fact. The seven vegetation types here introduced ,
are coniferous forest, coniferous-broad-leaved mixed for-
est, tropical montane evergreen broad-leaved forest,
tropical rain forest, tropical seasonal moist forest,
tropical monsoon forest, and dry thorny thickets and
woodland (savanna).

Here I would like especially to clarify the names
and applications of several forest types in this
article. (1) The tropical seasonal rain forest in
mainland SE Asia. In terms of physiognomy and struc-
ture, it is similar to the evergreen seasonal forest of
tropical America of Beard (1944, 1955), to the humid
evergreen type of the African tropical rain forest of Hall
& Swaine (1976, 1981), to the mesophyll vine forest of
the Australian rain forest of Webb (1959) or to the
semi-evergreen rain forest of Walter (1971). However,
it resembles largely the semi-evergreen rain forests of SE
Asia of Whitmore (1984 ), or tropical seasonal forests of
Corlett (2005). I used the name “tropical seasonal rain
forest” for this kind of forest in South China at the
northern margin of mainland SE Asia ( Zhu, 1997,
2004, 2006, 2017b). It is still suitable to use this forest
type in the tropical seasonal region of mainland SE
Asia. (2) The tropical montane rain forest. This is the
same as the lower montane rain forest of tropical Asia
( Whitmore, 1984, 1990) , although it is somewhat dif-
ferent from the lowland rain forest in floristic and physi-
ognomic characteristics. | agree that it is a subtype of
tropical rain forest (Zhu et al., 2006a, 2006b ), as
used by most researchers (Beard, 1944, 1955; Grubb,
1964 ; Robbins, 1968; Richards, 1996) and follow the
classification of Blasco et al. (1996). (3) The tropical
monsoon forest. This is a tropical deciduous forest under
the influence of a strong monsoon climate, as defined by
Schimper (1903), and it seems to be an intermediate
type between seasonal rain forest and savanna ( Zhu,
2011). (4) The tropical montane evergreen broad-

leaved forest. Thist is a tropical lower montane forest of
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mainland SE Asia characterized by its oak-laurel
floristic composition ( Ashton, 2003), and is different
from the tropical upper montane rain forest of SE Asia
because it usually has fewer epiphytes and occurs
mainly on relatively drier slopes above 900—1 000 m al-
titude. The name tropical montane evergreen broad-
leaved forest was first used in South China (Zhu et al.,
2005, 2015a, 2015b). It is the same forest type on rela-
tively drier slopes above 900-1 000 m in mainland SE
Asia, which was seen in my field visits. (5) The
tropical seasonal moist forest. This occurs mainly on
middle and upper limestone slopes in the region and the
name also was first used for the forest in South China
(Zhu et al., 1998) in our studies. It is preferred here
because the forest is not equivalent to Schimper’s mon-
soon forest ( Schimper, 1903) , despite the fact that it is
affected by seasonal dryness and contains a variable per-
centage of deciduous trees. It is also different from the
tropical montane evergreen broad-leaved forest in
floristic composition. Compared with the seasonal rain
forest of the region, the seasonal moist forest has less a-
bundant megaphanerophytes, but more abundant herba-
ceous chamaephytes and more plants with compound,
leathery leaves. This limestone forest, which abuts the
seasonal rain forest on lower slopes and at limestone val-
leys, is a vegetation type on limestone slopes. The co-
niferous forest and their subtypes in mainland SE Asia
follows Wu’s (1987) classification of the vegetation of
Yunnan, because in higher mountains, especially in
northern Myanmar, the coniferous forest has the same
physiognomic and floristic characteristics as Yunnan
Province, SW China. The coniferous-broad-leaved
mixed forest and its subtypes are seen mainly in
northern Myanmar. They are similar to the ones in Yun-
nan Province. These kinds of forests in Yunnan are
widely distributed on mountains, although they were in-
cluded in the related coniferous forests at similar eleva-
tions in Wu’s work ( Wu, 1987). I consider this kind
of forest to be a vegetation type due to its characteristic

physiognomy and floristic composition. Here 1 use the

same term for the forests in northern Myanmar.

Blasco et al. (1996) used the name “Dry evergreen
forest” underneath the monsoon forest formations and
stated that it occurs on the dry eastern Coromandel coast
of India and in North Sri Lanka and this very peculiar
and vestigial plant community is unknown elsewhere in
Asia. In some local vegetation studies in mainland SE
Asian countries, the name dry evergreen forest was
used. I am not familiar to this forest, so that I do not in-
clude this forest type in the article. As Corlett stated
that all systems for classifying and naming vegetation
types are to some extent arbitrary ( Corlett, 2005). My
vegetation classification in this article is ineluctable to

some extent arbitrary.

3 Main vegetation types in mainland

SE Asia

3.1 Coniferous forest

Coniferous forest in mainland SE Asia includes two
vegetation subtypes: temperate coniferous forest and tro-
pical coniferous forest.
3.1.1 Temperate coniferous forest This forest occurs
mainly on the high mountains above 3 000 m in North
Myanmar. It is dominated by species of fir (Abies) and
spruce ( Picea ), and sometime mixed with Taxus,
Pseudotsuga, Tsuga, Pinus, as well as broad-leaved
tree species Quercus, Betula, Populus and Salix. The
shrub layer is mainly composed of Fargesia, Rhododen-
dron, Ribes, Sorbus etc., and herbaceous plants are
mainly Primula species. This kind of forest could refer
to Zhu (2009). This state was described in Davis’ work
as the high mountains of northern Burma have cold
winter seasons and vegetation of temperate zone species,
and the fir and spruce forests of the high mountains are
a temperate climatic type composing the conifer types
(Davis, 1960).
3.1.2 Tropical coniferous forest This forest mainly oc-

curs on tropical mountains in mainland SE Asia. Tt is
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dominated by Pinus kesiya and Pinus merkusii. Other
frequent mixed tree and shrub species are Melanorrhoea,
Dipterocarpus (D. obtusifolius, D. tuberculatus) , Vatica,
Aporosa, Callicarpa, Decaspermum, Dillenia, Engelhard-
tia, Grewia, Lithocarpus, Mallotus, Melastoma, Meme-
cylon, Phyllanthus, Pithecellobium, Randia, Wend-
landia , and Vaccinium.
3.2 Coniferous-broad-leaved mixed forest

The coniferous-broad-leaved mixed forest also in-
cludes two subtypes: warm temperate coniferous-broad-
leaved mixed forest and temperate coniferous-broad-
leaved mixed forest.
3.2.1 Warm temperate coniferous-broad-leaved mixed
forest This forest occurs mainly in the lower montane
zone in northern Myanmar. It is dominated by
coniferous Pinus kesiya and broad-leaved Quercus.
Other frequent tree species are Pieris, Wendlandia,
Vernonia, Gaultheria, Litsea, Altingia, Rhodoleia,
Prunus, Gordonia, Schima, Pygeum etc.
3.2.2 Temperate coniferous-broad-leaved mixed forest

This forest occurs above the altitudinal zone of warm

temperate coniferous-broad-leaved mixed forest in
northern Myanmar. It has two tree layers: the upper
layer is dominated by Pinus wallichiana, while other
frequent coniferous tree species in this layer are Cepha-
lotaxus , Tsuga and Taxus. The broad-leaved trees are
mainly deciduous and in the lower tree layers, such as
Acer, Betula, Sorbus, and Corylus, while other
frequent tree species are Tetracentrum, Ilex, Dipent-
odon , Viburnum , Alnus etc. The shrub layer is domina-
ted by Rhododendron, Vaccinia, and Euonymus. In Vi-
etnam, this kind of forest occurs in the highlands in
the centre and northern region above 1 000 m, and fre-
quent tree species are Fokienia, Nageia ( N. wallichi-
ana, N. fleuryi) , Cunninghamia, Podocarpus (P. im-
bricatus , P. neriifolius) , and Cephalotaxus.
3.3 Tropical montane evergreen broad-leaved forest

Tropical montane evergreen broad-leaved forest is

the main vegetation type on mountains of mainland SE

Asia and usually has two conspicuous tree layers, of

which the upper tree layer is 15-30 m tall with dense
crowns and the lower tree layer is 3—18 m tall with a
cover of about 50%.

It occurs mainly on mountains above 900—1 000 m
in northern, western and eastern Myanmar, Thailand, Vi-
etnam and Laos, and above 600 m in Cambodia. The
forest is dominated by Fagaceae, FEuphorbiaceae,
Lauraceae, Theaceae, Myrtaceae ( Syzygium) and in
some sites dominated by Podocarpaceae ( Podocarpus,
Dacrydium) . The understory is mainly composed of sap-
lings and seedlings of the tree layer species. Shrub and
herbaceous species are usually less abundant. Lianas are
abundant, but epiphytes are less abundant compared to
tropical lowland rain forest and montane rain forest. Fre-
quent tree species are Schima, Engelhardiia, Litho-
carpus, Castanopsis, Magnolia, Michelia, Manglietia,
Hlicium, Eurya, Styrax, Daphne, Eriobotrya, Lindera,
Litsea , Actinodaphne , Cinnamomum , Ficus, Symplocos,
llex , Brassiopsis, Syzygium, Ulmus, Carpinus,Aglaia,
Aquilaria, Baccaurea, Bouea, Dysoxylum, Garcinia,
Podocarpus and Dacrydium.
3.4 Tropical rain forest

“Tropical rain forest” is a general term including a
wide range of vegetation formations. In tropical mainland
SE Asia, it usually includes three main big vegetation
subtypes, i.e., tropical lowland evergreen rain forest,
tropical seasonal rain forest (tropical lowland semi-ever-
green rain forest) , and tropical montane rain forest. In
the Blasco et al. (1996) classification, peat swamp
forest was included in this vegetation type.
3.4.1 Tropical lowland evergreen rain forest  The
tropical lowland evergreen rain forest is a tropical wet
lowland forest formation. It has 3 — 4 indistinct tree
layers, of which the top layer consists largely of
emergent trees more than 30 m tall (the tallest up to
60—70 m) and has about 30% crown coverage ; the sec-
ond layer, up to 30 m high with almost continuous
crowns and the greatest density of stems (70% —80%
coverage ) , is the main canopy layer; the third layer,

5-20 m high, has a high density of trees and various
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species. This forest occurs mainly in Malaysia and In-
donesia, but it also occurs in the wet lowlands in Viet-
nam, Cambodia, Thailand and Myanmar. In Cambodia,
it occurs mainly on the Cardamon and Elephant hills be-
low 500 - 600 m. The top tree layer is dominated by
Dipterocarpaceae species such as Anisoptera costata,
Anisoptera scaphula, Dipterocarpus costatus , Dipterocarpus
intricatus , Hopea ferrea, Hopea odorata, Shorea guiso,
and Shorea pierrei; other frequent trees are Palaquium
Heritiera, Parkia, Swintonia and Syzygium. Some de-
ciduous trees, such as Tetrameles nudiflora, Diptero-
carpus costatus, Dipterocarpus intricatus, Sterculia
lynchnophora and Irvingia malayana ( Simaroubaceae )
occur at some sites. Guttiferae, Myrtaceae, Ebenaceae,
Theaceae, Sterculiaceae, Sapindaceae, Fabaceae, Ana-
cardiaceae,, and Palmae are also frequent, such as Caryo-
ta, Pinanga, Arenga, Areca, Licuala, Calamus etc.
This forest occurs in the Annamites of Vietnam
below 800 m. It is dominated by Dipterocarpaceae ( Hopea
spp.), Fagaceae ( Lithocarpus spp.), and Madhuca,
Xanthophyllum etc. The forest could go up to 45 m high,
and the top tree layer is dominated by Hopea, Shorea,
Dipterocarpus and Canarium; the second tree layer is
dominated by Xanthophyllum, Lithocarpus, Castanopsis,
Madhuca, Aidia, Elaeocarpus, Eberhardtia, Diospyros,
and Litsea; the third tree layer is dominated by
Syzygium, Chisocheton ,

Hydnocarpus , Mallotus, Macaranga, Livistona, Archiden-

Gironniera , Aglaia,
dron, Diospyros, Garcinia, Pterospermum, Cryptocarya,
Artocarpus , Eberhardiia, Michelia etc.

3.4.2 Tropical seasonal rain forest (Tropical lowland semi-
evergreen rain forest) The tropical seasonal rain forest
occurs in tropical lowlands influenced by a monsoon cli-
mate with a mean annual rainfall of 1 500-2 000 mm. It is
dominated by evergreen tree species, but some deciduous
trees occur in the crown layer. In Myanmar, it was called
“Evergreen tropical forest” (Stamp, 1925) or “Tropical
semi-evergreen forest of India-Burma” ( Champion,

1936). In Thailand it is mainly distributed in southern

and western parts below 900—1 000 m. In Laos, Vietnam

and Cambodia, it occurs in ravines below 900 m.

Like the tropical lowland evergreen rain forest, the
tropical seasonal rain forest has also 3—4 indistinct tree
layers, of which the top layer consists largely of emergent
trees more than 30 m tall (the tallest up to 60 m) ; the
second layer, up to 30 m high with almost continuous
crowns and the greatest density of stems (70% - 80%
coverage ) , is the main canopy layer; the third layer with
a crown cover of about 40%, consists of small trees and
juveniles of species from the upper layers. It has still
abundant woody climbers and vascular epiphytes.
Buttresses and cauliflory are also common. The forest is
mainly evergreen despite the fact that there are some de-
ciduous trees in the emergent layer.

In species composition, it is dominated by Diptero-
carpaceae ( Dipterocarpus, Shorea, Vatica, Hopea, Ani-
soptera, Parashorea ). Other frequent tree species are
Dysoxylum, Michelia, Cedrela, Canarium, Garuga,
Chukrasia, Lagerstroemia, Chisocheton, Beilschmiedia,
Gironniera, Nephelium, Polyalthia, Syzygium, Tetra-
meles, Garcinia, Ficus, Diospyros, Pterospermum,
Castanopsis , Lithocarpus, Knema , Mesua, Terminalia,
Elaeocarpus, Acrocarpus etc. In its secondary forest,
bamboo species are extensive, for example, Dendrocal-
amus hamiltonii, D. strictus, D. membranaceus, and
Bambusa polymorpha.

3.4.3 Tropical montane rain forest The tropical mon-
tane rain forest occurs in wet montane habitats between
800-2 000 m elevation in mainland SE Asia. It has 2—
3 tree layers and is usually up to 20—-30 m tall. In spe-
cies richness, the tropical montane rain forest is domi-
nated by Fagaceae, Lauraceae, Euphorbiaceae, Papil-
ionaceae, Rubiaceae, Theaceae, Juglandaceae, Mag-
noliaceae, Myrtaceae and Elaeocarpaceae, as well as
Podocarpaceae and Pinaceae (mostly Pinus kesiya) in
the tree layers. The tropical montane forest usually oc-
curs in a climate with the mean temperature of the col-
dest month below 15 °C and the absolute minimum fall-

ing below freezing point for a few days in January and

February, as well as usually rainfall more than 2 000
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mm. It is characterized by abundant epiphytes,
referring to Nakanishi et al. (2016).
3.4.4 Peat swamp forest Peat swamp forest is a kind
of unstable evergreen lowland forest, occurring on low-
lying or submerged organic soil area. It is a unique
vegetation differing from other vegetation types
(Phengklai et al., 1989). It occurs mainly in South
Thailand and Myanmar. In the case of Narathiwat,
peninsular Thailand, the forest has three tree layers .
the top tree layer is up to 33 m tall, and composed
mainly of species Ganua mortleyana, Macaranga pru-
inosa , Campnosperma cortaceum and Sandoricum emar-
ginatum. The second layer is up to 22 m tall, and com-
posed mainly of Blumeodendron kurzii and Polyalthia
glauca. The third layer is 14 to 22 m tall, and com-
posed mainly of Kugenia ( Phengklai et al., 1989),
Stemonurus secundiflorus (Phengklai et al., 1989). In
certain area, palms are abundant, such as Licuala
longicalycata , Eleiodoxa conferta, Caryota mitis, and
Pinanga riparia.
3.5 Tropical seasonal moist forest

Tropical seasonal moist forests occur on limestone
slopes, mainly in northern Thailand, Laos and
Vietnam. The forest has usually two distinct tree
layers. Cleistanthus, Lasiococca, and Dracaena are fre-
quent tree species. Deciduous trees, Tetrameles, Bom-
bax, Colona, and Erythrina are sparsely dotted as e-
mergents throughout the forest. The understory consists
of saplings and more creeping lianas.
3.6 Monsoon forest ( Tropical deciduous forest)

The monsoon forest is a tropical deciduous forest
under the influence of a strong monsoon climate as de-
fined by Schimper (1903 ). In mainland SE Asia,
monsoon forests often have a mosaic distribution with
the seasonal rain forests. They occur in areas with
strong seasonal dryness, controlled by a strong
monsoon climate below 1 000 m, and are leafless for at
least several weeks in February and March. In north

Thailand, Laos and Myanmar they have wide distribu-

tions. These monsoon forests are usually 20-25 m tall

with 1-2 tree layers. The upper tree layer with an um-
brella crown is composed of deciduous trees, or the
tree layers are all deciduous. Frequent tree species are
Tectona ( Tectona grandis), Lagersiroemia, Anogeissus
Dipterocarpus (D. alatus, D. turbinatus) , Shorea, Irv-
ingia , Homalium, Gmelina, Buchanania, Pterocarya,
Adina, Erythrina, Bauhinia, Sindora, Pterocarpus, Af-
zelia, Grevia, Cratoxylon, Terminalia, Dalbergia, Elae-
ocarpus , Glochidion, Randia, Dendrocalamus, Bombax
spp., Cassia, Vitex, Dillenia, Acacia, Erythrina, and
Mitragyna. Serious disturbances usually change these
forests into bamboo forests ( Dendrocalamus strictus dom-
inated) as their secondary stages.

In Thailand, in particular, the monsoon forests
dominated by  deciduous  Dipterocarpaceae  are
distributed widely ( Ogawa, 1961 ; Blasco et al.,
1996). This forest is 15-20 m tall and has two tree
layers. Frequent Dipterocarpaceae species are Diptero-
carpus tuberculatus, D. obtusifolius, D. intricatus,
Shorea siamensis, and Shorea obtusa. In Cambodia, the
deciduous dipterocarp forest occurs in the lowlands, and
is dominated by Dipterocarpus tuberculatus, D. obtusifo-
lius, D. intricatus, Shorea obtusa, and S. siamensis.
Other frequent trees are Albizia, Azadirachta, Capparis,
Cratoxylum, Dalbergia, Irvingia, Memecylon, Randia,
Terminalia and Xylia.

3.7 Dry thorny thickets /Woodland/Savanna

Dry thorny thickets and woodlands are included in
savanna in the broad sense. Dry thorny thickets are dis-
tributed mainly in the central basin of Myanmar and
dominated by Acacia, Zizyphus, Anogeissus, Euphorbia,
Capparis, Jatropha, Lagerstroemia, Osyris, Carissa,
and Opuntia. The so-called woodlands are the
transitional type between dry thorny thickets and
monsoon forests. They occur widely in northwestern
Thailand, Vietnam, Laos and Cambodia, and are domi-
nated by Dipterocarpus obtusifolius, D. tuberculatus,
D. intricatus, Shorea siamensis, Shorea obtusa,

Canarium kerrit, Vitex pubescens, V. penduncularis,

Gardenia spp., Phyllanthus emblica, Strychnos nux-
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vomica, and Melanorrhoea  usitata. Undergrowth

commonly includes Cycas, Zizyphus, Cratoxylum, and
Arundinaria. Pinus merkusii is often among them.
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