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Seasonally Dry Tropical Forests in 
Continental Southeast Asia

Structure, Composition, and Dynamics

Sarayudh Bunyavejchewin, Patrick J. Baker, and Stuart J. Davies

The forests of continental Southeast Asia make up a significant portion of the 
Indo-Burma biodiversity hotspot (see McShea and Davies, this volume). These 
diverse forests are under severe threat from both land use and climate change, 

and urgently need to be more sustainably managed. This management of seasonally 
dry forests in Southeast Asia needs to be based on a sound understanding of the ecol-
ogy of natural forests, the habitat requirements of their constituent species, and the 
response of these systems to natural disturbance dynamics. Natural forest management 
strategies will help protect habitat for wildlife, will limit the impact of nonnatural dis-
turbances, and will lead to opportunities for restoring degraded lands to functional for-
ests. An important first step in this process is to develop a much more refined descrip-
tion of the forests with a clear understanding of what controls their spatial variation 
in structure and composition across the region. The vegetation types and ecoregions 
described in recent mapping and conservation assessments in continental Southeast 
Asia—for example, Blasco et al. (1996) and Wikramanayake et al. (2002)—are useful 
for broad-scale threat assessment and priority setting; however, for the active forest 
management that is required in much of the region now, we need detailed understand-
ing of the ecology and dynamics of specific forest types.

Our research aims to understand the controls on spatial distributions and temporal 
dynamics of seasonally dry tropical forest (SDTF) formations across the region. This 
work is principally based in Thailand, but since most of the forest types are wide-
spread, with similar species often occurring across the seasonally dry areas of Indo-
Burma (Champion and Seth 1968), this research will be broadly relevant in continental 
Southeast Asia.

Many authors (e.g., Miles et al. 2006) have defined dry tropical forests as those 
with 5–6 dry months (less than 100 mm rain per month) and average annual rainfall 
of less than 1,600 mm. In this chapter, we include all areas that experience a predict-
able, regular dry season in which the long-term mean monthly rainfall falls below 100 
mm per month. This includes areas with 2–3 dry months and over 2,000 mm of rain 
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per year in the far south and southeast of Thailand, as well as areas with as much as a 
6-month dry season and 1,200 mm of rain in parts of the north and east of the region 
(Figure 1). We use this broader definition for our assessment of the ecology of SDTFs 
in Southeast Asia for the following reasons (see also Murphy and Lugo 1986; and 
Pennington et al. 2006). First, all forests in the seasonal areas of Southeast Asia share 
dynamics that are synchronized with the periodicity of seasonal water stress, including 
flowering and fruiting, leaf phenology (Ishida et al. 2006; Williams et al. 2008), carbon 
uptake (Yoshifuji et al. 2006), and growth and mortality (Baker and Bunyavejchewin 
2006b). Farther south in aseasonal mixed dipterocarp forests, reproductive pheno-
logical patterns are dominated by supra-annual general flowering and mast-fruiting 
events (Appanah 1985), whereas to the north, phenological cycles are more strongly 
influenced by intra-annual temperature fluctuations, and particularly the impact of 
killing frosts. Second, continental Asian forests cannot be divided into wet and dry 
types based on deciduousness, as has been done elsewhere, because many parts of 
strongly seasonal Southeast Asia have evergreen forests (Champion and Seth 1968; 
Ashton 1990; Rundel and Boonpragob 1995). Evergreen and deciduous forests often 
occur interdigitated within landscapes. For example, at the Huai Kha Khaeng Wildlife 
Sanctuary in central western Thailand, deciduous dipterocarp, mixed deciduous, and 
evergreen forests all occur within hundreds of meters of each other. Third, biogeog-
raphers have long recognized the region of Indo-Burma as distinct from neighboring 
areas. To the south the region is bounded by the Kangar-Pattani Line, a relatively sud-
den division between seasonal and aseasonal forests, across which there is a dramatic 

figure 1. rainfall distribution (mm per month) in huai Kha Khaeng (solid line) and Khao Chong (dashed 
line) illustrating continental Southeast Asian climates with different dry season lengths.
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floristic turnover (van Steenis 1950; Whitmore 1984; Baltzer et al. 2007). To the north 
the region is bounded by the foothills of the Himalayas and the Nan-Ling Mountains 
of southern China close to the Tropic of Cancer, and to the west the area is bounded 
by the delta of the great Brahmaputra River (Ashton 1990, 1997).

In continental Southeast Asia there is a range of seasonal forest types that vary 
widely in diversity, composition, and structural features. In this chapter we describe six 
of the main vegetation types that occur in seasonal climates in this area. We base this 
description on the published work of others as well as our own work. We also present 
preliminary, unpublished findings from an analysis of thirty-eight 1 ha plots that the 
senior author has established across Thailand over the past decade (Figure 2). In all 
thirty-eight plots, trees ≥ 10 cm dbh (diameter at breast height, “breast height” taken 
as 1.3 m) were mapped, measured, and tagged for long-term monitoring. The plots 
include over nine hundred species of trees with dbh ≥ 10 cm. Species were identified 
using regional floras and collections at the Department of National Parks, Wildlife and 
Plant Conservation (DNP) Forest Herbarium (BKF) in Bangkok, Thailand. Nomen-
clature follows Forest Herbarium (2001). Additional results from these plots will be 
presented in upcoming publications. Other important, though less-extensive, vegeta-
tion types occur in the region, including upper montane forests, mangroves, grasslands, 
swamp forests, and forests over limestone. These vegetation types are also important 
reservoirs of the region’s unique biodiversity and require more detailed ecological 
study, but will not be further considered in this chapter.

Following the descriptions of the vegetation types, we discuss factors driving the 
dynamics of the different forest types, considering the impact of both natural and 
intrinsic disturbances, and the effects of human-induced changes in these systems. We 
use this analysis to provide the necessary context for discussing long-term, sustainable 
management of SDTFs in Southeast Asia.

DeCIDuouS DIpteRoCaRp foReSt

Deciduous dipterocarp forest (DDF) occurs in areas with a relatively severe 5–6 month 
dry season and a total annual rainfall of about 1,000–1,500 mm (Bunyavejchewin 
1983a). This forest type extends across continental Asia from northeast India, through 
Thailand, to Laos and Vietnam. In Thailand, DDF has been historically the most ex-
tensive forest type, covering as much as 45 percent of the total forest area (Neal 1967, 
in Bunyavejchewin 1983b; Rundel and Boonpragob 1995). The different names by 
which DDF has been described are summarized in Santisuk (1988).

DDF occurs mainly in the lowlands up to 900 m above sea level, but extends to 
higher elevations in some areas where it intergrades with pine forest. The soils over 
which DDF grows are acidic, shallow, sandy, and often lateritic (Santisuk 1988), and are 
generally considered poor and unable to sustain long-term agriculture (Cooling 1968).

DDF has a relatively low, open canopy composed of species with typically thick, 
leathery leaves. The canopy does not usually exceed 20 m in height and in xeric con-
ditions can be 5–10 m tall. However, in very favorable sites, the main canopy dip-
terocarps and some Terminalia species can reach 25–30 m in height (Bunyavejchewin 
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1983a; Santisuk 1988). Like most strongly seasonal forests, the abundance of stems in 
smaller size classes is low in DDF compared with evergreen rainforests. However, the 
mean stem density of trees ≥ 10 cm dbh overlaps with stem densities of other seasonal 
forests (Figure 3). Among the eleven 1 ha plots of DDF considered here, mean stem 
density was 440 stems per hectare (range: 269–646 stems/ha). Most species of the main 
canopy lose their leaves at the start of the cool, dry season in December or January, 
and regain new leaves before the start of the wet season in April or May (Bunyave-
jchewin 1983a; Williams et al. 2008).

DDF is composed of a very distinctive set of dominant species. One or more of 
the four deciduous dipterocarp species, Shorea siamensis, S. obtusa, Dipterocarpus 

figure 2. ordination of floristic composition of 38 plots in 6 forest types in seasonally dry forests in Thai-
land. Non-metric multidimensional scaling analysis included total basal area of trees ≥10 cm dbh for the most 
important 300 species.
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obtusifolius, and D. tuberculatus, usually form the core of DDF stands. In the eleven 
DDF plots studied, dipterocarps account for an average 51 percent of all stems ≥ 10 
cm dbh, and 67 percent of the total basal area (Table 1). Other important species in 
the canopy of DDF include Pterocarpus macrocarpus, Xylia xylocarpa, Gluta usitata, 
and several species of Terminalia. The mid-story is often characterized by species such 
as Aporosa villosa and Strychnos nux-blanda. See Santisuk (1988) for a more-detailed 
list of species found in DDF for north Thailand. The most important species in our 1 
ha plots are shown in Table 2. The understory of DDF is typically grass-dominated, 
with Imperata cylindrica and the dwarf bamboo, Vietnamosasa pusilla, as common 
species. The cycad, Cycas siamensis, and the stemless palm, Phoenix acaulis, are wide-
spread in DDF.

Of the six forest types considered in this chapter, only pine forest is less diverse 
than DDF. For trees ≥ 10 cm dbh, species richness for the eleven 1 ha plots in DDF 
averaged 39.9 species/ha, and ranged from 24 to 64 species/ha (Table 1). Fisher’s alpha 
averaged 10.9 across the eleven plots. Each stand tended to be dominated by one or a 

figure 3. Mean basal area and stem 
density for the six forest types, based 
on 38 1-ha plots.
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table 1. Comparison of species diversity in 38 one-hectare (ha) plots in six forest types in Thailand. 
Forest types follow the descriptions in the text as follows: DDF—deciduous dipterocarp forest, pF—pine 
forest, MDF—mixed deciduous forest, lMF—lower montane forest, DSEF—dry seasonal evergreen 
forest, and WSEF—wet seasonal evergreen forest. The percentage dominance is the percentage of all 
stems accounted for by the commonest species. The percentage of dipterocarps is the percentage of all 
stems (n) and basal area (ba) in each plot that are dipterocarps. Value ranges are given in parentheses.

Forest Type DDF PF MDF LMF DSEF WSEF

Number of plots 11 5 4 7 5 6

Total species 149 81 120 284 295 428

Species richness 39.9 23.4 46.0 63.0 83.0 128.7

   (range per ha) (24–64) (6–39) (33–64) (28–82) (68–105) (99–151)

Fisher’s alpha 10.9 5.7 16.7 18.4 31.1 60.5

   (range per ha) (6.4–20.2) (1.1–9.1) (10.5–22.8) (7.9–26.1) (21.4–45.9) (34.9–80.8)

% dominance 35.4 44.3 35.4 17.7 12.9 9.3

   (range) (12.7–63.2) (27.1–66.9) (14.7–56.7) (12.6–25.5) (8.9–22.4) (5.4–15.1)

% dipterocarp 51.0 39.5 0.1 0.5 9.4 11.8

   (n, range) (29.1–74.2) (0.2–73.9) (0.0–0.3) (0.0–2.7) (1.2–17.0) (3.7–22.2)

% dipterocarps 67.4 33.6 0.1 0.5 23.5 23.2

   (ba, range) (50.2–85.7) (0.1–66.0) (0.0–0.2) (0.0–2.3) (10.7–33.6) (5.5–39.8)

few species. Among the eleven plots, the most common species on average accounted 
for 35 percent of all stems.

Dry season fires occur relatively frequently in DDF. Many of the important spe-
cies in these stands have thick, fire-resistant bark, and resprout vigorously following 
fire. Regeneration dynamics in DDF are not well understood. However, Troup (1921) 
noted both that successful regeneration required a combination of exposed mineral 
soil, ample sunlight, and rainfall within days of seedfall and that the appropriate com-
bination of these conditions occurred less often than might be expected. Fire during the 
dry season may facilitate successful establishment of seedlings by removing leaf litter, 
which impedes penetration by the seed’s radicle. Ogawa et al. (1961) suggested that 
in the absence of fire, the soil’s organic matter might build up, improving soil fertility, 
and eventually leading to changes in forest composition toward other forest types such 
as mixed deciduous forest.

The stand structure and floristic composition of DDF varies significantly with 
elevation and soil chemical and physical properties. Several authors have described 
subtypes or dominance types within DDF based on structural features of the canopy 
and stand basal area and the relative dominance of the main canopy dipterocarps 
(Ogawa et al. 1961; Kutintara 1975; Bunyavejchewin 1983a). For example, based on 
fifty-two study plots Bunyavejchewin (1983a) recognized four DDF types plus a pine-
dipterocarp type (see following section). The four main DDF types differed in compo-
sition, and this was linked to differences in elevation, topography, soil chemistry, and 
soil physical features that clearly are related to variation in the water-holding capacity 
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table 2. Important and characteristic species in 38 one-hectare (ha) plots in seasonally dry forest in 
Thailand. Species were included based on either a high contribution to stem basal area or stem abundance 
in the plots, or on field observations that indicated that the species are characteristic of the respective 
forest types.

Deciduous Dipterocarp forest (11 plots)
Dipterocarpaceae Shorea siamensis Miq.
Dipterocarpaceae Shorea obtuse Wall.
Dipterocarpaceae Dipterocarpus tuberculatus roxb.
Dipterocarpaceae Dipterocarpus obtusifolius Teijsm. ex Miq.
Combretaceae Terminalia alata heyne ex. roth
lamiaceae Vitex peduncularis Wall.
Combretaceae Terminalia mucronata Craib and hutch.
Fagaceae Quercus kerrii Craib
Fabaceae Dalbergia cultrate Graham
Fagaceae Lithocarpus dealbatus (hook.f. and Thomson.) rehder
phyllanthaceae Aporosa villosa Baill.
phyllanthaceae Aporosa octandra (Buch.-ham. ex D.Don) A. r.Vickery  

pine forest (5 plots)
pinaceae Pinus merkusii Jungh. and de Vriese  
pinaceae Pinus kesiya royle ex Gordon
Dipterocarpaceae Dipterocarpus obtusifolius Teijsm. ex Miq.  
Dipterocarpaceae Dipterocarpus tuberculatus roxb.
Fagaceae Quercus brandisiana Kurz
Anacardiaceae Gluta elegans (Wall.) hook.f.
Dipterocarpaceae Shorea obtusa Wall. Ex Blume
Fagaceae Lithocarpus dealbatus (hook.f. and Thomson.) rehder
Fagaceae Castanopsis tribuloides A. DC.
Fagaceae Quercus truncate King ex hook.f.  
proteaceae Helicia nilagirica Bedd.

mixed Deciduous forest (4 plots)
lamiaceae Tectona grandis l.f.
lythraceae Lagerstroemia balansae Koehne
Sapindaceae Schleichera oleosa (lour.) oken
Moraceae Ficus geniculata Kurz
Fabaceae Pterocarpus macrocarpus Kurz
phyllantaceae Antidesma acidum retz.
Fabaceae Xylia xylocarpa (roxb.) Taub.
Combretaceae Terminalia alata heyne ex roth
lamiaceae Vitex limonifolia Wall.
Burseraceae Garuga pinnata roxb.
lythraceae Lagerstroemia calyculata Kurz.
Fabaceae Dalbergia cultrate Graham
Fabaceae Afzelia xylocarpa Craib

(Continued)
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table 2. Important and characteristic species in 38 one-hectare (ha) plots in seasonally dry forest in 
Thailand. Species were included based on either a high contribution to stem basal area or stem abundance 
in the plots, or on field observations that indicated that the species are characteristic of the respective 
forest types. (Continued)

Lower montane (7 plots)
Fagaceae Castanopsis acuminatissima (Blume) A. DC.
hamamelidaceae Distylium indicum Benth. ex C.B.Clarke
podocarpaceae Dacrydium elatum Wall. 
Fagaceae Quercus semiserrata roxb.
Theaceae Gordonia axilleris (roxb. ex Ker Gawl.) D.Dietr
Myrtaceae Syzygium cacuminis (Craib) Chantar. and J.parn.
Apocynaceae Alstonia rostrata C.E.C.Fisch.
Myrsinaceae Rapanea yunannensis Mez
Fagaceae Castanopsis hystrix A. DC.
Xanthophyllaceae Xanthophyllum affine Korth. ex Miq.
ulmaceae Gironniera subaequalis planch.
Fagaceae Castanopsis diversifolia King ex hook.f.

Dry Seasonal evergreen forest (5 plots)
Dipterocarpaceae Dipterocarpus turbinatus C.F.Gaertn.
Dipterocarpaceae Dipterocarpus costatus C.F.Gaertn.
Annonaceae Saccopetalum lineatum Craib
Irvingiaceae Irvingia malayana oliver ex A.Benn.
Ebenaceae Diospyros pendula hasselt ex hassk.
Dipterocarpaceae Hopea odorata roxb.
Fabaceae Dialium cochinchinense pierre
Dipterocarpaceae Shorea henryana pierre
Dipterocarpaceae Shorea thorelii pierre ex laness.
lythraceae Lagerstroemia calyculata Kurz
Clusiaceae Garcinia speciosa Wall.
Sapindaceae Dimocarpus longan lour.

Wet Seasonal evergreen forest (6 plots)
Dipterocarpaceae Parashorea stellata Kurz
Euphorbiaceae Elateriospermum tapos Blume
Dipterocarpaceae Dipterocarpus kerrii King
Myrtaceae Syzygium attenuatum (Miq.) Merr. and l.M.perry
Dipterocarpaceae Dipterocarpus grandiflorus Blanco
Sterculiaceae Scaphium scaphigerum (G.Don) Guib. and planch.
Fabaceae Millettia atropurpurea Benth.
Fabaceae Cynometra malaccensis Meeuwen
Dipterocarpaceae Shorea gratissima Dyer
Dipterocarpaceae Shorea hypochra hance
Fagaceae Lithocarpus sundaicus (Blume) rehder
Dipterocarpaceae Anisoptera costata Korth.
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of the different soils. Further experimental approaches are required to understand the 
various habitat requirements of the dominant deciduous dipterocarps in these forests.

pIne foReSt

Pine forest in continental Southeast Asia occurs from as low as 400 m above sea level 
to over 1,600 m, and in insular Southeast Asia, pines can be found up to almost 2,500 
m above sea level in the Philippines and Sumatra (Whitmore 1984). At the lower 
elevations, forest dominated by Pinus species has floristic similarities to DDF. The 
lower-elevation forests dominated by pine (particularly Pinus merkusii) have in the 
past been referred to as a subtype of DDF (Bunyavejchewin 1983a). Toward the higher 
elevations in Thailand, the Pinus-dominated forests (particularly those of Pinus kesiya) 
include more elements characteristic of lower montane forest, for example, species of 
Fagaceae (Santisuk 1988).

At lower elevations, P. merkusii associates strongly with several deciduous tree 
species typical of DDF, including Shorea obtusa, Dipterocarpus obtusifolius, and D. 
tuberculatus (Bunyavejchewin 1983a). At higher elevations, P. kesiya becomes more 
important (often sympatric with P. merkusii), deciduous dipterocarps are less impor-
tant, and several evergreen genera of the Fagaceae and Lauraceae become important 
components of the community (Bunyavejchewin 1983a). Bunyavejchewin identified 
four distinct subtypes of pine forest differing in the degree of dominance by the two 
pine species and the identity of the codominants. The subtypes occur at overlapping 
but different altitudinal ranges. The range of variation of the codominants with the 
pine species across the elevation gradient is reflected in the ordination result for our 
five 1 ha pine forest plots (Figure 2). The lower elevation plot, with P. merkusii and 
many deciduous dipterocarps, was placed within the cluster of DDF sites in the ordina-
tion. The higher elevation plot, with more P. kesiya and oak species, was more similar 
to the lower montane forest plots.

Pine forest structure is similar to DDF structure, especially at lower elevations. 
At higher elevations, the pines often form an emergent canopy (reaching 40 m tall) 
well above the surrounding forest, and the upper branches of the pines are commonly 
adorned with lichens, mosses, and abundant epiphytes. The five plots included in this 
analysis had mean stem densities and basal areas similar to the DDF plots (Figure 3).

Soils under pine forest tend to be deep sandy to sandy-loams, with higher calcium 
concentrations and higher pH than DDF forests (Bunyavejchewin 1983a). Soil acidity 
decreases with elevation across the different pine forest subtypes.

Pine forest is the most species-poor of the seasonally dry forests in Southeast Asia 
considered in this chapter. For trees ≥ 10 cm dbh, species richness for the five 1 ha 
plots in pine forest averaged 23.4 species/ha, with a range of 6–39 species/ha (Table 
1). Fisher’s alpha averaged 5.7 among the plots. The degree of species-level dominance 
was high; the most common species on average accounted for 44 percent of all stems. 
Apart from the two pine species, Dipterocarpus obtusifolius, D. tuberculatus, and 
Quercus brandisiana were among the more-important species present in the five plots 
surveyed (Table 2).
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As in DDF, fire is a relatively common occurrence in pine forest, particularly at 
lower elevations due to the grassy understory. Santisuk (1988) mentions that P. merku-
sii is more fire tolerant than P. kesiya. The role of fire in controlling the distributions 
of the two species needs further field study.

mIxeD DeCIDuouS foReSt

Mixed deciduous forest (MDF) covered an estimated 20 percent of Thailand (Neal 1967, 
in Bunyavejchewin 1983b). It is common in Cambodia (Tani et al. 2007), and is wide-
spread across the Indo-Burmese region (Ashton 1990). Due to an abundance of valuable 
timber species, notably teak (Tectona grandis) and several rosewood (Dalbergia) species, 
and the generally favorable soil conditions on which this forest type develops, MDF has 
been heavily modified by human activity. MDF occurs from around 100–800 m above 
sea level in areas with a strong 5–6 month dry season and 1,000–1,800 mm of rain (Bu-
nyavejchewin 1983b; Santisuk 1988).

MDF is characterized by a virtual absence of dipterocarps (Table 2); a canopy 
dominated by a diversity of deciduous species, particularly in the families Lamiaceae, 
Lythraceae, Fabaceae, and Combretaceae; the frequent presence of bamboo in the 
understory and in gaps; and a grass- and ginger-rich ground cover (Bunyavejchewin 
1983b, 1985; Santisuk 1988). Although MDF occurs in the same climatic conditions 
and elevations as DDF, MDF occurs on less-acidic and more-fertile soils. The soils 
under MDF are typically moderately fertile sandy to clay loams of pH 5–6, varying 
considerably in depth (Bunyavejchewin 1983b, 1985). The best forests occur on the 
deeper and better-drained soils.

Teak occurs exclusively in MDF, although it does not occur in all MDF stands 
(Bunyavejchewin 1983b; Teejuntuk et al. 2002). Other important canopy species in-
clude several species of Lagerstroemia (including L. calyculata and L. balansae), Xylia 
xylocarpa, Pterocarpus macrocarpus, Bombax ceiba, Anogeissus acuminata, Dalbergia 
oliveri, and several species of Terminalia (including T. mucronata, T. tomentosa, and 
T. alata; Bunyavejchewin 1983b; Marod et al. 1999). The subcanopy usually includes a 
number of evergreen species including the widespread Irvingia malayana, and Syzygium 
cumini. Phyllanthus emblica is relatively common in the understory. See Santisuk (1988) 
for a full list of species.

MDF is a tall-statured forest, typically from 25 to 30 m tall, although in favor-
able conditions the canopy can be above 40 m (Ogawa et al. 1961; Bunyavejchewin 
1983b; Tani et al. 2007). Among the four MDF plots described in this chapter, basal 
area averaged 25.6 m2/ha, although stem densities were relatively low in these stands 
(Figure 3). In more mature stands, basal area typically ranges from 30 to 45 m2/ha 
(Bunyavejchewin 1983b).

Species diversity of MDF is intermediate between the less-diverse pine and decidu-
ous dipterocarp forests and the more-diverse evergreen forests (Table 1). The four 1 ha 
plots surveyed in this chapter included a total of 120 species ≥ 10 cm dbh. Individual 
plots averaged 46 species/ha, ranging from 33 to 64 species/ha among plots. Fisher’s 
alpha ranged from 10.5 to 22.8 (mean: 16.7).
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Forest structure and floristics of MDF vary with altitude and soil quality. Bunyave-
jchewin (1985) describes several subtypes of MDF. MDF dominated by teak occurs on 
soils with higher calcium and phosphorus concentrations. Forests dominated by Lager-
stroemia calyculata occupy less-fertile soils. In more-xeric conditions, forest stature is 
much reduced and the canopy more open (Santisuk 1988).

As in other forest types with a long dry season, forest fires occur regularly in MDF. 
When disturbed by logging or when fragmented due to agriculture, MDF also seems to 
be particularly vulnerable to invasion by weedy exotics such as Chromolaena odorata.

LoWeR montane foReSt

Montane forest in continental Southeast Asia occurs on hills and mountains higher 
than 800–1,000 m above sea level (Ohsawa et al. 1985; Santisuk 1988; Ashton 2003). 
Lower montane forest (LMF), occurring approximately 800–2,000 m above sea level, 
is distinguished from upper montane forest (UMF), occurring above 1,700 m, by dif-
ferences in forest structure and species composition. LMF differs from UMF in having 
a greater canopy height (sometimes with emergent crowns), larger average leaf sizes, 
a distinct subcanopy layer, and typically fewer mosses and other non-vascular epi-
phytes (Richards 1996; Ashton 2003). The altitudes at which the various vegetation 
transitions on tropical mountains occur (including lowland forest to LMF, and LMF 
to UMF) differ considerably from place to place depending in part on the size of the 
mountain massif and its proximity to the coast (Richards 1996; Ashton 2003; Kha-
myong et al. 2004). The environmental factors that control the structural and floristic 
changes from lowland forest to LMF are not well understood. In addition to changes 
in precipitation, temperature, and insolation, all of which may influence the transition 
(Ohsawa et al. 1985; Ohsawa and Nitta 2002), systematic changes in soils at the low-
land–LMF transition (800–1,200 m) may also have an important effect (Ashton 2003).

LMF in seasonally dry areas of continental Southeast Asia receives about 1,300–
2,000 mm of rain per year (Santisuk 1988; Kanzaki et al. 2004). The soils under LMF 
are generally moderately fertile and moist, and have accumulations of organic matter on 
the surface (Santisuk 1988). In part due to the relatively high fertility of the soils, LMFs 
have been seriously degraded by swidden and industrial agriculture (Santisuk 1988; Ash-
ton 2003). LMFs are evergreen and differ from lower elevation evergreen forests in both 
floristic composition and forest structure. The Dipterocarpaceae, dominants of lowland 
evergreen forests, are largely absent from LMF in continental Southeast Asia (Table 1). 
LMFs are usually dominated by species in the Fagaceae, Lauraceae, Theaceae, and Mag-
noliaceae, and a range of less-diverse representatives of primarily northern temperate 
families and genera (e.g., Hamamelidaceae and Cornaceae; Table 2).

LMF is typically more species-rich than any of the deciduous forest types in continen-
tal Southeast Asia, but is not as diverse as the lowland evergreen forests (Table 1). Among 
the seven 1 ha plots sampled here, we recorded a total of 284 tree species with dbh ≥ 10 cm 
dbh, with an average of 63 species/ha. Average Fisher’s alpha among the seven plots was 
18.4 (range: 7.9–26.1). The Lauraceae and Fagaceae were the most diverse families, often 
with numerous sympatric species in any one LMF stand. No individual species dominates 
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LMF, as can occur in seasonally dry lowland forests. Species specificity to microhabitats 
within LMF is similar to that found in lowland forests (Noguchi et al. 2007).

The canopy of mature LMF is typically about 20–35 m tall. In more-mesic sites, 
emergent trees can exceed 1.5 m in diameter and reach 50 m tall (see Kanzaki et al. 
2004). Standing basal area averaged 25.6 m2/ha in the seven plots surveyed for this 
chapter (Figure 3). On one of the 1 ha plots, basal area was 40.4 m2 /ha, and on Doi 
Inthanon, Thailand, basal area was 36.1 m2/ha in a 16 ha plot near the upper limit 
of LMF (Kanzaki et al. 2004). Stem densities are generally high in LMF; the average 
density of stems ≥ 10 cm dbh in the seven 1 ha plots was 567 stems/ha, higher than 
all other forest types in the survey (Figure 3). Stem densities in smaller size classes (less 
than 10 cm dbh) are also typically high in LMF; in the Doi Inthanon 16 ha plot, there 
were on average 4,391 stems 1–10 cm dbh per hectare (Kanzaki et al. 2004), a value 
more typical of forests in climates with a short or no dry season (Figure 4). Indeed, the 
values of both basal area and stem densities of undisturbed LMF are similar to lowland 
evergreen forests of continental Southeast Asia (Figure 3).

There is considerable variation in the composition of LMF across continental Indo-
Burma. Santisuk (1988) recognized three types of LMF: a more-diverse type dominated 
by Lauraceae and Fagaceae, a moderately diverse type dominated by Fagaceae, and a 
less-diverse and more-open type dominated by Pinus kesiya, Fagaceae, and Theaceae. 
Santisuk attributed differences among these forest subtypes to the degree of degrada-
tion from human activities. However, even in relatively undisturbed LMF, there are 
strong patterns of variation in species distributions across the landscape (see Noguchi 
et al. 2007). Such patterns may be driven by variation in soil properties, the history 
of human and natural disturbance, or other factors. Among the seven 1 ha plots in 
this study, one of the LMF plots included several individuals of Pinus kesiya, and it 
clustered more closely with the pine forest plots (Figure 2). Long-term monitoring and 
experimental studies are required to better understand what controls the distribution 
of LMF and its constituent species.

DRy SeaSonaL eveRgReen foReSt

Dry seasonal evergreen forest (DSEF), with a predominantly evergreen canopy and 
understory, occurs in areas with 4–6 dry months and rainfall of 1,200–2,000 mm per 
year. The forest occurs across Indo-Burma, often in moist valleys and ravines among 
low- to medium-sized hills, and in low, wide river valleys and gallery forests (Santisuk 
1988). DSEF and MDF often occur in a mosaic across low hills of continental South-
east Asia. We observed this in the Huai Kha Khaeng landscape, and Blanc et al. (2000) 
report a similar pattern in southern Vietnam (see also De Cauwer and De Wulf 1994, 
in Blanc et al. 2000). The soils under DSEF tend to be moderately fertile, with good to 
very good moisture retention capacity. The forest type is economically important due 
to the high value of several of the timber species, particularly Hopea odorata.

Evergreen species in the Dipterocarpaceae often form a major part of the main 
canopy in DSEF. Among the five 1 ha plots described here, dipterocarps accounted for 
on average 24 percent of the stand basal area, and 9.4 percent of the stems (Table 1). 



SEASoNAlly Dry TropICAl ForESTS IN CoNTINENTAl SouThEAST ASIA     21

Up to seven dipterocarp species may coexist within one DSEF (Bunyavejchewin et 
al. 2003). However, in many stands that have been studied, one or two dipterocarp 
species dominate, for example, Hopea odorata (Bunyavejchewin et al. 2001, 2002), 
H. ferrea (Bunyavejchewin 1986, 1999), Shorea henryana (Bunyavejchewin 1986, 
1999), Dipterocarpus gracilis (Kitamura et al. 2005), D. alatus (Blanc 2000), and D. 
turbinatus (Blanc 2000). These dipterocarps generally have smaller leaf sizes than the 
dipterocarp species that dominate DDF. The dipterocarp flora is largely endemic to 
this forest type within the area of Indo-Burma (Ashton 1990).

Other important trees in the canopy and subcanopy of DSEF include species in the 
families Meliaceae, Annonaceae, Lauraceae, and Sapindaceae. The relative importance 

figure 4. Mean basal area and stem 
density for all trees ≥1 cm dbh for 
9 large CTFS plots in Asia (www.ctfs.
si.edu). Stem densities are shown for 
trees 1-10 cm (black) and ≥10 cm in 
white. The length of the dry season is 
indicated in months. plots are: lAM 
- lambir, Malaysia; pAS - pasoh, Ma-
laysia; BT - Bukit Timah, Singapore; 
SIN – Sinharaja, Sri lanka; pAl – 
palanan, philippines; KC – Khao 
Chong, Thailand; hKK – huai Kha 
Khaeng, Thailand, XB – Xishuang-
banna, China, and MuD – Mudumalai, 
India.
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of individual species within the canopy and subcanopy varies considerably from for-
est to forest. DSEF is often characterized by the presence of very large, fast-growing, 
light-demanding species including Tetrameles nudiflora, Duabanga grandifolia, and 
Pterocymbium javanicum (Bunyavejchewin et al. 2001; Santisuk 1988). Very large 
hemi-epiphytic “strangler” figs are also quite common in DSEF. The understory is 
mostly dominated by saplings of canopy and subcanopy species, and by shrubs in the 
Euphorbiaceae and Rubiaceae. The ground flora includes numerous seasonally leafless 
gingers and aroids (Santisuk 1988). Lianas are abundant and include many species that 
can reach the canopy. Bamboos are mostly absent, although they can be quite common 
when the forest is disturbed (Santisuk 1988).

Despite the name of this forest type, the foliar phenology of the canopy is rela-
tively complex. The dominant dipterocarps in the DSEF are all evergreen; however, 
about 30 percent of the canopy of DSEF is deciduous (Williams et al. 2008). Among 
the deciduous species, there is a wide range in the duration of leaflessness; some 
species lose their leaves for 1–2 weeks, while others lose their leaves for six months. 
Curiously, many of the tree species that drop some or all of their leaves flush new 
leaves at the height of the dry season, well before the onset of the monsoon rains. The 
timing, intensity, and duration of leaflessness varies strongly both within a species 
and from year to year (Williams et al. 2008).

The canopy of DSEF is usually about 30–40 m tall (Bunyavejchewin 1986; Blanc et 
al. 2000; Tani et al. 2007). In exceptional conditions, emergent individual dipterocarps 
can reach 55–60 m tall, as in the 50 ha plot at Huai Kha Khaeng Wildlife Sanctuary 
(Bunyavejchewin et al. 2003). Stem densities in DSEF are similar to MDF and wet 
seasonal evergreen forest (Figure 3). Standing basal area for trees ≥ 10 cm dbh in the 
five plots averaged 29.5 m2/ha (range: 23.2–36.7 m2/ha; Figure 3). This is similar to 
most values for other DSEF forests (see Bunyavejchewin 1986; Bunyavejchewin et al. 
2001; Blanc et al. 2000).

DSEF is among the most diverse seasonal forest types in continental Indo-Burma. 
Of the six forest types discussed here, only wet seasonal evergreen forest has more 
tree species. We recorded 295 species ≥ 10 cm dbh among the five 1 ha plots surveyed 
here. For individual plots, species richness averaged 83 species/ha, and ranged from 68 
to 105 species/ha ≥ 10 cm dbh (Table 1). Average Fisher’s alpha among the five plots 
was 31.1 (range: 21.4–45.9).

There is considerable variation in the composition of DSEF across Indo-Burma. 
The factors that define the ecological distributions of the fairly gregarious and locally 
dominant dipterocarp species (e.g., Hopea odorata and H. ferrea) need to be approached 
experimentally. Bunyavejchewin (1986) suggests that some of this variation may be due 
to soil chemical preferences, and Baker et al. (2005) describes the role of stand-changing 
disturbance events in creating within-stand variability in structure and composition.

In northern parts of continental Southeast Asia, seasonal evergreen forest is some-
times distinguished from DSEF as described here. Evergreen forests of this type occur 
in northern Myanmar (Ashton 1991), in parts of northeast India (Champion and Seth 
1968), and in southern Yunnan (Zhu 1997; Cao et al. 2006, 2008). These forest types 
share floristic and structural similarities with the DSEF described here. Further work is 
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required to understand the similarities and differences among the continental seasonal 
evergreen forest types.

Wet SeaSonaL eveRgReen foReSt

At the southern limits of continental Asia there are relatively small areas in which the 
climate is shortly seasonal, with a dry period of only 2–3 months and total rainfall 
typically in excess of 2,000 mm. There are two main areas where this climate occurs 
in continental Southeast Asia: peninsular Thailand south of Chumphon, and southeast 
Thailand extending into Cambodia, an area sometimes referred to as the “Chantaburi 
pocket” (Ashton 1990; Whitmore 1984). The forest in these areas is a distinct form of 
evergreen forest, here referred to as wet seasonal evergreen forest (WSEF; cf. Ashton 
1991). This forest type, despite being the most diverse in continental Southeast Asia, 
has been the subject of relatively limited study (Ogawa et al. 1961, 1965a, 1965b; 
Woodruff 2003; Baltzer et al. 2007).

In southern peninsular Thailand, this forest type abuts the northern side of the 
distinct climatic and floristic transition, the Kangar-Pattani Line (van Steenis 1950; 
Whitmore 1984). This line separates two of Asia’s distinct biological hot spots: Sunda-
land and Indo-Burma (Myers et al. 2000). To the south of the Kangar-Pattani Line is 
an everwet climate, and to the north a seasonally dry climate (having an approximately 
2–3 month dry season) with little or no change in total annual rainfall (Ashton 1997). 
Forests to the north are WSEF and those to the south are aseasonal evergreen mixed 
dipterocarp forests. As noted above, a dramatic floristic transition occurs across the 
line. Ashton (1997) reports that there are 157 species of Dipterocarpaceae south of the 
line, only 27 of which cross the line into WSEF. An additional 19 dipterocarp species 
not present in the aseasonal forests are found north of the line. Van Steenis (1950) 
reports that 375 plant genera occurring south of the line reach their northern limits at 
the line, and 200 genera from the north reach their southern limits at the line. Strong 
patterns of faunistic turnover are also found in peninsular Thailand, although the exact 
position of the greatest species turnover may be somewhat further north for animals 
than for plants (Hughes et al. 2003; Woodruff and Turner 2009).

WSEF has a tall, heterogeneous canopy 30–40 m tall, with emergents consid-
erably taller. The canopy is dominated by species of Dipterocarpaceae, Fabaceae, 
Sapotaceae, Myrtaceae, and Meliaceae. Although the total basal area contributed 
by dipterocarps can be high, the number of species of dipterocarps is considerably 
lower than in the aseasonal mixed dipterocarp forests occurring further south. Of 
590 species in a recently established 24 ha plot in WSEF at Khao Chong, peninsular 
Thailand, only 10 species were dipterocarps (S. Bunyavejchewin and S. J. Davies, 
unpublished data). Despite the very high diversity and low species-level dominance 
in WSEF (Table 1), there are a number of fairly characteristic canopy species, in-
cluding Parashorea stellata, Shorea hypochra, S. gratissima, Dipterocarpus costatus, 
Millettia atropurpurea, Cynometra malaccensis, Intsia palembanica, Nephelium lap-
paceum, and Michelia champaca (Table 2).
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The subcanopy is rich in Myristicaceae, Sapindaceae, Annonaceae, Euphor-
biaceae, and Ebenaceae. There are typically many subcanopy and understory palm 
species, and climbing “rattan” palms are an important part of the diverse liana com-
munity. There is also a much greater incidence of cauliflory than in more-seasonal 
forest types (Ogawa et al. 1965a). The ground cover is dominated by tree and liana 
recruitment. Bamboos are absent from undisturbed WSEF.

Species diversity in the six 1 ha plots of WSEF was highest of the forest types ex-
amined for this chapter (Table 1). We recorded 428 species ≥ 10 cm dbh among these 
six WSEF 1 ha plots. For individual plots, species richness averaged 129 species/ha, 
and ranged from 99 to 151 species/ha ≥ 10 cm dbh (Table 1). Average Fisher’s alpha 
among the six plots was 60.5 (range: 34.9–80.8). In addition to the low species-level 
dominance in this forest, another key feature of the diversity was the large number of 
genera with many sympatric species (e.g., Syzygium, Diospyros, Aglaia, and Ficus). 
This is a feature usually associated with the exceptional local diversity of lowland 
everwet tropical rain forests.

Structurally, WSEF looks similar to the lowland forests in aseasonal areas further 
south. The average total basal area of the six 1 ha plots surveyed here was 34.3 m2/ha 
(Figure 3). This is similar to the aseasonal forests further south (Figure 4). However, 
WSEF has generally lower stem densities than the everwet forests (Figure 4), a differ-
ence entirely due to the lower density of stems in the smaller size classes (1–5 cm dbh; 
S. Bunyavejchewin and S. J. Davies, unpublished data; and see also Bunyavejchewin 
et al. 2001 for the same effect in DSEF).

Despite its short, predictable dry season, WSEF is almost completely evergreen. 
Less than 5 percent of the trees in the WSEF at Khao Chong are deciduous, and 
then only briefly (S. Bunyavejchewin and S. J. Davies, unpublished data). The short, 
predictable dry season does, however, seem to significantly impact other aspects of 
forest function. The majority of canopy species appear to flower annually, although 
flowering intensity varies from year to year (Ashton 1991; S. Bunyavejchewin and 
S. J. Davies, unpublished data). Recent studies have shown that WSEF species have 
systematic differences in a range of physiological and demographic traits that allow 
them to tolerate drought more effectively than species of the southern aseasonal for-
ests (Baltzer et al. 2007, 2008).

DIStuRbanCe anD DIStuRbanCe RegImeS In tHe SeaSonaLLy 
DRy foReStS of ContInentaL SoutHeaSt aSIa

The SDTFs of Southeast Asia are subject to a range of natural disturbances. These dis-
turbances, which include fires, windstorms, and perhaps extreme droughts, vary in in-
tensity, extent, and frequency. The nature of this variation over decades and centuries 
may have a profound influence in shaping the structure and sorting the composition 
of the region’s forests. In this section, we review the current knowledge of disturbance 
regimes in the SDTFs of Southeast Asia and their role in the forests’ dynamics across a 
range of spatial and temporal scales. We begin by discussing specific disturbance types 
and the (often limited) information available to describe their impacts on the forests. 
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Finally, we consider for a well-studied DSEF how different disturbances overlap at dif-
ferent scales to generate considerable structural and compositional complexity within 
the forest.

types of natural Disturbance in Seasonally Dry forests of Southeast asia

Fire

No other disturbance is more closely associated with SDTF than fire. The strong sea-
sonality in precipitation that characterizes SDTFs across the region also predisposes 
them to fire. Depending on the latitude of the site relative to the annual migration of 
the subtropical high pressure zones, the length of the dry season may range from two 
months in weakly seasonal areas to as long as eight months in strongly seasonal areas. 
The absence of rainfall coincides with a period of high temperatures and strong insola-
tion due to low cloud cover, which together produce a prolonged reduction in relative 
humidity. These climatic conditions are sufficient to dry out fine fuels such as grasses, 
leaves, and small twigs, and in areas with more-pronounced dry seasons, even larger 
fuels such as branches and small pieces of wood. When combined with an ignition 
source, the result is a system that is readily, and routinely, burned.

Fire has attracted considerable interest and sparked heated debate in South and 
Southeast Asia over the past 150 years (Troup 1921; see also Kobsak Wanthongchai 
and Goldammer, this volume). Early foresters trained in European forestry schools 
and focused on protecting timber resources advocated a program of fire suppression. 
More recently, with the economic development of many Southeast Asian countries, 
urban populations have been calling for fire suppression. In contrast, local communi-
ties living on the forest margins have long promoted cool season burning to control 
the accumulation of combustible biomass in the understory of SDTF (see Kobsak 
Wanthongchai and Goldammer, this volume). Wanthongchai and Goldammer argue 
that controlled burning provides green shoots for grazing livestock, reduces the risk of 
uncontrollable fires, and returns limited nutrients to the soil for agriculture. In many 
cases, fire has been a fundamental tool for converting SDTF to agricultural land.

Despite historical and contemporary concerns about the effects of fire in SDTFs, 
there is remarkably little empirical data on forest fires in continental Southeast Asia. 
A series of recent papers has provided new data quantifying fire effects in a landscape 
overlaid by a mosaic of SDTF types (Baker and Bunyavejchewin 2006a, 2009; Baker et 
al. 2008). The El Niño Southern Oscillation (ENSO) event of 1997–98 led to a severe 
and prolonged drought across tropical Southeast Asia that was accompanied by wide-
spread wildfires across insular and continental Southeast Asia. In western Thailand, 
fires associated with this ENSO event burned through nearly two-thirds of the Huai 
Kha Khaeng Wildlife Sanctuary, a World Heritage Site. The presence of a 50 ha forest 
dynamics plot, which was established in 1991, and research scientists on the ground at 
the time of the fires in January and February 1998, allowed us to assess the behavior 
and record the impacts of a widespread fire event across a range of the forest types 
typical of SDTF. The Huai Kha Khaeng fires burned through all three of the dominant 
forest types in the sanctuary (DSEF, MDF, and DDF). As discussed above, these forest 
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types vary considerably in their structure and composition; however, these differences 
also influence their susceptibility to fire and the behavior of fires when they do occur 
in each forest type.

Forest fires influence both the physical structure of the forest and the floristic com-
position of the forest by killing trees. Surveys at Huai Kha Khaeng in the wake of the 
1998 fires demonstrated that the fires generated more gaps of greater size in the MDF 
than in either the DDF or DSEF. In the DSEF most of the gaps that formed after the 
fire were less than 25 m2, although the largest was greater than 500 m2. In the MDF 
there was a similar range in gap sizes, but the mean gap size was considerably larger 
(104 m2). The DDF suffered very few gaps, and they were generally small (Baker and 
Bunyavejchewin 2009). At the community level, we were surprised to find little evidence 
of differences among the forest types in fire intensity and fire-induced mortality (Baker 
et al. 2008; Baker and Bunyavejchewin 2009). In each of the three forest types, the fires 
had low flames (10–30 cm) of low intensity (11–25 kW/m), and mortality was primarily 
limited to trees of less than 5 cm dbh (Baker and Bunyavejchewin 2009). Mean scorch 
height ranged from 1.2 to 1.5 m among the three forest types; MDF had the lowest mean 
scorch height, but it was not significantly different from mean scorch heights in DDF and 
DSEF. Post-fire censuses of mortality across size classes showed similar patterns among 
the forest types. Seedling mortality was greater than 90 percent in all forests; sapling 
mortality ranged from a low of approximately 30 percent in DSEF to a high of approxi-
mately 50 percent in MDF. Among poles and trees, mortality was limited to less than 
10 and 5 percent, respectively, in all three forest types. The tree species in these forests, 
however, have evolved in an environment in which fire has been a regular occurrence. 
Consequently, many of the species have adaptations to fire such as thick bark or the abil-
ity to resprout vigorously following fire. We recensused the same sites within each of the 
forest types nine months after the fires. We found that in the DDF and MDF nearly half 
of the seedlings that had been considered killed immediately after the fire had resprouted. 
Nearly all the saplings had resprouted, irrespective of forest type. Among the seedlings 
and saplings, the only class that did not resprout abundantly were DSEF seedlings.

Seasonally dry tropical forests of Southeast Asia often support a mosaic of ever-
green and deciduous forest types. Deciduous forest types are more prone to burning 
because the annual loss of leaves during the dry season lowers the relative humidity 
and increases the temperature on the forest floor, drying the fine fuels that carry low-
intensity fires. Fires enter evergreen forests less frequently because the year-round can-
opy cover prevents prolonged exposure of the forest floor to direct sunlight. The cooler 
temperatures and higher relative humidity make fire incursions relatively rare. Indeed, 
under normal conditions, it is often impossible to light fires intentionally in DSEF (L. 
Johnson, personal communication). There is a widespread perception that tree species 
in evergreen forests are, therefore, more susceptible to degradation as a consequence 
of fire. Two recent studies have suggested that this may not be the case. Baker and 
Bunyavejchewin (2006a) showed that bark thickness, a common proxy measure of 
fire susceptibility, was not related to abundance of saplings of common canopy and 
mid-canopy DSEF tree species in an area at Huai Kha Khaeng that had burned three 
times in the past decade. The tree species with the most abundant saplings, Baccaurea 
ramiflora, had the second-thinnest bark, whereas the tree species with thickest bark, 
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Hopea odorata, had almost no saplings. A broader examination of all species in the 
Huai Kha Khaeng 50 ha plot compared changes in population abundance of evergreen 
and deciduous tree species in the censuses before (1994) and after (2004) the 1998 
ENSO fires. Neither the deciduous tree species, which are commonly considered to be 
better adapted to fire, nor the evergreen tree species, which are considered to be more 
susceptible to fire-induced damage and mortality, showed any evidence of a directional 
change in population abundance as a result of the fires (Baker and Bunyavejchewin 
2009). These results suggest that evergreen forest types, such as DSEF, that co-occur 
with deciduous forest types across the seasonally dry landscapes of continental South-
east Asia may be relatively resilient to the effects of fires.

Wind

Sudden, intense bursts of wind can have locally destructive effects on SDTF. Convec-
tive downdrafts associated with squall lines are known to cause forest blowdowns 
ranging from a few to several thousand hectares in the Amazon Basin (Nelson et al. 
1994). The local and regional weather conditions that give rise to these and other 
intense windstorms occur across continental Southeast Asia, and the windstorms that 
they generate impact upon forests in the region. Assessing the relative importance of 
windstorms as a disturbance on Southeast Asia’s SDTFs is difficult due to the lack 
of studies describing them. Most of the evidence for windstorms damaging forests 
is anecdotal. Colonial foresters working in southwestern Burma in the early 1900s 
describe areas of forest of several square kilometers blown down by wind. In one in-
stance, a localized tornado flattened a swath of forest roughly 0.5 km wide and 6 km 
long (Anonymous 1929, 1932). At Huai Kha Khaeng, an area of approximately 30 ha 
of MDF was knocked over by windstorms in 1987 (T. Prayurasiddhi, personal com-
munication). In peninsular Thailand, bent tree stems in WSEF suggest moderate-scale 
blow-downs during the past century. Particularly in the southern parts of the region, 
where WSEF forests are more abundant, cyclones are a recurring event. The extreme 
winds and heavy rainfall associated with cyclones are capable of causing considerable 
damage to forests.

Drought

In continental Southeast Asia, the cycle of rainfall seasonality generates dry condi-
tions for several months each year. The flora and fauna of the region have evolved 
phenological, physiological, and behavioral adaptations to accommodate these sea-
sonal fluctuations in the availability of food and water (see Baltzer et al. 2008). For 
trees in SDTF, deciduousness is a common response to the environmental conditions 
of the dry season. The extent, timing, and intensity of leaf loss varies widely among 
sympatric species (Williams et al. 2008). Some species, such as Tetrameles nudiflora 
and Spondias pinnata, may be leafless for 4–5 months; other species, such as some 
Shorea (e.g., S. roxburghii, S. siamensis, S. obtusa) may lose their leaves for only 
about 1 month; and yet other species, such as many Diospyros and Garcinia, may lose 
only a fraction of the leaves in their crowns and never be fully deciduous (Williams 
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et al. 2008). Phenological adaptations to seasonal drought, as well as the associated 
physiological responses, mean that trees in SDTFs are well-adapted to water stress 
and, as such, are relatively resilient to drought as a disturbance. In contrast, trees 
in everwet tropical forests, which do not regularly experience severe water stress, 
are more sensitive to the irregular occurrence of drought events. In Southeast Asia, 
extreme drought events are typically associated with severe ENSO events, the most 
recent of which occurred in 1997–98. While the 1997–98 ENSO-driven drought led 
to fires across much of continental and insular Southeast Asia, the fires killed primar-
ily small (less than 10 cm dbh) trees. The widespread mortality of large trees that was 
observed in the everwet forests of Borneo in the wake of the same ENSO event was 
largely a consequence of the drought, not the fires (Potts 2003; van Nieuwstadt and 
Sheil 2005). There is little evidence that the 1997–98 drought had any adverse effects 
(e.g., increased mortality) on tree populations in SDTFs.

While intense droughts of short duration may not have a significant direct impact 
on tree populations in SDTFs, more prolonged droughts may. Recent studies in north-
ern Thailand and Vietnam using tree rings to reconstruct historical drought conditions 
have shown that continental Southeast Asia has been subjected to several intense, mul-
tidecade “mega-droughts” over the past 400–600 years (Buckley et al. 2007; Sano et 
al. 2008). The teak tree-ring chronology from northwestern Thailand records a 20–25 
year drought in the early 1700s (Buckley et al. 2007), while the Fokienia hodginsii 
chronology from central Vietnam points to an intense 20-year drought that began in 
the 1890s (Sano et al. 2008). Although trees in SDTFs are adapted to annual periods 
of water stress, it is unknown what the impact of such prolonged intense drought 
conditions would be. A potential consequence of prolonged drought is an increase in 
fire frequency or intensity. The limited paleoecological evidence does not point to a 
greatly heightened period of fire during these droughts, although the coarse temporal 
resolution of the few sediment cores from the region may constrain such interpretation 
(Maxwell 2004).

Disturbance Regimes—Spatial and temporal Complexity

Describing the disturbance regime of a given area requires historical information on 
the frequency, intensity, and extent of the major disturbances acting on that area. In 
most cases, this involves the collection of historical data on disturbance events—either 
directly through carefully dated samples associated with the disturbance, or indirectly 
through reconstructions of past recruitment and mortality. It has been possible to 
reconstruct disturbance regimes for many temperate zone forests due to the presence 
of annual growth rings in most or all of the resident tree species. Until recently, no 
such studies had been conducted in tropical forests because of the widespread belief 
that tropical tree species do not form annual growth rings. We now know that some 
tropical tree species, particularly in strongly seasonal environments, do form annual 
growth rings (Worbes 2002), and that dendrochronological analyses of these species, 
in combination with other data on forest structure, can yield new insights into the 
role of disturbances in structuring tropical forests, particularly those of the season-
ally dry tropics (Baker et al. 2005; Baker and Bunyavejchewin 2006b). In the first 
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dendroecological reconstruction of the disturbance history of a tropical forest, Baker 
et al. (2005) demonstrated the complex influences of past disturbance events on a 
species-rich DSEF in western Thailand. Analyses of tree rings, stem diameter distribu-
tions, and life-history traits showed that the structurally complex, floristically rich site 
had largely been initiated in the wake of a catastrophic event in the early- to mid-1800s 
that killed most of the preceding forest over an area of approximately 500 ha. The 
discrete boundary of the modern-day DSEF, the lack of any distinct soil changes as-
sociated with this boundary (Baker 1997), and documented windstorms in the region 
suggest that this stand-initiating disturbance was most likely a windstorm. There are, 
however, individual trees that predate the disturbance, suggesting that mortality was 
not complete and that there existed a heterogeneous, post-disturbance environment of 
living trees, standing dead trees, and blown-down trees. Interestingly, many of the trees 
that survived the disturbance and are still alive are dominant tree species in MDF or 
DDF, but not DSEF. This suggests the possibility that the catastrophic disturbance of 
the 1800s may have precipitated a shift from a deciduous forest type to an evergreen 
forest type.

The catastrophic disturbance had a distinctive effect on the present-day DSEF 
structure and composition. This is most notable in the relative dominance of the can-
opy tree species Hopea odorata. In the Huai Kha Khaeng 50 ha plot, Hopea odorata 
accounts for less than 0.5 percent of the stems but more than 10 percent of the total 
stand basal area (Bunyavejchewin et al. 2001, 2009). The size structure of the Hopea 
population at the Huai Kha Khaeng plot and its known preference for growth in high-
light environments clearly point to the Hopea overstory as being an even-aged popula-
tion of trees that established simultaneously in the wake of a catastrophic disturbance. 
Dendroecological study of the DSEF at Huai Kha Khaeng, however, revealed that the 
catastrophic disturbance was only one component of the disturbance history of the 
site. In the decades that followed, a number of widespread but low-intensity distur-
bances occurred, causing pulses of recruitment scattered across hundreds of hectares of 
DSEF. Tree-ring analyses reveal four of these disturbance events, in the 1890s, 1920s, 
1950s, and 1970s. Based on contemporary observations of forest dynamics in the wake 
of landscape-scale fires, Baker et al. (2005) suggest that widespread fires were the most 
likely cause of these disturbances (although the 1950s event may have been associated 
with a known cyclone). In addition to these disturbance events, the tree-ring analyses 
also demonstrated that small canopy gaps have been forming in every decade since 
the catastrophic disturbance (Baker et al. 2005). Taken together, the different types, 
intensities, and frequencies of disturbance that occurred in the Huai Kha Khaeng DSEF 
demonstrate the complex role of disturbance in structuring SDTF communities.

The only other forest type in the SDTFs of Southeast Asia that has received 
similar study is pine forest (PF) in northern Thailand. These forests are much simpler 
than DSEF in terms of forest structure, species richness, and, presumably, disturbance 
history. Zimmer and Baker (2009) looked at a range of PF stands across north and 
northwest Thailand to determine whether pine recruitment was driven by climatic vari-
ability as suggested by early foresters in the region (Troup 1921). They found that most 
pine forests were multi-aged, but that recruitment typically occurred in discrete pulses, 
creating distinct age cohorts. In addition, there was a strong relationship between 
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pine recruitment and the occurrence of multiyear periods during which the dry season 
was cooler and wetter than the long-term mean conditions. While the dynamics and 
disturbance history of the PF were substantially simpler than those of DSEF, there 
were distinct interactions among stand, site, and regional-scale dynamics that created 
a relatively complex history of disturbance among the PF studied.

a ReSeaRCH anD ConSeRvatIon (management) agenDa  
foR tHe SeaSonaLLy DRy tRopICaL foReStS of ContInentaL 
SoutHeaSt aSIa In tHe ComIng DeCaDeS

Despite the importance of SDTFs and the ongoing threat to their persistence, we are 
still only beginning to understand what these forests are (in terms of both structure and 
composition), how they change over time, and the role of disturbances in their long-
term dynamics. Our limited understanding of these threatened ecosystems represents a 
major hurdle to their conservation. Currently, most conservation efforts in the region 
focus on preserving the seasonal forests in protected areas such as national parks and 
wildlife sanctuaries. These areas are often small, isolated forest fragments within a 
broader matrix of degraded forest, swidden agriculture, and rural communities. Within 
the region there are some important exceptions—protected areas supporting thousands 
of square kilometers of contiguous forest. Notable examples include the Western For-
est Complex of Thailand, nearly 10,000 km2 of protected area divided among seven-
teen different parks and sanctuaries, and the Northern Forest Complex in Myanmar, 
which includes nearly 22,000 km2 of land extending from lowland seasonal tropical 
forests to the treeline in the eastern Himalayas. In protected areas of this size, manage-
ment can be coordinated among individual parks and sanctuaries to ensure that the 
biodiversity advantages obtained at a larger scale are realized. The mosaic distribution 
of the main SDTF types across continental Southeast Asia makes this level of coordina-
tion fundamentally necessary. Animals that depend on resources that vary seasonally 
must be able to move among forest types to find food as it becomes available. Many 
of the smaller protected areas support only one or two forest types, limiting the fauna 
to species that are specialized for particular forest types.

Management of protected areas in continental Southeast Asia, as elsewhere, is 
primarily focused on perpetuating the existing conditions. Boundaries are enforced, 
and infrastructure, such as access roads and ranger stations, is maintained. Threats 
to the forests and associated fauna such as poaching, fire, and invasive species are, 
in some cases, managed. For example, in the Huai Kha Khaeng Wildlife Sanctuary, 
the Thai government greatly reduced the high levels of poaching in the 1980s and 
early 1990s by establishing an army base adjacent to the sanctuary and initiating 
anti-poaching patrols with well-armed soldiers and forest rangers. In many instances, 
however, management of SDTFs and the disturbances that affect them is conducted 
on an ad hoc basis. Management of the most widespread disturbance within the 
region, fire, is generally opportunistic and reactive. Fire-fighting crews are deployed 
into remote areas on foot with little equipment or support and often with limited 
information about the fires. In most years this may be adequate, but in extreme fire 
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years, such as 1997–98, the scale of the fires may overwhelm the capacity of fire 
management agencies and protected area staff. However, even with the best informa-
tion and unlimited resources to fight fires, it is unclear what the management staff 
of protected areas should do because answers are lacking to fundamental ecological 
questions:

•  What is the “natural” fire regime for these landscapes?
•  How often do fires return and how do they vary in intensity?
•  Is variation in fire frequency and intensity forest-type specific?
•  Should some or even all fires be left to burn unchecked?
•  Should some or even all fires be suppressed upon first detection?
•  Should fires be managed differently in different forest types?

Our ability to answer these questions and others like them is further complicated 
by uncertainties associated with future climate change. For example, if the distribution 
of forest types within landscapes is in part controlled by environmental conditions, 
will a drier climate lead to a rearrangement of forest types across continental Southeast 
Asia’s remaining forested landscapes? If the forest fauna require a mix of forest types 
within a landscape, how will directional change toward drier forest types such as DDF 
impact animal populations? Our current understanding of the factors that control the 
relative abundance of species within forest types and the relative abundance of forest 
types within landscapes is insufficient to answer these questions. However, the patterns 
of species distribution and abundance within forest types described in our permanent 
forest inventory plots point to testable hypotheses. As an example, for forest types 
dominated by dipterocarp species (i.e., DDF and DSEF), common garden experiments 
with 5–10 of the major species growing across gradients of water and light availability 
would elucidate the role of local environmental conditions on establishment within 
each forest type.

The underlying assumption behind the management of protected areas is that in 
the face of long-term, region-wide forest loss and fragmentation, the existing network 
of protected areas must be sufficient to protect regional biological resources. For 
many plant and animal species, this may be sufficient; however, for some particularly 
large, long-lived animals such as tigers, elephants, gaur, and hornbills, this may not 
be the case. In recent years there has been growing interest in the conservation value 
of secondary forests (see Barlow et al. 2007; Gardner et al. 2009; Norden et al. 2009) 
and the potential to reestablish native forests on abandoned agricultural land or to 
accelerate recovery of secondary forests (Lamb et al. 2005). If native forests could 
be reestablished at a significant scale, then the possibility would exist of reversing 
twentieth-century trends of forest loss and fragmentation. This could have potentially 
profound implications for conservation in continental Southeast Asia, particularly 
regarding highly threatened and endangered animals that require large home ranges. 
However, recreating native forests successfully would require a detailed understand-
ing of life-history traits of tree species, forest-type-specific development patterns, and 
species-specific responses to disturbance. Our studies describing the structure and 
composition of the dominant forest types within the study region (and how they vary 
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from site to site) and the role of disturbances in shaping these communities provide the 
necessary foundations for such an undertaking.
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