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Glossary
ENSO El Nino/La Nina-Southern Oscillation is a climate
pattern that happens across the tropical Pacific Ocean in
approximately 5-year intervals. It is characterized by
variations in the ocean surface temperature and air surface
pressure in the eastern and western tropical Pacific Oceans,
respectively.
Indo-China Mainland Southeast Asia.
Malesia The Malay Peninsula, Malay archipelago, and
New Guinea. Biogeographically, this combines Sundaland,
Wallacea (including the Phillipines), and New Guinea.

Introduction
Southeast Asia has been variously defined. Herein, ‘‘Malay
Archipelago’’ states of Brunei, East Malaysia (Sabah and Sarawak), East Timor, Indonesia, the Philippines, and Singapore
and the mainland states of Cambodia, Laos, Burma (Myanmar), Thailand, Vietnam, and Peninsular Malaysia are included. Australia, Bangladesh, China, India, and their island
territories are excluded. Papua New Guinea and the Solomon
Islands are also excluded. Indonesian Papua and neighboring
islands of eastern Indonesia are included in national statistics
but are judged biologically distinct from Southeast Asia proper.
The region’s biota has complex origins (e.g., Morley, 2000;
Briggs, 2003). Climate, sea level fluctuations, and tectonic
motion have repeatedly joined and severed biotas (Morley,
2000; Wurstera et al., 2010), whereas geology, terrain and climate provide diverse local environments (Zeuner, 1941).
The genus Homo has lived in Southeast Asia for over a
million years (Corvinus, 2004). The species distributions of
flora and fauna, including many fruit, bamboo, and palms,
reflect millennia of human interaction. In this article, the state
and trends of terrestrial, freshwater, and mangrove ecosystems
in Southeast Asia are considered.

Habitat Loss, Degradation, and Recovery
Lowland and Montane Forests
The lowland rainforests of Southeast Asia are among the
most diverse biomes, (Brooks et al., 2006; Normile, 2010) and
globally significant terrestrial carbon sinks (Saatchi et al.,
2011). The forests are vulnerable to clearance for agriculture
as well as fire, mining, and unsustainable logging. The degra-
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Recalcitrant Seeds that have high moisture content and
lose viability if moisture drops below a critical amount
limiting their storage for long periods.
Sahul New Guinea, Australia, and their islands.
Sundaland The Malay Peninsula along with Sumatra,
Java, Borneo, and associated islands.
Wallacea Lands east and north of Borneo, west of New
Guinea and East of Wallace’s Line, including the Phillipines,
Sulawesi, Lombok, Sumbawa, Sumba, Timor, the Moluccas
(e.g., Halmahera and Seram), Flores, and the other islands
of Nusa Tenggara.

dation of these forests also has major implications for
the substantial numbers of forest-dependent rural poor
(Poffenberger, 2009). Southeast Asia’s forests face serious
threats. The region has the highest rates of deforestation of any
tropical region (Laurance, 1999, 2007), with rates between
two and three times higher than those of other tropical regions
(Achard et al., 2002; Sodhi and Brook, 2006). Based on current deforestation rates of 0.71% per year (Achard et al., 2002),
74% of Southeast Asia’s forests could be cleared by 2100,
which is predicted to cause the extinction of between 13% and
42% of all species in the region by the end of this century
(Brook et al., 2003).
Based on the latest Global Forest Resources Assessment
(FAO, 2010), Southeast Asia has lost 33.2 million ha of forests
in the past two decades at an annual deforestation rate of
0.72% and now sustains 214.1 million ha of forests. Forests in
Indonesia span 94.4 million ha, the third largest forested area
of any tropical country (FAO, 2010). The great extent of
Indonesia’s forests, representing 44.1% of all forests in
Southeast Asia, highlights the importance of this country for
regional conservation efforts. However, forest cover in Indonesia declined by 24.1 million ha between 1990 and 2010 at
an annual deforestation rate of 1.14% (FAO, 2010). Although
the absolute area of forest loss was greatest in Indonesia,
Myanmar, Cambodia, and East Timor also had annual deforestation rates exceeding 1%. In contrast, Vietnam’s forest
cover actually expanded during this time period, from
9.4 million ha in 1990 to 13.8 million ha in 2010, an increase
of 4.4 million ha, of which most (2.5 million ha) came from
planted forests. Overall, the extent of planted forests in
Southeast Asia increased from 11.7 million ha in 2000 to
14.5 million ha in 2010, at an annual growth rate of 2.14%
(FAO, 2010).
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In insular Southeast Asia, rates of deforestation have declined in the past two decades. In the late 1990s, fires during a
severe El Niño-Southern Oscillation (ENSO) event destroyed
very large areas of forest in Indonesia, which could explain the
higher deforestation rates in the 1990s (Miettinen et al.,
2011a). Within this area, the eastern lowlands of Sumatra and
the peatlands of Sarawak, Borneo had exceptionally high
levels of forest loss with annual rates exceeding 5%. Overall,
however, Indonesia’s deforestation rates appear to be slowing
down; the rate between 1990 and 2000 was 1.75% per year,
0.31% per year between 2000 and 2005, and 0.71% per year
between 2005 and 2010 (FAO, 2010). In mainland Southeast
Asia, Thailand’s deforestation rates, although already relatively
low, also appear to be slowing; deforestation rates of 0.28%
per year from 1990 to 2000 and 0.11% per year from 2000 to
2005 changed to a net forest increase of 0.08% per year from
2005 to 2010 (however, this may simply reflect the fact that
most of Thailand’s forests have already been cleared). Although changes in forest cover have stabilized in some
Southeast Asian nations, much of these changes represent the
replacement of primary forests with plantation or secondary
forests, which offer less conservation value (Gibson et al.,
2011).
The area of primary forest in Southeast Asia decreased from
66.3 million ha in 2000 to 64.0 million ha in 2010, a loss of 2.3
million ha (FAO, 2010). Indonesia suffered the greatest loss of
primary forest among any nation, losing 2.0 million ha between 2000 and 2010 at an annual rate of 0.42%. Cambodia
lost the next largest amount of primary forest and had the
highest annual rate of primary forest loss of 3.48%, and Brunei
(0.91%) and Vietnam (0.85%) also experienced high rates of
primary forest loss. However, several nations in Southeast
Asia reported no change in the extent of primary forests between 1990 and 2010, including Laos, Malaysia, Myanmar, the
Philippines, Singapore, Thailand, and East Timor.
Secondary forests may represent a key habitat for biodiversity conservation in Southeast Asia because of their great
extent and their potential to regenerate into old-growth forests
(Koh, 2007; Chazdon et al., 2009). Although secondary forests
were not included in the most recent Forest Resources Assessment, based on the previous assessment, secondary forests
comprised 67.5% of the total native forest area (FAO, 2005;
Koh, 2007). These potentially critical forests continue to be
lost at rapid rates in almost all Southeast Asian nations, with
the exception of Vietnam, the only country in Southeast Asia
where the extent of secondary forests actually increased
between 1990 and 2005.
Hosting half the world’s cloud forests, with a total area of
32 million ha, Southeast Asia’s montane forests are also under
threat (Sodhi and Brook, 2006). Although these montane
forests receive considerably less attention than their lowland
counterparts, representing less than 10% of studies on biodiversity conducted across Southeast Asia’s major terrestrial
and freshwater ecosystems, they are important ecosystems and
support exceptional levels of biodiversity (Peh et al., 2011).
Rates for lowland evergreen forests (1.2% per year) were
higher than for montane forests (0.1% per year) in insular
Southeast Asia (Miettinen et al., 2011a). These forests are
also highly threatened and are disappearing at much faster
rates compared with lowland tropical forests in the region

(Waggener and Lane, 1997). Indonesia, which has the greatest
cover of montane forests at 19.5 million ha, is losing these
forests at a rate of 3.05% per year from 2000 to 2005, a full
order of magnitude higher than its rate of total forest loss
for the same time period (FAO, 2005). Other countries in
Southeast Asia that have more than a million hectare of
montane forests include Malaysia, Myanmar, Thailand, and
Vietnam. Although total forest cover is increasing in Vietnam,
montane forests are disappearing from this country at a rate of
1.14% per year (FAO, 2005).
Singapore is a small island country located in the heart of
Southeast Asia. In the past two centuries, more than 99% of
Singapore’s original forests were destroyed, leading to major
losses of biodiversity (Corlett, 1992; Brook et al., 2003).
Singapore represents a worst-case environmental scenario that
other nations in the region might be trending toward. For
example, Java, the smallest of Indonesia’s five large islands
(the others being Borneo, Sumatra, Sulawesi, and Papua) and
one of the most densely populated islands in the world with a
population of more than 130 million people, now retains just
7% forest cover (Miettinen et al., 2011a). Similarly, almost
90% of Thailand’s original forests have been cleared (FAO,
2010), and continued agricultural and urban developments
will only further reduce the extent of forests elsewhere in
Southeast Asia. These examples suggest that similar losses in
biodiversity will result throughout Southeast Asia unless ongoing clearance of forest is greatly restricted.

Rivers, Peat Swamp Forests, and Mangroves
To meet the increasing anthropogenic demand for food, water,
and energy, freshwater ecosystems across the world are being
extensively altered through the building of dams (Dudgeon,
2000b; Nilsson et al., 2005), pollution (Driscoll et al., 2007),
introduction of exotic species (Leprieur et al., 2008; Sanderson
et al., 2009), conversion of natural habitats (Allan and Flecker,
1993; Sanderson et al., 2009), and the direct overharvesting of
biological resources (Humphries and Winemiller, 2009). This
section serves to highlight the causes, state, and consequences
of habitat loss and degradation, as well as discuss the prospects of recovery, in two main inland aquatic and semiaquatic
systems in Southeast Asia: rivers and streams, and peat
swamp forests (PSFs), as well as a coastal aquatic system:
mangroves (Figure 1).

Rivers and Streams
The biodiversity in rivers and streams in Southeast Asia are
threatened by a myriad of anthropogenic activities. Deforestation/land-use change within a drainage basin (Figure 2) is
one of the major threats to biodiversity in tropical freshwaters
(Dudgeon, 2000a; Winemiller et al., 2008) and especially so
for Southeast Asia where deforestation rates are highest across
the tropics in the period 1990–1997 (Achard et al., 2002).
Deforestation in the drainage basin and riparian zone leads to
increased runoff, sedimentation, and incidence of flash floods
(Dudgeon, 1999), thereby changing the natural seasonal flow
regime of river systems. Sedimentation negatively impacts
fish communities by reducing habitat complexity, altering
available food types (Berkman and Rabeni, 1987), reducing
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Figure 1 Main freshwater habitats across an altitudinal gradient. (a) A hill stream of the upper Katingan basin in Central Kalimantan, Indonesia.
(b) A lowland swamp forest stream in Singapore. (c) A large river channel (Kahayan River) in Central Kalimantan, Indonesia (Photos: Heok Hui
Tan (a) and (c).

(a)

(b)

Figure 2 (a) Deforested hill stream and (b) lowland stream in Kalimantan, Indonesia.

foraging efficiency (Bergstedt and Bergersen, 1997), and reducing spawning success (Burkhead and Jelks, 2001; Sutherland, 2007). Sedimentation may also lead to increased water
turbidity and a reduction in primary production owing to
decreased light penetration (Kottelat and Whitten, 1996), thus
affecting river food webs. The removal of riparian vegetation
also reduces the food availability for fishes that depend on

allochthonous food sources, for example, terrestrial insects
and terrestrial plant material (Inger and Chin, 1962; Knöppel,
1970; Dudgeon, 1983). In Sarawak, Malaysian Borneo Iwata
et al. (2003) demonstrated that riparian deforestation
(through slash-and-burn agriculture) increased sedimentation
and lowered the abundance and/or diversity of benthic
taxa (periphyton, aquatic insects, shrimps, crabs, and benthic
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fishes) in hill streams. In Singapore, deforestation and canalization has led to the extinction of 11 (out of 46) native
freshwater fishes (Giam et al., 2011b).
Impoundments and dams are a major threat to the biodiversity of rivers in Southeast Asia. The impact of dams is
greatest in the large rivers of mainland Southeast Asia, for
example, Chao Phraya, Mekong, and Salween. In particular,
proposed impoundments along the Mekong River have attracted considerable attention from conservationists and
fishery scientists (Dudgeon, 2000b; Dugan et al., 2010; Baran
et al., 2011; Ferguson et al., 2011). As of 2009, 124 dams are
already operating, under construction, or planned along the
tributaries of the Lower Mekong, with a projected capacity of
29,760 M when completed (Mekong River Commission,
2010). Along the main stem (primary downstream segment) of
the Upper Mekong in China, four dams (Manwan,
Dachaoshan, Jinghong, and Xiaowan) have already been
completed, with a further three in the construction or planning stage (Mekong River Commission, 2010). No dam currently exists along the main stem of the Lower Mekong, but 11
projects are being proposed, most of which are in Lao PDR
(Mekong River Commission, 2010; Baran et al., 2011; Ferguson
et al., 2011).
Dams impact both upstream and downstream freshwater
biota in a variety of ways. First, the flooding that occurs upstream of the dam creates a new still water (lentic) habitat,
which is oxygen poor (anoxic) and affected by sedimentation
(Nilsson et al., 2005). Fish and other freshwater organisms
adapted to flowing waters may become locally extinct. At the
same time, by trapping coarser grained and greater quantities
of sediments upstream, dams alter the sediment transport regime in downstream regions, which in turn leads to changes in
habitat quality for fish and other organisms (Poff et al., 1997;
Roberts, 2001; Poff and Hart, 2002). Second, dams alter the
natural flood pulse of the river system, which contributes to
the drying out of wetlands (Lemly et al., 2000), and a reduction in the size and productivity of the floodplain system,
and reduces the amount of food available for predatory fish
(Wootton et al., 1996). Third, dams fragment what were previously continuous, free-flowing habitats, preventing obligate
migratory fish from completing their migrations to reproduce
or feed (Roberts, 2001; Dugan, 2008). At the same time, by
isolating small fish populations and preventing gene flow
between adjacent populations, dams reduce the overall genetic
diversity in the isolated populations (Williams, 2006). The
impacts of dams on Southeast Asian biodiversity have been
clearly documented. For example, the impoundment of Pak
Mun Dam on the Mun River, a tributary of the Mekong in
Thailand, resulted in declines in fish species richness both
downstream and upstream of the dam (Roberts, 2001) and
declines in species richness and ichthyomass in the reservoir
area (Jutagate et al., 2001).
Pollution affects most freshwater systems in the world
(Dudgeon et al., 2006) and Southeast Asia is no different
(Dudgeon, 1992, 2000a). Rapid population growth, and intensive agriculture and industrial development have contributed to the deterioration of water resources. Untreated
municipal and industrial wastes released into rivers are major
problems in most Southeast Asian countries (Ministry of
Natural Resources and Environment, 2006; Department of

Figure 3 Floating toilets constructed in a lowland stream in
Kalimantan Tengah, Indonesia. Municipal waste is disposed
streamside, whereas human waste is released directly into the
stream.

Environment Malaysia, 2007; Mekong River Commission,
2007; Thailand State of Pollution Report Working Group,
2011) (Figure 3). Urban sewage increases biochemical oxygen
demand and subsequently decreases the amount of dissolved
oxygen in water, resulting in a reduction of aquatic biodiversity (Ramı́rez et al., 2008). Runoff in agricultural areas,
which is rich in fertilizers, may also lead to eutrophication
thus threatening river and stream biodiversity. Effluents discharged by industries along the Chao Phraya River in Thailand
have resulted in heavy metal pollution and their accumulation
in several fish species at the river mouth (Polprasert, 1982). In
the Kelian River in Kalimantan, Indonesian sediment pollution due to open-cut gold mining resulted in a decline in
macroinvertebrate richness and abundance as well as food
web complexity (Yule et al., 2010).
The threats outlined above often function synergistically to
further threaten fish biodiversity and other organisms. For
example, plantation conversion in Southeast Asia is likely to
impact fish not only through increased sedimentation and
water temperature, but also pesticide and fertilizer pollution.
The building of hydroelectric dams may also speed up industrial development that may compound pollution problems
if unmatched by the development of sewage treatment facilities (Dudgeon, 2000b). Sometimes the conservation impacts
may go beyond aquatic environments. For example, the inundation of human settlements upstream of dams may lead to
the migration of people into nearby forests resulting in forest
degradation and further biodiversity impacts.

PSFs and Blackwater Streams
PSFs – a lowland forest ecosystem formed on peat soils that is
derived from woody plant debris in areas with high rainfall,
high temperature, and poor drainage (Posa et al., 2011) – are
mainly found on the islands of Sumatra, Borneo, and Peninsular Malaysia. Most of these PSFs are ombrogenous: they
obtain their nutrients directly from rain and plant remains
only (Whitmore, 1984). It can be classified as a semiaquatic
system as the rain-fed water table fluctuates with changes in
rainfall intensity but always remains close to or above the peat
surface throughout the year (Page et al., 1999). The tea-colored
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water draining from PSFs is very acidic (pH 3–4.5), owing to
the high concentration of humic acid and tannins (Whitten
et al., 2000) and is commonly termed ‘‘blackwater.’’
Despite being poorly drained and relatively infertile, Sundaland’s PSFs are being converted to industrial-scale forestry
and monoculture plantations at alarming rates (Koh et al.,
2011b; Miettinen et al., 2011b). Among the different subregions, the rate of loss is highest in Sarawak ( 8.1% per
annum) and Sumatra ( 5.2% per annum). Across the region,
only 47 833 km2 of PSFs remain, approximately 36% of their
historical extent.
The high rates of deforestation in the blackwaters of PSFs
are likely to threaten its unique assemblage of fish species via a
number of processes. Clearance of PSFs stops the supply of
senesced leaves that provides the likely basal resource for the
aquatic foodweb – dissolved organic carbon (Yule, 2010).
Where PSFs are converted to plantations, the physicochemical
properties of the blackwaters are likely to change owing to
burning, drainage, and the application of lime (to increase pH
of peat) and fertilizers (Yule, 2010). In addition to biodiversity
impacts, the degradation and conversion of PSFs also lead to
the loss of substantial amounts of biomass and soil carbon
(Koh et al., 2011b).

Mangroves
Mangroves are forests that occur in marine or brackish environments along sheltered estuaries and river banks (Giesen
et al., 2006; FAO, 2007). They provide important ecosystem
services for both humans (e.g., fuel wood and construction
material) and wildlife (e.g., breeding nursery for fish and
crustaceans) (Giesen et al., 2006). Southeast Asia originally
harbored more than 6.3 million ha of mangroves, the largest
mangrove area of any region in the world (Giesen et al., 2006).
However, a sizeable proportion of these mangrove forests have
since been converted. According to FAO (2007), 1.7 million
ha of mangroves have been cleared between 1980 and 2005 in
Southeast Asia. In terms of area, mangrove loss was highest in
Indonesia; 1.3 million ha of mangroves were cleared at a rate
of 1.5% annually. In terms of percentage loss, Timor-Leste and
Vietnam were the highest in the region, experiencing an annual loss of 3.4% and 2.1%, respectively (Table 1). The loss of
mangroves can be attributed to commercial logging that includes charcoal and fuelwood, aquaculture, agriculture, and
conversion for human settlements (Giesen et al., 2006; FAO,
2007; Spalding et al., 2010). The main drivers of conversion are
different for each country (Giesen et al., 2006) and the reader
is referred to the excellent country-level reviews by Giesen et al.
(2006), FAO (2007), and Spalding et al. (2010).

Prospects of Recovery
For these habitats to recover, habitat degradation must first
be abated. However, conservation strategies must incorporate
human development goals for them to be practicable and
effective (Dudgeon, 1992; Giam et al., 2011a). High rates
of deforestation in the last 20 years (Achard et al., 2002;
Miettinen et al., 2011a, b) suggest that forest loss and conversion is unlikely to cease in the near future. To slow
down forest loss and conserve intact forested watersheds,
one possible strategy is to shift agricultural expansion into

Table 1
to 2005
Countries
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Decrease in mangrove area in Southeast Asia from 1980

Area (ha)
1980

Change 2005–1980
2005

Brunei
18,400
18,400
Cambodia
91,200
69,200
Indonesia
4,200,000 2,900,000
Malaysia
674,000
565,000
Myanmar
555,500
507,000
Philippines
295,000
240,000
Singapore
500
500
Thailand
280,000
240,000
Timor-Leste
4250
1800
Vietnam
269,150
157,000
Total
6,388,000 4,698,900

Area (ha)

%

% yr  1

0
 22,000
 1,300,000
 1,09,000
 48,500
 55,000
0
 40,000
 2450
 112,150
 1,689,100

0.0
 24.1
 31.0
 16.2
 8.7
 18.6
0.0
 14.3
 57.6
 41.7
 26.4

0.0
 1.1
 1.5
 0.7
 0.4
 0.8
0.0
 0.6
 3.4
 2.1
 1.2

Source: Mangrove area data collated from FAO (2007) The world’s mangroves
1980–2005: A thematic study prepared in the framework of the global forest resources
assessment 2005. FAO Forestry Paper 153. Rome, Italy: Food and Agricultural
Organization of the United Nations.
Note that Lao PDR is excluded from the table as it is a landlocked country with no
mangrove forest

degraded lands. This must be coupled with the development
of wastewater treatment facilities and tighter regulation of
pesticide and fertilizer use (Dudgeon, 1992) in these areas.
The carbon payment scheme known as Reduced Emissions
from Deforestation and Forest Degradation plus conservation,
sustainable management of forests, and enhancement of forest
carbon (REDD þ ) (UNFCCC, 2010) might help fund the
conservation of intact areas, especially carbon-rich PSFs. In
watersheds where the complete protection of forests is not
possible, riparian buffers should be established to mitigate the
effects of sediment (Ziegler et al., 2005; Lorion and Kennedy,
2009) and nutrient pollution (Peterjohn and Correll, 1984).
The development of hydroelectric dams is likely to continue given the rising energy demands of the region (Dudgeon, 1992). Future development of dams should take into
account the trade-offs between economic benefits and impacts
to biodiversity and human livelihoods. The opening of water
channel (sluice) gates during fish migration periods may help
to maintain the biological connectedness of rivers. For example, when all the sluice gates of the Pak Mun Dam were
opened between July 2001 and June 2002, some recovery of
fish species richness, including migratory fish, was observed
(Jutagate et al., 2005).
The rate of mangrove conversion in Southeast Asia has not
slowed down substantially for the last 20–25 years (Giesen
et al., 2006; FAO, 2007; Spalding et al., 2010). Despite the
bleak outlook for mangroves, there are causes for optimism.
As biological and economic impacts of mangrove conversion
(e.g., coastal fisheries productivity declines (Barbier, 1993))
become better understood, mangroves are increasingly being
protected (Spalding et al., 2010) and rehabilitated or restored
(Macintosh et al., 2002; Giesen et al., 2006). Strategies for
restoration are reviewed in Giesen et al. (2006). In addition to
the rehabilitation and restoration of degraded mangroves,
governments must muster the political will to stop degradation of the remaining intact mangroves of the region.
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Species Status and Trends
Plants
Southeast Asia possesses an estimated vascular flora of around
60,000 species (20,000–25,000 species in Indo-China and
42,000 species in Malesia; Frodin, 2001). A generic level count
for the regional flora is provided in Table 2. Species level
summaries are less certain but Indonesia alone has an estimated 38,000 species of which around 18,700 are endemic
(BAPPENAS, 2003). For example, Mt Kinabalu in Sabah,
Borneo has around 5000 species in 1200 km2 (Beaman,
2005). Plant diversity peaks in the wet equatorial lowland
forests of Borneo, Sumatra, and Peninsular Malaysia.
The 52-ha plot at Lambir, Sarawak, averages 247 species of tree
over 10-cm diameter per hectare and possess 1003 such tree
species in total (Losos and Leigh, 2004). A nondestructive
survey of all vascular plants in just 200 m2 of lowland forest in
Tesso Nilo, Sumatra cataloged 217 species (Gillison, 2001).
The flora remains incompletely known. As recently as the
year 2000, Laos’s main commercial rattan was undescribed
(Prance et al., 2000). In Borneo 15–35% of the flora likely
remains uncollected (Beaman and Burley, 2003). Surprisingly,
some estimates suggest that, although three-quarters of
Southeast Asia’s mosses (76%) are already known, knowledge
of at least some higher plants is considerably less (only 28%
complete for the Fabaceae; see Giam et al., 2010b).
Of 1371 red-listed plant species in Southeast Asia, 292 are
critically endangered, 196 endangered, 737 vulnerable, 31 nearthreatened, and 110 data-deficient. Five plant extinctions are
documented: two mangos (Mangifera casturi Kosterm and
Mangifera rubropetala Kosterm), two dipterocarp trees (Dipterocarpus cinereus Sloot and Shorea cuspidata Ashton), and one
herb – the ‘‘woolly stalked Begonia’’ (Begonia eiromischa Ridl.).
Only the mangos survive in ex situ collections (IUCNRedlist.org,
accessed 23 August 2011). A recent detailed assessment of the
155 Dipterocarp trees of Peninsular Malaysia finds that five of
them are critically endangered, 35 are endangered, 42 are
vulnerable, and 46 are near-threatened (Chua et al., 2010).

Table 2

One endemic species, Shorea kuantanensis P.S. Ashton, is
judged extinct, whereas nine of 11 other considered possible
extinct in a previous summary (Symington, 2004) have been
rediscovered (Chua et al., 2010).
Although ecological relationships are poorly explored, the
region’s pollination systems are considered relatively robust
(Corlett, 2004). Exceptions include figs (Ficus spp.) where loss
of Agaonidae wasp pollinators and thus of viable seed production has been observed following droughts (Harrison,
2000). There are concerns with bat-pollinated species such as
durian and pete/petai (Durio spp. and Parkia spp.) but data are
lacking. Comparison suggests that loss of vertebrate seed dispersers is generally a greater and more immediate concern
than loss of pollinators – although both remain concerns in
the longer term (Corlett, 1998, 2004).

Insects
The effects of land-use change and deforestation on the
megafauna of Southeast Asia have been well reported (Sodhi
et al., 2009). However, the responses of less ‘‘charismatic’’
groups, such as insects, to habitat disturbance remain relatively
poorly understood (Dunn, 2005). This is alarming, considering
the global dominance of insects among animal communities in
terms of species richness, abundance, and biomass (Wilson,
1987), as well as the overarching importance of insects in
providing ecosystem services for human societies (e.g., pollination of crops) (Nabhan and Buchmann, 1997).
Data on the conservation status of insects are scarce because the International Union for Conservation of Nature
(IUCN) Red List is highly biased toward larger and better
studied taxa (e.g., vertebrates; Rodrigues et al., 2006). In
Southeast Asia, 87 terrestrial insect species are listed as
threatened on the IUCN Red List, which represents 12% of
total threatened terrestrial insect species worldwide. These
threatened species are classified as ‘‘critically endangered’’
(CR), ‘‘endangered’’ (EN), or ‘‘vulnerable’’ (VU; IUCN,
2011). Of the 87 threatened terrestrial insect species, 43 are

Generic richness by regions in Southeast Asia

Region

Genera

Endemic genera

Genera standardized by
areaa

Genera standardized by
collecting intensitya

Cambodia
Laos
Burma/Myanmar
Thailand
Vietnam
Borneo
Java
Nusa Tengarra
Malaya
Moluccas
Philippines
Sulawesi
Sumatra

686
767
1304
1605
1401
1396
1403
812
1457
898
1406
1000
1300

?
4
10
17
21
31
3
1
19
3
20
5
7

598
622
812
1097
1061
841
1307
802
1354
1026
1062
850
877

922
1028
1987
1959
1642
1704
1206
964
1288
1009
1467
1285
1696

a

Regression-based estimates correcting for area and collection effort (for full details see Marsh et al., 2009)
Source: Reproduced from Marsh ST, Brummitt NA, de Kok RPJ, and Utteridge TMA (2009) Large-scale patterns of plant diversity and conservation priorities in South East Asia.
Blumea 54: 103–108, with permission from Nationaal Herbarium Nederland.
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Lepidoptera (butterflies or moths – CR: 1, EN: 14, and VU: 28)
and 42 are Odonata (dragonflies or damselflies – CR:6, EN: 9,
and VU: 27). There is also one vulnerable ant species (Monomorium hospitum; VU) and one extinct stick insect (Pseudobactricia ridleyi). Because of the high proportion of endemic
species in Southeast Asia, the loss of many of these threatened
species likely will result in global extinctions.
Butterflies are among the best-studied insect groups in
Southeast Asia in terms of taxonomy and biogeography
(D’Abrera, 1982, 1985, 1986; Corbet and Pendlebury, 1992;
Igarashi and Fukuda, 1997, 2000). They are highly sensitive to
habitat disturbance and have commonly been used as an indicator taxon for ecological research (Koh and Sodhi, 2004).
Most field studies reveal that deforestation has significant
impacts on butterfly diversity. For example, Willott et al.
(2000) found that primary forests in the Danum Valley in
Borneo had significantly lower species richness (121 vs. 151),
Fisher’s a-diversity (3173 (95% confidence interval) vs.
4074) and rarified species richness (12073 vs. 14374) than
secondary logged forests.
Apart from the Lepidoptera, bees are the other insect group
that has been relatively well studied in this region. Liow et al.
(2001) found that below-canopy bee abundance was significantly higher in primary forests than in other land uses. In
Sumatra and Indonesia, primary forests were also shown to
contain higher bee richness, diversity, and abundance than
disturbed lands, such as plantations (Sakagami et al., 1990).
Dung beetles is another group that have been the focus of
ecological studies often because of the ecosystem services they
provide, including nutrient cycling and seed dispersal (Davies
et al., 2001). Not surprisingly, a study on the impacts of forest
conversion to Acacia and Albizia plantations in Sabah demonstrated that beetle species that are closely associated with
primary forests were most negatively affected by forest conversion (Davies et al., 2001). Termites and ants also provide
important ecosystem services. In Sumatra, the species richness
and relative abundance of termites were highest in primary
forests compared with secondary forests and agricultural lands
(Jones et al., 2003). Furthermore, of the 34 termite species
recorded in primary forests, only one could be found in cultivated areas. Similarly, Bruhl et al. (2003) found that less than
half of the leaf litter ant species in contiguous forests were
recorded in forest fragments.

Reptiles and Amphibians
Amphibians
Southeast Asia is a hotspot for amphibian species richness and
endemism (Bickford et al., 2010). More than 730 species of
amphibians have been described for the region (IUCN, 2011)
and many more are likely undescribed (Giam et al., 2010a,
2011c). The conservation status of most amphibians has been
assessed as a result of the 2004 Global Amphibian Assessment
(Stuart et al., 2004) and subsequent yearly assessments by
IUCN (IUCN, 2011). Of the 738 native amphibians assessed
on the 2011 IUCN Red List, 135 are threatened with extinction
(i.e., Red List categories, critically endangered, endangered, or
vulnerable), while a further 76 are near-threatened. Many
species are poorly known (Rowley et al., 2010); 268 species
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were categorized as data-deficient, that is, their conservation
status could not be accurately assigned due to lack of data. In
particular, all but one of the 24 caecilians (amphibians that
superficially resemble earthworms or snakes) native to the
region were classified as data-deficient. Population trends (in
terms of population and range size) of 268 species are deteriorating, whereas those of 314 species are currently
unknown.
Habitat destruction associated with logging and agricultural conversion is a major threat to amphibians in
Southeast Asia (Bickford et al., 2010) as most of the region’s
amphibians are forest specialists (Rowley et al., 2010). In
Sulawesi, Indonesia, amphibian species richness and abundance were higher in primary and secondary forests compared
with agroforests and open areas (Wanger et al., 2010). Illegal
logging, in addition to mercury and sediment pollution resulting from illegal gold mining, is threatening the persistence
of the only known lungless frog in the world (Barbourula
kalimantanensis; Bickford et al., 2008). Overexploitation of
amphibians for food, traditional medicine, and the pet trade
are major threats to amphibians in Southeast Asia (Rowley
et al., 2010). Predicted climate warming is likely to exacerbate
the impacts of habitat degradation and overexploitation
(Bickford et al., 2010).

Reptiles
In 2008, Southeast Asia (excluding Philippines and islands
east of Western Nusa Tenggara) harbored 975 native reptile
species (Das, 2010). However, the conservation status of most
of these species remains unknown – less than a quarter have
been assessed by the IUCN as of October 2011 (IUCN, 2011).
The proportion of species that were assessed differed across
major groups of reptiles. The conservation statuses of crocodiles (83% of species assessed; 5 of 6 species) and turtles
(75%, 40 of 53 species) were better elucidated compared to
snakes (27%, 132 of 484 species) and lizards (15%, 65 of 432
species). Of the 242 species that were assessed, 50 species were
found to be threatened (i.e., categorized as critically endangered, endangered, or vulnerable). A further 80 species
were classed as data-deficient. Based on available species assessments, the crocodiles and turtles appear to be most
threatened. Thirty-five of 40 assessed turtle species and four of
five assessed crocodile species were deemed to be threatened.
The main threats to turtles appear to be from the wildlife
trade, bushmeat hunting, degradation of habitat for nesting
(for sea turtles), pollution, and bycatch mortality (i.e., mortality from entanglement in fishing nets; Shanker and Pilcher,
2003; Pacini and Harper, 2008; Nijman, 2010; IUCN, 2011).
Crocodiles are threatened mainly by habitat degradation
(Pacini and Harper, 2008); persecution and exploitation for
bushmeat and wildlife trade are also important threats (IUCN,
2011).
The low proportion of threatened lizards and snakes
(relative to turtles and crocodiles) may have arisen partly due
to a lack of information on population and range trends of
many species. Many of the data-deficient and unassessed
species may actually be threatened. For example, Thirakhupt’s
Bent-Toed Gecko (Cyrtodactylus thirakhupti) is restricted to a
single cave in a forested limestone hill in Surat Thani province,
Southern Thailand (Pauwels et al., 2004; Das, 2010) and is
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likely to be classified as threatened owing to its highly restricted range. To inform conservation priorities, the conservation statuses of unassessed species must be elucidated as
soon as possible. Habitat degradation is listed as the main
threat to the two red-listed lizards (Bronchocela smaragdina
and Cyrtodactylus cavernicolus) and many of the threatened
snakes (IUCN, 2011). As the majority of range-restricted reptiles are confined to the rapidly diminishing lowland rainforests (Das, 2010; Miettinen et al., 2011a), species declines are
imminent.

et al., 2008; Castelletta et al., 2005; Clough et al., 2009; Peh
et al., 2006; Sodhi et al., 2005b). However, small fragments
(o100 ha) have been shown to continue to lose species even
decades after isolation and are colonized by generalist nest
predators such as house crows (Corvus splendens; Sodhi et al.,
2005c, 2006a). Overall, with increasing land-conversion
pressure for industrial-scale agriculture productions (e.g., oil
palm), the long-term persistence of native Southeast Asian
forest bird species appears to be particularly in jeopardy.

Mammals
Birds
Birds represent one of the best-studied groups in Southeast
Asia. Among the main tropical regions in the world, Southeast
Asia has the highest mean proportion of country-endemic
(9%) and the highest mean proportion of threatened bird
species (6%; Sodhi et al., 2010a). The relatively high degree of
endangerment may be related to the high rate of recent deforestation observed in this tropical region. Up to 67% of
forest bird species have been lost as a result of more than 90%
forest loss in the highly urbanized Singapore representing one
of the world’s highest estimates of long-term loss of forest
species (Castelletta et al., 2000). In addition, local extinctions
have also been reported for small, yet largely forested Indonesian and Malaysian islands (Trainor, 2007; Sodhi et al.,
2010b). Using estimates of forest loss and the species area
relationship, Brook et al. (2003) projected that between 16%
and 32% of Southeast Asian forest bird species will become
extinct by 2100.
Endemic forest species of insular Southeast Asia have been
shown to be negatively affected by deforestation and various
forms of agricultural land use (Indonesia, Lee et al., 2007;
Maas et al., 2009; the Philippines, Posa and Sodhi, 2006). For
example, more sensitive species such as woodpeckers may
take a longer time to reach predisturbance levels (Styring and
Ickes, 2001). However, some bird communities did recover
after several decades (Wong, 1986; Yap et al., 2007). In fact,
some logged forests in Southeast Asia can support similar or
even higher species richness of birds than undisturbed forests,
which may be due to improved conditions for widespread
forest edge species (Johns, 1996; Edwards et al., 2011).
Similarly, human-modified habitats such as rubber and oil
palm plantations or cacao and coffee agroforests may have
higher bird species richness than open and more disturbed
habitats, but the species similarity with forests is often extremely low (Aratrakorn et al., 2006; Danielsen and
Heegaard, 1995; Peh et al., 2005; Sodhi et al., 2005a; Waltert
et al., 2004). For instance, only 27% of observed forest
species were also found in coffee plantations in Sumatra
(Philpott et al., 2008).
High densities of tall shade trees and proximity to natural
forest may improve overall conservation value of agroforests
(e.g., in cacao; Abrahamczyk et al., 2008; Clough et al., 2009).
Having tall forest trees in otherwise altered agricultural landscapes (oil palm, cacao, and rubber) and the protection of
forest fragments could be an alternative to protected primary
forest fragments and are particularly critical for the remaining
widespread, disturbance-tolerant forest species (Abrahamczyk

Southeast Asia hosts exceptional levels of mammal diversity,
with the highest degrees of endemism of any tropical region
(Sodhi et al., 2010b). However, mammals in Southeast Asia
also have the highest proportion of threatened species among
any tropical region (Morrison et al., 2007; Schipper et al.,
2008; Sodhi et al., 2010b), and an estimated 85% of species are
at risk of extinction during this century due to deforestation
(Sodhi and Brook, 2006). A recent meta-analysis found that
mammals were the most sensitive taxonomic group to forest
disturbance in Southeast Asia (Sodhi et al., 2009), suggesting
that they are most adversely affected by increasing human
pressures in the region.
Forest loss and disturbance affect mammals in different
ways. Despite general trends of decreased diversity and
abundance (Sodhi et al., 2009), many species are able to
persist or recover following forest degradation (for a comprehensive review, see Sodhi et al., 2010a). In Borneo, selectively logged forests can support large numbers of mammal
species (e.g., the tarsier Tarsius bancanus), but the response
varies by species based on ecological requirements (Meijaard
et al., 2008). In northern Borneo, small mammal diversity was
lower in selectively logged forest sites compared to undisturbed forests; however, logged forests retained many species found in undisturbed forests, highlighting the
conservation value of these forests (Wells et al., 2007). Secondary forests in northern Borneo were also found to support
diverse assemblages of up to 27 different mammal species, but
Acacia and oil palm plantations offered little to no support
(Bernard et al., 2009; McShea et al., 2009). The Philippines
hosts an impressive mammal assemblage, with 90% of its
more than 100 nonvolant species found nowhere else (Rickart
et al., 2011). In northern Luzon Island, species richness of
small mammal was greatest in undisturbed forest habitats, but
moderately disturbed forests also supported high levels of
diversity and abundance (Rickart et al., 2011).
Bats comprise a third of all Southeast Asian mammals, and
of Southeast Asia’s 330 species, 60% are endemic to the region
(Kingston, 2010). Despite this, bats remain some of the least
known vertebrates of Southeast Asia and 40% of species are
predicted to be extinct by 2100 due to deforestation (Kingston,
2010). Although forest loss in the region continues, large forest
fragments in Peninsular Malaysia can retain high levels of bat
diversity (Struebig et al., 2010).
Other mammals in the region are at high risk of extinction
due to illegal poaching. Southeast Asia’s pangolin species are
threatened by trade for use in food, medicine, and clothing,
particularly in Vietnam and China (Newton et al., 2008).
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Vietnam’s primates are also highly threatened by poaching,
with 21 of 24 species listed as threatened (Nadler et al., 2007).
Although hunting has greatly reduced populations of large
ungulates throughout Southeast Asia, some populations have
recovered following regulation of illegal poaching (e.g., the
muntjac Muntiacus muntjak; Steinmetz et al., 2010).
Large mammals may face the greatest threats because they
are particularly vulnerable to habitat loss and are often targeted for hunting. Three of the region’s flagship species, rhinos, elephants, and tigers, persist in isolated pockets of forest
throughout their historic ranges and are increasingly rare
throughout Southeast Asia (Clements et al., 2010a; Lynam,
2010). In Sumatra, tigers were found in both primary and
selectively logged forests, but tiger densities were higher in
primary forests, probably because selectively logged forests
offer greater access to hunters (Linkie et al., 2008). Although
secondary and selectively logged forests both sustain populations of elephants and tigers in Malaysia, the conversion of
forests into agriculture has destroyed large areas of critical
habitat for these species (Clements et al., 2010a). Agricultural
expansion has also led to human–wildlife conflicts that often
result in the death of these endangered animals (Nyhus and
Tilson, 2004; Clements et al., 2010a).

Threats to Biodiversity
Industrial Agriculture
Industrial agriculture has become an increasing threat of forests
and biodiversity across the tropics (Rudel et al., 2009a, b). In
Southeast Asia, oil palm agriculture has been expanding
at an astonishing rate of 470,000 ha per annum between 1999
and 2009 (FAO, 2011). Currently, Indonesia and Malaysia
produce 170 million metric tons of oil palm fruits each year,
which accounts for 80% of the global production (FAO, 2011).
Conversion of natural habitats into a monoculture such as
oil palm, almost by definition, implies a drastic loss in biodiversity. In fact, oil palm plantations contain less than half as
many vertebrate species as primary forests (Fitzherbert et al.,
2008). Forest bird species declined by 73–77% (Koh and
Wilcove, 2008), and only 10% of mammal species were detected in oil palm plantations (Maddox et al., 2007). Endangered species such as the Sumatran tiger (Panthera tigris
sumatrae), tapir (Tapirus indicus) ,and clouded leopard (Neofelis
nebulosa) have not been recorded in oil palm plantations; and
most mammals prefer marginal and heavily degraded lands
(e.g., shrublands) to oil palm (Maddox et al., 2007). Mammals
that do occur in oil palm plantations tend to be of low conservation concern and are dominated by a few generalist
species such as the wild pig (Sus scrofa), bearded pig (Sus
barbatus), leopard cat (Prionailurus bengalensis), and common
palm civet (Paradoxurus hermaphroditus).
The impacts of industrial agriculture on invertebrates are
more variable compared with vertebrates (Fitzherbert et al.,
2008). Conversion of forests to oil palm resulted in 79–83%
declines in the species richness of forest butterflies (Koh and
Wilcove, 2008). However, ants, moths, and bees demonstrated
a higher tolerance for the oil palm habitat (Danielsen et al.,
2008). Nevertheless, studies consistently showed a dominance
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of nonforest invertebrate species in oil palm plantations
(Danielsen et al., 2008). On average, only 15% of vertebrate
and invertebrate species recorded in primary forest could be
found in oil palm plantations (Fitzherbert et al., 2008). Not
surprisingly, plant diversity within oil palm plantations was
also impoverished compared with forests due to regular
maintenance (e.g., weeding) of oil palm fields (Danielsen
et al., 2008; Fitzherbert et al., 2008).

Climate Change and Forest Fires
Climate change impacts on biodiversity have been relatively
mild compared with the other main threats in the last century.
However, it is very likely that climate change will be one of the
most dominant biodiversity threats this century (MEA, 2005).
In particular, strong field evidence of climate change effects
has been reported in the montane areas in Southeast Asia,
where moth ranges have shifted to higher elevations in the last
42 years (e.g., Sabah, Malaysia; Chen et al., 2009). In addition,
recent reviews of the literature and guide books revealed that
certain amphibians and reptiles, and birds, respectively, appear to be responding to global warming by shifting their
elevational ranges upwards (Peh, 2007; Bickford et al., 2010).
Because Southeast Asia consists largely of islands with few
mountain ranges, many affected island species may not be
able to migrate or disperse under climate change (Bickford
et al., 2010). As a consequence, high elevational species may be
adversely impacted by rapid climate change, indirectly affecting species assemblages and communities, and ecosystem
functioning and services.
Forest fires in Southeast Asia can negatively impact species
and alter communities. For example, Sumatran bird diversity
declined with open field species replacing forest specialists
(e.g., understorey insectivores) over time (Adeney et al., 2006).
ENSO-induced wildfires in Borneo also reduced butterfly
species richness significantly (Cleary et al., 2003). Both studies
suggest that wildfires have strong impacts on species communities in Southeast Asia. The two recent ENSO-induced
wildfire episodes (i.e., 1982–83 and 1997–98) revealed the
potential for destruction of high-intensity fires on forest biodiversity (Baker et al., 2009; Page et al., 2009). However, more
critically, the changing fire regimes (increasing occurrence of
large fires) due to both growing human pressures (through
forest clearance) and projected climate change may further
result in a huge loss of forest with severe impacts on biodiversity. They might also pose serious public health risks to
the human populations in this region (Lohman et al., 2007;
Taylor, 2010). In essence, forest loss and fragmentation, and
climate change, would lead to the edges of forest patches
drying up, a regional drop in evapotranspiration rate, and
large-scale shifts in rainfall due to a disruption of the Indian
monsoon and ENSO cycle, all potentially enhancing fire risk
and frequency, water loss, and thermal stress (Brook et al.,
2008). Together, the synergisms of these threats would place
the biodiversity and people of Southeast Asia under grave
danger. As such, large-scale and regionally coordinated fire
management plans are urgently needed to mitigate the projected high-intensity and high-risk wildfires (Lohman et al.,
2007; Johnson and Dearden, 2009).
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Overexploitation and Illegal Trade of Wildlife
Overexploitation of wildlife can cause irreversible loss of
species and populations, ecosystem perturbations, economic
loss, food shortages, and spread of pathogens. In the last 50
years, the need to hunt for subsistence in tropical Asia has
been increasingly supplanted by the need to hunt for the
market (Corlett, 2007) – this has led to population declines
and local extirpation of threatened species in certain areas (Lee
et al., 2005; Phoonjampa and Brockelman, 2008). More charismatic threatened species (e.g., rhinos, elephants, and tigers;
Clements et al., 2010a), however, are increasingly being hunted to fuel the trade of illegal wildlife and their products (e.g.,
ingredients in traditional Chinese medicine; Figure 4). The
illegal wildlife trade refers to the unlawful trade, smuggling,
poaching, capture, or collection of endangered species or their
parts (including animals or plants that are subject to harvest
quotas and permit regulation; South and Wyatt, 2011).
Southeast Asia is now regarded as one of the world’s largest
illegal wildlife trading hubs, with almost every country serving
as source and/or transit point to markets beyond the region
(i.e., China being the largest market followed by the USA;
Felbab-Brown, 2011). The value of this illicit market in this
region was recently estimated to be worth around USD 10–30
million annually (Then, 2010; Felbab-Brown, 2011).
The Convention on International Trade in Endangered
Species (CITES; www.cites.org), which is an international
agreement among governments to ensure that the international trade of wildlife specimens does not threaten their
survival, affords varying degrees of protection to more than
30,000 species of plants and animals. A nongovernmental
organization (NGO) known as TRAFFIC (www.traffic.org) is
involved in monitoring the legal and illegal trade of CITES
species in Southeast Asia. Despite regulatory mechanisms such
as CITES, large volumes of CITES-listed species permitted
for trade continue to be exported illegally above set quotas
(Nijman, 2010). Furthermore, species that are prohibited for
international trade continue to be sought after by poachers
due to the relatively low risk and high profitability of this
business (Figure 5). Examples of wildlife being persecuted
for the illegal trade in Southeast Asia include mammals

(e.g., bears, Shepherd and Nijman, 2007; elephants, Shepherd
and Nijman, 2008; felids, Ng and Nemora, 2007; pangolins,
Pantel and Chin, 2010; primates, Nijman, 2005; rhinos,
Ahmad Zafir et al., 2011); reptiles (e.g., snakes, Auliya 2010;
tortoises and turtles, Nijman and Shepherd, 2007); birds
(Shepherd et al., 2004); and plants (The World Bank, 2005).
Although legal and illegal hunting of species in this region
is regulated to some extent by national wildlife laws, hunting
quotas continue to be exceeded and hunting prohibitions may
be ignored partly due to the lack of mechanisms in place to
monitor population trends of species being hunted (Clements
et al., 2010a). The harsh reality is that enforcement systems
in this region have largely failed to curb wildlife overexploitation, which is showing no sign of abating (Bennett,
2011; Figures 6 and 7).

Others: Invasive Species and Disease
Invasive species can be defined as exotic species that adversely
affect environments they invade. In Southeast Asia, invasive
species can cause the displacement of native biodiversity due
to synergistic factors such as an invasive species’ advantageous
life-history traits (in certain plants and molluscs; Osunkoya
et al., 2005; Clements et al., 2006), competition for similar
resources (among birds; Huong and Sodhi, 1997), ecosystem
modification (by plants and butterflies; Peters, 2001; Ghazoul,
2004), hybridization, environmental disturbance, and economic loss (Brook et al., 2003). The Global Invasion Species
Database (www.issg.org/database) contains the most comprehensive list of invasive species present in Southeast Asia.
Indeed, every country in the region contains invasive species,
with Indonesia harboring the highest number (78 species),
and plants and fish being the most common invasive animal
groups (Peh et al., 2010). Continental islands such as Singapore appear to be the worst-case scenario for invasibility
with alien species dominating persistently disturbed areas,
but very few introduced species have successfully invaded
closed-canopy forests (Corlett, 2010). However, in natural
aquatic systems, the negative impacts of invasive species appear to be more pervasive (e.g., among fish; Nguyen and de
Silva, 2006). Ecosystems that are subjected to increasing levels

Figure 4 One of Southeast Asia’s endangered mammals, the Malayan tiger (Panthera tigris), photocaptured in a selectively logged forest in
Malaysia. This charismatic species is being persecuted by illegal wildlife traders for products such as ingredients in traditional Chinese medicine.
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Figure 5 A group of poachers caught on a camera trap trespassing into selectively logged forests from a highway in Malaysia. Their possession
of a modified shotgun indicates that they are targeting endangered large mammals, possibly for the lucrative wildlife trade.

Figure 6 Agricultural expansion in the montane forests of Peninsular Malaysia has increased levels of siltation and chemicals in downstream
water systems with negative effects on freshwater biodiversity.

of disturbance can also become more susceptible to the establishment of invasive species. For example, more disturbed
peat swamps in Malaysia appear to be more prone to invasion
by noxious weeds (Yule, 2010).

The transmission of diseases and pathogens that threaten
Southeast Asia’s biodiversity has undoubtedly been facilitated
by globalization. One particular emerging disease of
great concern to herpetologists is chytridiomycosis, a fatal
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Figure 7 A LANDSAT 5 satellite image taken in August 2004 over
Peninsular Malaysia showing an influx of sediments (red box) from
upstream developments along the Kelantan River into the marine
environment. Data available from the US Geological Survey.

amphibian-specific skin disease caused by a fungal pathogen
Batrachochytrium dendrobatidis. Although this chytrid fungus
has mainly been recorded in tropical regions outside
Southeast Asia, it was recently recorded for the first time
among amphibian species in Indonesia (Kusrini et al., 2008).
Commercial trade and invasive species represent the more
likely vectors of pathogens, but large-scale mortality of native
biota as a result of pathogens introduced from alien vectors
are yet to manifest in this region (Peh, 2010). However, approximately 75% of human diseases having links with wildlife
is of concern (Patz et al., 2004). In Indonesia, for example, the
risk of transmitting zoonotic diseases between fruit bats and
humans appears to be high given the former is a carrier of
Henipaviruses (Harrison et al., 2011), which have caused numerous fatalities among animals and humans in Malaysia and
Singapore (e.g., Nipah virus; Breed et al., 2006). The deadly
H5N1 influenza virus also remains a major threat to both
humans and wild birds in this region. For example, this virus
has been found in bar-headed geese that died en masse in
certain areas of China after being infected; this species may
pose a threat to native avifauna in the region as it migrates to
aggregation and breeding grounds in Myanmar (Chen et al.,
2005).

Challenges and Opportunities
Enhance Protected Area Networks
Protected area networks represent one of our core strategies in
biodiversity conservation and protection of ecosystem services
(Chape et al., 2005; Luck et al., 2009). Reserves in Southeast
Asia have been shown to be safe havens for butterflies, forest
endemic birds and bats, for instance (Koh and Sodhi, 2004;

Lee et al., 2007; Struebig et al., 2010). In addition, protected
areas can be effective in buffering against human encroachment such as deforestation (e.g., Myanmar, Songer et al., 2009).
However, these reserves are also under increasing threats from
isolation due to extensive forest loss and degradation in areas
surrounding them (DeFries et al., 2005). Furthermore, reserves
in Southeast Asia may only be ‘‘paper parks’’ that are poorly
managed and suffer illegal logging (e.g., in Kalimantan, Indonesia; Curran et al., 2004). The proportion of natural forest
under protection across the countries is also relatively low
(o10%), with nations like Myanmar and Vietnam having
o5% of land area currently protected (Rao et al., 2002; Sodhi
et al., 2010a). This is despite the fact that the region has the
highest deforestation rate as well as the lowest remaining forest
cover (Sodhi et al., 2010a). Poverty and corruption may also be
tied to higher incidence of fires in Southeast Asia parks (Wright
et al., 2007). Nevertheless, parks, if effective, have the potential
to alleviate human poverty rates as recently demonstrated for
Thailand (Andam et al., 2010).
The future conservation battlegrounds are expected to shift
under future climate and land-use changes (Lee and Jetz,
2008). In particular, Southeast Asia will continue to suffer
heavy conversion pressure as global human populations and
demand for agricultural products soar this century (Lee
and Jetz, 2008). Much of the unprotected land is projected to
be transformed into human-modified landscapes thus increasingly reducing the connectivity between reserves. This
potentially hampers species dispersal, which may be the
most serious in high-altitude sites where species may be
pushed out of the reserve boundaries due to increasingly
unsuitable climatic niches (Hannah et al., 2007). In Thailand,
for instance, the national protected area network has been
assessed for the conservation of tropical forest butterflies using
high resolution regional land-use and climate change projections (Klorvuttimontara et al., 2011). Studies evaluating the
effectiveness of reserves in protecting biodiversity under global
change will be extremely valuable for future conservation
planning and should be a priority in Southeast Asia. As such, it
becomes particularly important and urgent to rapidly expand
the reserve network of the region, considering projected
change impacts; increasing connectivity among reserves; and
improving park enforcement, governance, and management in
order to combat impending global change.

Safeguard Biodiversity in Human-Dominated Landscapes
Well-enforced protected areas have demonstrated their effectiveness at preserving biodiversity in some countries (e.g., in
the Philippines; Samoilys et al., 2007). Improving the management of protected areas is therefore one of the most
important strategies to safeguard biodiversity in humandominated landscapes across the region; even a modest increase in funds can help improve their effectiveness (Bruner
et al., 2001). Community-based conservation within protected
areas should also be explored as local collaborative programs
can aid wildlife population recovery (e.g., in Thailand;
Steinmetz et al., 2010). Given that primary forests are irreplaceable in sustaining biodiversity (Gibson et al., 2011),
remaining tracts of primary forests with adequate habitat
connectivity should be prioritized for protection (e.g., by
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prohibiting road development; Laurance et al., 2009) and
gazetted as protected areas if possible.
Degraded habitats such as selectively logged forests must
still be afforded greater protection as they are biologically important (Edwards et al., 2011), supporting some of the world’s
most endangered species (e.g., the tiger Panthera tigris; Rayan
and Shariff, 2009). Selectively logged forests of high conservation value should therefore be prioritized for improved sustainable management (Giam et al., 2011a, b) and protected
from conversion to commercial plantations (e.g., Aziz et al.,
2010), which should only be allowed to expand on preexisting
cropland and degraded habitats (Koh and Wilcove, 2008). One
mechanism through which selectively logged forests in Southeast Asia can be better protected is through the United Nations
Framework Convention on Climate Change (UNFCCC)
framework ‘‘REDD þ ’’ (UNFCCC, 2010). Although REDD
schemes show great promise in protecting the region’s imperiled biodiversity (e.g., for mammals in Indonesia; Venter
et al., 2009), and web-based decision-support tools are now
available (Koh et al., 2011a; available at www.REDDcalculator.com), many political, economic, and social challenges have
to be overcome to ensure success (Butler et al., 2009; Clements
et al., 2010b; Sanderbrook et al., 2010).
To mitigate specific threats such as illegal hunting of
threatened species in and around forests, NGOs have established antipoaching groups (Figure 8) in association with enforcement authorities to combat the threat of poaching (e.g., in
Malaysia and Indonesia; Clements et al., 2010a; Ahmad Zafir
et al., 2011). At a larger scale, regional governments are taking
encouraging steps by improving outdated national wildlife
laws (e.g., the Wildlife Conservation Act 2010 in Malaysia) and
forming an intergovernmental wildlife enforcement network
(asean-wen.org), which has had some success in clamping
down on illegal wildlife traders (Lynam, 2010).
To better protect native fauna from invasive species, recommendations (in ascending order of gravity) would be: (1)
prevention of their introduction entirely, (2) swift eradication
of an incipient population, and (3) harnessing a combination
of technologies to mitigate the threats from an established
population (Corlett, 2010; Simberloff, 2010). Scientists that
discover the presence of potentially invasive species should
not only publish their findings as soon as possible, but also
alert authorities to urgently implement appropriate control
measures (e.g., Figure 9; Tan and Clements, 2011). Although
zoos and gardens should be well equipped with strategies to
minimize the risk of escape from invasive species (Dawson
et al., 2008), custom departments should adopt stricter quarantine measures for species arriving via the horticultural and
pet trade, which are considered the main avenues for the arrival of invasive species (Corlett, 2010).
To deal with the threat of emerging infectious diseases
(EIDs) to native biodiversity, control measures include: (1)
minimizing contact with the direct host, (2) monitoring of
intermediate hosts, (3) improving biosecurity on farms, and
(4) better disease recognition and diagnosis (Field and
Mackenzie, 2004). Studies aimed at identifying traits that
predict the vulnerability of taxa to EIDs should be carried out
well in advance of their declines as recovery of population
crashes can be very difficult, if not, impossible (e.g., Bielby
et al., 2008). Regarding the threat of pollution, several
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Figure 8 A ranger from the Rhino Protection Units (RPUs) of the
Rhino Conservation Program in Indonesia, a good example of an
antipoaching initiative formed by an NGO in collaboration with
government authorities. RPUs not only conduct intelligence-driven
patrols in protected areas trying to save the Sumatran Rhino from
extinction, but they also help remove poaching threats to other
endangered species. (Photo credit: Ahmad Zafir Abdul Wahab).

conventions have been signed to address the negative effects of
marine pollution to biodiversity (see Todd et al., 2010). A reduction in pollution from wildfires may be achieved through
several priority actions (see Lohman et al., 2007), especially
through the enactment and enforcement of laws that prohibit
further conversion of peatlands. For example, a 2-year moratorium on peatland conversion in Indonesia was passed in
2010 in return for monetary payments from the Norwegian
government on successful implementation.
Despite some conservation successes at varying scales
(Sodhi et al., 2011), much more needs to be done (beyond the
limits of this article) to safeguard biodiversity in humandominated landscapes within Southeast Asia. Ultimately,
biodiversity conservation requires greater political will and
support from civil society, including industry, environmental
groups, and the wider public (Clements et al., 2010a; Bennett,
2011), without which there will be no halt to the current slide
of the region’s biodiversity toward extinction (Sodhi et al.,
2004).

Forest Restoration
Reversing these trends through forest restoration is attracting
attention across the tropics (Braxton Little, 2008; Chazdon,
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Figure 9 A potentially invasive snail, Limicolaria flammea, recently
discovered in Singapore, possibly introduced from Africa via the
horticultural trade. Scientists who discovered it alerted government
authorities through letters and a publication, but political will to
eradicate this species has been weak and reports now indicate that it
has expanded its distribution.

2008; Normile, 2009; Lamb, 2011), motivated by the need to
mitigate greenhouse gas emissions (Drummond et al., 2010),
restore key habitats for species of conservation concern, and
enhance the biodiversity value of human-modified landscapes
(Gardner et al., 2009). For example, the restoration of loggedover forests in Sabah has resulted in more rapid recovery of
insectivorous bird populations than in naturally regenerating
logged forest (Edwards et al., 2009).
Ecological Restoration programs will require, among other
things, tree nurseries that have adequate stocks of seedlings of
native tree species. Many of the larger tree species (particularly
among the Dipterocarpaceae) reproduce during infrequent
community-wide ‘‘general flowering’’ events (masting). The
dipterocarps, which comprise 10% of tree species and 80% of
canopy species on the island of Borneo, have recalcitrant
seeds. These biological constraints present a major challenge
to collection of seeds and seedlings that form the basis of
forest restoration projects across dipterocarp-dominated lowland forest (Kettle et al., 2011a, b).
The knowledge base for implementing successful forest
restoration has grown over several decades of silvicultural and
ecological research in tropical Asia (Adjers et al., 1995; Kettle,
2010). Dissemination of the existing knowledge via Internetbased virtual networks of restoration projects would enhance
knowledge transfer and technical capacity. Development of
transboundary phenology monitoring programs will ensure
that flowering and mast fruiting events are capitalized to their
full advantage. The existing networks of botanical gardens and
Forest Research Institutes should also play a substantial role in
capacity building at the local and regional scales.
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