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ABSTRACT. — Many of the protected area systems in newly developed countries are established on 
an ad hoc basis and as such may not be suffi ciently representative to protect signifi cant portions of their 
threatened biota. Thailand has one of the most extensive protected area systems in Southeast Asia, a region 
with particularly high levels of habitat destruction, but the representation of even this system has not been 
assessed for threatened species. This study assessed the representation of near-threatened and threatened 
species of terrestrial vertebrates using habitat type as a surrogate (i.e., how well these species were represented 
by Thailand’s current protected area system). Habitat use data of potential focal species was reviewed from 
286 original survey publications and other primary data sources. For each major habitat type, we calculated 
representation indices and the degree of representation. These indices were then used to evaluate the degree 
of representation of 505 focal species. Several habitats are underrepresented by the current protected area 
system including lowland mixed deciduous forest (below 200 m), dry dipterocarp forest, mangrove forest, 
swamp forest, grassland & shrub habitat, wetlands, salt fl ats, freshwater habitat, and beach habitat, indicating 
that the current protected area system is heavily biased toward a few specifi c habitat types, resulting in the 
underrepresentation of 229 near-threatened and threatened species which 128 of them were globally threatened. 
Evergreen forest was the most widely used habitat for all taxa. The second-most used was freshwater habitats 
for amphibians, reptiles and birds, as well as mixed deciduous forest for mammals. Approximately 13% of 
the threatened vertebrates were restricted to non-forest habitats (e.g., open wetlands, beaches, salt fl ats, etc.), 
while another 32% could utilise both forest and non-forest habitats. Near-threatened and threatened species 
utilising non-forest habitats are the least represented by Thailand’s protected area system, and highly likely 
to be underrepresented by all other protected areas in Southeast Asia.
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INTRODUCTION

The use of offi cially designated government-protected 
areas as a tool to manage biodiversity has been applied 
worldwide because of their ability to reduce threats within 
their boundaries (Balmford et al., 1995; Bruner et al., 
2001; Andam et al., 2008). In the past, the designation of 
protected areas was usually biased towards areas with low 
economic value or limited development potential (e.g., 
areas with less-productive soils or steep topography), 
meaning that productive areas with higher biodiversity 
were often unprotected (Pressey et al., 1993; Margules 
& Pressey, 2000; Oldfi eld et al., 2004; Rodrigues et al., 
2004a). An assessment of the current status of global 
protected areas indicated that total terrestrial protected 

areas worldwide approached 12% (Brooks et al., 2004) 
surpassing the 10% target proposed at the fourth World 
Congress on National Parks and Protected Areas (McNeely, 
1993). However, the coverage varied substantially among 
bioregions from 5% of temperate grasslands, savannas, and 
shrublands to 25% of temperate coniferous forests (Brooks 
et al., 2004). Moreover, from a sample of 11,633 bird, 
mammal, amphibian, and turtle species worldwide, at least 
1,424 species (12.2%) were not covered by any protected 
area, indicating that the coverage of many protected area 
systems was still inadequate (Brooks et al., 2004; Rodrigues 
et al., 2004a).

Although Southeast Asia’s protected area system covers 
approximately 13.8% of the land (IUCN & UNEP-WCMC, 
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2011), the biodiversity of this region is under particular 
threat, with the highest annual deforestation rate (about 
1.5% between 2000 and 2005) and the highest proportion 
of threatened vertebrates (except amphibians) among all 
tropical regions (Sodhi et al., 2010). In order to increase 
the representation of the region’s protected area systems, 
we need to know fi rst what or where the gaps in the current 
network are. Gap analysis is an approach used to identify 
‘gaps’ in the coverage of an existing protected area system 
(Jennings, 2000; Possingham et al., 2006). A gap can be 
either species or communities which are underrepresented 
or not represented in the existing conservation network 
system. This approach has been applied in multiple countries 
and sites (e.g., Oldfi eld et al., 2004; Rodrigue et al., 2004b, 
Catullo et al., 2008).

Several techniques have been developed to determine 
representation targets. The most basic approach is the use 
of an arbitrary level such as 10% or 12% (e.g., Nicholls & 
Margules, 1993; Wright et al., 1994; Sierra et al., 2002). 
However, these levels are more likely to be due to political 
expediency while targets based on ecological knowledge are 
likely to be much higher (Soule & Sanjayan, 1998). Another 
technique which might be more appropriate is to set the 
representation targets according to the extent of occurrences 
(e.g., Rodrigues et al., 2004b; Catullo et al., 2008). The 
target for features with smaller occurrence extents will be 
higher than features with larger extents. However, since each 
feature faces different threats and requires different levels 
of protection, determining targets from occurrence extents 
alone might not be suffi cient.

Thailand has an extensive protected area system covering 
20% of its land surface, the second most extensive system in 
the region (IUCN & UNEP-WCMC, 2011), beginning with 
the designation of Khao Yai National Park in 1962. Even 
though the percentage of protected area coverage is quite 
high, it is likely that Thailand also suffers from protected 
area designation bias. Most of the protected areas in Thailand 
were either national parks (58% of total protected area) or 
wildlife sanctuaries (36%) in which their main objectives 
were to protect areas with beautiful scenery for recreational 
use (national parks) or areas with perceived levels of high 
biodiversity (wildlife sanctuaries). Consequently, most 
designated areas were located in forest areas far from human 
settlements, while most lowland and non-forest areas were 
already occupied by humans.

The fi rst gap analysis in Thailand was performed using a 
comparison index (Trisurat, 2007). The author measured 
representation in three dimensions: forest type, elevation 
and natural land system (a combination between forest type 
and elevation). While fi ve forest types (dry evergreen forest, 
moist evergreen forest, hill evergreen forest, bamboo forest 
and pine forest) were well represented, two (mangrove forest 
and inundated forest) were extremely underrepresented. 
Likewise, the coverage of protected areas at elevations above 
400 m was much greater than below 400 m. Although an 
important baseline study, Trisurat (2007) did not evaluate 
which species might be underrepresented nor was there an 

examination of non-forest (e.g., open wetlands, beaches, salt 
fl ats, etc.) habitats.

This paper identifi es gaps in Thailand’s protected area system 
including both forest and non-forest habitats as well as four 
groups of terrestrial vertebrate species as focal groups. Two 
hypotheses are tested: (1) non-forest habitats (i.e., habitats 
outside the forest) are utilised by a signifi cant proportion of 
Thailand’s threatened species; and (2) a signifi cant proportion 
of threatened species (particularly those occurring in non-
forest habitats and lowland forests) are underrepresented by 
the current protected area system.

MATERIAL AND METHODS

Data sources. — The four focal species groups found in 
Thailand used in the gap analysis were amphibians, reptiles, 
birds and mammals categorised as near-threatened or 
threatened (vulnerable, endangered, critically endangered) 
by (1) the International Union for Conservation of Nature 
(IUCN) Red List (IUCN, 2010); or (2) the Offi ce of Natural 
Resources and Environmental Policy and Planning (ONEP) of 
Thailand (Nabhitabhata & Chan-ard, 2005; Sanguansombat, 
2005). The fi rst source provided a list of species that are 
globally threatened, while the second source listed the species 
threatened in Thailand. However, we did not include species 
which are nationally threatened solely due to their natural 
range occurring almost entirely outside of Thailand.

In total, 505 species from four taxa were included in this 
study (38 species of amphibians, 77 reptiles, 275 birds, and 
115 mammals). Among these, 257 species were globally 
threatened (17 species of amphibians, 20 reptiles, 145 birds 
and 75 mammals), 12 species were categorised by IUCN as 
data defi cient but were nationally threatened (two species of 
amphibians, four reptiles and six mammals), and 52 species 
were nationally threatened, but not included in the IUCN 
Red List with the vast majority of these being reptiles (48 
species), along with three birds, and one amphibian.

The habitat use data of the focal species employed in this 
gap analysis was derived from books and papers published 
in Thailand and elsewhere. The list of references used for 
each focal species was included in the Appendix. Among 
these focal species, there were 219 species (43%) with less 
than fi ve references available for review. These included 28 
species of amphibians (74%), 53 reptiles (69%), 82 birds 
(30%), and 56 mammals (50%). It is worth noting that 
the habitat-use data available for most of the amphibians, 
reptiles and small mammals come from highly localised 
surveys unlike the typically broadscale coverage for birds 
and large mammals. 

The habitat types identified from the data sources, and 
which, were used in the gap analysis included evergreen 
forest, mixed deciduous forest, dry dipterocarp forest, 
mangrove forest, swamp forest, bamboo forest, grassland 
and shrub habitat, wetlands, salt fl ats, freshwater habitat, 
beach habitat, and two special habitat features (waterfalls 
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and limestone caves). Spatial maps of these habitat types 
were developed using the following sources: (1) land-use 
maps developed in 2000 and provided by the Department 
of National Parks, Wildlife and Plant Conservation (DNP); 
(2) land-use maps developed in 2008–2009 and provided by 
the Land Development Department (LDD); (3) cave location 
maps sourced from http://www.thailandcaves.shepton.org; (4) 
limestone maps from the Department of Mineral Resources 
(DMR); (5) ASTER Global Digital Elevation Model (GDEM) 
downloaded from the Earth Remote Sensing Data Analysis 
Center (http://www.ersdac.or.jp); and (6) protected area maps 
provided by the DNP. For the land-use maps provided by 
DNP and LDD, neither agency performed formal, quantifi ed 
accuracy assessments for the fi nal versions of the maps; 
however, ground checking by government officials is 
conducted routinely during the map production process.

Development of habitat GIS layers. — We used ArcGIS 
9.3 to produce the habitat maps. All data was reprojected to 
the WGS 84 datum. Spatial layers of the forest habitat types 
listed in Table 1 were derived from the DNP landuse map. The 
grassland and shrub habitat, salt fl ats, freshwater habitat, and 
beach habitat layers were derived from the LDD landuse map. 
The limestone cave layer was created from the geographic 
intersection between the cave layer and limestone bedrock 
areas. The waterfall layer was created from the intersection 
between freshwater habitats and areas with slopes greater 
than 15 degrees. This 15 degree value was approximated 
from known waterfall locations. Elevation data was derived 
from the ASTER GDEM.

Gap analysis (habitat). — We used ArcGIS 9.3 to intersect 
the forest and non-forest habitat layers with the protected 
area layer to determine the percentage of each habitat that 
fell within the boundaries of the protected area system. The 
representation targets of all habitats were then set to defi ne 
the minimum area which should be protected. We set the 
representation target at 100% for habitats with total areas 
smaller than 1,000 km2 (Rodrigues et al., 2004b) as partial 
protection (target less than 100%) might not be suffi cient to 
maintain animal populations and ecological processes within 
these habitats. Representation targets for habitat types with 
larger total areas were calculated from the summation of 
baseline and retention targets (Pressey et al., 2003).

The baseline target (B) was determined by the level 
of heterogeneity of each habitat. Habitats with greater 
heterogeneity need larger targets to represent environmental 
differences and geographic variation (Pressey et al., 2003). 
B was calculated as (equation 1):

  (eq. 1)

where A is the total area (km2) and b is the heterogeneity 
coeffi cient. The heterogeneity coeffi cient in this study was 
defi ned from the species richness and was set to 10 for 
habitats with a focal species richness less than 10 for the 
entire habitat, 15 for a richness between 10–40, 20 for a 
richness between 40–80, 25 for a richness between 80–120, 

and 30 for a species richness higher than 120, analogous to 
Pressey et al. (2003).

The retention target (R) was determined by the degree of 
alteration opportunity (the risk that habitats would be altered 
in the near future). Habitats with a higher chance to be 
transformed require larger targets to ensure the persistence 
of biodiversity. R was calculated as (equation 2):

  (eq. 2)

where A is the total area (km2) and t is the threat weight. The 
threat weight was based on the threat intensity which was 
elicited from eleven experts via a questionnaire. The term t 
was set to 10 for habitats with very low threat intensity, 15 
for low intensity, 20 for moderate, 25 for high, and 30 for 
habitats with very high threat intensity similar to Pressey et 
al. (2003). We did not attempt to estimate a specifi c alteration 
rate for each threat level.

The representation index (RI) for each habitat type was 
calculated as the percentage of area which currently falls 
inside the protected area system divided by the representation 
target of that habitat type. The representation degree of each 
habitat was considered low for habitats with a RI less than 
0.9 (i.e., less than 90% of the target), medium when RI 
was between 0.9 and 1.1, and high when the RI was higher 
than 1.1.

For forest habitats with high degrees of representation, we 
intersected their layers with six elevation ranges: 0–200 m, 
200–600 m, 600–1000 m, 1000–1500 m, 1500–2000 m, and 
above 2000 m because representation at different elevations 
might vary considerably. Degrees of representation of habitats 
at different elevation ranges were recalculated using the 
above procedures.

Species representation. — It was assumed that species 
utilising habitats with a high degree of representation within 
protected areas would receive higher protection than species 
utilising habitats with low representation. The representation 
score (RS) of each species was therefore calculated according 
to their relative habitat use (equation 3):

 
 (eq. 3)

where L, M and H are the number of low, medium and 
highly represented habitats that were not intersected with 
the elevation layers, respectively. F is the number of forest 
habitats which were intersected with the elevation layers. 
L', M' and H' are the number of elevational-habitats (i.e., 
primary habitats subdivided by elevation range) with low, 
medium and high representation, respectively.

The RS ranged from 1–7. A RS of 1 was interpreted as a 
species which is heavily underrepresented by the current 
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protected area system, 2 for moderately underrepresented, 3 
for slightly underrepresented, 4 for adequately represented, 5 
for slightly overrepresented, 6 for moderately overrepresented, 
and 7 for heavily overrepresented.

Species were then aggregated into three groups according 
to their RS: species that are underrepresented by the current 
protected area system (RS equals 1–3); species that are 
adequately represented (RS equals 4); and species that are 
overrepresented (RS equals 5–7).

Comparison with previous gap analysis for Thailand. — The 
degree of representation of each habitat estimated in this 
study was compared with the results from Trisurat (2007). 
However, some habitat types (e.g., non-forest habitats) were 
not evaluated in Trisurat (2007), and thus were not available 
for comparison.

RESULTS

Species habitat use. — For all taxa, evergreen forest was 
the most widely used habitat (74% of all species), while 
freshwater habitat was used by approximately 40% of 
species (Fig.1). When considering each vertebrate group 
separately, the evergreen forest was still the greatest used, 
but the second-most used were different; i.e., freshwater 
habitat for amphibians, reptiles, and birds (74%, 48%, and 
38%, respectively), and mixed deciduous forest for mammals 
(43%).

About half (55%) of the focal species (276 of 505 species) 
strictly utilised forest habitats, 13% (66 of 505 species) strictly 
used non-forest habitats, and 32% (163 of 505 species) used 
both forest and non-forest habitats. For amphibians, 79% of 
them (30 of 38 species) appeared to be forest-restricted, while 
only four (11%) amphibians appeared to be restricted to non-
forest habitat. For reptiles and birds, both taxa had similar 
trends with 55% forest-restricted species (42 of 77 species 
and 150 of 275 species, respectively), and approximately 
one-third (34% and 28%, respectively) utilising both forest 
and non-forest habitats. Mammals appeared to be somewhat 
different from the others as the proportion of forest-restricted 
species (47%) was lower than the proportion of species 
utilising both habitats (50%), while only four of 115 (3%) 
species were restricted to non-forest habitats.

Regarding forest disturbance, more than 400 species 
(approximately 86%) used primary forest, while 200 species 
(40%) utilised secondary forest. A total of 248 species (50%) 
strictly utilised primary forest, while 185 species (37%) 
used both. 

Gap analysis (by habitat). — From the gap analysis, 
mixed deciduous forest had the largest area under formal 
protection (nearly 50,000 km2), while evergreen forest and 
dry dipterocarp forests were the second and third (about 
40,000 and 6,000 km2 respectively). However, the percentage 
of protection for mixed deciduous forest and dry dipterocarp 
forest was approximately 55% and 30% of their total area, 

Fig. 1. Percentage of habitat use by amphibians, reptiles, birds, 
mammals and all taxa combined. The habitat types include 
Evr (evergreen forest), MD (mixed deciduous forest), Dip (dry 
dipterocarp forest), Mngrv (mangrove forest), Swmp (swamp forest), 
Bmbo (bamboo forest), Grss (grassland & shrub), Wet (wetland), 
SltF (salt fl at), Strm (freshwater), Wtrf (waterfall), LmCv (limestone 
cave), and Bch (beach)

respectively. Beach, swamp forest and mangrove forest each 
had areas less than 600 km2 in the protected area system 
(about 40%, 45% and 25% of their total area, respectively), 
with no protection for salt fl ats.

The comparison of the current protection level with the 
representation targets indicated that the habitats with a 
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relatively high degree of representation included evergreen 
forest, mixed deciduous forest, bamboo forest and two special 
habitat features (waterfalls and limestone caves), while dry 
dipterocarp forest, mangrove forest, swamp forest, grassland 
and shrub, wetland, freshwater, beach and salt fl at habitat 
types were poorly represented by the current protected area 
system (Table 1). The areas of underrepresented habitat types 
that are lacking protection are shown in Fig.2.

Considering the degree of representation at various elevation 
ranges, evergreen forest, mixed deciduous forest and bamboo 
forest were well represented at elevations above 200 m, 
although the representation of these forests decreased at 
lower elevations. Evergreen forest and bamboo forest were 
adequately represented at elevations below 200 m, but the 
representation was low for mixed deciduous forest (Table 
1).

Species representation. — 229 of the near-threatened and 
threatened species in this study were underrepresented 
by Thailand’s current protected area system (i.e., mostly 
utilised habitats with inadequate protection), 111 species 
were adequately represented and 148 species were well 
represented (mostly utilised well protected habitats) (Table 
2). Within the underrepresented group, 128 species were 

Table 1. Representation targets, current protection levels, representation indices (RI) and representation degrees (RD) of habitat types and 
the combined forest habitats with elevation.

 Layer Representation 
  Target (%) Protection (%) RI RD

Forest Habitat Evergreen Forest (Evr) 55 76.0 1.4 high
 Mixed Deciduous Forest (MD) 45 56.6 1.3 high
  Dry Dipterocarp Forest (Dip) 40 32.4 0.8 low
 Mangrove Forest (Mngrv) 50 24.0 0.5 low
 Swamp Forest (Swmp) 100 44.6 0.4 low
  Bamboo Forest (Bmbo) 30 64.5 2.1 high
Non-Forest Habitat Grassland & Shrub (Grss) 40 4.0 0.1 low
  Wetland (Wet) 45 12.8 0.3 low
  Salt Flat (SltF) 100 0.0 0.0 no
  Freshwater (Strm) 45 25.4 0.6 low
  Beach (Bch) 100 38.7 0.4 low
Special Habitat Feature Waterfall (Wtrf) 20 32.9 1.6 high
  Limestone Cave (LmCv) 35 56.4 1.6 high
Combination Evr: 0–200 m 60 58.0 1.0 med
  Evr: 200–600 m 55 81.9 1.5 high
  Evr: 600–1000 m 55 81.7 1.5 high
  Evr: 1000–1500 m 45 65.1 1.4 high
  Evr: 1500–2000 m 40 77.9 1.9 high
  Evr: 2000 m up 35 100.0 2.9 high
  MD: 0–200 m 45 25.8 0.6 low
 MD: 200–600 m 45 52.2 1.2 high
  MD: 600–1000 m 45 69.8 1.6 high
  MD: 1000–1500 m 40 69.0 1.7 high
  MD: 1500–2000 m 35 74.9 2.1 high
  Bmbo: 0–200 m 30 26.3 0.9 med
  Bmbo: 200–600 m 30 73.8 2.5 high
  Bmbo: 600–1000 m 30 96.3 3.2 high
 Bmbo: 1000–1500 m 25 83.3 3.3 high

globally threatened including 10 critically endangered, 26 
endangered, 38 vulnerable, and 54 near threatened. More 
than half of the birds in this study (150 of 271 species) were 
underrepresented, compared with one-third of mammals (37 
of 108 species). For amphibians and reptiles, 36% (12 of 33 
species) and 39% (30 of 76 species) were underrepresented, 
respectively. The representation score of each species was 
shown in the Appendix (column ‘RS-1’).

When considering the underrepresented bird species (n = 
150) in more detail, we found that around half (48%) of the 
threatened/near-threatened resident birds (106 of 223 species) 
were underrepresented, while 85% of winter-visitors (44 of 
52 species) were underrepresented.

Method comparison. — Of the seven habitat types considered 
in both this study and Trisurat (2007), two of the degrees 
of representation (dry dipterocarp forest and swamp forest) 
differed from those estimated by Trisurat (2007; Table 3). 
The results also differed when elevation was incorporated 
into the analysis. Trisurat (2007) found no difference in the 
degree of representation at different elevation ranges, while 
in this study, evergreen forest, mixed deciduous forest and 
bamboo forest at elevations below 200 m were not well-
represented.
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Fig. 2. Map showing areas of underrepresented habitats in Thailand 
still lacking offi cial protection. The light grey areas represent 
protected areas, while the black areas are underrepresented habitats 
outside the protected area system.Ta
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8 DISCUSSION

The results from this study agreed with our predictions that 
non-forest habitats are important for the conservation of 
threatened species in Thailand and presumably elsewhere 
within these species ranges. Although the number of focal 
species solely dependent on non-forest habitats was relatively 
low (13%) when compared with the number of forest-
dependent species (55%), more than 30% of species utilised 
both forest and non-forest habitats. Most of the non-forest 
habitats were still underrepresented by the current protected 
area system in Thailand. However, the representation of 
lowland evergreen forest was not as low as what we had 
anticipated (see below for additional discussion of this 
point).

Land-use maps. — Although quantitative accuracy 
assessments of land cover maps is particularly important, 
such assessments are currently not Thai government practice. 
Thus, while the accuracy of land-use maps available to us 
was unknown, given that ground-truthing was conducted 
during map development, it would seem unlikely that 
systematic, large and broad scale errors were present in the 
data. Nevertheless, we do encourage agencies to incorporate 
accuracy assessments in such maps to build greater confi dence 
in the available data.
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Focal species. — More than 60% of near-threatened or 
threatened reptile species (particularly lizards and snakes) 
in Thailand have not yet been assessed under the IUCN Red 
List Categories and Criteria, and thus were not yet recorded 
in the IUCN Red List. This suggested that the overall amount 
and quality of data for reptiles were inadequate compared 
to birds and mammals. As can be seen from the literature 
review in this study, about 30% of reptiles had fi ve or more 
references available to be reviewed, while approximately 
70% of birds and more than half of mammals had more than 
fi ve references available. 

Habitat use and threats. — Most near-threatened and 
threatened vertebrate species used evergreen forest as their 
primary habitat. The higher number of species in this forest 
type might be due to several reasons. Firstly, evergreen forest 
is the second largest forest type in Thailand (>40,000 km2) 
and can thus sustain a larger number of species (Preston, 
1962). Also, the level of protection of this forest type is also 
relatively high. Approximately 75% of evergreen forest was 
included within the current protected area system. However, 
although most species in this study used evergreen forest as 
their habitat, only 172 species (34%) appeared to be strictly 
dependent on this forest type (22 amphibians, 38 reptiles, 
84 birds, and 28 mammals). The remaining species utilised 
one or more other habitat types. Interestingly, while nearly 
50,000 km2 of mixed deciduous forest was protected, only 
26% of the target species (132 species) used this habitat. 

Freshwater habitat is also utilised by a number of near-
threatened and threatened species. This habitat type was 
underrepresented by the current protected area system, and is 
currently subjected to several threats. Water quality in the gulf 
of Thailand and several rivers upstream have declined due to 
the discharge of untreated waste water from both residential 
and industrial sources (Cheevaporn & Menasveta, 2003; 
Simachaya, 2003). The underrepresentation of freshwater 
habitat in the protected area system, combined with multiple 
threats from human activities will increase the extinction risk 
of several species which rely on these habitats. 

From our literature review, we found that 40% of focal species 
can utilise secondary forest, suggesting there is signifi cant 
conservation/management potential of such habitats, though 
the biodiversity is not as high as in primary forest. It is also 
important to note that primary forest is irreplaceable as can 
be seen by the number of focal species that strictly depend 
on primary forest (50%). This result is likely to be similar 
elsewhere (Gibson et al., 2011).

More than 40% of focal species had particularly limited 
information (most amphibians, reptiles, and small mammals) 
regarding their habitat use due to several reasons, including 
the lack of public interest and the consequently limited 
budgets for conducting field surveys, the rarity or low 
detectability of the species themselves, and inadequate 
numbers of experts to verify species identifi cations. Although 

Table 3. The degree of representation of each habitat type from this study and Trisurat (2007). NA means that the representation degrees 
of these habitats were either not available or not tested.

  Layer Representation Degree
   This study Comparison Index (Trisurat, 2007)

Forest Habitat Evergreen Forest High High
 Mixed Deciduous Forest High High
  Dry Dipterocarp Forest Low High
  Mangrove Forest Low Low
  Swamp Forest Low Adequate
  Bamboo Forest High High
Non-forest Habitat Grassland & Shrub Low NA
  Wetland Low NA
  Salt Flat No NA
  Freshwater Low NA
  Beach Low NA
Special habitat feature  Waterfall High NA
 Limestone Cave High NA
Combination Evr: 0–200 m Adequate High
 Evr: 200–600 m High High
  Evr: 600–1000 m High High
  Evr: 1000–1500 m High High
  Evr: 1500–2000 m High High
  Evr: 2000 m up High High
  MD: 0–200 m Low High
  MD: 200–600 m High High
  MD: 600–1000 m High High
  MD: 1000–1500 m High High
  MD: 1500–2000 m High High
  Bmbo: 0–200 m Adequate High
  Bmbo: 200–600 m High High
  Bmbo: 600–1000 m High High
 Bmbo: 1000–1500 m High High
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the habitat use data was inadequate for several species, 
we attempted here to make maximum use of this data to 
generate convincingly robust recommendations. Since all 
of the focal species were threatened, waiting for adequate 
data to be available for all species of concern before taking 
action might be counterproductive.

Habitat representation. — Our gap analysis suggests that 
the coverage of Thailand’s current protected area system 
was biased toward some specific habitat types, leaving 
others mostly unprotected. Habitats which were still 
underrepresented are the habitats of higher economic value, 
or located near areas most suitable for human settlement 
(e.g., lowlands and topographically fl at areas). For instance, 
several species of mangrove forest trees are suitable material 
for furniture and charcoal (Bunyavejchewin & Buasalee, 
2011), while beaches are heavily used for Thailand’s tourism 
industry. These characteristics of underrepresented habitats 
are consistent with studies elsewhere including Australia 
(Pressey et al., 1996) and the UK (Oldfi eld et al., 2004). 
In contrast, areas containing waterfalls or limestone caves 
often can provide recreational value, while sub-montane and 
montane evergreen and mixed deciduous forests also have 
relatively high biodiversity and therefore more tightly match 
the original national park and wildlife sanctuary designation 
process of Thailand. Consequently, these forest types and two 
special habitat features have high representation. 

We also found that lowland evergreen forest (altitudes below 
200 m) was adequately represented, confl icting with previous 
research (Scott et al., 2001; Oldfi eld et al., 2004). This is 
probably because we estimated the representation target based 
on the remaining forest area, not the amount thought present 
historically. The amount of lowland evergreen forest has been 
dramatically reduced from 81,172 km2 (assuming original 
100% forest cover) to 7,875 km2 in 1982 (based on data 
from the MacKinnon-Ali Software System (MASS) database, 
Mahidol University), and declined to 5,783 km2 in 2010. 
When we calculated the target from the estimated original 
forest amount, the representation of lowland evergreen 
forests is very low (just 4%, while the representation target 
is 60%). Moreover, the current protected forests are highly 
fragmented in which most are smaller than 10 km2, and 
possibly too small to sustain viable populations and processes 
vital for maintaining these ecosystems (Rodriguez et al., 
2007). Based on the original forest cover, in order to reach 
the representation target utilizing our methods above, at least 
45,000 km2 of lowland evergreen forests would need to be 
protected. This amount is now impossible to achieve. More 
feasible ways for lowland forest conservation might be (1) 
the improvement of existing lowland forest habitat quality 
by restoring degraded lowland forest already within the 
protected area system; and (2) the enlargement of patch sizes 
by restoring the connections among these fragments.

Species representation. — The proportions of underrepresented 
species within each vertebrate group were varied. Birds had 
the highest proportion (55%), while mammals had the lowest 
(34%). This result reflects differences in habitat use of 
birds versus mammals. Birds in our list used a wide range 

of habitats, with half of them utilising underrepresented 
habitats, e.g., swamp forest, mangrove forest, open wetland, 
and freshwater habitats. Mammals, in contrast, were also 
found in a wide range of habitats but most of these were 
adequately or well-represented, e.g., evergreen forest and 
mixed deciduous forest. However, these trends only refl ect 
current distributions, and may not refl ect historical species 
distributions. For example the now extinct Schomburgk’s deer 
(Rucervus schomburgki) only inhabited non-forest swampy 
grasslands at least during the dry season (Duckworth et al., 
2008).

The 229 underrepresented species (12 amphibians, 30 reptiles, 
150 birds, and 37 mammals) were based on the assumptions 
of our above criteria using currently available habitat, which 
treated lowland evergreen forest as adequately represented. 
However, when considering the historical habitat availability, 
it is clear that lowland evergreen forest is currently highly 
underrepresented. Consequently, this lowland habitat type 
should also be incorporated as an underrepresented habitat 
which increases the number of underrepresented species to 
274 species (13 amphibians, 35 reptiles, 175 birds and 51 
mammals). The representation score of each species after 
including lowland evergreen forest as underrepresented is 
shown in the Appendix (column ‘RS-2’).

Method comparison. — The comparison index used by 
Trisurat (2007) determined the representation degree of each 
habitat type from the proportion of area regardless of species 
richness and threat intensity (Hazen & Anthamatten, 2004). 
However, each habitat has different species richness and 
different levels of threat intensity (Gaston, 2000) implying 
a need for case-specifi c protection levels. To evaluate the 
degree of representation of each habitat, species richness 
and threat intensity should be included in gap analyses for 
longer-term management considerations.

Our study incorporated habitat area, species richness, and 
threat intensity to defi ne the representation targets which 
were used to determine the degree of representation. Dry 
dipterocarp forest, swamp forest and mixed deciduous forest 
at elevations below 200 m were identifi ed as having low 
representation. This was not identifi ed by the gap analyses of 
Trisurat (2007). The inclusion of species richness and threat 
factors is also believed to be more suitable for assessing 
threats on the ground, although adjustments of some indices 
(e.g., the coeffi cients and thresholds used for calculating 
representation targets and the thresholds which determine 
the representation degree) are needed for more ecologically-
realistic solutions.

Conservation implications. — The approach used in this 
study to identify habitat representation was based on methods 
used extensively in other countries. Thus, this approach 
could be applied widely across the protected area systems in 
Southeast Asia region, not just in Thailand. Approximately 
45% of threatened species (229 of 505 species) surveyed 
in this study utilise non-forest habitats which appear to 
be mostly unprotected throughout Southeast Asia and this 
lack of protection is probably driving the decline of these 
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species. For example, there are only 39 sites (16,942 km2 or 
0.004% of the total region area) in Southeast Asia designated 
as RAMSAR wetlands (http://ramsar.wetlands.org). This is 
another indication that more conservation efforts should be 
given to non-forest habitats and to species that do not rely 
solely on forest habitats (up to the present, conservation 
efforts have been mostly targeting forest). The problem of 
non-forest habitat conservation is that it is not as easy to 
designate them as protected areas (e.g., wildlife sanctuaries or 
national parks) as most of these areas are already converted 
and typically heavily utilised by people and provide 
signifi cant economic or social benefi ts. Prohibiting the use of 
these areas will adversely impact people living nearby as well 
as the local economies which will not be acceptable to many 
stakeholders. However, protection of these non-forest habitats 
might still be possible if careful zoning and enforcement of 
access regulations could be implemented.

An alternative strategy might be to work more in collaboration 
with local people to assist them in utilizing land more 
sustainably (e.g., BirdLife International, 2010). One study 
conducted in Thailand suggested that traditional salt farms 
support significant numbers of migratory shorebirds, 
including highly threatened species (Sripanomyom et al., 
2011). With this model, in some cases it may be possible for 
local people to earn an additional income from ecotourism 
activities (e.g., Clifton & Benson, 2006). One successful 
example in Thailand of such collaboration includes the Khok 
Kham Conservation Club (Hails & Koopmanschap, 2010). 
This group was established by local people, who continue to 
do salt farming, shrimp farming and fi sheries using traditional 
methods in order to maintain these semi-natural wetland areas; 
consequently, Khok Kham remains an important area for 
migratory shorebirds in Thailand. This local group has also 
arranged activities such as bird-watching, organised annually 
to introduce shorebirds to visitors and provide information 
about their importance and their potential habitats as well 
as methods to conserve them.

An additional issue for non-forest habitats is that although 
some of these habitats lie within protected area boundaries, 
the survival of several species within these areas are not 
guaranteed due to the varying protection levels given to 
different protected areas with different designation levels 
within Thailand. Non-hunting areas (5% of the protected 
area system), for example, in theory prohibit hunting, but 
it does not prohibit the alteration of habitat within these 
or nearby areas. Although the species are not directly 
threatened by hunting, they are still indirectly impacted 
by habitat degradation, reducing their chances of survival 
and/or reproduction.

More than 80% of threatened birds visiting Thailand during 
the winter period are underrepresented as they mostly 
utilise non-forest areas. This also stresses the importance of 
non-forest habitats and the urgent need for their effective 
conservation and management. Neglect of this issue will 
not only affect Thailand, but also create adverse impacts to 
the region’s overall biodiversity. Greater collaboration with 
other countries within migration routes will be particularly 

important for ensuring the persistence of these migratory 
species.

Finally, more research should be focused on reptiles since 
basic biological and ecological knowledge of many reptile 
species in the region appears to be inadequate. Without this 
information, it will be especially diffi cult to create proper 
conservation management plans which maximize levels of 
species richness and representation.
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1 Abramov, A. V., J. W. Duckworth, Y. X. Wang & S. 
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Mammal Review, 38: 247–266.

2 Ali, Z. & M. Akhtar, 2005. Bird surveys at wetlands in 
Punjab, Pakistan, with special reference to the present status 
of White-headed Duck Oxyura leucocephala. Forktail, 21: 
43–50.

3 Allen, D., C. Espanola, G. Broad, C. Oliveros & J. C. T. 
Gonzalez, 2006. New bird records for the Babuyan islands, 
Philippines, including two fi rst records for the Philippines. 
Forktail, 22: 57–70.

4 Ardseungnern, S., 1991. First record of Black-faced Spoonbill 
Platalea minor for Thailand. Journal of Wildlife in Thailand, 
1: 60–63. (Text in Thai).

5 Balen, S. V., 1998. Tropical forest raptors in Indonesia: 
Recent information on distribution, status, and conservation. 
Journal of Raptor Research, 32: 56–63.

6 Baral, H. S., 2009. Updated status of Nepal’s wetland birds. 
Banko Janakari, Special Issue: 30–35.

7 Barter, M., L. Cao, L. Chen & G. Lei, 2005. Results of a 
survey for waterbirds in the lower Yangtze fl oodplain, China, 
in January–February 2004. Forktail, 21: 1–7.

8 Barua, M. & P. Sharma, 2005. The birds of Nameri national 
park, Assam, India. Forktail, 21: 15–26.

9 Bates, P. J. J., M. J. Struebig, B. D. Hayes, N. M. Furey, 
K. M. Mya, V. D. Thong, P. D. Tien, N. T. Son, D. L. 
Harrison, C. M. Francis & G. Csorba, 2007. A new species 
of Kerivoula (Chiroptera: Vespertilionidae) from Southeast 
Asia. Acta Chiropterologica, 9: 323–337.

10 Bauer, A. M., O. S. G. Pauwels & L. Chanhome, 2002. A 
new species of cave-dwelling Cyrtodactylus (Squamata: 
Gekkonidae) from Thailand. The Natural History Journal 
of Chulalongkorn University, 2: 19–29.

11 Bennett, D. & L. B. Liat, 1995. A note on the distribution of 
Varanus dumerilii and V. rudicollis in Peninsular Malaysia. 
Malayan Nature Journal, 49: 113–116.

12 Beukema, H., F. Danielsen, G. Vincent, S. Hardiwinoto & J. 
V. Andel, 2007. Plant and bird diversity in rubber agroforests 
in the lowlands of Sumatra, Indonesia. Agroforest Systems, 
70: 217–242.

13 Bezuijen, M. R., 2000. The occurrence of the Flat-headed 
Cat Prionailurus planiceps in south-east Sumatra. Oryx, 34: 
222–226.

14 Bezuijen, M. R., 2006. Incidental wetland bird observations 
from Attapu and Savannakhet provinces, Lao PDR, March-
June 2005. Forktail, 22: 49–56.

15 Bhumpakphan, N., P. Thammaroekrid, P. Thanchai, P. Manee-
ngam & T. Puangsri, 2003. Siamese Crocodile known from 
the Lum Dom Yai river, Ubon Rachatani. Journal of Wildlife 
in Thailand, 11: 148–155. (Text in Thai).

16 Bhumpakphan, N. & Y. Trisurat, 2006. Sighting Kouprey 
in forested areas in Thailand: Opportunity for conservation 
of trans-boundary wildlife. Journal of Wildlife in Thailand, 
13: 86–105. (Text in Thai).

17 Birand, A. & S. Pawar, 2004. An ornithological survey in 
north-east India. Forktail, 20: 15–24.

18 Bishop, K. D., 1999. Preliminary notes on some birds in 
Bhutan. Forktail, 15: 87–91.

19 Boonkird, K., B. Kanchanasaka & K. Sirikarin, 1991. The 
study of otter ecology in Nong Tung Tong non-hunting area. 
Journal of Wildlife in Thailand, 1: 97–102. (Text in Thai).

20 Boonkird, K., R. Sukmasuang & P. Chidkrua, 1995. 
Commercial impacts of squirrels on cultivated areas around 
peat swamp forest, Changwat Narathiwat. Journal of Wildlife 
in Thailand, 4: 55–62. (Text in Thai). 

21 Boonkird, K., S. Wanghongsa, S. Wacharapluesadee & T. 
Hemachudha, 2006. On the roost selection of Lyle’s fl ying 
fox, Pteropus lylei, at Wat Luang Pormmawas, Chon Buri 
province. Research and Progress Report Year 2005. Wildlife 
Research Division, Department of National Parks, Wildlife 
and Plant Conservation. (Text in Thai).

22 Boonsanong, S., 2000. Feeding and growth rate of siamese 
fi reback (Lophura diardi Bonaparte). Research and Progress 
Report Year 2000. Wildlife Research Division, Department 
of National Parks, Wildlife and Plant Conservation. (Text 
in Thai).

23 Borah, J., 2010. Sighting of Spotted Linsang Prionodon 
pardicolor at Nameri tiger reserve, Assam, India. Small 
Carnivore Conservation, 43: 40–41.

24 Brodie, J. & A. Giordano, 2011. Small carnivores of the 
Maliau basin, Sabah, Borneo, including a new locality for 
Hose’s civet Diplogale hosei. Small Carnivore Conservation, 
44: 1–6.

25 Brophy, T. R., 2005. Geographic distribution of the 
Southeast Asian turtles in the Genus Malayemys (Testudines: 
Bataguridae). The Bulletin of the Chicago Herpetological 
Society, 40: 21–33.

26 Chaikuad, K., 1995. Territorial study of the Red-whiskered 
Bulbul at Phu Luang wildlife research station, Loei. Journal 
of Wildlife in Thailand, 4: 67–70. (Text in Thai).

27 Chaiphakdi, M. & W. Chanittawong, 2006. [Diversity of 
birds in wetland area around Eastern Side of Inner Gulf 
of Thailand from Samutprakarn province to Bangpakong 
estuary]. Research and Progress Report Year 2005. Wildlife 
Research Division, Department of National Parks, Wildlife 
and Plant Conservation. (Text in Thai).

28 Chaiphakdi, M. & W. Chanittawong, 2006. [Diversity of birds 
in wetland area around Inner Gulf of Thailand, Samutsakorn 
province]. Research and Progress Report Year 2005. Wildlife 
Research Division, Department of National Parks, Wildlife 
and Plant Conservation. (Text in Thai).

29 Chaiphakdi, M. & W. Chanittawong, 2006. [Diversity of 
birds in wetland area around Inner Gulf of Thailand in 
Bangkhuntien, Bangkok]. Research and Progress Report Year 
2005. Wildlife Research Division, Department of National 
Parks, Wildlife and Plant Conservation. (Text in Thai).

30 Chaiyarat, R., 2001. Ecology of Wild Water Buffalo (Bubalus 
bubalis) in Huai Kha Khaeng wildlife sanctuary, Uthai Thani 
province. Journal of Wildlife in Thailand, 9: 75–84. (Text 
in Thai).

31 Chan-ard, T., 1987. A Survey of Amphibian Fauna at Huai 
Kha Khaeng Wildlife Sanctuary, Uthai Thani and Tak 
Province. MSc thesis, Kasetsart University, Thailand. (Text 
in Thai).

32 Chan-ard, T., 1992. Herpetofauna in peat swamp forest of 
Thailand. Journal of Wildlife in Thailand, 2: 73–79. (Text 
in Thai).

33 Chan-ard, T., 2003. A Photographic Guide to Amphibians 
in Thailand. Darnsutha Press, Thailand. 176 pp. (Text in 
Thai).
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34 Chen, W., J. C. Hu & X. Lu, 2009. Habitat use and separation 
between the Chinese Serow (Capricornis milneedwardsi) 
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Mammalia, 73: 249–252.

35 Chew, H. H. & S. Supari, 2000. Observations of Plain-
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Peninsular Malaysia. Forktail, 16: 65–67.

36 Cheyne, S. M., S. J. Husson & D. W. Macdonald, 2010. First 
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Conservation, 42: 25–26.

37 Chong, M. H. N., 2011. Observations on the breeding biology 
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41 Choy, W. M. & Y. C. Wee, 2010. Observations at a Mangrove 
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(Inger, 1970): Distribution extension. Check List, 7: 114–
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of Little Tern (Sterna albifrons). Journal of Wildlife in 
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