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The Emerald Triangle Protected Forests Complex (ETFC) is recognized as a globally outstanding area for transboundary biodiversity conservation. Eld's deer (Rucervus eldii) include three subspecies; R. eldii siamensis, R. eldii eldii, and R. eldii thamin. This research focused on Siamese Eld's deer (R. eldii siamense), which is one of the 10 critically endangered vertebrates found in the ETFC. Its habitats are threatened by forest conversion to agriculture and human settlements, as well as by future climate change. The objectives of this article were to predict Siamese Eld's deer distribution and to determine potential shifts in its suitable habitat as the results of different land use and climate change scenarios in 2030. Occurrence data for Siamese Eld's deer were gathered from literature and field surveys. The Maximum Entropy (Maxent) and logistic regression models were used to generate suitable habitats. The model that generated the greatest accuracy was selected for distribution mapping. The results showed 142 records of Siamese Eld's deer. The predicted distribution map generated from the logistic regression model provided greater accuracy (90%) than the Maxent (80%). The predicted habitats of Siamese Eld's deer covered 6.0% of the ETFC landscape by 2013. They were concentrated in the protected areas of the lowland forests of Cambodia and Lao PDR. The land use change only did not affect the distribution of Siamese Eld's Deer, but climate change would impact the distribution substantially. In addition, the combination of all future land use and climate changes would significantly reduce the current habitat to ~2.6% of the ETFC landscape, which is a decline 58.0%. The lowest extent of 2.5% was predicted for the combination of unsustainable land use and climate change scenario. Recommendations on biodiversity conservation cooperation among the three countries, habitat protection, and ex-situ conservation were proposed.
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INTRODUCTION

The Emerald Triangle Protected Forests Complex (ETFC) is situated along the tri-national borders between Cambodia, Lao PDR, and Thailand. It is the largest contiguous and intact forest area of the Southeastern Indochina Dry Evergreen Forests and of the Central Indochina Dry Forests ecoregions in the Southeast Asia. More than two-thirds of the original habitat has been converted to agriculture and human settlement (Wikramanayake et al., 2002; Miles et al., 2006; McShea and Davies, 2011). The transboundary forest landscapes contain globally important habitats for more than 50 threatened mammal species (Round, 1998; Clements, 2004; Cambodia Forestry Administration, 2010; Bhumpakphan, 2015) such as Asian elephant (Elephas maximus), banteng (Bos javanicus), Siamese Eld's deer (Rucervus eldii siamese) and the clouded leopard (Neofelis nebulosa). These wide-ranging mammal species migrate across the tri-national boundaries depending on the seasonal variation of food and water availability (Round, 1998; Bhumpakphan, 2015).

According to FAO (2015), Southeast Asia region lost forest areas of ~31.3 million ha during 1990–2010 or 1.3 million ha per year. Deforestation reduces the extent of suitable habitats and causes habitat fragmentation (Sodhi et al., 2004; Ford et al., 2009). In addition, fragmentation provides accessibility for poaching and land encroachment. Usually, large-sized mammals are more sensitive than small mammals and will disappear from the areas. Kouprey (Bos sauveli) and Javan rhinoceros (Rhinoceros sondaicus) were once widespread along the tri-national borders, but they have been extinct from the ETFC almost for one century due to hunting pressure and habitat loss (Nabhitabhata and Chan-ard, 2005; Cambodia Forestry Administration, 2010). Besides, Siamese Eld's deer is a critically endangered cervid whose range across Southeast Asia has been reduced significantly in the late century and was recently categorized as extinct in the wild (Salter and Sayer, 1986; Gray et al., 2015). McShea et al. (2005) estimated that suitable habitat for all Eld's deer subspecies covered ~44,500 km2 in the Southeast Asia and that about 5,000 km2 were situated in protected areas. Of this figure, more than 90% were estimated in protected forests along the tri-national borders or ETFC and in eastern Cambodia (McShea et al., 2005).

There are three subspecies of Eld's deer; R. eldii siamensis, R. eldii eldii, and R. eldii thamin (McShea et al., 2005; Suzuki et al., 2017). All subspecies usually live in open forests and but occasionally in a wide range of moisture regimes. Siamese Eld's deer (R. eldii. siamensis) prefers dry, deciduous dipterocarp forests with an open understory similar to R. eldii thamin. Round (1998) found a single population in Dong Khanthung protected forest in Lao PDR and more population were reported in the Northern Plains or the Preah Vihear protected forest of Cambodia along the tri-national borders (Cambodia Forestry Administration, 2010; Suzuki et al., 2017). In contrast, R. eldii eldii inhabit more moisture habitats. The last remaining population of R. eldii eldii has been found within a small patch of floating mats of dense vegetation in Manipur, India (Geist, 1998).

Apart from deforestation, changes in climatic patterns will be the most significant threat to biodiversity by the end of 2100 (IPCC, 2007). All prediction models indicated that mean annual temperatures and maximum temperature in Southeast Asia will increase 2–4°C, and the amount of rainfall in dry months will substantially decrease. Altered temperature and rainfall patterns will drive current distributions of species to the climatically suitable areas. However, their migration will be probably limited as the result of fragmentation and land use change. In addition, they would be vulnerable to hunting if the new suitable areas are located outside protected areas (Williams and Middleton, 2008; Corlett, 2012; Trisurat et al., 2014b).

ICEM (2003) and Trisurat (2006) reported that Thailand has better capacity to manage and to protect biodiversity, but it contains less species richness than Lao PDR and Cambodia. Within the ETFC, the current concentration of species richness is largely located along the boundaries between Lao PDR and Cambodia, but both countries have limited capacity. There is only one ranger station for each protected area in Lao PDR and Cambodia, but more than 10 sites were established in Thailand. In addition, the continuing loss of lowland deciduous forest in Cambodia and Lao PDR, as the results of the rubber plantation land allocation program for the military will cause negative impacts on many wildlife species in these areas (Trisurat et al., 2014a). Therefore, the long-term existence of these landscape species requires a conservation partnership among the three countries based on a the context of transboundary biodiversity conservation framework as defined in the Convention on Biological Diversity's Strategic Plan for Biodiversity 2011–2020 and Aichi Targets, especially targets 5, 7, 10, 11, and 15 (Secretariat of the Convention on Biological Diversity, 2012).

In recent decades many spatially explicit models were developed in order to map species distributions in the landscape. They are broadly classified into three approaches, namely (1) cartographic overlay (Stoms, 1992), (2) species modeling using presence-absence data (e.g., generalized linear models, Elith et al., 2011), and (3) species modeling using presence-only data (e.g., maximum entropy or Maxent, Phillips et al., 2006). The cartographic overlay is simple and applicable to all species because the suitability map is derived from known habitat requirements and from expert opinion. However, the result is likely to overestimate the existing distribution range (Trisurat and Toxopeus, 2011). The remaining two approaches are more commonly used nowadays because they provide more accurate results, but the choice of selection is largely related to available occurrence data and survey efforts.

The objectives of this article are to predict Siamese Eld's deer distribution and to determine potential shifts in its suitable habitat as the results of different land use and climate change scenarios. Multi-stakeholders mainly park rangers working in the ETFC and project technical staff from three countries participating in the Species Distribution Modeling Workshop selected Siamese Eld's deer as a proxy species for conservation partnership among three countries according to four criteria. This workshop was one of joint collaborative activities among the three participatory countries. The selection was based on four criteria. These include (1) having transboundary territories; (2) internationally or nationally threatened status (Nabhitabhata and Chan-ard, 2005); (3) having adequacy records for modeling; and (4) listed with iconic or flagship conservation status in the ETFC.

MATERIALS AND METHODS

Study Area

The study area covers a group of protected areas in the ETFC, together with remaining forest in the buffer zones and other land use types located within the rectangular extent. This is due to parts of the buffer zones are covered by forests and many wildlife species use these habitats (Bhumpakphan, 2015). The total area is 25,056 km2 (Figure 1). Thailand contributes the largest portion (13,038 km2), while 4,657 and 7,361 km2 are contributed by Cambodia and Lao PDR, respectively. The transboundary biodiversity conservation project in the ETFC started in 2000 with the financial support from the International Tropical Timber Organization (ITTO) in an attempt to conserve some of the world's most important biodiversity in protected areas along the tri-national borders. The project phase 1 (2000–2003) was physically implemented in the Pha Taem Protected Forest Complex (PPFC), Thailand, while the phases 2 (2008–2010), and 3 (2012–2015) were conducted across the ETFC.
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FIGURE 1. Location of the Emerald Triangle Protected Forests Complex (ETFC) in Thailand, Cambodia and Lao PDR Source: (Trisurat et al., 2014a).



The PPFC is a part of the ETFC in Thailand. It comprises three national parks and two wildlife sanctuaries. The general topography of the PPFC is mountainous and the area is sloping gentle toward Cambodia and Lao PDR. The Preah Vihear Protected Forest for Plant and Wildlife Genetic Resources Conservation in Cambodia covers the largest intact blocks of natural dry deciduous forest in the ETFC and contributes ~40% of the entire protected areas in the ETFC (Table 1). There are two isolated reserves in Lao PDR, namely Phou Xiang Thong National Biodiversity Conservation Area and Dong Khanthung Provincial Protected Area (Figure 1). Both Preah Vihear and Dong Khanthung are located on flat topography and rise toward the PPFC. Parts of the forested areas in these two protected areas and their buffer zones are inundated in the wet season.


Table 1. Protected areas of the Emerald Triangle Protected Forests Complex among Thailand, Lao PDR, and Cambodia.
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The result of the land use change assessments between 2003 and 2013 indicated that ~30.0% of the dry dipterocarp forest both inside and outside the ETFC landscape was converted to other land use classes largely due to clearing for agriculture (e.g., rice paddies, cash crops, and fruit tree orchards) by local communities (Trisurat et al., 2014a). In recent years, rubber plantations expanded substantially in the buffer zones of the PPFC and expand toward Lao PDR and Cambodia. During the implementation of the transboundary project, multi-stakeholders from the three countries defined four land use scenarios in 2030. Scenario 1: the sustainable poverty and stable resources scenario predicted a small amount of rubber and arable land expansion in the buffer zones while all protected areas are secured from land use change; scenario 2, the low economic decline and localized resource degradation, indicated future deforestation for agriculture in the remnant forests in the buffer zones of the PPFC and small patches in The Phou Xiang Thong. The two remaining scenarios, scenario 3: unsustainable economic development and serious resource degradation, and scenario 4: sustainable development and limited resources degradation, showed similar land use patterns, but greater extent of new agricultural land and rubber plantations, especially for the scenario 4 (Figure 2). Large scale conversion of dry dipterocarp forest in the Preah Vihear was expected as the result of the land allocation program for military and the infrastructure development for tourism activities (Trisurat et al., 2014a).
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FIGURE 2. Predicted land use maps in 2030 based on different scenarios in 2030.



Mean annual rainfall in the study area measured at the Sirindhorn Dam is 1,864 mm, and more than 60.0% falls between June and September during tropical monsoons. The amount of rainfall in the driest quarter and the wettest quarter is 16 and 1,119 mm, respectively, and the average temperature is 26.6°C (19.7–27.2°C). The current climatic GIS layers throughout the study area were interpolated from long-term climatic data (1985–2005) located in the study areas and nearby by the Mekong River Secretariat. According to the World climate database (http://www.worldclim.org), annual rainfall will be reduced by 85 mm, while rainfall in the wettest quarter will decline by 61 mm from the baseline. In addition, mean temperature will be 29.1°C (22.2–29.8°C) in 2050.

There are nine land use/land cover types in the ETFC, namely dry evergreen forest, deciduous dipterocarp forest, mixed deciduous forest, forest plantation, rubber plantation, arable land, human settlement, bare soil and rock outcrop, and water body. The percentages of these land use/land types were 21.7, 14.5, 8.8, 0.5, 6.4, 41.0, 3.1, 0.9, and 3.2% of the ETFC area, respectively (Trisurat et al., 2014a). The buffer zones of ETFC have been used for unsustainable agriculture, raising cows and buffaloes in protected areas, and do wildlife poaching, which mostly cause a negative impact on biodiversity conservation. There is more population density in the buffer zones of the ETFC than those areas in Cambodia and Lao PDR mainly due to better accessibility and other infrastructure development. In addition, some parts of Preah Vihear are used by the military (Cambodia Forestry Administration, 2010). The conditions of rural communities surrounding Phou Xiangthong and Dong Khanthung in Lao PDR are similar to Cambodia. Local people depend on natural resources both inside and outside the reserves for their daily livelihood (Round, 1998).

Spatial Analyses

There were five main steps involved in quantifying land use and climate change impacts on Siamese Eld's deer distribution: (1) collection of Siamese Eld's deer occurrence; (2) development of habitat factors; (3) species distribution modeling; (4) validation and mapping distribution; and (5) assessment of land use and climate-change impacts (Figure 3).
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FIGURE 3. Main steps of species distribution modeling.



Siamese Eld's Deer Occurrence

The existing geo-referenced Siamese Eld's deer locations were collected in 2000–2010 by Cambodia's Forestry Administration in cooperation with the Cat Action Treasury and the Wildlife Conservation Society as part of biodiversity conservation surveys across the Northern Plains of Cambodia (Clements, 2004; Cambodia Forestry Administration, 2010). They used both camera-traps and visual sightings. In addition, a rapid wildlife assessment (limited ground survey and interview) was conducted in the Dong Khanthung proposed national biodiversity conservation area, Lao PDR (Round, 1998). Additional ground surveys were conducted in the PPFC in Thailand, the Preah Vihear in Cambodia, and the Dong Khanthung and Phou Xiang Thong National Biodiversity Conservation Area in Lao PDR during the project phase 3 (2012–2015) using camera-traps, visual sightings and interview. This was done through a joint research program on wide-ranging mammal species distributions in the ETFC (Bhumpakphan, 2015). Protected area staff and scientists were trained to identify Siamese Eld's deer footprints and how to set-up camera-traps. Altogether, there were 142 observations of Siamese Eld's deer largely found in open-woodland throughout the Preah Vihear and in the northeast part of Dong Khanthung. This species was rarely observed in the core area of Dong Khanthung and along Thailand-Lao PDR borders, because these areas are covered by evergreen forest and heavily disturbed by human activities.

Development of Habitat Factors

Environmental variables used to determine wildlife habitats consisted of biophysical and socio-economic factors. These variables were previously identified as direct or indirect factors affecting the patterns of abundance and distribution of wildlife at the regional and national levels (Bonilla-Sanchez et al., 2010; Trisurat et al., 2014b). The biophysical factors were: land use type; deciduous forest patch size; evergreen forest patch size; altitude; slope, distance to available water; annual mean temperature; annual rainfall; rainfall in the wettest quarter; and rainfall in the driest quarter. The socio-economic or human-associated factors that would influence Siamese Eld's deer distribution were distance to city; distance to main road; and population density by district. These variables were obtained from the GIS database generated during the project phase 2 (Trisurat, 2010). The land use map of 2013 and climatic variables were used to develop the wildlife distribution at the baseline, while predicted land use maps derived from four scenarios (Trisurat et al., 2014a) and future climate in 2050 (GMCs A2 scenario—www.worldclim.org/download) were used for future distributions. A correlation matrix between all possible pairs of independent variables (number data) was assessed to determine whether they were highly correlated and might cause problem arising from multi-collinearity (Graham et al., 2008; Lobo et al., 2008; Tognelli et al., 2009; Aranda and Lobo, 2011). The Pearson correlation coefficient (r) > 0.70 was chosen to address this problem (Peterson et al., 2007). In addition, the pixel resolution of 250 m was chosen for spatial analyses, because it was relevant to the minimum mapping unit of the land use derived from visual interpretation, as well as to environmental factors (except climatic variables-−1 km resolution).

Species Distribution Modeling

We used two common species distribution models for mapping distribution of Siamese Eld's deer. Logistic regression modeling is a branch of generalized linear models (GLM) that is used to correlate a binary dependent variables (presence and absence) with a set of independent variables (habitat factors) (Elith et al., 2011). Seventy-five percent of occurrence data (108 records) were treated as training presence data and the remaining 25.0% (34 records) were randomly selected from the presence data and used as testing presence data to validate the model results. In addition, a similar amount of absence data derived from occurrences of other species located more than 500 m from Siamese Eld's deer localities were randomly selected for running the logistic regression model. The probability values derived from the logistic regression range from 0.0 to 1.0. The higher the value is the greater the likelihood of occupancy of Siamese Eld's deer. Generally, any pixel containing the probability values equal or >0.5 was categorized as presence, below 0.5 was categorized as absence. In some cases, the cut-off value may be adjusted higher or lower than 0.5 (0.3, 0.4, 0.45, 0.55, and 0.60) in order to maximize the fit for field observations (Neter et al., 1996; Trisurat et al., 2014b). In this research we also determined the performance of logistic regression at the cut-off values of 0.3, 0.4, 0.5, and 0.6.

In addition, we also used a niche-based model or Maxent (see Phillips et al., 2006) to estimate the probability distribution of Siamese Eld's deer. Maxent is one of the strongest performing methods among presence-data only modeling techniques, particularly for species with a relatively low number of occurrences (Tognelli et al., 2009). We used the same set of habitat factors and the training presence data as input data in Maxent modeling. We run the model for five replications using a convergence threshold of 10 with 1,000 iterations as an upper limit for each run. Ten fixed value thresholds are generated from Maxent software (Phillips et al., 2006). In addition, the contribution of significant variables in the Maxent models were also provided. In this study, we used six threshold values (minimum training presence, 10 percentile training presence; equal training sensitivity plus specificity; maximum training sensitivity plus specificity; equal test sensitivity plus specificity; maximum test sensitivity plus specificity) because they are commonly applied for binary classification (e.g., Liu et al., 2005; Trisurat et al., 2014b).

The minimum training presence is designed to capture all occurrence samples. It is suitable for invasive species modeling for precaution approach, but not suitable to identify native suitable habitat, which probably causes over-estimates the range. The 10 percentile training presence identifies the top 90% of training samples. This threshold is advantage choice if there are less occurrences and it is suitable for native habitat estimation. Equal training sensitivity and specificity threshold predicts the same chance of suitable and unsuitable distribution range. Maximum training plus sensitivity threshold maximizes both the chance of omission and commission errors (not necessarily the same as the previous). Equal test and maximum test thresholds are the same as the two previous thresholds above, but refer to the test samples used in the models, not the training samples (Phillips et al., 2006).

Validation and Mapping Distributions

The performance of logistic regression and the six logistic thresholds derived from the Maxent was evaluated using both the area under curve (AUC) and the contingency table. The values of AUC rank from 0.0 to 1.0, the higher values imply the better performance (Hosmer and Lemeshow, 2000). Meanwhile, the contingency table includes commission, omission, and overall accuracy. Commission errors are misclassifications that do not belong to the actual class, and omission errors represent the opposite classification error (Lillesand and Kiefer, 1987). The 34 occurrences previously selected and 36 absences were used as independent dataset to validate the model accuracy in the contingency table. The model and/or logistic threshold that provides excellent performance and higher accuracy was chosen to generate Siamese Eld's deer distribution at the baseline and in the future (incorporating future land use map and future climatic data).

Assessment of Land Use and Climate-Change Impacts

Future distributions for Siamese Eld's deer were predicted by replacing the land use map from 2013 with four land use scenario maps (Trisurat et al., 2014a), and the current climatic data with future climatic data in 2050 (http://www.worldclim.org). It should be noted that the climatic data in 2030 are not available from the worldclim database. The analyses were done with only land use change and the combination of land use and climate changes.

The predicted presence or absence of Siamese Eld's deer at the baseline (S) was compared with the distribution of geographical species ranges under different land use and climate change scenarios (i.e., for each land use change scenario, and for a combined land use and climate change scenario) in terms of total extent, gained suitable habitat [G = a new suitable habitat that a species (taxa) will potentially move into] and lost suitable habitat (L = an area currently predicted as suitable but predicted not to exist in the future). Shift in the species distribution or turnover rate was calculated assessing distribution ranges as predicted for 2013 and 2030, [(G + L)/(S + G)*100] (Buytaert et al., 2011).

RESULTS

Correlated Variables

The results of Pearson correlation analysis indicated that annual precipitation was highly correlated with the amount of precipitation during the wettest quarter (r = 0.96); and mean temperature was highly correlated with the altitude or digital elevation model (r = −0.94). See more details in Annex 1. This is due to the fact that the study area is influenced by the tropical monsoons during June–September. In addition, as altitude increases, temperature decreases, and the general rate of decrease of temperature is 6.5°C for each 1,000 m altitude increase. In order to avoid multi-collinearity problem, we did not include annual precipitation and mean temperature in the species distribution models.

Predicted Distributions

Logistic Regression Model

The results of the logistic regressions indicated that rainfall in the driest quarter, slope, distance to road, distance to stream, distance to city, and patch size of evergreen forests were significantly related to the distributions of Siamese Eld's deer. Rainfall in the wettest quarter, elevation, population density, and land use/land cover were excluded from the model. The logistic regression model for Siamese Eld's deer in the ETFC is shown below.

[image: image]

Where e = natural base (2.718); dry_q_rain = rainfall in the driest quarter; slope = percent slope; stream_dist = distance to stream; road_dist = distance to road; city_dist = distance to city; eve_patch = patch size of evergreen forests. Detailed statistic outputs are shown in Annex 2.

The probability values of the Siamese Eld's deer distributions were classified into two classes using the values of 0.3, 0.4, 0.5, and 0.6. Any pixel containing equal or greater than the assigned cut–off value was categorized as presence, while the lower values were classified as likely absence. For the cut-off values of 0.3, 0.4, 0.5, and 0.6, the predicted areas of presence covered 8.9, 7.3, 6.0, and 5.0% of the ETFC landscape (including areas outside the protected areas located within the rectangular extent), respectively (Figure 4A).
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FIGURE 4. Suitable habitat for Siamese Eld's deer at the baseline: (A) generated from the logistic regression model with the cut-off value of 0.5; (B) generated from the Maxent using equal training sensitivity plus specificity logistic threshold at the baseline.



Maximum Entropy

All 11 predictor variables, except annual rainfall and annual mean temperature were included in the Maxent model. The contribution of distant to stream and distance to city was more than 33% for each. Rainfall in the wettest quarter and elevation had moderate contribution (9–12%), and the remaining variables had low contribution (0.1–2.4%) (Annex 3). The average AUC value for the 5 replicated runs derived from the six logistic thresholds was 0.99 (Table 2). These results indicated excellent performance of Maxent for the discrimination of presence and absence of Siamese Eld's deer (Hosmer and Lemeshow, 2000).


Table 2. Accuracy assessment of each species distribution model and predicted suitable area for Siamese Eld's deer.
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The minimum logistic value of 0.01 was obtained for minimum training presence and the maximum value of 0.15 was for 10 percentile training presence. Using the six logistic thresholds above for binary classification, the results indicated that the predicted suitable habitat for Siamese Eld's deer covered 13.7, 2.0, 3.2, 4.2, 5.6, and 6.2% of the ETFC rectangular extent regarding: (1) the minimum training presence; (2) 10 percentile training presence; (3) equal training sensitivity plus specificity; (4) maximum training sensitivity plus specificity; (5) equal test sensitivity plus specificity; and (6) maximum test sensitivity plus specificity, respectively (Table 2).

The pattern of predicted distributions derived from the Maxent was substantially different from the logistic regression model. Large extents of suitable areas for Siamese Eld's deer were concentrated in Preah Vihear Protected Forest areas and the buffer zones of Dong Khanthung Provincial Protected Area. Moderate patch sizes were also predicted in the core area of Dong Khanthuthung. While only few small patches were predicted in the south of Phou Xiang Thong National Protected Area. Basically, the suitable habitats were confined nearby the occurrence localities (Figure 4B). In contrast, the predicted ranges generated from logistic regression model expand to a wider extent, especially in Dong Khanthung and its buffer zones (Figure 4A).

Selected Species Distribution Models

The AUC values derived from the three cut–off values of logistic regression models (0.92–0.95) and the Maxent (0.99) were not substantially different and they were considered as excellent discrimination between likely presence and likely absence (Hosmer and Lemeshow, 2000).

The results of the contingency table showed that the overall accuracy for predicted Siamese Eld's deer distribution derived from the logistic regression model at a cut-off value of 0.5 generated the highest overall accuracy (90%), predicted presence (92%), and predicted absence (86%). Meanwhile, the accuracies of predicted distribution maps derived from Maxent ranked from 74% for minimum training threshold to 81% for equal test sensitivity plus specificity, and maximum test sensitivity plus specificity (Table 2). Although the last two later thresholds had an overall accuracy greater than the remaining thresholds, the percentage of absence prediction was substantially low. In contrast, the equal training sensitivity and specificity generated more balance between presence and absence predictions with high overall accuracy (80%).

We presented these predicted suitable maps derived from the logistic regression (cut-off value of 0.5) and the Maxent (equal training sensitivity and specificity threshold) to park rangers from Cambodia and Lao PDR where Siamese Eld's deer still remains. Based on the accuracy assessment and consultation with park rangers at the joint meeting among the three countries, the predicted distribution map generated from the logistic regression model was selected to map distribution for Siamese Eld's deer at the baseline and in the future. This was due to the overall accuracy obtained from the logistic regression model was 90%, while it was 80% derived from the Maxent models (Table 2).

Distribution Ranges and Patterns

At current the suitable ranges were covered ~1,511 km2 or 6% of the ETFC landscape (Table 3). Of this figure, 536 km2 (35%) were predicted in Lao PDR and the remaining 975 km2 (65%) was in Cambodia. These figures accounted ~13.24 and 11.5% of the total study area were located in Lao PDR and Cambodia, respectively. The species distribution models indicated that Thailand contained none suitable habitats for Siamese Eld's deer (Figure 4A).


Table 3. Predicted suitable distributions for Siamese Eld's deer in the Emerald Triangle landscape.
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The predicted habitats generated under the four land use scenarios were similar to the baseline and were quite stable among four future scenarios (Table 3 and Figure 5). The minimum habitat areas of 5.9% of the ETFC landscape, slightly different from the baseline, were expected under the unsustainable land use development scenario (Table 3). Besides the distribution of suitable habitats by country were also similar to the baseline. In contrast the predicted distributions for Siamese Eld's deer significantly declined from 6% to ~2.5–3.6% of the ETFC rectangular landscape when future climatic conditions (precipitation in the wettest quarter months and precipitation in the driest quarter months) were added. Substantial losses were defined in Cambodia in which suitable habitats were predicted to decline from 535 km2 or 11.5% of the total study area to ~98 km2 (2.1%) or 81.0% of the baseline (Figure 6). Meanwhile, suitable habitats in Lao PDR were predicted to be reduced from ~957 to ~552 km2 or 42% of the baseline. The vulnerable areas were located along the buffer zones of current distribution ranges (Figure 5). Besides reduction of suitable habitats, the extent of occurrences of Siamese Eld's deer would shift ~56–58% from the current distribution ranges. The highest percentage of 58% was predicted under the combination of unsustainable land use change and climate change (Table 3).
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FIGURE 5. Predicted gained habitat and lost habitat under the combination of land use and climate change scenarios in 2030.
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FIGURE 6. Contribution of protected areas in conserving suitable habitats for Siamese Eld's deer.



Contribution of Protected Areas

Protected areas in the Emerald Triangle landscape cover totally 668,400 ha or 26% of the ETFC rectangular landscape (Table 1). However, not all of the protected areas were predicted as suitable habitat for Siamese Eld's deer although strict protection measures had been implemented. The extents of current suitable habitats derived from the logistic model covered 1,510 and 898 km2 or 59% of the total suitable habitats were predicted to be in the protected areas. Of this figure, 386 km2 is located in the Preah Vihear protected forest in Cambodia; and 512 km2 was located in in Lao PDR's protected areas (Dong Khanthung and Phou Xiang Thong), which account at present for 20.3 and 17.8% of the protected areas, respectively (Figure 6). The model results indicated that there was no suitable habitat for Siamese Eld's deer found in the PPFC of Thailand. Similar to the entire range distribution in the ETFC landscape, the predicted suitable habitats in the protected areas generated under the four land use scenarios were not substantial different from the baseline (Table 3). The minimum habitat areas of 865 km2 or 58% of the total suitable habitats were predicted under the unsustainable land use development scenario.

The predicted suitable habitats for Siamese Eld's deer found in protected areas significantly decreased when future climate change was combined with land use change. The extent of current suitable habitats would decline more than 50% from the baseline. The minimum suitable area of 397 km2 or a decrease of 56% was determined under the combination of unsustainable land use development with future climate change. The predicted habitats under the remaining scenarios ranked from 413 to 420 km2. However, the percentages of suitable habitats found in protected areas relative to the total suitable areas slightly increased from 58 to 63–64% (Table 3), meaning that the proportion of habitat reduction outside protected areas is relatively greater than inside protected areas.

DISCUSSION

Performance of Species Distribution Models

Model comparisons between presence-absence data models and presence-only data models for species distribution were evaluated in other regions (Wisz et al., 2008; Tognelli et al., 2009; Aranda and Lobo, 2011). In this study we compared two popular techniques, namely logistic regression model (Hosmer and Lemeshow, 2000) and Maxent (Phillips et al., 2006) in order to generate species distributions for Siamese Eld's deer in the ETFC. Both techniques belong to the inductive approach using presence and absence data, and presence-only data, respectively. We did not use the cartographic overlay or a kind of deductive approach because it generally overestimates the distribution range (Stoms, 1992; Trisurat and Toxopeus, 2011).

The species distribution models used in this study provided opportunities to test the model performance using the AUC as a standard method (Hosmer and Lemeshow, 2000) and the contingency table with independent presence and absence dataset (Lobo et al., 2008; Aranda and Lobo, 2011). The values of AUC indicated that the performance of both techniques was not substantially different. However, the percentages of correct and wrong predictions derived from the contingency table were relatively different between the two models and among various logistic thresholds of Maxent (Table 2).

Although the maximum test sensitivity plus specificity yielded few percentages greater than equal training sensitivity and specificity and the maximum test sensitivity plus sensitivity, this algorism uses less sample data in calculation. In addition, the maximum training (and test) sensitivity plus sensitivity thresholds maximize both the chance of erroneously assigning unsuitable distribution (commission error) and missing suitable distribution (omission error) (Phillips et al., 2006). Thus, they provided the highest presence prediction of 94%, while the equal training sensitivity and specificity attempt to balance and optimize the chance of commission and omission errors. In this study we selected the equal training sensitivity and specificity as a candidate to compare with the logistic regression.

The occurrences of Siamese Eld's deer in Cambodia were gathered from long-term monitoring (Clements, 2004; Cambodia Forestry Administration, 2010), while it was only briefly surveyed (1–2 years) in Thailand and in Lao PDR (Round, 1998; Bhumpakphan, 2015). The algorism of Maxent is largely based on actual and presence-only data (Phillips et al., 2006). These different sampling efforts are controversial for Maxent application (Kramer-Schadt et al., 2013) and result in narrow extents of the predicted presence. In contrast, the predicted suitable habitats for Siamese Eld's deer, derived from the logistic regression, cover wider extents. This is due to the likely presence derived from the logistic regression is dependent on correlation between dependence variables (presence-absence data) and a set of independent data (habitat factors) (Hosmer and Lemeshow, 2000; Elith et al., 2011). Based on comparison of model performance, accuracy assessment using independent datasets and consultation with park rangers, the logistic regression model at the cut-off value of 0.5 was selected for mapping species distributions at present and in the future. It should be noted that the overall accuracy obtained from this study (90%) was greater than most mammal species (68–84%, except elephant ~92%) previous study implemented in the western complex, Thailand (Trisurat et al., 2010). This is largely due detection probability of the elephant signs and visual sightings is easier than Siamese Eld's deer.

This study improved previous regional assessments of suitable Eld's deer habitats in the Southeast Asia because we used higher resolution datasets (250 m). Previous studies use course-resolution datasets of 1 km. In addition, all patches smaller than 25 km2 were eliminated in previous study (McShea et al., 1999, 2005). We focused on the ETFC situated along the tri-national borders between Thailand, Cambodia, and Lao PDR, which already were determined as important habitat for R. eldii siamense or Siamese Eld' deer (Lekagul and McNeely, 1988; Round, 1998; McShea et al., 2005; Weiler, 2005).

Impact of Individual and Combined Drivers

The results indicated that the predicted impacts of land use change on Siamese Eld's deer in the ETFC were not substantial different from the baseline (Table 3). These results were generally different from the results of other species where land use change caused substantial impacts on extent of distribution and range shift (e.g., Sodhi et al., 2004; Ford et al., 2009; Corlett, 2012; Trisurat et al., 2014b). This is due to the fact that Siamese Eld's deer is more likely to be found in lowland open woodlands or deciduous forests, and along the fringe of evergreen forest (riparian forest and dry evergreen forest). In addition, it avoids areas with dense evergreen forest and human settlements (McShea et al., 2005). This is not the case when protected areas are combined. Siamese Eld's deer inhabiting the buffer zones are more vulnerable than living inside protected areas. Approximately 60% of suitable habitats found in protected areas, except for Thailand. The results of predictions derived from both logistic regression and Maxent were in agreement with field observations in Lao PDR (Round, 1998) in Cambodia (Clements, 2004; Cambodia Forestry Administration, 2010) and with previous spatial modeling at regional level (McShea et al., 2005).

However, the combined land use and climate change drivers would have a stronger impact on species distributions than a single land use change. Suitable habitats under the combination of climate change with sustainable poverty and sustainable development scenarios would decline from 6% of the ETFC landscape at the current to 2.6% in the future. However, suitable habitats under the low economic decline and unsustainable development, in combination with climate change scenarios were slightly greater than under the above scenarios (Table 3). This is due to the fact that more paddy fields or grassland are expected, and these land use categories will provide more food sources or preferred habitat for Siamese Eld's deer (McShea et al., 2005; Bhumpakphan, 2015).

In general, medium- and large-mammals inhabit near water resources such as perennial streams or water bodies (Trisurat et al., 2014b). However, the logistic regression model and field observations indicated that the suitable habitat for Siamese Eld's deer was negatively correlated with distance to stream. The reason is that stream in Preah Vihear and Dong Khanthung is often associated with evergreen forest block (Suzuki et al., 2017). Although, Siamese Eld's deer prefers dry habitats and consumes much less water than sambar deer and can survive by consuming dew on leaves (Lekagul and McNeely, 1988; McShea et al., 1999), available food sources (mainly grass and young leaves) in open space and seasonal waterholes are also important factors for its survival (McShea et al., 2005; Bhumpakphan, 2015). The predicted climatic conditions in 2030 assume less annual rainfall and longer dry months (http://www.worldclim.org/version1) and these phenomena would affect food sources in the dry season. In addition, dry mud wallow will affect male Eld's deer and limited shade trees during dry season would minimize their resting areas.

Management Implications

Deforestation and land use change are the main threats to biodiversity loss in the Southeast Asia and the reduction of the Southeastern Indochina Dry Evergreen Forests ecoregion (Wikramanayake et al., 2002). About 16% of the original dry forest remained in Southeast Asia in 2001 (Miles et al., 2006) but only 5% was classified as intact forest (Myers et al., 2000). Large portions of lowland dry dipterocarp forest are prime target for conversion to rice production. In addition, it is not adequately included in the protected area system in Thailand (Santisuk et al., 1991; Trisurat, 2007) and other countries in Southeast Asia (McShea et al., 2005). In order to avoid parks and human conflicts, most protected areas in Southeast Asia are located in high altitude and rugged terrains covering mountain and evergreen forest and other forms of deciduous forests (ICEM, 2003; McShea et al., 2005; Trisurat, 2007). These areas are suitable for watershed protection so much, but not for biodiversity conservation, in particular for Eld's deer.

Future destruction of lowland dry dipterocarp forests in Cambodia as the result of land allocation programs for military and in Lao PDR as the results of unsustainable land uses, in combination with climate change will have severe impacts on the survival of Siamese Eld's deer and most likely other medium– and large–mammals (e.g., Sambar, elephant, and leopard). The extent of current suitable habitats is expected to decline more than 50% and be severely fragmented. If suitable patches smaller than 5 km2 were eliminated, the number of suitable patches will decline from 23 patches at the baseline to 9 patches under the combined low economy, sustainable land use with climate change scenarios, and to 8 patches under the combined unsustainable land use with climate change. These results were defined by using a similar approach as McShea et al. (2005). Therefore, the collaborative transboundary conservation efforts among the three countries to improve degraded habitats and facilitate connectivity of Siamese Eld's deer is very important, especially under the synergetic effect of climate change and land-use change. Trisurat et al. (2010) indicated that the viabilities of large mammals would be significantly improved through effective protection and habitat improvement in areas between isolated suitable habitats inside the western forest complex in Thailand.

Formulation of a transboundary biodiversity conservation framework and management plan among the three countries is essential to maintain Siamese Eld's deer population because the current and future predictions revealed that important habitats for Siamese Eld's deer are situated inside the Preah Vihear protected forest and adjoin the southwest part of Dong Khanthung, as well as its buffer zones in the northeast part along the tri-national borders. In addition, Siamese Eld's deer seasonally moves between the two countries, depending on food availability and rainfall (McShea et al., 2005; Bhumpakphan, 2015). Although, the model results did not determine suitable habitats in Thailand at present and future, previous report (Lekagul and McNeely, 1988; McShea et al., 2005) indicated that it used to live in the PPFC, Thailand. Thailand successfully bred and reintroduced Burmese Eld's deer (R. eldii thamin) in the wild in the north and central Thailand (Buranapim et al., 2008). Currently, there are ~50 individual Siamese Eld's deer in various Thailand's zoos. Based on this achievement, the three countries jointly conducted an Eld's deer reintroduction workshop, which aimed at increasing Siamese Eld's deer population in the ETFC landscape in the next 20 years in order to resolve inbreeding problem (Bhumpakphan, 2015). It is expected that the collaborative conservation efforts among the three countries through both in-situ and ex-situ conservation will maintain Siamese Eld's deer in long-term.

CONCLUSIONS

The results of this study showed that the predicted distributions of Siamese Eld's deer derived from the logistic regression model was more accurate than those from the Maxent. In 2013, suitable habitats for Siamese Eld's deer covered ~6% of the ETFC landscape, and were found especially in lowland deciduous forest areas. All four land use change change scenarios will not change suitable habitats for Siamese Eld's deer because most suitable habitats (60%) are located in protected areas, while deforestation most likely occurs in the associated buffer zones. In contrast, climate would impact the distribution substantially and the combination of land use with future climate change predicted severe impacts on Siamese Eld's deer. Thus, more than 50% from the current suitable habitat would be lost.

The predicted distribution maps at current and in the future generated by this study were generated largely from the long-term survey across the Northern Plains of Cambodia. Limited data were obtained from a rapid wildlife survey in the remaining areas. Therefore, unbalance survey efforts probably limit the choice of model selection. It is strongly recommended to continuously survey this species and other flagship species in order to improve biodiversity database and to monitor temporal and spatial changes in distribution. Nevertheless, the predicted maps are useful for parks rangers, decision makers, and local people for smart enforcement patrols and for developing conservation partnership framework through a transboundary biodiversity conservation cooperation in the ETFC landscape between Thailand, Lao PDR, and Cambodia.
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