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Abstract. Nepenthes sumatrana is a tropical pitcher plant endemic to Sumatra. It has been 

categorised as critically endangered based on the IUCN Red List. It often occupies in lowland 

tropical forest of Sumatra. Its habitat has been threatened by land use conversion in the recent 

decade. Due to the high threats in the wild, the conservation efforts are necessarily required. It 

is not possible to assess all locations that are suitable for this species. In terms of addressing that 

issue, Species Distribution Modelling is considered as an alternative way to identify the regions 

that have the similar environmental conditions to where the species is known to occur. The 

occurrence records were derived from Global Biodiversity Information Facility and reliable 

scientific papers. Topography, soil, climate and land cover were used as predictors of the model. 

MaxEnt algorithm was used to predict the habitat suitability. MaxEnt produces a predictive 

model with the AUC value of 0.833 indicating that the model has a good performance. The 

suitable habitats are predicted in several different locations in Sumatra. The information about 

predicted suitability habitat would be useful to prioritize the protected areas of this species. 

Furthermore, our findings would be valuable for the discovery of unknown subpopulation. 
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1. Introduction 

Nepenthes sumatrana is a critically endangered tropical pitcher plant endemic to Sumatra [1]. It is found 

in North Sumatra and West Sumatra, but the geographical extent of this species remains uncertain [1]. 

It may be found in other regions in Sumatra. According to the previous study, this species prefers to 

occupy undisturbed lowland forest with sandstone substrate [2]. A moist and shade area is the suitable 

habitat for this species and it is rarely found in open clearing areas [2]. It is often seen in the steep hills 

with elevation from 0 to 800 m above sea level. Forest clearing for agriculture and plantations causes 

this species to be vulnerable to extinction in the wild [2]. 

According to the IUCN Red List, the conservation status of this species is categorised as critically 

endangered [3]. Its population tends to decrease with the total mature individuals around 5,000 [3]. At 

the first record, it was only found in a restricted area in Sumatra [2]. However, several recent studies 

stated that this species also occurred at different locations in Sumatra [4-6]. It indicates other regions in 

Sumatra may be potentially speculated as the suitable habitats of this species. In fact, it is not possible 

to survey all locations in Sumatra to collect the occurrence records of this species. Habitat modelling 

approach can be considered as an alternative way to predict the suitable habitat of this species.  
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Species Distribution modelling has been increasing in use for many ecological applications [7, 8]. It 

has been widely used to predict the rare plants [9, 10] and invasive plant species [11, 12]. There are 

many varieties of algorithms that are widely used for predicting the suitable habitat for a certain species 

[13, 14]. These models incorporate the relationship between occurrence records and biophysical 

environments variables [7, 15]. However, not all model predictions are applicable for predicting rare 

and endangered species in which only few occurrence records are available [16, 17]. Maximum Entropy 

(MaxEnt) is one of model predictions that well performed [7, 18] and effective for predicting a species 

with small sample size [16, 19]. In recent study, MaxEnt outperformed in predicting the distribution of 

Guettarda speciosa [20]. Some previous studies have uncovered ecological aspects of this species, but 

the comprehensive spatial distribution has not been yet conducted throughout landscape of Sumatra. 

This study aims to identify the geographically suitable habitat of critically endangered N. sumatrana 

across the mainland of Sumatra. The habitat characteristics where the species found will be extrapolated 

to other geographic regions in Sumatra. 

2. Materials and methods 

Occurrence records were derived from three reliable scientific journals that stated the occurrence of this 

species in Sumatra [4, 5, 6] and Global Biodiversity Information Facility [21]. Topography (elevation, 

slope), soil aspects (soil organic carbon, soil pH, carbon exchange capacity), Climate (annual mean 

temperature, annual precipitation, precipitation of driest month, precipitation of wettest month), and 

land cover variables were used as predictors of the model. The Digital Elevation Model (DEM) with 

resolution 30 seconds (1 km2) was derived from the Shuttle Radar Topography Mission (SRTM) [22, 

23]. Slope was analysed from DEM Data. Annual mean temperature, annual precipitation, precipitation 

of driest month and precipitation of wettest month were extracted from worldclim global data. These 

variables were the average for the years 1970-2000 with the spatial resolution 30 seconds (1 km2) [24]. 

The soil variables were available at a spatial resolution of 250 meters [25]. Land Cover data was derived 

from Moderate Resolution Imaging Spectroradiometer (MODIS) Land Cover Type (MCD12Q1) 

Version 6 [26]. 

Maximum Entropy (MaxEnt) software version 3.4.4 was used to model habitat suitability of critically 

endangered N. sumatrana by implementing a machine learning technique called Maximum Entropy 

[27]. The performance of the model was evaluated using several methods. Area under the receiver 

operating curve (AUC) was used to evaluate the model performance [7, 28]. A jackknife procedure was 

used to test variable importance [29]. The resulted suitability habitat map was overlaid with conservation 

areas to identify the suitable habitats of this species inside conservation areas [30]. 

3. Results  

The predictive map of habitat suitability is the output of MaxEnt model. The colours of the image 

indicates the predicted suitable conditions for this species. A red colour indicating high probability of 

suitable conditions for this species, yellow to green indicates the intermediate probability this species 

may be found, lighter blue indicating the low predicted suitable conditions (figure 1). High suitable 

habitats for this species are predicted in West Sumatra, North Sumatra, and Aceh. All those high 

predicted suitable habitats are located along Bukit Barisan Mountains range from Lampung to Aceh 

(figure 1). 

According to the predictive map, there are 13 conservation areas that are predicted as the suitable 

habitats for the this species including Barumun Wildlife Reserve, Wan Abdul Rahman Grand Forest 

Park, Semidang Bukit Kabu, Bukit Tiga Puluh National Park, Cut Nyak Dien Grand Forest Park, Dolok 

Sibual-buali Nature Reserve, Rimbo Panti Nature Recreation Park, Gunung Marapi Nature Recreation 

Park, Bukit Kaba Nature Recreation Park, Hutan Pinus Nature Reserve, Rimbo Panti Nature Reserve, 

Siranggas Wildlife Reserve, and Batang Gadis National Park (figure 2).  

Soil organic carbon has the highest percent contribution with the value 65.6%, followed by annual 

precipitation (17.7%) and slope (15.8%). Other variables including carbon exchange capacity, annual 

mean temperature, and soil pH have value less than 1% (table 1). 
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Figure 1. The predictive suitable condition of critically endangered Nepenthes sumatrana. 

The regions with the value more than 0.5 indicating those more suitable habitats for this 

species, while the regions with the value less than 0.5 indicating those less suitable habitats. 

 

Table 1. Percent contribution of environmental variables in predicting the suitable habitats. 

Variable Percent contribution Permutation importance 

Soil organic carbon 65.6 35.7 

Annual precipitation 17.7 37.3 

Slope 15.8 24.2 

Carbon exchange capacity 0.4 0 

Annual mean temperature 0.3 1.6 

Soil pH 0.1 0.3 

Elevation 0 0.8 

Precipitation of driest month 0 0 

Precipitation of wettest month 0 0 

Land cover 0 0 
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Figure 2. The predicted probability of suitable habitats with the threshold suitability (0.85). 

4. Discussion 

Predicting habitat suitability of rare and threatened plant remains a challenge due to only few occurrence 

records are available. In order to resample the small number of occurrence records of N. sumatrana, 

Cross-validation is able to use all the data for evaluation process that applicable for small data sets [31]. 

The predictive model has AUC value of 0.833 indicating the model has a good performance in 

distinguishing between presence and absence. Higher value of AUC that close to 1 indicates much better 

model performance [7, 28]. AUC value has a range from 0 to 1 [32]. An AUC value of 0.5 indicates the 

model does not perform better than random, whereas the value of 1 indicates perfect discrimination [33]. 

The predictive model shows the regions in adjacent location where the species is known to occur, are 

highly predicted as the suitable habitat of N. sumatrana. The algorithm of Maximum Entropy (MaxEnt) 

characterizes the environmental variables in the locations where the species is known to occur, then 

extrapolate it across the landscape of Sumatra. The suitable habitats of this species are predicted lies on 

13 conservation areas in Sumatra. However, the suitable habitats are mostly predicted outside of 

conservation areas. Those locations provided by predictive suitable habitat map are highly 

recommended when the inventory efforts will be conducted in the future. 
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Besides of predicting the habitat suitability, MaxEnt also determines the importance variables that 

affect the distribution of N. sumatrana. Soil organic carbon, annual precipitation and slope are predicted 

as the important variables that affecting the distribution of N. sumatrana. Other variables are not quite 

important in affecting the distribution of critically endangered N. sumatrana. Soil organic carbon 

contributes the highest values affecting the distribution. Soil organic carbon represents only carbon 

component of organic compounds. Most Nepenthes species grow better in acidic and low nutrient that 

composed of peat, white sand, sandstone, or volcanic soils [34]. High organic carbon contents creates 

an increasing water retention in all textures of soil. The soil that has high water retention tends to have 

higher moisture [35]. It creates a suitable habitat for N. sumatrana because this species is found in 

environment with moist and shady conditions [2]. The second factor that affecting the distribution of 

this species is annual precipitation. It is considered as an important factor because Sumatra has a 

relatively diverse precipitation rates among its regions. Most predicted habitats of this species are 

located along Bukit Barisan Mountains range. The Bukit Barisan Mountains range receives about 2,500 

mm of annual rainfall, but the Western slopes receive more rainfall than the Eastern slopes [36]. Bukit 

Barisan Mountains range consists of Gunung Leuser National Park, Kerinci Seblat National Park, and 

Bukit Barisan National Park. Those areas receive different precipitation rate in which Gunung Leuser 

receives 3000–4657 mm of rainfall, Kerinci Seblat receives a rainfall average 2990 mm, and Bukit 

Barisan receives a rainfall average 3000–4000 m [37]. Slope also contributes the importance variables 

that affecting the distribution. It is aligned to some previous study that stated this species grew in steep 

slope [2, 5]. 

5. Conclusion 

The high suitable habitats of Nepenthes Sumatrana are identified along Bukit Barisan Mountains range 

from Lampung to Aceh and mostly predicted in Northern regions of Sumatra including West Sumatra, 

North Sumatra, and Aceh. Soil organic carbon, annual precipitation and slope are considered as three 

biophysical variables that important in predicting the habitat suitability of critically endangered N. 

sumatrana. 
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