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Abstract  

The tricolored langur (Presbytis cruciger) is not only geographically restricted but is also believed to 

strongly depend on specific habitat types, particularly wetland ecosystems in northern Borneo. Despite 

its limited range and potential vulnerability, no comprehensive habitat assessment has been conducted 

within its distribution area. This study aims to model the habitat suitability of P. cruciger in the Danau 

Sentarum landscape using environmental variables derived from direct encounter data collected between 

2021 and 2023, and analyzed using MaxEnt. Habitat suitability modeling revealed that 95.94% (228,658 

ha) of the total study area (238,329 ha) was classified as unsuitable habitat. The remaining areas were 

categorized as marginally suitable (7,080 ha), suitable (1,977 ha), and highly suitable (614 ha). Highly 

suitable areas are concentrated in peat swamp forests, riparian forests, and lowland secondary forests 

located within 1 km of lake edges, extending into the hilly zones of the Danau Sentarum landscape. Among 

the environmental predictors, land cover contributed the most to the model, though it showed low 

permutation importance. In contrast, proximity to fire hotspots demonstrated high permutation 

importance, indicating an avoidance behavior towards fire-prone areas. The species preferred elevations 

ranging from 100 to 200 meters above sea level, with 8–25% slopes, and proximity to swamp forest and 

lake ecosystems. These results highlight the species' strong association with wetland ecosystems and 

underscore the importance of conserving these habitats to ensure its survival.  

Keywords: Presbytis cruciger, habitat suitability modeling, wetland ecosystem, Danau Sentarum

1. Introduction 

Conservation concerns surrounding endemic species extend beyond their limited geographic 
distribution or range size. A key issue lies in the species’ reliance on particular habitat types 
that are rare and spatially restricted. Over the long term, this dependency raises the risk of 
accelerated local extinction, as species survival in the wild is determined not only by internal 
factors such as reproduction, but also—critically—by the quality and availability of the 
specific habitat types they require [1]. In the case of the tricolored langur (Presbytis cruciger), 
it is known that the species is confined to northern Kalimantan [2]; however, little is known 
about the specific habitat types it utilizes or the degree to which it depends on particular 
habitat conditions. 

This species exhibits a markedly different habitat preference compared to other members of 
the Presbytis genus. Even its closest relative, P. rubicunda, is known to inhabit a broader 
range of habitats and displays a more extensive distribution, indicating a lower dependence 
on a single ecosystem type [3,4]. Several studies have confirmed that P. cruciger is found 
primarily in specific habitats, particularly peat swamp forests and mixed lowland forests near 
sub-hill areas [5,6]. 

In contrast, the Javan langur (P. comata) occurs in highland forest ecosystems [7,8], as well 
as in more heterogeneous landscapes, including mixed habitats [9],  lowland areas, hills, 
natural forests, and plantation forests with diverse vegetation—some even near human 
settlements [10]. P. chrysomelas chrysomelas shows a relatively similar habitat preference in 
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Similajau National Park, which inhabits peat swamp and heath forests [11]. Likewise, P. 
frontata has been reported in rubber plantations, secondary forests, mixed agroforestry 
gardens, dryland agricultural areas, and mining zones [12]. Despite the ecological importance 
of understanding habitat use in langurs, studies on habitat preferences of the genus remain 
scarce, largely due to the challenges of obtaining reliable presence data in natural habitats 
[13,14]. Despite the ecological importance of understanding habitat use in langurs, studies 
on habitat preferences of the genus remain scarce, mainly due to the challenges of obtaining 
reliable presence data in natural habitats. This underscores the value of habitat suitability 
models, which can provide high-accuracy predictions and play a crucial role in informing long-
term conservation strategies. 

This study aims to identify and analyze the habitat preference classes and the spatial extent 
of habitats utilized by P. cruciger within the Danau Sentarum landscape, which represents its 
natural range. The findings of this research contribute to the broader scientific understanding 
of habitat selection by P. cruciger, while also supporting ongoing conservation efforts by 
relevant stakeholders—including the Danau Sentarum National Park Authority (TNBKDS), 
NGOs, researchers, and conservation advocates—and inform long-term mitigation strategies 
to prevent local extinction driven by habitat specificity and limitation. 

2. Materials and Methods 

2.1. Study site 

The study site located in Danau Sentarum with buffer as research area is 6 kilometer from 
National Park. Geographic coordinate at 111o 53’ 43,573” E – 112o 28’ 31,576” E and 0o 36’ 
51,685” N – 1o 3’ 38,484” N. Its buffer based on the results of a preliminary study that found 
the furthest point of P.c.cruciger encounter from the boundary of the national park area. 
Government administratively, study location is included in the Kapuas Hulu Regency, West 
Kalimantan Province (Figure 1). 

 

Figure 1. Topographic map of the study area in Danau Sentarum Data collection. 

Presence data of langur as primary data are collected on direct encounter observations by 
field survey, were collected from July 2021 to June 2023, resulting in a total of 219 presence 
points for the tricolored langur. These presence records were subsequently converted into a 
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.csv file format for spatial analysis. The environmental variables used to build the habitat 
suitability model were categorized into two types: continuous and categorical data. 
Secondary data for several environment variable i.e. distance from swamp, settlement, 
agricultural areas, hotspot, forest areas, shrubland, river and road are collected from 
DEMNAS, temperature collected from landsat 8 OLI, elevation and slope are collected from 
SRTM of Kapuas Hulu Regency. Among these, only one variable—land cover—was 
categorical, while the remaining variables were continuous. These included distance to 
swamps, distance to settlements, distance to agricultural areas, distance to fire hotspots, 
distance to forested areas, distance to shrubland, distance to rivers, distance to roads, 
temperature, elevation, and slope. All environmental variables were prepared in raster 
format and projected using the WGS_1984_UTM_Zone 49N coordinate system. Swamp as 
wetland in Danau Sentarum, forest and river are important as a source of food, shelter and 
breeding grounds for many species [15,16]. Some anthropogenic i.e. settlement, land burning 
as hotspot presence, road, agricultural could affecting to the existence species and habitat 
change [17,18]. 

2.2. Data analysis 

All preference data processing was performed using maximum entropy modelling, and raster 
data was prepared using ArcGIS 10.8. There are 14 (fourteen) environmental variables to be 
prepared i.e. land coverage type (var.11), distance from swamp (var.7), lake (var.4), forest 
area (var.14), shrub (var.6), elevation (var.9), slope (var.10), rivers (var.2), plantation (var.1), 
temperature (var.12), rainfall (var.13), and anthropogenic variable i.e. hot spot (var.8), that 
presence as land burning activities, settlements (var.5) and roads (var.3). Its variable was 
categorized into two types of data, i.e. categorical and continuous, and all data were included 
as continuous data except for land coverage data, which was categorized as continuous. Land 
cover classified into 14th type i.e. fresh freshwater swamp forest, lowland primary forest, 
lowland secondary forest, hills primary forest, hills secondary forest, dryland shrub, 
grassland, tall kerangas forest at sandstone, riparian forest, swamp grassland, food-crop 
field, agroforestry, palm-oil plantation, bare land (dry season), and water. Before running 
MaxEnt, all raster environmental variable (continous variable) was tested by a 
multicollinearity test.  

The model was run with 15 replicates, using a maximum of 3,000 iterations and a 
convergence threshold of 0.00001. Model performance was evaluated using the Receiver 
Operating Characteristic (ROC) curve, a standard tool for assessing the predictive accuracy of 
species distribution models. The ROC curve illustrates the trade-off between the True Positive 
Rate (TPR) and the False Positive Rate (FPR) across different threshold values. The closer the 
curve approaches the top-left corner of the graph, the better the model’s performance. The 
Area Under the Curve (AUC) value, derived from the ROC curve, represents the model’s 
overall predictive accuracy. An AUC value approaching 1.0 indicates a high ability of the 
model to classify between suitable (preference) and unsuitable (non-preference) habitats. In 
contrast, an AUC of 0.5 suggests the model performs no better than random prediction. AUC 
values above 0.5 are typically classified into four categories of model quality: 0.5 < AUC ≤ 0.7 
(low performance), 0.7 < AUC ≤ 0.8 (moderate performance), AUC > 0.8 (high performance), 
and AUC = 1.0 (perfect model) [19]. 

The class of habitat suitability index ranges from 0 to 1, where values closer to 0 indicate 
unsuitable habitat and values closer to 1 indicate highly suitable habitat. According to Elith 
et al. (2011), the index values can be classified into four suitability classes: 0.00<class<0.25 
(unsuitable), 0.25<class<0.50 (marginally suitable), 0.50<class<0.75 (suitable), and 
0.75<class<1.00 (highly suitable). The habitat suitability model for Presbytis cruciger 
demonstrated excellent classification performance, high accuracy, and strong stability. As 
evaluated using the Receiver Operating Characteristic (ROC) curve, the model's predictive 
ability effectively distinguished between suitable and unsuitable areas for the species' 
presence.  
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3. Results and Discussion 

3.1. Results 

3.1.1. Multicollinearity test 

Multicollinearity test was found that rain has a significant correlation with hotspot (>0,7), The 
correlation test used is Pearson Correlation with a value range of -1 to +1 and high correlation 
threshold at >0,7 or <-0,7 [16,19], and one of the variables must be eliminated, and rainfall 
(var.as a deleted variable because it has a greater influence on the daily activity time budget, 
and does not have a specific correlation to the habitat selection. 

Table 1. Multicollinearity test to ensure and eliminate variables that have a significant correlation. 

Var. 1 2 3 4 5 6 7 8 9 10 12 13 14 

1 1 -0.304 0.644 -0.358 -0.064 -0.111 -0.381 0.598 -0.115 -0.195 0.166 0.473 0.018 
2 -0.304 1 -0.187 0.361 0.286 0.298 0.309 -0.326 0.340 0.128 -0.295 -0.241 0.037 
3 0.644 -0.187 1 -0.361 -0.143 0.132 -0.452 0.286 -0.058 -0.289 0.216 0.123 -0.310 
4 -0.358 0.361 -0.361 1 0.133 0.083 0.078 -0.070 0.174 0.278 -0.211 -0.053 0.329 
5 -0.064 0.286 -0.143 0.133 1 0.313 -0.065 -0.284 0.087 0.086 0.062 -0.127 0.379 
6 -0.111 0.298 0.132 0.083 0.313 1 -0.033 -0.263 0.040 -0.035 0.088 -0.274 -0.014 
7 -0.381 0.309 -0.452 0.078 -0.065 -0.033 1 -0.138 0.157 0.226 -0.524 0.111 -0.057 
8 0.598 -0.326 0.286 -0.070 -0.284 -0.263 -0.138 1 -0.105 0.020 -0.115 0.840* 0.162 
9 -0.115 0.340 -0.058 0.174 0.087 0.040 0.157 -0.105 1 0.084 -0.294 -0.019 -0.041 

10 -0.195 0.128 -0.289 0.278 0.086 -0.035 0.226 0.020 0.084 1 -0.356 0.168 0.167 
12 0.166 -0.295 0.216 -0.211 0.062 0.088 -0.524 -0.115 -0.294 -0.356 1 -0.451 0.030 
13 0.473 -0.241 0.123 -0.053 -0.127 -0.274 0.111 0.840* -0.019 0.168 -0.451 1 0.249 
14 0.018 0.037 -0.310 0.329 0.379 -0.014 -0.057 0.162 -0.041 0.167 0.030 0.249 1 

Note: distance from plantation (var.1); distance from rivers (var.2); distance from roads (var.3); distance from lake (var.4); distance 

from settlements (var.5); distance from shrub (var.6); distance from swamp (var.7); distance from hot spot (var.8); elevation (var.9); 

slope (var.10); land coverage type (var.11); temperature (var.12); rainfall (var.13); and distance from forest area (var.14). 

3.1.2. Performance of model 

The Area Under the Curve (AUC) value reached 0.951, with a standard deviation of 0.012, 
indicating a very high level of model performance. This high AUC value was consistently 
observed in the test data, showing only a slight decrease from the training data, thereby 
reflecting the strong generalizability of the model. The low standard deviation across 
replications (0.012) confirms the model's stability. An AUC value approaching 1.0 suggests 
excellent discriminatory power in identifying suitable versus unsuitable habitat for the 
tricolored langur. 

The shape of the ROC curve, which rises steeply at the beginning and then levels off, indicates 
that the model has high sensitivity across most of the prediction space—that is, it effectively 
identifies areas that are genuinely suitable for P. cruciger. Additionally, the false positive rate 
(1 – specificity) remains low even as sensitivity increases, reflecting the model's efficient 
classification capability. The ROC plot also includes a shaded blue area representing the mean 
± one standard deviation across model replications, which illustrates the variability in 
prediction performance. The narrowness of this shaded area indicates that the model is 
consistent and stable across replications and is not significantly influenced by variations in 
training data or randomization processes. For comparison, a black diagonal line is displayed, 
representing random prediction. The substantial distance between the ROC curve and this 
diagonal line shows that the model performs significantly better than random chance (Figure 
2). 
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Figure 2. ROC (Receiver Operating Characteristic) and AUC (Area Under Curve). 

The environmental variables used in predicting the model contributed differently to the 
model's overall predictive output and exhibited varying levels of importance. Land cover 
contributed the highest percentage (33.5%) among all variables; however, its permutation 
importance was relatively low at 2.4. In contrast, the variable with the highest permutation 
importance was distance to fire hotspots, with a value of 20.9. Another variable with a 
relatively high permutation importance was distance to swamps, contributing 16.5% to the 
model and showing a permutation importance of 18.6 (see Table 2 and Figure 3). 

Table 2. Percent contribution and permutation importance for each variable used on preferences 

habitat modelling. 

Variable Percent contribution Permutation importance 

Land coverage 33.5 2.4 
Distance from the swamp 16.5 18.6 
Distance from the hotspot 12 20.9 
Distance from the shrub 9.6 3.8 
Distance from the road  5.9 19.8 
Slope 4.9 1.3 
Distance from the river 4.7 6.4 
Distance from the forest area 3 11.9 
Distance from the lake 2.8 4.7 
Distance from the settlement 2.8 4.2 
Temperature 2.5 2.8 
Distance from the plantation 1.6 2.7 
Elevation 0.2 0.3 
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Figure 3. Jackknife test to AUC the environmental variable. 

3.1.3. Response of langur to environmental variables 

Langurs have various responses to the environmental variables. Model analysis showed that, 
regarding land cover, the langur preferred lowland secondary forest and lowland shrubland 
(excluding swamp forest), with habitat suitability values ranging from 0.7 to 0.82. Riparian 
forest was also used, although with lower suitability (0.52) (Figure 4a). The species was more 
commonly associated with areas at elevations between 100–200 meters above sea level 
(Figure 4b), and with gentle to moderately steep slopes typical of lowland to sub-hill terrain 
(Figure 4c). In several encounter points, individuals were also found within agroforestry 
areas—particularly mixed rubber plantations—up to a distance of 10 kilometers (Figure 4d). 
While langurs were occasionally observed near riverbanks, such occurrences were rare and 
limited to specific areas within populations 2, 3, and 4, with distances up to 3,000 meters 
from the river edge (Figure 4e). Response to road proximity varied by population: in 
population 3 (Sepandan area), langurs were sometimes found near roads, whereas in other 
populations, encounter probability increased at distances around 7 kilometers from roads 
(Figure 4f). 

For the variable representing distance to lakes, the response curve indicated that P. cruciger 
was not presence at or near the immediate lake edges. The highest encounter probability 
occurred at distances of 1,000–1,500 meters from the lake, particularly in areas covered by 
lowland secondary forest, swamp shrubland, and riparian forest (Figure 4g). The species was 
occasionally recorded near settlements, especially those located within the Danau Sentarum 
landscape. The response pattern was fluctuating at distances between 1,000 and 1,300 
meters from settlements, particularly in areas transitioning into sub-hill forest zones within 
and around the lake (Figure 4h). Regarding the distance to swamp areas, langurs were 
frequently found in close proximity to swamp forests (Figure 4i). In contrast, the response to 
fire hotspots—used as a proxy for fire risk—showed that langurs were most likely to be 
encountered at distances of 14,000–15,000 meters from the nearest hotspot. At close 
distances (0–1,000 meters), the probability of occurrence was low (0.3–0.6) (Figure 4j). 
Overall, most langur observations were recorded near forested areas, encompassing a variety 
of classified forest cover types (Figure 4k). For the temperature variable, langurs clearly 
preferred areas with moderate temperatures (18–25°C). Suitability declined significantly in 
areas where temperatures exceeded 25°C (Figure 4l). 
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Figure 4. Response curve for each environmental variable: a. Land coverage (e.g. secondary low-land 

forest; swamp forest; riparian forest); b. elevation; c. slope; d. plantation area; e. rivers; f. roads; g. 

lake; h. settlement; i.e. swamp; j. hot spot; k. forest areas; l. temperature. 

3.1.4. Preferences class and areas 

Further analysis of the spatial extent of each habitat suitability class revealed that, out of the 
total 238,329 hectares of the study area (within a 6-kilometer buffer from the Danau 
Sentarum National Park boundary), only 2,591 hectares were classified as suitable and highly 
suitable habitat. When combined with marginally suitable areas, which are still utilized by 
langurs based on field observations, the total potential habitat area increases to 9,671 
hectares. This represents only 4.06% of the entire study area, a proportion that is critically 
low in relation to the long-term spatial requirements of the species. 

Table 3. Areas and percentage classes of habitat preferences. 

No. Habitat preferences Areas (Ha) Percentage (%) 

1 Non-preferred habitat (unsuitable) 228,658 95.94 
2 Fewer preferences (marginally suitable) 7,080 2.97 
3 Preferences (medium suitable) 1,977 0.83 
4 High preferences (highly suitable) 614 0.26 

 Total 238,329 100 
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Figure 5. Map the preferences of the habitat class in the Danau Sentarum Landscape. 

3.2. Discussion 

3.2.1. Response of langur to environmental variables 

Based on the habitat suitability modeling results, the highest probability of langur presence 
was associated with areas characterized by lowland secondary forest, swamp forest, and 
riparian forest—particularly those located on slopes of 8–25% (equivalent to 5–12°) and at 
elevations between 100–200 meters above sea level. Areas with these habitat characteristics 
tend to provide a diverse composition of food plants and areas with slopes and heights above 
these criteria are generally rocky areas that are only overgrown with uniform species, 
especially from the group of shrubs [13,20–22]. These areas were also typically distant from 
fire-prone zones, as indicated by low proximity to fire hotspots. Such locations were classified 
across a suitability gradient, from marginally suitable to highly suitable. In marginal areas that 
retained the structural characteristics of these three habitat types, langur groups were 
occasionally observed, albeit at lower frequencies than areas classified as highly suitable. The 
habitat suitability of Presbytis cruciger in Danau Sentarum differs notably from that of other 
langur species. For instance, the Javan langur (Trachypithecus auratus) in Bromo Tengger 
Semeru National Park strongly prefers specific elevation ranges, dense vegetation cover, and 
optimal temperature conditions [23]. Similarly, the Javan surili (Presbytis comata) tends to 
avoid areas with high human activity and favors habitats with dense vegetation and specific 
elevation zones [24]. In contrast, T. auratus in Baluran National Park prefers habitats farther 
from roads and located in secondary forest areas, while avoiding high-elevation zones [25].  

The response curve of langur presence indicates that the species is often observed near roads 
and residential areas. However, this presence does not necessarily suggest a preference for 
roadside habitats [26,27]. Instead, it is likely a result of landscape fragmentation and the high 
variability in land cover, which may compel langur to cross roads to move between habitat 
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patches occasionally [28]. This interpretation is supported by the fact that the highest 
probability values are limited to a narrow range close to the road, followed by a sharp decline, 
suggesting that such proximity is not a strong or sustained preference [29]. In residential 
areas, the response curve shows relatively high probabilities of langurs' presence near human 
settlements. Field observations reveal that local communities have resided in stilt houses 
built over lake surfaces for over 80 years. This long-term habitation has likely allowed for a 
stable and positive coexistence between humans and lutungs. The langurs do not appear to 
perceive human presence as a threat, and residents likewise do not disturb the langurs [30]. 

3.2.2. Preferences class and areas 

Preferences of tricolor langur closely similar to P.rubicunda which have a preference for 
habitat occurring at primary and secondary dipterocarp forests, peat swamp forests, 
freshwater swamp forests, hill and montane forests up to 2,000 meters elevation [4,31]. 
Moreover, P. rubicunda tolerates moderate habitat degradation and is occasionally recorded 
in human-modified landscapes such as logged forests or forests adjacent to settlements [32]. 
However, habitat disturbance can alter forest structure and vegetation composition, 
impacting their behavior and habitat use patterns, particularly vocal communication and 
group spacing [33,34]. Areas categorized as marginally suitable (<0.25) in Danau Sentarum 
landscape are still used as habitat by the langurs, although no direct sightings were recorded 
during field surveys. Presence information for these areas was obtained from local 
community reports. As such, reliance on indirect presence data weakens the robustness of 
the habitat suitability model and reduces the model's predictive accuracy under random 
conditions. On the other hand, areas classified as unsuitable were confirmed to be 
unoccupied, both through direct observation and community information. These areas 
typically consist of open land with kerangas (heath forest) sandy substrates, shrubs, and 
grasses. Such environments fail to provide essential habitat requirements, particularly the 
absence of food-providing plant species—unlike suitable areas that support fruit- and seed-
bearing vegetation. Field observations indicated that natural regeneration in these 
unsuitable areas is highly unlikely due to severe leaching. The exposed substrate often 
resembles salt crystals, indicating extreme nutrient depletion [35]. The absence of a topsoil 
layer further hinders plant growth and makes rehabilitation efforts extremely challenging 
[36]. Therefore, relying solely on natural regeneration in these sandy zones is improbable for 
successful habitat restoration [37]. 

 
Figure 6. Habitat conditions that have high preferences (a) in Bukit Semujan with land coverage of 

swamp forest, secondary forest around the hills, and non-preference habitats (unsuitable) with 

water and shrub land coverage. 

Based on canopy cover characteristics, areas with high habitat suitability tend to exhibit well-
connected canopy structures and diverse food plant compositions, thereby offering a 
broader array of dietary resources beyond foliage [22,38]. In contrast, areas of low suitability 
are characterized by a high number of small vegetation patches, particularly in regions 
frequently affected by the lake’s tidal fluctuations [39]. During the rainy season with high 
precipitation, the lake area becomes inundated due to increased water inflow from various 
tributaries and major rivers, especially the Kapuas River. Apart from being a seasonal lake, 
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this lake can be said to be a shallow lake based on the regular influence of water entering 
and leaving the Kapuas River [40]. Conversely, during prolonged dry seasons (up to a month), 
previously inundated zones become extremely dry, exposing sandy substrates and 
fragmented shrub vegetation that form patches and matrices across the lake ecosystem 
landscape. This cyclical pattern recurs annually, with a marked contrast between the rainy 
and dry seasons. However, in years when rainfall occurs consistently with little to no dry 
season, the lake tends to remain flooded for years. 

3.3. Implication of conservation 

Further research is expected to be directed at areas where langurs are present, especially 
areas with low to high suitability, to be more efficient. Through this research, this species has 
become mandatory and a priority species by the management unit for management. This 
species is encouraged to become a protected species by legislation if there are changes to 
the current regulations. 

4. Conclusions 

Referring to the results analysis of the preferences for habitat of the tricolor langur, it can be 
concluded that on a micro-landscape scale in Danau Sentarum as a wetland ecosystem, 
langurs choose a particular habitat, and are very dependent on habitats such as swamp 
forests, lowland forests around the hills in the Danau Sentarum area. This habitat is thought 
to support food needs that are unavailable in other habitat types outside the lake area. 
However, broader research on the landscape of the Kapuas Hulu and West Kalimantan 
regions still needs to be carried out comprehensively.  
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