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Abstract: Rapid forest degradation and land-use change in West Sumatra threaten
the persistence of sun bear (Helarctos malayanus) populations by altering habitat
availability and increasing human-wildlife conflict. This study aimed to predict habitat
suitability and identify key environmental drivers influencing the distribution of sun
bears using the Maximum Entropy (MaxEnt) model. A final dataset of 167 verified
occurrence records—obtained after filtering and spatially thinning an initial pool of
466 field-compiled presence points to mitigate sampling bias—was analyzed
alongside multiple environmental variables. The model demonstrated high predictive
performance (AUC = 0.922 + 0.004), indicating strong reliability in estimating habitat
suitability. Quantitatively, less suitable habitats covered 46.23% (314,471.97 ha),
suitable habitats 32.85% (223,493.41 ha), and highly suitable habitats 20.92%
(142,305.43 ha). Results revealed that suitable habitats are spatially heterogeneous,
with high-suitability zones primarily concentrated in protected and conservation
forests, contributing 55% and 44% of suitable habitats, respectively, while production
forests accounted for only 1%. Elevation (31.1%), land use (21.4%), precipitation
(15.5%), and distance from roads (11.7%) were identified as the most influential
variables. Sun bears showed a preference for elevations of 1,500-2,000 m, primary
and secondary forests, rainfall of 240-260 mm/month, and areas located 4-5 km
away from roads and settlements. These findings provide critical spatial insights for
conservation planning, emphasizing the importance of protecting forested
landscapes and managing anthropogenic disturbances to ensure the long-term
survival of sun bear populations in West Sumatra.

Introduction

Forests constitute complex ecological systems that sustain
high levels of biodiversity and provide essential ecosystem
services for both wildlife and human populations. In
Indonesia, forests are legally defined as integrated
ecosystems dominated by tree vegetation and functioning
as interconnected biotic and abiotic components (1).
However, rapid forest degradation has emerged as a
critical environmental issue. Indonesia is reported as one
of the countries with the highest deforestation rates
globally, reaching approximately two million hectares
annually (2). In West Sumatra, forest landscapes are
characterized by highly variable topography, ranging from
lowlands to mountainous regions exceeding 2, 500 meters
above sea level. Despite relatively high forest cover (46%),
a substantial portion of land approximately 630,695
hectares is categorized as critical or highly degraded (3).
This condition poses a serious threat to biodiversity
conservation, particularly for forest-dependent species

such as the sun bear (Helarctos malayanus), whose survival
is closely linked to habitat integrity.

The sun bear (H. malayanus), the smallest member of
the Ursidae family, inhabits a wide range of tropical forest
ecosystems, including primary forests, secondary forests,
and selectively logged or disturbed habitats (4, 5). This
species plays an important ecological role in tropical forest
ecosystems, particularly in seed dispersal and maintaining
forest dynamics. However, these bears are increasingly
threatened by anthropogenic pressures such as habitat
loss, degradation, poaching, and land-use change driven
by agricultural expansion (6, 7). Furthermore, limited
ecological data on population size, spatial distribution, and
mortality rates continue to constrain effective conservation
planning for H. malayanus (6, 8). As a result, many
populations have become fragmented and isolated,
increasing their vulnerability to local extinction. Globally,
the species is classified as Vulnerable on the IUCN Red List
and is listed under Appendix | of CITES, prohibiting
international trade (8, 9). In Indonesia, it is legally
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protected under Ministerial Regulation No. 106 of 2018
(10). In West Sumatra, populations are still found in
forested areas such as the Kerinci Seblat National Park, yet
increasing human-wildlife conflicts have been reported in
regions including Agam, Pasaman, and Limapuluh Kota
due to habitat encroachment and food scarcity (11). These
severe local conflicts indicate an escalating ecological
imbalance, underscoring the urgent need for a regional
MaxEnt model to establish spatially explicit habitat
management and conflict-mitigation strategies.

Addressing these challenges requires localized, high-
resolution predictive tools capable of capturing regional
ecological nuances. While broad-scale species distribution
models have been developed across Southeast Asia, they
often smooth over the highly rugged topographic
gradients and complex mosaic landscapes characteristic of
West Sumatra, rendering them less applicable for
provincial wildlife zoning. West Sumatra represents a
critical yet underexplored region where steep elevational
shifts from coastal lowlands to montane zones exceeding
2,500 m drive unique microclimatic dynamics and distinct
human-wildlife conflict clusters. Consequently, a region-
specific modeling framework is vital to address local
conservation demands. This study aims to predict the
spatial distribution of suitable habitats for H. malayanus in
West Sumatra and to identify the primary environmental
drivers influencing these patterns. By integrating refined
field occurrence data (2019-2022) with localized
biophysical and anthropogenic predictors, this study
establishes a high-resolution baseline to inform regional
corridor design and threat mitigation strategies.

Methodology

Study Design and Rationale
This study employed a spatially explicit species distribution
modeling (SDM) approach to predict habitat suitability for
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the sun bear (Helarctos malayanus) in West Sumatra,
Indonesia. The modeling framework was based on the
Maximum Entropy (MaxEnt) algorithm, a presence-only
modeling technique widely recognized for its robustness
in predicting species distributions under limited
occurrence data conditions (12). The rationale for selecting
MaxEnt lies in its ability to estimate species—environment
relationships using incomplete datasets while maintaining
high predictive performance (13). This approach is
particularly suitable for elusive and wide-ranging species
such as the sun bear, for which absence data are often
unreliable or unavailable.

Study Area

The study was conducted across forested landscapes in
West Sumatra Province, Indonesia, including key regions
such as Solok and Pasaman (Figure 1). Geographically, the
province is bordered by North Sumatra to the north, Riau
to the east, Jambi and Bengkulu to the south, and the
Indian Ocean to the west. The region spans an elevation
gradient from sea level to approximately 3,805 m above
sea level at Mount Kerinci, with predominantly tropical
rainforest climate conditions characterized by annual
rainfall ranging from 3,000 to 7,929 mm (Bappenas
Sumatera Barat, 1994). Forest cover in the province is
extensive (+ 2,380,057 ha) and includes conservation areas
(KSA/KPA), protected forests (HL), and various production
forest categories (SK.35/Menhut-11/2014). This ecological
heterogeneity provides a suitable context for evaluating
habitat preferences of sun bears.

Species Occurrence Data

Species occurrence data consisted of georeferenced
presence records of H. malayanus obtained from the
Sintas Indonesia Foundation, covering the period from
2019 to 2022. A total of 466 occurrence points were
initially compiled from field-based occupancy surveys,
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Figure 1. Map of the research location in West Sumatra, Indonesia.
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including both direct sightings and indirect evidence such
as tracks and signs. To reduce sampling bias and spatial
autocorrelation, these points were filtered using a spatial
thinning protocol that retained only a single independent
presence point within a 1 km? grid cell, resulting in 167
high-quality records utilized in the final model execution.
These data were processed and formatted into comma-
separated values (CSV) files using Microsoft Excel Version
2013 for compatibility with the modeling software. To
ensure species protection and prevent misuse of sensitive
ecological data, the exact geographic coordinates were
not disclosed in this publication.

Environmental Variables

A total of eleven environmental predictor variables were
incorporated into the model to represent biophysical and
anthropogenic factors influencing habitat suitability (Table
1). These included land cover, climate variables
(temperature and precipitation), elevation, vegetation
index, slope, and distance-based variables (distance to
rivers, roads, and plantations). Environmental datasets
were derived from multiple secondary sources, including
Digital Elevation Model (DEM), Global Forest Watch,
Indonesia  Geospatial Portal, WorldClim  bioclimatic
datasets, and institutional datasets from KLHK and Sintas
Indonesia.

Prior to modeling, all environmental layers were
standardized to a uniform spatial resolution of 30 arc-
seconds (~1 km) and clipped to the provincial boundary
using the resampling function in ArcGIS 10.3 (ESR,
Redlands). To correct for sampling bias and mitigate
spatial autocorrelation, the initial 466 field-compiled
occurrence records were subjected to spatial thinning,
retaining only a single unique presence record within any
single 1 km? grid cell, which reduced the final modeling
dataset to 167 independent points. Multicollinearity
among environmental variables was assessed using
Pearson correlation analysis. Highly correlated variables
exceeding a threshold of r > 0.5 were excluded to reduce
statistical redundancy and prevent overprediction (14).
This threshold is more conservative than standard
modeling practices but was strictly applied to effectively
separate the overlapping influences of elevation,
temperature ranges, and precipitation regimes across the
region's steep topographic gradients, ensuring that only
independent and ecologically meaningful predictors were
retained.

Model Development and Parameterization

Habitat suitability modeling was conducted using MaxEnt
software version 3.3.3k, executed within a Java-based
environment. The model utilized presence-only occurrence
data alongside environmental predictor layers to estimate
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the probability distribution of suitable habitats across the
study area. Model settings were configured using default
parameters with specific adjustments to improve
robustness: 25% of the occurrence data were randomly
assigned for testing, while the remaining 75% were used
for training. The model was run with 10 bootstrap
replicates to assess stability and reduce sampling bias. The
regularization multiplier was set to 1, and the maximum
number of iterations was fixed at 5,000 to ensure model
convergence.

The output of the MaxEnt model was generated in
logistic format, representing habitat suitability values
ranging from O (unsuitable) to 1 (highly suitable). Model
performance was evaluated using the Area Under the
Receiver Operating Characteristic Curve (AUC), which
measures the model's ability to discriminate between
suitable and unsuitable habitats across all threshold values
(15, 16). Higher AUC values indicate better predictive
performance.

Variable Contribution and Response Analysis

The relative importance of environmental variables was
assessed using two complementary approaches: percent
contribution and Jackknife analysis. The percent
contribution reflects the heuristic importance of each
variable during model training, while the Jackknife test
evaluates the individual and combined effects of variables
on model performance. Three metrics were examined in
the Jackknife analysis: training gain, test gain, and AUC.
These metrics provide insights into how each variable
influences model accuracy when used independently or
excluded from the model (12).

Additionally, response curves were generated to
examine the relationship between each environmental
variable and predicted habitat suitability. These curves
allow for the identification of optimal environmental
conditions for H. malayanus, thereby enhancing ecological
interpretation of the model outputs (17).

Habitat Suitability Classification

The continuous habitat suitability outputs from MaxEnt
were converted into discrete, ecologically meaningful
categories by applying the model-generated 10-percentile
training presence logistic threshold (0.2295). Areas with
probabilities below this threshold were classified as less
suitable, while values above it were classified into suitable
and highly suitable habitat zones. This classification
process was conducted by converting ASCIlI output files
into raster format using the "ASCIl to Raster” tool in
ArcGIS. The resulting habitat suitability map was then
overlaid with land-use and forest function layers to
analyze spatial patterns of habitat distribution across
different landscape types.

Table 1. Classification of model performance based on Area Under Curve (AUC) values.

AUC Value Model Performance
09-10 Excellent

08-0.9 Good

0.7-0.8 Moderate

0.6 -0.7 Poor
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Figure 2. Habitat distribution model of the sun bear based
on MaxEnt results.

Ethical Considerations

This study utilized secondary data from authorized
institutional sources and did not involve direct interaction
with wildlife. Sensitive location data for sun bear
occurrences were anonymized to prevent potential
exploitation or disturbance. Data use was conducted with
permission from the Sintas Indonesia Foundation, ensuring
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compliance with ethical standards in wildlife research and
conservation.

Results and Discussion

Habitat Distribution Modeling Using MaxEnt

The MaxEnt model generated a spatially explicit prediction
of the habitat distribution of the sun bear (H. malayanus)
across West Sumatra based on occupancy survey data and
environmental predictors. A total of 167 occurrence
records, derived from both direct and indirect field
observations, were used as input for the modeling process.
The model incorporated ten environmental variables
representing biophysical and anthropogenic factors
influencing species presence.

Figure 2 displays the baseline continuous probability
surface generated by the MaxEnt model prior to binary
classification. This continuous landscape highlights gradual
environmental transitions and spatial variations in habitat
suitability across West Sumatra. Delineating these explicit,
actionable habitat boundaries for management purposes
requires transforming this continuous probabilistic output
into discrete categories via threshold selection, which is
addressed in subsequent sections.

The application of a threshold is therefore essential
for translating model predictions into actionable
categories, such as “suitable” and “unsuitable” habitats. In
the context of this study, thresholding facilitates decision-
making processes by simplifying the interpretation of
spatial patterns and enabling the delineation of habitat
zones relevant for conservation planning. However, at this
stage, Figure 2 serves as a baseline representation of the
modeled ecological niche of H. malayanus in West
Sumatra, capturing the probabilistic distribution of habitat
suitability prior to classification.
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Figure 3. (A) Model prediction of sun bear habitat suitability in West Sumatra; (B) Predicted distribution of sun bear
habitat based on forest functional zones.

Tropical Animals - 10.58920/tropanim0201662

Page 36


https://doi.org/10.58920/tropanim0201662

Muhammad K et al. 2026

Threshold-Based Habitat Suitability Classification
The MaxEnt-derived habitat suitability model was further
refined through the application of a threshold to
distinguish between levels of habitat suitability for H.
malayanus in West Sumatra. The threshold applied in this
study was the 10 percentile training presence logistic
threshold, with a value of 0.2295, as determined by the
MaxEnt output. This threshold enabled the conversion of
continuous probability values into discrete habitat
suitability classes, namely: less suitable, suitable, and
highly suitable habitats.

It is important to note that the resulting model
represents a predictive approximation of habitat suitability
rather than an exact depiction of ecological reality. This is
inherent to species distribution modeling, where complex
ecological processes are simplified into statistical
relationships  between  species  occurrence  and
environmental variables. Consequently, while the model
may not fully capture all ecological dynamics influencing
sun bear distribution, it provides a reliable and widely
accepted approach for estimating habitat suitability and
understanding species—environment interactions. Such
predictive models are particularly valuable for assessing

species responses to environmental gradients and
informing conservation planning under data-limited
conditions.

The classified habitat suitability map (Figure 3A)
illustrates a clear spatial differentiation of habitat
categories across the study area. The visualization employs
a color gradient to enhance interpretability: green
represents less suitable habitats with low probability of
occurrence, yellow indicates moderately suitable habitats
with intermediate probability, and red denotes highly
suitable habitats with a high likelihood of species
presence. The spatial distribution of these classes
corresponds closely with recorded occurrence points,
suggesting consistency between model predictions and
empirical observations.

The presence of highly suitable habitats (red zones)
indicates areas that likely provide essential ecological
requirements, particularly food availability. This finding is
consistent with ecological theory, which identifies food
resources as a key limiting factor influencing wildlife
distribution and habitat selection (18). In conditions where
food availability is insufficient, wildlife species—including
sun bears—tend to shift their range in search of more
favorable habitats. Therefore, the clustering of high
suitability areas may reflect regions with adequate
resource availability supporting the persistence of H.
malayanus populations.

Furthermore, the predicted distribution map (Figure
3A) provides a spatial representation of habitat conditions
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that are conducive to species survival, making it a valuable
tool for conservation decision-making. Habitat suitability
models such as this have been widely recognized as
effective tools for identifying priority areas for
conservation and informing ecosystem management
strategies, as they enable the spatial delineation of
suitable habitats and support evidence-based decision-
making in biodiversity conservation (19, 20).

Quantitatively, the extent of each habitat suitability
class is presented in Table 2. Less suitable habitats
dominate the study area, covering approximately
314,471.97 ha (46.23%), followed by suitable habitats at
223,493.41 ha (32.85%), and highly suitable habitats at
142,305.43 ha (20.92%), out of a total modeled area of
680,270.81 ha. This total modeled area is intentionally
smaller than the province's total forest cover of 2.3 million
hectares, as the spatial boundary of the predictive model
was restricted to the core public forest estates under
active provincial management zones where consistent
occupancy data were available, excluding highly isolated
fragments and unmanaged private lands.

Predicted Distribution of Sun Bear Habitat Based

on Forest Functional Zones

The spatial modeling results indicate that H. malayanus
exhibits a clear preference for forested landscapes,
particularly dense and protected forest areas, while
showing lower suitability in cultivated or managed
landscapes. The model suggests that sun bears tend to
avoid open areas and regions with high anthropogenic
disturbance, such as road networks. Furthermore, the
predicted habitat distribution is not evenly distributed
across the study area, highlighting spatial heterogeneity in
habitat suitability. This uneven distribution may pose a
significant long-term risk to population persistence, as
fragmented and isolated suitable habitats can limit species
movement and increase vulnerability to local extinction.
Therefore, understanding the spatial configuration of
suitable habitats is essential for identifying conservation
priorities and mitigating potential threats.

The predicted distribution map based on forest
functional zones (Figure 3B) reveals that areas with high
habitat suitability are predominantly located within
protected landscapes, particularly in the northern regions
of West Sumatra. These areas are characterized by
extensive forest cover and relatively low levels of human
disturbance, providing optimal ecological conditions for
the survival of sun bears. The concentration of highly
suitable habitats within protected areas underscores the
critical role of conservation zones in maintaining viable
populations of H. malayanus.

Further analysis of habitat distribution across forest
functional categories (Figure 4) demonstrates the relative

Table 2. Area and percentage of habitat suitability classes for Helarctos malayanus in West Sumatra.

Category Area (ha)

Less Suitable 314,471.97
Suitable 223,493.41
Highly Suitable 142,305.43
Total 680,270.81

Percentage (%)
46.23

32.85

20.92

100
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Suitable Area (ha)

Figure 4. Percentage distribution of sun bear habitat
based on forest functional zones.

contribution of each land-use type to habitat suitability.
The results indicate that two forest categories dominate
the distribution of suitable habitats: protected forests
contribute the highest proportion at 55%, followed by
conservation forests at 44%. In contrast, production forests
contribute only 1% of the total suitable habitat area,
indicating minimal importance in supporting sun bear
populations.

These findings highlight the ecological importance of
protected and conservation forests as primary habitats for
sun bears in West Sumatra. Protected forests, which are
designated to preserve ecological functions and
biodiversity, provide essential resources such as food
availability, shelter, and breeding sites, thereby supporting
species persistence. Similarly, conservation forests play a
vital role in maintaining ecosystem stability and
minimizing anthropogenic pressures, which likely explains
the relatively high presence of suitable habitats within
these areas.

In contrast, production forests appear to be less
suitable for sun bears, as indicated by their minimal
contribution (1%) to habitat suitability. This is likely due to
the intensive resource extraction activities commonly
associated with these areas, such as logging and land
conversion, which can degrade habitat quality and reduce

Average Sensitivity vs. 1 - Specificity for sun_bear
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resource availability. Overall, these results emphasize that
protected and conservation forest areas are critical for
sustaining sun bear populations, as they offer relatively
undisturbed environments that fulfill the ecological
requirements of the species.

Model Accuracy and Predictive Performance

The predictive performance of the MaxEnt model was
evaluated using sensitivity—specificity analysis and the Area
Under the Receiver Operating Characteristic Curve (AUC).
The sensitivity—specificity plot (Figure 5) illustrates the
model’s ability to discriminate between suitable and
unsuitable habitats for H. malayanus in West Sumatra.

The model demonstrated a high level of predictive
accuracy, with an AUC value of 0.922 and a standard
deviation of 0.004, indicating excellent ~model
performance. AUC values exceeding 0.9 are generally
considered to represent high accuracy in distinguishing
presence from absence. The low standard deviation further
suggests that the model is stable and consistent across
replicate runs. In Figure 5, the red line represents the
mean AUC, while the blue line indicates the variability
(standard deviation) across model iterations. The proximity
of the curve to the value of 1.0, combined with minimal
deviation, confirms that the model provides a robust and
reliable prediction of sun bear habitat suitability in the
study area. These results indicate that the MaxEnt model is
well-suited for predicting the spatial distribution of H.
malayanus under the given environmental conditions,
supporting its application in conservation planning and
habitat management.

Habitat Suitability in Relation to Environmental
Variables
The influence of environmental variables on habitat
suitability was further examined using response curves,
which describe the relationship between each predictor
variable and the probability of species occurrence. Overall,
four key variables were identified as having the strongest
influence on habitat suitability: elevation, land use,
precipitation, and distance from roads.

The response curve for elevation (Figure 6) indicates
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Figure 5. Average sensitivity of the habitat suitability model.
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that H. malayanus shows a higher probability of
occurrence at elevations of approximately 1,500-2,000 m
above sea level. Although sun bears are generally
associated with lowland forests, they are known to occur
across a broad elevational range, including higher
elevations (8, 21). This pattern may reflect local habitat
conditions or increasing disturbance in lowland areas of
West Sumatra.

The high probability of sun bear occurrence at
elevations of 1,500-2,000 m warrants critical ecological
scrutiny, as H. malayanus is evolutionarily and behaviorally
established as a lowland forest specialist. This altitudinal
pattern strongly suggests a process of anthropogenic
displacement rather than a natural habitat preference. In
West Sumatra, the lowlands have experienced severe
landscape fragmentation due to agricultural expansion,
infrastructure development, and monoculture plantations.
This intense human footprint has degraded lowland forest
patches, effectively driving remaining sun bear
populations into steeper, less accessible montane zones
where human encroachment is topographically restricted.

While these predictive outputs offer valuable
conservation baselines, several inherent model limitations

Response of sun_bear to elevation
T T T T
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must be acknowledged. First, despite utilizing spatial
thinning to reduce sampling bias, field surveys were
restricted by terrain accessibility, leaving remote interior
pockets undersampled. Second, because independent
external validation datasets were unavailable due to
regional data constraints, model validation relied strictly
on internal bootstrap cross-validation. Finally, the selection
of the 10-percentile training presence threshold
introduces slight structural uncertainties, as it intentionally
excludes the lowest scoring occurrence records, potentially
underestimating transitional or marginal habitats. These
factors should be taken into care when translating these
suitability zones into rigid regulatory boundaries.

Land use also plays a significant role in determining
habitat suitability, as illustrated in Figure 7. The response
curves distinguish between three modeling scenarios:
without variables (light blue), with a single variable (dark
blue), and with all variables included (red). These curves
provide insights into both the independent and combined
effects of environmental variables on habitat suitability.
The results indicate that primary and secondary forests
exhibit the highest suitability, suggesting that these
habitat types are critical for supporting sun bear

logistic output
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Figure 6. Response curve of elevation (altitude).
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Figure 7. Response curve of land use.
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populations. This preference is likely driven by the
availability of diverse food resources, adequate shelter,
and lower levels of disturbance, which are essential for the
species’survival and adaptability.

The response curve for precipitation (Figure 8A)
shows that the probability of sun bear occurrence is
highest within a rainfall range of approximately 240-260
mm per month. This finding highlights the strong
association between sun bears and humid tropical
environments. High rainfall promotes dense and diverse
vegetation, which in turn supports abundant food
resources such as fruits, honey, and other plant materials
essential for sun bear foraging.

Distance from roads is another important factor
influencing habitat suitability (Figure 8B). The model
indicates that the probability of occurrence increases at
distances of approximately 4-5 km from roads, suggesting
that sun bears tend to avoid areas with high human
activity. This pattern reflects the negative impact of
anthropogenic disturbances, such as habitat
fragmentation, noise, and increased risk of human-wildlife
conflict, on species distribution. Increased distance from
roads likely provides a safer and less disturbed
environment, allowing for more natural movement
patterns and reduced stress levels.
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Overall, the response curve analysis demonstrates that
H. malayanus habitat suitability in West Sumatra is
strongly influenced by a combination of topographic,
climatic, and anthropogenic factors. The species shows a
clear preference for higher elevations, forested landscapes
(particularly primary and secondary forests), high rainfall
conditions, and areas distant from human disturbances.
These findings are consistent with ecological expectations
for forest-dependent mammals and provide important
insights for conservation planning and habitat
management strategies.

Contribution of Environmental Variables to
Habitat Suitability

The contribution of environmental variables to the MaxEnt
model was evaluated using two complementary outputs:
(1) percent contribution of each variable to the predictive
model, and (2) variable importance assessed through the
Jackknife test. These approaches provide insights into the
relative influence of each environmental factor on the
predicted distribution of H. malayanus.

The percent contribution analysis (Table 3) indicates
that elevation is the most influential variable, contributing
31.1% to the model, followed by land use (21.4%),
precipitation (15.5%), and distance from roads (11.7%).
Additional variables, including distance from settlements
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Figure 8. (A) Response curve of precipitation; (B) Response curve of distance from roads.

Table 3. Percentage contribution of environmental variables to the habitat suitability model for H. malayanus in West
Sumatra.

Variable

Elevation

Land Use

Precipitation

Distance from Roads

Distance from Settlements

Bio 7 (Annual Temperature Range)
Distance from Conservation Areas
Distance from Rivers

Slope

Bio 18 (Precipitation of Warmest Quarter)
NDVI (2019)

Percent Contribution (%)
31.1
214
15.5
1.7
6.1
5.0
2.6
2.5
19
1.4
0.9
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(6.1%), Bio 7 (annual temperature range; 5%), distance
from conservation areas (2.6%), distance from rivers
(2.5%), slope (1.9%), Bio 18 (precipitation of the warmest
quarter; 1.4%), and NDVI (0.9%), showed comparatively
lower contributions.

The dominant role of elevation observed in this study
is consistent with previous findings indicating that sun
bears may exhibit higher habitat suitability at elevated
areas (22). Field observations further support this result, as
claw marks and signs of sun bear activity were recorded at
elevations above 1,000 m above sea level. Globally, the
elevational distribution of sun bears varies considerably.
For example, in India, the species has been recorded up to
3,000 m, with higher occurrence in upland regions (23),
potentially due to habitat degradation in lowland areas
(24). In contrast, sun bears in western Thailand are
generally associated with lowland forests below 1,200 m,
although their distribution may extend to higher
elevations depending on environmental conditions and
human disturbance (25). Records from mainland Southeast
Asia indicate that the species can occur at elevations
exceeding 2,000 m in certain regions (26). In Indonesia,
sun bears are typically found below 1,200 m, but have also
been recorded at higher elevations in Sumatra (21, 27, 28).
These patterns suggest that elevational use is context-
dependent and influenced by local environmental
conditions, including climate, vegetation structure, and
resource availability.

Land use represents the second most important
variable, indicating that H. malayanus strongly prefers
primary and secondary forest habitats. This finding aligns
with previous studies showing that sun bears are more
frequently associated with intact forest interiors, where
resource availability and habitat protection are optimal.
However, as noted by Augeri (2005), sun bears may also
utilize modified landscapes such as plantations or logged
forests under certain conditions, reflecting their ecological

adaptability.
Precipitation was identified as the third most
influential variable, with optimal habitat suitability

occurring within a rainfall range of approximately 240-260
mm per month. This result underscores the importance of
humid tropical conditions in supporting sun bear
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populations.  High  precipitation promotes dense
vegetation and fruit production, which are essential food
resources for the species. In Southeast Asia, sun bears are
primarily associated with tropical rainforest ecosystems
characterized by high and relatively stable rainfall
throughout the year, including lowland dipterocarp forests
(29). In contrast, in regions such as Myanmar, Thailand,
Laos, Cambodia, and Vietnam, sun bears coexist with
Asiatic black bears in more seasonal environments with
extended dry periods (23), indicating ecological flexibility
across different climatic regimes.

Distance from roads also plays a significant role in
shaping habitat suitability. The model indicates that sun
bear presence is most likely at distances of approximately
4-5 km from roads, suggesting avoidance of areas with
high human disturbance. This finding differs from Nazeri et
al. (22), who reported increasing habitat suitability with
greater distance from roads, often exceeding 10 km. The
influence of roads on habitat use has been widely
documented, as roads can fragment habitats, alter
movement patterns, and increase the likelihood of
human-wildlife conflict (30).

Similarly, distance from settlementscontributes to
habitat suitability, with higher probabilities of occurrence
observed at distances of approximately 5 km from human
habitation. This pattern reflects the negative impacts of
anthropogenic pressures, including land conversion and
agricultural expansion, particularly oil palm plantations,
which can force sun bears into closer proximity with
human settlements (31). Consequently, the risk of human—
wildlife conflict tends to increase in areas located near
settlements (32).

The contribution of Bio 7 (annual temperature range)
indicates that sun bear presence is associated with a
temperature range of approximately 9.5 °C, slightly lower
than the range of 10-12 °C reported by Nazeri et al. (22).
Temperature stability plays an important role in
maintaining ecosystem productivity and supporting plant
species that serve as food sources (17), although
fluctuations in temperature may affect both species
behavior and habitat conditions (33).

Other variables, including distance from conservation
areas, distance from rivers, slope, and Bio 18, showed
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land_use
ndvi_2019
precipitation
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Environmental Wariakile
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7 With all variables ®
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Figure 9. Jackknife test results showing variable importance based on AUC values.
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relatively low contributions to the model. This suggests
that their influence on habitat suitability in West Sumatra
is less pronounced compared to primary drivers such as
elevation and land use. However, these variables may still
play a role in other geographic contexts or under different
ecological conditions. For instance, Bio 18 represents
precipitation during the warmest quarter, which may
influence species distribution in  more seasonal
environments (34). Additionally, population density and
human pressure may further influence habitat suitability
and species distribution patterns (35).

NDVI exhibited the lowest contribution (0.9%),
suggesting that vegetation index alone may not
adequately capture habitat preferences of sun bears in this
study. This may be due to the indirect relationship
between NDVI values and specific ecological requirements
of the species.

In addition to percent contribution analysis, the
Jackknife test was wused to further assess variable
importance. The results of the Jackknife analysis are
presented in Figure 9.

The Jackknife test reveals variation in the importance
of environmental variables depending on the evaluation
metric. Based on AUC values, distance from roads
exhibited the highest contribution, exceeding 0.75.
However, when evaluated using training gain and test
gain, land use emerged as the most informative variable
when used independently, indicating its strong predictive
power in isolation. Conversely, the omission of elevation
from the model resulted in a substantial decrease in
training gain, test gain, and AUC, highlighting its critical
role in model performance.

This finding is consistent with previous studies
demonstrating that removing highly influential variables
leads to a decline in model accuracy (36). Overall, the
combined results from percent contribution and Jackknife
analysis confirm that elevation, land use, precipitation, and
distance from roads are the primary drivers of sun bear
habitat suitability in West Sumatra.

Conclusion

This study demonstrates that sun bear (H. malayanus)
habitat suitability in West Sumatra is highly heterogeneous
and strongly governed by topographic, climatic, and
anthropogenic pressures. While our modeling approach
provides robust spatial predictions, it remains constrained
by a reliance on static environmental layers and internal
cross-validation datasets. To address these limitations,
future research should integrate landscape connectivity
analyses to identify migration corridors, implement
localized population density estimations, and conduct
temporal habitat assessments to track ongoing climate
change and deforestation.

Beyond academic extensions, these high-resolution
suitability maps offer immediate, practical utility for
regional conservation. Local wildlife authorities, such as
the Natural Resources Conservation Agency (BKSDA), can
directly operationalize these spatial predictions to update
wildlife management zoning and enforce strict protections
across vulnerable montane refugia. Specifically, these
maps can guide the spatial delineation of landscape
corridors and optimize the allocation of seasonal anti-
poaching patrols within high-risk, high-suitability zones.
Ultimately, managing these land-use changes and
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implementing targeted human-wildlife conflict mitigation
will be paramount to ensuring the long-term persistence
of sun bear populations in West Sumatra.
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