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Understanding the ecological niche and spatial distribution of wildlife species is important for the conserving and enhancing of biodiver-
sity in a landscape system. Banteng (Bos javanicus) is a vital and important source of germplasm and protected by Indonesia law and consid-
ered to be Endangered under the International Union for Conservation of Nature list. During 2015 to 2017, surveys were undertaken on the
largest population of wild banteng occurring in Ujung Kulon National Park. Data were gathered from a long-term camera trapping to assess
the ecological niche and distribution of banteng using Maximum Entropy Modelling (Maxent) algorithm. Over a period of 30,149 trap/nights
there were high photo rates, indicating areas of high conservation importance for these species within the park. Distribution prediction indi-
cated that habitat variables such as secondary forest, predation by Cuon alpinus and human impacts such as cultivated area and illegal activity,
are critical to determining the habitat use of banteng. The results showed that banteng within the national park, mainly used the centre areas
of the park with similar spatial use, both in wet and dry seasons. This study provides essential documentation of large Bovidae distribution
in one of the four remaining habitats on Java, information for the development of management strategies within the park, and a basis upon
which to develop future research on banteng.

Entender el nicho ecoldgico y la distribucion espacial para el manejo de especies de fauna silvestre es importante para conservar y
mejorar la biodiversidad en el sistema de paisaje. El banteng (Bos javanicus) es una fuente vital e importante de germoplasma y especies pro-
tegidas por la ley de Indonesia y se considera en peligro de extincién en la lista de la Unién Internacional para la Conservacion de la Naturaleza.
En 2015 a 2017 se realizardn investigaciones sobre la mayor poblacién de bantengs silvestres en el Parque Nacional Ujung Kulon. Los datos
se obtuvieron mediante cdmaras trampa se usaron para evaluar el nicho ecoldgico y la distribucién del banteng, utilizando el algoritmo de
Modelado de Maxima Entropia (Maxent). Durante 30,149 trampas/noches, las tasas de captura fotografica fueron altas, lo que indica areas de
gran importancia para la conservacion de estas especies en el parque. La prediccion de la distribucién indicé que las variables de habitat como
el bosque secundario, la depredacién por Cuon alpinus y los impactos humanos, como el drea cultivada y la actividad ilegal, son fundamentales
para determinar el uso del habitat del banteng. Los resultados mostraron que dentro del parque nacional el banteng utilizaba principalmente
las &reas centrales, con un uso espacial similar, en las estaciones himedas y secas. Este estudio proporciona documentacion esencial sobre
la importante distribucién de grandes bévidos en uno de los cuatro habitats que quedan en Java. También proporciona informacién para el
desarrollo de estrategias de manejo en el parque y una base sobre la cual desarrollar futuras investigaciones del banteng.
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received little conservation attention and in Java, it locally
compete with more charismatic species such as Javan rhi-

Introduction
Ujung Kulon is one of Indonesia’s first national parks, and

considered as biodiversity hotspot as well as a critical area
for the preservation of medium-large mammals (Rahman et
al. 2018). One of its most prominent mammals is the Endan-
gered banteng (Bos javanicus). The species is protected by
the Indonesian law (Attachment on Goverment Regula-
tion No.7 of 1999 and Act No. 5 of 1990), listed on CITES
Appendix |, and is one of the 25 species considered by the
Indonesian government, in needs of special conservation
attention (Ministry of Environment and Forestry Decree
SK.180/IV-KKH/2015). The population of this species was
believed to be limited to 905 individuals recorded in Ujung
Kulon National Park in 1997, 15 individuals recorded in
Baluran National Park in 2011, 100 individuals recorded in
Alas Purwo National Park in 2011, and between 125 to 150
individuals in Meru Betiri National Park (Gardner et al. 2014).
Regardless of its conservation status and its potential as
an alternative future animal protein source, banteng has

noceros (Rhinoceros sondaicus).

The natural history and conservation needs of many
tropical forest ungulates such as banteng are poorly known
despite the important functional roles of such species
within the ecosystems, such as shaping vegetation struc-
ture through herbivory (Bowman and Panton 1991; Djufri
and Wardiah 2017), dispersing seeds through their roles
as mixed feeders (Matsubayashi et al. 2007; Gardner et al.
2014), preys for medium to large carnivores (Pudyatmoko
et al. 2007; Rahman et al. 2018), and protecting habitats
from invasive species (Pearse and Hipp 2014). Such knowl-
edge are essential, given that tropical forest ungulates are
strongly affected by various threats from natural distur-
bances as well as human activities (Di Marco et al. 2014). In
addition, there is a tendency that the conservation status
of large-bodied species like banteng, deteriorated signifi-
cantly more than the small-bodied species (Di Marco et al.
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2014) and lack of knowledge on the species’ bio-ecological
aspects will aggravate this situation. For this reason, under-
standing the ecological niche and factors that promote
banteng’s distribution is essential to develop proper con-
servation plans and determine the management strategies
to ensure its persistence in this increasingly human-domi-
nating landscape.

Spatial modelling is increasingly being used to study
the ecological niches and distributions of various species
(Wiens et al. 2009; Guisan et al. 2013; Lewis et al. 2017;
Drouilly et al. 2018). One of the most popular species distri-
bution modelling that uses presence-only data for inferring
species distributions, habitat use, and environmental cues
is the Maximum Entropy Modelling (Maxent; Phillips et al.
2006). This model allows users to fit models of arbitrary
complexity (Warren and Seifert 2011; Rahman et al. 2017).
Like many other tropical forest animals, banteng is difficult
to monitor because of their elusive bahaviour. Using the
presence records from camera traps, this study applied
Maxent to model the habitat use and predict the poten-
tial distributions of banteng in Ujung Kulon National Park
(UKNP). Use of camera traps to monitor terrestrial rare and
cryptic animals in UKNP was initiated in 2011. This study
was conducted to test the following hypotheses: i) banteng
is highly dependent on primary and secondary forests com-
pare to other forest types, and ii) undisturbed protected
forest areas are essential for banteng conservation.

Materials and methods

Study areas. The study was conducted within the 323.24 km?
Core Zone of UKNP. The National Park is located in the Java
Sea of Banten Province in Indonesia (-6° 45’ S; 105° 20" E, Fig-
ure 1) and represents a remnant of ancient lowland tropical
rainforest that have survived the 1883 eruption of Krakatau
supervolcano and tsunami (Hommel 1987; Fauzi and Stoops
2004). Even currently, the area still faces a significant threats
of natural catastrophes by earthquakes and tsunamis (Gia-
chetti et al. 2012), zoonotic diseases by livestock (Tiuria et al.
2008), and reduced forest diversity by the invasion of Arenga
obtusifolia palm (Hariyadi et al. 2012). The study area was
primarily comprised of low-to-mid elevation tropical forest,
which has suffered some natural and anthropogenic modifi-
cations, ranged between 0 and 620 masl, and experienced a
tropical maritime climate with a mean annual rainfall 3,250
mm. The heaviest rainfall occurred during the north-west
monsoon from November to April, preceding a noticeably
drier period with ca. 100 mm per month during the south-
east monsoon from May to October. The mean monthly
temperature varies between 25 ‘C and 30 ‘C with relative
humidity ranged between 65 % and 100 % (Hommel 1987).
According to the UKNP Vegetation Map, the area is covered
by dense rainforest and composed of a mosaic of four main
vegetation types: primary forest, secondary forest, man-
grove-swamp, and beach forest (Appendix 1). At least eight
large-medium sized mammal are known to co-exist, which
include six ungulate species (Rhinoceros sondaicus, Bos
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Figure 1. Camera trap locations in Ujung Kulon National Park (Indonesia).

javanicus, Rusa timorensis, Muntiacus muntjak, Sus scrofa, Sus
verrucosus), felid (Panthera pardus melas), and canine (Cuon
alpinus). However, in the past, these species faced varying
degrees of threats from natural disasters and illegal human
activities such as forest clearance, which have also led to the
recent extirpation of some of these species (Hariyadi et al.
2012; Rahman et al. 2017). In UKNP, commercial poaching
impacts might be minimal, resulted from the raised levels of
active law enforcement patrols.

Sampling design. A 329 km grid was superimposed
over the study area and almost half of the park was sam-
pled (134 km grid). Single cameras were placed as close as
possible to each intersection between the horizontal and
vertical lines which comprised the grid (Figure 1). A total
of 108 Bushnell Trophy camera traps (Model #119405 and
119467) were operated between the months of December
2015 to January 2017 to detect animals over the 24 hours,
followed by a 60 seconds video for each trigger. The time
between successive triggers was set to 10 seconds. No
cameras were baited and all videos were stamped with
the date and time of recording. Cameras were set at 170
cm above the ground with a 10 to 20 degree angle lead-
ing to the ground (following the standard design of camera
trapping by Rhino Monitoring Unit [RMU] team). All pho-
tographs were checked manually and encountered with
mammals identified to species by the author. The cam-
era traps were moved within the same grid when they did
not capture any animal (zero presence) after two or three
checking visits. Each photographed animal was identified
to species. Sequential frames of the same species were
counted as one photographic event, and unless individual
identification was possible, any subsequent photograph of
the same species taken within 30 minute interval would not
be considered as a new photographic event or known as
independent photographs. Location of each photograph
was recorded using the latitude and longitude coordinate
system and converted into digital data in GIS using ArcMap
programme. Data were managed using camtrapR software
(Niedballa et al. 2016).




Relative Abundance Indices. Relative Abundance Indi-
ces (RAIls) were used to report number of animal detections.
To compute the RAI, all detections were summed for all
camera traps over all days, multiplied by 100, and divided
by the total number of camera trap nights (O’Brien et al.
2003). The RAl was calculated as the number of photo cap-
tures per 100 trap nights to allow comparisons of each grid
cells within the same season and using Chi-square tests to
test differences between seasons.

Species distribution modeling and validation. Presence
data of banteng was used to model the ecological niche and
potential distributions. As many as18 variables were con-
sidered as determinants of banteng’s distributions in UKNP
of which 14 accounted for environmental traits (vegetation,
geomorphology, predation, and climate), and four account-
ing for human impacts (settlement, cultivated area, road,
and illegal activity), the details are given in Appendix 2.

A distance raster was created using the Euclidean dis-
tance tool that measured the distance of each pixel to the
nearest primary or secondary forest edge, river, presence
of C. alpinus or P. Pardus melas, settlement, cultivated land,
road, and illegal activity. Hereinafter, the distance value
was extracted in ArcGIS 10.2.2 (ESRI; Phillips 2008). All dis-
tances were obtained from the Badan Kordinasi Survei dan
Pemetaan Nasional (http://www.bakosurtanal.go.id/bako-
surtanal/peta-rbi). Values for the other environmental vari-
ables were automatically extracted from the raster of each
of camera trap’location. Environmental layers were created
using Maxent software (Phillips et al. 2006). For any predict-
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ing Maxent model, all rasters were re-sampled to a 100 m
grid cell size and a mask layer was created from the park’s
boundaries to restrict the analysis to the study area (Young
etal. 2011).

For all combinations of the environmental variables,
Pearson’s correlation coefficient was used to check for
multicollinearity that might have resulted in over-parame-
terization and reduced the predictive power and interpret-
ability (Morueta-Holme et al. 2010). Such provided the vari-
ables used in the final dataset: distance to primary forest
edge, distance to secondary forest edge, Normalized Differ-
ence Vegetation Index (NDVI), elevation, slope, distance to
river, distance to presence of C. alpinus and P. pardus melas,
annual rainfall, annual mean temperature, distance to set-
tlement, distance to cultivated land, distance to road, dis-
tance to illegal activity (Appendix 3).

This study used the following Maxent v.3.3.3k settings:
automatic feature selection, a regularization multiplier at
unity, maximum of 500 iterations, 50 replicates, and a con-
vergence threshold of 10, This study also used a random
test percentage of 10 %. In total, 100 pseudo-absences
were randomized in the study area for the construction of
the confusion matrix. A map of the potential distribution of
the species was constructed using the logistic output, and
the programme was run with “auto features” check (Phillips
and Dudik 2008). The accuracy assessment of each model
was measured using the Area Under The Curve (AUC) from
the Receiver Operating Characteristic (ROC) curve (Wood-
ward 1999; Thuiller 2003).
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Figure 2. Relative abundance indices in each grid cells (A, B) and probability distribution map of banteng (C, D) in Ujung Kulon National Park (Indonesia) in the wet and dry seasons
respectively. The presence of banteng recorded by camera trapping are indicated by red dots for wet season and green dots for dry season, while presence of illegal activity by human are

indicated by light grey squares for wet season and by dark grey squares for dry season.
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Table 1. The Area Under the Curve (AUC) and standard deviation for species model
in two season at Ujung Kulon National Park. Number of independent photographs (NIP),
Relative abundance index (RAI).

Season NIP RAI AUC Standard deviation
Wet 779 4.67 0.835 0.053
Dry 644 4.79 0.899 0.065

Variable contribution and response curve. This study used
relative contribution and permutation importance as well
as Jackknife test to assess the contributions of each envi-
ronmental variable to the models (Phillips and Dudik 2008).

Results

Relative abundance indices (RAls). This study recorded as
many as 3,199 photographs of banteng with 779 indepen-
dent photographs during the wet season (RAl = 4.67) and
645 during the dry season (RAI = 4.78). Differences between
the seasons were insignificant (x2 =0.1985, d.f.= 1, P> 0.05).
The highest RAI values both for the wet and dry seasons,
were found within the core zone of UKNP (Figure 2A, B).

Species distribution modeling and validation. Areas pre-
dicted by the models as having high suitability conditions
for banteng, were found almost on the entire park, except
the high mountainous area at the southwest in both sea-
sons (Figure 2C, D). All AUC values exceeded 0.835, indi-
cating well-performed distribution models for banteng in
each season (Table 1; Figure 3A, B).

Significant explanatory variables. Results of the habitat
modelling, suggested that distance to the presence of Cuon
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alpinus was the most influential variable on the presence
of banteng in a particular location, both in the wet and dry
seasons (23.50 % and 21.70 %, respectively, Table 2) fol-
lowed by distance to the nearest illegal activity (18.00 %
and 19.70 %, respectively). Similarly, based on permuta-
tion importance, distance to the presence of Cuon alpinus
was the most significant both in the wet and dry seasons
(24.20 % and 24.90 %, respectively) followed by distance to
the nearest illegal activity (9.80 % and 19.00 %, respectively).
Distances to secondary forest edge and cultivated area
were also shown to have positive influences on the ban-
teng’s occurrence contrary to distances to the presence of
Cuon alpinus and illegal activity. The response curves were
roughly unimodal for distance to secondary forest edge
and bimodal for distance to the cultivated area during both
seasons (Appendix 1, B2). Jackknife test suitability model
showed the highest gain when “distance to the presence of
Cuon alpinus” was used alone, while “distance to secondary
forest edge” mostly increased the gain when it was omitted
(Figure 3C, D).

Discussion

This study provided the first camera trap photographic
analysis and presented an extensive dataset of banteng
occurring in the UKNP, south-western Java. For more than
two decades, the focus of the national park’s management
and various studies have been on the conservation of the
Javan rhinoceros. The first unexpected result revealed by
this study, was the quite large number of recorded ban-
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Figure 3. AUC values from distribution model (A, B), and Jackknife tests of AUC values of the Maxent models applied to banteng (C, D) in the wet and dry seasons respectively. For each
variable, the blue bar corresponds to the model generated with this variable alone; the green bar corresponds to the model generated without this variable. The red bar corresponds to

the model generated with all variables.
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teng photographs, as this species is cryptic, i. e., difficult
to observe in the forest and considered to be rare in their
natural habitat, particularly in the four remaining parks.
Although data in this study were restricted to a single
national park on the south-western tip of Java Island, the
robust sampling design and the variety of surveyed habi-
tats supported these results. Such provided essential basic
knowledge for other areas of Java and the whole species’
ranges. This measure is useful in a rapid assessment of the
concentration sites occupied by the banteng.

The number of photographs per camera trap effort was
much higher in the dry season, possibly related to a higher
level of activity or more probably due to lower food avail-
ability. The abundance of food is inversely related to the
proportion of time spent by animals to search and obtain
food (Chappell 1980). Even if in most tropical forest, food
is available throughout the year (Waide 2008), but in UKNP,
it becomes less available during the dry season. This rela-
tive scarcity has lead to the broad movements of herbivores
species and increases the probability of encounter (Rah-
man etal. 2017).

This study showed that banteng had strong preferences
over forests located in lowland areas with high productivity
of primary food source. Similar results were found among
the banteng populations in Huai Kha Khaeng Wildlife Sanc-
tuary of Western Thailand, where the species strictly uses
lowland valleys of 160 to 600 masl (Prayurasithi 1987) and
the population at Xe Plan Biodiversity Conservation Area in
Laos (Steinmetz 2004). However, not all parts of the forest
are occupied or preferred by banteng. Most of the popula-
tion are concentrated away from the cultivation areas and
settlements, which are far from human disturbances and

Table 2. The Relative Contribution (RC) and Permutation Importance (PI) of each
environmental variable for each species as an average over the 50 replicates. Values are
normalized to give percentages.

Environmental variable Wet season Dry season

RC PI RC PI
Distance to primary forest edge 5.70 4.50 1.20 0.70
Distance to secondary forest edge 17.00 21.30 17.50 14.80
NDVI 0.10 0.30 0.80 1.50
Elevation 1130 2030 8.00 8.60
Slope 240 3.30 0.10 0.40
Distance to nearest river 1.20 2.60 1.90 6.00
Distance to presence of Cuon alpinus 23.50 24.20 21.70 2490
Distance to presence of Panthera pardus 2.90 0.90 1.90 0.80
Annual rainfall 4.90 1.90 8.10 8.00
Annual mean temperature 2.80 2.80 3.50 0.00
Distance to nearest settlement 3.20 2.10 3.00 1.70
Distance to nearest cultivated area 6.80 5.60 840 13.40
Distance to nearest road 0.20 0.40 4.20 0.20
Distance to illegal activity 18.00 9.80 19.70  19.00

Rahman

have the least disturbed forest cover and fewest human
presence (Pudyatmoko 2005). It seemed that abundance
of food, low human pressure, and low level of predation
by Cuon alpinus, offered the most optimum habitat for
banteng. As regrowth of dominant fruit tree canopies
is found to be abundant in secondary forest areas, their
structures may be atractive to several species of herbivo-
rous mammals (Brown and Lugo 1990; Garcia-Marmolejo et
al. 2015). Rahman et al. (2017) found that such structure
supports the habitat needs of muntjac (Muntiacus munt-
jak), one of the main herbivorous mammals in UKNP. This
study found that fruits, buds, soft leaves, flowers, bam-
boo and young grass were consumed by banteng as their
daily dietary preferences. This result supported the previ-
ous findings by other researchers in Baluran National Park
(Halder 1976; Pudyatmoko 2005), Alas Purwo (Pudyatmoko
2005) and Ujung Kulon (Hoogerwerf 1970; Pairah 2007)
who concluded that the diets of banteng consists of grass,
tree leaves, herbs, shrubs, twigs and fruits, and bark of cer-
tain tree species, as found in the faecal analysis and direct
observations. Banteng can be classified as a mixed feeder
that frequently forages in open grasslands, dry forest and
on the edges of evergreen forests (Gardner et al. 2014). In
Huai Kha Khaeng (Thailand), they utlilise up to 150 different
plant species, such as bamboos, fruits, and leaves (Bhump-
akphan and McShea 2011).

The primary and secondary forests that dominated in
Ujung Kulon landscape, provided resources for cover and
food for banteng. This research found that banteng occur-
rences were positively associated with forest cover. Fur-
thermore, banteng benefitted directly from the secondary
forest with regeneration of native plants. Banteng were
likely to be more resilient and adaptable to life in recov-
ered forests than previously suggested, as shown by their
preferences for secondary forests in the Baluran National
Park or Borneo areas (Gardner et al. 2014). Habitat protec-
tion from various threats especially human disturbance,
would accelerate the recovery time of banteng populations
than previously thought. They are known to be effective
as seed dispersers (Matsubayashi et al. 2007) making them
an essential parts of reforestation efforts. Along with the
need of forest cover, in UKNP, palm (Arenga obtusifolia) tree
density is also critical for banteng’s habitat, as the fruits pro-
vided alternative source of food for the banteng especially
during dry season. The central part of the national park has
a high dominance of the invasive palm trees, yet it has the
highest occupancy rate of banteng, which was estimated to
be as much as a forest dominated areas.

The palm in the UKNP ecosystem was a part of the nat-
ural succession process that took place after the eruption
of Mount Krakatau in 1883 (Putro 1997). Several studies
have shown that invasion of this plant has reduced bio-
diversity in UKNP, both in flora and fauna (Putro 1997).
Moreover, this plant has been identified as a potential lim-
iting factor in the distribution of Javan rhinos because it
prevented the growth of food plant species, thus created
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a nutrition-poor area in which rhinos roamed (Hariyadi et
al. 2012). Although this invasive palm provides benefits for
the banteng and other wild animals in UKNP, limiting the
place where this invasive species grows is necessary. Con-
trolling palm and other invasive plant species can poten-
tially be used to improve the wild animals’ accessibility to
certain areas within the habitat, and this has been started
since 1997 in UKNP.

However, a recent study indicated that red muntjac
tends to come closer to cultivation areas close to the park,
because agricultural crops are attractive especially in the
dry season (Rahman et al. 2017). Banteng in this study
seems to do the same and do not restrict their move-
ments to the non-protected area. The immense potential
of domestic animals associated with human settlements or
the presence of livestock (domestic cattle and water buf-
falo) that were commonly seen grazing in adjacent areas
or within the national park around the Honje mountains,
have attracted the presence of banteng. Such interaction
might lead to distrupted population health and transmis-
sion of diseases from domestic animals, humans and vice
versa (Morand et al. 2014). Limiting grazing areas for live-
stock owned by local communities around protected area
is needed, including do a joint routine patrols by park man-
ager and local communities to minimize these threat.

The model suggested that the variable distance
from the nearest settlement as human accessibility and
human disturbance affecting banteng occurrences.
Higher banteng’s occurrences with greater distances
from the settlement, might indicate the higher abun-
dance and concentration of banteng’s activities in these
less disturbed areas. These results is in line with the
study by Gardner et al. (2014), which shows that ban-
teng in the tropical lowland dipterocarp forest of Sabah
(Borneo) is more abundant in areas with limited human
presence. High levels of human activities in the lowlands
could indicate the lowest occupancy rate and detec-
tion of banteng. Also, banteng detection increased
with distance to deforested areas, indicating that ban-
teng avoided nearby sites with deforested areas. Ban-
teng prefers habitats with forest cover, and they usually
avoid areas with human activities (Pudyatmoko 2005;
Gardner et al. 2014). All areas with no vegetation cover
in the study area, were associated with human activi-
ties, including farmland, open grasslands for livestock,
and near roads and settlements. In these areas, banteng
were more susceptible to hunting. Other studies have
shown that banteng and other hoofed species, avoid
areas with higher hunting activity and in the long term,
increased their nocturnality (Gardner et al. 2014; Lone et
al. 2015; Gaynor et al. 2018). Although poaching were
found to occur in several locations within the park, ban-
teng were not the target, and based on the interviews
with the local people, they were generally undisturbed.
Bantengs were not hunted since they have caused little
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crop damage in the area. However, future agricultural
expansion could increase potential human-banteng
conflicts, as well as potential of transmitted diseases as
described previously.

Dhole (Cuon alpinus) has a significant negative interac-
tion and overlapping habitat with banteng. In some cap-
tures, it is possible to see the banteng predation activity by
dhole. A group of dhole were targeting a calf by separat-
ing from its mother. On the other hand, dhole is almost
entirely a diurnal hunter in UKNP as observed in another
study by Nurvianto et al. ( 2015), probably due to the dif-
ficulties in coursing after fleet-footed prey in dense cover
in darkness. Dholes have the advantage of large-sized
prey hunts because they are living in groups (Rahman et
al. 2019). The dhole’s activity also overlaps with wild boar,
but the level of consumption of wild boar by dholes is lower
than with banteng (Kamler et al. 2012). This overlap is in
agreement with the pattern of movement and distribution
of herbivore animals, that are generally strongly associated
with predators. Herbivores tend to adjust the movement
through the avoidance strategy (Flaxman et al. 2011; Rosier
and Langkilde 2011; Van Langevelde et al. 2013).

Other variables such as NDVI, elevation, slope, distance
to river, annual temperature and annual precipitation were
found to be insignificant, possibly because their variation
were too small within the area studied or fell within the
usual range for the banteng. The UKNP is an example of
lowland tropical rainforest with low elevation and slope
variation, which can reach to 800 masl (S. Hedges, press
Comm. 2008). The increase showed a significant negative
correlation with the presence of banteng (Namgyal and
Thinley 2017). The positive effects of NDVI were found to
be closely related to the herbivorous nature of the species
because of their dependence on forests. From ca. 70 % of
all forest habitat types in the UKNP, secondary forest were
highly dominant and strongly associated with the presence
of herbivore animals.

There were many camera trap studies focused on the
Javan rhinoceros, and banteng photographs are consis-
tently recorded as by-products. To date, there has been
little support for ungulates research targeted in Indonesia,
hence it is often difficult to execute a large scale, and long-
term individual studies on ungulates. This study provides
an outline of research and analysis that was easily custom-
isable for use across species ranges and in standard for-
mats. The modelling framework presented here, provided
interesting results, with notably high and stable AUC values
which are common for the species specialist like bantengs.
Furthermore, concerning the map of banteng distribu-
tion to demonstrate the modelling strategy, this study has
shown that banteng’s occupation area has been restricted
in the Ujung Kulon Peninsula. This study provided valuable
baseline information on habitat use of banteng in UKNP
that would assist the park management to detect changes
to make effective conservation decisions and measures.



Moreover, one important thing to be noted is that habi-
tat degradation and loss by natural catastrophes such as
sea-level rise, cyclones, volcanic activity, and tsunami are
still ongoing threats to banteng in UKNP (Yusuf and Fran-
cisco 2009). With the majority of the population concen-
trating in the centre and near the shoreline of the Ujung
Kulon Peninsula, banteng and their preferred habitats are
highly exposed to risks of tsunami lunge and inundation.
Although annual probability predictions of an earthquake
causing tsunami heights of greater than three metres at
UKNP is relatively small, but over longer time-frames (> 100
years), tsunamis of 30 metres are probable (Horspool et al.
2014). Recently, on December 2018, a tsunami caused by
a landslide in the Sunda Strait following a massive erup-
tion of the Anak Krakatau volcano, struck the western tip of
Java and southern end of Sumatra. The tsunami generated
waves up to five metres, some of which crashed ashore
Ujung Kulon, which would threaten the majority of areas
with high banteng density, potentially leading to drown-
ing or considerable alteration of primary habitat. To sig-
nificantly reduce banteng extinction risk in UKNP, human
intervention and long-term investment will be necessary.
These would include both, an increase in UKNP’s carrying
capacity through habitat management or food supplemen-
tation and establishing additional independent popula-
tions that are less exposed to tsunamis and other threats
present at UKNP.
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Appendix 2
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The environmental variables was considered to influence banteng distribution in Ujung Kulon National Park

Environmental variables
classification

Variables

Measured analysis

Vegetation variables

Distance to primary and secondary forest edge,
and vegetation productivity

Distance to the primary and secondary forest edge were extracted in ArcGIS 10.2.2, whilst vegetation
productivity measured as the normalized difference vegetation index (NDVI, cf. Hansen et al. 2009)

Geomorphology variables

Elevation, slope and distance to nearest river

The first two variables were computed on a 1 km? grid resolution by averaging information
extracted from a 90 x 90 m Digital Elevation Model (DEM; Landsat 8 (http://earthexplorer.usgs.gov;
http://srtm.csi.cgiar.org). Slopes were generated using slope function in ArcGIS (Jarvis et al. 2008).
Distance to the nearest river was extracted in ArcGIS 10.2.2

Predation

Distance to the nearest presence of C. alpinus
and P. pardus melas

Distance to the nearest presence of C. alpinus and P. pardus melas were extracted in ArcGIS 10.2.2

Climate variables

Annual rainfall, rainfall of the wettest month,
rainfall of the driest month, annual mean
temperature, the maximum temperature of the
warmest month, and minimum temperature of
the coldest month

These variables, derived from monthly temperature and rainfall values recorded between 1950 and
2000 from a global network of climate stations, were downloaded from the WorldClim database
(http://worldclim.org/bioclim). All layers were projected into WGS 1984 Zone 48 South

Human impact variables

Distance to the nearest settlement, cultivated
area, road, and illegal activity by human

Distance to the nearest settlement, cultivated area, road, and illegal activity by human were
extracted in ArcGIS 10.2.2

Hansen, B. B., I. HErrINDAL, R. AANEs, B. E. SAETHER, AND S. HENRIKsEN. 2009. Functional response in habitat selection and the tradeoffs between foraging niche components in a large

herbivore. Oikos, 118: 859-872.

Jarvis, A, H. I. REuTeR, A. NELSON, AND E. GuEvArA. 2008. Hole-filled SRTM for the Globe Version 4, Available from the CGIAR-csi SRTM 90m Database. Available at: http://srtm.csi.cgiar.

org.
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Appendix 3

Pearson’s correlations between the environmental variables used in the distribution modeling for banteng in Ujung Kulon National Park.

Variables

=4
g
=

Elevation

Slope

Distance to river

Distance to primary forest edge
Distance to secondary forest edge
Distance to settlement

Distance to cultivated area
Distance to road

Ann.mean temperature
Min.temp. of the coldest month
Max.temp. of the warmest month
Ann.rainfall

Rainfall during the wettest month
Rainfall during the driest month
Distance to illegal activity

Distance to presence of C. alpinus

Distance to presence of P. pardus melas|

NDVI

-.008

-.032

-.067

.094

-.040

.039

.038

.049

-013

.033]

.010]

-.078

-.186"

118

-013

-.065

-.088

Elevation

5137

.508"

5147

5177

-512"

-.917"

022"

.050"

-.263"

-.952"

-512"

0457

054"

Slope

-.059

.155]]

.122]

116

-144]

-.150']

-.156

.166]

.016]

.057|

-144]

Distance to river

.3337

.024

.039

.044

-.180"

-.1657

-.163"|

-.134]

236"

6197

166

.146]

Distance to primary forest edge

-.3297|

-.5607|

-.5537

-5147

.5807|

6227

6197

-544""

044

-.354"

-.528"

-.522]

-577

Distance to secondary forest edge
Distance to settlement

Distance to cultivated area
Distance to road

Ann.m. temperature

Min.temp. of the coldest month
Max.temp.of the warmest month
Ann.rainfall

Rainfall during the wettest month
Rainfall during the driest month
Distance to illegal activity
Distance to presence of C. alpinus
Distance to presence of P. pardus melas

.2407

2177

243"

-5307

-5137

-.528"|

4807

-.168]

.5007

-.628"

4507

4907

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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