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Abstract

Javan slow loris (Nycticebus javanicus) is one of the endemic wildlife on Java Island. This species owns particular
characteristics, including arboreal, solitary, and nocturnal natures. The species is threatened due to habitat loss and
illegal trafficking. Nevertheless, their current geographic distribution remains unclear and environmental factors
impact on these species is mostly unknown. This study aims to predict the habitat suitability of javan slow loris in the
Conservation Management Forest Unit area of Mount Halimun Salak Forest Group. The study employs a species
distribution modeling approach using Maximum Entropy. The presence data of javan slow loris was collected from
the radio-telemetry devices used in post-release monitoring. The modeling utilizes elevations, distance from the
settlements, slopes, and land covered as its environment variables. The result shows that 52% of the study areas, or
54,669 ha are suitable as the habitat of N. javanicus. Since as the largest protected area on Java Island, Gunung
Halimun Salak National Park is one of the natural habitats that are pivotal for this species. This study provides
essential documentation for developing management strategies within protected areas. Hence, the result of the study

could serve as one of the factors in the determination of animal release location in the future.
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Introduction

On the 25" of September 2015, the General Assembly of
the United Nations officially rectified the agenda for
sustainable development goals as a global development
agreement. One of the agendas is to put an end to the hunting
and trading of protected floras and faunas, as well as to
resolve both supply and demand of illegal animal products
(UN General Assembly, 2015). This is appropriate to the
occurrence of the illegal trading of wildlife that is still
happening in Indonesia, where it is relatively effortless to
find wildlife for sale in the market. This wildlife is not living
only as pets or die as decorations but is also traded as
consumer goods and medicines (Rajagukguk, 2014; Rahayu,
2015).

Mangunjaya et al. (2017) state that hunting and
trafficking are considered the greatest threat to the
continuation of wildlife. The high economic value of these
animals, both the whole of the body and the part of the body,
encourages illegal trading. Nowadays, illegal trafficking is
spreading and even makes use of social media and
networking (Nekaris, 2014). Javan slow loris (Nycticebus
Jjavanicus) is one of the wildlife that is commonly found at the
black market (Shepherd et al., 2005; Nijman et al., 2017),
including in the South-East Asia (Moore et al., 2015;
Romdhonietal.,2018).

Based on the assessment, the TUCN designated the
population status of the N. javanmicus as a critically
endangered species (Nekaris et al., 2020). The javan slow
loris is one of the most threatened species in the genus of
Nycticebus. It is endemic to the Indonesian island of Java
(Lehtinen, 2013), which contains 141 million people and has
one of the world's highest human population densities,
greatly restricting the javan slow loris's island-wide
distribution (Nekaris et al., 2020). Asides from hunting and
illegal trading, wildlife in Java, including the javan slow
loris, has encountered the loss of its natural habitat over the
recent decades and poses a threat to its population (Voskamp
etal., 2014; Sodik et al., 2019; Sodik et al., 2020; Sari et al.,
2020). The habitat loss of wildlife is a major threat to their
survival. The development of forest resources through the
expansion of smallholder farmland, large-scale monoculture
plantations and infrastructure, which has helped Indonesia to
achieve economic growth, has resulted in forest loss and
decline over the last 25 years (Rahman et al., 2022b). Based
on the deforestation rate published by the Forestry
Department for the 2003—2006 period, the rate in the island
was 2,500 ha year' or 0.2% of the total deforestation in
Indonesia. The forest area on the island of Java is currently
only around 24% of the area of the island of Java, which is
128,297 km’”.
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In general, N. javanicus inhabits the primary and
secondary forests (Sodik et al., 2019; Nekaris et al., 2020),
but it could also reside in the area of mixed vegetation
(Nekaris et al., 2017), where food is available (Matondang et
al., 2018), as well as trees for sleeping activity (Wirdateti et
al., 2010). Furthermore, it could also inhabit the plantation
area (Romdhoni et al., 2018; Sodik et al., 2020), such as
coffee plantations (Sari et al., 2020), which are areas
dominated by humans.

With a total area of 87,699 ha, Gunung Halimun Salak
National Park (GHSNP) is the largest terrestrial protected
habitat for wildlife in the island of Java. The area has become
the predominant habitat for various key species, such as
Panthera pardus melas (Wibisono et al., 2018) and
Hylobates moloch (Supriatna, 2006). Furthermore, it is
recorded that at least five species of primates in this area
(Girietal.,2019), including N. javanicus (Arismayanti et al.,
2018). Since, as the largest protected area in Javan Island,
GHSNP is one of natural habitats that is pivotal for the
conservation of N. javanicus (Thornetal., 2019).

N. javanicus is nocturnal, cryptic, tend to live in solitary,
and most of its life is carried out in the trees or arboreal
(Nekaris et al., 2007; Nekaris et al, 2014; Sinaga & Masyud
2017; Thorn et al., 2019; Hendrian et al., 2020). These
characteristics serve as the reasons why it is difficult to find
or observe this species in the nature (Wiens & Zitzmann,
2003). Consequently, there is only limited information
regarding its behavior and ecology (Nekaris et al., 2014), as
well as its estimation of abundance in the nature
(Pliosungnoen etal., 2010), including in the GHSNP area.

To date, the information regarding potential habitat of N.
Javanicus is sparse in GHSNP area (Voskamp et al., 2014).
Research on N. javanicus in GHSNP is generally conducted
on rehabilitated N. javanicus that was released into the
GHSNP area (Arismayanti et al., 2018) and within the scope
of'its behavior and the population status in a small sampling
site. Nevertheless, the study holds an important role in the
effort to rescue the population of N. javanicus.

Razgour et al. (2016) and Li et al. (2020) argue that
spatial modeling could be used as one of the approaches to
predict the distribution and habitat of N. javanicus. In its
development, this method is widely recognized as the
species distribution model/SDM (Rahman et al., 2022a).
Furthermore, it is contended that the modeling approach of
species distribution is applicable to analyze the species with
barely information regarding its population distribution, as
well as the species with low home range analyzing (Tsoar &
Kadmon 2007; Qiaoetal.,2018; Thornetal.,2019).

Until today, there is no data available yet concerning the
prediction of population distribution and habitat of N.
Javanicus in the GHSNP area. Maximum Entropy (MaxEnt)
has been used on limited data characteristics (Wisz et al.,
2008), where only present data is available (Philips et al.,
20006; Philips & Dudik, 2008; Franklin, 2010; Rahman et al.,
2019), as is commonly found in biodiversity data collection
in protected areas. This study uses the presence-only model
MaxEnt to obtain information regarding the suitability of the
N. javanicus habitat in the GHSNP area and its surroundings.
Due to its critically endangered area and high level of
hunting and illegal trading, the species' release is important,
so habitat suitability modeling is important to determine
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areas of possible release, especially in GHSNP. At last, we
used the modeled distributions to support conservation
issues of N. Javanicus, especially assessing habitat
suitability for current and future release locations for this
species.

Methods

The Halimun Salak Conservation Management Forest
Unit (CMFU), with a total area of 105,072 ha, serves as the
location for the study on the habitat suitability of N. javanicus
(KLHK, 2017). The area lies in three administrative areas,
including Bogor and Sukabumi Districts in West Java
Province, as well as in Lebak District in Banten Province.

The study employed MaxEnt 3.4.1. to predict the habitat
locations that are suitable as habitats for N. javanicus
(McCarthy etal., 2014; Rahman, 2020; Rahman et al., 2020).
In the process, MaxEnt is modeling the similarity between
the characteristics of the data and the determined
environment variables (covariate) (Phillips et al., 2006;
Phillips & Dudik 2008). The modeling of habitat suitability
for release activity involves two (2) information, which is 1)
the occurrence of the animal, and 2) environment variables
that affect the distribution of N. javanicus (Rahman et al.,
2019; Zegarraetal.,2020; Rahman et al., 2022a).

During the period of 2014 to 2015, YIARI (the
Foundation of IAR Indonesia) has monitored and collected
9,274 points of the occurrence of the released N. javanicus.
The researchers conducted a rarefying occurrence of N.
javanicus to evade spatial autocorrelation. The
autocorrelation from the points of occurrence would inflict
bias in the development of the model (Rahman et al.,
2022a;b). As many as 264 points of the animal's appearance
were analyzed. Since the distribution of the points tends to
group, hence a process of bias grid was conducted to
minimize the bias of the modeling result (Phillips et al., 2009;
Wibisono etal., 2018, Rahman et al., 2020). Furthermore, the
data of the presence was processed using Ms. Excel and then
converted into comma-separatedvalue (.csv) format.

It is argued that the environment variables are selected by
the consideration of living patterns (Fransson, 2018),
ecology (Zegarra et al., 2020), and the characteristics of the
habitat (Franklin, 2010) of N. javanicus. The study
assembled eight (8) environment variables consisting of
slopes (Franklin, 2010; Sodik et al., 2019), elevations,
distance from the rivers, as well as the settlements, land cover
(McCarthy et al., 2014; Voskamp et al., 2014; Sodik et al.,
2020), rainfall (Hijmans et al., 2005; Austin, 2007), and
NDVI (Jiang et al., 2006). Each environment variable is
independent, thus it does not have a strong correlation. The
utilization of variables that are correlated strongly would
result overestimated parameters. Consequently, would
diminish the ability to predict the locations (Morueta-Holme
et al., 2010; Dormann et al., 2013), which could stimulate
overfitting of the modeling result.

To evade this predicament, a multicollinearity test is
applied (Rahman et al., 2022a) to the utilized environment
variables in the procedure. There was an action of
minimizing a variable that possesses a strong correlation
value. It is recorded that several studies are using 0.5 for the
correlation value or R* > 0.5 in the positive or negative
correlation (McCarthy et al., 2014), however, this study is
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utilizing 0.7 for the correlation value or R*>0.7 (Dormann et
al., 2013). Moreover, the entire environment variables have
already been converted into the .asc format (Phillips et al.,
2006; Phillips & Dudik, 2008; Youngetal.,2011).

The study carried out the processing and the selection of
the variables frequently to achieve the best model, as well as
the finest description that befits the field condition (Giri &
Munawir, 2021). In consequence, the process is utilizing the
environment variables that include elevations, slopes,
distance from the settlements, and land cover. Furthermore,
there were several adjustments that comprise 1) performing a
measurement of jackknife level; 2) changing the output
format into logistic and output type into .asc; 3) utilizing the
random test percentage = 25%; 4) replicating as many 10
times; 5) utilizing subsample as type of replication; and 6)
maximum number of iteration is 5.000 times (Voskamp et al.,
2014; Rahman et al., 2017; Wibisono et al., 2018; Rahman et
al.,2022).

Furthermore, the receiver operating characteristic (ROC)
is derived from the omission analysis. The area underneath
the ROC curve or area under the curve (AUC) shows the
modeling performance resulting from the MaxEnt process
(Phillips et al., 2006; Phillips & Dudik, 2008). AUC value
equal to 0.5 depicts that the modeling performance is not
superior to random. When the value is close to 1.0, the
modeling performance is better (Young et al., 2011; Li et al.,
2020). Swets (1988) divides five classifications based on the
AUC value, which are 0.5-0.6 (fail); 0.6-0.7 (poor); 0.7-0.8
(adequate); 0.8—0.9 (superior); and 0.9—1 (excellent).

To see the magnitude of environmental variables' role in
the ongoing modeling results, we use the percent contribution
(PC) value (Phillips etal., 2006). The higher the PC value, the
more significant the contribution of this variable to the
habitat suitability of the modeled species. Meanwhile, we use
the permutation important (PI) value to describe
environmental variables' level of importance in the ongoing
modeling results (Phillips etal., 2006; Muttaqgin etal., 2019).
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Results and Discussion

The number of occurrence data used in the analysis after
removing the spatial autocorrelation was 59 points. In
addition, based on the multicollinearity test on
environmental variables, the covariates that are retained in
the model are four variables, which are: height, distance from
settlements, slope, ground cover. With the AUC value equal
to 0.764 with standard deviation value 0.045 (SD <0.05), it is
concluded that the modeling result of N. javanicus is fall into
the adequate category (Figure 1).

The variable of elevation has the highest PI value which
is 56.1%. This means that if the variable is removed, then it
would decrease the AUC value by 56.7%. While, the
variable of land cover has the lowest PI value. On contrary,
this low PI value depicts that if we withdrew the variable of
land cover, then the decline of the AUC value would not be
significant by only 0.5% as itcan be seen in Table 1.

As it is shown in Table 1, the environment variables that
contribute in influencing the modeling result of MaxEnt (>
10%) sequentially are the distribution of elevation (56.7%),
distance from the settlement (25.5%), and slope (10.8%).
However, this table does not indicate the animal's inclination
towards environment variables. It tends to show the variable
effect in modeling the similarity of the environmental
characteristics.

Based on several previous analysis, MaxEnt spatial
modeling predicts the location of the habitat sutability and
the distribution of N. javanicus. Onojeghuo et al. (2015)
argue that the species distribution is the principal factor in the
wildlife conservation and management. Furthermore, the
said spatial modeling result is classified into three categories
(Jenks, 1967; Li et al., 2020) consisting of 1) unsuitable; 2)
suitable; 3) highly suitable.

Based on the analysis of N. javanicus' habitat suitability
in CFMU Halimun Salak and its surrounding, 93,533.7 ha of
the area is unsuitable; 47,551.1 ha of the area is suitable; and
37,999.4 ha is highly suitable. However, when it is overlaid
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Figure 1 The AUC graph of spatial modeling result of Nycticebus javanicus' habitat suitability.
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against the CFMU total area only, 49,679.9 ha are unsuitable;
30,529.8 ha are suitable, and 24,169.6 ha are highly suitable
for the habitat of N. javanicus. It shows that more than 50% or
precisely 52% (54,669.4 ha) of CFMU Halimun Salak area is
suitable for the habitat of N. javanicus. The distribution of V.
Javanicus' habitat suitability map based on the modeling is
depicted in Figure 2.

The elevation has become the most contributed variable
to the modeling result. Following the behavior of M.
Javanicus, altitude is becoming the factor of limitation in its
movement. Based on the overlay result against digital
elevation model (DEM) map, the suitable habitat for M.
Javanicus'in Gunung Salak landscape is in the altitude range
of 530-1,900 masl. While in the Halimun landscape, the
habitat distribution of N. javanicus is in the altitude range of
500—1,650 masl.

Arismayanti et al. (2018) concluded that the home range
of N. javanicus in GHSNP area is in the altitude range
941-1,361 masl. Moreover, in Gunung Gede Pangrango
National Park, N. javanicus was found in the altitude range of
600—1,600 masl, and even in some areas, it can be found at
the altitude of 2,300 masl (Thorn et al., 2009; Nekaris et al.,
2014; Nekaris et al., 2020). The information indicates the
relevance of the result of spatial modeling to previous similar
studies.

Tablel The contribution analysis of the environment

variables
Variables PC (%) PI (%)
Elevation 56.7 56.1
Distance from the settlement ~ 25.5 31.8
Slope 11.6 11.6
Land cover 6.2 0.5
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Javan slow loris often was actively found in agricultural
areas e.g., coffee and rubber plantations (Cabana et al., 2017;
Sari et al., 2020), bamboo forests (Voskamp et al., 2014;
Nekaris et al., 2017), and settlements (Nekaris et al., 2017;
Sodik et al., 2020). The wide niche of N. javanicus is due to
the abundance of food available in forests to agricultural
areas (Pliosungnoen, 2010). Insects, calliandra, resin, and
nectar are types of food that the Javan slow loris consume
(Cabana et al., 2017; Sinaga & Masyud, 2017; Romdhoni et
al., 2018; Fransson, 2018). Moreover, the behavior that
consists of nocturnal, arboreal, solitary, and slow movement
(Wiens & Zitzmann, 2003) is its strategy to evade the
attention of'its prey and other intrusions, including the human
(Basalamah et al., 2010). It makes N. javanicus possible to
conduct activities around the settlements since it possesses
different active times to humans (nocturnal in contrast to
diurnal).

Based on M. javanicus' habitat suitability map depicted in
Figure 2, the distribution of N. javanicus is located in the
outskirt of Gunung Halimun Salak National Park area. The
secondary forest and agricultural areas dominate this
particular area. Parallel to the modeling result, the land cover
does not hold an impact on the distribution of N. javanicus.
Furthermore, it contributes the lowest to the model, which is
6.2%. On the contrary, aside from the field and the river
(Fransson, 2018), the eclevation highly impacts the
distribution of N. javanicus (Nekaris et al., 2020).

The middle area of GHSNP is a primary forest, where its
mountainous topography is not suitable for the habitat of V.
Jjavanicus. Big and tall trees dominate this area, while shrubs
are rarely found. Shrubs are often discovered in secondary
forest. The connectivity between the branches and the twigs is
high in the area with this type of characteristic, but with low
availability of food richness. Thus, it encourages N. javanicus

Legends:
5% CFMU Halimun Salak
Habitat Suitability of N. javanicus
5% Not Suitable

4% Suitable

2 Very Suitable

Map of Habitat Suitability
of Javan Slow Loris (Nycticebus javanicus)
in Forest Cluster of Gunung Halimun Salak

Figure 2 The map of Nycticebus javanicus' habitat suitability in CFMU Halimun Salak area.
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tomove places (Nekaris etal., 2014, Nekaris etal., 2020).

N. javanicus utilizes most of its time moving around and
consuming food (Arismayanti et al., 2018). In line with the
notion, topography and slope do pose as the factor of
limitation for N. javanicus (Sodik et al., 2019; Sari et al.,
2020). N. javanicus is using its hand to move and can adapt to
extreme topography (Nekaris, 2014). Fransson (2018) stated
that canopy is the prominent habitat factor in the survival of
N. javanicus. Sodik et al. (2019) added that this species can
keep moving as long as the canopies are available.

Various studies show that Javan slow loris is often
discovered outside the natural forests and conservation areas
(Nekaris et al., 2017; Matondang et al., 2018; Sari et al.,
2020). However, the notion could be due to a lack of
conducted habitat studies within the national park areas.
Nevertheless, the information on the distribution of species is
essential to implementing conservation initiatives for the
species and is crucial for effectively managing protected or
non-protected areas that are part of essential ecosystem areas
that are interconnected. To successfully and efficiently
protect javan slow loris within fast-changing habitats,
collaboration and analysis of current data throughout their
ranges are crucial. Furthermore, recognizing areas where the
presence of the javan slow loris is most likely to occur gives
stakeholders an essential tool for conservation, such as
deciding which areas are suitable for release locations.

Conclusion

With the total area of 105,072 ha, Halimun Salak CMFU
is the largest tropical rainforest remains in Javan Island. This
study provides the answer that in recent years, Gunung
Halimun Salak Forest CMFU areas are sufficient habitat for
N. javanicus. The number of the total area that is suitable
habitat for N. javanicus serves as evidence that this area is
indeed a suitable habitat for these animals. The area has
become the appointed location for the release of javan slow
loris, particularly the one that originated from the animal
rescue and rehabilitation center. This study provides
essential documentation for developing management
strategies within protected areas for N. javanicus population.
Hence, the result of the study could serve as one of the factors
in the determination of animal release location in the future.
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