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ABSTRACT

The habitat of Javan Gibbon, Hylobates moloch, in Gunung Gede Pangrango National Park has been frag-
mented due to habitat loss. Therefore, connectivity development among the fragmented habitats is crucial to
conserve Javan Gibbon population. This study is conducted to identify habitat suitability and plan corridor
setup for Javan Gibbon using Geographic Information Systems (GIS) technology. Principal component analysis
and general linear model were used to statistically process the weight of each environmental variable for Javan
Gibbon habitat. From the total area of 22,851 ha, the results showed that 17.15% (3,918 ha), 38.61% (8,823 ha)
and 44.24% (10,110 ha) are classified to have high, moderate and low suitability for Javan Gibbon habitat,
respectively. The application of least-cost path analysis in GIS produced seven corridors, which have the
potential to connect several fragmented Javan Gibbon habitats in the park. It is expected that the implementa-
tion of these corridors would increase the threatened population of the Javan Gibbon in the park.
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INTRODUCTION

Javan Gibbon, Hylobates moloch, is one of the endemic
primates in Java Island, Indonesia (Gates and Baker,
2001). This species is categorized as an endangered
species by the International Union for Conservation of
Nature (IUCN) and included in the Appendix I of the
Convention on International Trade in Endangered
Species (CITES). The current population of Javan
Gibbon faces several threats, including habitat
fragmentation, small population processes, and illegal
pet trade (Smith, 2011).

In Indonesia, one location where the habitat of
Javan Gibbon is fragmented is Gunung Gede Pan-
grango National Park (GGPNP), West Java Province.
The GGPNP is very important because it is the only
remaining wildlife area close to the metropolitan area
of Indonesia.

Various human activities, such as forest distur-
bances by local people (Amelgia et al., 2009) inside
and in the surrounding area of GGPNP, have put sig-
nificant pressure on the ecosystem. In several locations,
the habitat of Javan Gibbon is fragmented due to habitat
loss because of agriculture encroachment and illegal
logging activities (Iskandar, 2008). Hence, connectivity
development among the fragmented habitats is crucial
to conserve Javan Gibbon population.

Establishing corridors is a challenge that can provide
alternative habitats for the movement and dispersal of
animals in their territories among the fragmented habi-
tats (Kharel et al., 2002). Habitat suitability mapping
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including the identification of suitable habitat is needed
to establish corridors (Guthlin ez al., 2011; Manly et al.,
2002) which offer space, food, water and protection for
the targeted species (Luan et al., 2010). In this regards,
many researchers use the Geographic Information
Systems (GIS) to assess habitat suitability and for other
ecological modeling studies (Boyce and Waller, 2003;
Bristow et al., 2005).

The objectives of this study were to identify suit-
able habitats and corridor setup for Javan Gibbon using
the GIS technology. This study can be a contribution to
improve the conservation of wild life and general
biodiversity in this park.

METHODOLOGY

Study area

This study was conducted in GGPNP, which has been
designated by UNESCO as a core area of the Cibodas
Biosphere Reserve in 1977. In March 1980, the area
was declared as a national park and became one of the
first five national parks established by the Indonesian
government. The total area of the park is approximately
22,851 ha (GGPNP, 2010). Administratively, the park
belongs to Cianjur, Sukabumi and Bogor districts
(Figure 1). Two big mountains: Mt. Gede and Mt.
Pangrango, which have the height of 2,958 m and 3,019
m above mean sea level (asl) are located in the park.

GGPNP lies between latitude 6°41°-6°51'S
and longitude 106°51'—-107°02" E with the elevation
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Figure 1. The location of Gunung Gede Pangrango National Park (GGPNP), West Java,
Indonesia. Source: The GGPNP, 2010.

ranging from 700-3,000 m asl. The topography of
GGPNP varies from flat plains to mountainous regions.
The annual precipitation and mean temperature vary
from 3,000-4,200 mm and from 5-18°C, respectively.
The vegetation zones in GGPNP are sub-Montana (700—
1,500 m asl), Montana (1,500-2,400 m asl) and above
Montana (> 2,400 m asl) (GGPNP, 2010).

Cibodas Botanical Garden, Taman Safari Zoo,
tea plantation and 66 human settlements (villages) are
situated surrounding area of GGPNP. Human distur-
bance on natural resources in GGPNP is very common,
particularly in supporting daily consumptions and liveli-
hoods for the villagers. According to Amelgia et al.
(2009), the villagers surrounding GGPNP strongly de-
pend on several forest products collected in the park.

These forest ecosystem dependencies become
one of primary causes of the current habitat fragmenta-
tion in the whole area of GGPNP. In 2009, the total hu-
man population in all neighboring villages of GGPNP
was approximately 484,217 people (GGPNP, 2010).

Data collection

Habitat suitability analysis of Javan Gibbon was based
on some data sources including several maps: the map
of GGPNP administrative, topographic, NDVI and land
use collected from GGPNP office and satellite imagery
analysis, and the data of Javan Gibbon distribution ob-
tained from previous research conducted by Iskandar
(2008).

Javan Gibbon population is distributed in seven
locations: Cibodas, Gunungputri, Selabintana, Situ-
gunung, Cimungkat, Bodogol and Cisarua. In addition,
vegetation survey was conducted from August to Sep-
tember 2011 for the purpose of habitat suitability map-

ping.

Habitat suitability mapping of Javan Gibbon

Habitat variables
Habitat suitability mapping of Javan Gibbon was created
by classifying the matrix of suitability, including the se-
lection of habitat variables. A GIS technique is used for
mapping the habitat suitability of wildlife species
(Rubert, 2007). In this study, ArcGIS 10 (Environmental
Systems Research Institute, 2010) was employed to create
the habitat suitability map of Javan Gibbon in GGPNP.
Ten important variables were determined for Javan
Gibbon habitat suitability assessment, including eleva-
tion, slope, aspect, NDVI and some buffering-resulted
maps such as distance to main roads, forest roads, rivers,
human settlements, open areas and water bodies (Table
1).
Projection and habitat variable classification

The process of habitat suitability analysis generally is
illustrated in Figure 2. After clipping by GGPNP bounda-
ries, all of the maps of habitat variables were transformed
into raster format at 30 m resolution and projected to the
Universal Transverse Mercator (UTM) coordinate projec-
tion system. The next process is classifying three-
suitability classes: low, moderate and high suitability
habitat variables with the criteria following the range
values listed in Table 1.

Weight of each habitat variable

Principal Component Analysis (PCA) was used to statisti-
cally process the weight of each environmental variable
for Javan Gibbon habitat. It was determined by overlay-
ing the current locations of Javan Gibbon distribution.
Each location of Javan Gibbon distribution comprised
values. The results were the PCA values as presented in
Table 2.
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Table 1. Matrix of suitability classification for Javan Gibbon habitat.

Suitability classes

Variables Unit Low Moderate High

Elevation m.asl >1,750 1,500-1,750 <1,500
Slope % 0-8 8-25 >25
Aspects - 240-360 120-240 0-120
NDVI value - -1-0.3 0.3-0.6 >0.6
Distance to main roads m <100 100-300 >300
Distance to forest roads m <100 100-300 >300
Distance to rivers m >400 200400 <200
Distance to human settlements m <500 500-1,000 >1,000
Distance to open areas m <221 221-500 >500
Distance to water bodies m >400 200400 <200

The table was adopted and modified from Ario et al
(2008), Iskandar (2008) and Kadhafi (2011).

In addition, PCA requires a normal distribution
data (Janzekovic and Novak, 2012) which is obtained
from multicollinearity analysis. The tolerance and VIF
(Variance Inflation Factor) values were required in this
process. If the tolerance values less than 0.1 or the VIF
values more than 10, the data indicated as multicollin-
earity problem (Shieh, 2011).

The results showed that three of ten variables
(distance to main roads, forest roads and open areas) had
the tolerance less than 0.1(0.025, 0.044 and 0.048) and
VIF values more than 10 (40.376, 22.498 and 20.863),
respectively. It indicated that the data were not normally
distributed (Table 3). The values of the three variables
had to be transformed into normal values using Kolmo-
gorov-Smirnov test.

Habitat suitability model

The PCA values were used as the inputs for habitat suit-
ability model of Javan Gibbon through the General Lin-
ear Model (GLM) method. It comes with the following

@

Table 2. The PCA scores of each habitat variable.

010), Berliana (2009), Dewi et al. (2007), Ikbal et al.

formula which is similar to multi linear regression
adopted from Soemartini (2008):

F = (B, x elevation) + (B, x slope) + (B; x aspects) + (B4 x
NDVI) + (Bs x distance to main roads) + (Be x
distance to forest roads) + (7 x distance to riv-
ers) + (Pg x distance to human settlements) + (B
x distance to open areas) + (B¢ x distance to
water bodies)

M

The F value can be expressed as:

F = ((-0.041 x Elevation) + (0.365 x Slope) — (0.251 x
Aspect) + (0.098 x NDVI) + (0.136 x distance to
main roads) + (0.396 x distance to forest roads) —
(0.085 x distance to rivers) + (0.164 x distance to
human settlements) + (0.211 x distance to open
areas) — (0.049 x distance to water bodies))

The F value of equation 1 is an input data for the GLM as

a similar way to the one of Singh et al. (2009) in the fol-

lowing formula:

Y =Byt BF+E @)

Component scores coefficient matrix

Principal Component (PC)

PC1 PC2
Elevation -0.041 -0.181
Slope 0.365 -0.067
Aspects -0.251 0.462
NDVI value 0.098 0.101
Distance to main roads 0.136 0.050
Distance to forest roads 0.396 -0.251
Distance to rivers -0.085 0.385
Distance to human settlements 0.164 -0.020
Distance to open areas 0.211 -0.033
Distance to water bodies -0.049 0.221

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser Normalization.
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Figure 2. The process of habitat suitability analysis.

Where; Y = Habitat suitability model.
By = Constant.
B; = Coefficient.
F =non multicollinearity variables.
€, = Standard error.
i = Number of variable (1-10).

The Y value can be obtained from the regression coeffi-
cient analysis (Table 4) and is expressed as below:

Y =-0.062 + (0.005 x ((-0.041 x Elevation) + (0.365 x
Slope) - (0.251 x aspects) + (0.098 x NDVI
value) + (0.136 x distance to main roads) +
(0.396 x distance to forest roads) - (0.085 x dis-
tance to rivers) + (0.164 x distance to human
settlements) + (0.211 x distance to open areas) -
(0.049 x distance to water bodies))

The equation 2 was also used to determine habitat suit-
ability map of Javan Gibbon by the ArcGIS 10.

The assessment of corridor setup

Development of corridors is necessary to connect the frag-
mented habitats. It was created in five stages: (1) defining
the features classes, (2) reclassifying the features classes,
(3) calculating the features classes, (4) identifying the
corridors, and (5) buffering the corridors, similar to the
procedures suggested by Hepcan and Ozkan (2011).

The connectivity of the corridors was measured by
estimating cost distance which similar to suitable habitat
criteria. Combination of estimates travels cost of sources
and destination is applied to generate a least-cost corridor.
It was identified as the best available corridor between the
suitable habitats (Cypher et al., 2007).

RESULTS

Habitat suitability map of Javan Gibbon

Habitat suitability map of Javan Gibbon classified GGPNP
area into three of suitability: low, moderate and high suit-
able habitat (Figure 3).

Table 3. The tolerance and VIF value of each habitat variable.

Model Collig(e):?i‘lt;lgzstistics
Tolerance VIF
Elevation 0.309 3.233
Slope 0.260 3.842
Aspects 0.210 4.771
NDVI value 0.511 1.958
Distance to main roads 0.025 40.376
Distance to forest roads 0.044 22.498
Distance to rivers 0.322 3.110
Distance to settlements 0.160 6.262
Distance to open areas 0.048 20.863
Distance to water bodies 0.195 5.116

a. Dependent variable: species
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Figure 3. Habitat suitability map of Javan Gibbon. Numbers are showing the heads of Javan
Gibbons in each point, and 0 means null.

Table 4. The coefficient of each habitat variable resulted from the GLM.

Coefficients®
Unstandardized Coef- Standardized Collinearity Statis-
Model ficients Coefficients ¢ Sig. tics
B Std. Error Beta Tolerance  VIF
(Constant) -0.062 2.691 -0.023  0.982
F 0.005 0.001 0.688 4.024  0.001 1.000  1.000
a. Dependent variable: species
Table 5. The district-based area of habitat suitability classes of Javan Gibbon in
Suitability classes (ha)
Location - Total area (ha)
Low Moderate High
Cianjur 3,096 1,137 785 5,018
Sukabumi 4,733 4,446 1,283 10,462
Bogor 2,281 3,240 1,850 7,371
Total area (ha) 10,110 8,823 3,918 22,851
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The areas with high and moderate suitable habitat were
located mostly in the west part of GGPNP, where the areas
administratively belong to Sukabumi and Bogor districts. In
total area of GGPNP (22,851 ha), there were 17.15% (3,918
ha) identified as high, 38.61% (8,823 ha) as moderate and
44.24 % (10,110 ha) as low suitable habitat for Javan Gib-
bon.

The map shows that most of the area in Cianjur is
located within the elevation above 1,750 m asl, which is not
suitable for Javan Gibbon. Here, the tourism and agricul-
tural activities of the villagers were the primary causes that
could reduce the suitable habitat for Javan Gibbon
(Iskandar, 2008). Because of the limited suitable habitat
found in Cianjur, it is very important to improve the habitat
suitability of the least suitable area to reach the minimum
size that the Javan Gibbon can survive. Based on Ario et al.
(2010), the optimal size of Javan Gibbon habitat for each
family group requires nearly 260 ha.
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Table 5 shows the habitat suitability class of
Javan Gibbon in GGPNP displayed in district base,
from which the management planning of GGPNP in-
cluding the strategy to improve the quality of habitats
can be considered.

This study considered only the high and moder-
ate suitable habitats (which are shown in Figure 3 by
dark gray and gray color, respectively) by combining
both classes into one suitable class. Seven locations
were identified as suitable habitats (Figure 4) and con-
sidered as the core habitats for Javan Gibbon. The detail
locations and size of the core habitats are presented in
Table 6.

Potential corridors for Javan Gibbon habitat

The potential corridors for Javan Gibbon habitat in
GGPNP described in Figure 5. The information regard-
ing the length, size and location of the corridors are
given in Table 7.
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Figure 4. Core habitat map of Javan Gibbon in GGPNP.

Table 6. Core habitats for Javan Gibbon in GGPNP.

Core habitats Location Tot(z;llaa;rea

1 Both Bogor and Sukabumi district 10,125
2 Both Sukabumi and Cianjur district 1,532
3 Sarongge 924
4 Sarongge 60
5 Gunungputri 35
6 Cibodas 54
7 Cibodas 11
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Table 7. Potential corridors for Javan Gibbon habitat in GGPNP.

Location

Corridors Corridor Total area Total buffer
length (m) (ha) (ha)
1 Selabintana 61 3 178
2 Gedeh 308 15 184
3 Sarongge 127 6 183
4 Gunungputri 2,101 105 375
5 Cibodas 270 14 193
6 Cibodas 180 9 186
7 Cibodas 180 9 195
Total 3,227 161 1,494
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Figure 5. Potential corridors for Javan Gibbon habitat in GGPNP.

DISCUSSION

The identification of habitat suitability in GGPNP is crucial
aspects for the conservation management in the park, not
only for Javan Gibbon but also for other species, particu-
larly the endangered species. Since Javan Gibbon is a key
species for biodiversity conservation, many studies regard-
ing Javan Gibbon population and conservation have been
conducted in GGPNP. Unfortunately, most of the studies
have focused only on the behavioral aspect of Javan Gib-
bon and mostly limited to the western part of GGPNP.
Meanwhile, the habitat suitability and connectivity of the
fragmented Javan Gibbon habitats have not been assessed.
Therefore, this study can be a contribution to improve the
conservation of wild life and general biodiversity in this
park.

The habitat suitability results showed that 17.15%
(3,918 ha), 38.61% (8,823 ha) and 44.24% (10,110 ha) of
total area are categorized to have high, moderate and low
suitability for Javan Gibbon habitat, respectively. In this
perspective, the suitability habitat of GGPNP was very poor
for Javan Gibbon.

25

In Cianjur, most of the areas were low suitabil-
ity, so that it was a critical area for Javan Gibbon.
From the suitable habitat area (1,922 ha), it consist of
1,137 ha and 785 ha as moderate and high, respec-
tively. Figure 5 shows that Cianjur was mostly above
1,750 m asl, wherein most of food vegetation for Javan
Gibbon is not able to grow. Sugardjito et al. (1997)
said that the Javan Gibbon prefers to stay on the loca-
tion less than 1,750 m asl. Besides that, the moss on
the tree is obstacle factors for Javan Gibbon brachiat-
ing (Ario et al., 2010). It explains that why population
of Javan Gibbon in Cianjur was the lowest. According
to Zhang et al. (2010), an obvious aspect of habitat
quality is food. The intensive tourism and agricultural
activities are two other factors that inhibit the
population grow of Javan Gibbon in Cianjur. The
Javan Gibbon is very sensitive species related to
habitat changing (Pranasai et al/., 2010). Human
pressure is believed to be obstacles of Javan Gibbon
movement and dispersal. Some researchers describe
that habitat destruction was an important cause of
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declining in the populations of primates, including the
species of gibbons (Ganzhorn, 2003; Setchell and Curtis,
2003).

The total suitable habitat in Sukabumi site was 5,729
ha, it consist of 4,446 ha and 1,283 ha as moderate and high
suitable, respectively. In Bogor was 5,090 ha, it consist of
3,240 ha and 1,850 ha as moderate and highly suitab, re-
spectively.

To improve the suitability habitat of Javan Gibbon,
vegetation restoration should be implemented in all areas,
especially in Cianjur. Chen et al. (2008) explained that to
change unsuitable habitat into suitable and to improve the
connectivity of the landscape, could be done by the vegeta-
tion restoration. The vegetation restoration should include
the vegetation which can provide food and shelter, because
Javan Gibbon is categorized as an arboreal species and
classified as frugivorous species. They prefer to live in the
high tree at heights of 20-25 m (Nijman, 2002), diameter
27-130 cm and density more than 100 trees per ha
(Kadhafi, 2011).

This study determined seven locations of potential
corridors for Javan Gibbon movement among the frag-
mented habitats. Determining corridors, setting buffers and
expanding the core habitat become important efforts to im-
prove the habitat connectivity (Chen et al., 2008; Li, 1997).
Among the seven potential corridors, some of the longest
corridors were found in Cianjur site, ranging between 61—
2,101 m. Therefore, Cianjur area is suggested to be the
highest priority for conservation management to improve
Javan Gibbon habitat in GGPNP. This study was used ten
variables. To obtain the good results can use more than ten
variables.

CONCLUSIONS

Identification of habitat suitability is crucial aspect of con-
servation management. This study attempts to develop
habitat suitability and corridor setup for Javan Gibbon in
GGPNP, based on some identified environmental variables
in the fieldwork area.

In total area of 22,851 ha, it showed that 17.15%
(3,918 ha), 38.61% (8,823 ha) and 44.24% (10,110 ha) are
classified to have high, moderate and low suitability for
Javan Gibbon habitat, respectively. Then, from the high and
moderate suitable habitat, seven locations were measured as
the core habitats for Javan Gibbon, which are fragmented.

Totally, seven corridors locations were setup, they
are potential to connect several fragmented habitats of
Javan Gibbon in the area of Selabintana, Gedeh, Sarongge,
Gunungputri and Cibodas. This study suggests that a resto-
ration program should be implemented immediately in
GGPNP, in order to improve suitable habitat for Javan Gib-
bon.
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