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Abstract

The endangered javan gibbon (Hylobates moloch) has been threaten by massive habitat loss and fragmentation in Java.
The survival of the second largest population which inhabited unprotected Dieng mountains faced greater risk to habitat
conversion and fragmentation. The landscape-level habitat monitoring using spatiotemporal quantification is crucial as a
baseline data for javan gibbon conservation. Here, the land-use and land-cover (LULC) change of the Javan gibbon habitat
during 1994-2009-2021 and its fragmentation in the Dieng mountains were quantified. This study revealed there were no
significant decline in the total of forest. However, its quality was degraded in the interior of forest block. The forest has
more fragmented from large patches into smaller patches and increased forest edge. The higher fragmentation happened in
the areas that traversed by road. Six suitable forest blocks were identified with varying level of connectivity. Protection and
restoration both in the forest and in the interior forest is immediate need, especially in the main forest block. The extra effort
is also crucial in the connected forest but traversed by road. The blocks which closely isolated by road could be potentially
reconnected by artificial canopy bridge, while the other distantly isolated block might need habitat restoration for corridor.
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Introduction

Small apes (Hylobatidae) comprise 20 species and live in
evergreen forest throughout Southeast Asia (Roos et al.,
2014; Fan & Bartlett, 2017). The javan gibbon (Hylobates
moloch) is one of the small ape species which endemics to
Java, one of the most densely populated places on earth
(Nijman, 2004). The distribution is restricted in the western
half of Java. The major composition (>60%) of the javan
gibbon's diet are forest fruits (Kim et al., 2011). Like the other
small apes, as an obligate canopy dweller, it spends most of
the daily activity in the middle and upper canopy of the
rainforest and rarely descends to the forest floor (Cannon &
Leighton, 1994; Whittaker, 2009; Marshall, 2010). As a
result, this frugivorous and strictly arboreal primate
exclusively depend on a rainforest which provides the diverse
fruit trees and the continuous canopy structure as their habitat
(Kappeler, 1984; Kimetal.,2011).

These specific characteristics address the loss, the
degradation and the fragmentation of the natural forests
became the main drivers of the decline in javan gibbon
populations in addition to poaching (Nijman, 2004, 2013;
Supriatna, 2006; Setiawan et al., 2012; Smith et al., 2018).
The forest loss due to conversion to other land uses can
directly reduce the carrying capacity of the javan gibbon

population (Smith et al., 2018). Although the rate of
permanent forest loss in Java has been lower after Indonesia's
independence period (Whitten et al., 1996; Nijman, 2004;
Supriatna, 2006), the degradation of forest ecosystems due to
human activities has been continuing and degrading the
quality of javan gibbon habitat until recent days (Supriatna,
2006; Setiawan et al., 2012). Forest fragmentation or
separation into smaller patches may have relatively minor
negative impacts or even positive impacts for some species
(Fahrig, 2003; Jackson & Fahrig, 2013). However, for
gibbon species, a 510 m linear gap in canopy cover can even
block their movement to reach the opposite forest (Cheyne et
al., 2013; Asensio et al., 2021). This can inhibit a mating
between individuals from different patches, thereby interrupt
gene flow and in long-term period will lead to reduced
adaptive-variation and/or inbreeding depression (Spielman
et al., 2004; Frankham, 2005; Markert et al., 2010; Ralls et
al., 2018). These two potential negative events can decrease
the population growth rate and then lead to the extinction
(Johnson & Dunn, 2006; Allendorf et al., 2010). Thus, forest
fragmentation can have a devastating impact on javan gibbon
populations.

The javan gibbon is listed as endangered in the
International Union for Conservation of Nature (IUCN) Red
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List based on suspected 50% or more population decline over
the course of three generations (2001-2045) (Nijman, 2020).
Currently, the population has remained at around 4000-4500
individuals and has separated into approximately 30
fragments (Nijman, 2004; Malone et al., 2014). The recent
population viability model predicted high probabilities of
extinction (85-100%) within 100 years for three largest
remaining javan gibbon populations (Ujung Kulon National
Park [NP], Gunung Halimun-Salak NP, and Dieng
mountains) under the scenario of continuing deforestation,
fragmentation, and hunting (Smith et al., 2018). Dieng
mountains remains the largest rain forest in Central Java and
hold the second largest populations of javan gibbon after
Gunung Halimun-Salak NP. Contrastingly, among the other
largest habitat it is not protected under conservation area
(Nijman & Van Balen, 1998; Nijman & Setiawan, 2001;
Nijman, 2004; Setiawan et al., 2012; Widyastuti et al., 2023).
Moreover, the landscape consisted of heterogenous mosaic
land-uses and receive a greater risk to forest conversion and
fragmentations (Nijman, 2004). In this case, habitat
monitoring at the landscape-level is crucial to maintain the
long-term survival of the local population and against the
deforestation and fragmentation.

Based on rough estimation that there were 20% decline of
javan gibbon habitat during 1980-2000 (Nijman, 2004), it
assumed that deforestation rate in Java was 1% year” (Smith
et al.,, 2018). As deforestation is significantly driven by
several factors such as road density, human population
density, and population that have income from agriculture
(Prasetyo et al., 2009), the deforestation rate will differ at
different site. Therefore, monitoring the forest cover change
in alandscape level is important to provide a baseline data for
gibbon habitat protection (Sarma et al., 2021). The previous
study with rough estimation suggested that javan gibbon
habitat in Dieng have been fragmented into roughly four
forest blocks (Setiawan et al., 2012). However, more precise
quantification of forest cover as habitat is needed to identify
the forest fragment or block. Moreover, quantification of
forest fragmentation within the blocks and the connectivity
between the blocks have not been measured, therefore its
impact on javan gibbon conservation is still unclear. This
study aimed to quantify the dynamic change of forest during
1994-2009-2021 and its fragmentation in the javan gibbon
habitat in the unprotected Dieng mountains in order to
investigate the habitat loss and degradation. We measured
the land-use and land-cover (LULC) change in general and
also specifically look at the forest loss and gain. This study
also investigated the temporal and spatial pattern of forest
fragmentation, identified the suitable forest block and the
present connectivity between the suitable forest block for
javan gibbon.

Methods

Study area The study was conducted in Dieng mountains,
Central Java Province, Indonesia (E109°32'-109°56" and
S7°04'-7°13"). This landscape is mountainous area that
connected to the complex of Dieng volcanoes. The study was
concentrated in the forested area that remain in the northern
part of the mountains encompassing lowland to submontane
forest (250-2,500 m asl) (Figure 1). The forested area
consists of a mixture of natural rain forest and plantation
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forests dissected by a large number of secondary roads, and
most relatively flat areas among the forest patches were built
as settlements and croplands. The natural forest is home to
diverse of flora and fauna, especially for the endemic javan
gibbon. The others protected species and endemic to Java are
also recorded in this area such as javan leopard, javan hawk-
eagle, javan blue-banded kingfisher, and etc. (Nijman & Van
Balen, 1998; Chan & Setiawan, 2019). Although it is the
largest biodiversity hotspot in Central Java, this area
received less protection for biodiversity conservation. All
forested areas are administratively managed by Perum
Perhutani and Perusahaan Perkebunan Negara (an
Indonesian state-owned forestry and plantation enterprise),
which are mainly responsible for forest production. Some
forest blocks are Autan lindung (protection forest), which are
not converted to plantation to maintain soil fertility and
prevent landslides (Nijman & Van Balen, 1998). Plantation
forests such as pine, agathis, rubber, and tea plantation are
generated in the surrounding the area, mostly adjacent to the
natural forest.

Land-use and land-cover -classification and change
analysis As the javan gibbon depend on a rainforest which
provides the diverse fruit trees and close canopy (Kappeler,
1984; Kim et al., 2011), we defined rain forest cover as
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Figure 1 Land use land cover (LULC) change analysis of
Dieng mountains in 1994, 2009, and 2021. a) LULC
maps and b) the Sankey diagram of LULC
transition.
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habitat. The forest changes were quantified as an approach to
represent the habitat changes of the javan gibbon. In this
study, we used the term of forest as dry tropical rain forest
which can be from both natural-growth forest or secondary
succession forest, with assumption that forest is an area
which covered by indigenous tree species higher than 5 m
with a minimum 30% of canopy cover (Margono et al., 2012).
However, later in the supervised classification of the land-use
and land-cover (LULC), the reference polygons of classes
were assigned and sampled based on visual interpretation
from the color and the tone of the spectral band reflectance.

This study classified and mapped three-time-points
LULC in Dieng mountains. The seven LULC classes
including forest and other six LULC classes were defined
based on the observation in the field (Table1). We divided the
LULC classes into two categories, which were the canopied
classes and non-canopied classes, to see the spatial pattern of
LULC surrounding the javan gibbon habitat in Dieng
mountains. The canopied classes consisted of forest,
monoculture plantation, and mixed plantation, which at least
enabled the javan gibbon to move through these LULC
classes. While the non-canopied classes consisted of
agriculture, built area, open land, and water body, which
isolated the canopied classes or become barriers for javan
gibbon movement.

Satellite imageries data preparations The time points of the
satellite imageries were selected on the basis of the three
survey years of the javan gibbon population conducted in
Dieng mountains (Nijman & van Balen, 1998; Setiawan et
al., 2012; Widyastuti et al., 2023), which were 1994—-1995,
2009-2010, and 2021. Henceforth, these representing years
were simplified to be 1994, 2009, and 2021. The multi-
temporal satellite imageries from the Landsat Collection 2
Surface Reflectance product (Landsat 5 for years 1994 and
2009; Landsat 8 for year 2021) with the spatial resolution of
30 m retrieved from and preprocessed in Google Earth
Engine (GEE) (Gorelick et al., 2017). The image for each
representing year were filtered by a range of filter-date,
cloud-masked using quality assessment band and statistical
filtered by median pixel values before further analysis. In
order to obtain clear images after applying cloud-masking,
the filter-dates for each year were adjusted and extended to
the range which gave least cloud cover. They were “1994-01-
01 to 1995-12-317, “2009-01-01 to 2009-12-31" and “2020-
06-01 to 2021-12-31”, which represented the 1994, 2009 and
2021 images, respectively. Topographical correction was

Table 1 Land use land cover classes defined for classification
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also performed based on a modified sun—canopy-sensor
topographic correction (SCS+C) algorithm to reduce the
effect of shading from the sun in undulating terrain (Soenen
etal.,2005; Poortinga ctal.,2019).

LULC classification and change analysis A machine
learning supervised classification based on Random Forest
algorithm was performed in GEE to classify the LULC
(Breiman, 2001). A total of seven LULC classes were
decided for Dieng mountains which were described in Table
1. In addition to reflectance bands of Landsat images, four
vegetation indices including NDVI, NDBI, SAVI and EVI
were also employed for classification (da Silva et al., 2020).
The total of 13161, 13306 and 14047 pixels were sampled
assigning seven land cover class for images in 1994, 2009
and 2021, respectively. Random splitting of 80% and 20%
were applied for training and testing, respectively. overall
accuracy and Kappa co-efficient from the confusion matrix
were used to assess the classification accuracy (Rosenfield &
Fitzpatrick-lins, 1986). The focal mode function in GEE was
then applied on the classified images to reduce the salt-and-
pepper effect in the land cover results (Tassi & Vizzari, 2020;
Tassietal.,2021).

The LULC change-transition matrix was computed using
R program to quantify the change. The Sankey diagram was
used to visualized the transition and to identify what the
major cause of forest lost and gain during 1994-2009-2021
(Cuba, 2015). The spatial pattern of forest lost and gain were
also visualized and quantified in maps using ArcMap and
QGIS.

Fragmentation analysis Habitat fragmentation is the
breaking apart of habitat into several smaller pieces (Fahrig,
2003; Jackson & Fahrig, 2013). Thus, in this study, habitat
fragmentation is indicated by the change from the large patch
of forest cover into several smaller patches. These several
smaller patches can be separated by the other LULC classes
or such barriers which may inhibit the javan gibbon
movement (i.e. dissecting road or river). In order to measure
the fragmentation of the javan gibbon habitat, we
qualitatively and quantitatively analyzed the three-time-
points of forest cover.

The isolated forest blocks were identified to describe and
clearly explain the spatial pattern of fragmentation and to
assess the habitat connectivity which represents
fragmentation. This is identified based on the LULC maps
and large roads that have been dissecting the forest. It then

Category LULC class Descriptions
Canopied Forest Combination of primary natural forest and secondary succession forest as
classes potential habitat for javan gibbon. The trees are taller than 5 m and canopy
cover more than 30%
Monoculture plantation  Plantation forest such pine, rubber, agathis, sengon wood
Mixed plantation Plantation forest or planted tree area which consists of multispecies tree
with <5 m of tree height
Non- Agriculture Dry crop, rice field, vegetables, tea plantations
canopied Built area Buildings such as settlements, farmhouse, public buildings, traditional
classes market, etc.
Open area Grass land, baren land
Water body Large river, lake
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overlaid by the habitat suitability model for javan gibbon
from previous study on the forest blocks layer (Widyastuti,
2021; Widyastuti et al., 2023) to identify the suitable forest
blocks for the javan gibbon. The connectivity between the
suitable blocks were characterized based on the relative
distance to each other and the presence of existing corridor,
which is plantation forests. In addition, we also identified
several parts of the road that traversed within blocks but still
have some points of connected canopy, which at the high risk
to isolate this block if the canopy gap is wider in the future.

Furthermore, this study used landscape metrics available
in Landscapmetrics R package to measure and analyse
spatiotemporal pattern of the fragmentation process (during
1994, 2009, 2021) (Hesselbarth et al., 2019). The seven
common landscape metrics were calculated as a whole
landscape for each time point to see the temporal change of
forest fragmentations in 1994, 2009, and 2021, which were
class area (CA), largest patch index (LPI), mean patch size
(Area_ MN), number of patches (NP), patch density (PD),
edge density (ED), and landscape shape index (LSI)
(McGarigal et al., 2023). In order to see the spatiotemporal
pattern of forest patch in Dieng mountains, the squared 1 km’
grid was applied on the forest patch layers of three time
points (Rivas et al., 2022). The landscape division index was
then quantified for each square (Jaeger, 2000). The size of 1
km’ was defined on the basis of the daily path length of javan
gibbon (Kimetal.,2011).

Results and Discussion

LULC dynamics The classification of the seven classes of
the LULC around the javan gibbon habitat in Dieng
mountains for the year of 1994, 2009, and 2021 resulted
fairly good overall accuracy (OA) and Kappa co-efficient (K)
(OA=0.745,K=0.716; OA=0.733,K=0.702; OA=0.781,
K = 0.756; respectively) (Figure 1). From 1994 until 2021,
the landscape was dominated by canopied classes, but non-
canopied classes randomly fragmented the canopied classes
(Figure 1). Generally, the canopied classes gradually
increased over three time points, and non-canopied classes
decreased. These came from the increase of the mixed
plantation, increase of forest and decrease of agriculture
(Figure 1). The forest cover over three time points were the
most dominant class (Figure 1). For non-canopied classes,
agriculture is the largest barrier, 249.19 km’ in 1994, but over
three time points it gradually decreased, loss of 45.21 km’ in
1994-2009 and 25.38 km®in 20092021 (Figure 1). The built
areas were mostly distributed all over the landscape with
small size area. However, the total of built area was gradually
increased, from 8.20 km” in 1994 to be 11.34 km’in 2009 and
tobe 15.37km’2021.

Forest cover change Dieng mountains remain in
unprotected status, although several previous studies have
concluded that this remaining forest was an important habitat
for the survival of some endangered species such as javan
gibbon and others (Nijman & Van Balen, 1998; Setiawan &
Nijman, 2001; Setiawan et al., 2012; Chan & Setiawan.,
2019). Surprisingly, this study indicates that during 1994-
2021 the size of forest cover was relatively stable or even
increased with slight fluctuations. The total of forest cover
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was 300.58 km’ in 1994, increasing 37.89 km® in 2009 and
then decreasing 13.12 km’ in 2021 to be 325.19 km’
(Figure 1).

However, the forest loss and gain during those intervals
were happened (Figure 2). The total forest losses tended to be
balanced by the total forest gains in different places during
19942009 and 2009-2021. In the 1994-2009, the total loss
of 73.04 was balanced by the total gain of 110.93 and in the
2009-2021 the total loss of 107.75 was balanced by the total
gain of 94.64 km’. Most of the forest loss was due to
converted into monoculture plantation (34.81 km’ in
1994-2009 and 44.80 km® in 2009-2021) and into mixed
plantation (17.30 km® in 1994-2009 and 41.53 km’ in
2009-2021). Uniquely, the amount of forest gains from the
same land-use classes were balanced the forest losses. The
forest gains from monoculture plantation were 50.27 km® in
19942009 and 37.25 km’ in 2009—2021; and from mixed
plantation were 19.86 km® in 1994-2009 and 28.94 km’ in
20092021 (Figure 1). In 1994-2009 the loss mostly
happened in a large block in the western side of the landscape
but the gain happened much larger in the north side.
Contrastingly, in 2009-2021, the loss is larger than the gain
and wide spread through the landscape, while the gain mostly
happened in the location where the most of loss happened
during 1994-2009 (Figure 2).

In general, the forest cover slightly increased 24.61 km’
during 26 years (1994-2021). The increase is possibly due to
the secondary succession proses of monoculture plantation
(40.7%), agriculture (27.4%), mixed plantation (17.7%) and
open area (13.2%) during this period. Although the Dieng
mountains was not protected under the conservation area, the
habitat abundance during 1994-2021 remained stable or even
slightly increased. This can be associated to the awareness of
local communities in protecting forests. In the last decade,
forest communities in several locations in the Dieng
mountains have been involved in conservation efforts which
initiated by a non-government organization (NGO),
SwaraOwa. This NGO has been helping the community to
manage sustainable product from the forest. The villagers
were also involved as local guide in gibbon watching tourism
and as a guide in every field conservation research. An
ongoing practice is the development of sustainable shade
grown coffee agroforestry and sustainable honey-farming
from wild stingless bees (Supriatna et al., 2022; Smith et al.,
2023), so that communities have been educated to conserve
forests and were most likely to contribute to the stability of
forest cover. These programs are examples of community-
based natural resource management (CBNRM) that the local
communities can take benefits from natural resources and
ecosystems without damaging, depleting, and permanently
reducing the quality of natural resources (Roe et al., 2006;
Fabricius & Collins, 2007). This CBNRM approach has also
been shown to have positive impacts on some habitats and
wildlife populations outside of conservation areas in southern
Africa (Reyers, 2013).

This study detected the increase of mixed plantation cover
inside the forest patch in 2021 (Figure la). As the class of
mixed plantation assigned by planted multispecies tree which
lower than 5 m, it possibly that the newly-growth of forest
area due to degradation was classified as mixed plantation.
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Figure2 The distribution of loss, gain and persistence of forest in the Dieng mountains between 1994, 2009, and 2021 and the total
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Therefore, the emergence of mixed plantation cover in the
interior the forest is suspected as forest degradation.
However, further investigation is needed to confirm it by
higher scale analysis such vegetation structure and
composition from field measurement or using high resolution
remote sensing data.

Forest fragmentation Based on the LULC maps and
identified dissecting roads, eight isolated forest blocks were
identified for the year of 2021 (Figure 3). The six of eight
were suitable for javan gibbon while the other two were not
suitable. The suitable blocks were West Linggoasri,
Kandangserang, Petungkriyono, Paninggaran, Pamutuh, and
Mt. Prau forest blocks (Figure 3). The largest suitable forest
block was Petungkriyono block, which encompasses several
localities, from East Linggoasri, Lebakbarang,
Petungkriyono, Bandar, Blado, Mt. Kamulyan, and
delineated by the road from Bawang to Batur. The four
suitable forest blocks of West Linggoasri, Paninggaran,
Pamutuh, and Mt. Prau were adjacent and relatively close to
Petungkriyono block, while the Kandangserang block was
totally isolated from the Petungkriyono block and from
others due to large non-canopied LULC classes in between
them (Figure 3). The West Linggoasri forest block was
isolated from the main block of Petungkriyono by
approximately Sm-wide road. The Mt. Prau block was also

Faorest Block Corradar
West Linggoasn [l Pamutuh Small Forest Patches
Kandangserang B Gumelem Flamvtil s
Petungknyono M. Rogojemabangan
Paninggaran Mit. Pram
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isolated from Petungkriyono block by a relatively small
dissecting road (approximately 3m-wide) with larger canopy
gap than the width of the road. The other two suitable forest
blocks (Paninggaran and Pamutuh) were isolated by the other
LULC classes in relatively longer distance (>500 m) to the
Petungkriyono block.

This study revealed that West Linggoasri and Mt. Prau
forest blocks have started to be isolated from the main block
of Petungkriyono due to dissecting road. Furthermore, the
Petungkriyono block was traversed by some non-isolating
roads that potentially become wider in the future and may
isolate this main block into separated blocks (Figure 3). This
indicates that the road is the significant anthropogenic feature
which triggered habitat fragmentation (Prasetyo et al., 2009;
Mehdipour et al., 2019) and can affect the movement
dynamics of the primate species (Gibson & Koenig, 2012;
Ramsay et al., 2019; Asensio et al., 2021). The ranging
behavior of gibbon could be affected by the dissecting road.
Although the gap above the road is narrow (approximately 5
m), gibbon is most likely not crossing the gap, moreover if
the traffic is heavy such in Linggoasri's main road. In the
Khao Yai National Park the two species of gibbons were
observed to cross the <5 m gap above the road and did not
cross the canopy gap of >5 m. The home range of the gibbon
groups were then partially delineated by the road (Asensio et
al.,2021).

Barrser
Mon=-Canopy Land Uses + Javan Gabbon Occurence
- Dnssecting Roaul B Saatalsle Habetat

Potentially Dhssecting Road ~ —High Risk to Lsolate

Figure 3 Identified forest blocks as habitat patches for javan gibbon overlaid by habitat suitability model, species occurrence record

and identified road which at risk to isolate the patch.

Table 2 Forest fragmentation dynamics in Dieng mountains in 1994, 2009, and 2021

Aspect Landscape metrics Unit 1994 2009 2021
Size Class area (CA) ha 29,628 33,361 32,046
Largest patch index (LPI) % 42.30 45.30 33.20
Mean patch size (Area MN) ha 3.85 3.46 2.98
Density Number of patches (NP) - 7,703 9,632 10,764
Patch density (PD) no. ha'! 15.50 17.50 18.90
Shape Edge density (ED) M ha™! 72.80 85.80 105.00
Landscape shape index (LSI) - 82.40 88.60 119.00
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Despite there was a slight increase in total size of the
forest during 19942021, it became more fragmented. During
the study period, the LPTand Area_ MN decreased, but the NP
and PD increased. This indicates that the large forest patches
have fragmented into a greater number of smaller patches.
Additionally, the ED and LSI were becoming higher which
means that the fragmentation process change the shape of the
forest patches into more complex and increased the total
forest edge (Table 2). The measurement of LDI in squared
grid show that the forest in the center of the landscape was
less fragmented than its surrounding (Figure 4). Some areas
in the western part of the landscape were more fragmented
during 1994-2021. The one was in between West Linggoasri
and Petungkriyono blocks and the other one was in the east of
Kandangserang block. The higher landscape division index
was indicated in the areas that traversed by road (Figure 4).

Actually, the forest in western part of Java, including
Dieng mountains, has been severely fragmented by the end
of the 1800s due to massive deforestation, and the
fragmentation pattern at the early of the 1900s was very
similar to that seen today (Nijman, 2013). Thus, the
fragmentation pattern in 1994 showed in this study was
mainly driven by forest conversion into agriculture during
colonialism period. Furthermore, this study is focus to see the
change after 1994. Then the results highlight that the roads
tended to trigger more severe fragmentation, which was
observed between West Linggoasri block and Petungkriyono
and also observed within Petungkriyono block.

Connectivity between seven blocks, namely West
Linggoasri, Petungkriyono, Pamutuh, Paninggaran,
Gumelem, Mt. Rogojembangan, and Mt. Prau, was not
completely isolated. Rapid observations in the field suggest
that there were still tree canopies with close gaps in some part
of the dissecting road that may allow javan gibbons to cross
between blocks. Monoculture and mixed plantations,
identified through the LULC map, can also serve as natural
corridors between these blocks, enabling gene flow or
genetic exchange between subpopulations (Figure 3).
A recent population genetics study conducted on javan
gibbon in Dieng supports this idea, as it found evidence of
gene flow between the Linggoasri (West Linggoasri block)
and Kayupuring (middle of Petungkriyono block)
subpopulations. Despite being separated by a straight-line
distance of 16 km, individual from the West Linggoasri block
and individuals from the Petungkriyono block shared their
haplotypes (Bagasta, 2022), indicating that these
subpopulations have not completely isolated from each other
or not been isolated for a long time. Overall, the findings
suggest that there is still some connectivity and potential for
genetic exchange among javan gibbon subpopulations in the
mentioned blocks.

Petungkriyono forest block is the most important forest
block which should be prevent to future fragmentation.
Several parts of the four roads that traversed Petungkriyono
block were identified as at higher risk to isolate this block if
the canopy gap is wider in the future. They were located in the
main street from Dusun Lolong to Lebakbarang, lane from
Dusun Lolong to Dusun Mendolo and Kutorembet, main
street from Doro to Petungkriyono, and main street from
Bandar to Batur (Figure 3). Thus, it is important to prevent
road widening in four potentially dissecting roads and
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Figure4 Spatial pattern of forest fragmentation in Dieng
mountains in 1994, 2009 and 2021 measured using
landscape division index in 1 km® squared grid,
withroad network of 2021.

maintain the canopy connection above the roads (Figure 3).
Alternatively, installation of the artificial canopy bridge is
also helpful for some crossing spot with broken canopy as
implemented in other gibbon habitat (Das et al., 2009; Chan
et al., 2020; Chetry et al., 2022). However, more study is
needed to identify the prioritized area where the artificial
canopy bridges are needed to reconnect the forest blocks. The
other two unsuitable forest blocks for javan gibbon in Dieng
is important to be prevented from the future loss and
fragmentation as well, as these blocks could be the refugee
for this species when climate change force them to shift their
range (Waltheretal.,2002; Chenetal.,2011).

Conclusion

This study revealed that even though Dieng mountains
were not protected under conservation area, there were no
significant decline in the total of forest due to balanced total
forest loss and total forest gain into and from plantations and
agriculture. The forest even has slightly increased, which
possibly due to the secondary succession from others LULC
classes. However, it predicted that the quality of forest
structure was degraded in the interior of forest block. The
forest has more fragmented during 1994-2021 from large
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forest patches into smaller patches and increased forest edge.
The higher fragmentation was indicated in the areas that
traversed by road. Six suitable forest blocks were identified
with varying level of connectivity. The largest and the main
habitat for javan gibbon was Petungkriyono block.

Recommendation

In order to mitigate more serious habitat degradation or
even significant deforestation which lead to more serious
fragmentation in the near future, protection and restoration
both in the forest and in the interior forest is immediate need,
especially in the suitable larger forest block such
Petungkriyono block. The extra conservation effort for the
habitat also crucial in the forested area that still connecting
the blocks but traversed by road as indicated in this study as at
high risk to isolate. The closest adjacent two suitable blocks
(West Linggoasri and Mt. Prau) could be potentially
reconnected by the artificial canopy bridge crossing the
dissecting road. While the other suitable blocks might need
restoration work for habitat corridor to the main block. The
community-based natural resource management is a
promising conservation approach for biodiversity and its
habitat, particularly for javan gibbons, in the Dieng
mountains and possibly in other habitats outside
conservation areas and it is recommended to be expanded to
the other places in Dieng mountains.

Acknowledgment

This research was financially funded by Program
Magister Menuju Doktor untuk Sarjana Unggul (PMDSU)
2021 which granted to DPF and SW. We thank to Kurnia
Latifiana, Aryo A Condro, and Gemasakti Adzan for helping
us in the spatial data preparations and analyses, also to Arif
Setiawan (SwaraOwa) for important input during the
research.

References

Allendorf, F. W., Hohenlohe, P. A., & Luikart, G. (2010).
Genomics and the future of conservation genetics. Nature
Reviews, Genetics, 11(10), 697-709. https://doi.org/
10.1038/NRG2844

Asensio, N., Kachanan, J., Saralamba, C., & José-
Dominguez, J. M. (2021). The impact of roads on the
movement of arboreal fauna in protected areas: the case
of lar and pileated gibbons in Khao Yai National Park,
Thailand. Journal of Tropical Ecology, 37(6), 276-285.
https://doi.org/10.1017/S0266467421000390

Asquith, N. M. (2001). Misdirections in conservation
biology. Conservation Biology, 15(2), 345-352.
https://doi.org/10.1046/j.1523-1739.2001.015002345 x

Bagasta, A. R. (2022). Variasi genetik dengan penanda gen
Cyt B pada javan gibbon (Hylobates moloch) di hutan
dataran rendah dan implikasi untuk konservasi [thesis].
Solo: Universitas Sebelas Maret.

Breiman, L. (2001). Random forests. Machine Learning,
45(1), 5-32. https://doi.org/10.1023/A:101093340
4324/METRICS

Scientific Article
ISSN: 2087-0469

Cannon, C. H., & Leighton, M. (1994). Comparative
locomotor ecology of gibbons and macaques: Selection
of canopy elements for crossing gaps. American Journal
of Physical Anthropology, 93(4), 505-524.
https://doi.org/10.1002/AJPA.1330930409

Chan,B.P.L.,Lo, Y. F. P, Hong, X.J.,Mak, C. F., & Ma, Z.
(2020). First use of artificial canopy bridge by the world's
most critically endangered primate the hainan gibbon
Nomascus hainanus. Scientific Reports, 10(1), 1-9.
https://doi.org/10.1038/s41598-020-72641-z

Chan, B. P. L., & Setiawan, A. (2019). New record of the
critically endangered javan blue-banded kingfisher
Alcedo euryzona in Central Java, Indonesia.
BirdingASIA, 31,24-27.

Chen, I. C., Hill, J. K., Ohlemiiller, R., Roy, D. B., & Thomas,
C. D. (2011). Rapid range shifts of species associated
with high levels of climate warming. Science, 333(6045),
1024-1026. https://doi.org/10.1126/science. 1206432

Chetry, D., Chetry, R., Das, A. K., Bhuyan, R., & Kyes, R. C.
(2022). Connecting fragments and gibbons after a century
of separation: A natural canopy bridge at the Hollongapar
Gibbon Wildlife Sanctuary, Assam, India. Primate
Conservation, 36,233-242.

Cheyne, S. M., Thompson, C. J. H., & Chivers, D. J. (2013).
Travel adaptations of bornean agile gibbons Hylobates
albibarbis (Primates: Hylobatidae) in a degraded
secondary forest, Indonesia. Journal of Threatened Taxa,
5(5), 3963-3968. https://doi.org/10.11609/J0TT.03361.
3963-8.Copyright

Cuba, N. (2015). Research note: Sankey diagrams for
visualizing land cover dynamics. Landscape and Urban
Planning, 139, 163-167. https://doi.org/10.1016/
j-landurbplan.2015.03.010

da Silva, V. S., Salami, G., da Silva, M. I. O., Silva, E. A.,
Monteiro Junior, J. J., & Alba, E. (2020). Methodological
evaluation of vegetation indexes in land use and land
cover (LULC) classification. Geology, Ecology, and
Landscapes, 4(2), 159-169. https://doi.org/10.1080/
24749508.2019.1608409

Das, J., Biswas, J., Bhattacherjee, P. C., & Rao, S. S. (2009).
Canopy bridges: An effective conservation tactic for
supporting gibbon populations in forest fragments. In S.
Lappan & D. J. Whittaker (Eds.), The gibbons.
Developments in primatology: Progress and prospects
(pp. 467-475). Springer New York. https://doi.org/
10.1007/978-0-387-88604-6_22

Fabricius, C., & Collins, S. (2007). Community-based
natural resource management: Governing the commons.
Water Policy, 9(S2), 83-97. https://doi.org/10.2166
/wp.2007.132

Fahrig, L. (2003). Effects of habitat fragmentation on
biodiversity. Annual Review of Ecology, Evolution, and

157


https://doi.org/10.1038/NRG2844
https://doi.org/10.1017/S0266467421000390
https://doi.org/10.1046/j.1523-1739.2001.015002345.x
https://doi.org/10.1023/A:1010933404324/METRICS
https://doi.org/10.1002/AJPA.1330930409
https://doi.org/10.1038/s41598-020-72641-z
https://doi.org/10.1126/science.1206432
https://doi.org/10.11609/JoTT.o3361.3963-8.Copyright
https://doi.org/10.1016/j.landurbplan.2015.03.010
https://doi.org/10.1080/24749508.2019.1608409
https://doi.org/10.1007/978-0-387-88604-6_22
https://doi.org/10.2166/wp.2007.132

Jurnal Manajemen Hutan Tropika, 29(2), 150-160, August 2023
EISSN: 2089-2063
DOI: 10.7226/jtfm.29.2.150

Systematics, 34, 487-515. https://doi.org/10.1146/
annurev.ecolsys.34.011802.132419

Fan, P., & Bartlett, T. Q. (2017). Overlooked small apes need
more attention! American Journal of Primatology, 79(6),
€22658. https://doi.org/10.1002/ajp.22658

Frankham, R. (2005). Genetics and extinction. Biological
Conservation, 126(2), 131-140. https://doi.org/10.1016/
j-biocon.2005.05.002

Gibson, L., & Koenig, A. (2012). Neighboring groups and
habitat edges modulate range use in phayre's leaf
monkeys (Trachypithecus phayrei crepusculus).
Behavioral Ecology and Sociobiology, 66(4), 633—643.
https://doi.org/10.1007/s00265-011-1311-2

Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S.,
Thau, D., & Moore, R. (2017). Google Earth Engine:
Planetary-scale geospatial analysis for everyone. Remote
Sensing of Environment, 202, 18-27. https://doi.org/
10.321016/J.RSE.2017.06.031

Hesselbarth, M. H. K., Sciaini, M., With, K. A., Wiegand, K.,
& Nowosad, J. (2019). Landscapemetrics: An open-
source R tool to calculate landscape metrics. Ecography,
42(10), 1648-1657. https://doi.org/10.1111/ECOG.
04617

Jackson, H. B., & Fahrig, L. (2013). Habitat loss and
fragmentation. Encyclopedia of Biodiversity: Second
Edition, 4, 50-58. https://doi.org/10.1016/B978-0-12-
384719-5.00399-3

Jaeger, J. A. G. (2000). Landscape division, splitting index,
and effective mesh size: New measures of landscape
fragmentation. Landscape Ecology, 15(2), 115-130.
https://doi.org/10.1023/A:1008129329289

Johnson, J. A., & Dunn, P. O. (2006). Low genetic variation in
the Heath Hen prior to extinction and implications for the
conservation of prairie-chicken populations.
Conservation Genetics, 7(1), 37-48. https://doi.org/
10.1007/s10592-005-7856-8

Kappeler, M. (1984). The gibbon in Java. In H. Preuschoft, D.
Chivers, B. W, & C. N (Eds.), The lesser apes:
Evolutionary and behavioural biology (pp. 19-31).
Edinburgh University Press.

Kim, S., Lappan, S., & Choe, J. C. (2011). Diet and ranging
behavior of the endangered javan gibbon (Hylobates
moloch) in a submontane tropical rainforest. American
Journal of Primatology, 73(3), 270-280. https://doi.org/
10.1002/ajp.20893

Margono, B. A., Turubanova, S., Zhuravleva, 1., Potapov, P.,
Tyukavina, A., Baccini, A., ..., & Hansen, M. C. (2012).
Mapping and monitoring deforestation and forest
degradation in Sumatra (Indonesia) using Landsat time
series data sets from 1990 to 2010. Environmental
Research Letters, 7(3), 034010. https://doi.org/10.1088/
1748-9326/7/3/034010

158

Scientific Article
ISSN: 2087-0469

Markert, J. A., Champlin, D. M., Gutjahr-Gobell, R., Grear,
J.S.,Kuhn, A., Mcgreevy, T.J., ..., & Nacci, D. E. (2010).
Population genetic diversity and fitness in multiple
environments. BMC Evolutionary Biology, 10, 205.
https://doi.org/10.1186/1471-2148-10-205

Marshall, A. J. (2010). Effect of habitat quality on primate
populations in Kalimantan: Gibbons and leaf monkeys as
case studies. In S. Gursky & J. Supriatna (Eds.),
Indonesian primates. Developments in primatology:
Progress and prospects (pp. 157-177). Springer New
York. https://doi.org/10.1007/978-1-4419-1560-3 9

Mehdipour, N., Fakheran, S., Soffianian, A., & Pourmanafi,
S. (2019). Road-induced fragmentation and the
environmental value of roadless areas in a partly
protected landscape in Central Iran. Environmental
Monitoring and Assessment, 191(7), 1-12.
https://doi.org/10.1007/S10661-019-7571-4/METRICS

Nijman, V. (2004). Conservation of the javan gibbon
Hylobates moloch: Population estimates, local
extinctions, and conservation priorities. Raffles Bulletin
of Zoology, 52(1),271-280.

Nijman, V. (2013). One hundred years of solitude: Effects of
long-term forest fragmentation on the primate
community of Java, Indonesia. In L. Marsh, & C.
Chapman (Eds.), Primates in fragments: Complexity and
resilience (pp. 33—45). Springer New York.
https://doi.org/10.1007 /978-1-4614-8839-2 3

Nijman, V. (2020). Hylobates moloch. The IUCN Red List of
Threatened Species 2020: e.TI10550417966495.
https://doi.org/10.2305/ITUCN.UK.2020-2.RLTS.T105
50A17966495.en

Nijman, V., & Sectiawan, I. (2001). Penilaian sepintas
keragaman fauna di Pegunungan Dieng (Rapid
assessement of fauna diversity in Dieng Mountains).
Laporan Akhir [Final Report YPAI/Mitra Dieng/Gibbon
Foundation, Bandung.

Nijman, V., & Van Balen, S. (1998). A faunal survey of the
Dieng Mountains, Central Java, Indonesia: Distribution
and conservation of endemic primate taxa. Oryx, 32(2),
145-156. https://doi.org/10.1046/j.1365-3008.1998.
do1-24.x

Poortinga, A., Tenneson, K., Shapiro, A., Nquyen, Q., Aung,
K. S., Chishtie, F., & Saah, D. (2019). Mapping
Plantations in Myanmar by fusing Landsat-8, Sentinel-2
and Sentinel-1 data along with systematic error
quantification. Remote Sensing, 11(7), 831.
https://doi.org/10.3390/RS11070831

Prasetyo, L. B., Kartodihardjo, H., Adiwibowo, S., Okarda,
B., & Setiawan, Y. (2009). Spatial model approach on
deforestation of Java Island, Indonesia. Journal of
Integrated Field Science, 6,37-44.

Ralls, K., Ballou, J. D., Dudash, M. R., Eldridge, M. D. B.,


https://doi.org/10.1146/annurev.ecolsys.34.011802.132419
https://doi.org/10.1002/ajp.22658
https://doi.org/10.1016/j.biocon.2005.05.002
https://doi.org/10.1007/s00265-011-1311-2
https://doi.org/10.1016/J.RSE.2017.06.031
https://doi.org/10.1111/ECOG.04617
https://doi.org/10.1016/B978-0-12-384719-5.00399-3
https://doi.org/10.1023/A:1008129329289
https://doi.org/10.1007/s10592-005-7856-8
https://doi.org/10.1002/ajp.20893
https://doi.org/10.1088/1748-9326/7/3/034010
https://doi.org/10.1186/1471-2148-10-205
https://doi.org/10.1007/978-1-4419-1560-3_9
https://doi.org/10.1007/ S10661-019-7571-4/METRICS
https://doi.org/10.1007 /978-1-4614-8839-2_3
https://doi.org/10.2305/IUCN.UK.2020-2.RLTS.T10550A17966495.en
https://doi.org/10.1046/j.1365-3008.1998.d01-24.x
https://doi.org/10.3390/RS11070831

Jurnal Manajemen Hutan Tropika, 29(2), 150-160, August 2023
EISSN: 2089-2063
DOI: 10.7226/jtfm.29.2.150

Fenster, C. B., Lacy, R. C,, ..., & Frankham, R. (2018).
Call for a paradigm shift in the genetic management of

fragmented populations. Conservation Letters, 11(2),
1-6. https://doi.org/10.1111/conl.12412

Ramsay, M. S., Razafindrakoto, A., & Lehman, S. M. (2019).
The effects of a national highway on the endangered
golden-brown mouse lemur Microcebus ravelobensis in
Ankarafantsika National Park, Madagascar. Oryx, 53(4),
727-731. https://doi.org/10.1017/S0030605317001284

Reyers, B. (2013). Conserving biodiversity outside
protected areas. In S. A. Levin (Ed.), Encyclopedia of
biodiversity: Second edition (pp. 289-305). Academic
Press. https://doi.org/10.1016/B978-0-12-384719-
5.00359-2

Rivas, C. A., Guerrero-Casado, J., & Navarro-Cerrillo, R. M.
(2022). A new combined index to assess the
fragmentation status of a forest patch based on its size,
shape complexity, and isolation. Diversity, 14(11), 896.
https://doi.org/10.3390/d14110896

Roe, D., Jones, B. T. B., Bond, 1., & Bhatt, S. (2006). Local
action, global aspirations: The role of community
conservation in achieving international goals for
environment and development. International Institute for
Environment and Development. https://api.semantic
scholar.org/CorpusID:126783590

Roos, C., Boonratana, R., Supriatna, J., Fellowes, J. R,
Groves, C. P, Nash, S. D., ..., & Mittermeier, R. A.
(2014). An update taxonomy and conservation status
review of Asian primates. Asian Primates Journal, 4(1),
2-44.

Rosenfield, G. H., & Fitzpatrick-lins, K. (1986). A
coefficient of agreement as a measure of thematic
classification accuracy. Photogrammetric Engineering
and Remote Sensing, 52(2),223-227.

Sarma, K., Saikia, M. K., Sarania, B., Basumatary, H.,
Baruah, S. S., Saikia, B. P,, ...., & Saikia, P. K. (2021).
Habitat monitoring and conservation prioritization of
Western Hoolock Gibbon in upper Brahmaputra Valley,
Assam, India. Scientific Reports, 11(1), 15427.
https://doi.org/10.1038/S41598-021-94844-8

Setiawan, A., Nugroho, T. S., Wibisono, Y., Ikawati, V., &
Sugardjito, J. (2012). Population density and distribution
of javan gibbon (Hylobates moloch) in Central Java,
Indonesia. Biodiversitas, 13(1), 23-27. https://doi.org/
10.13057/biodiv/d130105

Smith, J. H., Ario, A., Oktaviani, R., Setiawan, A., Gunawan,
A., & Nijman, V. (2023). Listen to the people, hear the
gibbons sing: The importance of incorporating local
people's perceptions in conservation. In S. Cheyne, C.
Thompson, P. Fan, & H. Chatterjee (Eds.), Gibbon
conservation in the anthropocene (pp. 253-269).
Cambridge University Press. https://doi.org/10.1017/
9781108785402.017

Scientific Article
ISSN: 2087-0469

Smith, J. H., King, T., Campbell, C., Cheyne, S. M., &
Nijman, V. (2018). Modelling population viability of
three independent javan gibbon (Hylobates moloch)
populations on Java, Indonesia. Folia Primatologica,
88(6),507-522. https://doi.org/10.1159/000484559

Soenen, S. A., Peddle, D. R., & Coburn, C. A. (2005).
SCS+C: A modified Sun-canopy-sensor topographic
correction in forested terrain. /[EEE Tramsactions on
Geoscience and Remote Sensing, 43(9), 2148-2159.
https://doi.org/10.1109/TGRS.2005.852

Spielman, D., Brook, B. W., & Frankham, R. (2004). Most
species are not driven to extinction before genetic factors
impact them. Proceedings of the National Academy of
Sciences of the United States of America, 101(42),
15261-15264. https://doi.org/10.1073/PNAS.04038
09101/SUPPL_FILE/03809TABLE3.PDF

Supriatna, J. (2006). Conservation programs for the
endangered javan gibbon (Hylobates moloch). Primate
Conservation, 21, 155-162. https://doi.org/10.1896/
0898-6207.21.1.155

Supriatna, J., Ario, A., & Setiawan, A. (2022). Javan gibbon
tourism: A review from West and Central Java initiatives.
In S. L. Gursky, J. Supriatna, & A. Achorn (Eds.),
Ecotourism and Indonesia's primates. Developments in
primatology: Progress and prospects (pp. 93—109).
Springer, Cham. https://doi.org/10.1007/978-3-031-
14919-1 6

Tassi, A., Gigante, D., Modica, G., di Martino, L., & Vizzari,
M. (2021). Pixel-vs. object-based Landsat 8 data
classification in Google Earth Engine using random
forest: The case study of maiella national park. Remote
Sensing, 13(12), 2299. https://doi.org/10.3390/RS1312
2299

Tassi, A., & Vizzari, M. (2020). Object-oriented LULC
classification in Google Earth Engine combining SNIC,
GLCM, and machine learning algorithms. Remote
Sensing, 12(22), 3776. https://doi.org/10.3390/
RS12223776

Walther, G. R., Post, E., Convey, P., Menzel, A., Parmesan,
C., Beebee, T. J. C., ..., & Bairlein, F. (2002). Ecological
responses to recent climate change. Nature, 416,
389-395. https://doi.org/10.1038/416389a

Whittaker, D. J. (2009). Phylogeography of kloss's gibbon
(Hylobates klossii) populations and implications for
conservation planning in the Mentawai Islands. In S.
Lappan, & D. J. Whittaker (Eds.), The gibbons.
Developments in primatology: Progress and prospects
(pp. 73-89). Springer New York. https://doi.org/
10.1007/978-0-387-88604-6_5

Whitten, T., Soeriaatmadja, R. E., & Afiff, S. A. (1996).

Ecology of Java & Bali. Periplus. https://books.google.
co.id/books?id= plcG_aZGjsC

159


https://doi.org/10.1111/conl.12412
https://doi.org/10.1017/S0030605317001284
https://doi.org/10.1017/S0030605317001284
https://doi.org/10.3390/d14110896
https://api.semanticscholar.org/CorpusID:126783590
https://doi.org/10.1038/S41598-021-94844-8
https://doi.org/10.13057/biodiv/d130105
https://doi.org/10.1017/9781108785402.017
https://doi.org/10.1159/000484559
https://doi.org/10.1109/TGRS.2005.852
https://doi.org/10.1073/PNAS.0403809101/SUPPL_FILE/03809TABLE3.PDF
https://doi.org/10.1896/0898-6207.21.1.155
https://doi.org/10.1007/978-3-031-14919-1_6
https://doi.org/10.3390/RS13122299
https://doi.org/10.3390/RS12223776
https://doi.org/10.1038/416389a
https://doi.org/10.1007/978-0-387-88604-6_5
https://books.google.co.id/books?id=_pIcG_aZGjsC

Jurnal Manajemen Hutan Tropika, 29(2), 150-160, August 2023
EISSN: 2089-2063
DOI: 10.7226/jtfm.29.2.150

Widyastuti, S. (2021). Model kesesuaian habitat owa jawa
(Hylobates moloch) di Pegunungan Dieng, Jawa Tengah
dan proyeksi terhadap perubahan suhu tahun 2030
[dissertation]. Bogor: IPB University.

Widyastuti, S., Perwitasari-Farajallah, D., Iskandar, E.,

160

Scientific Article
ISSN: 2087-0469

Prasetyo, L. B., Setiawan, A., Aoliya, N., & Cheyne, S.
M. (2023). Population of the javan gibbon (Hylobates
moloch) in the Dieng Mountains, Indonesia: An updated
estimation from a new approach. Biodiversity Data
Journal, 11, e100805. https://doi.org/10.3897/BDJ.
11.E100805


https://doi.org/10.3897/BDJ.11.E100805

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

