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ABSTRACT 

Fragmentation impacts disconnecting protected areas in Gunungkidul Regency, namely 

Bunder Forest Park (BFP) and the Paliyan Wildlife Reserve (PWR). This also decreases the 

carrying capacity in PWR, degrading the Long-Tailed Macaque (LTM) habitat. Therefore, 

this research aims to analyze the landscape structure between Protected areas, the habitat 

suitability of LTM in Gunungkidul Regency, and determine connectivity potential as an 

environmental management strategy. applied for this research to investigates the structure 

and fragmentation using Fragstat 4.2 and ArcGIS 10.8 software. Meanwhile, scoring and 

weighting methods analyze the LTM habitat, while Least Cost Patch Analysis (LCPA) 

supported by ArcGIS 10.8 determine the corridor. The results showed that the research land 

cover changed from 1999-2021. Agriculture, scrubs, and settlements are the dominant land 

cover suspected to cause forest fragmentation. Based on the habitat suitability analysis using 

parameters such as land cover, vegetation density, slope, altitude, distance from the river, and 

sources of threats, most of the research area is intermediate habitat suitability class. These 

findings can be integrated to determine connectivity between protected areas as one of the 

environment management strategies. Good forest cover can be used to designate a corridor 

that has the greatest potential to be developed between BFP and PWR and should be 

maintained as a wildlife crossing. 

Keywords: Landscape ecology, Landscape connectivity, Long-Tailed Macaque 

 

 

INTRODUCTION 

Fragmentation breaks large protected areas into smaller units due to human activities, 

disconnecting vast patches of forests and wildlife corridors. Population growth is aligned 

with the increase in infrastructure development and the utilization rate of natural resources. 
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Exploiting natural resources certainly can threaten the sustainability of ecosystems, including 

animal habitats and the preservation of environmental services to support human life (Utina 

et al., 2015). According to Miller (1982), humans' decline in environmental quality consists 

of two factors, namely the number of people and the natural resources used. Therefore, it has 

implications for the decline in the ecological function of the landscape in terms of the 

distribution of energy, material, and species flows (Prasetyo, 2017) and contributes to 

declining local biodiversity (Newbold et al, 2015).  

Gunungkidul Regency in Yogyakarta Province has two protected areas, namely Paliyan 

Wildlife Reserve (PWR) and Bunder Forest Park (BFP). Furthermore, it has a unique 

characteristic, namely a karst landscape to protect biodiversity. Before being designated as 

the Paliyan Wildlife Reserve, Paliyan forest which is one of the karst landscapes in 

Gunungkidul, was considered to have high productivity, where nearly 90 % of the state forest 

in Gunungkidul Regency functioned as a production forest (Environment and Forestry 

Agency’s of D.I.Yogyakarta Province, 2016).  

In 1998, there was a period of reform that resulted in a lot of encroachment, the conversion 

of forests to agricultural land, and resulted in forest fragmentation in Gunungkidul Regency. 

Whereas this Paliyan forest also has a role as the Long-tailed Macaque (LTM) (Macaca 

fascicularis) habitat. LTM are one of the primate species that is affected by human activities 

in exploiting their habitat (Hambali et al, 2012). To restore landscape function, the 

Government of Gunungkidul Regency rehabilitated the area from 2003 to 2015 (Natural 

Resources Conservation Agency Yogyakarta Province, 2018). Furthermore, to optimize the 

Paliyan Forest in terms of preservation and protection of the wild, one of which is LTM 

habitat, Paliyan Forest was designated a Conservation Area in 2000 through the Decree of the 

Minister of Forestry Number 171 on 29 June 2000 and designated as Paliyan Wildlife 

Reserve through of Decree of the Minister of Forestry Number 1870 on 25 March 2014.  

Morphologically, PWR is steep slopes with an altitude of 100-300 m asl. The majority of 

soil types in PWR are latosol or clay soils with minimal soil depth (average <50 cm) (Natural 

Resources Conservation Agency Yogyakarta Province, 2018). Furthermore, the existence of 

the forest in Paliyan provides many benefits for the living things in it, especially as a habitat 

for the LTM. 

Over the years, fragmentation in the PWR has increased and resulted in the interruption of 

gene flow and species, including disturbance of the LTM habitat. Habitat loss due to logging, 

farming, and human housing has resulted in LTM’s living in close proximity to humans in 

rural and urban environments (Hadi, 2005; Gumert, 2011; Aggimarangsee, 2013). The 

decreased carrying capacity of PWR also has led to encroachment on communal land. The 

distribution of LTM was considered a pest disruption, specifically for the people around the 

PWR with agricultural land. This agrees with Fauzi et al (2020), which describe that in its 

natural habitat, LTM impacts buffer zones in the form of wild activities that damage crops on 

plantation lands. 

According to Lesson et al. (2004), the maximum area capacity for Long-tailed Macaque 

(LTM) is around 3-4 ind/ha. Therefore, the PWR area cannot support the habitat of the LTM 

with the number of individuals that have exceeded the threshold and making community land 

a destination to fulfill their needs. The IUCN Red List (2022) categorized LTM as 

endangered species animals. Therefore, the population should also be maintained. One of the 

strategies to protect community land from disruption and maintain the habitat is by 

developing corridors between protected areas. The protected areas in Gunungkidul Regency 

beside PWR is Bunder Forest Park (BFP). Forest Park is a nature conservation area built for 

the purpose of collecting plants and animals to be used for the purposes of research, science, 

education, supporting cultivation, culture, tourism and recreation (Law of Republic 
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Indonesia Number 5, 1990). Forest cover in BFP, which is abundant, has many benefits, 

including providing environmental services and as a habitat for wildlife. 

Connectivity between protected areas in Gunungkidul Regency can be formed when 

components that match the characteristics of wild habitats, namely Long-Tailed Macaque as 

an indicator of target species are fulfilled. As stated by Buček et al (2012), an ecological 

network in the landscape consists of all existing and proposed landscape segments of 

ecological significance that can contribute to conserving landscape biodiversity. This 

research is focused on areas between protected areas and their surroundings because they are 

considered to be part of a landscape that can act as gene flow, species in each conservation 

area that are interconnected and have the opportunity to become areas of biodiversity 

protection outside conservation areas. 

Maintaining habitat quality and connectivity to avoid anthropogenic disturbance is the 

main challenge of biodiversity conservation efforts (Wang et al, 2014). However, it can be an 

optional strategy to reduce the impact of habitat fragmentation and support the flow of 

energy, materials, and species by uniting protected areas to form a network on a larger scale 

through the establishment of habitat corridors (Bruinderink et al., 2003).  

Several protected areas, designated as part of a landscape that safeguards biodiversity, 

natural resources, and life support systems for environmental sustainability, can be linked 

through this connection. Therefore, this research aims to analyze the landscape structure 

between Protected areas, the habitat suitability of LTM in Gunungkidul Regency, and obtain 

connectivity potential as an environmental management strategy. 

 

 

DATA AND METHODS 

Study area and context 

Fragmentation landscape refers to a location between protected areas. Based on 

administrative, this is located in Playen, Wonosari, and Paliyan Districts, Gunungkidul 

Regency, Yogyakarta Province, Indonesia, at coordinates 110°29’2” - 110°35’3” East 

Longitude and 7°52’30” - 8°3’0” South Latitude. The research area is 11,984.5 ha (Fig. 1).  

The boundaries of two protected areas (Table 1) are determined based on the buffer 

average home range of LTM, approximately 1 km. This research was conducted using the 

landscape ecology approach. The critical concept of the landscape ecology approach is 

structure, function, and change (Hersperger, 1994).  

 

Table 1: Data of Protected Areas in Gunungkidul Regency  
 

No Protected Area Location Size (hectare) Decree 

Number 

1 Paliyan Wildlife Reserve 

(PWR) 

Paliyan District 434,83 Decree of the Minister of Forestry 

Number 

1870/MoF-VII-KUH/2014 

2 Bunder Forest Park 

(BFP) 

Playen & Patuk 

Districts 

634,10 Decree of the Minister of Forestry 

Number 144/MoF-II/2014 

Source: Natural Resources Conservation Agency Yogyakarta Province, Statistics (2022) and 

Environment- Forestry Yogyakarta Province (2022) 

 

Specifically, to analyze the structure and fragmentation of the landscape, Fragstats 4.2 and 

ArcGIS 10.8 software were used. The satellite images were used to identify land cover 

changes sourced from Landsat 5 TM image overview on 30 September 1999 and 15 July 



Panuntun M.D., Haryono E., Santosa L.W.: Finding the corridor potential between protected areas in a fragmented 

landscape, Gunungkidul regency, IndonesiaAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
 

108 

2009 with pixel size is 30 m. Meanwhile, the SPOT 7 image was obtained on 6 August 2021 

with pixel size is 6 m. Using satellite imageries of different size due to data limitations.  

 

Fig. 1: Geographic location of the fragmented area between two protected areas  

 
 

These also ever applied to land use/land over change detection study in Istanbul, which 

give same result and the efficiency of the two data sets is explained by comparing the 

thematic map accuracy outputs (Akyürek et al, 2018) 

The description of the parameters for analyzing the structure and fragmentation of the 

landscape can be seen in Table 2. 

The parameters to determine habitat suitability include landform, land use, vegetation 

density, and source of threat (Table 3). These four parameters are determined by considering 

the characteristics of the LTM habitat in Gunungkidul Regency. Source of the threat its 

means threat of distance from roads and settlements. Then, the landform parameters were 

processed by area delineation, namely mountain hills, Wonosari Ledok plain, watery valley, 

and dry valley. Several dominant factors affect LTM’s habitat, including altitude, slope, and 

vegetation density (Hidayat, 2012). Furthermore, LTM is found in forests and community 

plantation areas (Supriatna & Ramadhan, 2016). According to Lekagul & McNeely (1977), 

the classic habitat of LTM is a forest with an altitude of up to 2,000 meters above sea level.  
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Table 2: The landscape matrix used in this research  
 

Matrix Code Formules Description 

Class Area CA m2 The total area of each land cover class. 

Largest Patch Index LPI 𝑚𝑎𝑥

𝐴
 (100) LPI calculates the percentage of the landscape that comprises 

the most significant patch. LPI = 100 when the landscape 

consists of one appropriate land cover type plot. 

Edge Density ED ∑ 𝐵

𝐴
 

(10.000) 

ED measures the ratio of the edge segment length to the total 

area. The ED value increases as the patch shape become more 

irregular due to longer edges between patch types. 

Number of Patches NP ni The NP counts the number of patches of the appropriate land 

cover type in the landscape. NP=1 when the land cover 

consists of one patch. 

Patch Density PD 𝑛𝑖

𝐴
(10.000) 

(100) 

PD calculates the ratio of the number of plots of each land 

cover type over the landscape area. PD value increases as land 

cover become more fragmented. 

Landscape Shape 

Index 

LSI 25𝐸′

√𝐴
 

LSI quantifies class aggregation in the landscape. LSI=1 

when the landscape consists of one square or the densest 

(nearly square) swath of the appropriate type. 

Source: Hakim (2021), with modifications 

 

The parameters were analyzed using the Spatial Multi-Criteria Analysis (SMCA) method 

to determine the suitability habitat class for the target species of LTM. Scoring and weighting 

of LTM’s habitat suitability is defined based on literature research and expert judgment there 

are academics and local governments involved in the conservation biodiversity in 

Yogyakarta Province. Based on the results of the discussion regarding the determination of 

the scoring, it is known that the higher the score the parameter has meant that it is more in line 

with the habitat conditions required by LTM. LTM in Gunungkidul Regency has preference 

habitats such as high vegetation density, dense forest cover, landforms, distance from roads 

and settlements (Results of expert discussion, 2022). Gunungkidul is known to have varied 

landforms dominated by karst. The karst landform variations have their own habitat 

characteristics for LTM. Landform preference in the form of the watery valley or river is the 

highest compared to other landforms because LTM tends to always need water either for 

consumption or sometimes just a place to play. Furthermore, the weight value on the 

landform parameter has the highest weight because LTM has a high dependence on water 

sources (Hambali et al, 2012).  

The Least Cost Patch Analysis (LCPA) was used to determine the corridor that used habitat 

suitability. LCPA is also defined as a landscape ecology method to identify the most effective 

movement path (Minor et al, 2008; Girvetz et al, 2007). As seen Larkin et al, (2004) LCP is 

one of the approaches that can be used in identifying corridors. The way LCP works is by 

determining the area that has the least negative impact (resistance) on the preservation of the 

habitat of the species (Beier et al, 2009; Cushman et al, 2009). In this study, we used LTM 

habitat preference as an indicator for determining connectivity. 
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Table 3: Habitat Suitability Parameters 
 

Parameter Class Scale Score Weight 

Vegetation Density 

Very low NDVI ≤ 0.16 1 

0.15 

Low 0.16 ≤ NDVI ≤ 0.44 2 

Moderate 0.44 ≤ NDVI ≤ 0.61 3 

High 0.61 ≤ NDVI ≤ 0.72 4 

Very high NDVI ≥ 0.72 5 

Land cover 

Very high Forest 5 

0.25 

High Waterbody 4 

Low Scrubs 3 

Very low Rice field 2 

Non green open 

space 
Settlement 1 

Distance from roads 

(m) 

Very close <500  1 

0.15 

Close 500-1000  2 

Moderate 1000 - 1500 3 

Far 1500 -2000 4 

Very far >2000 5 

Distance from 

settlements (m) 

Very close <500  1 

0.15 

Close 500-1000  2 

Moderate 1000 - 1500 3 

Far 1500 -2000 4 

Very far >2000 5 

Landform 

Very good Watery Valley/River 4 

0.30 
Good Wonosari Ledok Plain 3 

Moderate Dry Valley 2 

Not Good Karst Hills 1 

Source: Abhimanyu (2021); Yumarni (2012) with modifications 
 

In using cost path analysis, it is very important to consider how to weight the raster to 

create a cost raster. The raster overlay that is done produces a cost surface. This cost surface 

represents the total area or area that has certain characteristics in relation to the creation of 

landscape-level connectivity corridors with long-tailed macaque (Macaca fascicularis) 

target indicators. At this stage, two nodes will be determined that represent the starting point 

(origin) and end (destination) based on Cost distance, namely the shortest path to the 

destination location by connecting the nodes from one cell to the previous cell, taking into 

account the calculated value. Each cell is given one value as the smallest accumulated cost 

function to be returned to the starting point (Ardana, 2013). This cost surface is also used to 

create backlink costs by ensuring the endpoint (destination) (Wiharja, 2012). The last step is 

the Cost path analysis which is the calculation of the value of the cost distance and cost 

backlink/cost direction to form the shortest path from the source to the destination. In this 

case, potential habitat and connectivity corridors will be generated. 
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Fig. 2: Data Processing Flowchart 
 

 
 

 

RESULTS  

Land cover change in 1999, 2009, and 2021 

Gunungkidul Regency was well known as barren area during 1940-1970 (Wardhana et al, 

2012). Therefore, rehabilitation programs were carried out periodically by academics and the 

government until 1996. Since around 1998, overexploitation of forest cover has contributed 

to a decline in forest coverage. Therefore, stakeholders, including the government, NGOs, 

and academics, have made efforts to rehabilitate several locations in Gunungkidul Regency. 

One of the programs is called Forest and Land Rehabilitation Movement (GNRHL). 

The analysis of land cover changes in Fragmented areas focuses on changes in 1999, 2009, 

and 2021. The land cover classification was divided into 5 (five) categories, namely forest, 

agriculture, scrubs, settlement, and waterbody. Several settlements in the Districts of Playen 

and Paliyan, Gunungkidul Regency, practice agriculture. In addition, rice fields and land 

with corn or secondary crops constitute agriculture (Central Statistics Agency for Paliyan 

District, 2021). 

The Central Statistics Agency of Playen District (2021) stated six agricultural and farm 

commodities, namely lowland rice, non-paddy rice, cassava, corn, soybeans, and peanuts. 

These plant commodities are still a priority in meeting daily needs and trading. Meanwhile, 

the scrub land cover, specifically in Playen and Paliyan, is a minority compared to other land 

use types. 
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Forest cover in the research area seems to fluctuate, and there was an increase and decrease 

in 2009 and 2021. Meanwhile, there is an increase in settlements along the collector road, 

which connects Playen and Paliyan. The settlement increased in 2021 following the 

population of Gunungkidul Regency. 

As shown in Fig. 3, the land cover area has fluctuated over the years. Forest cover 

increased from 1999 to 2009 due to the activities of the GNRHL, which have been carried out 

since 2004. GNRHL is the government's effort to restore forest cover impacted by massive 

deforestation in Gunungkidul around 1998. From 2009 to 2021, forest cover decreased due to 

the large area of settlement areas. 

 

Fig. 3: Graph of Land Cover Change in 1999, 2009, and 2021 
 

 
 

Landscape structure in 1999 

Based on the analysis of the size of the landscape Class Area (CA) and Large Parch Index 

(LPI), the largest CA and LPI index values in 1999 were the agricultural land cover class and 

patch with an area of 6,241.03 ha (52.08 %), and 46,271, respectively. This was followed by 

the forest patch with an LPI value of 8.26 (Table 4).  

 

Table 4: Size index analysis of the landscape structure 
 

Land cover 

Size index analysis 

Total (Class) Area (CA) Large Patch Index (LPI) 

1999 2009 2021 1999 2009 2021 

ha % ha % ha % 

Forest 3,521.9 29.39 5,788.8 48.30 5,728.22 47.80 8.26 39.29 15.18 

Settlement 820.62 6.85 510.87 4.26 1,255.11 10.47 0.21 0.06 0.05 

Agriculture 6,241 52.08 4,507.87 37.61 3,396.83 28.34 46.27 12.15 4.39 

Waterbody 618.73 5.16 100.53 0.84 215.63 1.80 0.89 0.083 0.12 

Scrub 781.83 6.52 1,076.42 8.98 1,388.22 11.58 1.64 0.058 0.69 

Total 11,984 100 11,984.5 100 11,984 100    

 

 

 

 

1999 2009 2021

Forest 3521,91 5788,8 5728,22

Settlement 820,62 510,87 1255,11

Agriculture 6241,03 4507,87 3396,83

Water body 618,73 100,53 215,63

Scrub 781,83 1076,42 1388,22
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The data showed that in 1999, the research area had agricultural landscapes as a dominant 

matrix. This is due to massive forest encroachment and replacing the function of land as 

crops or agriculture to meet community needs. Meanwhile, the highest number of patches 

(NP) in 1999 was a forest with 884 patches. Similar to the NP index, the highest Patch 

Density (PD) value in 1999 was forest, with a total of 7.37 patches/100 ha, followed by a total 

of 4.35 patches/100 ha (Table 5). 

Edge sizes and the shape of the landscape's structure can be determined by measuring the 

components of the matrix class, namely Edge Density (ED) and Landscape Shape Index 

(LSI). Based on the analysis, the highest ED value was an agricultural land cover, which was 

69.4 m/ha. Meanwhile, the two land covers with the highest LSI values were forest patches 

and agriculture, with values of 31.25 and 26.91, respectively (Table 6). Meanwhile, ED can 

describe the total area. It is the beginning of rising fragmentation and can be classified in 

terms of the edge effects. In this case, agriculture is the trigger for forest fragmentation, and 

the ecological function is lower than forests. 

 

Table 5: Analysis of the density measure index and landscape structure variability 
 

Land cover 

Density measure index and landscape structure variability 

Number of Patches (NP) Patch Density (PD) 

1999 2009 2021 1999 2009 2021 

Forest 884 1,220 31,247 7,376 10.18 260.7 

Settlement 271 1,897 300,575 2,261 15.83 2,508 

Agriculture 522 2,042 92,555 4,355 17.04 772.3 

Waterbody 409 276 19,180 3,413 2.30 160 

Scrub 404 5,543 57,232 3,371 46.25 477.6 

 

Table 6: Analysis of edge sizes and the shape of the landscape structure 
 

Land cover 

Edge sizes and the shape index  

Edge Density (ED) Landscape Shape Index (LSI) 

1999 2009 2021 1999 2009 2021 

Forest 56.91 127.10 448.98 31.25 50.87 178.7 

Settlement 17.73 26.17 682.41 18.92 46.46 577.6 

Agriculture 69.45 135.10 742.25 26.91 63.97 382.3 

Waterbody 22.23 6.37 78.26 23.54 19.15 159.9 

Scrub 18.78 135.70 461.95 20.41 98.68 371.8 

 

Landscape structure in 2009 

Forest cover in Gunungkidul Regency had grown by 2009, the year following the 

completion of the GNRHL. Furthermore, when viewed based on the size of the landscape 

using matrix class components, namely CA and LPI, the largest CA index value was forest 

with an area of 5,788.8 ha (48.30 %) and followed by agriculture with an area of 4,507 ha 

(37.6 %), scrubs (1,076 ha or 8.98 %), and settlements (510.87 ha or 4.26 %). The two 

highest LPI values in 2009 were forest and agriculture at 39.9 and 12.14, respectively (Table 

4). The highest NP scrubbed, with a total of 5,543. Similarly, the highest PD in 2009 was 

scrubbed, with a total of 46.25 patches/100 ha (Table 5). 

Based on the analysis of the edge size and the shape of the landscape's structure, the highest 

ED value in 2009 is scrub patch at 135.7, followed by agricultural and forest patches at 135.1 

and 127.1, respectively. Meanwhile, the highest LSI value was the scrub patch at 98.68, 
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followed by the agricultural and forest at 63.96 and 50.86 (Table 6). According to the 

ecological function, scrub have negatively impact on seedling growth through competition of 

sharing limited resources or release of chemicals that harm nearby plants (Ktizberger et al 

2000; Sheffer et al, 2014). In addition, scrubs also become one of the obstacles and less 

supportive of the survival of LTM due to not as feed.  

 

Landscape Structure 2021 

The largest CA value in 2021 is a forest with an area of 5,728.8 ha (47.8 %). Furthermore, 

the two highest LPI values are forest and agriculture, with each value being 15.18 (Table 4). 

The size of the landscape structure density can be seen based on the NP and PD index values. 

The highest NP are settlements, with a total of 300,575 patches. Same with the NP index, the 

highest PD value in 2021 will be settlements with 2,508 patches/100 ha (Table 5). The 

highest ED value is the agricultural patch at 742.25 followed by the settlement, scrub, and 

forest at 682.4, 461, and 448.98, respectively (Table 6). Meanwhile, the highest LSI value is 

the settlement patch at 577.6. The index values of LSI indicate that the patch has the most 

irregular shape (McGarigal & Marks 1995). 

 

Fig. 4: Forest fragmentation (a) 1999, (b) 2009), (c) 2021. Land cover was extracted 

from Landsat 5 TM image overview on 30 September 1999 and 15 July 2009, SPOT 7 

image overview data on 6 August 2021 
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As seen in the analysis of the landscape structure, most of the fragmentation in forest cover 

was caused by the increasing number of agricultural patches in 1999 and 2021 and scrubs in 

2009. The forest fragmentation was also evidenced by the decline in the LPI value from 2009 

to 2021, where the LPI value was 39.29 and 15.18 in 2009 and 2021. 

 

Table 7: Forest Cover Change in Study Area 
 

Zone 
Classificatio

n 

2021 2009 1999 

Forest 

area (ha) 

Percentage 

(%) 

Forest area 

(ha) 

Percentage 

(%) 

Forest 

area (ha) 

Percentage 

(%) 

Upper 

Zone 

Core zone 332.02 5,78 283,66 4,79 200,85 9,16 

Buffer zone 1.061,00 18,47 1.087,14 18,36 624,81 28,51 

Middle 

Zone 

Core zone 2.880,03 50,13 3.821,65 64,54 1.284,31 58,60 

Bottom 

Zone 

Core zone 363,19 6,32 98,72 1,67 11,03 0,50 

Buffer zone 1.108,86 19,30 630,54 10,65 70,56 3,22 

  Total 5.745,10 100,00 5.921,71 100,00 2.191,56 100,00 

Note: The upper Zone (core and buffer of Bunder Forest Park), Middle Zone (Area between Bunder 

Forest Park and Paliyan Wildlife Reserve), Bottom Zone (core and buffer of Paliyan Wildlife Reserve) 

Source: Analysis Result (2022) 

 

Forest fragmentation can be caused by removing forest or vegetation in a large area 

(Fahriq, 2003; Gunawan et al, 2013; Samsuri et al, 2014). The assessment forest cover 

change in study area is divided into 3 (three) zones, namely the upper, middle, and lower 

zones. The zoning division is carried out to determine the specifications for the potential of 

the LTM corridor line. Each zone is also classified based on the core zone and the buffer 

zone. The core zone in question is a zone that is located within a conservation area and a wild 

habitat area connecting conservation areas (PWR and BFR). Meanwhile, the buffer zone is a 

zone determined based on the extent of the range of LTM activity around the PWR and BFR. 

According to Kumar et al. (2018), the decrease in LPI shows that the forest patch with the 

largest size has shrunk, indicating the occurrence of fragmentation in the forest. In the same 

period, between 2009 and 2021, the NP and PD are increasing. The NP value from 1999 to 

2009 was 884 to 1,220 patches, and from 2009 to 2021, it was 1,220 to 31,247. Meanwhile, 

the PD value from 1990 to 2009 was 7.37 to 10.17, and from 2009 to 2021, it was 10.18 to 

260.7 (Table 5). Increasing NP and PD values indicate that land cover in a landscape has 

fragmented (Singh et al., 2014). 

 

Habitat Suitability 

In this research, several components were selected as the basis for assessing the potential 

analysis of the LTM habitat, including abiotic factors, namely the distribution of threats and 

landforms. In contrast, biotic factors were vegetation density and social factors, such as land 

use. Habitat suitability is defined as the ability to provide the necessities of life. It was 

determined by scoring and weighting each parameter adjusted to the preference of LTM. 

Scoring and weighting are determined based on a literature research and expert judgment.  

According to Widiyatmoko (2013), LTM is one of the primates whose activities are 

influenced by human activities. Therefore, they can feel disturbed by the existence of 

settlements undoubtedly different from their natural habitat. Human activities also impact 

biodiversity, the ecological entity of species in whole communities and ecosystems (Roy 

et al., 2002). This means the closer the settlement, the more incompatible with primate 

habitats. The entry of primates into settlements will certainly cause conflict between humans 

and wildlife. Based on the results, several areas are considered not potential because of the 
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discovery of settlements. In this case, it is necessary to analyze a potential corridor by scoring 

high in areas far from settlements. 

Based on the vegetation density analysis, the upper, middle, and bottom zones have 

moderate to dense, sparse to moderate, and moderate to dense classes. LTM is a primate that 

requires cover at the tree level in their activities and food sources at the vegetation (Nugroho, 

2012). This is in line with Alikodra (2002), which stated that the structure of forest vegetation 

is a form of protection.  

Gunungkidul has a landform derived from a solutional process with surface characteristics, 

such as dry valleys, lakes, and flow patterns that enter the soil, and subsurface characteristics. 

The features of the formation originating from the solutional process can also include karst 

cones, layers, closed basins (uvula, polje, and Dolin), karst plains, and karst valleys 

(Mulatisih, 2010). Based on the results, the karst landforms selected in the research area are 

karst hills, dry valleys, Ledok Wonosari plains, and watery valleys. The four landforms were 

selected because they dominate the research area and have the potential to determine 

connectivity between protected areas. 

As seen in the analysis of land cover parameters, LTM is considered dependent on land 

cover and is an essential component in animal survival. According to Supriatna and 

Ramadhan (2016), LTM can be found in primary, secondary, and plantation land. In addition, 

the shady tree canopy is a favorite spot for LTM to engage in passive behavior, such as 

resting. Therefore, tree crowns are a common location for LTM to engage in such behavior 

(Sinaga, 2010). Widarteti et al. (2009) stated that resting activities are essential activities 

carried out by individuals after eating. In addition to relaxing, forest cover with an 

agroforestry pattern is also favored by LTM because it provides food for them. 

The habitat suitability for LTM is included in the intermediate class, with a value ranging 

from 3.00 to 3.75 (Table 8). The intermediate suitability class has an area of 4.963,06 or 

41.48 % when viewed based on its area Fig. 5. 

 

Table 8: Habitat suitability classification 
 

Classification Scale Large (ha) Percentage (%) 

Low  1.40 – 3.00 2,084.03 17.42 

Intermediate 3.00 – 3.75 4,963.06 41.48 

High 3.75 – 5.00 4,916.98 41.10 

 

Based on three parts or zones of the study area, namely the upper part or the area around 

BFP, the middle part or between conservation areas, and the lower part or the area around the 

PWR, it is known that there are differences in the level of dominant suitability. At the top 

shows that the highest level of conformity dominates. This upper part is located in the area 

around the BFP with dense forest cover and is passed by the Oyo River. 

In this case, the upper part of the study area is considered to have high potential as 

long-tailed macaques habitat due to the availability of sufficient water and the presence of 

a dense canopy as an activity area for long-tailed macaques under the canopy or in tree 

branches. Furthermore, in the middle part or the area between conservation areas is 

dominated by high and medium suitability classes. This high suitability is indicated to have 

sufficient forest cover while a moderate to high suitability class indicates that the area is 

a fairly dense residential area with little forest cover. 
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Fig. 5: Habitat Suitability, the background of the image was from SRTM 2021 
 

 
 

Furthermore, at the bottom of the study area, namely around the PWR area, it is dominated 

by the moderate suitability class. When integrated with the land cover map, it is known that 

the area around the PWR has sufficient forest cover however the tree species planted may not 

be able to meet the food and water needs of the long-tailed macaque habitat. In addition, only 

a small proportion are classified into the high suitability class. 

Based on information from representatives of the PWR Resort, the Yogyakarta Province 

Natural Resources Conservation Center, and the Grogol Forest Management Resort, known 

that the distribution of LTM has spread to several areas around PWR, namely in Saptosari 

District and Paliyan District. Meanwhile, based on the results of interviews with several 

communities around the PWR conservation area, information was also obtained that the 

distribution of LTM had reached several villages in Saptosari District and Paliyan District. 
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Table 9: The area of habitat suitability class for each research zone 
 

Zone Classification zone Suitability class Area Percentage (%) 

Upper zone 

Main zone (Bunder Forest 

Park) 

Low  134.25 1.52 

Moderate 173.71 1.96 

High 307.12 3.47 

Buffer zone (Buffer BFP 1 

km) 

Low  430.59 4.86 

Moderate 575.32 6.50 

High 953.46 10.77 

Middle Zone 
Main zone (Between BFP and 

PWR) 

Low  1,007.22 11.37 

Moderate 2,747.04 31.02 

High 346.88 3.92 

Bottom zone 

Main zone (PWR) 

Low  95.99 1.08 

Moderate 294.44 3.32 

High 44.17 0.50 

Buffer zone (Buffer PWR 1 

km) 

Low  419.71 4.74 

Moderate 1,178.69 13.31 

High 146.95 1.66 

Source: Hasil Analisis, 2022 

 

Corridor Potential 

Connectivity or wildlife corridors can be defined as areas or vegetated paths, connecting 

two or more habitats, which allow the movement or exchange of individuals between animal 

populations to prevent fragmentation and decline in genetic diversity (Regulation of the 

Directorate General of Natural Resources and Ecosystem Conservation No. 8 of 2016). This 

research analyzed the potential for connectivity or wildlife corridors between protected areas 

in Gunungkidul Regency, namely the Paliyan Wildlife Reserve (PWR) and Bunder Forest 

Park (BFP). It provided an overview of the potential connectivity of protected areas as a step 

to reduce community disturbance. Furthermore, the place that will address the least cost path 

analysis of protected area connectivity is BFP. In definition, forest park is a protected area for 

collecting natural or artificial plants and animals in genetic resource conservation activities, 

both in situ and ex situ (Yudohartono, 2006). So, that the BFP have potentially as 

connectivity protected areas in Gunungkidul Regency.  

 

Table 10: Corridor Potential Analysis of landscape structure and habitat suitability 
 

Landscape Structure Condition 
Habitat 

Suitability 
Strategy option 

Edges of forest and agricultural land dominate 

this corridor. Forest fragmentation is low. This 

corridor has a fairly good ecological function 

because of the extensive forest cover. LTM likes 

dense forest cover for activities and rest. They are 

predominantly located in the Central Zone with a 

reasonably high forest cover. 

Dominated by 

class according 

to high to 

intermediate 

Reducing the construction of 

settlements and roads in this corridor to 

shift the focus to protecting forest cover 

planting preferred species as food within 

the corridor and planting dislike species 

on the edges of the corridors as fences. 

 

LCPA connectivity (Fig. 6) is the most potential in production forest areas and un-irrigated 

cropland. This forest area can be enriched with species, primarily to support the habitat of 

LTM and provide space for other wildlife. In this case, several artificial interventions also 

need to be carried out to avoid the direction of the indicator animal of the LTM into the 

community's food area. Production forests passed by corridors should be maintained for the 
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forest cover to exist. On the other hand, species enrichment can also be a focus to support the 

potential of the protected area landscape corridor in Gunungkidul Regency (Yuwono et al., 

2007; Atmoko et al., 2017). 

 

Fig 6: Potential Corridor. An Environmental Agency supported land Status data.  

Yogyakarta Province 2021 

 
 

 

DISCUSSION 

Landscape Structure Change 

Landscape structure and composition develops continuously in space and time (Shi et al, 

2000). These developments are attributable to the complex interaction between natural 

environment and human activities, resulting in the change of the stability of individual 

elements in the landscape system and the spatial structure of landscape (Xiao et al., 1990). 

Then, human population grows which has increased built up areas gives impact as landscape 

fragmentation and decreases larges of habitat (Rahman et al, 2020). Human activities by 

imposing bariers such as roads, pipelines, buildings, dams and cultivation with industrial 

agriculture, also may disrupt ecosystem in ways that fall outside the range of space-timer 

scale. This human-induce fragmentation results in a reduction of habitat and connectivity, 

and species may not ready adapt to these changes (Forman, 2009; Elliot et al. 2013).  

Fragmentation is considered a primary issue in conservation biology (Meffe & Carroll, 

1997). The classic view of habitat fragmentation is the breaking up of a large intact area of 

a single vegetation type into smaller units (Lord & Norton, 1990). Habitat loss and 
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fragmentation are not the only environmental challenges, but also other such issues loom 

large, including climate change, invasive species, disease, and overexploitation (Forman, 

2009). It can interact synergistically with these other factors to produce harmful effects on 

two ecology of fragmented landscapes species and ecosystems (Ewers & Didham, 2006). 

Fragmentation can also be the impact of political activity, namely to increase the value of 

the national economy by logging large-scale trees and converting forests into agricultural 

land and plantations to produce faster production. This incident occurred in Indonesia in the 

1997-1998 reform period. Changes in structure of the forest landscape have also occurred in 

the North and South Korean border region (Sung et al, 2019), due to socio-political activities 

in the form of civil access restrictions, infrastructure development, and farmland reclamation 

(Park & Nam, 2013; Sung, 2015). In West African countries, a political-military crisis also 

caused a degradation of most natural forests, including those of some classified forests and 

protected area which have impact for degradation of forest resource and crisis on vegetation 

(Sidibe et al., 2020). In Rwadna, War and post-conflict development can interact with land 

use activities to influence landscape transformation and the severity of forest conversion. 

(Ordway, 2015) 

Landscape fragment have influence of physical process and disturbance regimes on 

fragments means that following habitat destruction and fragmentation, habitat modification 

also occurs (Bennett & Saunders, 2010). Then, other effect species in fragmented landscapes 

are births, deaths, immigration, and emigration (Bennett & Saunders, 2010). Forest structure 

also has an influences ecosystem services provided by forests, for example, climate change 

mitigation, flood mitigation, and recreation and education use (Haddad et al, 2015). 

Comparison of landscape are important because landscape have properties that differ from 

those of fragments; many species move between and use multiple patches in the landscape, 

and conservation managers must manage entire landscapes (not just individual fragments) 

and therefore require an understanding of the desirable properties of whole landscapes 

(Bennett & Saunders, 2010). The development of landscape ecology contributed new ways 

of thinking about habitat fragments and landscape change. The concept of patches and 

connection corridors set within a matrix became an influential paradigm (Forman & Godron, 

1986).  

 

Habitat Suitability 

Habitat suitability means the habitat’s ability to support wildlife species and as a tools for 

biodiversity assessment in forest management (Edenius & Mikusinski, 2006; Muhammed 

et al, 2022). Understanding of the interactions between species and their environment is 

needed to determine the optimum habitat conditions (Muhammed et al, 2022). The habitat 

suitability concept helps wildlife managers to identifying factors on habitat with spending 

least cost and time (Bohadori et al, 2010). Considering ecological and social aspects is an 

important part of assessing habitat suitability, for example, Land use land cover, the threat of 

animals to settlements and other human activities, (Ansari, 2017) and ecological variables 

will influence the use of species habitat, for example forest cover or land use/land cover 

(Sani, 2017).  

Good forest cover and sufficient water supply throughout the year in the form of parrenial 

streams and rivers natural habitat for various wildlife (Ahmad et al, 2018). Forest is one of 

the parameters that indicates the sustainability of the habitat for animals such as long-tailed 

macaques. In this study, the LTM is an animal that is an indicator of species in determining 

habitat suitability. The Long-tiled Macaca’s is one of the most geographically widespread 

and abundant non-human primate species in the world. This primate is widely distributed in 

the Southeast Asian region (Thailand, Indonesia, Singapore, Brunei, Malaysia, Philippines, 
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Vietnam and Laos) (Brandon et al, 2004). One of distribution LTM Indonesia in 

Gunungkidul Regency. Aggressively of LTM in Indonesia is the same as behaviour with 

LTM in Malaysia (Zamzarina, 2003).  

Habitat suitability assessment based on habitat preference criteria for LTM animals has the 

potential to support the sustainability of animal habitats so as to minimize human-animal 

conflict in settlements. The results show that the medium and high classes are dominated by 

the study area. This needs to be maintained and can be developed through animal corridor 

development interventions as a step for merging fragmented forests. Agree with Bennett 

(2003), the concept of providing linkages for conservation can be applied at several scales: it 

is relevant both to local conservation efforts and to regional or national strategies. In local 

environments, habitat links can be protected, managed or restored at the level at which 

individuals or community groups are able to carry out conservation work. 

 

Corridor Potential 

In an effort to combine forest landscapes in Gunungkidul Regency and prevent Long-Tiled 

Macaca (LTM) from entering community settlements, habitat suitability assessments have 

a synergistic relationship to assess the most effective corridor path. According to Elliot et al 

(2013), corridors as a solution to connect separated habitats and facilitate wildlife to move 

and disperse from one habitat patch to another. Habitat suitability will provide an overview 

of which areas have a function in terms of maintaining habitat for certain animals so that 

potential corridors can be formed. Restoring and maintaining landscape connectivity is one 

of the conservation strategies to mitigate the impact of agricultural practices and urbanization 

(Crooks & Sanjayan, 2006). 

Function of the corridor also to facilitate the physical movement of wildlife, for example 

LTM, which is crucial to the long-term viability of animal population, feeding or foraging, 

and seasonal migrations (Srivastava & Tyagi, 21016). Landscape corridors can help reduce 

the negative effects of habitat fragmentation by allowing the dispersal of individuals between 

large patches of remaining habitat (Bond, 2003; Sutherland et al, 2019). In Australia, 

corridor has successfully supported arboreal mammal’s movement (Gracanin, 2023). Same 

as in Amerika, improving habitat connectivity is the strategy most often recommended and 

trusted successfully by scientists for allowing species to adapt to changing climate conditions 

and to migration (Sutherland et al, 2019). As seen the resulted, Gunungkidul regency has one 

of potential corridor with dominated by class according to high to intermediate. River or 

watery valley form natural corridors has one of highly indicator which is connecting the most 

protected wildlands, then providing the path required by many aquatic species, and are highly 

favored by most terrestrial wildlife species (Malo et al, 2004). 

Meanwhile, to prevent action for LTM so as not enter in community land, need to create a 

buffer zone that can serve as a permanent habitat, which is have some space that provides 

food for LTM every day in the morning, afternoon and evening, so as to reduce the pest 

behavior. In addition. Then, initiate an awareness program also should be conducted for the 

local people nearby and also for the tourists (Hambali, 2012). The next step that should also 

be conducted after assessing the potential of the corridor potential are adopt elements of the 

government's policy plan for support connectivity and continuity of wildlife corridors, 

including landscape corridors and maintain and/or restore a continuous corridor function 

between the Landscape of protected areas whenever possible (Scott, 2015).  

Potential obstacles that can occur are uncontrolled animal behavior that can damage plants 

around the corridor, damage to the corridor caused by land clearing can occur if the 

community needs food and shelter. Solutions that can be offered are routine monitoring of 
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the corridor buffer zone, strengthening regulations regarding the importance of landscape 

corridors for wildlife, and translocating wildlife. 

 

 

CONCLUSION 

This research assessed land cover change in three periods, namely 1999, 2009, and 2021. 

The results showed that land cover change in the research area is fluctuating, and can impact 

fragmentation. The highest potential for fragmentation in 1999, 2009, and 2021 was caused 

by agriculture, scrub cover, and settlements. Most of the areas are classified as moderate 

suitability for LTM habitat, with a score of 3.00 - 3.75 and a total area of 4,963.06 ha. Based 

on determining the corridor path between BFP and PWR, a potential corridor was identified. 

It is vital to preserve the existing vegetation cover in the existing corridor to prevent forest 

fragmentation caused by land modifications. Other management options to conserve animal 

habitat while preventing the introduction of LTM onto community land include expanding 

buffer zones, regulating birth rates, sterilizing, and translocating wildlife. 
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