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Abstract: An extreme landscape is a spatially heterogeneous area with unusual topography that is
prone to natural disasters but still exhibits interrelated structures and functions. One of the important
functions of an extreme landscape is its ecological function. This study aimed to determine the
structure and reveal the ecological functions of an extreme landscape in a tropical region of West
Java, with special reference to Rongga Sub-district. The method used was a combination of remote
sensing techniques and geographic information systems, which were required to process, analyze,
and interpret Landsat 8 OLI/TIRS data. The landscape structure was quantified by landscape metrics,
after which an analysis of ecological functions was carried out based on the constituent elements of
the landscape. The results showed that the landscape structure of Rongga Sub-district consists of
various elements of agroforestry land, open fields, settlements, shrubs, plantations, and rainfed and
irrigated rice fields. Additionally, secondary forest land acted as a landscape matrix where rivers
crossed as natural corridors. The amount of each element varied; agroforestry land had the highest
value, indicating that this element showed a high degree of human intervention. Each patch was
adjacent to other patch types, and the landscape diversity was quite high. The extreme topography
of Rongga Sub-district supports the landscape connectivity and consequently the presence of wild
animals in this area. Therefore, Rongga Sub-district has an essential ecological function as a refuge
for protected animals living in non-conservation areas.

Keywords: ecological function; landscape structure; remote sensing; GIS

1. Introduction

A landscape is a spatially heterogeneous area [1] characterized by a mosaic of patches
differing in size, shape, content, and history [2]. In general, landscapes are formed by the
interaction between natural (ecological) factors and human factors [3]. As a result of this
interaction, landscapes have a variety of visual, cultural, and ecological constructs. These
landscape characteristics make an area unique because of the different element patterns in
certain landscape types [4].

A landscape shows the same three basic characteristics of all living systems: structure,
function, and dynamics. Structure is the spatial relationship between the different ecosys-
tems (or elements) that make up a landscape. Function is the interaction between spatial
elements: the flow of energy, materials, and species between ecosystem components and
the intrinsic behavior of complex mosaics. Dynamics comprises the evolution and changes
in the structure and function of complex mosaics over time [5].

The structure of a landscape has an important influence on its functional characteristics.
Any changes in the landscape structure, whether spatial or temporal, affect energy and
material flows, the feasibility and habitability of the landscape, ecological stability, and
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other characteristics [6]. One of the functional characteristics of a landscape is its ecological
function. Ecological functions are defined as physical, chemical, and biological processes
that play a role in maintaining the balance of natural ecosystems as well as providing life
support systems such as water, soil, and air [7]. This function is also related to species
interactions that can maintain biogeochemical cycles, support ecosystem productivity, and
prevent extinction [8].

The landscape structure can affect various ecological functions, such as nutrient
distribution, light intensity, and groundwater saturation, and can indirectly affect species
distribution [9,10], especially in areas with extreme conditions. Several studies have shown
the importance of topography and patterns occurring in areas with sloping landscapes,
including the flow of nutrients and water from top to bottom and its influence on the
chemical and physical properties of the soil [11], as well as the interactions between
vegetation and light that can cause differences in the tree community composition and the
distribution of many tree species [12]. The relationship between the ecological structure
and the function of a landscape can also be demonstrated by the presence of landscape
elements such as green corridors that can facilitate individual exchange between habitat
patches, encourage genetic variation, and reduce population fluctuations [13].

An increase in agricultural, urban, and rural areas, as well as a decrease in forest areas,
can hamper regulatory functions (material and energy flows). Climate regulation and gas
regulation functions decline, resulting in a loss of value in terms of ecosystem services due
to greenhouse gas emissions and climate change. The significant decrease in the number of
agricultural and forest areas between 2013 and 2017 in Guizhou Province, China, led to a
decline in soil fertility and the escalation of erosion. The regulatory function of forming and
protecting soil was badly damaged, and the ability to obtain, store, process, and recycle
nitrogen, phosphorus, and other nutrients were also reduced. During the research period,
the number of landscape patches on agricultural land and forests continued to increase;
the degree of fragmentation increased sharply; the degree of landscape aggregation and
adjacency decreased; and the dominant landscape connectivity, namely forest areas, began
to decline, causing the biological habitat to be severely damaged [14].

From the abovementioned explanations, it is clear that landscape structure and eco-
logical functions are interrelated. The flow of matter and energy in a landscape depends
on the elements that form a pattern in the landscape. Thus, the structure will determine
the ecological function of the landscape. Ecological function is essential in a landscape
because it affects the processes that occur in the landscape; the interaction between matter
and energy forms a system of abiotic and biotic components and leads to the survival of
organisms (ecological balance) [15].

This paper is based on fieldwork conducted in a humid region of West Java, i.e., Rongga
Sub-district. The surveys aimed to collect data on the structure of an extreme landscape
and the presence as well as the distribution of wildlife within the landscape. A partial
analysis focused only on wildlife distribution has been published elsewhere [16–20]. A more
comprehensive and integrated analysis concerning the structure of an extreme landscape
and how this landscape has an important ecological function through the provision of
wildlife habitats is necessary. Therefore, this paper elucidates how an extreme landscape
could exhibit its ecological functions as an important refuge for protected animals living
outside conservation areas.

The topography of Rongga Sub-district is dominated by hilly and mountainous land-
scapes where many agricultural activities are practiced. The presence of various land
uses such as upland cash crop agriculture, rice fields, agroforestry, and production forest
makes the landscape heterogeneous. Despite the fact that the landscape is mainly used for
production purposes, such as for foods, timber, and livestock forages, the present landscape
structure could also be directed for wildlife conservation. Through the combination of land-
scape capability and integrity concepts, it is expected that the agrobiodiversity condition in
the extreme landscape could fulfil the basic needs of the local people and simultaneously
conserve local biodiversity. Nevertheless, due to its complex morphology, such an area
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may have a relatively high soil erosion risk and more severe mass movement that results
in landslides. In this regard, Rongga Sub-district can be considered an area with extreme
conditions because its landscape exhibits unusual topographical conditions dominated by
areas with a slope of more than 45% and is prone to natural disasters such as landslides
and soil erosion.

2. Materials and Methods
2.1. Study Area

Rongga Sub-district, with an area of 229 km2, is a fertile area and has scenic beauty
with distinct topographical conditions (hills with varying heights and slopes). All villages
in Rongga Sub-district, namely Cicadas, Cibedug, Sukamanah, Bojong, Bojong Salam,
Cinengah, Sukaresmi, and Cibitung, have a slope/peak topography (Figures 1 and 2).
Based on an analysis of land suitability in the RTRW of Bandung Regency, 2001–2010,
Rongga Sub-district is an area with land that is very suitable for annual crops/agroforestry,
with rainfall of 2500–3000 mm/year [21].

The areas in Rongga Sub-district have different slope profiles. The area of flat slope in
the Sub-district of Rongga is 1700 hectares. A total of 292 ha is in the rather steep category
(15%–25%), 507 ha is in the steep category (25%–40%), and 8812 ha is in the very steep
category (>40%) [22].

Geologically, West Bandung Regency is an area that has the potential for earthquakes,
especially tectonic-type and volcanic earthquakes. Landslides are also natural disasters
that often hit the West Bandung Regency area. Landslides can be caused by ground
movement due to scouring water from heavy rains. Rongga is a sub-district that has
medium–high ground movement potential due to frequent landslide occurrence. In this
zone, soil movement can occur if the rainfall level is above normal, while the old soil
movement can be active again [23]. Rongga Sub-district is a non-groundwater basin zone
with low aquifer productivity; therefore, it is not suitable for development, except for
shallow aquifers in valley areas for drinking and household water needs with a maximum
extraction of 100 m3/month per well [22].

Based on demographical data from Rongga Sub-district in 2021, the total population
is 60,666 with the largest population in Cibitung Village, as many as 10,232 people, and
the smallest in Bojong Salam at 5339 people. The population density in the subdistrict is
approximately 264 people/km2, with a sex ratio value of 106.2. There are 14,549 people
in the age group of 0–4 years, 41,434 people are 15–64 years old, and 4683 people are over
65 years old [24].

2.2. Research Method

Physical environment data were required in this study. This information was gathered
from national and regional agencies that provide the related data as well as through a
literature study. The gathered physical information was extracted into spatial data in order
to be included in the landscape analysis. The extracted spatial data included topography,
rainfall, soil types, and their derived data. Maps and satellite imageries were required
for analyzing the physical conditions and land use–cover of the study area. The collected
data and information were analyzed simultaneously in order to characterize the extreme
landscape and quantify the elements that make up the landscape structures.
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Figure 2. Soil erosion and slope distribution map in Rongga Sub-district.

The method used in this research was a quantitative descriptive method integrating a
remote sensing technique and a geographic information system [26]. The remote sensing
technique was needed to identify the Landsat 8 OLI/TIRS images and derive information
on land use–cover in the study area. The geographic information system method in this
study was derived into two approaches: USLE (Universal Soil Loss Equation) modeling,
which was widely used to analyze the characteristics of the extreme landscape [27], and
the quantification of the landscape structure, which was used to identify the composition,
configuration, distribution, and heterogeneity of landscape elements [26].
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Analysis at the class level was carried out to identify the types of constituent elements,
dominance, number of each constituent element, shapes of the elements, and distribution
of the elements. The basic element of a landscape is a patch or corridor (if linear) [28].
A patch is identified by its shape, size, biotic types, number, and configuration. A patch
system creates an ecological mosaic to identify a landscape matrix. Thus, the identification
of landscape elements means the identification of the patch, matrix, and corridor.

The analysis of ecological function focused on the ecological network formed by
different landscape elements and how they were used as habitats to provide ecological
services for particular wildlife found in the study area. The GIS technique of least-cost
modeling was applied in order to estimate the ecological connectivity of the landscape.
An analogy approach using relevant literature was used to conduct an ecological function
analysis of the landscape elements related to the built model of ecological networks.

2.3. Land Use–Cover Identification

A Landsat 8 OLI/TIRS image (code LC08_L1TP_122065_20190725_20190801_01_T1),
on path/row 122/65, was applied to interpret the land use and land cover of the study area.
A medium resolution of 30 × 30 m of the image data was suitable for the purpose of this
study. QGIS 3.10.0 spatial analysis software was used for image analysis and processing.
In this study, the Landsat 8 image was adjusted into real-world map coordinates with a
projection of the Universal Transverse Mercator (UTM), precisely south of UTM Zone 48,
and the World Geodetic System (WGS) 1984 datum configuration.

The first step in the land use and land cover classification was pre-processing the image
data, consisting of atmospheric correction and radiometric correction. For atmospheric
correction, the dark object subtraction (DOS) technique was used to correct undesirable
objects, e.g., shadows, deep water, and dense forests. For radiometric correction, some
atmospheric particles such as clouds, ash, and fog were corrected and reduced. To conduct
radiometric correction, the digital number (DN) in the satellite imagery was converted to
reflectance values.

The next step was generating a band composition of the Landsat 8 satellite image.
This band composite feature is useful to make image interpretation easier. Bands 1–7
of the Landsat 8 image were composited or overlaid in order to generate various band
combinations that would be used to conduct an image classification. In order to produce a
better resolution of the satellite image, a pan-sharpening technique was used on Band 8 of
the Landsat imagery. Different band combinations may influence the image output, and
each image produced by a typical band combination has its own capacity to be interpreted.
A natural color combination of RGB 432 is better to visualize the actual aerial view of the
area than other band combinations. However, in order to visualize a better vegetation
appearance, a false color band combination of RGB 764 is the most suitable combination
as vegetation can reflect the near-infrared (IR) bands much better than other types of
land cover.

Image cropping was the next step. A vector boundary of the Rongga Sub-district
administrative border collected from the Indonesia Geospatial Agency was used as the area
of interest. In addition to the administrative border, geodetic coordinates and a zooming
box feature included in the map processing software were also used. The image cropping
step is useful to focus on the area that will be analyzed and reduce the memory load while
generating the image classification.

In order to generate a land use and land cover map, on-screen interpretation and image
classification was selected to derive spatial information from the Landsat 8 image. The
image interpretation was assisted by the QGIS 3.10.0 software through a training sample
collection and a supervised classification technique. Some vector polygons were drawn to
the pixels of the processed image. All visually similar pixels were classified into the same
class of objects. The number of sample polygons had to fulfill the requirement of accuracy,
with a minimum of three polygons for every object class. Supervised classification is a
process that has been conducted previously to classify the visually similar pixels of an
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image into proposed land use and land cover classes based on a training sample collection.
This process was assisted by the QGIS Semi-Automatic Classification Plugin (SCP) to
produce a raster image of the land use and land cover of the Rongga Sub-district area in
the Temporary Instruction File Format (.tiff).

Lastly, an accuracy test was conducted to identify the errors in the classification
process; thus, the percentage of accuracy was identified according to the classification
result. The Kappa coefficient was used in this accuracy test considering its universality
in involving all aspects of accuracy, i.e., producer’s accuracy/omission error and user’s
accuracy/omission error, which were obtained from the confusion matrix.

2.4. Soil Erosion Hazard Assessment

Soil erosion hazard was used as an indicator to characterize the extreme landscape of
Rongga Sub-district, considering its complex morphology and slope profile. Agricultural
activities practiced in this area may cause relatively high soil erosion and, if not carefully
managed, may worsen the susceptibility to landslides.

The USLE (Universal Soil Loss Equation) model was used to estimate the soil erosion
hazard in the area [26]. All of the required data were analyzed using QGIS 3.10.0 software.
The USLE is as follows:

A = R × K × L × S × C × P (1)

where A is the amount of eroded soil expressed in tons per hectare per year; R is a rainfall
erosivity factor; K is a soil erodibility factor; and L, S, C, and P are factors of slope length,
slope steepness, vegetation cover or land cover, and erosion control practices, respectively.
In order to quantify rainfall erosivity, many approaches have been proposed, one of which
is a rainfall erosivity equation developed by Lenvain [29].

R = 2.21P1.36 (2)

where R is a factor of rainfall erosivity and P is the result of monthly rainfall measurement.
This study used the monthly rainfall measured by a rainfall station around the area of
Rongga Sub-district. Then, these measured data were interpolated using the isohyet
technique or inverse distance weighting (IDW) interpolation in order to generate raster
data of the rainfall erosivity of the study area. The erodibility factor (K) describes the
sensitivity of the soil to erosion. The following equation was used to identify the erodibility
of each soil type in the study area [26]:

100K = (2.71 × M1.14(10 − 4)(12 − OM) + 3.25(s − 2) + 2.5(p − 3))/7.59 (3)

where K is an erodibility factor or impact of soil profile characteristics and soil type, M
is the grain size of the soil or (percentage of sand + mud) × (100-percentage clay), OM
is the organic matter percentage, s is an index of soil structure, and p is an index of
soil permeability.

After the spatial information of soil type distribution was generated, we inserted the
result of the erodibility factors into the spatial data of the soil type distribution map by
adding the values to new fields in the map attributes; then, the rasterization of the map
was conducted. Factors L and S represent the impact of topography on soil erosion, and
these factors are expressed as one unit (LS), where L is a factor of slope length, and S is
a factor of slope steepness of the area. Slope data were analyzed by conducting a raster
analysis with the Slope technique on the 0.27-arcsecond or ~8-m resolution digital terrain
model (DTM) of the study area acquired from the Indonesia Geospatial Agency. In this
study, LS was estimated by conducting a terrain analysis with the Hydrology technique on
the same digital terrain model (DTM) spatial data. This approach has been integrated into
the System for Automated Geoscientific Analyses (SAGA). The method selected for this
terrain analysis was developed by the authors of [30], who conducted a terrain analysis to
generate LS in a larger scale landscape using the availability of digital terrain models. The
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factor C represents the impact of vegetation coverage on soil erosion and is heavily related
to the utilization of soil. Factor P represents the impact of soil conservation practices on soil
erosion [31]. In this study, C and P are expressed as one unit considering the variability of
land cover classes in the area, and if soil conservation practices were not implemented, the
values of P were considered as 1 [32]. To generate the vegetation coverage map of Rongga
Sub-district, image interpretation using QGIS 3.10.0 software through a training sample
collection and the supervised classification technique were used. The values of C were
acquired from the literature study.

Lastly, to produce the soil erosion hazard map, these USLE factors had to be expressed
as raster datasets. A raster calculator was applied to calculate and overlay all the factors
in the USLE model. In the produced soil erosion distribution map, the study area was
divided into grids of ~8 × 8 square meters, where each square grid consisted of the value
of estimated soil erosion (ton/ha/year).

2.5. Landscape Structure Analysis

The landscape comprised several elements, and the matrix was selected to identify the
land cover that is dominant and interconnected over the majority of the land surface. The
class area (CA) provides a quantification of the landscape consisting of a particular type of
patch; therefore, CA is a fundamental measure of landscape composition. Matrix units are
expressed in hectares [33]. PLAND can show the area of land use of a class or elements in a
landscape, expressed in percentages. SHDI refers to the diversity of patches in the area,
and SHEI identifies the distribution (regular or irregular) of patches in the area.

2.6. Ecological Network at Landscape Level

The first step to assess ecological connectivity was selecting targeted species. Their
habitat requirements, long-distance path, and mobility behavior were used as a basis
for connectivity analysis considering that connectivity depends on individual species and
cannot be addressed based only on landscape matrices characteristics [34]. Several medium-
to large-sized mammals from direct encounters, camera traps, tracks, and other signs
were selected as target species to evaluate the ecological corridor within the landscape.
The species consisted of Panthera pardus melas (Javan leopard), Prionailurus bengalensis
(Javan leopard cat), Hystrix javanica (porcupine), Manis javanica (pangolin), Nycticebus
javanicus (Javan slow loris), and Paradoxurus hermaphroditus (Asian palm civet). This study
assumed that the ecological corridors respond adequately to the degree to which the
extreme landscape facilitates or hinders the mobility of the targeted species.

Defining core habitat patches was the second step. We attempted to define core habitat
patches from the species’ perspective. This was based on the species distribution, predicted
territory, and long-distance path in the study area. Thirteen core habitats were identified
for the analysis.

After the targeted species and their core areas were defined, the GIS method of least-
cost modeling was applied to describe the ecological network. Least-cost modeling is
a quantitative geographic technique that enables the identification of the potential and
optimal routes in landscape matrices with a variety of travel costs [35]. Although least-cost
modeling was developed for transport geography study, it has been widely applied in the
context of ecological networks for multi-targeted species [34,36,37]. In this study, least-cost
modeling was applied to estimate cost values referring to the degree of difficulty for the
targeted species to access each landscape matrix and identify the potential paths with the
lowest cost for the targeted species to move from one core area to another.

For GIS processing, two layers of spatial information are required: the vector data
of the 13 core areas and a map of resistance values of the landscape matrices in the form
of raster data. Resistance surface represents the degree of friction of a landscape matrix
that enables or impedes the movement of the target species [34,35]. We used slope and
land use maps to produce a resistance value map through the weighted overlay technique
and rasterized the output at 50-m map resolution. The sum of influences was set to equal
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(50:50). Deciding on the resistance values can be a difficult step in least-cost modeling.
Due to a shortage of empirical data, we assigned the resistance values of the landscape
matrices by consulting many experts on the concerned species’ tendency to move into
each point of the slope matrix and landscape matrix [34,38]. We set a range of resistance
values from 1 to 100 in this study. The resistance values for slope and land use are shown
in Tables 1 and 2, respectively.

Table 1. The slope resistance values.

Slope Gradient (%) Resistance

0–13 10
13–23 20
23–31 30
31–40 40
40–49 50
49–58 60
58–68 70
68–81 80

81–100 90

Table 2. The resistance values for land uses.

Land Use Resistance

Settlement 100
Irrigated Rice Field 50
Rainfed Rice Field 50
Dry Land Forests 1

Plantations 5
Agroforestry 5

Shrubs 10
Open Fields 40

River 90
Access Road 80

The spatial analysis tool CostDistance provided by ArcMap 10.6.1 was used to estimate
the cumulative resistance of the overlaid matrices, defined as the cost of radial displacement
for the target species from each core area. The gradient of cost values represents the degree
of difficulty for the target species to access each territorial point from the core areas [34].
Next, the CostPath spatial analysis tool was applied to compute least-cost paths connecting
all of the core areas. These networks were defined as the ecological corridors with the
highest permeability and the lowest inhibition of landscape matrix among the core areas.
The least-cost path is the path with the most potential to reduce the cost of mobility of a
target species to access a particular territorial point of the core areas, rather than a functional
expression of the dispersal process of the target species [39].

2.7. Ecological Function Analysis

Ecological function analysis was carried out using literature reviews. The quantified
elements that make up the landscape structure of Rongga Sub-district were then studied
in terms of their function on some ecological aspects. An analogy approach with many
relevant studies was conducted in order to complete the ecological function analysis
of the landscape elements in Rongga Sub-district. Most of the literature used to assist
the analysis was based on research that has been previously conducted in Rongga Sub-
district [16,17,40,41].
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3. Results and Discussion
3.1. Typical Characteristics of the Extreme Landscape

A slope analysis and the USLE soil erosion model were used to confirm the extreme
landscape characteristics of Rongga Sub-district. The hilly and mountainous landscape of
Rongga Sub-district was divided into five slope classes, expressed in percentages, where
slope gradients of <8%, 8%–15%, 15%–25%, 25%–45%, and >45% are considered flat, gentle,
moderate, steep, and extremely steep, respectively [29]. The slope distribution of Rongga
Sub-district’s landscape is shown in Figure 2.

Rongga Sub-district is dominated by steep slopes (25%–25%), covering 4505.37 hectares
of the area, followed by moderate slopes (15%–25%), covering 2701.14 hectares of the total
area, and extremely steep slopes (>45%), covering 2442.73 of the total area. Meanwhile,
the area which was considered a flat slope (0%–8%) covered 708.77 hectares of the total
area, indicating this category as the slope category with the smallest area in the Rongga
Sub-district landscape. These results also indicate that Rongga Sub-district’s landscape is
dominated by steep to extremely steep slopes, with gradients over 25% covering most of the
area, as shown in Table 3. Agricultural practice on steep slopes, however, is very susceptible
to hydrogeological instability [42]. Furthermore, the lack of maintenance of the cultivated
land, extreme rainfall erosivity, very weak soil erodibility, and intensive contouring and
tillage practices in the area, may worsen the susceptibility to soil erosion [43].

Table 3. Slope classes in the Rongga Sub-district landscape.

Slope Gradient (%) Level Area (ha)

0–8 Flat 708.76
8–15 Gentle 1348.38
15–25 Moderate 2701.14
25–45 Steep 4505.36
>45 Extremely steep 2442.73

An erosion risk assessment for the Rongga Sub-district landscape was performed by
overlaying five USLE factors using the raster calculator QGIS spatial analyst. The process
generated a soil erosion intensity map of the area. The map expresses the intensity of
five classes of soil erosion in tons per hectare per year, i.e., very weak (<16), weak (16–60),
moderate (60–180), strong (180–480), and extreme (>480). The soil erosion distribution
map (Figure 2) shows that the average annual soil loss in the Rongga Sub-district land-
scape is 103.03 ton/ha/year, and the maximum value of soil erosion is approximately
3195.28 ton/ha/year, which occurred in the area which was not covered by vegetation or
was considered as bare lands and extremely steep slopes.

Table 4 show the area of estimated soil erosion occurrence for every intensity class.
The estimation of soil erosion area showed that approximately 6816.40 ha (about 60%) of
the Rongga Sub-district landscape indicated very weak soil erosion and thus very low
erosion risk. Meanwhile, 4592.11 ha (about 40%) of the total Rongga Sub-district area shows
a high soil erosion risk. The second most extensive area comprised moderate-intensity soil
loss and consequently moderate erosion risk, covering 1546.96 ha (about 14% of the total
area). Weak-intensity or low soil erosion risk was in third place, covering 1504.93 ha (13%),
followed by strong-intensity or high soil erosion risk, which covered 988.68 ha or about
9% of the total area. Lastly, the extremely high soil erosion risk area was the smallest at
551.53 ha or about 5% of the total area. These results show that the area of very low soil
erosion risk is more extensive than that of higher classes of soil erosion risk. However, the
area with steep slopes (25%–45%) had the highest average of estimated soil erosion potential
at around 116.89 ton/ha/year. Moderate slopes (15%–25%) were next, with an estimated
soil erosion average of 114.92 ton/ha/year. Ranking third was gentle slopes (8%–15%),
with an estimated soil erosion average of 108.11 ton/ha/year. The estimated soil erosion
average value of flat slopes (0%–8%) was not the lowest, being higher (99.68 ton/ha/year)
than that of the extremely steep slope area (>45%), which was 81.54 ton/ha/year. These
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results imply that the soil erosion value shows an increasing trend as the slope gradient
increases. However, this only occurred in the 0%–45% slope gradients as the extremely
steep slope level (>45%) showed the lowest estimated soil erosion average, as shown in
Table 5.

Table 4. Classification of soil loss rate in the Rongga Sub-district landscape.

Soil Loss (ton/ha/year) Intensity Area (ha) Area (%)

<16 Very weak 6816.40 60%
16–60 Weak 1504.93 13%

60–180 Moderate 1546.96 14%
180–480 Strong 988.68 9%

>480 Extreme 551.54 5%

Table 5. Estimated soil erosion average at every level of slope gradient.

Slope Gradient (%) Level Soil Erosion Average (ton/ha/year)

0–8 Flat 99.67
8–15 Gentle 108.11
15–25 Moderate 114.92
25–45 Steep 116.88
>45 Extremely steep 81.54

One study showed a positive correlation between the soil erosion average and slope
gradient, i.e., the steeper the slope, the higher the estimated soil erosion average [44].
Runoff affected by tillage management may increase soil erosion on longer and steeper
slopes [45]. Many other researchers also found that the soil erosion rate shows an exponen-
tially increasing trend with an increasing slope gradient [46].

3.2. Structural Analysis at the Land Cover Type Level
3.2.1. Landscape Elements (Composition) and Dominance

Fragstat 4.2.1 was used to determine the landscape composition and dominance based
on the class area (CA) and percentage of landscape (PLAND), and the analysis results are
shown in Table 6.

Table 6. Calculation results of CA and PLAND metrics at the class level.

No. Type/Element CA (ha) PLAND (%)

1 Agroforestry 1527.80 13.06
2 Secondary Forest 3498.17 29.88
3 Open Fields 2053.69 17.54
4 Plantations 1136.95 9.712
5 Settlements 742.10 6.34
6 Irrigated Rice Fields 509.87 4.35
7 Rainfed Rice Fields 902.52 7.71
8 Shrubs 1326.32 11.33
9 Rivers 8.89 0.07

Abbreviations: CA, class area; PLAND, percentage of landscape.

Table 1 and Figure 3 show that the landscape in Rongga Sub-district consists of
nine elements, namely agroforestry, secondary forests, open fields, rainfed rice fields,
plantations, shrubs, irrigated rice fields, settlements, and rivers. Most of the elements were
covered with different (natural as well as artificial) vegetation types. The values of CA and
PLAND varied, with the highest value shown by the dry land forest patches with an area
of 3498.165 ha, i.e., 29.8% of the entire landscape area. The open fields were next, covering
an area of 2053.6875 ha, or 17.5% of the landscape, and the third was agroforestry at 13.05%,
with an area of 1528.74 ha. A high CA value indicates that the landscape element is the
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dominant element. A matrix is the most extensive landscape element and has a dominant
role in the overall landscape function [28,47]. This suggests that the secondary forest was
the matrix in the landscape of Rongga Sub-district.
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Forests are an important functional component of a landscape [48]. Secondary forests
play a role in environmental protection, wildlife conservation, culture, and economic func-
tion. The existence and maintenance of forest ecosystems have a positive impact in terms
of improving the quality of the environment and the quality of life of the community [49].
Forests play an important role in soil and water conservation, carbon sequestration and
oxygen release, biodiversity conservation, recreation, nutrient accumulation, air filtration,
and commodity production [50].

Landscapes dominated by forest matrix patches have high connectivity [51]. The
composition of the landscape matrix of the surrounding forest fragments is vital for the
survival of some animal species because it offers a structure that helps animals move
between fragments and other foraging areas [52].

3.2.2. The Number of Constituent Elements

The elements in the landscape varied in number, as indicated by the number of patches
(NP). The results of the analysis using Fragstat 4.2.1 are shown in Table 7.

The number of patches (NP) can be used to measure the spatial heterogeneity of an
entire landscape. This is because the NP can measure the quantity of each element that
makes up the landscape. The NP is a direct indicator of the level of fragmentation [53]. As
shown in Table 7, agroforestry patches were the most numerous in the landscape of Rongga
Sub-district with 546 patches, followed by open fields with 429 patches and plantations
with 368 patches. This suggests that these three landscape elements experienced severe
fragmentation, which resulted in declining connectivity within and between the present
main landscape elements in the study area.
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Table 7. Number of patches (NP) of each landscape element in the study area.

No. Type/Element NP

1 Agroforestry 562
2 Secondary Forest 298
3 Open Field 429
4 Plantation 368
5 Settlement 203
6 Irrigated Rice Fields 245
7 Rainfed Rice Fields 305
8 Shrubs 314
9 Rivers 10

The quantification results showed that the NP of agroforestry was the highest, which
is in accordance with this element having the highest CA value. The NP of plantations
was the third-highest, but the class area of this type was quite low (fifth out of the nine
landscape elements). This showed that plantations were more fragmented compared to
other landscape types [54].

The lowest number of patches was obtained for rivers. This was due to the low extent
of the river area covered in the study area. In this study, the 1:75,000 scale map created
with the Landsat 8 TIRS/OLI satellite data in Rongga Sub-district was not able to show the
river areas due to limited pixels and resolution. River patches appeared too narrow and
small, so they were less visible on the raster data.

3.2.3. Element Shapes

Elements’ patch shapes are an important parameter for describing the landscape
structure. The metrics used to quantify this parameter were the landscape shape index
(LSI), total edge (TE), and edge density (ED). The results of the analysis using Fragstat 4.2.1
with the LSI, TE, and ED metrics are shown in Table 8.

Table 8. LSI, TE, and ED metrics of each landscape type in the study area.

No. Type/Element LSI TE (m) ED (m/ha)

1 Agroforestry 39.97 613,320 52.39
2 Secondary Forest 32.34 738,075 63.05
3 Open Fields 35.94 643,740 54.99
4 Plantations 29.91 395,820 33.81
5 Settlements 22.07 237,330 20.27
6 Irrigated Rice Fields 23.05 199,770 17.06
7 Rainfed Rice Fields 27.72 328,965 28.11
8 Shrubs 30.36 435,210 37.17
9 Rivers 5.1 4710 0.40

Abbreviations: LSI, landscape shape index; TE, total edge; ED, edge density.

Based on the LSI results, the landscape elements were arranged from highest to lowest
as follows: agroforestry > open fields > secondary forest > shrubs > plantations > rainfed
rice fields > irrigated rice fields > settlements > rivers.

Agroforestry had the highest LSI value of 39.97. The value of LSI = 1 occurs when
the landscape consists of a square plot or when it is the most compact (almost square) of
an appropriate type; the LSI value continues to increase without limit when the type of
patch becomes less compact and irregular [55]. An LSI value close to 0 indicates that the
landscape has a simple form with high aggregation [56]. Values further from 0 show that
the landscape has a complex shape with scattered plots that are segregated. This means
that the agroforestry patches had an irregular and complex shape. The lowest LSI value
was obtained for a river patch, indicating that this patch was simpler and almost elongated
in form and was the most compact among the nine elements that constitute the landscape
of Rongga Sub-district.
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The total edge (TE) is an absolute measure of the total edge length of a particular
element type. Table 8 show that the highest TE value was obtained for the dry land forest
element, with a total edge length of 738,075 m. The dry forest element was more elongated
compared to the other elements, which is consistent with its high CA, PLAND, and LSI
values. The lowest TE value in this study was obtained for the river element due to its
small segment in the study area.

Based on the ED values, the elements making up the landscape of Rongga Sub-district,
arranged from highest to lowest value, are as follows: secondary forest > open fields >
agroforestry > shrubs > plantations > rainfed rice fields > settlements > irrigated rice fields
> rivers. The highest ED value in the Rongga Sub-district landscape was that of the dry land
forest element at 63.05 m/ha. This shows that the dry land forest had the most irregular
edge among the elements in Rongga Sub-district.

3.2.4. Element Distributions

The interspersion and juxtaposition index (IJI) was used as a metric to determine the
element distribution. The IJI measures the extent to which different patch types are in
proximity to each other [57]. The results of the analysis using Fragstat 4.2.1 with the IJI
metric are shown in Table 9.

Table 9. Calculation results of IJI metric at the class level.

No. Type IJI (%)

1 Agroforestry 75.92
2 Secondary Forest 77.83
3 Open Fields 85.68
4 Plantations 83.55
5 Settlements 90.51
6 Irrigated Rice Fields 90.62
7 Rainfed Rice Fields 89.35
8 Shrubs 72.41
9 Rivers 38.31

Abbreviation: IJI, interspersion and juxtaposition Index.

As can be seen from Table 9, the highest IJI value was for irrigated rice fields with a
percentage of 90.62%, followed by settlements (90.51%) and rainfed rice fields (89.35%).
IJI = 100% occurs when all types of patches are equally close to other patches. This
suggests that irrigated rice fields were in close proximity to the other eight patches. In this
study, the IJI percentage of the rivers was quite low (38.31%) compared to the other eight
elements. The adjacency of the rivers, vis-à-vis the other elements, was uneven. Based on
the classification of the land cover map, the river segments were only located in particular
parts of the study area, such as in Sukaresmi and Bojong Salam villages.

3.3. Structural Analysis at the Landscape Level

At the landscape level, analyses were carried out to identify the distribution of ele-
ments and heterogeneity. The metrics used were NP, the Shannon Evenness Index (SHEI),
and the Shannon Diversity Index (SHDI), and the results are shown in Table 10.

Table 10. Calculation results of NP, SHEI, and SHDI metrics at the landscape level.

Landscape NP SHEI SHDI

Rongga Sub-district 2734 0.87 1.92
Abbreviations: NP, number of patches; SHEI, Shannon Evenness Index; SHDI, Shannon Diversity Index.

3.3.1. Element Distribution

At the landscape level, the Shannon Evenness Index (SHEI) measures 0 and 1. The
SHEI equals 0 if the landscape consists of only one patch (i.e., there is no diversity) and
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approaches 0 if the area distribution of the patch types becomes uneven (i.e., dominated by
only one kind of patch).

Based on the results obtained, the SHEI value in the landscape of Rongga Sub-district
was 0.87, which is close to 1; therefore, it can be said that the distribution of patches in this
landscape was quite even. This means that none of the landscape elements dominated the
study area.

3.3.2. Heterogeneity

Heterogeneity is a measure of how the parts of a landscape differ from one another [58].
A high degree indicates that the distribution of various landscape types is almost even, and
there is relatively high heterogeneity. The Shannon Diversity Index (SHDI) represents the
heterogeneity of the landscapes in a study area [59].

Based on the results obtained, the SHDI value in Rongga Sub-district was 1.92, showing
that the heterogeneity of this landscape was quite high. Habitat fragmentation occurring
in a landscape can increase the number of land plots and the value of the SHDI [60]. This
condition was supported by the NP value of 2734.

3.4. Ecological Networks at the Landscape Level

The implemented least-cost modeling resulted in a visual model of connectivity for
multiple target species in the study area. The map of resistance surface distribution based
on the experts’ judgment and combined pathways that will benefit the multiple target
species is shown in Figure 4. The most favorable area networks were identified in the
center of the species’ core areas. These networks link the eastern part and center of the
region. We identified 11 ecological corridors connecting areas 1, 2, 3, 4, 5, 7, and 9 as the
least-cost paths for the multiple target species’ movement in the study area. The lowest
cost surface was measured from these particular core areas in terms of the resistance value.
The most favorable vegetation cover with diverse tree species mostly exists in the remnant
forest of the extreme landscape. These vegetation structures and compositions facilitate
the movement of the targeted species, especially the arboreal species such as Nycticebus
javanicus, and connect two or more larger areas of wildlife habitats. Although the center has
relatively steep slopes, the area might have greater value due to its dominant forest cover.
This resulted in the relatively low resistance value of the landscape matrices in the area.
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The dry land forest located in the western part of the study area is more fragmented
than in the eastern region. This is due to the fact that the western part consists of various
land use patches of different sizes, such as shrubs, bare land, plantations, settlements, and
rainfed rice fields. The ecological networks in the western part connect areas 6, 7, 9, 11, 14,
and 15. The directions of the least-cost paths generally follow the most low-cost surface
area. In some cases, the existence of wildlife corridors that pass through land cover with
high resistance values is inevitable—for example, the networks connecting areas 1, 2, and 3
to area 9. In order to access area 9, every target species has to pass through an access road.
This is in line with the findings of a previous study which found that certain species such
as Nycticebus javanicus, Paradoxurus hermaphroditus, and Manis javanica were found passing
the access road [61].

Rongga’s landscape, comprising agroforestry, secondary forests, and plantations,
caused the contrast degree to be relatively low. This condition, together with the relatively
good connectivity between the secondary forests, plantations, and agroforestry, is beneficial
for the presence of wild animals needing heterogenous landscapes where the changes
between one element and another are not drastic. It is clear that the extreme topography
condition of Rongga Sub-district supports the landscape connectivity and, consequently,
the presence of wild animals in this area (Figure 5). The relatively good connectivity might
arise from the fact that the extreme landscape makes this area less accessible for humans
and their activities.
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3.5. Ecological Function

Agroforestry is a collective name for land-use systems and technologies where woody
perennials (trees, shrubs, palms, bamboo, etc.) are deliberately used on the same land
management units as agricultural crops and/or animal habitats, in some form of spatial
arrangement or temporal sequence [62]. Agroforestry landscapes are defined as multiple
land-use systems or a combination of forestry and agricultural landscapes that are managed
to create a balance between agricultural intensification and forest sustainability [63,64].
Agroforestry land-use systems have the potential to increase agricultural land use while
providing lasting benefits and reducing adverse environmental impacts at the local and
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global levels. This system promotes increased productivity and environmental stability by
reducing emissions from deforestation and forest degradation [65].

As a system that combines trees and/or shrubs (perennial) with agronomic crops (an-
nual or perennial), agroforestry can sequester carbon both above and below ground. Such
agroforestry systems play an important role in increasing carbon stocks in the terrestrial
biosphere [66].

One study revealed the existence of common palm civets in talun (mixed) gardens,
which are the most suitable habitat type [16]. Palm civet cats eating palm fruit were
found in agroforestry/talun gardens. This suggests that agroforestry provides food for the
common palm civets. Another study revealed the existence of Javan slow lorises in Rongga
Sub-district [17]. The Javan slow loris was mostly found around talun vegetation: sengon
talun and mixed talun. This proves that this type of land use has the potential to become
this animal’s habitat.

Secondary forests play an important role in conserving biodiversity, saving unique
and endemic species that are adaptable to extreme conditions, and providing important
ecosystem goods (e.g., livestock feed, firewood, medicine, and trade goods such as resin
and sap) and services (e.g., formation and conservation of soil, conservation and quality
improvement of water, setting of the water regime and microclimate, reducing the speed of
the wind, control of wind erosion, and deceleration of the depletion of water) [67].

Figure 6 show some research that has revealed the presence of several animals in the
dry land forests of Rongga Sub-district [16–20]. This research was specifically conducted
in the future Cisokan sub-watershed area. One study successfully revealed the existence
of the Javan leopard in both natural and production forests in Rongga Sub-district [18].
Furthermore, research revealed the existence of Javan leopards in natural forests [20]. The
natural forests of Batu Nagok and Sarongge are far from human activities, and the main
habitat of the Javan leopard is densely vegetated forests that are difficult to access, as well
as areas with a steep topography (slope > 40%) and remote areas such as deep valleys or
high hills that are difficult to reach.
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One study revealed the existence of pangolins in Cisokan [19]. The points where pan-
golins were found in Rongga Sub-district were Batu Wulung, Curug (waterfall) Japarana,
and Curug Walet. Additionally, subsequent research revealed the existence of slow lorises
in Cisokan [17]. The point where slow lorises were found in Rongga Sub-district was in the
Cilengkong area with secondary forest.

Dry land forests in Rongga Sub-district consist of both plantation and natural forests [40].
The plantation forests are pine (Pinus merkusii) production forests managed by Perhutani.
Natural forests in Rongga Sub-district are mostly found on riverbanks along the Cisokan
River, and the remaining natural forests are in Cigowek. Several types of plants that make
up this natural forest, including Ficus sp., Piper aduncum, Artocarpus elasticus, Macaranga
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tanarius, and Spatodea campanulata, were found growing in river forests. Some of the typical
forest tree types are Dysoxylum parasiticum, Dipterocarpus hasseltii, Ficus retusa, Artacarpus
elasticus, Ficus variegata, and other Ficus sp.

Open field/moorland cover is used for dry land farming, especially for vegetables,
chilies, and cassava [41]. The ecological function of farm fields is to mimic the structure
of tropical forests, producing a lot of humus litter and burning biomass, which is very
important as a nutrient for soil fertility. Farm fields also have a multilayered canopy that
is structured stratigraphically and can withstand soil erosion [68]. At the landscape level,
the cultivation system can keep the land well covered with vegetation, which helps reduce
surface runoff and regulate water discharge [69].

A garden (plantation) is tree-growing land that is limited by ownership or other
rights, has a canopy cover dominated by fruit or industrial trees, and has clear and regular
boundaries [70]. Plantations in a landscape have important environmental benefits and
play a role in sustainable production and improvement of soil quality, mitigation of water
quality and carbon salinity, and biodiversity benefits [71]. In addition, plantations provide
protection and a food source for local fauna and can even enhance the natural restoration
of native forests [72,73]. Plantation patches can also improve landscape connectivity, acting
as a species movement medium between remnants of the natural forest [74].

A settlement has a positive impact on the economic life of its residents but a negative
effect on traditional village culture and the ecological landscape [75]. Human interaction
with land through land uses such as building settlements and agriculture can affect the
capacity of soil carbon storage, which is an important carbon reservoir that can be released
as CO2 into the atmosphere [76].

The emergence of new settlements causes water absorption systems to be disrupted,
drainage networks to not function properly, and household waste from the surface to
be accumulated [77]. Based on the results of the landscape structure analysis, the area
of settlement in Rongga Sub-district is 6.393%, showing that the landscape of Rongga
Sub-district has not experienced much human intervention; thus, the ecological function of
other patches was not disturbed. A study revealed the existence of common palm civets
in the residential area of Sukaresmi Village, Rongga Sub-district [16], and other research
revealed the existence of many Javan slow lorises in the vicinity of Rongga Sub-district
settlements [17]. This proves that this type of land use has the potential to become a habitat.

Rice fields have various ecological functions; for instance, they can replace natural
wetlands with artificial wetlands so that they act as habitats for freshwater animals, breed-
ing areas, shelters, feeding places, other services for wildlife [78], and as oxygen producers,
contributing to the conservation of land and water [79]. The rice field ecosystem also func-
tions as a conservation area that supports the hydrological process, as a flood mitigation
area that provides retention reservoirs, as an area that creates a microclimate and reduces
pollutants, as a public recreation area, and as a disaster mitigation/evacuation area [80].

The rice field structure, which has a flat surface and is flanked by embankments, makes
rice fields function as small dams to collect rainwater, thereby reducing the possibility of
flooding. The ability to hold rainwater was initially intended to provide sufficient water
for rice plants at the growth stage [81]. Thus, rice fields are analogous to wetlands as
temporary places for rainwater [80]. Therefore, a rice fields’ ability to withstand rainwater
and/or surface runoff is only useful when rain occurs to prevent flooding in lower areas or
downstream [82].

Rice fields can also provide water purification. Rice fields can purify water if the
incoming irrigation water contains high concentrations of nitrogen (N) and phosphorus
(P). This purification occurs when the incoming nitrogen (N) concentration is 2–3 mg
N/L or greater. The decrease in N concentration is caused by its reuse for crops and the
denitrification of nitrate/nitrite-N in rice fields and irrigation/drainage systems [83].

Shrubs are used as ecological indicators because they form the majority of subcanopy
structural layers in a forest. Shrub cover can indicate the habitat quality and a number
of complex ecological processes that are interconnected [84]. Shrubs provide refuge and
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food for forest organisms. They also provide an input of essential organic materials to the
ground, play a principal role in the nutrient cycle, contribute substantially to the diversity
of compositions and structures, help protect watershed areas from erosion, and improve
the aesthetics of a forest ecosystem [72]. For example, the coverage and distribution of
shrubs affect the diversity and abundance of mycorrhizal fungi, which constitute important
food for small mammals, which are important prey for avian and terrestrial predators [85].

Research has revealed the existence of common palm civets (Paradoxurus hermaphrodi-
tus) on the shrub cover in Sukaresmi Village in Rongga Sub-district [16]. This type of civet
uses shrubs as a hiding place so as not to be seen by predators when looking for its food,
especially at noon. Shrubs are the most suitable habitat type for civets due to the amount
of food available for common palm civets in shrub-type habitats. Another study revealed
that porcupines in the Cisokan sub-watershed were mostly found in shrubs [86].

Rivers have been widely used for settlements, infrastructure, and production. Rivers
can provide drinking water, irrigation, fish as a food supply or for recreational fishing,
and areas for flood protection [87]. Rivers play a role in regulating the flow of water and
minerals originating from the surrounding land and influence the flow of materials and
water [88]. Rivers carry soil and sediment from one place to another, which has a major
impact on the landscape. The silt that settles in the river flood plains is channeled to several
other elements, one of which is agricultural land, and agricultural land thus becomes
fertile [89].

In addition, river flows play a role in the movement of geochemical and biological
matter and energy in the environment and can become a habitat for river biota adapted to
seasonally fluctuating flows. Rivers also provide spatial connectivity between habitats and
allow for the spread of plants, animals, and fungi [90].

4. Conclusions

Based on our analysis, it can be concluded that the landscape of Rongga Sub-district
consists of patch elements of agroforestry, open fields, settlements, shrubs, plantations,
and rainfed as well as irrigated rice fields, with the dry land forest as a matrix and rivers
as corridors. The prevalence of each element varies, with the highest score obtained for
agroforestry, indicating a high degree of fragmentation. The patch shape was irregular and
not compact, and the element distribution was fairly even: each patch was adjacent to other
patch types, and the landscape heterogeneity was quite high. The vegetated landscape
elements in the study area suggest that despite it being an extreme landscape, it might
exhibit ecological functions, particularly in terms of wildlife protection and natural disaster
prevention (e.g., against landslides and erosion).

Therefore, maintaining forest cover in the study area should be taken into account in
natural resource management at the landscape level to safeguard the landscape integrity.
Many elements of the Rongga Sub-district landscape play a role in environmental conser-
vation, as indicated by the flow of energy and materials towards the patch level, as well as
the mosaic level, and the presence of wildlife in some elements.

The use of Landsat images in this research means that the interpretation of the land-
scape was fragmented, which is a limitation of this study. The use of high-resolution
orthophotos in future studies can help to gain a different interpretation of the cultural and
complex landscapes.
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