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Oreophryne monticola (Boulenger, 1897) is an endemic toad species in particular Bali
and Lombok Islands that has been classified as endangered species. The threats are
related to the land use changes from intact vegetation to agricultural lands and settlements
due to the tourism industry and development. This study aims to estimate the potential
distribution of this species by modeling using Shared Socioeconomic Pathways (SSP).
The selected SSP scenarios include low land use change scenarios and moderate and high
land use changes, namely SSP 1, SSP 3, and SSP 5. The potential habitats were modeled
using species distribution modeling (SDM) algorithms. The SSP 1 model shows the
potential habitats of O. monticola in areas sizing 564 km?, which equals to 9.75% of the
Bali Island area. Under the low land use change scenario, only small portions equal to 12
km? are considered not suitable. Under the moderate land use change scenario, or SSP 3,
this scenario has resulted in the reduction of potential habitats for O. monticola. The
reduction of potential habitats under this scenario is 196 km?, which equals 34.75% of
total suitable habitats. This massive potential habitat reduction under SSP 3 occurred in
2 districts. Under the SSP 5 scenario, the remaining suitable habitats were only sizing 46
km?, or equal to 8.15% of total suitable habitats. This means that high land use change
has caused a reduction of O. monticola’s potential habitats of about 91.85%. The areas
where the suitable habitats for O. monticola are still present are observed at the border of
Tabanan and Buleleng districts, and another fragment was observed in Bangli District.
Those remaining suitable habitats were nearby Lake Buyan in the west and Lake Batur
in the east. This study then contributes to inform which area should be protected to
support the conservation of this endemic amphibian species.

1. INTRODUCTION

changes have posed a threat to the diversity and livelihood of
species, including amphibians. Land use changes driven by

The Lombok cross toad, or Oreophryne monticola
(Boulenger 1897), is a member of the Microhylidae family of
toads, which is classified under the Anura order. This species
is unique to the Lesser Sunda Archipelago, specifically the
islands of Lombok and Bali in Southeast Asia in particular
Indonesia. In contrast to other Oreophryne species that are
primarily found in the east, this species is mostly distributed
in the west and it isolated in the islands of Bali and Lombok
[1, 2]. As a result of its unique traits, this species has become
endemic [3, 4]. This species is classified as endangered with
declining trends, according to the IUCN SSC Amphibian
Specialist Group (2018) and on the IUCN website
(https://www.iucnredlist.org/search?query=Oreophryne%20
monticola%20&searchType=species). The loss of this species'
specific habitats, such as wetlands, has put it in threats.

Currently and worldwide, including in Indonesia, land use

1769

anthropogenic activities in the form of overexploitation of
natural resources and expansion of agricultural lands have led
to habitat loss, which is believed to be responsible for
increasing rates of species extinction [5, 6] and biodiversity at
the global scale. In their study, Cordier et al. [7] confirmed that
land use changes occurring in the present of selective logging
and deforestation, followed by agriculture and cattle farming,
and then urbanization, have inverse impacts on amphibian
species and diversity.

In Indonesia, in particular Bali Island, a land use change has
been observed on this island that has become a favorite tourist
destination. To support and boost the tourism industry, intact
lands have been converted into tourism-related land covers,
including hotels, restaurants, golf courses, and shopping malls.
It was predicted by Rimba et al. [8] that the land use change
rates in the form of new built-up areas will grow by 43%. The
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land use change has also been observed in the remote
hinterland, which is a potential habitat for wildlife. Indrawan
and Trisasongko [9] reported that Badung, a hinterland on the
outskirts of Denpasar city in Bali, has been threatened by land
use change. It is estimated that intact forest in the Badung has
declined from 6,046.7 ha to only 0.03 ha within 10 years.

Using species distribution modelling (SDM) in conjunction
with anticipated land use change scenarios under Shared
Socioeconomic Pathways (SSP) [10] is the most effective
approach to assess broadly how the land use change would
impact the presences and distributions of amphibian species.
The previous RPC Representative Concentration Pathways
(RCPs), which represented different levels of future radiative
forcing due to changes in land use, are being continued by this
SSP. Currently, SSP is made up of SSP 1, SSP 2, SSP 3, SSP
4, and SSP 5. Each SSP stands for a scenario; SSP 1 represents
optimistic scenario, while SSP 5 is for pessimistic scenario.
The development of each scenario was predicated upon the
subsequent indicators: international commerce, land use
modification regulations, land productivity growth, the
environmental impact of food consumption, globalization, and
mitigation policies on land changes.

SDM is a method needed to estimate how SSP impacts a
certain species. The maximum entropy (MaxEnt) methods
provide the foundation of this technique. We can map and
model the possible distribution of species using this method.
There are currently more methods available for figuring out
where a species is distributed and whether an environment is
suitable for it. These methods include machine learning
(MaxEnt, Random Forest, Support Vector Machine/SVM),
deep learning (Artificial Neural Network/ANN), statistics
(generalized  additive model/GAM, GLM), and
geoclimatology (Bioclim, Domain, Biomapper). Each method
is unique and comes with pros and cons of its own. Machine
learning is one of the most popular and successful technologies
for modelling species distribution, among other things [11].

Bali is an island with rich biodiversity. Despite its species
richness, this island is threatened by rapid land use changes
due to rapid development that threatens amphibian species.
The Lombok cross toad, or Oreophryne monticola (Boulenger
1897), is an endemic amphibian to Bali Island that is also
threatened. Then this study aimed to use species distribution
modeling to predict the future potential distributions of O.
monticola (Boulenger, 1897) under land use change scenarios
of Shared Socioeconomic Pathways (SSP), including SSP 1,
SSP 3, and SSP 5, in Bali Island, representing optimistic,
moderate, and pessimistic scenarios. The results can then be
used to plan sustainable development in Bali that can
contribute to species conservation, in particular O. monticola.
Current research is limited to evaluating the impact of land use
on O. monticola, and this becomes the research gap. In this
situation, this research is trying to address whether in the
future the distribution of O. monticola will be changed
following land use changes. This study is different from
previously available studies since the novelty of this is using
machine learning.

2. MATERIAL AND METHODS
2.1 Study area
Bali Island is approximately 5,780 km? and very popular for

its tourism industry besides agricultural sectors. The northern
parts of Bali are different from the southern parts. The northern
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parts are dominated by vegetation in the form of intact forest
and agricultural land uses. The northern parts also have an
elevation higher than the southern parts. The northern parts,
with elevations up to 2,000 m, are characterized by three
mountains. First is Mount Agung in the northeast, Mount
Batur (1,717 m) in the central parts, and Mount Bratan (2,276
m) in the northwest. A caldera lake has been formed both in
Mouint Batur and Mount Bratan. Batur Lake is in Mount Batur,
and Buyan Lake is in Mount Bratan. The land uses
surrounding Mount Batur and Mount Bratan are vegetation
covers combined with settlements and agricultural land uses.
Administratively, Bali Island is divided into 8 districts and 1
city (Figure 1). On the contrary to the northern parts, the
southern parts are characterized by lowland and the land uses
are dominated by built up areas. Different land use is predicted
to impact the species since the species prefer intact land use
rather than built-ups.
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Figure 1. Location of study area in Bali Island, Indonesia, in
the areas between Lake Batur in the east and Lake Buyan in
the west

2.2 Procedure

The systematic steps of the survey procedure can be seen in
Figure 2. It was initiated first by doing field surveys. The next
steps are land use analyses and modeling using SSP 1, SSP 3,
and SSP 5 scenarios.

Land use
change
scenarios:
SSP1,SSP 3,
SSP S

Land use
analyses
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Figure 2. The systematic steps of the survey procedure
2.3 Oreophryne monticola occurrence surveys

From January to March 2024, fieldwork and literature and
database reviews were paired with explorations to determine
the occurrence of O. monticola on Bali Island (Figure 1). The
northern parts of Bali Island, where intact land uses are still
prevalent, were given priority for field surveys following [12].
The surveys were prioritized in the areas between Lake Batur
in the east and Bedugul and Lake Buyan in the west. The
Visual Encounter Survey (VES) and a database compiled from
literature reviews sourced from journal articles and reports
published by government agencies, including the agency of



agriculture and forestry at the Indonesian Ministry of
Environment and Forestry, were used to record the occurrence
of O. monticola. All habitat types in every survey site were
surveyed by VES twice both during the day and at night.

The VES is used when the researcher actively surveying for
O. monticola on all microhabitats including beneath logs,
debris, litters, and rocks. A head lamp was used to help with
the nighttime visual surveying, which involved carefully
moving throughout a study site over the course of the
fieldwork period. After Riyanto [13], the VES was regularly
used for three hours of daytime and three hours of nighttime
censuses.

For day surveying, the VES ran from 9:00 to 12:00, and for
night surveying, it ran from 20:00 to 23:00. In line with
Zakaria et al. [14], O. monticola was captured with the use of
a sweep net due to their slippery body, which allows them to
escape readily, as well as their fragile body, which makes them
easily hurt if handled carelessly with the bare hands. The
global positioning system (GPS) of the Garmin Etrex 30 type
was used to record the geographic locations of O. monticola
occurrences in the field. To be used in the species distribution
modeling, the occurrence data were transformed into
Microsoft Excel and exported in CSV format. The species
identification used to identify O. monticola was based on
amphibian identification keys [15-17], in accordance with
Riyanto and Rahmadi [18].

2.4 Land use analyses

The land use in Bali Island comprising its district were
classified using Geographical Information System (GIS)
methods with QGIS version 2.16.2 [19]. The method is started
with the retrieval of Bali Island boundary and Quickbird and
GoeEye-1 satellite images of this island with 1.85 m
multispectral resolution. The Quickbird and GoeEye-1
imagery of the island was then classified into several districts
and land uses. The result is a thematic layer in the form of
shape files (shps) of districts located in the Bali Island with
their land uses classified as tree, shrub, grass, cropland,
settlement, bareland, and mangrove.

2.5 Land use change scenarios SSP 1, SSP 3, and SSP 5

Table 1. SSP land use scenarios [20]

Scenarios Remarks Deforestation
Rates
SSP 1 Implementation of sustainable growth Very low

and land use is regulated.
SSP 2 Land use is less regulated Low
Fragmentation is occurring and

SSP 3 .2 . Medium
limited regulation on land use

SSP 4  Regulation on land use is decreasing High

SSP 5 Very low regulation on land use Very high

The selected land use change scenarios were SSP 1, SSP 3,
and SSP 5, representing low, moderate, and high land use
changes. Each SSP is unique and represents development
scenarios that potentially shape the land use in the future, as
can be seen in Table 1. In this study, only SSP 1, SSP 3, and
SSP 5 scenarios are used, representing optimistic, moderate,
and pessimistic scenarios. The SSP scenarios were
downloaded from (https://sedac.ciesin.columbia.edu/)
according to Gao and O’Neill [21, 22]. The SSP scenarios
were then used as predictors and combined with the

occurrences of O. monticola to generate a model using SDM.
SSP 1 and 2 are predicted to have low impacts on species due
to lower deforestation rates. Meanwhile, higher SSP will
increase the risks to species due to an increase in deforestation
rates.

2.6 Species potential distribution analyses

Using species distribution modeling packages [23] within
the R platform version 3.6.3 [24], this study used and
combined machine learning, geoclimate, and statistical based
analyses to generate predicted potential distribution maps of O.
monticola across Bali Island, Indonesia using land use change
scenarios SSP 1, SSP 3, and SSP5 as the predictors. The
library ("sp"), library ("dismo") [25], library ("rgdal") [26],
and library ("raster") [27] are some of the R program packages
used to create the species distribution maps. After that, the
analysis results from machine learning models predicting O.
monticola potential distribution ranges were imported into
GIS using QGIS version 2.16.2 for presentation and additional
study [28]. According to Wei et al. [29], species potential
distribution levels on the employed machine learning model
map are classified as unsuitable and suitable.

3. RESULT AND DISCUSSIONS
3.1 Land use

Land use in Bali, as can be seen in Figure 3, shows a distinct
difference in land use, especially between the north and south
regions. The land use in the south regions is mostly dominated
by settlements and croplands. In contrast, the land use in the
north regions is mostly dominated by vegetation covers
fragmented by settlements and grasslands. The study area
covering a landscape spanning from Lake Batur in the east to
Bedugul and Lake Buyan in the west was also dominated by
vegetation. While this vegetated region was fragmented by
settlements and grasslands, followed by croplands in particular
in the east near Lake Batur and northern Badung District. Lake
Batur, as reported by Nuringtyas [30], has been threatened
recently by the presence of anthropogenic activities.

Land use
W Tree
Shrub
Grass
Cropland
B settlement
Bareland
[ | Mangrove

Figure 3. Land use in Bali Island



3.2 Land use SSP scenarios

SSP1

B suitable
I Unsuitable

Figure 4. Estimated potential distributions of O. monticola
related to SSP land use scenarios in Bali Island

Figure 4 presents the potential distributions related to the
SSP land use scenario in Bali Island. In SSP 1, the potential
distribution is spanning from Lake Batur in the east to Bedugul
and Lake Buyan in the west. The potential distribution areas
are covering 5 districts, including Tabanan in the west,
Buleleng in the north, Badung and Bangli in the central, and
Karangasem in the east. The total suitable habitats under SSP

1 are about 564 km?, which equals to 9.75% of Bali Island area.

Only small portions of areas in Karangasem District are
considered not suitable or equal to 12 km?. SSP 3 scenarios
have resulted in the reduction of potential habitats for O.
monticola. The reduction of potential habitats under this
scenario is 196 km?, which equals 34.75% of total suitable
habitats. This massive potential habitat reduction under SSP 3
occurred in Bangli and Karangasem Districts. Under the SSP
5 scenario, the remaining suitable habitats were only sizing 46
km?, or equal to 8.15% of total suitable habitats as can be seen
in Figure 5. The districts where the suitable habitats for O.
monticola are still present are observed at the border of
Tabanan and Buleleng districts, and another fragment was
observed in Bangli District. Those remaining suitable habitats

were nearby Lake Buyan in the west and Lake Batur in the east.
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Figure 5. Estimated areas of potential distributions for O.
monticola in km? related to SSP land use scenarios in Bali
Island

3.3 Discussions

This study is the first to successfully elaborate land use in
response to SSP scenarios. Large regions located between
Lake Batur in the east and Bedugul and Lake Buyan in the
west that fit the SSP 1 scenario for O. monticola were
associated with intact vegetation. According to the current
study utilizing SSP 1, the SSP 1 scenario, which is
characterized by the existence of intact vegetation, was
appropriate. Fan et al. [31] asserted that SSP 1 closely
resembles a model that prioritizes ecological concepts and
development, with a focus on green principles, while also
implementing a sustainability scenario and minimizing land
use changes. Because of this, the SSP 1 is well known for its
ability to promote vegetation development, which leads to the
ongoing expansion of vegetation covers and forests outside,
and sustaining ecological balance and biodiversity, in
particular amphibian species. The establishment of vegetation
surrounding the deserted and urban areas is also crucial for
supporting amphibian species. Besides that, the coexistence of
urban growth, agricultural or silvicultural settings, and the
preservation of intact land is emphasized in this SSP 1. Burrow
and Maerz [32] confirmed that the presence of plant
communities resulted from reforestation within deserted urban
and agricultural areas can strongly contribute conversely to the
distribution, abundance, and performance of amphibians in
multiple direct and indirect ways. Corresponding to this, a
region between Lake Batur in the east and Bedugul and Lake
Buyan was a traditional urban settlement combined with
agricultural or silvicultural areas that has prioritized and
implemented reforestation and tree planting.

Land use scenarios under SSP 1 characterized by vegetation
cover increases resulted from reforestation and tree planting
even in settlement and agricultural areas [33] can be a
significant predictor of amphibian richness or abundance
where vegetation community composition measured in
percent cover and stratification by height were positively
correlated with amphibian richness. In these reforested areas,
amphibians can move, breed, forage for food, and evade
predators within the structural matrix that is provided by
increasing plant coverings as regulated under SSP 1.
Additionally, vegetation covers can have a significant impact
on amphibians' biochemical environments and microclimates.
Confirmed by Kurniawan et al. [12], the preferred habitats of
O. monticola were tropical dry forest characterized by steeply
sloping open areas with inclinations of 20 “with or without



layers of leaf litter. The preferred trees were tree stands
separated about 5-7 meters apart. This study is comparable to
a previous study by Kurniawan et al. [12], that also uses SDM.
The significant differences are that this study progressed the
use of SDM and combined it with the SSP scenario of land use.
By using machine learning, this study advances in delineating
the impacted areas at district levels.

The SSP 3 and SSP 5 confirm the reductions of potential
distributions. This coincided with the particular SSP scenarios
characterized by limited and even lack of land use change
regulations followed by deforestations. In this study, Bangli
District is the area that was impacted by the land use within
SSP 3, and the reductions of potential distribution areas kept
increasing within SSP 5. Despite habitat reductions, there are
still potential habitats in the Bangli. This land use change
condition is in agreement with current land use in Bangli.
Anggraini et al. [34] reported that land use in Bangli was
dominated by cropland, accounting for 29.92%. According to
Wang et al. [35], cropland is a land use that has the potential
to impact the distribution pattern of vertebrates, including
amphibians, and this land use is also responsible for amphibian
extinction. Study by Hansen et al. [36], confirming that
cropland affects body condition and abundance of amphibians
inhabiting croplands. The remaining habitats of O. monticola
were observed in Bangli due to several conditions. First,
despite land use changes, Bangli still has intact habitats,
including community forests, state forests, and event swamps,
which account for 8.32%, 25.9%, and 0.43%. In Bangli, the
remaining intact habitats were observed nearby Batur Lake.
This is also similar to remaining habitats in Tabanan and
Buleleng nearby Buyan Lake. Areas surrounding Batur Lake
are currently prioritized for conservation through several
environmental management activities [37]. This conservation-
based activity then has contributed to providing habitats for O.
monticola and resulted in the reaming habitats of this species
despite land use changes nearby.

4. CONCLUSIONS

According to the SSP modeling, land use change affected
the potential distribution of O. monticola. In the future and
regarding the limitations of this study, it is recommended that
in the future to include the elevation and bioclimatic variables
considering that the amphibian has affinity towards elevations
and climates. The conservation strategies to preserve the
habitats of O. monticola should be progressing on the
protections of remaining vegetation covers, especially near
Lake Buyan and Lake Batur. Ecotourism can be an option to
reduce the land use conversion nearby those lakes. This
sustainable tourism can provide alternative revenue for the
community to stop them from altering the lands.
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