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1 Introduction

The order Anura encompasses amphibians commonly known as frogs and toads. It
is characterised by tailless adults, long hind limbs adapted for jumping, and perme-
able skin for respiration. Anura is one of the most diverse vertebrate groups, with
thousands of species distributed globally, except in polar regions and extremely dry
deserts (Glime & Boelema, 2017). Amphibians are useful bioindicators of environ-
mental stress, the state of an ecosystem, and alterations within it (Zaghloul et al.,
2020). According to Hamer and McDonnell (2008), urbanisation reduces the spe-
cies richness and abundance of individual amphibian species, which results in habi-
tat loss and an increase in mortality (Smallbone et al., 2011). The causes of the
worldwide decreases in amphibians have been a source of intense concern; while
many of the theories are controversial, at least some of them can be correlated to
illness and susceptibility to altered spectra of solar radiation (Lewis, 2006).
Therefore, multiple factors across different spatial scales, from specific breeding
sites to entire landscapes, can influence the survival of anuran populations within
urban environments (Miller, 2008). Several processes that take place in urban and
suburban settings, such as habitat loss, fragmentation and isolation, and creation
and restoration, have an impact on the quantity and kind of amphibian habitat that
is accessible in a landscape. Although higher abundance was sometimes observed in
smaller, highly disturbed fragments with low species richness, there was a clear
positive relationship between fragment size and anuran species abundance.
Similarly, studies on fragmentation involving small animals, birds, and
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invertebrates have also shown increased abundance in certain disturbed fragments
(Debinski & Holt, 2000).

It has made far-reaching changes in the way researchers and conservationists
study on the species distributions. According to Malczewski (2004), the use of GIS
evolved when planning viewpoints alterations from scientific to political, process-
oriented, and communication-focused to collective-design assessments. Predictive
models illustrate habitat distribution and evaluate their suitability and potential for
supporting species. It is a robust tool for utilising spatial data, allowing analysis and
visualisation of patterns and relationships as well as data management (Rivieccio
et al., 2003; Gibson et al., 2004; Johnson & Gillingham, 2005; Ahmad & Pandey,
2018). It is an integrative system that integrates concepts from various fields, such
as agriculture, botany, computer science, economics, mathematics, photogramme-
try, surveying, zoology, and geography. The two main focuses of most definitions
are technology or problem-solving and the traditional understanding of GIS is that
it is a collection of tools for handling, manipulating, analysing, and producing spa-
tial data (Malczewski, 2004). According to Danks and Klein (2002), it offers data on
animal habitat, habitat assessment, and habitat forecast, all of which are helpful
when introducing new species to a given area. The application of this technology
eases the analysis and mapping of animal distribution, migration, and habitat pat-
terns, hence offering valuable insights into wildlife management tactics (Gibson
et al., 2004). A potent tool for carrying out conservation goals is the species distri-
bution model (Carroll et al., 2001; Raxworthy et al., 2003; Johnson et al., 2004;
Johnson & Gillingham 2005). Considering this, the technological viewpoint on GIS
highlights four system components: data input, management and storage, data mod-
ification and analysis, and data output (Malczewski, 2004). Data input is the collec-
tion and conversion of data into a format suitable that includes collecting,
reformatting, georeferencing, compiling, and recording data. These systems support
a variety of data input methods, including keyboard entry, manual locating devices,
automated devices, and data file importing. Furthermore, the establishment of open-
access databases and uniform standards for gathering and disseminating data will
enhance cooperation between institutions and scholars. Addressing the issues per-
taining to global biodiversity and creating large-scale, successful conservation plans
require a coordinated approach (Suzzi & Devarajan, 2023). It is thought to be a
useful tool for modelling the distributions of a variety of species and charting the
patterns of environmental fluctuations by using maps of vegetation types and data of
species distribution (Ahmad & Pandey, 2018). Maps of habitats are a useful tool for
communications because they show where conservationists should concentrate their
efforts to reduce disturbance and human development, or they can be used to help
with reserve placement, habitat restoration, and species reintroduction (Johnson &
Gillingham, 2005). As an illustration, data on abundance, density, or the presence—
absence gathered during surveys for the target species is commonly used to develop
habitat appropriateness models (Guisan & Zimmermann, 2000). Advancements in
large-scale geographical data, along with the accessibility of GIS, statistical tools,
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and enhanced computational power, have significantly enhanced the capacity to
model and map important relationships between species and their environments
(Rushton 2003). GIS modelling and spatial analysis help us understand the distribu-
tion and ecology of anurans. Future developments in interdisciplinary collabora-
tion, community engagement, and technology advancements believe that GIS will
continue to be an essential part of amphibian biodiversity preservation, which will
help to preserve these essential elements of global ecosystems (Newman et al., 2010).

This research study delves into the intricate relationship between urbanisation,
tourism development, and the distribution of anuran species within a designated
tourism zone. As global urbanisation continues to accelerate, particularly in areas
designated for tourism, there arises a pressing need to comprehend the ecological
consequences of this rapid urban expansion. Amphibians, especially anurans, play
a crucial role in assessing environmental health, as their heightened sensitivity to
habitat alterations and pollution makes them key indicators of ecosystem changes.
However, the impact of urbanisation on their populations within tourism zones is
notably under-explored. The overarching problem lies in the potential threats posed
to anuran biodiversity by urban development, including habitat loss, fragmentation,
altered microclimates, and exposure to pollutants. The study seeks to address this
knowledge gap by investigating the specific ramifications of urbanisation on anuran
distribution patterns within a tourism area, aiming to provide significant contribu-
tions to urban ecology and amphibian conservation. Its findings are intended to
support sustainable development initiatives and promote efforts to preserve biodi-
versity in these vital ecosystems.

These tools help to understand amphibian distribution patterns, preferred habi-
tats, and conservation tactics. This comprehensive examination will touch on habi-
tat modelling, spatial analysis, monitoring, conservation planning, and the
difficulties associated with using GIS for species mapping. Geospatial species map-
ping, using advanced GIS technologies, visualises and analyses spatial relationships
between anuran populations and their environment. It uses data from data of species
sighting during field surveys, remote sensing, and satellite imagery to create detailed
maps that reveal the patterns on the habitats in response to urban development. The
study aims to determine if specific habitats are compromised or if adaptive mecha-
nisms are in play.

Geospatial species mapping also serves as a foundation for predictive modelling,
identifying conservation priorities and informing sustainable urban planning prac-
tices. This research enhances our understanding by utilising GIS mapping tech-
niques to create distribution maps and the density of anuran species with the delicate
interplay between urbanisation and amphibian ecology, promoting insights for pre-
serving biodiversity in urban landscapes. The primary objective is to understand
how urban landscape features influence the species distribution and movement. This
study focuses on specific urban areas and anuran species, aiming to identify critical
habitats and corridors that support anuran populations.
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2 Methods

During the night excursion between 7.00 p.m. and 11.00 p.m., field surveys are
conducted to gather data on anuran population surveys in the study area, recording
species sightings and their corresponding locations using GPS device along selected
area at Kuching Waterfront, Sarawak.

2.1 Data Collection and Analysis

The collected data are integrated into ArcGIS software by creating spatial data lay-
ers. These layers include points representing anurans’ locations, polygons showing
different habitat types. Geospatial mapping is applied to create spatial representa-
tions of each species distribution and their correlation with environmental factors.
To visualise geographical correlations, point layers for anuran occurrences are cre-
ated and overlaid them with environmental layers; these layers include points repre-
senting locations and polygons showing different habitat types of preference for
each species. Maps and visuals were created to represent the anuran distribution
and kernel density. The procedures were carried out in accordance with the flow
chart presented in Fig. 1.

3 Result and Discussion

Anuran sampling activity was conducted during nighttime excursions along the
Kuching Waterfront, spanning from 7.00 p.m. to 11.00 p.m. A comprehensive sam-
pling effort revealed a total of 97 individual of anurans across four species. The
most prevalent species encountered was the Asian Common Toad (Duttaphrynus

Record anuran sightings & | Intergrate Data
location with GPS into ArcGIS
|
W
Create layer, points Visualize
representing species locations Geographic
& polygon show habitat types correlations

W—l

Generate Maps & Visual of

Anuran Distribution & Kernel Density

Fig. 1 Flow chart of methodologies for this study
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melanostictus), constituting 75 individuals predominantly under resting conditions.
In contrast, the Banded Bullfrog (Kaloula pulchra) species, comprising 10 individu-
als, exhibited a preference for polluted areas, often scavenging rubbish and inhabit-
ing humid environments in small groups. Additionally, 11 individuals of the Asian
Grass Frog (Fejervarya limnocharis) species were documented in muddy fields and
a Four-lined Tree Frog (Polypedates leucomystax) sighted. Table 1 details the
anurans discovered at the study sites, while their distribution percentages are illus-
trated in a pie chart (Fig. 2).

Based on Inger et al. (2017), D. melanostictus is a stout species with warty skin,
commonly found in disturbed lowland areas such as urban and agricultural zones.
K. pulchra features a stocky body with dark brown backs and copper-brown stripes,
thriving in urban and rural environments and burrowing underground during dry
periods. F. limnocharis is a small, adaptable frog with a pointed snout, frequently
seen in rice paddies, gardens, and forest clearings. P. leucomystax is an arboreal
species with variable coloration, inhabiting forest edges, wetlands, and semi-urban
areas, where it breeds in shallow pools with foam nests. These species exhibit nota-
ble adaptability to diverse habitats.

3.1 Geospatial Species Mapping and Habitat Preference

Sampling at nighttime is particularly effective for amphibians, as many species are
nocturnal and more active during these hours. This method ensures a higher likeli-
hood of encountering various species and observing their natural behaviours. The

Table 1 Number of anurans sighted

Common names Scientific names Total individuals
Asian Common Toad Duttaphrynus melanostictus 75
Banded Bullfrog Kaloula pulchra 10
Asian Grass Frog Fejervarya limnocharis 11
Four-Lined Tree Frog Polypedates leucomystax 1

1%

B Duttaphrynus melanostictus
B Kaloula pulchra
B Fejervarya limnocharis

B Polypedates leucomystax

Fig. 2 Distribution percentages of anurans recorded along the study area
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comprehensive sampling effort revealed a total of 97 individual of anurans across
various species, providing a robust dataset for analysis. The most prevalent species
encountered was D. melanostictus, with 75 individuals predominantly found under
resting conditions. This high prevalence suggests that the Kuching Waterfront pro-
vides suitable resting habitats for this species, likely due to the availability of
shelter and food resources. The dominance of this species indicates its adaptability
to urban environments. Its presence under resting conditions suggests that it uti-
lises the waterfront’s sheltered areas for refuge. K. pulchra comprising 10 indi-
viduals, exhibited a preference for polluted areas, often scavenging rubbish and
inhabiting humid environments in small groups. This behaviour indicates a toler-
ance for disturbed habitats and a potential role in urban waste management by
scavenging. F. limnocharis mostly documented in muddy fields, this species’ pref-
erence for such environments highlights its need for moist, muddy habitats that are
essential for its breeding and feeding activities. The sighting of P. leucomystax
shows that this species can be found in disturbed habitats, which are closely asso-
ciated with human settlement. Figures 3 and 4 display the composition of specific
zones within the study area, offering a visual representation for each zone. The
collected data are then generated into distribution and kernel density maps by
using ArcMap.

Fig. 3 Selected zones for study area along the Kuching Waterfront, Sarawak
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Fig. 4 Visualisation of the selected zones for study area along Kuching Waterfront, Sarawak

Based on the visual representation provided by the distribution map (Fig. 5), the
locations of various anuran species are plotted. The presence of each of the different
species highlights their respective ranges and habitat preferences. The results indi-
cate that most anuran species are concentrated around water bodies, underscoring
their reliance on these habitats. This concentration also suggests a high adaptability
to varying degrees of habitat fragmentation and connectivity. The observed distribu-
tion patterns imply that disturbances, such as anthropogenic activities, can have
both positive and negative impacts on species populations (Rubenina et al., 2021).
Positive effects may include the creation of new habitats or resources, while nega-
tive effects could involve habitat destruction and increased pollution. These findings
emphasise the need for careful management of urban environments to support
amphibian biodiversity.

According to the kernel density map of anuran distribution (Fig. 6), Zone A
(Fig. 3) recorded approximately 288 tourists and showed the highest anuran den-
sities, represented by the darkest red areas on the map. Zone B (Fig. 3), with 301
tourists recorded, also exhibited considerable anuran densities, although slightly
lower than those in Zone A. Zone C (Fig. 3), where 666 tourists were recorded,
displayed the lowest anuran densities. The reduced number of anuran observa-
tions in Zone C could be linked to factors associated with increased tourist activ-
ity in the area. According to Morrison et al. (2012), the combination of habitat
disturbance, pollution, noise, light pollution, and increased predation likely con-
tributes to the low anuran density in areas with high tourist activity. These factors
create an environment that is less conducive to anurans survival and reproduction,
leading to reduced sightings in such areas. This map helps to visualise the rela-
tionship between anuran density and tourist activity, highlighting areas where
frog and toad populations are thriving despite the moderate tourist presence and
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Fig. 5 Geographical positions of anuran species along Kuching Waterfront, Sarawak

areas where high tourist activity may be negatively impacting their populations
(Gillespie et al., 2020).

Based on Fig. 7, species distribution can be related to the 3D mapping of build-
ings which come up with the understanding on how the physical structure of urban
environments influences the presence and behaviour of different species. These can
be visualised by using ArcScene to generate the 3D maps that can identify ecologi-
cal corridors and barriers, revealing how species move and interact within the city.
Additionally, buildings can create microclimates that affect temperature, humidity,
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Fig. 6 Kernel density map of anuran distribution in Kuching Waterfront, Sarawak

and wind patterns, influencing species distribution by providing favourable condi-
tions for certain species. The presence of buildings also impacts resource availabil-
ity, such as food and water, which can be predicted using 3D mapping models.
Furthermore, human activity levels around buildings can deter or attract certain spe-
cies, highlighting the importance of considering urban structures in biodiversity

conservation (Choi et al., 2021).
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Fig. 7 3D map of anurans ‘distribution along Kuching Waterfront, Sarawak
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4 Concluding Remarks

This research study findings provide valuable insights into the ecological roles of
these anuran species within the urban landscape of Kuching Waterfront. Each spe-
cies shows unique habitat preference and behaviour, contributing to the overall bio-
diversity and ecological balance of the area. The research project on geospatial
mapping of anuran distribution in urban areas using ArcGIS has offered significant
insights into the complex interplay between urbanisation and wildlife habitats. This
study underscores the importance of understanding and maintaining urban land-
scape connectivity to support biodiversity, particularly for sensitive species like
anurans. These insights are crucial for urban conservation planning. Understanding
the habitat preferences and behaviours of anuran species can inform the design of
urban green spaces, ensuring they provide suitable habitats for diverse wildlife.
Conservation efforts should focus on preserving and enhancing these habitats, miti-
gating pollution, and creating corridors that facilitate the movement of anuran pop-
ulations across the urban landscape.

5 Recommendations

Future studies could expand the scope to include other species and explore the long-
term impacts of urbanisation on biodiversity. Additionally, advancements in GIS
technology and data collection methods, such as remote sensing and citizen science,
can enhance the accuracy and scope of future research.
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