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ABSTRACT

We examined the spatiotemporal variation of herpetofauna roadkills on roadways in Langkawi Island. A total of 131
roadkills were recorded. The species that exhibited greater mortality was Varanus nebulosus (n=72). There was a
significant difference in herpetofauna mortality between dry and wet seasons (t(11) =-2.330, p=0.04, <0.05). The
spatial pattern was described by using kernel density estimation. Four collision hotspots were concentrated at the
west side of the island, adjacent to vegetation area and forest reserve. Species characteristics, road proximity to
the forested area, vegetation cover and traffic volume may influence the high rate of roadkills found. Installation of
warning signs, speed restrictions and temporary road closings could reduce traffic accident and significantly reduce
mortalities. The study represents a significant improvement over previous research on the island by implementing
hotspot analysis. We would suggest analysing habitat suitability and connectivity to increase the ability to predict the
location of roadkill hotspots.
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ABSTRAK

Kami mengkaji variasi reruang dan temporal korban jalan raya haiwan herpetofauna di Pulau Langkawi. Sejumlah 131
korban jalan raya dicatatkan sepanjang pemerhatian dijalankan. Spesies yang menunjukkan kematian yang paling
tinggi ialah Varanus nebulosus (n = 72). Terdapat perbezaan yang signifikan dalam kematian herpetofauna antara
musim kering dan lembap (t (11) = -2.330, p = 0.04, <0.05). Corak reruang dikaji dengan menggunakan anggaran
ketumpatan kernel. Empat kawasan titik panas korban jalan raya tertumpu di sebelah barat pulaasu, berhampiran
dengan kawasan vegetasi dan hutan simpan. Ciri sejarah kehidupan haiwan, jarakjalan ke kawasan hutan, kawasan
tumbuhan dan kepadatan lalu lintas mungkin mempengaruhi kadar korban jalan raya yang tinggi yang dijumpai.
Pemasangan tanda-tanda amaran, sekatan kelajuan dan penutupan jalan sementara boleh mengurangkan gangguan
trafik dan mengurangkan kemalangan trafik melibatkan hidupan liar. Kajian ini menunjukkan peningkatan yang
signifikan terhadap penyelidikan terdahulu di Pulau Langkawi dengan pelaksanaan analisis kawasan panas. Kami
mencadangkan analisis kesesuaian dan kesambungan habitat dijalankan untuk meningkatkan keberkesanan untuk
meramalkan lokasi titik panas korban jalan raya.

Kata kunci: Ketumpatan kernel; korban jalan raya; pulau tropika; reruang dan temporal; titik panas

INTRODUCTION (Gibson & Rozelle 2003), as well as facilitating increase
in agricultural production (Jacoby 2015). However, as the
global road network continues to expand, it may also impose
adverse impacts towards the ecosystem, e.g., landscape
modification (Saunders et al. 2002), habitat fragmentation
(Franklin et al. 2002), pollutions (Ortega 2012; Patricelli
et al. 2006) and facilitating access for illegal activities
(Borner & Severre 1986; Clements et al. 2014; Haines et

Since 2000, the length of road networks worldwide has
increased by 12 million km and it is expected to have
an additional of 25 million km by 2050 (Laurance et
al. 2015). In positive contexts, infrastructures provide
social and economic benefits through access for rural
residents to better health care, education and employment
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al. 2012; Magrath et al. 2007). Besides, the intersection of
roads and wildlife is generally agreed to be ecologically
hazardous. Road networks may reduce the amount and
quality of habitat for the animal community (Debinski &
Holt 2000). Perhaps, the most noticeable effect of roads
on a daily basis is wildlife-vehicle collisions (WVC),
more commonly referred to as roadkill that affect a wide
range of taxa, demonstrating this issue is a major concern
(Clevenger et al. 2003). Roadkill often represent a major
contributor to terrestrial vertebrate animal population
depletion as reported for mammals (Forman et al. 2003),
birds (Hodson 1962), reptiles (Baxter-Gilbert et al.
2015) and amphibians (Elzanowski et al. 2009) in many
regions worldwide. Wildlife that are highly impacted by
roads and highways are those that are with large home
ranges (Andrews 1990), slow-moving (MacKinnon et
al. 2005), small-sized animals (Barthelmess & Brooks
2010) and attracted to roads for foraging and basking (da
Rosa & Bager 2012; Glista et al. 2008; Langen et al. 2009;
Quintero-Angel et al. 2012).

Previous literature regarding contributing factors
explaining WVC is abundant (Clevenger et al. 2003;
Coelho et al. 2008; Farmer & Brooks 2012). Basically,
vulnerability to road mortality in vertebrate terrestrial
animals arises from both intrinsic and extrinsic factors.
Intrinsic factors that influence vulnerability to road
mortality are attributed to life- history traits, behaviour
or physiology. Individual diets are seen to affect the
likelihood of animals being hit by vehicles, as they are
linked to food sources that are sometimes found on the
road (Cook & Blumstein 2013). Additionally, behaviour
of animals on the road in response to vehicle likely vary
across species, and they could be animals that attempt to
cross the roads regardless the traffic intensity or animals
that stop in realization of danger. Slow moving animals,
such as small mammals (Ascensao et al. 2015), reptiles
(MacKinnon etal. 2005), and amphibians (Carr & Fahrig
2001) are especially susceptible to road mortality. Extrinsic
factors that influence vulnerability to road mortality can be
both spatial (e.g. surrounding landscapes (Caro et al. 2000;
Hernandez 1988), and temporal (e.g. seasonal changes
(Seo & Thorne 2015; Smith & Dodd 2003). Several other
contributing factors influence roadkill including traffic
intensity (Farmer & Brooks 2012; Jones 2000), road type,
road surfaces (Garriga et al. 2012; Taylor & Goldingay
2010), and landscape surrounding the roads (Caro et al.
2000; Hernandez 1988). Because of all these factors,
vertebrate roadkill pattern is usually non-random and vary
in time and space (Ashley & Robinson 1996; da Rosa &
Bager 2012; Hartel et al. 2009; Quintero-Angel et al. 2012).

With the vast development of road networks and
increase in WVC over time, it is vitally important to
determine areas and periods with high dense of roadkills
occurrence to find effective solutions. Roadkill hot

moments can be used to predict when road mortality will
peak, and facilitate in conservation efforts to focus on this
particular times of wildlife accidents. Spatial statistical
mappings have recently been used to examine a better
understanding of the spatial occurrence of road casualties
involving wildlife. A few researchers have specifically
focused on developing predictive models of traffic-induced
wildlife mortality and implementing GIS-based analysis
that are beneficial to be used to identify targeted areas for
mitigation measures and finding contributing factors of
roadkills occurrence (DeWoody et al. 2010; Gomes et al.
2009; Malo et al. 2004; Prasannakumar et al. 2011; Seiler
2005; Snow et al. 2014).

Despite expanding road networks and global
scientific interest in roadkill and road ecology (Seiler
2003), little is known on the spatial and temporal patterns
of herpetofauna roadkill in Langkawi UNESCO Global
Geopark (LUGGp), even though wildlife road mortality
has the potential to significantly affect biodiversity.
Currently, the only published data on WVC in LUGGp
is from Norshaqinah et al. (2018), who showed how road
networks affect vertebrate animals and the contributing
factors were discussed. Therefore, the aim of our research
was to provide the first results of spatial and temporal
patterns of herpetofauna road casualties for LUGGp. We
hypothesized that roadkill encounter rate higher during
low mean-monthly temperature and wet seasons. Besides,
we predicted sections closer to dense- vegetation and
settlement area would be associated with higher WVC
incidence and less roadkill would occur in a developed
area, for instance, the town area. Understanding spatio-
temporal of WVC occurrence in Langkawi island is
critically important in areas with clearly-seen conflicts
between human welfare and nature conservation. Such
information would be immensely useful for authorities to
identify critical points for implementing cost and time
effective mitigation measures for a purpose of making a
better integration between ecology and road network at
one of the most visited place in the region.

MATERIALS AND METHODS

STUDY AREA

Langkawi island is the biggest island in Langkawi
Archipelago located at the northern part of west coast
Peninsular Malaysia. The topography of the island
is low land, mountainous, and hilly terrain, and the
Mount Raya is the highest peak, with an altitude of 881
m a.s.l. (Grismer & Norhayati 2008). The Malaysian
climate is strongly dominated by the Southeast Asia
maritime continent monsoon, with two monsoon regimes;
southwest monsoon and the northwest monsoon (Jabatan
Meteorologi Malaysia 2018). The climate of Langkawi
Island is characterized by distinct dry seasons between



November and March and two indistinctive wet seasons,
from April to May and August to October (Abdullah et al.
2005), resembling the climate of the northern Peninsular
Malaysia. The wet season was defined in the present study
as the monthly mean rainfall above 200 mm. The mean
annual temperature and precipitation for 2017 were 27.9
°C and 240.35 mm, respectively.

ROADKILL DATA

Data on herpetofauna roadkills collections were recorded
along the selected transects around the island that ran
through various functional types, such as forest reserves,
mangroves, and town area for 20 days per month from
January 2017 to January 2018 (Figure 1) encompassing
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122.7 km of federal roads. Transects are two and four-
lane federal roads with road shoulders that were
selected based on adjacent land use, driver’s safety and
road accessibility. Data collections were performed by
an observer in a moving vehicle with a constant speed
of 50 kmh'. All dead animals were counted, identified
to the species level whenever possible and recorded
systematically in a data sheet. Scientific and common
names of reptiles and amphibians were identified
following on Das (2015) and an online database (Uetz et
al. 2018). All carcasses were removed from the road to
avoid double counting and few were collected as voucher
specimens. Data collection was not conducted at night
and bad weather due to limited visibility and safety issue.

Bk Sowek

~

P
]

@ PADANG
MATSIRAT

&

*

Towns

Wildlife Reserves
Virgin Forests
Recreation Forests
Water Catchment

Mangroves

JEjmeg -

Forest Reserves

] KM

FIGURE 1. Functional forest types on Langkawi Archipelago

GEOREFERENCED DATA COLLECTION

To assess the spatial pattern of herpetofauna roadkills, we
collected geographic coordinates of the carcasses using
a hand-held Global Positioning System (GPS) set and
plotted the points in the ArcGIS 10.5 software for visual
display.

DATA ANALYSIS

TEMPORAL PATTERN
Andrews et al. (2006) and Glista et al. (2008) have

suggested rainfall as a climatic predictor that influenced
seasonal variations in both species abundance and
activity that will consequently affect WVC patterns. Daily
data rainfall was obtained from the Meteorological.
Department of Malaysia, and the data were retrieved
from the nearest meteorological station. located at Padang
Matsirat, Langkawi Island. In the temporal analyses,
we used independent t-test (p<0.05) to analyse the
relationship between the dry and wet seasons with the WVC
abundance recorded as the dependent variable.
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SPATIAL PATTERN

The spatial autocorrelation (Moran’s I) was used
to analyze the spatial distribution of the WVC spots
(Prasannakumar et al. 2011). To identify the accident hot
spots, we performed a hot spot analysis by using kernel
density estimation (KDE). KDE calculates the dense
concentrations of mortalities and identifies clusters within a
smoothed surface area (Arevalo et al. 2017). Point density
is calculated by adding values of all overlapping kernel
surfaces within any cell of determined size. A kernel
estimator is calculated according to (1):

fO) = =Tk KE=h) (1)

where & denotes the bandwidth; x — X' is the distance of
each calculating pixel to each roadkill target point /;
and K represents the kernel function (Silverman 1986).
For this analysis, a bandwidth of 500 m was used as
the search radius around each dead individual for both
amphibians and reptiles. The output cell size followed
input raster dataset and estimated densities were then
classified using Jenks method to show the entire range of
the density distribution on the map based on minimization
and maximization of the variance, respectively, within and

between density classes (Jenks & Caspall 1971). All spatial
processing was carried out using ArcGIS software v. 10.5.

RESULTS AND DISCUSSION

ROADKILL SPECIES AND THEIR CONSERVATION STATUS

During the study period we had successfully detected a
total of 131 carcasses; 127 carcasses (97%) represented
ten reptile species (Table 1). Families included Varanidae
(79.4%, n=104), Xenopeltidae (6.9%, n=9), Colubridae
(6.1%, n = 8), Pythonidae (2.3%, n=3) and Elapidae
(2.3%, n=3). The sunbeam snake (Xenopeltis unicolor)
was the most recorded roadkill species among snakes
(39.1%, n=9). The Red-tailed green rat snake was the
most common colubrid (50%, n=4). Among the reptiles
that were killed, the Clouded Monitor Lizard (Varanus
nebulosus) constituted the highest (55%), followed
by the water monitor lizard (Varanus salvator) (24%).
Bufonidae represented 3.1% (n=4) of roadkills, with the
Duttaphrynus melanostictus as the only species recorded.
Throughout the sample collection, we found one sample
with Near Threatened status which is Reticulated python
(Malayopython reticulatus). However, most of the
casualties found were globally classified as Least Concern
(IUCN 2018).

TABLE 1. List of reptiles and amphibians roadkills found at Langkawi Island, Kedah, Malaysia

No.  Taxa Common name IUCN No. of Indivi.
Reptilia
1 Varanus salvator Water monitor LC 32
2 Varanus nebulosus Clouded monitor lizard LC 72
3 Xenopeltis unicolor Sunbeam snake LC 9
4 Gonyosoma oxycephalum Red-tailed green ratsnake LC 4
5 Ptyas carinata Keeled rat snake LC 1
Coelognathus flavolineatus Yellow-striped trinket snake LC 2
7 Chrysopelea paradisi Paradise flying snake LC 1
8 Malayopython reticulatus Reticulated python NT 3
9 Naja kaouthia Monocellate cobra LC 2
10 Bungarus candidus Malayan krait LC 1
Amphibia
1 Duttaphrynus melanosticus Asian common toad LC 4
Total 131

NT= Not evaluated; LC= Least concern



TEMPORAL PATTERNS
Figure 2 illustrates the temporal pattern of amphibians
and reptiles’ collisions with vehicles in Langkawi Island
from January 2017 to January 2018. Accidents were
peaked on April, May, and October 2017. There was a
significant difference in WVC abundance between dry
and wet seasons (#(11)=-2.330, p=0.04, < 0.05) with a
higher proportion of herpetofauna were killed during
wet seasons (66%, n=86). Of the four amphibians found
dead during the study, three of them were observed
during wet seasons and one on dry seasons. As predicted,
seasonal variations in roadkill numbers occurred. In
general, we found a significant difference in the mortality
rate between seasons (#(11)=-2.33, p=0.04, <0.05), with
a higher number of roadkills during wet seasons (86
individuals) on April, May and October (Figure 2). The
tripeaked of herpetofauna roadkill in response to seasonal
changes could be due to life histories of the various
species. Higher number of amphibians roadkills were
recorded during rainy seasons due to increase in directed
movements such as migrations towards breeding or
home site that makes the animal more susceptible to road
mortality (Galoyan et al. 2017). Several anuran species,
especially those vernal-pool breeding amphibians deposit
eggs in temporary pools that form in roadside ditches
and blocked drainages during rainy seasons (Dimauro
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& Hunter 2002). The anurans dependent from water
and/ or atmospheric humidity for reproduction at least in
one phase of their lives, for example, the tadpole phase
(Vences & Kohler 2008). Nevertheless, seasonal factor
seems do not intensely influence the breeding activity of
Duttaphrynus melanostictus (Asian common toad), the
only amphibian species found during the sample collection
as tropical anurans exhibit year-round breeding due to
favourable climate conditions (Berry 1964). Perhaps, the
Asian common toads were susceptible to road mortality as
they were attracted to the road during rainy seasons due to
food availability. Adult anurans migrate 15 km at most if
important habitat resources such as reproduction sites and
nutrition are spatially separated (Sinsch 1990). Temporary
pools serve as important habitat for amphibians because
of the lack of fish predation and thus allowing the anurans
to be the top predators that structure prey communities,
feeding on the various species of invertebrates such as
mosquitoes and water striders (Dodds 2002). Karunarathna
et al. (2013) have proposed that some of the amphibians
were observed to feed on insects that came out from the
rain-soaked earth. The anuran species were also severely
impacted due to size of the animal and limited driver’s
visibility during rainy seasons that contributed to higher
chances of collisions to occur (Elzanowski et al. 2009).
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FIGURE 2. Temporal distribution of herpetofauna roadkills in Langkawi island.
Roadkill density (black bar) versus monthly mean rainfall (black dashed line)
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Snakes mortality peaked during wet seasons,
potentially due to increase in the activity pattern. As
ectotherms, snakes’ activity is strongly influenced by
environmental conditions (Brown & Shine 2002). Even
though snakes mainly reduce their activity during colder
temperature, there may be times when some species more
active during post-natal dispersal, migration and mate
search (Jochimsen 2005). During rainy seasons when
the rainwater fills into the ground, the reptiles are forced
to come out. Additionally, the reptiles will actively
searching for its food such as amphibians and mice that
are mostly abundant after the rain (Brown & Shine 2007).
After eating, the snakes like to bask in driveways and this
temperature-related behaviours might actually increase
susceptibility of reptiles to road accidents. For example,
some snake species may be more likely to use edge
habitats alongside roads to thermoregulate. When road
surface temperature increase and ambient environmental
temperature remain cooler especially during wet seasons,
some snake species may remain on the road longer than
necessary to cross (Kioko et al. 2015).

Based on our study, the varanids represented the
majority of the carcasses found during the surveys
(n=71, 83%). However, the varanid susceptibility to road
mortality was not affected by the seasonal changes. For
instance, the breeding activity of Varanus salvator (Asian

water monitor) does not increase during wet season as the
varanid breed throughout the year due to abundant food
and water resources in tropical areas. Shine et al. (1996)
in their studies showed that water monitors in northern
Sumatra can breed for most or all of the year. Thus, the
varanids are not exposed to road mortality due to increase
in migration for breeding purpose. The possible reason
was that the lizards are habitat generalist, locally abundant
and attracted to the resources or favourable environmental
characteristics ofroad (Forman et al. 2003; Traeholt 1997).
Moreover, the monitor lizards are active foragers and often
covers a long distance for foraging activity (Gaulke 1991;
Traeholt 1993). Larger movements and road crossing due to
isolated habitats would make the animals more frequently
killed on roads (Langton 2002).

SPATIAL PATTERN

A total of 131 herpetofauna road fatalities were spread
across Langkawi Island but several clustered hotspots
were identified (Figure 3). Four collision hotspots were
found to be concentrated along Pantai Kok and Datai road
at the west side of the island, adjacent to Bukit Sawak
Forest Reserve. Most roadkill was found on-road sections
adjacent to forested, plantation area, with fewer roadkill
in sections along town areas. Kernel density estimation
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FIGURE 3. Spatial distribution of herpetofaunal roadkills recorded along selected
transects in Langkawi island. Kernel density hotspot locations are highlighted
using categories ranging from high density to low density clusters (red to blue)



(KDE) was used to identify the roadkill hotspots. This
method can compensate for insufficient data as it produces
discrete density surfaces through interpolation (Hashimoto
et al. 2016). Generating the probability surface depends
on user-defined parameters, such as the bandwidth,
method for interpolation, and output format units (Hart
& Zandbergen 2014). Selection of optimal search radius
or bandwidth / is essential as it significantly affects the
KDE value. If the value of search bandwidth is too small,
it will not produce a continuous smooth surface, and too
large bandwidth will result in low-density values and a
generalized map (Bailey & Gatrell 1995; Krisp & Durot
2007). In general, a large bandwidth will result in a large
amount of smoothing and low-density values, producing
a map that is generalized in appearance. In contrast, a
small bandwidth will result in less smoothing, producing
a map that depicts local variations in point densities
(Bailey & Gatrell 1995). Ramp et al. (2005) took the
bandwidth as 500 m and Mountrakis and Gunson (2009)
took it as 4000 m. The present study used 500 m as the
bandwidth as itenabled good resolution of clusters (Ramp
et al. 2006). Result of spatial analyses for all-roadkilled
species showed that the WVC abundance along selected
transects was not randomly distributed. Although WVCs
occur all over the road, we observed a highly clustering
pattern, showing four hotspots as indicated by the kernel
density estimation. Most roadkilled hotspots were found
on-road sections adjacent to forested and plantation area,
with fewer roadkill in sections along town area, located at
the southern part of the island which tend to agree with
report of Karunarathna et al. (2013) and Vijayakumar et
al. (2001). Animals with breeding sites adjacent to roads
or the suitable habitat lie across the road or both may have
higher risk to get involved in mass road-crossing activity
and making them vulnerable to road traffic. This is also
in line with other studies and suggests that road sections
along dense vegetative cover are potential hotspots for
WVC (Clevenger et al. 2003). Besides, the high number of
roadkills were also detected at Teluk Yu area, characterized
by dense vegetation, human settlements and tourism spots
which makethe area experienced massive human activity
and high traffic volume. The dead toads (Duttaphrynus
melanostictus) were found on the roads near to ditch
drainages and grassy plants that could appear to provide
suitable habitat and breeding sites for the anurans (Arevalo
etal. 2017).

CONCLUSION

It is necessary to determine particular temporal crash
pattern of herpetofauna to predict the critical periods
when these animal-vehicle collisions will happen in a
specific area. The present study endorsed the role of both
extrinsic and probably intrinsic factors in explaining
temporal patterns of herpetofauna roadkill occurrence.
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Temporal patterns of roadkills varied according to the
taxonomic group and seasonal activity. Mass movements
of herpetofauna during wet seasons may increase the
probability of animal collisions with cars. On the other
hand, the spatial pattern was influenced by the landscape
and traffic volume factors. Higher mortality occurred
along the road near to dense vegetation because ofsuitable
habitats and breeding sites which makes the animals
more vulnerable to road accidents. An increase of the
tourism occurring in the island may lead to an increase
in new road network. Low mortality rates can potentially
reduce herpetofauna populations, because local populations
may have already been depressed from past cumulative
road mortality events. Studies have proven that vehicle
collisions are an important source of mortality to many
species of reptiles and amphibians that eventually lead
to population decline (Elzanowski et al. 2009; Fahrig et
al. 1995). It is likely that if the future road expansion is
not well planned, it will probably affect wildlife in the
long term. The effects of roads can be minimized with
the correct placement of mitigation efforts. Installation
of warning signs and speed restrictions at hotspots area
could reduce traffic disruption and significantly reduce
mortalities. Temporary road closing may also help to
prevent WVC to occur during wet seasons in the island.

However, there were some limitations, including the
carcasses persistence on the road that underestimates the
roadkill counts and environmental predictors related to
habitat suitability of the reptile and amphibians that was
not recorded during the study. Improved sampling design is
needed to obtain sufficient data for detailed analysis. Future
work is necessary to focus on such as the reclassification of
landscape factors according totaxonomic groups. Besides,
an extended study on-road risks could be done by analysing
habitat suitability and connectivity of the herpetofauna
species that would increase the power to predict the location
of roadkill hotspots. The information obtained through
this researcheffort may be used to produce further general
models of expected mortality hotspots and as guidelines
that could be used in framing mitigation strategies to avoid
animal-vehicle collision.
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