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Abstract

Mortality of wildlife due to vehicular traffic is among the direct impacts when natural habitats are
dissected with roads. This study presents the herpetofaunal mortality on a 3km stretch of a highway
crossing Nilgala Forest Area (NFA), a savanna dominated forest in Nilgala, eastern Sri Lanka. A total
of 72 species of herpetofauna including 53 reptiles and 19 amphibians were recorded as road kills of
which 19 species (26.3%) are endemic to Sri Lanka and 22 species (30.5%) are threatened nationally.
A total of 552 road Killed individuals (23.6% of tetrapod reptiles, 40.2% of serpentoid reptiles and

36.2% amphibians) were recorded over 48 days.
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Introduction

Roads of all kinds have several broad
ecological effects for plants and animals. These
ecological effects include modification of
animal behavior, alteration of the physical and
chemical environment, spread of exotic species,
and increased use of areas by humans as well as
increased mortality from road construction and
collision with vehicles (Trombulak & Frissell,
1999). The negative impact of roads on wildlife
has dramatically amplified with the increased
networks of roads throughout the world

(Vijayakumara et al., 2001). This concern is
becoming evident with the increasing amount
of literature dealing with the ecological effects
of roads and traffic (Eberhardt et al., 2013;
Hels & Buchwald, 2001; Bhupathy et al.,
2009). The impact of road traffic mortality of
the herpetofauna have been well reported from
India (e.g. Arijit et al., 2012; Baskaran &
Boominathan, 2010; Bhupathy et al., 2009; Das
et al., 2007; Deepak & Riddhika, 2009; Gopi
Sundar, 2004; Gokula, 1997; Selvan, 2011;
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Selvan et al., 2012; Seshadri et al., 2009;
Vijayakumara et al., 2001). However, only two
studies (Amarakoon et al., 2010 and Maduwage
et al., 2003) from Sri Lanka reports in
appreciable details on the subject.

Not all species and ecosystems are equally
affected by roads, but overall the presence of
roads is highly correlated with changes in
species composition and population sizes
(Forman & Alexandra, 1998; Trombulak &
Frissell, 1999). When a previously continuous
habitat is fragmented, for instance by a road,
the potential for dispersal and colonization is
often reduced (Andrén, 1994; Vos & Chardon,
1998). The presence of roads can cause a wide
array of cascading events from direct mortality
due to vehicular traffic to the reduction of gene
flow between mobile species which leads to
drift and the loss of genetic diversity (Marsh et
al., 2007; Strasburg, 2006). Herpetofaunal
species frequent highways not only to cross the
fragmented habitat, but they also use roads as
an open area to ambush prey, as well as use the
road surface for thermal regulation
(Bambaradeniya et al., 2001; Karunarathna &
Karunarathna, 2005). In the «case of
amphibians, they are more vulnerable to
highway mortalities due to comparatively slow
movements while crossing the roads, but the
effects get compounded due to increased
mobility during rainy periods and mass
reproductive migrations (Trombulak & Frissell,
1999; Vijayakumara et al., 2001).

de Silva et al. (2004) reported 11 species of
amphibians and 38 species of reptiles in the
NFA. However recent surveys (Karunarathna &
Amarasinghe, 2011; Karunarathna et al., 2008)
showed that the herpetofaunal diversity is much
greater with 70 (additional 10 unidentified
species) species of reptiles and 22 species of
amphibians in the Nilgala forest area (NFA).
The rich herpetofaunal diversity in the area is at
risk due to a series of threats such as habitat
loss, fragmentation and alteration. Furthermore
at a local scale, deliberate killing due to fear
(especially snakes), collecting for food and
medicines as well as collecting for the pet trade
are also considerable threats. Herpetofaunal
mortality due to vehicular traffic on roads and
highways is considered a significant threat to
species inhabiting forested areas adjoining
roads (Das & de Silva, 2005; Karunarathna &
Amarasinghe, 2011). In Sri Lanka, a report on

the Horton Plains National Park (de Silva,
1999) included a brief account of road traffic
mortality of reptiles and this initial study was
followed by Bambaradeniya et al. (2001), de
Silva (2001), Maduwage et al. (2003), Rodrigo et
al. (2003), and Amarakoon et al. (2010).
According to studies which were carried out
along a 2.25km stretch of the Dolosbage—
Gampola road, it was reported that a total of 44
reptiles consisting of 15 species and, four
amphibians consisting of 2 species were killed by
vehicles within two days (de Silva, 2006). A
study carried out in the NFA reported that 9
individual reptiles (from 6 species) and 5
individual amphibians (from 1 species) were
road-kills during 36 days (de Silva et al., 2004)
However, there are undocumented observations
that suggest a significant number of reptiles and
amphibians are run over daily and killed by road
traffic in the NFA. Here we report the findings of
a two-year study of herpetological mortality on a
3km stretch of a road crossing a savannah-
dominated forest in eastern Sri Lanka.

Materials and Methods

Study Area: Nilgala Forest Area (NFA) is a
savanna dominated forest approximately
12,432 ha in size, situated in the lower Uva
Province, Monaragala District in the eastern
part of Sri Lanka (Fig. 1). The NFA lies
between 7°08’-7°14’N and 81°16’-81°20’E,
and is a protected forest area under the Forest
Department (de Silva et al., 2004,
Karunarathna & Amarasinghe, 2011). The
mean annual rainfall varies between 1500-
2000mm, received mainly during the north-east
monsoon (October— January) (de Silva et al.,
2004) while the mean annual temperature of the
area is 28-31°C (Karunarathna & Amarasinghe,
2011; Somasekaram et al., 1997). The major
vegetation of NFA can be classified as lowland
tropical dry mixed evergreen forest (Gunatileke
& Gunatileke, 1990). Furthermore, four sub-
vegetation categories were identified within
NFA limits; savannah grasslands, monsoon
forests, anthropogenically modified vegetation
(e.g. croplands and home gardens) and
degraded vegetation with predominantly thorny
weeds (de Silva et al., 2004). Road kills were
recorded on a 3km stretch of the Bibile—
Ampara road from Pitakumbura junction to
Maldam-ambae junction during the years
2004-2005 in NFA.
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Figure 1: Map of the study area (NFA)

Sampling and Analysis: The study was
conducted from January 2004 to December
2005 over 48 days, two days per month.
Observations were made during the mornings
(approximately 07:00-09:00 h) and early
evenings (approximately 16:00-18:00 h) on the
same day by walking through the selected
stretch of the road. Weather conditions were
noted down as wet, if there was a rain or drizzle
or dry if no precipitation or bright sunlight at
the time of the survey. The number of vehicles
passing was counted while walking the 3km
stretch. All road killed specimens were
examined and identified to species level but not
collected. However, they were removed from
the road to avoid multiple counts of the same
kill. Additionally, the road side microhabitats
on the road segment were recorded according
to four categories (savannah grasslands, home
gardens, monsoon forests and wetlands) to
assess any effects of the habitat on mortality.
The relative index of each microhabitat type is
almost the same and it is 25%. Most road killed
amphibians were damaged extensively beyond
identification of species. Thus we did not
include those species/individuals in this
analysis, thus our result is an underestimation

for this group. The specimens were identified
by using field guides and identification keys
(Das & de Silva, 2005; Dutta & Manamendra-
Arachchi, 1996; Deraniyagala, 1953, 1955; de
Silva, 1990, De Silva, 1980; Manamendra-
arachchi, 1997; Manamendra-Arachchi &
Pethiyagoda, 2005; Meegaskumbura &
Manamendra-Arachchi, 2005.) during the
study, and the species described after 2005
identified based on the field notes and
morphological characters recorded during the
study, and identification keys (Manamendra-
Arachchi & Pethiyagoda, 2006; Somaweera &
Somaweera, 2009).

We employed MINITAB 14 (Minitab Inc.,
2003) for statistical analysis of data. Monthly
total mortality, relative mortality and annual
mortality rates were assessed for different
families of reptiles and amphibians for 2004
and 2005. The annual herpetofaunal mortality
due to vehicular traffic per kilometer stretch of
the road (total mortality/km/year) was
calculated as an index to estimate the impact of
vehicular traffic on herpetofaunal mortality.
The threat status of the road traffic killed
reptiles was listed according to MOE (2012).
To understand the diversity of herpetofauna of
the road-kills, we employed several indices to
assess species richness, dominance and
heterogeneity =~ (Magurran, 1988).  Since
herpetofauna of the general region is more
active  during wet season  (personal
observations), we expected increased mortality
rates during the wet season. We hypothesized
that any variation in mortality is a function of
rainfall because; precipitation could motivate
movements of organisms (Dodd & Cade, 1998;
Madsen et al., 2006) and no apparent increase
of vehicular traffic was observed in a given
season in NFA. Rainfall data were obtained for
the nearest weather station (Welipitiya Coconut
Plantation, Badulla of National Meteorological
Department, Sri Lanka). We ran Pearson’s
correlation between total monthly mortality and
total monthly rainfall separately for reptiles and
amphibians for both years to see any
relationships. Further we assessed total
mortality of herpetofauna according to major
adjacent habitat type to understand the effect of
habitat type on mortality of both reptiles and
amphibians. One-way ANOVA test was used
for pooled data to analyze significant
differences between mean mortalities of four
different habitat types following pair-wise
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comparisons using Fisher’s LSD test,
separately for reptiles and amphibians.

Results

In total, 92 herp species (33.45% of island
total) were recorded in NFA and 72 species
(78.26% of NFA total) were observed as road-
kills (Appendix 1, plates 1-2). Among road
kills, 22 species (six amphibians and 16
reptiles) are endemic to Sri Lanka and 17 (four
amphibians and 13 reptiles) have been
identified as threatened species (MOE, 2012).
Lower numbers of herpetofauna were recorded
as road-kills in 2005 compared to 2004.
Altogether 53 and 46 reptile species were
recorded as road Kills respectively in 2004 and
2005. Corresponding amphibian numbers were
19 and 17 for the two years, respectively.
Overall for both years, a total of 351
individuals of road killed reptiles belonging to
53 species, 35 genera and 13 families and 201
road Kkilled amphibians represented by 19
species, 13 genera and four families were
recorded. The average annual mortality rate for
reptiles  was  4.51(x1.99)/km/year  and
8.33(x3.90)/km/year for amphibians (Fig. 2).
33 snake species (45.8% of total mortalities)
and 20 tetrapod reptile species (27.8% of total
mortalities) were recorded as road kills in the
present study. Out of 22 species of amphibians
recorded in NFA, 19 species were recorded in
road Kkills. Nearly 19.02% (n=105) of total
herpetofaunal mortality was represented by
endemic species and 21.19% (n=117) by
threatened species. Families such as Elapidae,
Viperidae, Agamidae, Gekkonidae and Ranidae
were represented by more than 30% mortality
of endemic species due to vehicular traffic. The
mortality of threatened species is represented
by more than 30% mortality in Elapidae,
Gekkonidae and Agamidae and 100% in the
families Boidae, Cylindrophidae, Crocodylidae,
Bataguridae, Testudinidae and Ichthyophiidae.
We observed some temporal variations of the
herpetofaunal mortality due to vehicular traffic
in NFA. The highest mortality recorded for
reptiles was 38 mortalities in January 2004,
mostly due to mortalities of two aquatic species
of  checkered keelbacks (Xenochrophis
asperrimus & X. piscator, 82.6% of total).

In the case of amphibians, Narrow-mouthed
frogs (Microhylidae) represented more than
half (51.24%) of the total number of
amphibians recorded, followed by True frogs

(Ranidae) (37.31%), True toads (Bufonidae)
(10.94%) and Asiatic tailed caecilians
(Ichthyophiidae) (0.50%). Microhylid frogs
represent 51.50% of all road killed amphibians
and 18.66% of all herpetofauna. Red narrow
mouth frog (Microhyla rubra) was the most
abundant amphibian (37.5%, n=75) among road
kills. Highest amphibian mortality was 27 in
April 2005 and mostly due to mortalities of Red
Narrow Mouth Frog (Microhyla rubra, 81.5%
of total).
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Varanidae ]
Scincidae
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Figure 2: The number of herpetofaunal mortality,
per kilometer, per year; amphibian families (black
bars) and reptile families (grey bars).

For reptiles, more than 63% (n=222) of the
road Kkills were snakes. Families included
Colubridae (46.6%, n=164), Viperidae (6.5%,
n=23), Elapidae (6.3%, n=2), Cylindrophidae
(1.7%, n=6), Typlophidae (1.4%, n=5) and
Boidae (0.85%, n=3). The Buff striped
keelback (Amphiesmma stolata) was the most
recorded road-kill species among colubrids
(10.4%, n=17) as well as among snakes (7.6%).
Two other colubrids, Green vine snake
(Ahaetulla nasuta) and Trinket Snake
(Coelognathus  helena) also showed a
considerable mortality with respect to the total
reptile mortality (3.97%, n=14 and 3.69%,
n=13 respectively). Gekkonids represented,
12.2% of road Kills. The Four-claw gecko
(Gehyra multilata) and Kandyan gecko
(Hemidactylus depressus) were the most
common gekkonids (2.56%, n=9 each). Two
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endemic species of the family Agamidae were
represented in the road kill statistics. The
Painted-lip lizard (Calotes ceylonensis) (n=8)
and Black kangaroo lizard (Otocryptis
nigristigma) (n=7). The Green garden lizard
(Calotes calotes) was the most common
Agamid in road kills (2.56%, n=9). There were
fewer road kills in the families Crocodylidae
(n=2) and Boidae (n=3) than any other reptile
family.

Analysis of diversity parameters of road kills
showed a peak in reptile mortality during
January—March for both years. There were no
significant variations of amphibian mortalities
except comparatively low mortality in February
2004 i.e. only two individuals of common
house toad (Duttaphrynus melanostictus).
Although we expected an increased mortality of
organisms with rainfall, there was no
significant correlation between total mortality
and rainfall for amphibians (F,,,=1.94; P>0.05)
and reptiles (F,2;=1.38; P>0.05) for either
years (Fig. 3). There was a significant
difference between mean mortalities of reptiles
reported in four different microhabitat types
(Fs21 = 11.31, P<0.001), but there was no
significant difference for amphibians (Fig. 4).
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Figure 3:  The fluctuations of herpetofaunal
mortality and rainfall in 2004 (above), and 2005
(below).
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Figure 4: Mean herpetofaunal mortality in four
different adjacent habitat types; bars indicate
standard error.

The highest number of deaths for any single
reptile species recorded was for the Buff striped
keelback (Amphiesma stolata) and 47.0% of
their total mortality was from roads adjacent to
home gardens. 77.8% of total mortalities of the
Sri Lanka cat snake (Boiga ceylonensis) came
from road adjacent to forested areas. The three
road-killed specimens of Indian python (Python
molurus) were recorded from savanna
grassland (n=2) and forested areas (n=1). The
highest mortalities of colubrids were reported
in forested areas followed by home gardens.
The numbers of vehicles were consistent
throughout the survey period and mean is 68
(£5) vehicles during morning, and 52 (£3)
during evenings as this area is very rural.

Discussion

Mortality of wildlife due to vehicles is highly
detrimental, especially for species with small
and declining populations (Spellerberg, 1998)
and in places where species diversity is high
(e.g. this study). Previous studies on
herpetofaunal mortality on highways of Sri
Lanka presented comparatively low mortality
rates (Bambaradeniya et al., 2001; de Silva et
al., 2004; Rodrigo et al., 2003). A previous
study in NFA recorded only one amphibian
species and six reptile species in road Kkills
within 36 days (de Silva et al., 2004) compared
to significantly higher number of road-killed
herpetofaunal species (53 reptiles and 19
amphibians) recorded by present study. This
difference may reflect the need for extended
effort and prolonged sampling for such a study
to understand the total impact.

We observed most amphibians crossing the
road after rains even though there is no
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correlation between rainfall and road killed
amphibians. Some of them were mating and
some were feeding on insects that came out
from the soaked earth. The reason for us
recording high numbers of microhylid frogs
among road kills may be that they are small
amphibians which have short limbs and cannot
move fast. Most lizards appear to attempt to
cross surfaced road less frequently, perhaps due
to smaller home ranges (Tatlor & Goldingay,
2004). Nocturnal reptiles make use of road and
road edges in order to aid thermoregulation
using residual heat that is absorbed and slowly
released by road surface  material
(Bambaradeniya et al., 2001; Karunarathna &
Karunarathna, 2005). Some reptiles use the
loose soil beside roads to lay eggs suggesting
that there may be thermal benefits for eggs in
these more open and heated places (pers.
comm. Ruchira Somaweera, November 2013).
Some reptile species that have wide ranges are
frequently killed on roads when crossing and
basking on roads such as tropical boas and
pythons (Langton, 2002). The possible reasons
for high rates of snake mortality are fast
movements of small tetrapod reptiles compared
to coiling behavior of snakes (zero mobility)
under vibrations from vehicles, deliberate
killing upon sight by drivers due to aggressive
attitude towards all snakes (Bambaradeniya et
al., 2001). Although we did not assess the
abundance of herpetofauna in adjacent habitats,
we think that the total mortality of each taxon
represents relative abundance of them in
different habitats. We also believe this pattern
reflects the primary habitat of each herp
species.

The existence of a rich herpetofauna in NFA is
at risk due to several threats including
encroachment and clearance of natural habitats
for cultivations, annual man made fires in
savannah, extensive use of chemicals for
agriculture and mortality due to wvehicular
traffic. This study reveals that the impact of
vehicular traffic on herpetofauna is more severe
than the levels recorded previously. Most of the
roads around these areas have been widened
since 2007 according to the National Road
Master Plan of Sri Lanka (RDA, 2007). For
example the road B527 where our site is
located was classified as a single line road in
2007 (RDA 2007), but is currently a B-class
double line road. Additionally many other
roads around Bibile and Ampara now are in

developing process. Even though the road B527
was not on the proposal to develop, that road
will be highly accessed as an alternative road
from Bibile to Ampara. The potentially
increased traffic resulting from this could lead
to more animals being killed. The road network
in the country needs to be developed in order to
accommodate the increasing demand for
transportation; however it is crucial to
recognize the potential threats to biodiversity
from these developments and utilise proper
scientific research in the planning and
implementing stages to mitigate the impacts.
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Appendix 1: List of road killed amphibian and reptile species in NFA, Sri Lanka. EN, endangered; VU,
vulnerable; NT, near threatened; LC, least concerned; E, endemic to Sri Lanka (based on MOE, 2012).

Family Bufonidae
Bufo atukoralei &NT
Bufo melanostictus -©

Family Microhylidae
Kaloula taprobanica -©
Microhyla ornata “©
Microhyla rubra -©
Ramanella variegata -©
Uperodon systoma -©

Family Boidae
Python molurus -©

Family Colubridae
Ahaetulla nasuta “©
Ahaetulla pulverulenta “©
Amphiesma stolata -©
Aspidura brachyorrhos
Atretium schistosum “©
Boiga ceylonensis -©
Boiga forsteni V"
Coelognathus helena -©
Dendrelaphis bifrenalis
Dendrelaphis tristis -©
Dryocalamus nympha -©
Lycodon aulicus -©
Lycodon osmanhilli
Lycodon striatus -©
Macropisthodon plumbicolor N7
Oligodon arnensis -©

Oligodon sublinatus &/ ¢
Oligodon taeniolatus “©

Ptyas mucosa “©

Sibynophis subpunctata N"
Xenochrophis asperrimus /¢
Xenochrophis cf. piscator &/-¢

E/VU

E/NT

E/ LC

AMPHIBIANS
Family Ranidae
Hoplobatrachus crassus -©
Fejervarya limnocharis -©
Euphlyctis cyanophlyctis “©
Euphlyctis hexodactyla -©
Hylarana gracilis &/-¢
Sphaerotheca breviceps -©
Sphaerotheca rolendae -©
Pseudophilautus fergusonianus 'V
Pseudophilautus regius &V
Polypedates cruciger '-°
Polypedates maculates -

REPTILES
Family Elapidae
Bungarus caeruleus -©
Bungarus ceylonicus &'V
Calliophis melanurus V"
Naja naja “©

Family Typhlophidae
Ramphotyphlops cf. braminus -©

Family Cylindrophidae
Cylindrophis maculata /T

Family Viperidae

Daboia russelii -©

Hypnale hypnale -©

Hypnale cf. nepa &/ &"
Trimeresurus trigonocephalus &/ -©
Family Crocodylidae

Crocodilus palustris N

Family Bataguridae
Melanochelys trijuga -©

Family Testudinidae
Geochelone elegans N"

119

Family Ichthyophiidae
Ichchiophis glutinosus &Y

Family Agamidae
Calotes calotes -©
Calotes ceylonensis
Calotes versicolor -©
Otocryptis nigristigma

E/NT

E/LC

Family Gekkonidae

Geckoella triedra £V

Gehyra mutilata “©
Hemidactylus parvimaculatus -©
Hemidactylus depressus £/C
Hemidactylus frenatus -©
Hemidactylus leschenaultii -©
Hemidactylus lankae £/¢

Family Scincidae
Lankascincus fallax
Lygosoma punctata “©
Eutropis carinata -©
Eutropis macularia -©

E/LC

Family Varanidae
Varanus bengalensis -©
Varanus salvator “©
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PLATE 1

Figure 8:

Figure 9: Calotes versicolor

Figure 11: Melanochelys trijuga Figure 12: Geochelone elegans
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Figure 19: Spharothec brevieps » Figure 20: Hoplobatrachus crassus
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