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Abstract.—Mihintalae is situated in the dry zone of the North Central Province of Sri Lanka, at an
elevation of 108 m, and is an under studied site of the habitat of the endemic shrub frog Pseu-
dophilautus regius. Six different habitat types which included forest edge, seasonal pond, rock,
shrub, grassland, and home garden habitats were selected and systematically sampled to identify
the habitat preference of P. regius. During the survey, a total of 143 P. regius individuals were count-
ed. The highest percentage (53%) of individuals were recorded from the forest edge habitats, 23%
from shrub land habitats, 20% from home gardens, and 2% from grassland and seasonal ponds. No
individuals were found in the rocky areas. The number of observed individuals of Pseudophilau-
tus regius increased with the rainfall in forest habitats and simultaneously decreased in the home
gardens. During the dry season the overall turnout of the number of individuals increased in home
gardens. However, more extensive and systematic studies, over a longer period of time, are required
to estimate the population size and document the fluctuation of P. regius and implement suitable

conservation measures, if necessary.
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Introduction

Sri Lanka is part of the Sri Lanka-Western Ghats bio-
diversity hotspot with a rich herpetofaunal assemblage
(Meegaskumbura et al. 2002; Bossuyt et al. 2004; Mee-
gaskumbura et al. 2009; De Silva 2009; Meegaskumbura
and Manamendra-Arachchi 2011). A total of 112 am-
phibian species are known from Sri Lanka (De Silva et
al 2005; Manamendra-Arachchi and Pethiyagoda 2005
and 2006; Meegaskumbura and Manamendra-Arachchi
2005; Meegaskumbura et al. 2010; Meegaskumbura and
Manamendra-Arachchi 2011). Among the Sri Lankan
amphibians, the most speciose family is the frog family
Rhacophoridae. The Rhacophoridae consists of approxi-
mately 321 species within two subfamilies and distrib-
uted across a wide range of habitats in tropical Africa and
south Asia, including India and Sri Lanka (Frost 2008; Li
et al. 2008; Yu et al. 2008; Frost 2011). All the Sri Lank-
an rhacophorids belong to the subfamily Rhacophorinae
that contains three genera Pseudophilautus, Polypedates,
and Taruga (Manamendra-Arachchi and Pethiyagoda
2005; Meegaskumburaet al. 2010; AmphibiaWeb 2011;
Meegaskumbura and Manamendra-Arachchi 2011), of
which Pseudophilautus is the most diverse with 68 spe-
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cies (Manamendra-Arachchi and Pethiyagoda 2005;
Meegaskumbura and Manamendra-Arachchi 2005; Mee-
gaskumbura et al. 2009; Meegaskumbura and Manamen-
dra-Arachchi 2011).

Amphibian diversity of Sri Lanka is directly influ-
enced by climate, vegetation, topography, and geology,
and its high rainfall and humidity provide ideal condi-
tions for amphibians. The species richness of Pseu-
dophilautus is greatest in the wet zone of Sri Lanka (Ma-
namendra-Arachchi and Pethiyagoda 2005). The only
two species of Pseudophilautus that have been reported
hitherto from the dry zone of Sri Lanka are P. ferguso-
nianus (Ahl 1927) and P. regius (Manamendra-Arachchi
and Pethiyagoda 2005). Pseudophilautus regius is an en-
demic species listed as Data Deficient in the 2007 Red
List of Threatened Fauna and Flora of Sri Lanka. This
species is distributed in localized patches of the dry zone
(De Silva et al. 2004; Manamendra-Arachchi and Pethi-
yagoda 2005; Karunarathna and Amarasinghe 2007,
Karunarathna et al. 2008; De Silva 2009) including the
Mihinthale Sanctuary in the Anuradhapura District (Dis-
sanayake et al. 2011).

Pseudophilautus regius becomes active during the
northeast monsoon and inter-monsoonal period (Bahir et
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al. 2005). However, very little is known about its breed-
ing biology (Dubois 2004; Bahiret al. 2005), with the
only report being that after amplexus, the female digs a
small hole where she lays her eggs and then covers them
with soil (Karunarathne and Amarasinghe 2007). Virtu-
ally nothing is known about the population size, behav-
ior, dispersal of non-breeding individuals, and habitat
preferences of P. regius. This study was carried out to
unravel the habitat preference of P. regius in the Mihin-
tale Sanctuary.

Methods and materials

Study area

Mihintale Sanctuary is located near the town of Mihin-
tale (Anuradhapura District, North Central Province) in
the dry zone of Sri Lanka. Annual rainfall in the area of
Mihinthale is approximately 1,000-1,500 mm, with most
of it occurring during the inter-monsoonal (October and
November) and the north-east monsoonal (December un-
til February) periods. The mean annual air temperature
is 26 °C with a minimum of 19.5 °C and a maximum of
35 °C. The Mihintale Sanctuary is approximately 2,470
acres (999.6 ha) in extent with no proper demarcated
boundaries (Fig. 1).

Methods

The study was carried out from October 2010 to March
2011, with the exception of February 2011. Quadrat sam-
pling (Heinen 1992) in randomly selected points was per-
formed within the Mihintale Sanctuary. A total of twenty-
four 10 x 10 m quadrats were sampled at selected points
in each habitat type. The habitat types sampled were:
Forest Edge (FEH; Fig. 3), Seasonal Pond (SPH; Fig. 4),
Rocky Area (RAH; Fig. 9), Shrub Area (SAH), Grass-
land (GLH; Fig. 5), and Home Garden (HGH). Each
habitat consisted of four fixed-quadrat sampling points.
Field surveys were conducted from 1800 to 2200 hrs and
each sampling site was visited twice a week. A minimum
of four people were engaged in the sampling which in-
volved sorting through all leaf litter and searching the
branches, tree trunks, and logs within plots. Specimens
were identified, photographed, and released at the site of
capture. A structured data sheet was used to record data,
including environment parameters such as air tempera-
ture and relative humidity (RH), which were recorded
using a thermometer (-20-100 °C, £ 0.5 °C) and hygrom-
eter (= 4% RH at + 77 °F within 10 to 90% RH + 5% RH
at all other range) respectively.

Results and discussion

A total of 143 individuals of P. regius (Fig. 2) were ob-
served from six habitat types during the survey. The
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highest number was recorded from dry FEH (53%) (Fig.
3), followed by SAH (23%), HGH (20%), GLH (Fig. 5),
and SPH (2%) (Fig. 4). No individuals were recorded
from RAH during the survey period.

These results suggest that the most preferred habitats
of P. regius are FEH, SAH, and HGH. Seasonal ponds
provide good breeding sites for anurans (Conant and Col-
lins 1991; Gibbs 2000), and according to Dissanayake et
al. (2011) SPH had the highest percentage of amphib-
ians recorded in the Mihinthale Sanctuary. However, we
recorded few individuals in SPH. This could be because
the habitat was surrounded by rocks with no moisture, no
thick leaf litter layer (20 mm), or any significant canopy
layer (over 70%). GLH was not covered with leaf litter
and the area had a higher percentage of Imperata cylin-
drica and Panicum maximum grasses, which might be a
reason for the low number of individuals recorded in this
habitat type, yet more than SPH.

Most anurans are active during a confined period of
time in the day or season (Peterson and Dorcas 1992). In
many species, vocal advertisement represents the most
energetically demanding behavior of males during the
adult phase of the life cycle (Ryan 1983; Pough et al.
1992). Furthermore, the calls increase the probability of
being exposed to predators. During the survey, most re-
cordings of P, regius calling came from FEH and SAH.
Stachytarpheta indica, Ageratum conyzoide, Clidemia
hirta, Pterospermum suberifolium, Lantana camara,
Zizyphus oenopila, Leucaena leucocephala, Acacia leu-
cophloea, Drypetes sepiaria, Bauhinia racemosa, and
Bridelia retusa were the abundant plant species in these
two habitats. Average DBH in FEH was 16.26 cm, in-
cluding trees with a DBH > 120 cm like Diospyrose eb-
enum that, with small trees, provide a significant canopy
layer (over 70%) and a thick leaf litter layer (20 mm).
Therefore, FEH and SAH may provide the most pre-
ferred habitats for P. regius. The canopy cover (>70%)
and a moist thick leaf litter layer (20 mm) are important
to avoid desiccation and also to lay their direct develop-
ing eggs (Bahir et al. 2005; Karunarathne and Amaras-
inghe 2007). According to Menin et al. (2007) the contra-
dictory relationship of anuran communities and the leaf
litter layer can be related to different methods of quanti-
fying litter characteristics such as volume, depth, and dry
mass. On the other hand, relationships were found be-
tween the depth of leaf litter in many studies on anurans
in forests of Costa Rica (Lieberman 1986), Central Ama-
zonia (Tocher et al. 1997), Uganda (Vonesh 2001), and
the Southeast region of Brazil (Van Sluys et al. 2007).

In the present study, analysis of rainfall patterns of the
sampling locations revealed an increase in the number of
observed individuals of P. regius immediately after rain
in FEH and SAH. This study is in agreement with previ-
ous studies that seasonal variation of anuran populations
is influenced by rainfall pattern (Das 1996; Weeraward-
hena et al. 2004). Our data indicates that during the rainy
period (monsoon and inter-monsoonal), the number of
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Figure 1. Map of study area.

Figure 2. Pseudophilautus regius (mature male).

amphibian-reptile-conservation.org November 2012 | Volume 5 | Number 2 | €56




igure 4. View of Seasonal Pond Habitat (SPH).
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Figure 5. View of Grassland Habitat (GLH).
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Figure 6. Comparison of the percentage of Pseudophilautus regius found in each habitat type.
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Figure 7. Average rainfall (mm) from October 2010 to March 2011 at the Mihintale Sanctuary, indicating Forest Edge Habitat
(FEH).
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Figure 8. Average rainfall (mm) from October 2010 to March 2011 at the Mihintale Sanctuary, indicating Home Garden Habitat
(HGH).
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Figure 10. Inside forest: Dry mixed evergreen vegetation with good leaf litter.
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individuals of P. regius increase in FEH (Fig. 7). Howev-
er, our study was not conducted in February, although it
rained in that month. This study is also in agreement with
a study conducted in Madagascar where all amphibian
species were edge-avoiders in the dry season but showed
different patterns during the wet season (Lehtinen et al.
2003).

In the dry months (October and March) however,
the percentage of the number of individuals of P. regius
were higher in HGH than in the rainy season (Novem-
ber-January) (Fig. 8). This could be because HGH pro-
vide various human modified microhabitats that attract
frog species like P. regius. A high number of individuals
were observed near garden water taps and also near bath-
rooms. This may be because during the dry season forest
litter and soil dry-up, although some moisture remains
around water taps due to dispersal of water during usage
or due to leakages. However, this observation does not
indicate that P. regius is solely found in disturbed habi-
tats, and could be because this study was conducted for a
short time period. Further research conducted at least for
a year could reveal possible relationships with relative
humidity

Conclusions and recommendations

The habitat type most preferred by P. regius is Forest

. - .re

Figure 11. Garbage accumulation in Mihintale Sanctuary.
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not. The present study also demonstrates that Home Gar-
den Habitat might provide suitable habitats during the
dry season. Additional studies are needed using differ-
ent sampling methods coupled with behavioral studies to
determine the distribution of P. regius across the forest
habitat and through home garden during the dry season.
It was observed that villagers used Mihintale Sanctuary
for daily activities including the forest edge for collecting
firewood. Furthermore, some residents on the sanctuary
boundary disturb the shrubs. These activities can have an
adverse effect on the population of P, regius. We also saw
garbage accumulation in the sanctuary (Fig. 11), which
may affect the breeding grounds as it pollutes the for-
est floor. We strongly suggest that management authori-
ties take necessary steps to minimize and mitigate these
adverse impacts in order to conserve the habitat of this
endemic shrub frog. Long-term monitoring programs
should be conducted to estimate the population fluctua-
tion and implement suitable conservation measures if
necessary.

Acknowledgments.—We are particularly grateful
to Dr. Shirani Nathanael (Faculty of Applied Sciences,
Rajarata University of Sri Lanka) and Mr. L. J. Mendis
Wickramasingha (Herpetological Foundation, Sri Lanka)
for supervision, unfailing encouragement, guidance, con-
structive, but calm criticism and moral support to carry
out our research. We wish to thank Mr. Niwanthaka San-

November 2012 | Volume 5 | Number 2 | €56



Habitat preferences of the endemic shrub frog Pseudophilautus regius

jeewa Thennakoon, Mr. Shiran Fernando, Mr. Jeevan
Priyankara Karunarathna, Mr. Chathura Sandamal, Mr.
Asela Dinushan, and Mr. Dushan Dharshanfor their sup-
port with field work. Dr. T. V. Sundarabarathy and Dr.
S. Wickramasinghe (Department of Biological Sciences,
Faculty of Applied Sciences, Rajarata University of Sri
Lanka) for their support in making this study a success.
Mr. Dinidu Hewage assisted in developing the maps. We
would like to thank the JUCN Librarian and D. M. S.
Suranjan Karunarathna for providing literature and the
Director General of the Meteorological Department for
providing the relevant meteorological data to achieve our
target. We also appreciate the valuable support provid-
ed by K. G. D. de Aabeysinghe. Finally, we also like to
thank Craig Hassapakis (ARC) who helped us in diverse
ways to enrich this work.

Literature cited

Ahl E. 1927. Zur Systematik der asiatischen Arten der
Froschgattung Rhacophorus. Sitzungsberichte der
Gesellschaft Naturforschender Freunde zu (Berlin)
15:35-47.

Bahir MM, Meegaskumbura M, Manamendra-Arachchi
K, Schneider CJ, Pethiyagoda R. 2005. Reproduction
and terrestrial direct development in Sri Lankan shrub
frogs (Ranidae: Rhacophorinae: Philatus). The Raffles
Bulletin of Zoology (Supplement) 12:339-350.

e

Figure 12. View of forest in Mihintale Sanctuary.

amphibian-reptile-conservation.org

Bossuyt, F, Meegaskumbura M, Beenaerts N, Gower DJ,
Pethiyagoda R, Roelants K, Mannaert A, Wilkinson
M, Bahir MM, Manamendra-Arachchi K, Ng PKL,
Schneider CJ, Oommen OV, Milinkovitch MC. 2004.
Local endemism within the Western Ghats — Sri Lan-
ka biodiversity hotspot. Science 306(5695):479-481.

Conant R, Collins JT. 1991. Reptiles and Amphibians of
Eastern and Central North America. Houghton Mif-
flin, Boston, Massachusetts, USA. 608 p.

Das I. 1996. Resource use and foraging tactics in a south
Indian amphibian community. Journal of South Asian
Natural History 2(1):1-30.

De Silva A. 2009. Amphibians of Sri Lanka: A Photo-
graphic Guide to Common Frogs, Toads and Caeci-
lians. Published by author, Creative Printers and De-
signers, Kandy, Sri Lanka. 250 p.

De Silva A, Bauer AM, Austin CC, Goonewardena S,
Hawke Z, Vanneck DV. 2004. The diversity of Nilgala
Forest, Sri Lanka, with special reference to its herpe-
tofauna. Lyriocephalus 5(1&2):164-182.

De Silva A, Goonewardena S, Bauer A, Drake J. 2005.
The diversity of Dumbara Mountains (Knuckles Mas-
sif, Sri Lanka) with special reference to its herpeto-
fauna. Lyricephalus (Special issue) 6(1&2):55-62.

Dissanayake DMDSB, Wellappuliarachchi SM, Wick-
cramasingha S. 2011. Diversity, abundance and dis-
tribution of amphibians in the Mihintale Sanctuary,
Sri Lanka. 16th International Forestry and Environ-

November 2012 | Volume 5 | Number 2 | €56



Dissanayake and Wellapuli-Arachchi

ment Symposium, University of Sri Jayewardenepura,
Boralesgamuwa, Sri Lanka. 43 p.

Dubois A. 2004. Developmental pathways, speciation
and supraspecific taxonomy in amphibians: 1. Why
are there so many frog species in Sri Lanka? Alytes
22(1&2):19-37.

Frost DR. 2008. Amphibian Species of the World: An
Online Reference. Version 5.2 (15 July 2008). Ameri-
can Museum of Natural History, New York, New
York, USA. [Online]. Available: research.amnh.org/
herpetology/amphibia/php [Accessed: 26 September
2012].

Frost DR. 2011. Amphibian Species of the World: An
Online Reference. Version 5.5. American Museum
of Natural History, New York, New York, USA. [On-
line]. Available: research.amnh.org/herpetology/am-
phibia/php [Accessed:26 September 2012].

Gibbs JP. 2000. Wetland loss and biodiversity conserva-
tion. Conservation Biology 14(1):314-317.

Heinen JH. 1992. Comparisons of the leaf litter herpe-
tofauna in abandoned cacao plantations and primary
rain forest in Costa Rica: Some implications for fau-
nal restoration. Biotropica 24(3):431-439.

Karunarathna DMSS, Amarasinghe AAT. 2007. Obser-
vations on the breeding behavior of Philautus regius
Manamendra-Arachchi & Pethiyagoda 2005 (Am-
phibia: Ranidae: Rhacophorinae) in Nilgala, Monara-
gala District in Sri Lanka. Russian Journal of Herpe-
tology 14(2):133-136.

Karunarathna DMSS, Abeywardena UTI, Asela MDC,
Kekulandala LDCB. 2008. A preliminary survey of
the Amphibian fauna in Nilgala Forest area and its vi-
cinity, Monaragala District in Sri Lanka. Herpetologi-
cal Conservation and Biology 3(2):264-272.

Lehtinen RM, Ramanamanjato J, Raveloarison JG. 2003.
Edge effects and extinction proneness in a herpetofau-
na from Madagascar. Biodiversity and Conservation
12(7):1357-1370.

Li J, Che J, Bain RH, Zhao E, Zhang Y. 2008. Molecu-
lar phylogeny of Rhacophoridae (Anura): A frame-
work of taxonomic reassignment of species within
the genera Aquixalus, Chiromantis, Rhacophorus and
Philautus. Molecular Phylogenetics and Evolution
48(1):302-312.

Lieberman SS. 1986. Ecology of the leaf litter herpeto-
fauna of an ecotropical rain forest: La Selva, Costa
Rica. Acta Zoologica Mexicana (Nueva Serie) 15:1-
71.

Manamendra-Arachchi K, Pethiyagoda R. 2005. The Sri
Lankan shrub frog of the genus Philautus Gistel, 1848
(Ranidae: Rhacophorinae), with description of 27 new
species. The Raffles Bulletin of Zoology (Supplement)
12:163-303.

Meegaskumbura M, Bossuyt F, Pethiyagoda R, Mana-
mendra-Arachchi K, Bahir MM, Milinkovitch MC,
Schneider CJ. 2002. Sri Lanka: An amphibian hotspot.
Science 298(5592):379.

amphibian-reptile-conservation.org

Meegaskumbura M, Manamnra-Arachchi K. 2005. De-
scription of eight new species of shrub frogs (Rani-
dae: Rhacophorinae: Philautus) from Sri Lanka. The
Raffles Bulletin of Zoology (Supplement) 12:305-338.

Meegaskumbura M, Manamendra-Arachchi K, Pethiya-
goda R. 2009. Two new species of shrub frogs (Rha-
cophoridae: Philautus) from the lowlands of Sri Lan-
ka. Zootaxa 2122:51-68.

Meegaskumbura M, Manamendra-Arachchi K. 2011
Two new species of shrub frogs (Rhacophoridae:
Philautus) from Sri Lanka. Zootaxa 2747:1-18.

Meegaskumbura M, Meegaskumbura S, Bowatte G,
Manamendra-Arachchi K, Pethiyagoda R, Hanken J,
Schneider CJ. 2010. Taruga (Anura: Rhacophoridae),
A new genus of foam-nesting tree frogs endemic to
Sri Lanka. Ceylon Journal of Science (Biological Sci-
ences) 39(2):75-94.

Menin M, Lima AP, Magnusson WE, Waldez F. 2007.
Topographic and edaphic effects on the distribution
of terrestrially reproducing anurans in Central Ama-
zonia: Mesoscale spatial patterns. Journal of Tropical
Ecology 17(2):86-91.

Peterson CR, Dorcas ME. 1992. The use of automated
data acquisition techniques in monitoring amphibian
and reptile populations. In: Wildlife 2001: Popula-
tions. Editors, McCullough DR, Barrett RH. Elsevier
Scientific Publishers LTD, Barking, Essex, England.
369-378.

Pough FH, Magnusson WE, Ryan MJ, Wells KD, Taigen
TL.1992. Behavioral energetics. In: Environmental
Physiology of the Amphibians. Editors, Feder ME,
Burggren WW. University of Chicago Press, Chicago,
Illinois, USA. 395-436.

Ryan MJ.1983. Sexual selection and communication in a
Neotropical frog, Physalaemuspustulosus. Evolution
37(2):261-272.

Tocher MD, Gascon C, Zimmerman BL. 1997. Fragmen-
tation effects on a Central Amazonian frog commu-
nity: A ten-year study. In: Tropical Forest Remnants:
Ecology, Management and Conservation of Frag-
mented Communities. Editors, Laurance WF, Bier-
regaard RO. University of Chicago Press, Chicago,
Illinois, USA. 124-137.

VanSluys M, Vrcibradic D, Alves MAS, Bergallo HG,
Rocha CFD. 2007. Ecological parameters of the leaf-
litter frog community of an Atlantic Rainforest area
at Ilha Grande, Rio de Janeiro state, Brazil. Austral
Ecology 32(3):254-260.

Vonesh JR. 2001. Patterns of richness and abundance in
a tropical African leaf-litter herpetofauna. Biotropica
33(3):502-510.

Weerawardhena S, Amarasinghae US, Kotagama SW.
2004. Activity pattern and environmental variation
of microhabitats of the six-toed green frog Euphlyc-
tis hexadactylus Lesson 1834 (Anura-Ranidae) in Sri
Lanka. Lyriocephalus 5(1&2):111-129.

November 2012 | Volume 5 | Number 2 | €56



Habitat preferences of the endemic shrub frog Pseudophilautus regius

Yu G, Rao D, Yang J, Zhang M. 2008. Phylogenetic re-
lationships among Rhacophorinae (Rhacophoridae,
Anura, Amphibia), with an emphasis on the Chinese
species. Zoological Journal of the Linnean Society
153(4):733-749.

Received: 26 January 2012
Accepted: 30 April 2012
Published: 2 November 2012

Duminda S. B Dissanayake is a Sri Lankan undergraduate student pursuing a B.Sc. (Special) degree in the
Department of Biological Sciences, Faculty of Applied Sciences, Rajarata University of Sri Lanka, Mihintale.
Duminda began his career in wildlife research in 2009 with a focus on ecology and behavior of amphibians,
reptiles, and birds. He is keen on spending his leisure time photographing wildlife and lending his support to
wildlife conservation.

Supun Mindika Wellappuli-Arachchi is an undergraduate student pursuing a B.Sc. (Special) degree in Fish-
eries and Aquaculture, Department of Biological Sciences, Faculty of Applied Sciences, Rajarata University
of Sri Lanka, Mihintale. His passion focused on nature from a very young age which subsequently led him in
2007 to a career in wildlife research (fish biology). His area of interest has now widened to include ecology
and behavior of amphibians, reptiles, and birds as well and wildlife photography. He is dedicated to conserva-
tion of biodiversity of Sri Lanka.

amphibian-reptile-conservation.org 124 November 2012 | Volume 5 | Number 2 | €56



