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Distribution of colour and pattern polymorphism 

in montane frogs of Sri Lanka 

 
GKVPT Silva and WAD Mahaulpatha 

 
Abstract 
Amphibian body colouration and pigment patterns play a vital role on their survival in the environment. 

Anuran polymorphism were studied in and around the five lentic water bodies of within and outside the 

Horton Plains National Park from January 2017 to November 2017 on three consecutive days per month. 

A total number of 694 amphibians, belonging to 3 families and 11 species were recorded during the 

study. Colour polymorphism were recorded only in Taruga eques, in this species six and three dorsal 

colours were recorded respectively within and outside the park. The most prevalent dorsal colourations of 

Taruga eques were Green and Dark brown. Distinct hour glass pattern was the highest prevalent pattern 

polymorphism of Taruga eques irrespective to the locality type. Moreover, three different dorsal patterns 

were recorded in Minervarya greenii. The present study indicated that endemic Taruga eques possess 

diverse colour and pattern polymorphism as other tree frogs in the world. Most of the recorded 

polymorphism in the present study were not previously recorded in Taruga eques and Minervarya 

greenii. Presence of dorsal pigment patterns may be a selective advantage for amphibians, specifically for 

tree frogs which may disrupt the expression of bright dorsal colouration for visually oriented predators. 

However, further field studies are warranted to understand the selective advantages of polymorphism in 

amphibians. 

 

Keywords: Polymorphism, Taruga eques, Minervarya greenii, Horton plains National Park 

 

1. Introduction 
Polymorphism is defined as “arising of two or more distinct forms simultaneously in the same 

habitat of a species in such proportions that the rarest of them cannot be maintained by 

recurrent mutation’’ [15]. 

The existence of two or more distinctly colour / pattern phenotypes among individuals of an 

interbreeding population is known as colour / pattern polymorphism [15], including presence or 

absence of colours and patterns (dorsal marks, stripes and dots). Vertebrates which are in the 

lower level of the hierachy express numerous body colours due to different distributions and 

combinations of six kinds of chromatophores. Of which, melanophores, xanthophores and 

iridophores have been found as main pigment cells that responsible for creating various colour 

mixtures of amphibian skin. Anuran polymorphism exhibit variations in body colour and 

dorsal pattern which are known as polymorphic amphibians. 

In amphibians, particularly this phenomenon is pervasive among anurans, but rare or absent 

among salamanders and caecilians, respectively [15]. Many anuran species exhibit striking 

colour or pattern polymorphism which have been recorded in about 225 species representing 

35 genera and 11 families [19]. Hartl and Jones (1998) [18], stated that four sources contribute to 

phenotypic variations as,  

a) Genetic variation- where the phenotype of each individual is genetically determined  

b) Environmental variation- where the phenotype of each individual is set by differences in 

environments 

c) Genotype-environment variation- where the phenotype is assigned by interaction of 

genotype and enviroment 

d) Genotype-environment association - where the phenotype is assigned by association of 

genotype and enviroment.  

Animal colouration plays an important role in many aspects of animal ecology [23] and have 

important implications for animal fitness [2]. Body colouration primarily used for defense 

against predators and camouflage is considered as the most commonly used and wide spread 

defensive colouration [22]. Colouration also provides valuable information about sex, maturity  
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or availability for reproduction and fitness [21,41]. Colouration 

is significant for ectothermic animals, such as amphibians and 

reptiles, in which some colour anomalies may have an effect 

on thermoregulation [39]. 

Many polymorphism studies have been done worldwide 

related to amphibians. Some are genetic studies [1, 4-9, 27, 34]. In 

some studies, scientists have investigated polymorphism with 

the amphibian developmental stages in laboratories [20]. 

In addition to these laboratory studies, many field based 

surveys have been carried out within particular regions of 

countries, for the identification of the variations in colour and 

patterns of amphibian species [14, 23, 26, 28, 30, 36, 43]. 

However, no polymorphism studies on amphibians have been 

conducted in Sri Lanka. Therefore, it is very important to 

conduct an amphibian polymorphism study within and outside 

the Horton Plains National Park (HPNP) to fill the gap of 

field studies pertinent to amphibian polymorphism, in natural 

ecosystems of Sri Lanka. 

 

2. Materials and Methods 

2.1 Study site 

The study was conducted within and outside the HPNP from 

January to November 2017. HPNP is located between 6°47’- 

6°50’ northern latitudes and 80°46’- 80°50’ eastern longitudes 
[17] which occupies an area of 3,160 ha and is contiguous with 

Peak Wilderness Sanctuary to the west. 

 

2.2 Census of amphibians 

The census was conducted in five lentic water bodies with 

equal effort to each sampling site, associated with all the 

habitats types located within and outside the HPNP. GPS 

(Global positioning system) points of these sampling sites 

were recorded using Garmin etrex Euro hand held GPS 

receiver. Sampling sites, within the HPNP (Figure 1) 

(Sampling site A- 6°50'20.3"N, 80°48'43.0"E, Sampling site 

B- 6°50'01.3"N, 80°48'32.4"E, Sampling site C- 6°48'04.2"N, 

80°48'24.2"E, Sampling site D- 6°51'01.2"N 80°49'03.3"E, 

Sampling site E- 6°48'18.6"N 80°54'28.2"E ) 

 

 
 

Fig 1: Locations of sampling sites within and outside the HPNP 

 

Six quadrates each 1m x 2m were placed within each 

sampling site for the sampling of amphibians (Figure 1). 

Three quadrates were randomly placed in the area 1 m from 

the outside the pond bank and three quadrates were randomly 

placed inside the pond in the area of 1 m from the pond bank 
[13]. Anuran species (metamorphs, juveniles and adults) in 

these quadrates were surveyed during the morning to after 

noon (08:00hrs – 16:00hrs) and night (18:00hrs – 20:00hrs).  

Moreover, vegetation within each plot was searched even 

when slight movement was detected. Head lamps and torches 

were used for nocturnal searches. 

Metamorphic anurans were captured with a dip net or by hand 
[33] and adult amphibians were captured with a dip net or by 

hand [40, 42].  

Small amount of water was added to the container to prevent 

overheating and desiccation [42]. Overcrowding based on the 

container size and T amb was avoided [24]. At the end of the 

survey they were released back in to their captured habitat. 

Amphibian species were identified using the amphibian 

guides of Dutta and Manamendra-Arachchi (1996) [11]; 

Manamendra-Arachchi and Pethiyagoda (2006) [25]; de Silva 

(2007) [10]. When an amphibian was captured, following data 

were recorded. 

(a) Amphibian species  

(b) Presence or absence of polymorphism (If polymorphism 

were found, they were recorded with the count and 

polymorphism type). 

 

2.3 Identification of amphibian polymorphism 

Amphibian pattern and colour variations were identified and 

differentiated by the standard observer [31] with the assist of 

Dutta and Manamendra-Arachchi (1996) [11]; Manamendra-

Arachchi and Pethiyagoda (2006) [25] and de Silva (2007) [10] 

amphibian guides. 

 

2.4 Data analysis 

Graphical representations were created by using Microsoft 

excel 2013 software. 

 

3. Results 

A total of 694 amphibians belonging to 4 families and 11 

species were recorded during the study in the five lentic water 

bodies studied. 511 individuals were examined inside the 

HPNP and 183 individuals were examined outside the HPNP 

(Table 1). 

 
Table 1: Amphibian abundance in and around the lentic water 

bodies within and outside the HPNP 
 

Locality 

type 
Family Species Abundance 

 

HPNP 

Dicroglossidae Minervarya greeni 135 

Microhylidae Microhyla zeylanica 11 

 Ramanella palmata 03 

 Philautus alto 02 

Rhacophoridae Philautus frankenbergi 01 

 Philautus microtypanum 12 

  Taruga eques 347 

OHPNP 

Bufonidae 
Duttaphrynus melanostictus 06 

Euphlyctis cyanophlyctis 04 

Dicroglossidae 

 

Fejervarya kirtisinghei 08 

Fejervarya limnocharis 18 

 Rhacophoridae Taruga eques 147 

 

Colour polymorphism were recorded only in T. eques species. 

Six dorsal colours were recorded in the HPNP and three 

colour variations were recorded outside the HPNP (Figure 2). 

Most prevalent dorsal colourations of T. eques inside and 

outside the HPNP were green (93.08%) (Figure 2A) and Dark 

brown (62.59%) (Figure 2B) respectively. Outside the HPNP 

29.25% was green dorsal coloured and 8.16% was yellow 

dorsal coloured (Figure 2C). Dark orange (Figure 2D), cream 

(Figure 2E) and purple dorsal (Figure 2F) coloured T. eques 

were recorded only inside the HPNP.  
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Fig 2: Colour polymorphism of T. eques recorded within and 

outside the HPNP 

 

Percentages of Dark orange dorsal coloured (1.73%), cream 

dorsal coloured (0.29%) and purple dorsal coloured (0.58%) 

T. eques were very low (Figure 3). 

 

 
 

Fig 3: Percentage of different coloured T. eques recorded within and 

outside the HPNP 

 

Pattern polymorphism consisted of colour (pigment) pattern 

variations which include presence, absence and variations of 

dorsal spots, stripes and other characteristic patterns. Highest 

pattern polymorphism were recorded in T. eques species. Six 

and four different pattern polymorphism were recorded from 

T. eques (Figure 4) inside and outside the HPNP.  

Distinct hour glass pattern (Figure 4A) was the highest 

prevalent pattern polymorphism of T. eques species, in both 

localities 77.52% in HPNP and 52.38% outside HPNP. 

However various deviations of the distinct hourglass pattern 

were recorded. These included, aberrant hour glass pattern

(Figure 4B), without hour glass pattern (Figure 4C), yellow 

line encircled hour glass pattern (Figure 4D) and dorsal spots 

(Figure 4E).  

 

 
 

Fig 4: Variations of pattern polymorphism in T. eques species 

 

Yellow line encircled hour glass pattern was the rarest pattern and 

accounted for only 1.73%. Yellow line encircled hour glass pattern 

was recorded only inside the HPNP (Table 2). 

 
Table 2: Variations of pattern polymorphism in T. eques species 

within and outside the HPNP 
 

Type of 

the locality 
Type of pattern polymorphism Percentage (%) 

HPNP 

Aberrant hour glass 09.80 

Distinct hour glass 77.52 

Dorsal spots 02.59 

Without hour glass 10.95 

Yellow line encircled hour glass 01.73 

OHPNP 

Aberrant hour glass 28.57 

Distinct hour glass 52.38 

Dorsal spots 14.28 

Without hour glass 19.05 

 

Three different dorsal patterns were recorded in M. greeni 

(Figure 5) inside the HPNP, which are Vertebral Line (Figure 

5A), Deformed Vertebral Line (Figure 5B) and Without 

Vertebral Line (Figure 5C). Three different dorsal patterns 

were recorded in F. limnocharis [Broad Vertebral Line 

(Figure 5D), Thin Vertebral Line (Figure 5E) and Without 

Vertebral Line (Figure 5F)] outside the HPNP.  

Two types of pattern polymorphism were observed F. 

kirtisinghei (Figure 6) [Vertebral Line (Figure 6A) Deformed 

Vertebral Line (Figure 6B)] outside the HPNP. Pattern 

polymorphism were not recorded in the other species 

observed. 
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Fig 5: Variations of pattern polymorphism in M. greeni and F. 

limnocharis species 

 

Highest frequency of pattern polymorphism was present as a 

distinct vertebral line in both M. greeni and F. kirtisinghei 

species. Percentages were 82.23% and 62.5% respectively. 

However absence of vertebral line was recorded in high 

frequency in F. limocharis species (Table 3). 

 
Type of the 

locality 

Amphibian 

species 

Type of pattern 

polymorphism 

Percentage 

(%) 

HPNP 
Minervarya 

greeni 

DVL 13.33 

VL 82.23 

WVL 04.44 

 

OHPNP 

 

Fejervarya 

kirtisinghei 

DVL 37.5 

VL 62.5 

Fejervarya 

limnocharis 

BVL 11.11 

TVL 33.33 

WVL 55.56 

BVL- Broad Vertebral Line  VL- Vertebral line  

DVL- Deformed Vertebral line  WVL- without Vertebral 

Line 

TVL- Thin Vertebral Line 

 

4. Discussion 

Amphibian body colouration and pigment patterns play a vital 

role on their survival in the environment. Amphibian key 

traits such as body colour and pigment patterns are stabilized 

between the 30-40 Gosner stages [16]. Hence, metamorphic 

stage is used to detect polymorphism in polymorphism studies 

of amphibians [20]. Most of the pattern and colour 

polymorphism types that were recorded in the field are 

concordant with the data of Hoffman and Blouin (2000) [19], 

excluding the deformed vertebral line.  

Highest number of colour and pattern variations are 

discovered in Taruga eques. This result is further reinforced 

by the worldwide findings of amphibian variations in family 

Hylidae and Ranidae (genus- Rana), since all Hylidae, 

Rhacophoridae and some of Ranidae frogs are tree frogs that 

are known to have wide colour and pattern variations.  

Taruga eques is considered as an hour-glass tree-frog, due to 

them having a characteristic hour-glass mark on the dorsum 
[10]. However, the present study revealed a novel pattern 

polymorphism of Taruga eques which was not known to 

science as “Without hourglass pattern”. Present study was 

also the first to discover Taruga eques without characteristic 

hourglass pattern. These discoveries, indicate that common 

name of Taruga eques has not been convincingly entitled and 

it cannot be broadly classified or confined as an “hour-glass 

frog”.  

In addition to these endemic frogs, Dendropsophus 

ebraccatus (belongs to family Hylidae) is recognized as an 

hour-glass tree-frog distributed from Mexico to northern 

Colombia regions [32]. According to the polymorphism study 

of Dendropsophus ebraccatus, most of colour pattern 

variations that were detected in Taruga eques were resembled 

with encompassed colour pattern categories of 

Dendropsophus ebraccatus amphibians [32]. 

In Minervarya greeni, two new vertebral line pattern 

polymorphisms could be noticed as deformed vertebral line 

and without vertebral line. Previous research on habitat 

utilization of M. greeni, revealed that they prefer to inhabit 

short plants, submerged plant cover, decaying plant matter 

and leaf litter as substrates for protection from predators 

through camouflage [35]. This finding is further strengthened 

by Hoffman and Blouin (2000) [19], who observed that striped 

phenotype is a selective advantage for some amphibians 

which inhabit ponds and forested areas with emergent 

vegetation. For that reason amphibians with deformed 

vertebral line or without vertebral line, are easily noticeable to 

visual predators due to having non- matching morphs with the 

environment. Therefore, M. greeni with vertebral line 

acquires selective advantage through the natural selection. 

Pattern polymorphism recorded in Fejervarya limnocharis 

and Fejervarya kirtisinghei, have been previously observed 
[10, 11].  

Greyish-brown, orange-yellow, reddish-brown are the most 

common dorsal colour mixtures that previously recorded in 

Taruga eques with hourglass pattern [10, 11, 25]. However, dark 

brown, yellow and cream dorsal colourations, without colour 

combinations spread throughout the dorsal region were 

observed in some Taruga eques individuals which were not 

possessed hourglass pattern. Also Cream and pink dorsal 

colourations has not been previously recorded colour 

polymorphisms in Taruga eques.  

Most of the amphibians recorded within the HPNP were with 

green dorsal colouration. Green dorsal colouration is mainly 

resulted by combination of xanthophores and iridophores 

placed above melanophores [7]. Melanophores is responsible 

for brown colouration and dominance of xanthophores 

produce yellow and orange dorsal colouration of tree frogs 
[41]. Lack of iridophores results duller and darker overall 

colouration [21]. Bagnara et al. (1978) [3], states that 

uncommon blue colouration of amphibians is due to physical 

effects with the absence of yellow overlying pigments. 

Scientists speculate that diverse potential causes may govern 

the colour and pattern variations of amphibians [37]. However, 

major conclusion drawn from the field and experimental 

findings is, that natural selection results in these 

polymorphism [19] with respect to the predation. Moreover, 

colour and pattern polymorphism result due to strong 
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selection by visually oriented predators [12, 19]. According to 

the Touchon and Warkentin (2008) [38], experimental data 

suggests that larval stages are induced to produce different 

cryptic colourations against different aquatic predators of 

tadpoles and Morey (1990) [29], experimentally reveals that 

predators attacked to cryptic morphs of amphibians less often. 

Some tree frogs are also known to be able to change the body 

colouration against light and dark backgrounds to reduce the 

colour contrast as anti-predator device [31]. However, these 

polymorphism studies are lab based experiments rather than 

field studies. Though field based studies are difficult to 

conduct, well design studies are remunerative to analyze the 

effects of predation on morph frequencies. Therefore, it is 

productive to examine about how amphibian colour pattern 

variations results in survival of them.  

 

5. Conclusion 

Present study further strengthen that tree frogs possess diverse 

colour and pattern polymorphisms and most of them were not 

previously recorded in Taruga eques. Spatial variations in 

some environmental variables may be a major reason for 

dissimilar distribution of different colour and pattern 

polymorphism between two localities.  

Presence of dorsal pigment patterns may be a selective 

advantage for amphibians specially tree frogs for disrupt the 

expression of bright dorsal colouration for visually oriented 

predators. However, well design field based studies are 

essential to study the effects of predation on various colour 

and pattern variations for amphibian survival through 

avoiding abnormalities. 
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