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Abstract

In the recent past the systematic position and taxonomy of genus Fejervarya, Bolkay is undergoing changes in its system-

atic position due to fairly good amount of phylogenetic resolution, cryptic morphological characters and lack of systematic 

sampling for phylogenetic studies across the range of distribution. In our sampling in the northern Western Ghats, we en-

countered a new lineage sister to the phylogenetic cluster which comprises the 'Rufescens complex'. This new lineage is 

described here as new species Fejervarya marathi sp. nov. based on distinctness in a combination of morphological char-

acters, genetic distance and geography. The problems in morphological groupings for the Fejervarya frogs of the Western 

Ghats in the recent studies are discussed with the sub-clade composition based on geography in the phylogenetic tree. 
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Introduction

The Western Ghats of India is one of the global biodiversity hot-spots in South Asia harboring highly endemic 

amphibian fauna (Bossuyt et al. 2004; Gunawardene et al. 2007; Garg & Biju, 2017). In the last decade, more than 

100 species of amphibians have been described from the Western Ghats (AmphibiaWeb, 2018; Frost, 2018). 

Among the Indian amphibians (total 419), more than 60% species are endemic to the Western Ghats (Frost, 2018). 

It is believed that there are numerous undescribed species of amphibians in the Western Ghats (Garg & Biju, 2017). 

Additional surveys and sampling in different seasons across the Western Ghats could unearth more amphibian 

diversity as well as information on the geographic distribution of species.

In the recent past, the identity and the phylogenetic position of the genus Fejervarya Bolkay belonging to the 

family Dicroglossidae Anderson has been in a state of flux (Dinesh et al. 2015, 2017; Raj et al. 2018; Sanchez et al.

2018). At present, the genus Fejervarya comprises a total of 51 species distributed in South and South-East Asia 

(Frost, 2018) and in India, the genus is represented by 34 species (Dinesh et al. 2017; Frost, 2018; Raj et al. 2018). 

Many frog species of the genus Fejervarya are widely distributed and have great similarities in their morphology 

(Kotaki et al. 2010; Dinesh et al. 2015; Garg & Biju, 2017). Adding to morphological crypsis, there are many 

taxonomic issues associated with the frogs of this genus, such as the loss of type specimens, incomplete 

descriptions of species, which have led to uncertainty about the identity of species (for detailed accounts see Garg 

& Biju, 2017; Dinesh et al. 2017 and Raj et al. 2018) and their range of distribution. Moreover, the specific 

breeding activity, secretive life cycle and short breeding period of many of the members of this genus might have 

acted as a limiting factor in the discovery of the new species and delineation of the distribution range (Dinesh et al. 

2017; Garg & Biju, 2017; Raj et al. 2018).

During our regular monsoon field visits in the northern Western Ghats, we collected a set of samples 

morphologically assignable to the genus Fejervarya based on the generic morphological characters established by 

Bolkay (1915) and Dubois et al. (2001) for the genus (Dinesh et al. 2015), but not matching with the descriptions 
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of known members of the genus. Further phylogenetic analysis confirmed our generic allocation and the possibility 

of a new lineage sharing a clade relationship with the 'Rufescens group' of fejervaryan frogs (Garg & Biju, 2017; 

Dinesh et al. 2017). The new species is diagnosable on multiple axes, and is described herein as Fejervarya 

marathi sp. nov. The temporal structure and spectral properties of the call of Fejervarya marathi sp. nov. are 

provided to distinguish it from the other sympatric Fejervarya frogs.

Recently, Sanchez et al. (2018) allocated the fejervaryan frogs from South Asia to the genus status Minervarya

based on large scale phylogenetic studies, resurrecting the genus from junior synonymy as per the principle of 

priority of the ICZN Code (Dinesh et al. 2015). There is morphological character crypsis and character sharing 

across the genus Fejervarya, Minervarya and Sphaerotheca. For example, Sanchez et al. (2018) have mentioned 

the presence of "fejervaryan lines" as a shared character between the members of Fejervarya and Minervarya but 

absent in Sphaerotheca. Similarly "shovel shaped" inner metatarsal tubercle is a shared characters between the 

members of Minervarya (as proposed in Sanchez et al. 2018) and Sphaerotheca but absent in Fejervarya. Within 

the genus Minervarya considered by Sanchez et al. (2018), there are shared derived characters among the members 

/ within sub clades like the presence of white lower lip, rictal gland and shovel shaped inner metatarsal tubercle 

(see discussion below). There are problems in categorizing the generic level morphological characters for the genus 

Fejervarya, Minervarya (as proposed in Sanchez et al. 2018) and Sphaerotheca.

Accordingly we are treating the new species under the genus Fejervarya Bolkay, 1915 as the genus Fejervarya 

is monophyletic with respect to the genus Sphaerotheca in the present study and earlier studies of Dinesh et al.

(2015, 2017), Garg & Biju, (2017) and Raj et al. (2018).

Materials and methods

The field visits were made during the monsoon period of northern Western Ghats, Pune, Maharashtra (Fig. 1). Male 

and female specimens were collected during the peak breeding activity. Photographs of the live individuals were 

taken in controlled conditions. Specimens were euthanized using MS 222, thigh muscle tissues were dissected for 

genetic studies and stored in molecular grade ethanol. The frogs were initially fixed in 4% neutral formalin for 48 

hours and later preserved in 70% alcohol.

Habitat details and natural history observations were recorded at the collection site during multiple field visits 

in the peak season of activity. Advertisement calls of males were recorded using digital audio recorder (Tascam 

DR-05) connected to the microphone (Polsen SCL-1075) with a foam windscreen (sampling rate 44.1 kHz, 16-bit 

resolution). The microphone was directed towards vocal sac of the calling male and the distance between calling 

males and microphone was kept ~30 cm. For call description, we used terminologies described by Köhler et al. 

(2017). Call was analyzed for three temporal (call duration, number of notes in the call, number of pulses per note) 

and two spectral (dominant frequency and fundamental frequency) properties using Raven Pro version 1.5 (Charif 

et al. 2010). Dominant and fundamental frequencies were identified by selecting the highest energy bands and 

using maximum frequency function in the spectrogram view (FFT window—512, contrast—90 and brightness—

45).

For the phylogenetic studies, total genomic DNA was extracted from the ethanol preserved tissue using 

DNeasy blood and tissue kit (Qiagen, Valencia, CA, USA) following the manufacturers protocol. From the purified 

eluted DNA, the mitochondrial (mt) 16S rRNA gene (Simon et al. 1994) and nuclear (nu) tyrosinase gene (Bossuyt 

& Milinkovitch, 2000) were amplified. The amplified PCR products were purified using QIAquick® PCR 

Purification Kit and Sanger sequencing was done using ABI 3500 XL platform (Applied Biosystems). MEGA 6 

(Tamura et al. 2013) was used for generating uncorrected pairwise genetic distances. For generating a Maximum 

Likelihood (ML) tree, RaxML (Silvestro & Michalak, 2012) was used with data partition for all the genes under 

GTR+GAMMA+I model by running 1000 thorough bootstraps and the final consensus tree was visualized by 

FigTree v1.4.0. During the construction of the phylogenetic tree, we used the sequences from Dahanukar et al. 

(2017), Dinesh et al. (2015, 2017), Garg & Biju, (2017) and Raj et al. (2018) with our newly generated sequences 

for the mt 16s rRNA and nu tyrosinase gene for the undescribed species of Fejervarya (See Appendix I).

For morphological studies, metric measurements were taken with a Mitutoyo vernier caliper (to the nearest 0.1 

mm) and the meristic information was recorded with the Leica MZ75 microscope (Table 1). To carry out a 

multivariate Principal Component Analysis (PCA), a total of 12 morphometric characters (marked with * in Table 
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1) were transformed to their relation to SVL for the new species with the data for the species F. cepfi from Garg & 

Biju (2017), F. syhadrensis from Dinesh et al. (2017) and F. granosa from our field collections. For PCA analysis, 

PAST version 3.16 was used (Hammer et al. 2001).

For the diagnosis and establishment of the new species, multiple criteria including phylogeny, genetic distance, 

geographic isolation and morphological character differences were considered following Vijayakumar et al. 

(2014). Abbreviations followed Dinesh et al. 2017. 

FIGURE 1. Map showing collection localities of Fejervarya marathi sp. nov.

Results

Generic allocation. The new species is assignable to the genus Fejervarya based on the morphological characters 

(small to large sized frogs with pointed to rounded snout; relatively small tympanum; elongated to shovel shaped 

inner metatarsal tubercle; small to large webbing between toes; with or without rictal glands and presence of 

fejervaryan lines on the ventral side of the body) (Table 4) assigned by Bolkay (1915) and Dubois et al. (2001) and 

the phylogenetic position within the larger 'Fejervarya clade' (Fig. 2) (Dinesh et al. 2015, 2017; Raj et al. 2018).
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FIGURE 2. Maximum Likelihood tree based on 5429 bp of mitochondrial (16S and 12S) and nuclear genes (BDNF, Rhod, Tyr, 

RAG-2, NCX1, and CXCR4).

Species Description 

Fejervarya marathi sp. nov. 

(Table 1, 2 and 3; Fig. 2, 3, 4,5, 6, 7 and 8)

Holotype. ZSI/WRC/A/2121 (SVL 38.3 mm) an adult male collected by Samadhan Phuge, Ramnath Andhale and 

Kalyani Bhakare in July 2017 from Bhamburde village (N 18.5509; E 73.3790, 670 amsl), Pune , Maharashtra.

Paratypes. ZSI/WRC/A/2122 (SVL 46.8 mm) and ZSI/WRC/A/2123 (SVL 41.7 mm) adult females collected 

by Samadhan Phuge, Ramnath Andhale and Kalyani Bhakare in July 2017 from Bhamburde village (N 18.5509; E 

73.3790, 670 amsl), Pune , Maharashtra. 

Lineage Diagnosis. Fejervarya marathi sp. nov. can be diagnosed as a member of the fejervaryan clade (Fig. 

2) (Dinesh et al. 2015, 2017; Raj et al. 2018), showing a sister relationship with a clade comprising the species F.

rufescens, F. manoharani, F. neilcoxi, F. kadar and F. cepfi exhibiting high genetic divergence (10.6% to 11.3%) 

for 16s rRNA. Among the members of the sister clade, F. cepfi is sympatric with the new species. The new species 

is distinct from its sympatric phylogenetic sister (F. cepfi) species in morphology (Fig. 8) and can be distinguished 

from F. cepfi in having larger adult male size of SVL 34.6–38.3, n=4 (vs. medium adult male size of SVL 29.9 mm 

to 33.1 mm, n=2 in F. cepfi); lower HW/SVL ratio of 0.319 to 0.331, n=4 (vs. higher HW /SVL ratio of 0.369 to 

0.375, n=2 in F. cepfi); lower IN/SVL ratio of 0.068 to 0.073, n=4 (vs. higher IN/SVL ratio of 0.076 to 0.084, n=2 

in F. cepfi); higher NE/SVL ratio of 0.085 to 0.094, n=4 (vs. lower NE/SVL ratio of 0.054 to 0.060, n=2 in F. cepfi); 

higher SL/SVL ratio of 0.167 to 0.174, n=4 (vs. lower SL/SVL ratio of 0.145 to 0.154, n=2 in F. cepfi); higher EL/
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SVL ratio of 0.118 to 0.127, n=4 (vs. lower EL/SVL ratio of 0.106 to 0.114, n=2 in F. cepfi); lower IUE/SVL ratio 

of 0.041 to 0.070, n=4 (vs. higher IUE/SVL ratio of 0.076 to 0.080, n=2 in F. cepfi); higher TYD/SVL ratio of 

0.062 to 0.074, n=4 (vs. lower TYD/SVL ratio of 0.054 to 0.060, n=2 in F. cepfi); inner metatarsal tubercle rounded 

and fleshy (vs. inner metatarsal tubercle shovel shaped in F. cepfi); webbing between toes medium (vs. webbing 

between toes small (touching second subarticular tubercle on toe IV) in F. cepfi).

FIGURE 3. (A) Holotype (male) of Fejervarya marathi sp. nov. in life; and three sympatric frog species (B) Fejervarya 

syhadrensis, (C) Fejervarya granosa and (D) Fejervarya cepfi. 

Field diagnosis. Morphology. In the field, there are no morphologically confusing congeneric sympatric 

species for Fejervarya marathi sp. nov. and it can be identified based on the combination of morphological 

characters including medium to large adult size (male SVL = 34.6 to 38.3 mm, n=4; female SVL = 41.7 to 48.3 

mm, n=4); elongated lean body; head length more than head width; pointed snout; inter orbital space equal to upper 

lid; fore arm length sub equal to hand length; first finger longer than the second; tibio-tarsal articulation reaching 

the nostrils; femur length less than tibia length; webbing between toes medium (I 1-2½ II 2-3 III 2-2½ IV 2-1 V); 

inner metatarsal tubercle round, fleshy; glandular tuberculated dorsum; throat and belly smooth; upper lip barred 

extensively compared to the lower lip and presence of rictal glands. In the comparison section the new species 

Fejervarya marathi sp. nov. is compared with its sympatric congeneric species F. cepfi, F. syhadrensis and F.

granosa.

Geography. Fejervarya marathi sp. nov. is distributed in the northern Western Ghats parts of Pune, 

Maharashtra (around Bhamburde village, Tungarli lake Lonavala and Mulashi dam at an altitude 590-700 m from 

the sea level). Among the members of its phylogenetic sister clade, the new species is sympatric with F. cepfi and 

allopatric in distribution with the rest of the species, F. rufescens, F. manoharani, F. kadar and F. neilcoxi. 

Description of Holotype ZSI/WRC/A/2121 (Fig. 3, 4 and 5). A large sized fejervaryan frog (SVL = 38.3 mm) 

with elongated lean body; head length larger than head width (HL = 14.5 mm; HW = 12.2 mm); snout sharply 

pointed (SL = 6.6 mm) in both dorsal and ventral view and more than eye diameter (EL = 4.9 mm); canthus 

rostralis angular, loreal region flat, inter orbital space flat (IUE = 1.6 mm) less than upper lid (UEW = 3.3 mm) and 

internarial distance (IN = 2.7 mm); distance between back of eyes 1.5 times more than front of eyes (IFE = 5.8 mm; 
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IBE = 8.7 mm); nostrils oval, nearer to tip of snout; symphysial knob moderate, 'W' shaped; tympanum distinct 

visible below the supratympanic fold (TYD = 2.4 mm); vomerine ridges present with 2 to 3 spinose teeth; tongue 

bifid without a papilla.

Fore arm slender, short (FLL = 7.7 mm) and sub equal to hand (HAL = 8.9 mm); fingers short and thin 

rounded, without any dermal fringes; first finger longer than the second (FL1=3.8 mm, FL2=3.2 mm, TFL =5.1 

mm), tips blunt, rounded without any enlarged discs, webbing between fingers absent; subarticular tubercles 

distinct (one each on finger 1 and 2, and two each on finger 3 and 4) , rounded and pre-pollex tubercle distinct ( two 

on either side), supernumerary tubercles absent.

Hind limbs long, strongly overlapping when folded at right angles to the body and tibio-tarsal articulation 

reaches nostrils; femur length less than tibia length (FL = 16.6 mm; TiL = 20.3 mm); foot length is 1.92 times 

tarsus length (FOL = 22.7 mm, TAL = 11.4 mm), relative toe length I<II<V<III<IV (FTL = 13.7 mm); webbing 

between toes medium (I 1-2½ II 2-3 III 2-2½ IV 2-1 V) webbing touching below the second subarticular tubercle 

of toe IV; inner metatarsal tubercle (IMT = 1.2 mm) medium rounded and fleshy; outer metatarsal tubercle minute, 

bulbous; supernumerary tubercles absent and tarsal tubercle absent.

Overall skin on the dorsum glandular with tubercles, finely granular with minute ridges on the upper eyelid, 

flanks and belly smooth; ventrally smooth on throat and belly. Rictal gland present at the mouth commissural 

region below the tympanum. Raised short elongated glandular ridges on either side the back of the dorsum.

In life, color on the dorsum light brown, mottled blackish patch from the back of the tympanum till the groin 

covering the sides of belly, tympanic region cream brownish in colour. Upper lip, lower lip, fore arm and hind 

limbs barred. Back of thighs reticulated with brown and light yellow. Ventral region creamish white, blackish 

fejervaryan lines on either side of the belly conspicuous only in life.

FIGURE 4. Dorsal view of holotype (A) and paratype (B) in life. Note the mid-dorsal line on the paratype.
PHUGE ET AL.256  ·  Zootaxa 4544 (2)  © 2019 Magnolia Press



FIGURE 5. Dorsal and ventral view of Holotype in preservation.

In preservative, color on the dorsum more blackish brown, mottled pattern from the back of the tympanum till 

the groin covering the sides of belly. Region between the eyes and tympanum, half of the tympanum and the region 

of rictal gland with cream white patch. Upper lip, lower lip, fore arm and hind limbs barred. Back of thighs 

reticulated with brown and creamish white, ventral region creamish white (Fig. 5).

Secondary sexual characters. Males have blackish external vocal sacs on the throat region which is 

conspicuous only in life; no thumb pads on the first finger. Males are smaller than the females among the breeding 

pairs (Fig. 6A). 

Additional information from paratypes and variations. Morphometric data are given in the Table 1. 

Paratypes range from 41.7 mm to 46.8 mm and reference collections range from 34.6 mm to 48.3 mm. In the 

external morphological characters, mid dorsolateral line was not a consistent character (there is a presence of white 

mid dorsolateral stripe from tip of snout to back of vent in paratypes (Fig. 4B) and absent in the holotype (Fig. 

4A)). 

Etymology. The specific epithet is derived from the indigenous language "Marathi" which is one of the 

predominant language used in the northern Western Ghats. The species epithet is treated as noun in apposition to 

the generic name. Suggested common name 'Marathi Fejervarya frog'.

Distribution and natural history. Fejervarya marathi sp. nov. is distributed in the northern Western Ghats 

parts of Pune district, Maharashtra. The new species was seen around Bhamburde village, Tungarli lake near 

Lonavala and Mulashi dam (Fig. 1) in the month of July (2016 and 2017). All the three localities are situated at 

altitude 590-700 m from the sea level. Natural history observations were made during the second week of July 

2016 at Bhamburde village. The frogs were seen around the pools, grasslands and in the paddy fields, and they 

were found to be locally abundant. Males of Fejervarya marathi sp. nov. started calling around 19:00 h generally 

when there is break in rain spell. During late night, male and female frogs were seen in axillary amplexus (Fig. 6A). 

We observed an amplecting pair laying eggs at the edge of the very shallow temporary pool (Fig. 6B). In one 

instance, we observed a crab predating on the eggs (Fig. 6C) of the new species. In the span of one week, most of 

the breeding activity was over. During our next visit (third week of July 2016) to the same site, we could not see 

any calling males, amplexus or the freshly laid egg clutches; however, a few large sized adults were seen around.

Vocalization. We used a note centered approach to describe the call (Köhler et al. 2017). The call of 

Fejervarya marathi sp. nov. is complex and lasts for a duration of 45.51 sec (Fig. 7A). A typical call of Fejervarya 

marathi sp. nov. is composed of a series of 24 notes with increasing number of pulses (Fig. 7A, B and C). Analysis 
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of the temporal structure of the call revealed a pulsed nature of the notes. The first note of the call comprises a 

single pulse, and number of pulses increases in successive notes (Fig. 7B and C). The call contains a maximum 

number of notes with 4 to 5 pulses (Fig. 7 A and C). In a series of notes excluding the first 1/3 portion of the call, 

the number of pulses in the notes may vary from 4 to 5. The spectrogram showed two peak frequencies, dominant 

frequency (2.8 KHz) and fundamental frequency (1.3 KHz; Fig. 7B and C). We noted 24oC temperature and 

99.99% humidity at the recording site while recording the call. 

FIGURE 6. Natural history of Fejervarya marathi sp. nov. (A) Amplecting pair, (B) egg mass attached to grass, (C) crab 

predating eggs.

 Comparisons. Fejervarya marathi sp. nov. is distinct from congeneric species in a combination of 

morphological characters, medium to large adult size (male SVL = 34.6 to 38.3 mm, n=4; female SVL = 41.7 to 

48.3 mm, n=4); elongated lean body; head length more than head width; pointed snout; inter orbital space equal to 

upper lid; fore arm length sub equal to hand length; first finger longer than the second; tibio-tarsal articulation 

reaching the nostrils; femur length less than tibia length; webbing between toes medium (I 1-2½ II 2-3 III 2-2½ IV 

2-1 V) webbing touching below the second subarticular tubercle of toe IV; inner metatarsal tubercle round, fleshy; 
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glandular tuberculated dorsum; throat and belly smooth; upper lip barred extensively compared to the lower lip and 

presence of rictal glands. Additionally, we provide morphological comparisons with its sympatric species F. cepfi

(see lineage diagnosis), F. syhadrensis and F. granosa (Fig. 3 and Fig. 8).

FIGURE 7. Call structure of Fejervarya marathi sp. nov. (A) Complete call, (B) microtemporal structure and spectrogram of 

first five notes (of Fig. 8A) in call, and (C) microtemporal structure and spectrogram of 11 to 14 notes (of Fig. 8A) in call.
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FIGURE 8. Multivariate Principal Component Analysis for male individuals using 12 morphometric characters marked as * in 

Table 1 transformed to their ratio to SVL for Fejervarya marathi sp. nov., F. syhadrensis, F. granosa, F. cepfi. 

Multivariate Principal Component Analysis (PCA) comparing this species with the sympatric species suggests 

a considerable morphological separation between Fejervarya marathi sp. nov. and others (F. cepfi, F. syhadrensis 

and F. granosa) (Fig. 8). PC1 accounted for 43.61% variance and PC2 accounted for 20.83% variance (Table 2).

Fejervarya marathi sp. nov. can be distinguished from F. syhadrensis in having larger adult male size of SVL 

34.6–38.3, n=4 (vs. medium adult male size of SVL 28.5–30 mm, n=4 in F. syhadrensis); lower HW/SVL ratio of 

0.319 to 0.331, n=4 (vs. higher HW/SVL ratio of 0.351 to 0.357, n=4 in F. syhadrensis); higher HL/SVL ratio of 

0.369 to 0.377, n=4 (vs. lower HL/SVL ratio of 0.320 to 0.336, n=4 in F. syhadrensis); lower IN/SVL ratio of 0.068 

to 0.073, n=4 (vs. higher IN/SVL ratio of 0.098 to 0.130, n=4 in F. syhadrensis); higher MN/SVL ratio of 0.306 to 

0.328, n=4 (vs. lower MN/SVL ratio of 0.221 to 0.237, n=4 in F. syhadrensis); higher MFE/SVL ratio of 0.222 to 

0.237, n=4 (vs. lower MFE/SVL ratio of 0.158 to 0.197, n=4 in F. syhadrensis); higher MBE/SVL ratio of 0.142 to 

0.151, n=4 (vs. lower MBE/SVL ratio of 0.084 to 0.103, n=4 in F. syhadrensis); higher SL/SVL ratio of 0.167 to 

0.174, n=4 (vs. lower SL/SVL ratio of 0.159 to 0.161, n=4 in F. syhadrensis); lower EL/SVL ratio of 0.118 to 

0.127, n=4 (vs. higher EL/SVL ratio of 0.140 to 0.157, n=4 in F. syhadrensis); lower IUE/SVL ratio of 0.041 to 

0.070, n=4 (vs. higher IUE/SVL ratio of 0.073 to 0.083, n=4 in F. syhadrensis); lower FLL/SVL ratio of 0.196 to 

0.201, n=4 (vs. higher FLL/SVL ratio of 0.422 to 0.435, n=4 in F. syhadrensis); webbing between toes medium 

(webbing touching below the second subarticular tubercle of toe IV) (vs. webbing between toes low (touching 

between first and second subarticular tubercle on toe IV) in F. syhadrensis); dorsum glandular with ridged folds 

(vs. dorsum smooth with irregular longitudinal folds but not glandular in F. syhadrensis).

Fejervarya marathi sp. nov. can be distinguished from F. granosa in having larger adult male size of SVL 

34.6–38.3, n=4 (vs. medium adult male size of SVL 26.7–30.4 mm, n=5 in F. granosa); lower IN/SVL ratio of 

0.068 to 0.073, n=4 (vs. higher IN/SVL ratio of 0.075 to 0.089, n=5 in F. granosa); lower IUE/SVL ratio of 0.041 

to 0.070, n=4 (vs. higher IUE/SVL ratio of 0.075 to 0.080, n=5 in F. granosa); lower IFE/SVL ratio of 0.151 to 

0.163, n=4 (vs. higher IFE/SVL ratio of 0.171 to 0.178, n=5 in F. granosa); lower WBS/SVL ratio of 0.279 to 

0.304, n=4 (vs. higher WBS/SVL ratio of 0.341 to 0.372, n=5 in F. granosa); lower WFG/SVL ratio of 0.084 to 

0.127, n=4 (vs. higher WFG/SVL ratio of 0.262 to 0.306, n=5 in F. granosa); webbing between toes medium 

(webbing touching below the second subarticular tubercle of toe IV) (vs. webbing between toes low (touching the 

first subarticular tubercle on toe IV) in F. granosa); dorsum glandular with ridged folds (vs. dorsum smooth with 

granular rounded tubercles in F. granosa).
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Discussion

Dinesh et al. (2015) recognised two major groups within the larger clade Fejervarya, a group of Fejervarya species 

having their distribution predominantly in East / Southeast Asia, and another group of Fejervarya species having 

their distribution predominantly in South Asia. Since then, a total of 8 new species have been reported from India 

(Garg & Biju, 2017; Bahuguna, 2017; Dinesh et al. 2017; Raj et al. 2018) of which genetic information is not 

available for F. jhilmilensis. In our recent phylogenetic studies of the clade of Fejervarya species having their 

distribution predominantly in South Asia, five distinct sub-clades could be discerned; a sub-clade with species 

restricted to the Eastern Ghats and the Western Ghats (mostly medium to large sized species); a sub-clade with 

species restricted to the Western Ghats (mostly medium to large sized species with or without a shovel shaped inner 

metatarsal tubercle); a sub-clade with species distribution in Andaman Islands and Thailand (mostly medium sized 

species); a sub-clade with species distribution in the Western Ghats and Sri Lanka (mostly large sized species) and 

a sub-clade with species distribution in India, Nepal and Bangladesh (mostly small to medium sized species, with 

or without lower white lip and rictal glands) (Fig. 2).

Garg & Biju (2017) have recognized four morphological groups for the Fejervarya frogs of the Western Ghats, 

'Nilagirica group', 'Syhadrensis group',' Sahyadris group' and 'Rufescens group' (Table 3). The new species 

Fejervarya marathi sp. nov. could not be assigned to the 'Rufescens group' as it lacks shovel shaped metatarsal 

tubercle in spite of being sister to the Rufescens complex phylogenetically. It is considered under the 'Syhadrensis 

group' based on the dorsal skin pattern and webbing, but the presence of a rictal gland in the new species is a new 

character for the group (Table 3). Likewise F. goemchi is considered under the 'Nilagirica group' based on the size 

and skin characters in spite of the presence of the rictal gland. With respect to the morphological character 

groupings for the Fejervarya frogs in the Western Ghats, there are multiple shared, derived morphological 

characters across the morphological groups.

A brief examination of species descriptions from the northern Western Ghats for the family Dicroglossidae 

suggest that in 1919, Annandale (1919) has described Fejervarya syhadrensis (as Rana limnocharis syhadrensis) 

from the Puna (now Pune) and the Satara districts of the state Maharashtra; in 2015, Dinesh et al. described F. 

gomantaki from Goa; Garg & Biju (2017) described F. cepfi from Amboli of Sindhudurg district of Maharashtra 

and Dinesh et al. (2017) described F. goemchi from Goa (Table 4). Interestingly, in the northern Western Ghats, all 

the small to medium sized Fejervarya frogs have a wide range of distribution; F. granosa described from the 

central Western Ghats is reported here from the type locality of the new species; F. syhadrensis described from 

Pune is distributed in Goa (Dinesh et al. 2017); F. cepfi described from Amboli is reported here from the type 

locality of the new species. Due to size variations and other clear cut morphological character availability, field 

identification of the Fejervarya species within the northern Western Ghats is quite simple.

In the present study, we have provided temporal call structure and spectral properties of Fejervarya marathi

sp. nov. which may be helpful in distinguishing it from other Fejervarya frogs. In addition to the genetic and 

morphological characters, call properties of males can be helpful in diagnosing the species in the field, especially in 

the case of sympatric cryptic species (Garg & Biju, 2017; Köhler et al. 2017; Garg et al. 2018).

Fejervarya marathi sp. nov. is currently known from the northern Western Ghats of Pune District with limited 

specific locations. Therefore we suggest that Fejervarya marathi sp. nov. be included in the “Data deficient” 

category of the IUCN Red List warranting further species based explorative surveys. Our field observations 

revealed that Fejervarya marathi sp. nov. has a short breeding period. The short breeding period and secretive life 

cycle of Fejervarya frogs are the two major difficulties in the discovery of new species and determining the 

distribution range of these species (Garg & Biju, 2017). In addition, unpredictable sporadic monsoon showers 

could also be a major factor that can hamper sampling efforts. Further studies with thorough sampling from 

multiple localities are necessary for fully understanding the actual diversity of frogs of the genus Fejervarya.

Acknowledgements

SKP is thankful to the Idea Wild (USA) for the donation of call recording equipments. We thank Mr. Ajinkya Patil 

for his wet lab assistance in DNA extraction and PCR. KB is thankful to UoP-UPE Phase II for fellowship and Dr. 

Kalpana Pai for support. RA is thankful to SPPU for research fellowship. KPD is grateful to the Director, 

Zoological Survey of India (ZSI), Kolkata and the Officer-in-Charge, ZSI, WRC, Pune for the encouragement and 
PHUGE ET AL.264  ·  Zootaxa 4544 (2)  © 2019 Magnolia Press



thankful to DBT and SERB (SR/FR/LS-88/210/09.05.2012) for the fellowship and assistance to conduct part of 

this work. We would like to express our gratitude to Dr. Kartik Shanker and Dr. S.P. Vijay Kumar for the 'Open 

Taxonomy Initiative' at the Evolutionary Ecology Lab, CES, IISc. We would like to thank the reviewers and 

Miguel Vences for the suggestions in improving the manuscript.

TABLE 4. Extant valid species of Fejervarya in the Western Ghats with type locality details

References 

AmphibiaWeb (2018) Amphibiaweb: information on amphibian biology and conservation. Berkeley: University of California. 

Available from: http://www.amphibiaweb.org/ (accessed 14 May 2018)

Annandale, N. (1919) The fauna of certain small streams in the Bombay Presidency: Some frogs from streams in the Bombay 

Presidency. Records of the Indian Museum, 16, 109–161.

Bahuguna, A. (2017) New species of Fejervarya limnocharis (Amphibia: Anura: Dicroglossidae) complex from conservation area, 

Jhilmil Jheel, Haridwar, Uttarakhand, India. Biosystematica, 10 (2), 11–23.

Bolkay, S.J. (1915) Beiträge zur Osteologie einiger exotischer Raniden. Anatomischer Anzeiger, 48, 172–183.

Species Type locality

1 Fejervarya marathi sp. nov. Bhamburde village, Pune Northern 

Western Ghats2 Fejervarya syhadrensis (Annandale, 1919) Khandalla, Poona (now Pune)

3 Fejervarya cepfi Garg and Biju, 2017 Amboli, Sindhudurg

4 Fejervarya goemchi Dinesh, Kulkarni, Swamy and Deepak, 

2018

Surla, Goa

5 Fejervarya gomantaki Dinesh, Vijayakumar, 

Channakeshavamurthy, Torsekar, Kulkarni and Shanker, 2015

Chigule, Belgaum

6 Fejervarya modesta (Rao, 1920) Jog, Shimoga Central Western 

Ghats7 Fejervarya mysorensis (Rao, 1922) Jog, Shimoga

8 Fejervarya krishnan Raj, Dinesh, Das, Dutta, Kar and 

Mohapatra, 2018

Jog, Shimoga

9 Fejervarya rufescens (Jerdon, 1854) Manipal, Udupi

10 Fejervarya sahyadris (Dubois, Ohler, and Biju, 2001) Gundia, Hassan

11 Fejervarya kudremukhensis Kuramoto, Joshy, Kurabayashi, and 

Sumida, 200)

Kudremukh, Chickkamagaluru

12 Fejervarya sauriceps (Rao, 1937) Wattekole, Coorg

13 Fejervarya mudduraja Kuramoto, Joshy, Kurabayashi, and 

Sumida, 2007

Talapu, Coorg

14 Fejervarya caperata Kuramoto, Joshy, Kurabayashi and 

Sumida, 2007

Karnoor, Dakshina Kannada

15 Fejervarya granosa Kuramoto, Joshy, Kurabayashi and Sumida, 

2007

Talapu, Dakshina Kannada

16 Fejervarya neilcoxi Garg and Biju, 2017 Parambikulam, Palakkad Southern 

Western Ghats17 Fejervarya parambikulamana (Rao, 1937) Parambikulam forests, Palakkad

18 Fejervarya nilagirica (Jerdon, 1854) Wayanad and Neelgherries

19 Fejervarya murthii (Pillai, 1979) Naduvattom, Nilgiris

20 Fejervarya brevipalmata (Peters, 1871) Southern Western Ghats

21 Fejervarya kadar Garg and Biju, 2017 Vazachal, Thrissur

22 Fejervarya manoharani Garg and Biju, 2017 Chathancod-Bonnacaud, 

Thriuvananthapuram

23 Fejervarya keralensis (Dubois, 1981) Malabar (uncertain specific 

locality) but from South of Palghat 

Gap
 Zootaxa 4544 (2)  © 2019 Magnolia Press  ·  265A NEW SPECIES OF FEJERVARYA FROM  NORTHERN WESTERN GHATS



https://doi.org/10.5962/bhl.part.17101

Bossuyt, F., Meegaskumbura, M., Beenaerts, N., Gower, D.J., Pethiyagoda, R., Roelants, K., Mannaert, A., Wilkinson, M., Bahir, 

M.M., Manamendra-Arachchi, K., Ng, P.K.L., Schneider, C.J., Oommen, O.V. & Milinkovitch, M.C. (2004) Local endemism 

within the Western Ghats-Sri Lanka biodiversity hotspot. Science, 306 (5695), 479–481.

https://doi.org/10.1126/science.1100167

Bossuyt, F. & Milinkovitch, M.C. (2000) Convergent adaptive radiations in Madagascan and Asian ranid frogs reveal covariation 

between larval and adult traits. Proceedings of the National Academy of Sciences of the United States of America, 97 (12), 

6585−6590.

https://doi.org/10.1073/pnas.97.12.6585

Charif, R.A., Waack, A.M. & Strickman, L.M. (2010) Raven Pro 1.4. User’s Manual. Cornell Lab of Ornithology, Ithaca, 367 pp.

Dahanukar, N., Sulakhe, S. & Padhye, A. (2017) Identity of Sphaerotheca pluvialis (Jerdon, 1853) and other available names among 

the burrowing frogs (Anura: Dicroglossidae) of South Asia. Journal of Threatened Taxa, 9 (6), 10269–10285.

https://doi.org/10.11609/jot.3358.9.6.10269-10285

Dinesh, K.P., Vijayakumar, S.P., Channakeshavamurthy, B.H., Torsekar, V.R., Kulkarni, N.U. & Shanker, K. (2015) Systematic status 

of Fejervarya (Amphibia, Anura, Dicroglossidae) from South and SE Asia with the description of a new species from the 

Western Ghats of Peninsular India. Zootaxa, 3999 (1), 79–94. 

https://doi.org/10.11646/zootaxa.3999.1.5

Dinesh, K.P., Kulkarni, N.U., Swamy, P. & Deepak, P. (2017) A new species of Fejervarya Bolkay, 1915 from the lateritic plateaus of 

the Goa parts of the Western Ghats. Records of the Zoological Survey of India, 117 (4), 301–314. 

http://doi.org/10.26515/rzsi/v117/i4/2017/121293

Dubois, A., Ohler, A. & Biju, S.D. (2001) A new genus and species of Ranidae (Amphibia; Anura) from southwestern India. Alytes, 

19, 53−79.

Frost, D.R. (2018) Amphibian species of the world: An online reference. Version 6.0. Electronic Database. American Museum of 

Natural History, New York, USA. Available from http://research.amnh.org/herpetology/amphibia/index.html (accessed 14 May 

2018)

Garg, S., Senevirathne, G., Wijayathilaka, N., Phuge, S., Deuti, K., Manamendra-Arachchi, K., Meegaskumbura, M. & Biju, S.D. 

(2018) An integrative taxonomic review of the South Asian microhylid genus Uperodon. Zootaxa, 4384 (1), 1–88.

https://doi.org/10.11646/zootaxa.4384.1.1

Garg, S. & Biju, S.D. (2017) Description of four new species of Burrowing Frogs in the Fejervarya rufescens complex 

(Dicroglossidae) with notes on morphological affinities of Fejervarya species in the Western Ghats. Zootaxa, 4277 (4), 451–490.

https://doi.org/10.11646/zootaxa.4277.4.1

Gunawardene, N.R., Daniels, A.E.D., Gunatilleke I.A.U.N., Gunatilleke, C.V.S., Karunakaran, P.V., Nayak, K.G., Prasad P.S., 

Puyravaud, P., Ramesh, B.R., Subramanian. K.A. & Vasanthy, G. (2007) Asian biodiversity crises: a brief overview of the 

Western Ghats—Sri Lanka biodiversity hotspot. Current Science, 93 (11), 1–6.

Hammer, O., Harper, D.A.T. & Ryan, P.D. (2001) PAST: Paleontological statistics software package for education and data analysis. 

Palaeontologia Electronica, 4 (1), 1–9. Available from: http://palaeo-electronica.org/2001_1/past/issue1_01.htm (Accessed 10 

Jan. 2019)

Köhler, J., Jansen, M., Rodríguez, A., Kok, P.J.R., Toledo, L.F., Emmrich, M., Glaw, F., Haddad, C.F.B., Rödel, M. & Vences, M. 

(2017) The use of bioacoustics in anuran taxonomy: theory, terminology, methods and recommendations for best practice. 

Zootaxa, 4251, 1–124. 

https://doi.org/10.11646/zootaxa.4251.1.1

Kotaki, M., Kurabayashi, A., Matsui, M., Kuramoto, M., Djong, T.H. & Sumida, M. (2010) Molecular phylogeny of the diversified 

frogs of genus Fejervarya (Anura: Dicroglossidae). Zoological Science, 27 (5), 386–395. 

https://doi.org/10.2108/zsj.27.386

Raj, P., Dinesh, K.P., Das, A., Dutta, S.K., Kar, N.B. & Mohapatra, P.P. (2018) Two new species of cricket frogs of the genus 

Fejervarya Bolkay, 1915 (Anura: Dicroglossidae) from the Peninsular India. Records of the Zoological Survey of India, 118 (1), 

1–21. 

https://doi.org/10.26515/rzsi/v118/i1/2018/121436

Sanchez, E., Biju, S.D., Islam, M.M., Hasan, M., Ohler, A., Vensis, M. & Kurabayashi, A. (2018) Phylogeny and classification of 

fejervaryan frogs (Anura: Discroglossidae). Salamandra, 54 (2), 109–116.

Silvestro, D. & Michalak, I. (2012) raxmlGUI: A graphical front-end for RAxML. Organisms Diversity & Evolution, 12 (4), 335–337. 

https://doi.org/10.1007/s13127-011-0056-0

Simon, C., Frati, F., Beckenbach, A., Crespi, B., Liu, H. & Flook, P. (1994) Evolution, weighting and phylogenetic utility of 

mitochondrial gene sequences and a compilation of conserved polymerase chain reaction primers. Annals of the Entomological 

Society of America, 87 (6), 651–701. 

https://doi.org/10.1093/aesa/87.6.651

Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGA6: Molecular Evolutionary Genetics Analysis Version 

6.0. Molecular Biology and Evolution, 30 (12), 2725–2729. 

https://doi.org/10.1093/molbev/mst197

Vijayakumar, S.P., Dinesh, K.P., Prabhu, M.V. & Shanker, K. (2014) Lineage delimitation and description of nine new species of bush 

frogs (Anura: Raorchestes, Rhacophoridae) from the Western Ghats Escarpment. Zootaxa, 3893 (4), 451–488.

https://doi.org/10.11646/zootaxa.3893.4.1
PHUGE ET AL.266  ·  Zootaxa 4544 (2)  © 2019 Magnolia Press



A
P

P
E

N
D

IX
 I

. 
G

en
B

an
k
 a

cc
es

si
o

n
 n

u
m

b
er

s 
fo

r 
th

e 
d

ic
ro

g
lo

ss
id

 t
ax

a 
u
se

d
 i

n
 t

h
e 

co
n

st
ru

ct
io

n
 o

f 
M

ax
im

u
m

-l
ik

el
ih

o
o

d
 t

re
e 

b
as

ed
 o

n
 5

4
2
9
 b

p
 o

f 
m

it
o

ch
o

n
d

ri
al

 a
n
d

 n
u
cl

ea
r 

g
en

es
 (

1
6

s,
 1

2
s,

 B
D

N
F

, 
R

h
o

d
, 

T
y
r,

 R
A

G
-2

, 
N

C
X

1
, 

an
d

 C
X

C
R

4
) 

 S
p

e
c
ie

s 
1

6
S

 
1

2
S

 
B

D
N

F
 

R
h

o
d

 
T

y
r
 

R
A

G
-2

 
N

X
C

1
 

C
X

C
R

4
 

F
ej
er
va
ry
a 
m
ar
at
hi

 sp
. 

n
o
v
. 

M
H

3
7
0

4
8

3
*
 

--
--

- 
--

--
- 

--
--

- 
M

H
3

7
0

4
8

4
*
 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ka
lin
ga

 (
In

d
ia

) 
M

G
8

7
0

1
0

7
.1

 
M

G
8

7
0

1
0

5
.1

 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
kr
is
hn
an

 (
In

d
ia

) 
M

G
8

7
0

1
0

8
.1

 
M

G
8

7
0

1
0

6
.1

 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
go
em
ch
i (

In
d

ia
) 

M
G

8
0
0

3
4

4
.1

 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

F
ej
er
va
ry
a 
ce
pf
i (

In
d

ia
) 

K
Y

4
4

7
3

0
8

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ka
da
r (

In
d

ia
) 

K
Y

4
4

7
3

1
2

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
m
an
oh
ar
an
i (

In
d

ia
) 

K
Y

4
4

7
3

1
5

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ne
ilc
ox
i (

In
d

ia
) 

K
Y

4
4

7
3

1
8

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ru
fe
sc
en
s (

In
d

ia
) 

K
Y

4
4

7
3

2
2

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ke
ra
le
ns
is(

In
d

ia
) 

JX
5
7

3
1

8
1

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
ke
ra
le
ns
is

 (I
n

d
ia

) 
G

Q
4
7

8
3

2
2

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

F
ej
er
va
ry
a 
go
m
an
ta
ki

 (G
o
a
, 

In
d

ia
) 

K
R

7
8

1
0

8
7

.1
 

--
--

- 
--

--
--

 
--

--
--

 
K

T
0

0
4

4
4

1
 

--
--

--
 

--
--

--
 

--
--

--
 

 F
ej
er
va
ry
a 
sa
hy
ad
ri
s (

A
r
a
la

m
, 

In
d

ia
) 

A
B

5
3

0
6

0
4

.1
 

--
--

- 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 

F
ej
er
va
ry
a 
sa
hy
ad
ri
s (

A
r
a
la

m
, 
In

d
ia

) 
A

B
5

3
0
6

0
5

.1
 

--
--

- 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 

F
ej
er
va
ry
a 
ku
dr
em
uk
he
ns
is

 (K
u

d
r
e
m

u
k

h
, 

In
d

ia
) 

A
B

4
8

8
8

9
8

.1
 

A
B

4
8

8
8

7
5

.1
 

A
B

4
8

9
0

5
9

.1
 

A
B

4
8

9
0

3
5

.1
 

A
B

4
8

9
0

1
4

.1
 

A
B

4
8

8
9

9
4

.1
 

A
B

4
8

8
9

3
3

.1
 

A
B

4
8

8
9

1
6

.1
 

F
ej
er
va
ry
a 
gr
ee
ni
i (

H
a

k
g

a
la

, 
S

r
i 

L
a
n

k
a
) 

A
B

4
8

8
8

9
1

.1
 

A
B

4
8

8
8

6
8

.1
 

A
B

4
8

9
0

5
3

.1
 

A
B

4
8

9
0

2
9

.1
 

A
B

4
8

9
0

0
8

.1
 

A
B

4
8

8
9

8
8

.1
 

A
B

4
8

8
9

2
7

.1
 

A
B

4
8

8
9

1
0

.1
 

F
ej
er
va
ry
a 
ki
rt
is
in
gh
ei

 (H
a

k
g

a
la

, 
S

r
i 

L
a
n

k
a
) 

A
B

4
8

8
8

9
0

.1
 

A
B

4
8

8
8

6
7

.1
 

A
B

4
8

9
0

5
2

.1
 

A
B

4
8

9
0

2
8

.1
 

A
B

4
8

9
0

0
7

.1
 

A
B

4
8

8
9

8
7

.1
 

A
B

4
8

8
9

2
6

.1
 

A
B

4
8

8
9

0
9

.1
 

F
ej
er
va
ry
a 

sp
. 

h
p

4
 (C

h
it

w
a
n

, 
N

e
p

a
l)

 
A

B
4

8
8
8

8
9

.1
 

A
B

4
8

8
8

6
6

.1
 

A
B

5
0

0
2

3
9

.1
 

A
B

5
0

0
2

6
2

.1
 

A
B

5
0

0
2

6
8

.1
 

--
--

- 
A

B
5

0
0

2
5
1

.1
 

A
B

5
0

0
2

4
5

.1
 

F
ej
er
va
ry
a 
ca
pe
ra
ta

 (M
u

d
ig

e
r
e,

 I
n

d
ia

) 
A

B
4

8
8
8

9
4

.1
 

A
B

4
8

8
8

7
1

.1
 

A
B

4
8

9
0

5
5

.1
 

A
B

4
8

9
0

3
1

.1
 

A
B

4
8

9
0

1
0

.1
 

A
B

4
8

8
9

9
0

.1
 

A
B

4
8

8
9

2
9

.1
 

A
B

4
8

8
9

1
2

.1
 

F
ej
er
va
ry
a 

sp
. 

h
p

5
 (A

ss
a

m
, 

In
d

ia
) 

A
B

4
8

8
9

0
0

.1
 

A
B

4
8

8
8

7
7

.1
 

A
B

4
8

9
0

6
1

.1
 

A
B

4
8

9
0

3
7

.1
 

A
B

4
8

9
0

1
6

.1
 

A
B

4
8

8
9

9
6

.1
 

A
B

4
8

8
9

3
5

.1
 

A
B

4
8

8
9

1
8

.1
 

F
ej
er
va
ry
a 
sy
ha
dr
en
si
s (

In
d

ia
) 

A
Y

8
8

2
9

5
5

.1
 

--
--

- 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 
--

--
--

 

F
ej
er
va
ry
a 
pi
er
re
i (

C
h

it
w

a
n

, 
N

e
p

a
l)

 
A

B
4

8
8
8

8
8

.1
 

A
B

4
8

8
8

6
5

.1
 

A
B

4
8

9
0

5
1

.1
 

A
B

4
8

9
0

2
7

.1
 

A
B

4
8

9
0

0
6

.1
 

A
B

4
9

0
1

6
0

.1
 

A
B

4
8

8
9

2
5

.1
 

A
B

4
8

8
9

0
8

.1
 

F
ej
er
va
ry
a 

c
f s
yh
ad
re
ns
is

 (M
a
ta

le
, 

S
r
i 

L
a
n

k
a
) 

A
B

4
8

8
8

9
2

.1
 

A
B

4
8

8
8

6
9

.1
 

A
B

5
0

0
2

3
7

.1
 

A
B

5
0

0
2

6
0

.1
 

A
B

5
0

0
2

6
7

.1
 

--
--

- 
A

B
5

0
0

2
5
0

.1
 

A
B

5
0

0
2

4
4

.1
 

F
ej
er
va
ry
a 
gr
an
os
a 

(M
u

d
ig

e
r
e,

 I
n

d
ia

) 
A

B
4

8
8
8

9
5

.1
 

A
B

4
8

8
8

7
2

.1
 

A
B

4
8

9
0

5
6

.1
 

A
B

4
8

9
0

3
2

.1
 

A
B

4
8

9
0

1
1

.1
 

A
B

4
8

8
9

9
1

.1
 

A
B

4
8

8
9

3
0

.1
 

A
B

4
8

8
9

1
3

.1
 

F
ej
er
va
ry
a 

sp
. 

h
p

3
 (P

il
o

k
, 
T

h
a
il

a
n

d
) 

A
B

2
7

7
3

0
0

.1
 

A
B

2
7

7
2

8
4

.1
 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
A

B
2

7
7

3
1
3

.1
 

F
ej
er
va
ry
a 

sp
. 

h
p

6
 (A

n
d

a
m

a
n

 I
sl

a
n

d
s,

 I
n

d
ia

) 
A

B
4

8
8
8

9
9

.1
 

A
B

4
8

8
8

7
6

.1
 

A
B

4
8

9
0

6
0

.1
 

A
B

4
8

9
0

3
6

.1
 

A
B

4
8

9
0

1
5

.1
 

A
B

4
8

8
9

9
5

.1
 

A
B

4
8

8
9

3
4

.1
 

A
B

4
8

8
9

1
7

.1
 

 
 

 
 

 
…

…
co

nt
in

ue
d 

on
 th

e 
ne

xt
 p

ag
e 
 Zootaxa 4544 (2)  © 2019 Magnolia Press  ·  267A NEW SPECIES OF FEJERVARYA FROM  NORTHERN WESTERN GHATS



 
 

 
 

 
 

 
 

 

A
P

P
E

N
D

IX
 1

. 
(C

on
ti

n
u
ed

) 
 

 
 

 
 

 
 

 

S
p

ec
ie

s 
1

6
S

 
1

2
S

 
B

D
N

F
 

R
h

o
d

 
T

y
r 

R
A

G
-2

 
N

X
C

1
 

C
X

C
R

4
 

Fe
je
rv
ar
ya

 m
ud
du
ra
ja

 (M
a
d

ik
er

i,
 I

n
d

ia
) 

A
B

4
8

8
8

96
.1

 
A

B
4

8
8
8

73
.1

 
--

--
- 

A
B

4
8

9
0

33
.1

 
A

B
4

8
9
0

12
.1

 
A

B
4

8
8
9

92
.1

 
A

B
4

8
8
9

31
.1

 
A

B
4

8
8
9

14
.1

 

Fe
je
rv
ar
ya

 m
ul
tis
tri
at
a 

(H
u

sa
, 

C
h

in
a
) 

A
B

4
8

8
8

84
.1

 
A

B
4

8
8
8

62
.1

 
A

B
5

0
0
2

34
.1

 
A

B
5

0
0
2

57
.1

 
A

B
5

0
0
2

65
.1

 
A

B
5

0
0
2

52
.1

 
A

B
5

0
0
2

48
.1

 
A

B
5

0
0
2

42
.1

 

Fe
je
rv
ar
ya

 li
m
no
ch
ar
is 

(J
a
v
a

, 
In

d
o

n
es

ia
) 

A
B

2
7

7
3

02
.1

 
A

B
2

7
7
2

86
.1

 
A

B
4

8
9
0

44
.1

 
A

B
4

8
9
0

20
.1

 
A

B
2

7
7
3

54
.1

 
A

B
4

8
8
9

80
.1

 
A

B
2

7
7
3

27
.1

 
A

B
2

7
7
3

15
.1

 

Fe
je
rv
ar
ya

 m
ul
tis
tri
at
a 

(T
a
ip

ei
, 

T
a
iw

a
n

) 
--

--
- 

A
B

4
8

8
8

62
.1

 
A

B
5

0
0
2

35
.1

 
A

B
5

0
0
2

58
.1

 
A

B
5

0
0
2

66
.1

 
A

B
5

0
0
2

53
.1

 
A

B
5

0
0
2

49
.1

 
A

B
5

0
0
2

43
.1

 

 F
ej
er
va
ry
a 
isk
an
da
ri 

(J
a
v
a
, 
In

d
o
n

es
ia

) 
A

B
2

7
7
3

03
.1

 
A

B
2

7
7
2

87
.1

 
A

B
4

8
9
0

45
.1

 
A

B
4

8
9
0

21
.1

 
A

B
2

7
7
3

55
.1

 
A

B
4

8
8
9

81
.1

 
A

B
2

7
7
3

28
.1

 
A

B
2

7
7
3

16
.1

 

Fe
je
rv
ar
ya

 o
ris
sa
en
sis

 (O
rr

is
a
, 
In

d
ia

) 
A

B
2

7
7
3

04
.1

 
A

B
2

7
7
2

89
.1

 
A

B
5

0
0
2

36
.1

 
A

B
5

0
0
2

59
.1

 
A

B
2

7
7
3

56
.1

 
--

--
- 

A
B

2
7

7
3

29
.1

 
A

B
2

7
7
3

17
.1

 

Fe
je
rv
ar
ya

 sp
. 

h
p

2
 (T

h
re

e 
P

a
g

o
d

a
 P

a
ss

, 
T

h
a
il

a
n

d
) 

--
--

- 
--

--
- 

A
B

5
0

0
2
3
8
.1

 
A

B
5

0
0
2

61
.1

 
--

--
- 

A
B

5
0

0
2

5
4

.1
 

A
B

2
7

7
3

23
.1

 
A

B
2

7
7
3

08
.1

 

"F
ej
er
va
ry
a 
lim
no
ch
ar
is"

 (H
ir

o
sh

im
a
, 

J
a

p
a

n
) 

A
B

4
8

8
8

87
.1

 
A

B
4

8
8
8

64
.1

 
A

B
4

8
9
0

50
.1

 
A

B
4

8
9
0

26
.1

 
A

B
4

8
9
0

05
.1

 
A

B
4

8
8
9

86
.1

 
A

B
4

8
8
9

24
.1

 
A

B
4

8
8
9

07
.1

 

"F
ej
er
va
ry
a 
lim
no
ch
ar
is"

 (O
rc

h
a
rd

 I
sl

a
n

d
, 

T
a
iw

a
n

) 
--

--
- 

--
--

- 
A

B
5
0

0
2
3
3
.1

 
A

B
5

0
0
2

56
.1

 
A

B
5

0
0
2

64
.1

 
--

--
- 

A
B

5
0

0
2

47
.1

 
A

B
5

0
0
2

41
.1

 

Fe
je
rv
ar
ya

 sa
ki
sh
im
en
sis

 (I
ri

o
m

o
te

 I
sl

a
n

d
, 

J
a
p

a
n

) 
A

B
4

8
8
8

86
.1

 
A

B
4

8
8
8

63
.1

 
A

B
4

8
9
0

49
.1

 
A

B
4

8
9
0

25
.1

 
A

B
4

8
9
0

04
.1

 
A

B
4

8
8
9

85
.1

 
A

B
4

8
8
9

23
.1

 
A

B
4

8
8
9

06
.1

 

Fe
je
rv
ar
ya

 tr
io
ra

 (U
b

o
n

 R
a
tc

h
a
ta

n
i,

 T
h

a
il

a
n

d
) 

A
B

4
8

8
8

83
.1

 
A

B
4

8
8
8

60
.1

 
A

B
4

8
9
0

46
.1

 
A

B
4

8
9
0

22
.1

 
A

B
4

8
9
0

03
.1

 
A

B
4

8
8
9

82
.1

 
A

B
4

8
8
9

22
.1

 
A

B
4

8
8
9

05
.1

 

Fe
je
rv
ar
ya

 ca
nc
riv
or
a 

(S
a
la

n
g

o
r,

 M
a
la

y
si

a
) 

A
B

4
8

8
8

82
.1

 
A

B
4

8
8
8

59
.1

 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 

Sp
ha
er
ot
he
ca

 b
re
vi
ce
ps

 (I
n

d
ia

) 
--

--
- 

--
--

- 
--

--
- 

A
F

2
4

9
11

0
.1

 
D

Q
2

8
29

27
 

--
--

- 
--

--
- 

--
--

- 

Sp
ha
er
ot
he
ca

 d
ob
so
ni

 (I
n

d
ia

) 
A

B
2

7
7
3

05
.1

 
A

B
2

7
7
2

90
 

--
--

- 
--

--
- 

A
B

2
7

7
3

57
.1

 
--

--
- 

A
B

2
7

7
3

30
.1

 
A

B
2

7
7
3

18
.1

 

Sp
ha
er
ot
he
ca

 p
lu
via
lis

(I
n

d
ia

) 
A

F
2

4
9

04
2

.1
 

A
F

1
6
1

03
9 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

--
--

- 
--

--
- 

H
op
lo
ba
tra
ch
us

 ti
ge
rin
us

 (I
n

d
ia

) 
A

B
2

9
0
4

12
.1

 
--

--
- 

A
B

4
8

9
0
6
3
.1

 
A

B
4

8
9
0

39
.1

 
A

B
2

7
7
3

58
.1

 
--

--
- 

A
B

2
7

7
3

31
.1

 
A

B
2

7
7
3

19
.1

 

Eu
ph
ly
ct
is 
cy
an
op
hl
yc
tis

 (I
n

d
ia

) 
A

B
2

7
2
6

04
.1

 
--

--
- 

A
B

4
8

9
0
6
2
.1

 
A

B
4

8
9
0

38
.1

 
A

B
4

8
9
0

17
.1

 
--

--
- 

A
B

4
8

8
9

36
.1

 
A

B
4

8
8
9

19
.1

 

O
cc
id
oz
yg
a 

sp
. (

M
a
la

y
si

a
) 

--
--

- 
--

--
- 

A
B

4
8

9
0

67
.1

 
A

B
4

8
9
0

43
.1

 
A

B
4

8
9
0

19
.1

 
--

--
- 

A
B

4
8

8
9

38
.1

 
A

B
4

8
8
9

21
.1

 

O
cc
id
oz
yg
a 
lim
a 

(M
a
la

y
si

a
) 

--
--

- 
--

--
- 

A
B

4
8

9
0

66
.1

 
A

B
4

8
9
0

42
.1

 
A

B
4

8
9
0

18
.1

 
--

--
- 

A
B

4
8

8
9

37
.1

 
--

--
- 

*
 s

eq
ue

n
ce

s 
ge

n
er

at
ed

 f
or

 t
h
e 

p
re

se
nt

 s
tu

di
es

 

PHUGE ET AL.268  ·  Zootaxa 4544 (2)  © 2019 Magnolia Press


	Abstract
	Introduction
	Materials and methods
	Results
	Species Description
	Fejervarya marathi sp. nov.
	Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


