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Abstract
This study presents a systematic revision of South Asian members of the taxonomically challenging genus Microhyla Tschudi, 1838. 
Species relationships and diagnostic characters are determined by integrating molecular, morphological, and acoustic approaches, through 
which we also recognize six groups of closely related species. In addition, a new species from the southern Western Ghats of India is 
formally described as Microhyla darreli sp. nov. Species accounts of all the 16 recognized members from South Asia include current 
taxonomic status, metric and meristic characters, divergence in mitochondrial DNA, phylogenetic relationships, acoustic characters, re-
vised geographical distributions, and natural history notes. Molecular and morphological relationships of three poorly known members 
— M. chakrapanii, M. karunaratnei, and M. zeylanica
M. berdmorei and another potential new species close to M. heymonsi in India 
corrected. For comparative purposes, molecular, morphological, and acoustic relationships are also discussed for eight closely related East 
and Southeast Asian species. Consequently, insights from this study will facilitate a much-needed comprehensive revision of the Pan-Asian 
frog genus Microhyla.
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Introduction

The genus Microhyla Tschudi, 1838 (family Microhyli-
dae) currently comprises of 42 small to medium-sized 
(SVL 10 – 46 mm), narrow-mouthed, and ground-dwell-

ing frogs that are widely distributed in South, Southeast, 
and East Asia. It is also the most speciose (AMPHIBIAWEB, 
2018; FROST, 2018) and wide-ranging genus of the Asian 
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subfamily Microhylinae (MATSUI et al., 2011). Species 
in this genus usually occupy habitats ranging from nat-
ural forests to human-altered landscapes. Despite com-
mon occurrence, genus Microhyla has remained one of 
the most challenging taxonomical group of microhylid 
frogs, mainly because of the small size, conserved mor-
phology, and wide distribution of its members across 
Asia (e.g., MATSUI et al., 2005, 2011). In recent years, 

-
tion of known taxa (e.g., MATSUI et al., 2005, 2011; MAT-
SUI, 2011; HASAN et al., 2012; YUAN et al., 2016; GARG 
et al., 2018A

(MATSUI, 2011; MATSUI et al., 2013; HASAN et al., 2014A; 
HOWLADER et al., 2015; WIJAYATHILAKA et al., 2016; SE-
SHADRI et al., 2016A; KHATIWADA et al., 2017), leading to a 
continuous increase in the number of recognized Micro-
hyla species. However, lack of molecular information for 
several known species (at least 13 species), continues to 
deter a thorough taxonomic revision of this group. The 
latest available systematic study addressing species from 

insights on phylogenetic relationships among Microhyla 
frogs (MATSUI et al., 2011); however, the South Asian 
members remained poorly represented, i.e., only two out 
of six formerly known regional endemics (from the coun-
tries of Bangladesh, Bhutan, India, Nepal, Pakistan, and 
Sri Lanka). Furthermore, subsequent research has dou-
bled the number of Microhyla species occurring in South 
Asia (HASAN et al., 2014A; HOWLADER et al., 2015; WIJA-
YA THILAKA et al., 2016; SESHADRI et al., 2016A; KHATIWADA 
et al., 2017; VINEETH et al., 2018), consequently elevating 
the prominence of this region for Microhyla diversity.
 The taxonomy of South Asian Microhyla has also 

-

existed for many species, including some of the oldest 
known members such as Microhyla ornata (Duméril 
& Bibron, 1841), M. rubra (Jerdon, 1854 “1853”), and 
M. sholigari Dutta & Ray, 2000 (MATSUI et al., 2005; 
WIJAYATHILAKA et al., 2016; SESHADRI et al., 2016B; GARG 
et al., 2018A). The systematic relationships of three other 
species — M. chakrapanii Pillai, 1977, M. karunaratnei 
Fernando & Siriwardhane, 1996, and M. zeylanica Park-
er & Osman-Hill, 1949 — are still unknown. Moreover, 
recent species descriptions largely include literature-
based comparisons with closely related congeners (e.g., 
HASAN et al., 2014A; SESHADRI et al., 2016A; VINEETH et 
al., 2018), lacking attempts to study available types, mu-
seum specimens, or new collections from original type 
localities. Hence altogether, the South Asian Microhyla 
frogs remain poorly understood. 
 In this work, we study all the known Microhyla spe-
cies of South Asia based on an integrated molecular, 
morphological, and acoustic assessment; this utilized 

of available types and additional museum specimens. 
Our study also uncovers a new Microhyla species from 
India, provides insights on poorly known taxa, presents 
new distribution records, and recognizes species groups 

accommodating all South Asian members. Additionally, 
relationships with close congeners from Southeast and 
East Asia are discussed based on comparative material 
from outside the range to facilitate systematic conclu-
sions. 

Materials and methods 

Field surveys and data collection  

-
tween 2002 – 2017 at over 90 localities across India and 
Sri Lanka in South Asia, and Indonesia in Southeast 
Asia. Detailed list of species and localities surveyed in 
the present study along with taxa incorporated from pre-
vious studies are provided in Table S1. Adult specimens 
and larvae were mostly sampled during the breeding 
season, from May to September; random opportunistic 
searches were also conducted outside this period. Adult 
males were often located by their advertisement calls. 
Calls were recorded using a Marantz PMD620 or Fostex 
FR2LE solid-state digital recorder (44.1 kHz sampling 
rate, 16-bit resolution) with Sennheiser ME66 or MKH 
416 unidirectional microphone. One specimen from each 
of the recorded populations was collected for morpholog-

photographed, followed by euthanisation in Tricaine 

-
ples for molecular studies were obtained from the thigh 
(adult) or tail (tadpole) muscle and preserved in absolute 
ethanol. Geographical coordinates were recorded using 
a Garmin 76CSx GPS with the WGS84 datum system. 
Distribution maps were prepared in QGIS version 2.6.1 
(http://www.qgis.org). Type specimens from the present 
study are deposited in the Zoological Survey of India – 
Western Ghats Regional Centre (ZSI-WGRC), Calicut, 
India.

Molecular study

Extraction of genomic DNA from 48 tissue samples was 
carried out using DNeasy blood and tissue kit (Qiagen, 

-
tocol. For all the samples, a fragment of ca. 540 bp of the 
mitochondrial (mt) 16S ribosomal RNA gene (16S) was 

-
er set 16Sar and 16Sbr previously published by SIMON 
et al. (1994). Additionally, a fragment of ca. 700 bp of 
the nuclear (nu) brain derived neurotrophic factor gene 

F1 and BDNF.Amp.R1 (VAN DER MEIJDEN et al., 2007) 
for selected taxa representing all known and newly rec-
ognized South Asian Microhyla species (Table S1). Se-
quencing was performed on both strands using BigDye 
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Terminator v3.1 Cycle Sequencing Kit on ABI 3730 
automated DNA sequencer (Applied Biosystems). Se-
quences were assembled and checked in ChromasPro 
v1.34 (Technelysium Pty Ltd.). GenBank accession 
numbers for sequences generated as part of this study are 
MH807384 – MH807439 (Table S1). 

-
bled in MEGA 6.0 (TAMURA et al., 2013) along with all 
previously available homologous sequences for Microhy-
la species from GenBank. A dataset of 539 bp using a total 
of 347 Microhyla sequences and an additional outgroup 
taxon Kaloula pulchra (VAN BOCXLAER et al., 2006), 
was aligned using ClustalW in MEGA and subjected to 

SWOFFORD 
2002). Based on preliminary clustering of samples in the 
NJ tree, one exemplar representing each Microhyla spe-
cies was selected either from the type series, topotypes, 
or populations nearest to the type localities. A concat-
enated dataset comprising 1,230 bp of the mitochondrial 
16S (528 bp, excluding ambiguously aligned regions) 
and nuclear BDNF (702 bp) genes from 35 Microhyla 
species and the outgroup taxon was assembled for fur-
ther phylogenetic analyses. For the Maximum Likeli-
hood (ML) analysis, heuristic searches were performed 

SWOFFORD 2002) using the GTR+I+G model 
of DNA evolution that was determined by implementing 
Akaike Information Criterion in ModelTest 3.5 (POSADA 
& CRANDALL, 1998). Clade support was assessed both 
with 10,000 rapid bootstrap replicates (GTRGAMMA  
model) executed using RAxML 7.3.0 (STAMATAKIS et al., 

SILVESTRO & MICHALAK, 2012), 
and Bayesian Posterior Probabilities inferred using Mr-
Bayes 3.1.2 (RONQUIST & HUELSENBECK, 2003). For the 
Bayesian analysis, two parallel runs of four Markov 
Chain Monte Carlo (MCMC) chains were executed for 
10 million generations using the GTR+I+G model. Trees 
were sampled once per 1,000 generations and summa-

-
vergence was determined by average standard deviation 
of the split frequencies of < 0.01 and potential scale re-
duction factors of ~ 1.0, and stationarity of the runs was 
observed through the log likelihood trends. Further, the 
available BDNF gene sequences (Table S1) were used 
for constructing a Median-Joining haplotype network in 

com) using phased data generated after performing the 
PHASE algorithm (STEPHENS et al., 2001) in DnaSP ver-
sion 5 (LIBRADO & ROZAS, 2009).
 Based on phylogenetic relationships in the concate-
nated mt + nu DNA ML tree, and evidence from our mor-
phological and acoustic studies (see the relevant result 
sections), group-wise ML trees were constructed with 

SWOFFORD, 
2002). Clade support was assessed with rapid RAxML 
bootstrap replicates and Bayesian analysis, as dicussed 

-
tances for 16S (using all sites) were also computed using 

SWOFFORD, 2002), for all individuals in each of 
the species groups.

Morphological study

Adult specimens were morphologically examined using 
a stereomicroscope to study the metric and meristic char-
acters. Sex and maturity were determined either by the 
presence of vocal sacs in males or by examining the go-
nads through a ventral incision. The following measure-
ments were taken using digital slide-calipers and noted to 
the nearest 0.1 mm: SVL (snout-vent length), HW (head 
width, at the angle of the jaws), HL (head length, from 
the rear of the mandible to the tip of the snout), SL (snout 
length, from the tip of the snout to the anterior orbital 
border), EL (eye length, horizontal distance between the 
bony orbital borders), EN (distance from the front of the 
eye to the nostril), NS (distance from the nostril to the tip 

eyelid width, shortest distance between the upper eye-

front of the eyes, shortest distance between the anterior 
orbital borders), IBE (internal back of the eyes, short-
est distance between the posterior orbital borders), FAL 

the outer palmar tubercle), HAL (hand length, from the 
base of the outer palmar tubercle to the tip of the third 

(shank length, from knee to the heel), FOL (foot length, 
from the base of the inner metatarsal tubercle to the tip 
of the fourth toe), TFOL (distance from the heel to the 

-

disc), TD (maximum disc width of toe), TW (width of 
toe, measured at the base of the disc), OMTL (length of 
outer metatarsal tubercle), IMTL (length of inner meta-

to its base where it joins the adjacent digit). Digit num-
ber is represented by roman numerals I – V in subscript. 
Measurements and associated terminologies follow BIJU 
et al. (2014A) and GARG et al. (2018B). All morphometric 
measurements discussed in the text are in millimeters. 
 The studied Microhyla species were categorized 
as: small (male SVL 13 – 20 mm), medium (male SVL 
21 – 30 mm), and large (male SVL > 31 mm). The web-
bing formulae follow SAVAGE & HEYER

by MYERS & DUELLMAN (1982), and the degree of web-
bing is described by numbering the subarticular tubercles 
1 – 3, starting from the toe discs (BIJU et al., 2014B); web-
bing was categorized as rudimentary (slightly above the 
basal subarticular tubercles on all toes); small (webbing 
on toe IV beyond the third subarticular tubercle but be-
low the second subarticular tubercle on either side), me-
dium (webbing on toe IV beyond the second subarticular 

side), and large (webbing on toe IV extending beyond the 
GARG 

& BIJU (2017). The following characters are common to 
all South Asian Microhyla species and consequently not 
repeated in the descriptions: externally indistinct tympa-
num, absence of vomerine teeth, absence of webbing be-
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 The internal morphology of toes was examined un-
der a stereomicroscope using maceration and clearing 
procedures (TAYLOR & VAN DYKE, 1985) without stain-
ing. Terminologies used to describe the shape of terminal 
phalanges (simple, knobbed, T-shaped, and Y-shaped) 
follow PARKER (1927) and LYNCH (1971). Photographs 
and drawings were made with the aid of camera lucida or 

1500 stereomicroscope.
 In order to assesss the degree of morphometric differ-
entiation among Microhyla species, Principal Component 
Analysis (PCA) was performed in the software Statistica 
v7.1 (StatSoftInc) using standardized morphometric data 
from adult male specimens. Principal Components (PC) 
with eigenvalues > 1.0 were used to understand morpho-

components were further observed on scatterplots.
 The following institutional abbreviations are used: 
AMS (Australian Museum, Sydney, Australia), NMSL 
(National Museum of Sri Lanka, Colombo, Sri Lanka), 
ANSP (Academy of Natural Sciences of Philadelphia, 

-

Society, Bombay, India), CIB (Chengdu Institute of Bi-
ology, Chengdu, China), DZ (Department of Molecular 

-

Museum of Natural History, Finland), NCBS (National 
Centre for Biological Sciences, Bangalore, India), NHM 

-

Institute of India, Dehradun, India), ZMB (Zoologisches 
Museum, Berlin, Germany), ZSIC (Zoological Survey of 
India, Kolkata, India), ZSI-SRS (Zoological Survey of 
India – Southern Regional Station, Chennai, India), ZSI-
WGRC (Zoological Survey of India – Western Ghats Re-
gional Centre, Calicut, India).

Acoustic study

measured using Raven Pro 1.4 (CHARIF et al., 2010). 
Five temporal properties (call duration, call rise time, 
call fall time, number of pulses per call, and pulse rate) 
and one spectral property (overall dominant frequency) 
were used for analyses. Oscillograms and spectrograms 
were prepared for graphical representation of the call. 

follow BEE et al. (2013); studied calls were categorized, 
based on average call duration, as short pulsatile (< 200 
ms), medium pulsatile (200 – 500 ms), and long pulsatile 
(> 500 ms). Call recordings are available in the supple-
mental material. 

Author contributions

SDB and SG conceived and designed the study; SDB 
secured funding for the study; MM secured funding for 
research in Sri Lanka; SDB, SG, RS, AD, NAA, KKV 
(India), MM, NW, GS (Sri Lanka), FA, AATA (Indone-
sia), and JPJ (China), collected material and/or generated 
data; SG, SDB, and RS analyzed the data; SG and SDB 
wrote the manuscript; all authors reviewed and edited the 
manuscript drafts. 

Results

Microhyla 
species in South Asia; 14 previously known species 
(M. berdmorei, M. chakrapanii, M. karunaratnei, M. ko-
dial, M. laterite, M. mihintalei, M. mukhlesuri, M. my-
mensinghensis, M. nilphamariensis, M. ornata, M. ru-
bra, M. sholigari, M. taraiensis, and M. zeylanica), one 

M. cf. heymonsi), and an 
additional new species. The presence of M. butleri and 
M. heymonsi in South Asia is considered doubtful, as 

(see notes under the species accounts of M. berdmorei, 
M. cf. heymonsi, and M. mymensinghensis). Systematic 
relationships among South Asian Microhyla species and 
their close congeners from East and Southeast Asia are 
presented in the below sections.

Phylogenetic relationships

The relationships recovered in our mt + nu phylogenetic 
tree (Fig. 1) were largely in agreement with previous 
studies based on mt DNA (e.g., MATSUI et al., 2005, 2011; 
MATSUI, 2011; HASAN et al., 2012; MATSUI et al., 2013; 
HOWLADER et al., 2015; WIJAYATHILAKA et al., 2016; SE-
SHADRI et al., 2016B; YUAN et al., 2016; KHATIWADA et al., 
2017). As shown previously (MATSUI et al., 2011; PELOSO 
et al., 2016), the genetically represented Asian Microhyla 
species were divided into two geographical subgroups: 

-
cies — M. annectens, M. marmorata, M. nanapollexa, 
M. perparva, and M. petrigena; and Pan-Asian (PA, clade 
A), including all other South, Southeast, and East Asian 
members (Fig. 1). Our study focuses on relationships 
among members of the latter group since it includes all 
the 16 recognized South Asian species, i.e., 14 previously 

time for three poorly known species — M. chakrapa-
nii, M. karunaratnei, and M. zeylanica. The following 
six major clades comprising of South Asian members 
and close relatives from East and Southeast Asia were 
recovered: (1) Microhyla achatina group: M. achatina, 
M. borneensis, M. heymonsi, M. cf. heymonsi, M. kodial, 
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M. malang, M. mantheyi, and M. orientalis; (2) Micro-
hyla berdmorei group: M. berdmorei and M. pulchra; 
(3)  group: M. chakrapanii, M. -
sipes, M. mixtura, M. mukhlesuri, M. mymensinghensis, 
and M. okinavensis; (4) Microhyla ornata group: M. nil-
phamariensis, M. ornata, and M. taraiensis; (5) Micro-
hyla rubra group: M. mihintalei and M. rubra; and (6) 
Microhyla zeylanica group: M. karunaratnei, M. laterite, 
M. sholigari, M. zeylanica, and one potential new spe-
cies, subsequently described as Microhyla darreli sp. 
nov. (see below). Apart from these, three species (M. but-
leri, M. palmipes, and M. superciliaris) could not be 

phylogenetic positions were in agreement with previous 
studies (e.g., MATSUI et al., 2011). 
 Species-level relationships were further investigated 
based on group-wise phylogenetic analyses using multi-
ple 16S gene sequences, which were available for all the 
Microhyla species included in this study. Inter- and in-

of genetic distances in the mitochondrial 16S gene (Ta-
ble S2). The relationships observed in species group trees 
were largely in consensus with Fig. 1, with a few excep-

 In the nuclear gene haplotype network, none of the 
included Microhyla species (except M. darreli sp. nov. 
and M. laterite) showed sharing of haplotypes, and the 
species clusters were largely congruent with the phy-
logenetically and morphologically recognized groups 
(Fig. 2). All species groups were separated by at least 
six mutational steps, with the exception of M. berdmorei 
and M. heymonsi that were separated only by three steps. 
The Microhyla achatina group was poorly delineated 
probably due to missing data for several known mem-
bers from regions outside South Asia. Another species, 
M. okinavensis, was placed distantly from the Microhyla 

 group with a minimum of 16 mutational steps. 
Close genetic relationships were also observed among 
species from geographically distant regions across South, 
Southeast, and East Asia, suggesting complex patterns of 

Microhyla frogs of Asia.

Morphometric differentiation

Morphometric differentiation was assessed based on 
Prinicpal Component Analysis (PCA) using 40 charac-
ters from 120 specimens representing 14 South Asian 
Microhyla species and six closely related congeners 
from Southeast and East Asia. The PCA factor load-
ings representing the composition of each PCA factor 

variance observed among these species. PCA factor 1 
was correlated with most of the morphological param-

variance (Table S3). On the other hand, OMTL was the 

the variance. The projection of species on factor planes 
1 and 2 (Fig. 3) showed considerable overlaps among 
species as well as the species groups. Five species, 
M. berdmorei, M. pulchra, M. mihintalei, M. rubra, and 
M. kodial formed relatively distinct clusters, whereas, 
members of  group, Microhyla or-
nata group, Microhyla zeylanica group, and to certain 
extent Microhyla achatina group, failed to separate out 
on the factor planes. At the group-level, relatively better 
morphological differentiation was observed; Microhyla 
rubra group (M. mihintalei and M. rubra) and Micro-
hyla berdmorei group (M. berdmorei and M. pulchra) 
formed the most distinct clusters. Although members of 
Microhyla  group, Microhyla ornata group, and 
Microhyla zeylanica group clustered respectively in the 
morphospace, the groups themselves were not clearly 
separated. For example, members of Microhyla  
group (M. mukhlesuri and M. mymensinghensis) over-
lapped with Microhyla achatina group (M. achatina and 
M. heymonsi). On the other hand, the relatively smaller-
sized members of Microhyla achatina group (M orien-
talis and M. kodial) showed considerable resemblance 
with Microhyla zeylanica group (M. darreli sp. nov., 
M. karunaratnei, M. laterite, M. sholigari, and M. zey-
lanica). Similarly, members of Microhyla  group 
(M. , M. mixtura, and M. mymensinghensis) and 
Microhyla ornata group (M. nilphamariensis and M. or-
nata) also showed considerable morphometric resem-
blance. Altogether, the morphometric data alone was not 
found very useful to understand the morphological dif-
ferentiation among the various Microhyla species. Based 

(Figs. S1, S2), and used a combination of both metric and 
meristic characters for diagnosis of species and species 
groups in this morphologically cryptic genus of micro-
hylid frogs. 

Taxonomic grouping of species 

Taxonomic grouping of species within the genus Micro-
hyla based on morphological traits (PARKER, 1934), as 
previously discussed by DUBOIS (1987), would accommo-
date the South Asian members in two groups: Microhyla 
berdmorei group (11 species) and Microhyla achatina 

studies had proposed four groups — Microhyla palmipes 
group, Microhyla ornata group, Microhyla butleri group, 
and Microhyla achatina group (MATSUI et al., 2011), 
and another subgroup, Microhyla borneensis group, was 
added to accommodate M. orientalis, M. borneensis, 
M. mantheyi, and M. malang (MATSUI et al., 2013). This 
grouping was based on phylogenetic relationships (MAT-
SUI et al., 2011; MATSUI et al., 2013). Herein, we propose a 
revised scheme for grouping of the South Asian Microhy-
la species, based on both morphological and phylogenet-
ic evidence: (1) Microhyla achatina group (M. kodial); 
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(2) Microhyla berdmorei group (M. berdmorei); (3) Mi-
crohyla group (M. chakrapanii, M. mukhlesuri, 
and M. mymensinghensis); (4) Microhyla ornata group 
(M. nilphamariensis, M. ornata, and M. taraiensis); (5) 
Microhyla rubra group (M. mihintalei and M. rubra); 
and (6) Microhyla zeylanica group (M. darreli sp. nov., 
M. karunaratnei, M. laterite, M. sholigari, and M. zey-
lanica). In addition, M. cf. heymonsi (from Andaman Is-
lands, India) is provisionally assigned to the Microhyla 
achatina group.

Systematic accounts 

Microhyla achatina species group
(Figures 1 – 9, S1, S2; Tables S1 – S5; Files S1, S2)

Members included. South Asia — Microhyla kodial 
and provisionally M. cf. heymonsi; Southeast Asia — M. 
achatina, M. borneensis, M. malang, M. mantheyi, M. 
orientalis, and provisionally M. heymonsi.

Diagnosis. The group is distinguished from other Mi-
crohyla groups of South Asia by the following suite of 
morphological characters: small to medium-sized adults 
(male SVL 14 – 22 mm; female SVL 22 – 23 mm); nos-
trils placed towards the lateral sides of the snout; small 

cover bifurcate distally; small toe discs with prominent 
dorso-terminal grooves, cover bifurcate distally; termi-
nal phalanges of toes T-shaped; inner metatarsal tubercle 
distinct, elongate; outer metatarsal tubercle small, round-
ed; webbing between toes rudimentary (M. achatina, 
M. kodial, and M. orientalis); dorsal skin shagreened to 
prominently granular; a narrow mid-dorsal skin fold or 
line extending from tip of the snout to the vent (except 
M. kodial); a prominent streak (white or light brown in 
life, and grey in preservation) extending from posterior 
corner of the eye to the shoulder (Fig. 4).

Morphological comparison. Species in this group dif-
fer from members of Microhyla berdmorei group by 
relatively smaller adult size, male SVL 14 – 22 mm, fe-
male SVL 22 – 23 mm (vs. relatively larger, male SVL 
33 – 36 mm), and rudimentary or small foot webbing, not 
extending beyond the third subarticular tubercle on either 

-
articular tubercle); from  group by toe 
discs with prominent dorso-terminal grooves and cover 
bifurcate distally (vs. without grooves), and a prominent 
streak (white or light brown in life, and grey in preserva-
tion) extending from posterior corner of the eye to the 
shoulder (vs. faint); from Microhyla zeylanica group by 
nostrils placed on lateral side of the snout (vs. more to-
wards the dorsal side); from Microhyla ornata group by 
toe discs with prominent dorso-terminal grooves and cov-
er bifurcate distally (vs. without grooves); from Micro-

hyla rubra group by relatively smaller adult size, male 
SVL 14 – 22 mm, female SVL 22 – 23 mm (vs. relatively 
larger, male SVL 21 – 30 mm, female SVL 23 – 31 mm), 
toe discs with prominent dorso-terminal grooves and 
cover bifurcate distally (vs. rounded without discs and 
grooves), terminal phalanges of toes T-shaped (vs. sim-
ple with rounded tips), and relatively weak elongate inner 
and rounded outer metatarsal tubercles (vs. well-devel-
oped shovel-shaped inner and outer metatarsal tubercles).

Genetic relationships. Phylogenetically, Microhyla a cha- 
 tina group can be characterized as the most inclusive 
clade that contains M. achatina, M. borneensis, M. ko-
dial, M. malang, M. mantheyi, M. orientalis, and two un-
described lineages — M. “sp. 1” and M. “sp. 3” (MATSUI 
et al., 2011), but none of the other clades that have been 
genetically studied so far within the entire radia tion of 
Mi cro hyla. In this group, we provisionally also include 
the Mi crohyla ‘heymonsi M. heymonsi + M. cf. 
hey mon si) due to close genetic relationship, although its 
phylo genetic relationship with other members remains 
poorly resolved (Figs. 1, 4).

-
cies of this group (Figs. 1, 4) were as previously reported 
(MATSUI et al., 2011, 2013). The recently described South 
Asian M. kodial was basal to all other members, albeit 
with weak support (Figs. 1, 4). In the group-wise mt 
analysis, the undescribed M. “sp. 3” showed sister rela-
tionship with M. achatina (MATSUI et al., 2011), however 
the position of M. “sp. 1” remained unresolved (Fig. 4). 
The Microhyla ‘heymonsi Microhyla heymonsi + 
M. cf. heymonsi) formed a weakly supported sister rela-
tionship with all other known members of the group in the 
mt + nu analysis (Fig. 1), however, in the group-wise mt 
analysis with multiple samples, it was embedded within 
the Microhyla achatina group (not shown). For detailed 

 Within the Microhyla ‘heymonsi

distances, congruent with previous work in suggest-
ing that M. ‘heymonsi
(SHERIDAN, BICKFORD & SU, 2010). A South Asian Micro-
hyla population from Andaman Islands (India) was close-
ly related to M. heymonsi, hence referred to as M. cf. hey-
monsi (Figs. 1, 8). This population was genetically most 
close to populations from the neighboring countries of 
Malaysia and Singapore (sub-clade 1), albeit with consid-

-
stituting typical Chinese populations (sub-clade 4), while 
the divergence between entire sub-clade 1 and sub-clade 

-
son among populations comprising the Microhyla ‘hey-
monsi

Acoustic comparison. Species in this group can be dif-
ferentiated from the other groups by their medium-sized 
pulsatile calls, 220 – 290 ms. The overall call structure 
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of this group is relatively distinct, but it has close re-
semblance with Microhyla ornata group, from which 
it differs by shorter call durations, 220 – 290 ms (vs. 
longer, 320 – 340 ms), and higher dominant frequency, 
3.3 – 3.8 kHz (vs. lower, 2.3 – 3.3 kHz) (Fig. 6; Table S4). 
Since the calls of M. orientalis were considerably differ-
ent from other studied members of the group (M. achati-
na and M. kodial) they are excluded from comparisons.

 Interestingly, our study found Microhyla orientalis to 
be morphologically close to M. achatina and M. kodial, 
however the call of M. orientalis is considerably differ-
ent from the two species. Previously, a separate subgroup 
was suggested to accommodate this species along with 
M. mantheyi, M. borneensis, and M. malang (MATSUI et 
al., 2013). Although, further studies based on robust phy-
logenies combined with morphological and acoustic evi-

Fig. 1. Maximum Likelihood phylogram based on 1,230 bp of mitochondrial 16S rRNA and nuclear BDNF gene sequences, showing phy-
logenetic relationships among all the known South Asian Microhyla species (clade A) and congeners from Southeast and East Asia (clades 
A & B). Six species groups recognized in the study are indicated with vertical lines across the included members. Bayesian Posterior Prob-
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dence could provide more insights on this grouping, we 
provisionally place M. kodial in the Microhyla achatina 
group based on evidence available from our study. 

Microhyla kodial Vineeth, Radhakrishna, God-
win, Anwesha, Rajashekhar & Aravind, 2018
Mangaluru Narrow-mouthed Frog (VINEETH et al., 2018)

(Figures 1 – 4, 6, 7, S1, S2; Tables S1 – S5; File S1)  

Original name and description. Microhyla kodial Vi-

S., Rajashekhar K.P. & Aravind N.A. 2018. A new species 
of Microhyla Tschudi, 1838 (Anura: Microhylidae) from 
West Coast of India: an integrative taxonomic approach. 
Zootaxa 4420: 151 – 179. Type. Holotype NCBS-AY587, 
an adult female, by original designation. Type locality. 
“Baikampady, Mangaluru, Dakshina Kannada District, 
Karnataka, India”. 
Valid name, as Microhyla kodial Vineeth, Radhakrishna, 
Godwin, Anwesha, Rajashekhar & Aravind, 2018.

Description of holotype. A detailed description is avail-
able (VINEETH et al., 2018).

Morphological comparison. Microhyla kodial cannot 
be confused with any other known Microhyla species of 
South Asia. It differs from all these species by its dorsal 

skin shagreened with prominent granular projections (vs. 
shagreened to sparsely granular, except in some popula-
tions of M. ornata); absence of mid-dorsal skin fold or 
line (vs. present); and a faint lateral marking extending 
from posterior corner of the eye and approaching the 
groin (vs. prominent and dark lateral band, marking or 
skin fold starting from tip of the snout or nostril and 
approaching the groin in all species; interrupted lateral 
markings or skin fold in M. berdmorei).
 Microhyla kodial is closely related to the Indone-
sian species M. achatina and M. orientalis by its nostrils 
placed on lateral side of the snout; toe tips with promi-
nent dorso-terminal grooves and cover bifurcate distally; 
rudimentary webbing between toes; and presence of a 
lateral streak (white or light brown in life and grey in 
preservation) or skin fold extending from posterior cor-
ner of the eye to the shoulder. However, it differs from 
these two species in having faint lateral marking that ex-
tends from posterior corner of the eye and approaches 
the groin (vs. prominent and dark lateral band, marking 
or skin fold starting from tip of the snout or nostril and 
approaching the groin); absence of mid-dorsal skin fold 
or line (vs. present, extending from tip of the snout to the 
vent); and ventral surface of foot uniformly pale grey in 
preservation without markings (vs. light to dark brown 
with off-white markings from the tip of toe V to the heel). 

M. kodial also differs from M. achatina by 
its smaller snout-vent size, male SVL 14 – 19 mm, N = 
7, female SVL 18 – 20 mm, N = 2 (vs. larger, male SVL 

Fig. 2. Median-Joining network showing relationships among phased nuclear BDNF gene haplotypes representing 12 Microhyla species 
of South Asia along with congeners from Southeast and East Asia. Circle sizes are proportional to the number of haplotypes, circle colors 
depict the recognized species groups, circle numbers indicate species, black circles represent median vectors, vertical bars on branches 
represent the number of mutational steps. 
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21 – 23 mm, N = 6, female SVL 29 mm, N = 1); and dorsal 
skin shagreened with prominent granular projections (vs. 
shagreened) (Fig. 7).
 Furthermore, M. kodial differs from M. heymonsi by 
its dorsal skin shagreened with prominent granular pro-
jections (vs. shagreened); absence of mid-dorsal skin fold 
or line (vs. present, extending from tip of the snout to the 
vent); faint lateral marking that extends from posterior 
corner of the eye and approaches the groin (vs. prominent 
and dark blackish-brown lateral band, marking or skin 
fold starting from the tip of snout or nostril and approach-

mid-dorsum (vs. present).

Genetic comparison. The average uncorrected sequence 
divergence between Microhyla kodial and all available 

on phylogenetic as well as morphological evidence, 
M. kodial is closely related to members of the Microhyla 
achatina group and differs from them by the following 
genetic distances: M. achatina M. born-
eensis M. malang M. man-
theyi M. orientalis 
undescribed lineages (MATSUI et al., 2011) — M. “sp. 1” 

M

Vocalization. The calls of Microhyla kodial
2017.3673) were recorded at Baikampady (the type lo-

cality), by SDB, SG, and KKV, on 6 July 2017, between 
20:00 – 21:00 h, at air temperature: 26°C dry bulb, 24°C 
wet bulb. The male produced a single type of call with 
pulsatile temporal structure. Calls were not delivered in 
groups and showed uniform intervals. The mean call du-
ration was 261.4 ms (228.6 – 288.3 ms) with six pulses 
(5 – 6 pulses) delivered at a rate of 18 pulses/s (17.3 – 18.6 
pulses/s), rise time of 112.2 ms (61.8 – 125.6 ms), and fall 
time of 137.8 ms (102.3 – 164.1 ms). The call spectrum 
was characterized by a single broad peak with the overall 
dominant frequency of 3.8 kHz (Fig. 6; Table S4). 

Acoustic comparison. The call of Microhyla kodial was 
similar to that of M. achatina in its duration, 261.4 ms 
(228.6 – 288.3 ms) and 228.6 ms (116.2 – 285.3 ms), re-
spectively. These two species also showed a similar call 
rise and fall time ratio of nearly 1 : 1 (Fig. 6; Table S4). 
However, M. kodial differed from M. achatina by one 
of its temporal properties, i.e., slower pulse rate of 18 
pulses/s, 17.3 – 18.6 pulses/s (vs. faster, 26.4 pulses/s, 
25.6 – 28.5 pulses/s), and the spectral property, overall 
dominant frequency, which was higher at 3.8 kHz (vs. 
lower, 3.3 kHz) (Table S4). The various call properties of 
M. achatina observed in this study were within the range 
of values reported for the species (ARINI et al., 2016).
 On the other hand, the calls of another closely re-
lated member of Microhyla achatina group, Microhyla 
orientalis, were more distinct from those of M. achatina 

Fig. 3. Principal Component Analysis (PCA) based on 40 morphometric variables depicting the variance observed among 20 species and 
six recognized species groups in the morphologically cryptic genus Microhyla. Total 15 South Asian Microhyla
related congeners from Southeast and East Asia are represented. Species groups are shown in color and each species is indicated by num-
bers: (1) M. rubra, (2) M. mihintalei, (3) M. berdmorei, (4) M. pulchra, (5) M. achatina, (6) M. orientalis, (7) M. kodial, (8) M. heymonsi, 
(9) M. mukhlesuri, (10) M. mymensinghensis, (11) M. chakrapanii, (12) M. , (13) M. mixtura, (14) M. nilphamariensis, (15) M. or-
nata, (16) M. zeylanica, (17) M. sholigari, (18) M. laterite, (19) M. karunaratnei, (20) M. darreli sp. nov.
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and M. kodial. The calls of M. orientalis were not only 
of much shorter duration, 62 ms, 48.2 – 67.4 ms (vs. 
longer, 116.2 – 285.3 ms for M. achatina; 228.6 – 288.3 
ms for M. kodial), but also showed a considerably faster 
pulse rate of 46.5 – 64.5 pulses/s (vs. slower, 25.6 – 28.5 
pulses/s for M. achatina; 17.3 – 18.6 pulses/s for M. ko-
dial) (Fig. 6; Table S4; File S2). The various call proper-
ties of M. orientalis observed in this study were similar 
to those previously discussed (MATSUI et al., 2013).

Distribution and natural history. Currently, Microhyla 
kodial is only known from two localities — Baikampady 
and Padil, in Mangaluru city, Karnataka state, India. Both 
the populations are found in highly disturbed habitats ad-
jacent to major roadways and railway line. Animals were 
located at night during the months of July and August, 
either under grasses in a marshy area (Baikampady) or 
vegetation adjacent to temporary water collection sites 
(Pa dil). This species was found sympatrically with M. or-
nata. The ecology and breeding behavior of M. kodial 
was recently reported (VINEETH et al., 2018) (Fig. 4).

Microhyla cf. heymonsi
(Figures 1 – 3, 8, 9, S1, S2; Tables S1 – S5; File S1)

Microhyla heymonsi Vogt, 1911 was described from 
Taiwan, China based on eight male specimens (ZMB 
54906 – 54913). Apart from Taiwan Island, where this 
species has a wide distribution (JANG-LIAW & CHOU, 
2015), it is also reported from several regions across 
East and Southeast Asia (Cambodia, Laos, Mainland of 
China, Malaysia, Myanmar, Thailand, Vietnam, as well 
as the islands of Hainan, Singapore, and Sumatra) (AM-
PHIBIAWEB, 2018; FROST

species from South Asia was by SARKAR (1990), who 
reported M. heymonsi from Campbell Bay, Great Nico-
bar Island (India), based on a specimen collected by A. 
Daniel in 1966. Subsequently, the species was reported 

of Assam (GROSSELT et al., 2005) and Manipur (MATHEW 
& SEN, 2010). However, both these reports are likely to 

M. mymensinghensis
under that species). For the Andaman and Nicobar popu-

Fig. 4. The Microhyla achatina species group. A. Phylogenetic relationships depicted on a Maximum Likelihood phylogram based on mi-
tochondrial 16S gene sequences from 50 samples representing six species and two undescribed lineages (“sp. 1” and “sp. 3” sensu Matsui 
et al., 2011). Accession numbers are cross-referenced in Table S1. Numbers above and below the branches indicate Bayesian Posterior 

B. Geographical locations of the morphologically examined 
samples in the study. C. Diagnostic morphological and acoustic characters for the species group.
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-
men (1966), we studied another specimen, WII-HS08 
from Andaman Islands, available at WII (Dehradun, 

Microhyla chakrapanii

M. heymonsi; however, genetically the Andaman popula-
tion was considerably divergent from other M. heymon-
si populations in Southeast and East Asia (see below). 
Herein, we consider the Andaman populations to repre-
sent a potential candidate new species, and refer to it as 
M. cf. heymonsi
Furthermore, to facilitate future studies, we provide a de-
scription of the available specimen.

Genetic comparison. The Andaman sample of Micro-
hyla cf. heymonsi is genetically close to populations 

for 16S gene. Together, sub-clade 1 (Andaman + Ma-
laysia + Singapore) differed from sub-clade 2 (Thailand 

(China + Vietnam), which is the closest to the type local-

Table S2). Our results clearly indicate that the M. ‘hey-
monsi
either representing previously available names or unrec-
ognized diversity.

Morphological comparison. Microhyla cf. heymonsi is 
one of the most distinct species of South Asia and can 

Fig. 5. Morphological characters of Microhyla achatina. A. Dorsolateral view. B. Dorsal view. C. Ventral side. D. Lateral view. E. Pos-
terior view of thighs. F. Ventral view of hand. G. H. Ventral view of foot. I. Fourth toe tip. J. Terminal phalanx of fourth 
toe. K. L. Dorsolateral view. M. Dorsal view. 
N. La te ral view (L – N, in life, vouchers not preserved). Scale bars: 5 mm. (Photographs: S. D. Biju).

Fig. 6. Male advertisement calls of species in the Microhyla achatina group. Each species panel depicts (from top to bottom) oscillogram 
for ten-second call segment, oscillogram for 1-second call segment showing pulsatile structure, and spectrogram for 1-second call seg-
ment.
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be differentiated from all other members of the region by 
combination of following characters: absence of webbing 

terminal grooves, cover bifurcate distally; presence of a 
-

sum; a narrow mid-dorsal skin fold or line extending from 
the tip of snout up to the vent; and a prominent blackish-
brown lateral band, marking or skin fold that starts from 
the tip of snout and approaches the groin (Fig. 9).

Description of WII-HS08. A small-sized adult male 
(SVL 20.2), slender body; head wider than long (HW 
6.4, HL 5.9); snout rounded in dorsal, ventral, and lat-
eral views, its length (SL 2.5) longer than horizontal 
diameter of eye (EL 1.8); loreal region acute, indistinct 

-
tance (IN 1.8); nostril oval, closer to tip of snout (NS 
0.9) than eye (EN 1.2); nostril placed more towards the 
lateral side of the snout; supratympanic fold that extends 
from posterior corner of eye to shoulder present; tongue 
small, oval, without papillae. Arms short, forearm length 
(FAL 3.7) shorter than hand length (HAL 5.2); relative 

 (FLI 0.9, FLII 1.8, FLIII 
3.2, FLIV 1.9); 
with prominent dorso-terminal grooves, cover bifurcate 

rather prominent; outer palmar tubercle equal to the in-
ner, weakly-developed; supernumerary tubercles absent; 
nuptial pad absent. Hind limbs short, thigh (THL 11.1) 
shorter than shank (SHL 12.3) and foot (FOL 12.6); dis-
tance from base of tarsus to tip of toe IV (TFOL 17.8); 
relative length of toes I< II< V< III< IV; toe tips dilated 
with discs (TD I 0.5; TW I 0.4, TD II 0.6; TW II 0.3, TD III 
0.6; TW III 0.4, TDIV 0.6, TWIV 0.4, TDV 0.5, TWV 0.3), 
toe discs with prominent dorso-terminal grooves, cover 
bifurcate distally; toes with weakly-developed dermal 
fringes, terminal phalanges of toes T-shaped, foot web-
bing almost absent: I2 – 21/2II2 – 3III3 – 4IV4 – 3V; sub-
articular tubercles prominent, all present, circular; inner 
metatarsal tubercle prominent (IMTL 0.6), oval-shaped; 
outer metatarsal tubercle small (OMTL 0.4), rounded; 
supernumerary tubercles absent.
 Skin of dorsum, lateral surfaces from head to groin, 

smooth to shagreened; ventral surfaces smooth (Fig. 9).

Color in preservation (WII-HS08). Dorsum uniformly 
slate grey with a light grey mid-dorsal line extending 

brown marking on the center of the dorsum and mid-

Fig. 7. Morphological characters of two species in the Microhyla achatina group. A – K. Microhyla kodial. A. Dorsolateral view. B. Dorsal 
view. C. Ventral view. D. E.
2017.3675). F. Ventral view of hand. G. H. Ventral view of foot. I. Fourth toe tip. J. Terminal phalanx of fourth toe. 
K. L – U. M. orientalis. L. Dorsolateral 
view. M. Dorsal view. N. Ventral view. O. Lateral view. P. Q. Ventral view 
of hand. R. S. Ventral view of foot. T. Fourth toe tip. U.
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dorsal line; a prominent blackish-brown lateral band or 
marking starting from the tip of snout and approaching 
the groin; forelimbs and hind limbs greyish-brown with 
light brown cross bands. Ventral surfaces of throat and 
chest light brown with minute dark brown speckles; 
belly light grey; margins of abdomen, forelimbs light 
grey with dark brown speckles; hind limbs light brown 
with scattered black speckles, more prominently on tibia 
and tarsus; foot (including toes) dark brown; a crescent-
shaped dark brown streak above the cloacal opening 
(Fig. 9). 

Microhyla berdmorei species group
(Figures 1 – 3, 10, S1, S2; Tables S1 – S5; File S1)

The Microhyla berdmorei group was proposed to include 
species morphologically characterized by presence of ex-
tensive foot webbing, palatines, and well-developed digital 
discs (DUBOIS 1987; POYARKOV et al., 2014). However, this 
grouping is not supported phylogenetically and its various 

members exhibit considerable morphological differences. 
Currently, we consider the Microhyla berdmorei group to 
comprise of a single South Asian species, M. berdmorei, 
based on previous reports from Bangladesh (HASAN et al., 

the present study. Additionally, based on phylogenetic 
position, M. pulchra -

M. rubra” 
(PELOSO et al., 2016) and herein referred to as Microhyla 
cf. berdmorei, are provisionally considered as the other 
Southeast and East Asian members of this group; although 
M. pulchra differs from M. berdmorei by lesser webbing 
on foot, and toe tips without discs or grooves (Figs. 1, 10); 
and M. cf. berdmorei differs from both M. berdmorei and 
M. pulchra by considerably high genetic divergence of 

Microhyla pulchra 
was reported to occur in the Northeast regions of India 
(DINESH et al., 2009). This could be due to erroneous cit-
ing of a report of Kaloula pulchra (DEY & GUPTA, 2001 
“2000”) on the amphibian species of the world database 

Fig. 8. The Microhyla ‘heymonsi A. Phylogenetic relationships among six sub-clades depicted on a Maximum Likeli-
hood phylogram based on mitochondrial 16S gene sequences from 35 samples representing M. ‘heymonsi
and one sample of M. cf. heymonsi from South Asia. Accession numbers are cross-referenced in Table S1. Numbers above and below the 

B. Geographical location 
of the morphologically examined samples in the study. C. Diagnostic morphological characters for the clade. 
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(FROST, 2004; CHRISTY et al., 2007), which was probably 
followed in a checklist by DINESH et al. (2009). However, 
during our study, we have not located this species either 
in potential museums such as ZSIC (Kolkata, India), 
NERC-ZSI (Shillong, India), and NHM (London), or 

-
eastern states. Hence, we consider the occurrence of 
M. pulchra in India to be doubtful.

Microhyla berdmorei Blyth, 1856 “1855”
Pegu Rice Frog (FRANK & RAMUS, 1995)

(Figures 1 – 3, 10, S1, S2; Tables S1 – S5; File S1)

Original name and description. Engystoma (?) berdmo-
rei Blyth E., 1856 “1855”. Report for October Meeting 
1855, Journal of the Asiatic Society of Bengal 24: 720. 
Type. Not stated. Type locality. “Pegu” (= Bago), My-
anmar. Valid name, 
as Microhyla berdmorei (Blyth, 1856 “1855”) (PARKER, 
1934).

Diagnosis. A large-sized species (male SVL 33 – 36 mm, 
N = 6); snout rounded to sub-ovoid in dorsal and ven-
tral views, nearly rounded in lateral view; tympanic fold 

without dorso-terminal grooves; toe tips expanded into 
discs with dorso-terminal grooves and cover bifurcate 
distally; terminal phalanges of toes Y-shaped; inner met-
atarsal tubercles, oval, and outer metatarsal tubercles, 
rounded; presence of a faint or discontinuous mid-dorsal 
skin fold; dorsal skin shagreened with scattered tuber-
cles; lateral surfaces lighter in color with discontinuous 
lateral markings, band or skin fold; groin and ventral 
surface of thighs greenish-yellow colored in life; dorsal 
surface of forelimbs and hindlimbs with prominent to 
faint crossbands; light or dark brown patch above the 
cloacal opening, either of various sizes and shapes (in-

the cloaca.

Morphological comparison. Microhyla berdmorei can 
be differentiated from all other known Microhyla spe-
cies presently recognized from South Asia by its large 

Fig. 9. Morphological characters of Microhyla heymonsi and M. cf. heymonsi. A – H. Microhyla heymonsi (in preservation, voucher ZMB 
54906, syntype, an adult male, SVL 22.3 mm). A. Dorsal view. B. Ventral view. C. Lateral view of head. D. Ventral view of hand. E. Third 

F. Ventral view of foot. G. Fourth toe tip. H. Schematic illustration of webbing on foot. I – P. Microhyla cf. heymonsi (in pres-
ervation, voucher WIIHS08, an adult male). I. Dorsal view. J. Ventral view. K. Lateral view of head. L. Ventral view of hand. M. Third 

N. Ventral view of foot. O. Fourth toe tip. P. Schematic illustration of webbing on foot. Q. Terminal phalanx of fourth toe. Scale 
bars: 5 mm. (Photographs: S. D. Biju).
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-
lar tubercle on either side of toe IV and up to the discs 
on the remaining toes (vs. rudimentary to medium foot 
webbing in all other species); terminal phalanges of toes 
Y-shaped (vs. simple, knobbed, or T-shaped in all other 
species); toes tips enlarged into discs with dorso-terminal 
grooves and cover bifurcate distally (vs. absent, except in 
M. kodial, M. cf. heymonsi, and the Microhyla zeylanica 
group); presence of a faint or discontinuous mid-dorsal 
skin fold (vs. prominent, except in M. kodial); and lateral 
surfaces with discontinuous markings, band or skin fold 
(vs. prominent, except in M. kodial). Further, it differs 
from M. kodial and members of the Microhyla zeylanica 
group by its relatively larger adult size, male SVL 33 – 36 
mm (vs. smaller, male SVL 14 – 19 mm in M. kodial; 
male SVL 13 – 20 mm for Microhyla zeylanica group); 
and from M. cf. heymonsi
marking on the mid-dorsum (vs. present). This species 
can be differentiated from its close genetic congener, 
M. pulchra, by presence of toe discs with dorso-terminal 
grooves (vs. absent); large foot webbing, extending be-

IV, I1 – 1II1 – 1+III1 – 11/2IV11/2 – 1V (vs. small, below the 
second subarticular tubercle on either side of toe IV, I1+ – 
2+II12/3 – 3 – III21/2 – 4 – IV4 –  – 24/5V); and absence of strik-
ing dorsal markings (vs. presence of numerous undulat-
ing bands and spots on the dorsum).

Genetic comparison. The average uncorrected sequence 
divergence between Microhyla berdmorei and all other 
available homologous 16S sequences for the Microhyla 
berdmorei -
cally, M. berdmorei was closely related to M. pulchra 

M. cf. berdmorei 

M. berdmorei clade were also considerably high (up to 

species, comprising of either undescribed diver sity, other 
valid species such as M. darevskii (from Viet nam, PO-
YARKOV et al., 2014), or previously available names from 
Thailand such as M. fowleri TAYLOR, 1934 and M. mal-
colmi COCHRAN, 1927 currently in its synonymy. How-
ever, the Indian populations were more closely related to 
populations from Bangladesh and Myanmar (the country 
of its original description) (Fig. 10; Table S2).

Distribution and natural history. This species is widely 
distributed in Asia, mainly regions in China, Myanmar, 
Thailand, Laos, Vietnam, Cambodia, Malaysia, Indone-
sia, Bangladesh, and India (FROST, 2018). The species 
was reported from South Asian regions in Bangladesh 
(MAHONY et al., 2009; HASAN et al., 2012). In India, it 
was reported from several Northeast states (e.g., MAN-
THEY & GROSSMANN, 1997; DEVI & SHAMUNGOU, 2006; 
MATHEW & SEN, -

M. berd-
morei in the Northeast states of Assam, Meghalaya, and 
Tripura, based on new molecular and morphological data 
(Fig. 10). The new populations were sampled from low 

lying areas close to thickly vegetated water bodies either 
inside secondary forests or adjacent to human settle-
ments. Breeding activity was observed in Assam during 
the months of October – November.

Taxonomic remark. The status of type specimens of 
this nominal taxon remains confusing. Three specimens 
available at ZSI Kolkata (India), ZSI 9718 (SVL 35.2 
mm), ZSI 9719 (SVL 32.2 mm), and ZSI 9720 (SVL 33.3 
mm) from “Arakan” (Myanmar) that refer to this spe-
cies are currently in poorly preserved condition. Ander-
son (1871) listed these specimens as types and this was 
followed by SCLATER (1892). However, THEOBALD (1873) 
commented that specimens from “Arakan” cannot be the 
types of this species since the syntypes were collected 
from Schwe Gyen (= Shwegyin) by Major Berdmore, 
based on available records (THEOBALD, 1873; CHANDA, 
DAS & DUBOIS, 2000). We examined the available speci-
mens (ZSI 9718 – ZSI 9720) and found them to largely 
match with the original description and our newly sam-
pled populations.
 Another taxon, Microhyla fowleri Taylor, 1934 de-
scribed from “Chieng Mai, Siam” (= Thailand) is cur-
rently under the synonymy of M. berdmorei (e.g., BOUR-
RET, 1942; TAYLOR, 1962). This taxon was removed 
from the synonymy of M. berdmorei (DUBOIS, 1987), 
but placed back by MATSUI et al. (2011). Subsequently, 
POYARKOV et al. (2014) discussed the taxonomic history 
and recognized M. fowleri as a valid species; however, 
without providing additional evidence for their decision. 
Although, we could not examine the type specimen of 
M. fowleri (ANSP 19903), our molecular analysis shows 
some divergent populations from neighboring regions 
in Southeast Asia (Indonesia and Malaysia) that require 

they refer to M. fowleri.

Note. Another species, Microhyla butleri was reported 
from Mizoram with a snout-vent size of “SVL 31 – 34 
mm”, without any information on vouchers or the sex 
(LALREMSANGA et al., 2007). Based on the previously re-
ported size range for M. butleri, male SVL 20 – 25 mm, 
female SVL 21 – 26 mm (POYARKOV et al., 2014), this 

-
respond to M. berdmorei (male SVL 33 – 36 mm) or an 
undescribed species in the Microhyla berdmorei group.

 species group 
(Figures 1 – 3, 11 – 15, S1, S2; Tables S1 – S5; Files S1, S2)

Members included. South Asia — Microhyla chakra-
panii, M. mukhlesuri, and M. mymensinghensis; East and 
Southeast Asia — M. , M. mixtura, and M. oki-
navensis. 

Diagnosis. The group is distinguished from other Mi-
crohyla groups of South Asia by the following suite of 
morphological characters: small to medium-sized adults 
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(male SVL 17 – 25 mm, female SVL 22 – 28 mm); nostrils placed towards the lateral 

terminal phalanges of toes knobbed or T-shaped; inner metatarsal tubercle present, 
elongate; outer metatarsal tubercle small, rounded; webbing between toes absent or ru-
dimentary; dorsal skin shagreened to sparsely granular; a narrow mid-dorsal skin fold 
or line extending from tip of the snout to the vent; a streak (white or light brown in life, 
and grey in preservation) extending from posterior corner of the eye to the shoulder; 
and a prominent dark lateral band, marking, or skin fold starting from tip of the snout 
or nostril and approaching the groin on either side of the body (Fig. 11). 

Morphological comparison. Species in this group differ from members of Microhyla 
achatina group by their toe tips having small discs without grooves (vs. toe discs with 
prominent dorso-terminal grooves and cover bifurcate distally); from Microhyla zey-
lanica group by relatively larger adult size, male SVL 17 – 25 mm, female SVL 22 – 28 
mm (vs. smaller, male SVL 13 – 20 mm, female SVL 15 – 23 mm), nostrils placed to-
wards the lateral sides of the snout (vs. more towards the dorsal side of the snout), and 
toe tips having small discs without grooves (vs. discs with circum-marginal grooves 
in Microhyla zeylanica, and prominent dorso-terminal grooves with cover bifurcate 
distally in the remaining species); from Microhyla ornata group by toe tips with small 
discs (vs. rounded without discs), and weakly-developed outer metatarsal tubercles 
(vs. relatively well-developed); from Microhyla rubra group by toe tips having small 
discs (vs. rounded without discs), terminal phalanges of toes knobbed or Y-shaped (vs. 
simple with rounded tips), and inner and outer metatarsal tubercles small, rounded, not 
shovel-shaped (vs. large and shovel-shaped).

Genetic relationships. Phylogenetically,  group is the most inclu-
sive clade containing M. cha krapanii, M. , M. mixtura, M. mukhlesuri, M. my-
mensinghensis, and M. okinavensis, but none of the other clades that have been geneti-
cally studied so far within the entire radiation of Microhyla (Figs. 1, 11).
 The previously unassigned M. chakrapanii was found sister to M. mymensinghen-
sis with high support within this group (Fig. 1) and together the two were closely relat-
ed to M. mukhlesuri, with M.  being basal to all three species in the combined 
mt + nu as well as the independent mt analyses (Figs. 1, 11). This relationship was 
not congruent with previous mitochondrial phylogenies that found M. mukhlesuri as 
the sister species of M.  and together they formed a sister relation with M. my-
mensinghensis (e.g., HASAN et al., 2012, 2014A; HOWLADER et al., 2016; YUAN et al., 
2016). Sequences representative of two other species, M. mixtura + M. okinavensis, 
were consistently recovered as the basal taxa in this group (e.g., MATSUI et al., 2011; 
HOWLADER et al

Acoustic comparison. Species in this group can be differentiated from the other Mi-
crohyla groups of South Asia by their medium-sized pulsatile calls. The calls of two 
studied species in this group, M. mymensinghensis and M. , showed structural 
resemblance with members of the Microhyla ornata group, however, they differed in 
temporal properties such as call duration and pulse rate. call also 
showed structural similarities with members of the Microhyla achatina group, but 
differed in temporal properties such as the number of pulses and pulse rate (Fig. 13; 
Table S4). For comparison between M. mymensinghensis and M.  see the spe-
cies account of the former. For variations between M.  calls from China and 
Thailand, see File S2.

Note. Members of  group in South Asia share several metric and 
meristic characters with members of the Microhyla ornata group (see diagnosis), and 
most species of the  group (e.g., M. , M. mukhlesuri, M. my-
mensinghensis, and M. okinavensis M. ornata 
(MATSUI et al., 2005; GARG et al., 2018A). However, phylogenetically the three South 
Asian members, M. chakrapanii, M. mukhlesuri, and M. mymensinghensis are nested 
along with M. , and together these four species show a sister relationship with 
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Fig. 12. Morphological characters of two species in the  species group. A – J. Microhyla chakrapanii. A. Dorsolateral 
view (in life, not preserved). B. Dorsal view. C. Ventral view. D. Lateral view of head. E. Ventral view of hand. F. G. Ven-
tral view of foot. H. Fourth toe tip. I. Schematic illustration of webbing on foot. J. Terminal phalanx of fourth toe (B – J, in preservation, 
voucher WII HC184). K – S. M. . K. Dorsolateral view. L. Dorsal view. M. Ventral view (in life, not preserved). N. Lateral view of 
head. O. Ventral view of hand. P. Q. Ventral view of foot. R. Fourth toe tip. S. Schematic illustration of webbing on foot 
(N – S, in preservation, voucher CIB 68500). Scale bars: 5 mm. (Photographs: S. D. Biju; A, S. Harikrishnan; K – M, J. Jiang).

Fig. 13. Male advertisement calls of two species in the  species group. Each species panel depicts (from top to bottom) 
oscillogram for ten-second call segment, oscillogram for 1-second call segment showing pulsatile structure, and spectrogram for 1-second 
call segment. 
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the clade containing M. mixtura and M. okinavensis. 
Therefore, cur rently we include all the six species in the 

group, although further studies based 
on robust phylogenies combined with morphological and 
acoustic evidence could provide more insights on this 
grouping.

Microhyla 
chakrapanii, M. mukhlesuri, and M. mymensinghensis) 
differ from M. okinavensis and M. mixtura by absence 
of dorso-terminal grooves on toes (vs. present) (Fig. 15); 

M. mixtura by absence of 
prominent oval blotches on dorsum and elongate dark 
brown markings on lateral surfaces (vs. present). How-
ever, M.  is morphologically more closely related 
to the three South Asian species.

Microhyla  Pillai, 1977 
 (DAS & DUTTA, 1998)

(Figures 1 – 3, 11, 12, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla chakrapa-
nii Pillai, R. S. 1977. On two frogs of the family Mi-
crohylidae from Andamans including a new species. 
Proceedings of the Indian Academy of Sciences, Section 

B 86: 135 – 138. Type. Holotype ZSI-SRS VA/770. Type 
locality. “Mayabunder (east of Burma temple), North 
Andamans”, India. 
Valid name, as Microhyla chakrapanii Pillai, 1977.

Morphological comparison. Microhyla chakrapanii 
could be confused with M. , M. mixtura, M. muk-
hle suri, M. mymensinghensis, and M. okinavensis within 
the group. However, M. chakrapanii 
differs from M. mukhlesuri by its relatively smaller adult 
size, male SVL 17 – 22 mm, N = 5 (vs. larger, male SVL 
23 – 25 mm, N = 4), upper eyelid width equal to the inter-

N = 5 
N = 4), and 

terminal phalanges of toes T-shaped with prominently 
expanded lateral processes (vs. T-shaped with mod-
erately expanded lateral processes); and from M. my-
mensinghensis by its upper eyelid width equal to the in-

N = 5 
N = 6), and 

terminal phalanges of toes T-shaped with prominently 
expanded lateral processes (vs. knobbed with slight lat-
eral expansion). For comparison with , 
M. mixtura, and M. okinavensis Micro-

group.

Fig. 14. Morphological characters of two species in the  species group. A – J. Microhyla mukhlesuri. A. Dorsolateral 
B. Dorsal view. C. Ventral view. D. Lateral view of head. E. Ventral view of hand. F. Third 

G. Ventral view of foot. H. Fourth toe tip. I. Terminal phalanx of fourth toe. J. Schematic illustration of webbing on foot (B – J, in 
 K – T. M. mymensinghensis. K. Dorsolateral view (in life, voucher WIII ADA 50B). L. Dorsal 

view. M. Ventral view. N. Lateral view of head. O. Ventral view of hand. P. Q. Ventral view of foot. R. Fourth toe tip. 
S. Terminal phalanx of fourth toe. T. Schematic illustration of webbing on foot (L – S, in preservation, voucher WIII ADA 50B). Scale bars: 
5 mm. (Photographs: S. D. Biju).
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Genetic comparison. Phylogenetic results recovered 
Microhyla chakrapanii as sister taxon to M. mymensin-
ghensis (Figs. 1, 11) from which it differs by relatively 

16S gene. This species differs from other closely related 
species M.  and M. mukhlesuri by distances of 

Distribution and natural history. Microhyla chakrapa-
nii is presently restricted to Andaman Islands (India). This 
species was originally reported from Mayabunder on the 
Middle Andaman Island (PILLAI, 1977) and subsequently 
reported from South Andaman Island (CHANDRAMOULI 
et al., 2011) and the Long Island (HARIKRISHNAN et al., 

2012). Animals have mostly been found under grasses 
on the edges of temporary pools and puddles predomi-
nantly in secondary forests during the breeding season 
(mostly in November). The species is also reported to oc-

description of its advertisement call, eggs, and tadpoles 
are available (CHANDRAMOULI et al., 2011, 2015).

Note. Due to close resemblance of Microhyla chakra-
panii with M. achatina, M. heymonsi, M. palmipes, and 
M. superciliaris (DUTTA, 1997), this species was placed in 
the Microhyla achatina group (CHANDA, 2002). However, 

M. chakrapanii 
with members of the group based on 

Fig. 15. Two East and Southeast Asian members of the  species group. A – I. Microhyla mixtura. A. Dorsal view. B. Dor-
solateral view (in life, not preserved). C. Dorsal view. D. Ventral view. E. Lateral view of head. F. Ventral view of hand. G. Ventral view 
of foot. H. Fourth toe tip. I. Schematic illustration of webbing on foot (C – I, in preservation, voucher CIB 65706). J – P. Microhyla oki-
navensis. J. Dorsolateral view (in life, not preserved). K – P.  K. Dorsolateral view. L. Dorsal view. M. Ventral 
view. N. Ventral view of hand. O. Ventral view of foot. P. Schematic illustration of webbing on foot. Q. Geographical locations of the 
morphologically examined samples of M. mixtura and M. okinavensis in the study. Scale bars: 5 mm. (Photographs: S. D. Biju; A – B, 
J. Jiang; K – O, J. Poindexter). 
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molecular and morphological evidence (Figs. 1, 11, 12). 
Future acoustic studies could be useful for understand-
ing the distinctiveness of this species from closely related 
congeners. 

Microhyla mukhlesuri Hasan, Islam, Kuramoto, 
Kurabayashi & Sumida, 2014

 

(Figures 1 – 3, 11, 14, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla mukhlesuri 
Hasan M. K., Islam M. M., Kuramoto M., Kurabayashi 
A. & Sumida M. 2014. Description of two new species 
of Microhyla (Anura: Microhylidae) from Bangladesh, 
Zootaxa 3755: 401 – 408. Type.
by original designation. Type locality. “Raozan, Chit-

 Valid name, as Micro-
hyla mukhlesuri Hasan, Islam, Kuramoto, Kurabayashi 
& Sumida, 2014. 

Description of holotype. A detailed description is avail-
able (Hasan et al., 2014A).

Morphological comparison. Microhyla mukhlesuri could 
be confused with M. chakrapanii, M. , M. mix-
tura, M. mymensinghensis, and M. okinavensis with in 
the group. However, M. muk hle suri 
differs from M. mymensinghensis by its relatively larger 
adult size, male SVL 23 – 25 mm, N = 4 (vs. smaller, male 
SVL 20 – 24 mm, N = 6), and terminal phalanges of toes 
T-shaped with moderately expanded lateral processes 
(vs. knobbed with slight lateral expansion). Diagnostic 

(HASAN et al., 2014A

found them to be variable among the examined speci-
mens. Differences with M. chakrapanii are provided in 
the comparison section of that species and for compari-
son with M. , M. mixtura, and M. okinavensis see 

group.

Genetic comparison. Phylogenetically, Microhyla muk-
hle  suri is closely related to M. chakrapanii, M. ,  
and M. mymensinghensis (Figs. 1, 11) and differs from 

 
(Table S2). The Indian population of M. muk hle  suri was 
genetically similar to the populations from Ban gla desh 
(the country of its original description) (Fig. 11). How-

M. mukhlesuri
highest divergence was observed between the subclade of 
Bangladesh (typical) + Indian sample with populations 
from geographically distant regions such as Laos in South-
east Asia, where the distribution ranges of M. mukhlesuri 
and M.  are shown to be closely demarcated (YUAN 
et al., 2016). Hence, further studies will be necessary to 

understand the patterns of genetic differentiation within 
the M. ‘ M. mukhle suri complex.

Distribution and natural history. Microhyla mukhlesuri 
was originally reported from Raozan, Chittagong Dis-
trict, in southeastern Bangladesh (HASAN et al., 2014A). 
Subsequently, it was reported from the Mizoram state 
of Northeast India (GARG et al., 2018A). This species 
has been found under grasses on edges of water bodies 
(HASAN et al., 2014A) in Bangladesh. Based on other 
available 16S sequences (Table S1) and the recent study 
by YUAN et al. (2016), M. mukhlesuri also has a wide dis-
tribution in Southeast Asia (Malaysia, Myanmar, Laos, 
Thailand, and Vietnam).

Microhyla mymensinghensis Hasan, Islam, 
Kuramoto, Kurabayashi & Sumida, 2014
Mymensingh Narrow-mouthed Frog

(Figures 1 – 3, 11, 13, 14, S1, S2; Tables S1 – S5; File S1)

Original name and description. Microhyla mymensin-
ghensis Hasan M. K., Islam M. M., Kuramoto M., Kura-
bayashi A. & Sumida M. 2014. Description of two new 
species of Microhyla (Anura: Microhylidae) from Bang-
ladesh, Zootaxa 3755: 401 – 408. Type. Holotype IAB-

Type locality. “Bang-

Valid name, as Micro-
hyla mymensinghensis Hasan, Islam, Kuramoto, Kura-
bayashi & Sumida, 2014.

Description of holotype. A detailed description is avail-
able (HASAN et al., 2014A).

Morphological comparison. Microhyla mymensinghen-
sis could be confused with M. chakrapanii, M. , 
M. mixtura, M. mukhlesuri, and M. okinavensis within 
the Microhyla group. Of these, it is morphologi-
cally cryptic with M. chakrapanii and M. mukhlesuri; 
for differences see their respective comparison sections. 
Some of the diagnostic characters mentioned in the origi-
nal description (e.g., size and markings around the cloacal 
region) were found to be overlapping or variable in the 
examined specimens. For differences with M. chakrapa-
nii see comparison section of that species and for com-
parison with M. , M. mixtura, and M. okinavensis 

Microhyla group.

Genetic comparison. Phylogenetically, Microhyla my-
men singhensis is sister taxon to M. chakrapanii (Figs. 1, 
11), from which it was found to differ by uncorrected ge-

species differs from other closely related species M. -
sipes and M. mukhlesuri

M. my-
mensinghensis clade, populations from Nagaland were 
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studies to gain insights into the patterns of genetic dif-
ferentiation within and among closely related species of 
the Microhyla group.

Vocalization. The calls of Microhyla mymensinghen-
sis
Assam, by SDB and SG, on 13 June 2015, between 
19:00 – 20:00 h, at air temperature: 26.5°C dry bulb, 
26.0°C wet bulb. The male produced a single type of call 
with pulsatile temporal structure and the calls were not 
delivered in groups. The mean call duration was 466.4 
ms (450.2 – 477.1 ms) with 21 pulses (19 – 22 pulses) de-
livered at a rate of 43.1 pulses/s (39.0 – 47.2 pulses/s), 
rise time of 333.4 ms (280.1 – 370.4 ms), and a short fall 
time of 79.8 ms (68.8 – 102.6 ms). The call spectrum was 
characterized by two broad peaks with mean dominant 
frequency of 3.6 kHz (Fig. 13; Table S4). 

Acoustic comparison. Among members of the Micro-
hyla group, we compared the call of Microhyla 
mymensinghensis with new call recordings of M.  
(Fig. 13) from China and the previously published calls 
of M.  populations from Thailand (published as 
‘M. ornata HEYER, 1971). The calls of M. mymensin-
ghensis were longer in duration, 450.2 – 477.1 ms (vs. 
shorter in both populations of M. , 230 – 310 ms) 
with a slower pulse rate, 39.0 – 47.2 pulses/s (vs. faster in 
both populations of M. , 53.0 – 63.0 pulses/s). The 
overall structure of M. mymensinghensis call also had re-
semblance with members of the Microhyla ornata group. 
However, M. mymensinghensis had relatively longer 
calls, 450.2 – 477.1 ms (vs. shorter, 321.1 – 378.6 ms in 
M. ornata, and 311.3 – 368.7 ms in M. nilphamariensis).

Distribution and natural history. Microhyla mymensin-
ghensis was originally described from Mymensingh in 
Bangladesh. Subsequently, this species was shown to 
be widely distributed in northeast regions of India, with 

Manipur, Meghalaya, Nagaland, Tripura, and West Ben-
gal (GARG et al., 2018A). In India, specimens were usu-
ally found at night either on pond edges inside secondary 
forest patches or along slow moving streams (Nagaland, 
Meghalaya, and Tripura). In Assam and Manipur, we 
located individuals under grasses or leaf litter 1 – 2 m 
away from riverbanks. This species was also fairly com-
mon outside forested areas, including human settlements 
and temporary roadside puddles (Assam and Nagaland) 
(Fig. 11). A calling population observed on the edges of a 
temporary roadside water puddle in Assam was recorded 
for the study. 

Note. Microhyla heymonsi was reported from Assam 
along with description of its call (GROSSELT et al., 2005), 
however, without any voucher information. Based on 
the call properties, we suggest it corresponds to M. my-
mensinghensis. We also collected M. mymensinghensis 
from a nearby locality of Assam (Maruacherra, Cachar), 

M. heymonsi was reported from Manipur (MATHEW & 
SEN, 2010), however the accompanying photographs cor-
respond to M. mymensinghensis.

Microhyla ornata species group 
(Figures 1 – 3, 16 – 19, S1, S2; Tables S1 – S5; File S1)

Members included. South Asia — Microhyla nilpha ma-
riensis, M. ornata, and M. taraiensis. 

Diagnosis. The group is distinguished from other Micro-
hyla groups of South Asia by the following suite of char-
acters: small to medium-sized adults (male SVL 15 – 24 
mm, female SVL 22 – 28 mm); nostrils placed towards 

without discs and grooves; terminal phalanges of toes 
T-shaped; distinct inner and outer metatarsal tubercles; 
dorsal skin shagreened to granular; foot webbing small; 
presence of a narrow mid-dorsal skin fold or line extend-
ing from tip of the snout to the vent; presence of a promi-
nent dark blackish-brown lateral band, marking, or skin 
fold starting from tip of the snout or nostril and approach-
ing the groin on either side of the body (Figs. 16, 17). 

Morphological comparison. Species in this group differ 
from the Microhyla rubra group by terminal phalanges 
of toes T-shaped (vs. simple with rounded tips), inner 
and outer metatarsal tubercles not shovel-shaped (vs. 
shovel-shaped), small foot webbing, not beyond the third 
subarticular tubercle on either side of toe IV (vs. more, 
extending beyond the second subarticular tubercle), and 
dorsum with prominent reticulations and markings (vs. 
reddish-brown without prominent markings); from the 
Microhyla zeylanica group by relatively larger adult 
size, male SVL 15 – 24 mm, female SVL 22 – 28 mm (vs. 
smaller, male SVL 13 – 20 mm, female SVL 15 – 23 mm), 
nostrils placed towards the lateral sides of the snout (vs. 
more towards the dorsal side of the snout), and toe discs 
without grooves (vs. with circum-marginal grooves in 
M. zeylanica, or with prominent dorso-terminal grooves 
and cover bifurcate distally in other species) (Fig. 16). 
For differences with the Microhyla achatina group, Mi-
crohyla berdmorei group, and group, 
see their comparison sections. 

Genetic relationships. Phylogenetically, the Microhy-
la ornata group is the most inclusive clade containing 
Microhyla nilphamariensis, M. ornata, and M. taraien-
sis, but none of the other clades that have been phylo-
genetically studied so far within the entire radiation of 
Microhyla (Fig. 1). In the mt 16S analysis, we recovered 
the recently described Microhyla taraiensis as the sis-
ter species of M. nilphamariensis + M. ornata as shown 
previously (KHATIWADA et al., 2017), but the relationship 

support) in our combined mt + nu analyses probably 
due to missing nuclear data for M. taraiensis (Figs. 1, 
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Fig. 16. The Microhyla ornata species group. A. Phylogenetic relationships depicted on a Maximum Likelihood phylogram based on 
mitochondrial 16S gene sequences from 104 samples representing three species. Accession numbers are cross-referenced in Table S1. 

-
tively. B. Geo graphical locations of the genetically and/or morphologically studied samples. C. Diagnostic morphological and acoustic 
characters for the group.
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16). However, based on sequence divergence in the 16S 
gene, M. nilphamariensis was almost equally close to 
M. taraiensis M. ornata
while M. ornata and M. taraiensis were more distantly 

Acoustic comparison. The two recorded species in this 
group, M. nilphamariensis and M. ornata, can be diffe-
rentiated from the other groups by their medium-sized 
pulsatile calls, 311.3 – 378.6 ms (311.3 – 368.7 ms in M. nil -
phamariensis; 321.1 – 378.6 ms in M. ornata). Fur  th er,  
M. taraiensis calls are known to have durations of 688 – 
911 ms (KHATIWADA et. al., 2017). The calls of M. nil pha-
mariensis and M. ornata differ from members of the Mi-
crohyla rubra group by slower pulse rate of 29.2 – 38.2 

pulses/s (vs. faster, 73.8 – 83.3 pulses/s in M. rubra; and 
65.8 – 70.5 pulses/s in M. mihintalei, as also shown pre-
viously by WIJAYATHILAKA et al., 2016). The overall call 
structure of this group also has close resemblance with 
members of the group. For differ-
ences with the Microhyla achatina group and Microhyla 

 group, see their acoustic comparison sections 
(Fig. 18; Table S4). 

Note. This group is widely distributed in India and neigh-
boring regions of Bangladesh, Nepal, Sri Lanka, and pos-
sibly Bhutan and Pakistan.

Fig. 17. Morphological characters of three members of the Microhyla ornata species group. A – I. Microhyla nilphamariensis. A. Dorsal 
view. B. Ventral view. C. D. Ventral view of hand. E. F. Ventral 
view of foot. G. Fourth toe tip. H. Terminal phalanx of fourth toe. I. Schematic illustration of webbing on foot (D – I, in preservation, 

J – R. M. ornata. J. Dorsal view. K. Ventral view. L.
M. Ventral view of hand. N. O. Ventral view of foot. P. Fourth toe tip. Q. Terminal phalanx of fourth toe. R. Schematic 

S – V. M. taraiensis. S. Dorsolateral view (in life, not 
preserved). T. U. Fourth toe tip. V. Schematic illustration of webbing on foot. Scale bars: 5 mm. (Photographs: S. D. Biju 
and S. Garg).
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 Howlader, Nair,  
Gopalan & Merilä, 2015 
Nilphamari Narrow-mouthed Frog

(Figures 1 – 3, 16 – 18, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla nilpha ma-
riensis Howlader M. S. A., Nair A., Gopalan S. V. & Mer-
ilä J. 2015. A new species of Microhyla (Anura: Micro-
hylidae) from Nilphamari, Bangladesh, PLoS One 10(3): 
e0119825: 1 – 18. Type. Holotype MZH-2362, by ori-
gi nal designation. Type locality.

-
pur, Nilphamari, Bangladesh”. Current status of spe-

Valid name, as Microhyla nilphamariensis 
Howlader, Nair, Gopalan & Merilä, 2015.

Description of holotype. A detailed description of the 
holotype is available (HOWLADER et al., 2015).

Morphological comparison. Microhyla nilphamarien-
sis could be confused with M. ornata and M. taraiensis 
within the Microhyla ornata group. However, M. nil-
phamariensis differs from M. ornata and M. taraiensis 
by its lateral band, marking, or skin fold that starts from 
tip of the snout or nostril and approaches the groin on 
either side of the body, being more prominently blackish-
brown and continuous (vs. less prominent); and ventral 

surfaces being mottled with various sized blackish-brown 
spots, more prominently on throat, chest, and margins of 
the belly (vs. throat grey to dark grey, chest and belly 
off-white, without prominent darker spots) (Fig. 16). 

M. ornata by 
its upper eyelid width equal to internarial distance (vs. 
shorter); thigh nearly equal to shank length (vs. short-
er) (Table S5); and inner metatarsal tubercle small and 
ovoid (vs. large and bean-shaped). Further, it differs from 
M. taraiensis by inner metatarsal tubercles being small 
and ovoid (vs. relatively smaller, rounded); and dorsum 
without prominent red spots (vs. dorsal surfaces includ-
ing head with prominent and scattered red spots). For 
more difference with M. taraiensis, see discussion by 
HOWLADER et al. (2015).

Genetic comparison. Phylogenetically, Microhyla nil-
pha mariensis is closely related to M. ornata and M. ta-
ra iensis (Figs. 1, 16). It differs from the two by uncor-

respectively, for the 16S gene (Table S2). Within M. nil-
phamariensis
observed, which was not surprising considering the wide 
distribution of this species across South Asia.

Vocalization. The calls of Microhyla nilphamariensis  

and SG, on 19 July 2014, between 20:00 – 20:30 h, at air 

Fig. 18. Male advertisement calls of species in the Microhyla ornata group. Each species panel depicts (from top to bottom) oscillogram 
for ten-second call segment, oscillogram for 1-second call segment showing pulsatile structure, spectrogram for 1-second call segment. 
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temperature: 22.0°C dry bulb, 22.2°C wet bulb. The male 
produced a single type of call with pulsatile temporal 
structure. The calls were not delivered in groups and had 
uniform intervals. Calls had a mean duration of 337.2 ms 
(311.3 – 368.7 ms) with 11 pulses (10 – 12 pulses) deliv-
ered at a rate of 29.6 pulses/s (29.2 – 30.2 pulses/s), rise 
time of 240.6 ms (211.3 – 274.8 ms), and fall time of 82.8 
ms (38.6 – 127.9 ms). The call spectrum was character-
ized by two broad peaks with mean dominant frequency 
of 2.3 kHz (Fig. 18; Table S4). 

Acoustic comparison. The calls of Microhyla nilpha-
mariensis differed from those of M. ornata by a relatively 
shorter rise time of 38.6 – 127.9 ms (vs. relatively longer, 
112.2 – 164.4 ms) and slower pulse rate of 29.2 – 30.2 
pulses/s (vs. faster, 34.9 – 38.2 pulses/s) (Fig. 18). 

Distribution and natural history. Microhyla nil-
phamariensis is one of the most widely distributed Mi-
crohyla species of South Asia (Fig. 16) and is genetically 

Saidpur), India (Andhra Pradesh, Assam, Bihar, Chhat-
tisgarh, Delhi, Karnataka, Kerala, Maharashtra, Odisha, 

Narayani) (HOWLADER et. al., 2015, KHATIWADA et. al., 
2017; GARG et al., 2018A). The previous study by GARG 
et al. (2018A) also discussed patterns of genetic differen-
tiation among the various populations of this species. In 
the Western Ghats, this species is restricted to north of 
the Palghat Gap in Kerala up to Maharashtra. This spe-
cies is found both in urban and forested areas throughout 
its range. Calling individuals were observed at Amboli 
(June – July) and Koyna (June – August) in Maharash-

tra state, and Madayipara (July) in Kerala state. Calling 
males were located close to temporary water bodies, ei-
ther under grasses and low vegetation (Amboli and Koy-
na) or on laterite rock surfaces (Amboli and Madayipara). 

Notes. This species could be confused or considered con-
Engystoma 

malabaricum Jerdon, 1853 and Engystoma carnaticum 
JERDON, 1853, currently under the synonymy of Micro-
hyla ornata
M. ornata. 

Microhyla ornata (Duméril & Bibron, 1841) 
Ornate Narrow-mouthed Frog (ANANJEVA et al., 1988)

(Figures 1 – 3, 16 – 19, S1, S2; Tables S1 – S5; File S1)

Original name and description. Engystoma ornatum 
Duméril A. M. C & Bibron G. 1841. Erpétologie Gené-
rale ou Histoire Naturelle Complète des Reptiles, Volume 
8, Paris: Librarie Enclyclopedique de Roret. Type. Holo-
type MNHNP 5035, according to Guibé (1950). Type 
locality. “côte Malabar”, India. Current status of spe-

Valid name, as Microhyla ornata (Duméril 
& Bibron, 1841) (BOULENGER, 1882). Synonyms. Engys-
toma malabaricum Jerdon, 1853 and Engystoma carnati-
cum Jerdon, 1853 (BOULENGER, 1882).

Comment. A general description of the holotype is avail-
able (DUMÉRIL & BIBRON, 1841). This species was report-
ed to occur widely in Asia (e.g., GÜNTHER, 1859 “1858”; 
STOLICZKA, 1870; BOULENGER, 1882; PARKER, 1934). Its 

Fig. 19. Holotype of Engystoma ornatum (= Microhyla ornata), MNHNP 5035. A. Dorsal view. B. Ventral view. C. Lateral view of head. 
D. Ventral view of hand. E. Ventral view of foot. Scale bars: 5 mm.



Garg, S. et al.: Systematic revision of Microhyla (Microhylidae) frogs of South Asia

28

geographical range was restricted to South Asia after re-
-

ture (MATSUI et al., 2005). The distribution was further 
-

rently known to occur only in Peninsular India and Sri 
Lanka (GARG et al., 2018A). Since M. ornata has often 
been taxonomically confused with several morphologi-
cally similar species (e.g., M. , M. oki navensis, 
M. mukhlesuri, M. mymensinghensis, and M. nil pha ma ri-
ensis), below we provide a redescription of its holotype.

Redescription of Holotype MNHNP 5035 (measure-
ments in mm) (Fig. 19). A small-sized (SVL 22.9), 
slender adult male; head small (HW 6.4, HL 5.1), wider 
than long (HW/HL ratio 1.3); snout subovoid in dorsal 
and ventral view, rounded in lateral view, protruding, its 
length (SL 2.7) longer than horizontal diameter of eye 
(EL 1.9); loreal region obtuse with rounded canthus ros-

-

skin, closer to tip of snout (NS 0.8) than eye (EN 1.3); 
tympanum not visible externally, faintly developed su-
pratympanic fold extending from posterior corner of up-
per eyelid to shoulder; eye diameter (EL 1.9); vomerine 
teeth absent; tongue small, oval, without papillae. Arms 
short, forearm length (FAL 3.7) shorter than the hand 

 (FLI 
1.1, FLII 1.6, FLIII 3.2, FLIV 1.7); -

rather prominent; three palmar tubercles, well-devel-
oped, oval; supernumerary tubercles absent; nuptial pad 
absent. Hind limbs short, thigh (THL 9.7) shorter than 
shank (SHL 10.1) and foot (FOL 9.9); distance from base 
of tarsus to tip of toe IV (TFOL 14.3); relative length 
of toes I< II< V< III< IV; toe tips without discs and 
grooves, toes without dermal fringes, terminal phalanges 
of toes T-shaped, webbing between toes rudimentary: I2
+ – 22/3II2 – 3+III3+ – 4+IV4+ – 3V; subarticular tubercles 
prominent, all present, circular; inner metatarsal tuber-
cle prominent (IMT 0.9), oval; outer metatarsal slightly 
smaller than inner tubercle (OMT 0.7), prominent; super-
numerary tubercles absent.
 Skin of snout, between eyes, sides of head smooth 
to shagreened; anterior and posterior part of back, and 

-
sal parts of forelimb, thigh, tibia, and tarsus smooth to 
shagreened; posterior part of thighs and cloacal region 
coarsely granular; and ventral surface smooth (Fig. 19). 

Morphological comparison. Microhyla ornata could 
be confused with M. nilphamariensis and M. taraiensis 
within the Microhyla ornata group (Fig. 16). However, 
M. ornata differs from M. taraiensis by its elongate or 
bean-shaped metatarsal tubercle (vs. rounded), rounded 
outer metatarsal tubercle (vs. elongate), and dorsum 
without prominent red spots (vs. dorsal surfaces includ-
ing the head with prominent and scattered red spots). For 
more differences with M. taraiensis, see discussion by 

HOWLADER et al. (2015). For detailed comparison with 
M. nilphamariensis, see the morphological comparison 
section of that species.

Genetic comparison. Phylogenetically, Microhyla or na-
ta is closely related to M. nilphamariensis and M. ta ra-
iensis (Figs. 1, 16). It differs from the two by uncorrected 

-
tively, for the 16S gene (Table S2). The Indian and Sri 
Lankan populations of M. ornata are genetically similar 

Vocalization. The calls of Microhyla ornata
2014.2794) were recorded at Coimbatore, by SDB and 
SG, on 8 October 2014, between 21:00 – 22:00 h, at air 
temperature: 28.5°C dry bulb, 26.5°C wet bulb. The male 
produced a single type of call with pulsatile temporal 
structure. The calls were not delivered in groups and had 
uniform intervals. Calls had a mean duration of 333.8 
ms (321.1 – 378.6 ms) with 13 pulses (13 – 14 pulses) de-
livered at a rate of 37.3 pulses/s (34.9 – 38.2 pulses/s), 
rise time of 193.4 ms (152.6 – 215.3 ms), and fall time 
of 129.8 ms (112.2 – 164.4 ms). The call spectrum was 
characterized by two broad peaks with mean dominant 
frequency of 2.6 kHz (Fig. 18; Table S4).

Acoustic comparison. The calls of Microhyla ornata 
have an overall structural resemblance with M. nilpha-
mariensis (Fig. 18). For differences, see the acoustic 
com parison section of that species.

Distribution and natural history. Microhyla ornata was 
believed to be a widely distributed species throughout 
South Asia (MATSUI et al., 2011), however its distribution 
was recently restricted to Peninsular India and Sri Lanka 
(GARG et al., 2018A -
cords, currently, in India M ornata is known to occur in 
the states of Andhra Pradesh, Karnataka, Kerala, and Ta-

records of M. ornata from Sri Lanka (Fig. 16; Table S1). 
This species is predominantly found outside forest areas, 

close to permanent or temporary water bodies in urban 
landscapes. Breeding activities were usually observed 
during the early monsoon season (June – July), although 
animals can often be heard calling throughout the mon-
soon, immediately after rains. This species is often sym-
patric with members of the Microhyla rubra group and/
or Microhyla zeylanica group.

Notes. Engystoma malabaricum Jerdon, 1853 is currently 
placed under the synonymy of Microhyla ornata (BOU-
LENGER, 1882). Some of the characters mentioned in the 
original description of this taxon (such as “Isabella color 
above, varied with dark angular markings, sides dark 
purplish, throat ditto, limbs barred”) are usually more 
prominent and considered diagnostic for two other spe-
cies from this region, i.e., Microhyla nilphamariensis 
and M. sholigari. Further, the sount-vent size of Engys-
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toma malabaricum is stated as “Length 1 1/10th” (= SVL 
27.9 mm), which is closer to the size range of Microhyla 
nilphamariensis (SVL 19 – 24 mm) than M. sholigari (SVL 
16 – 18 mm). Hence, M. nilphamariensis could be conspe-

Engystoma malabaricum Jerdon, 1853. Howev-
er, the original name bearing type of Engystoma mala ba-
ri cum is untraceable and likely to be lost (JERDON, 1870).
 Another nomen, Engystoma carnaticum Jerdon, 1853, 
is also currently under the synonymy of Microhyla orna-
ta (BOULENGER, 1882). Although the type specimen of 
this taxon is also considered lost (JERDON, 1870), two 
specimens available at ZSIC (ZSIC 3582, female, SVL 

as Diplopelma carnaticum Stoliczka, 1870 (= Engysto-
ma carnaticum Jerdon, 1853) by STOLICZKA (1870) are 
comparable with Microhyla nilphamariensis in sount-
vent size, “three quarters of an inch” (= SVL 19.05 mm) 
and “largest specimens (somewhat exceeding one inch 
in length of body)” (= SVL > 25.4 mm), and the overall 
dorsal and ventral coloration. This taxon was originally 
described from “the Carnatic”, South India with size stat-
ed as “Length 9/10th of an inch” (= SVL 22.86 mm) (Jer-
don, 1853). Subsequently, this species was also reported 
to be widely distributed, “occurs all through Barma and 
Bengal, probably extending into the eastern Panjab, and 
southward through the Central Provinces and Orissa into 
the Carnatic” (STOLICZKA, 1870), more or less match-
ing the distribution range of M. nilphamariensis (GARG 
et al., 2018A). However, the specimens of Diplopelma 
carnaticum available at ZSIC are found to be in a poorly 
preserved or damaged condition and their type status also 
remains unclear.

Microhyla taraiensis Khatiwada, Shu, Wang, 
Thapa, Wang & Jiang, 2017
Tarai Narrow-mouthed Frog (KHATIWADA, SHU, WANG, THAPA, 

WANG & JIANG, 2017)

(Figures 1 – 3, 16, 17, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla taraiensis 
Khatiwada J. R., Shu G. C., Wang S. H., Thapa A., Wang 
B. & Jiang J. 2017. A new species of the genus Microhyla 
(Anura: Microhylidae) from Eastern Nepal, Zootaxa 4254 
(2): 221 – 239. Type.
original designation. Type locality. “Jamun Khadi, Jhapa 
district, Nepal, 26.65358°N & 87.91161°E; elevation 
119 m asl”. Valid name, 
as Microhyla taraiensis Khatiwada, Shu, Wang, Thapa, 
Wang & Jiang, 2017. 

Description of holotype. A detailed description of the 
holotype is available (KHATIWADA et al., 2017).

Morphological comparison. Microhyla taraiensis could 
be confused with M. ornata and M. nilphamariensis 
within the Microhyla ornata group. However, it differs 
from the two by relatively larger adult size, dorsum with 

prominent red spots, and smaller inner metatarsal tuber-
cles. For more differences with M. nilphamariensis and 
M. ornata see their morphological comparison sections 
and the original description (KHATIWADA et al., 2017).

Genetic comparison. Phylogenetically, Microhyla tara-
iensis is closely related to M. nilphamariensis and M. or-
nata (Figs. 1, 16). It differs from the two by uncorrected 

-
tively, for the 16S gene (Table S2).

Distribution and natural history. Microhyla taraien-
sis is currently known only from its type locality Jamun 
Khadi in Eastern Nepal. Although we did not survey 
Indian regions neighboring Nepal, this species is likely 
to be present in adjoining low elevation areas of Bihar 
and West Bengal. The original description reported this 

where it is found to occur sympatrically with M. nil-
phamariensis (KHATIWADA et al., 2017).

Microhyla rubra species group 
(Figures 1 – 3, 20 – 23, S1, S2; Tables S1 – S5; File S1)

Members included. South Asia — Microhyla mihintalei 
and M. rubra. 

Diagnosis. This group is unique among all the other Mi-
crohyla groups of South Asia and can be distinguished by 
two major characters, terminal phalanges of toes simple 
with rounded tips and large shovel-shaped metatarsal tu-
bercles on foot (Fig. 20). 

Morphological comparison. For comparison with the 
Microhyla achatina group, Microhyla berdmorei group, 
Microhyla group, and Microhyla ornata group, 
see morphological comparison sections of the respective 
groups. The Microhyla rubra group differs from Micro-
hyla zeylanica 
without grooves (vs. toe tips having small discs with 
circum-marginal grooves in M. zeylanica, or with promi-
nent dorso-terminal grooves and cover bifurcate distally 
in all other species), terminal phalanges of toes simple 
with rounded tips (vs. T-shaped), and well-developed 
shovel-shaped inner and outer metatarsal tubercles (vs. 
weakly-developed, not shovel-shaped) (Fig. 21).

Genetic relationships. Phylogenetically, the Microhyla 
rubra group can be characterized as the most inclusive 
clade containing Microhyla mihintalei and M. rubra, but 
none of the other clades that have been genetically stud-
ied so far within the entire radiation of Microhyla. The 
sister relationship between M. mihintalei and M. rubra 
is well supported, and together these two members are 
closely allied to the Microhyla ornata group (Figs. 1, 20).

Acoustic comparison. The two species in this group, 
Microhyla mihintalei and M. rubra, can be differenti-
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ated from the other groups by their short pulsatile calls, 
115.3 – 171.7 ms (158.5 – 171.7 ms in M. mihintalei, and 
115.3 – 142.4 ms in M. rubra) (Fig. 22). For comparison 
with the Microhyla achatina group, Microhyla 
group, and Microhyla ornata group, see the acoustic sec-
tions of the respective groups.

Note. This group is restricted to Peninsular India and Sri 
Lanka (WIJAYATHILAKA et al., 2016). Records outside this 

WOGAN et 
al., 2008) and Nepal (ANDERS, 2002), are doubtful.

Microhyla mihintalei Wijayathilaka, Garg,  
Senevirathne, Karunarathna, Biju & Meegas-
kumbura, 2016
Mihintale Red Narrow-mouthed Frog (WIJAYATHILAKA et al., 2016)

(Figures 1 – 3, 20 – 22, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla mihintalei 
Wijayathilaka N., Garg S., Senevirathne G., Karuna-
rathna N., Biju S. D. & Meegaskumbura M. 2016. A 
new species of Microhyla (Anura: Microhylidae) from 
Sri Lanka: an integrative taxonomic approach, Zoo-
taxa 4066: 331 – 342. Type. Holotype DZ 1553, by 

original designation. Type locality. “Anuradhapura 
(8.3541°N, 80.3967°E, 90 m a.s.l) Sri Lanka”. Current 

Valid name, as Microhyla mi-
hintalei Wijayathilaka, Garg, Senevirathne, Karunarath-
na, Biju & Meegaskumbura, 2016.

Description of holotype. A detailed description of the 
holotype is available (WIJAYATHILAKA et al., 2016).

Morphological comparison. Microhyla mihintalei could 
be confused with M. rubra, the only other member 
of the Microhyla rubra group. However, M. mihinta-
lei differs from M. rubra by its relatively smaller adult 
male size, SVL 21 – 28 mm (vs. relatively larger, male 
SVL 24 – 30 mm), thigh nearly equal to shank and foot 
length, male, THL 10.8 – 12.5 mm, SHL 10.9 – 12.7 
mm, FOL 10.8 – 12.2 mm, N = 9 (vs. longer, male, THL 
12.0 – 14.3 mm, SHL 11.9 – 12.4 mm, FOL 11.5 – 13.1 
mm, N = 8), and dorsal skin shagreened to sparsely granu-
lar (vs. granular) (Figs. 20, 21).

Genetic comparison. Microhyla mihintalei is the sister 
species of M. rubra (Figs. 1, 20) and differs from it by 

16S gene (Table S2). 

Fig. 20. The Microhyla rubra species group. A. Phylogenetic relationships depicted on a Maximum Likelihood phylogram based on 
mitochondrial 16S gene sequences from 27 samples representing two species. Accession numbers are cross-referenced in Table S1. Num-

B. Geographical locations of the genetically and/or morphologically studied samples. C. Diagnostic morphological and acoustic characters 
for the group. 
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Fig. 21. Morphological characters of two members of the Microhyla rubra species group. A – I. Microhyla mihintalei. A. Dorsal view. 
B. Ventral view. C. Lateral view. D. Posterior view of thighs (A – D, in life, voucher DZ 1553). E. Ventral view of hand. F.
tip. G. Ventral view of foot. H. Fourth toe tip. I. Schematic illustration of webbing on foot (E – I, in preservation, voucher DZ 1557). J – S. 
M. rubra. J. Dorsal view. K. Ventral view. L. Lateral view. M. N. Ven-
tral view of hand. O. P. Ventral view of foot. Q. Fourth toe tip. R. Schematic illustration of webbing on foot. S. Terminal 

Fig. 22. Male advertisement calls of species in the Microhyla rubra group. Each species panel depicts (from top to bottom) oscillogram for 
ten-second call segment, oscillogram for 1-second call segment showing pulsatile structure, and spectrogram for 1-second call segment.
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Vocalization. The calls of Microhyla mihintalei (DZ 
1445) were recorded at Mihintale, Sri Lanka, by MM and 
team on 27 September 2014, between 19:30 – 20:00 h, at 
air temperature: 27°C dry bulb, 25.5°C wet bulb. The 
males produce a single type of call with pulsatile tempo-
ral structure (WIJAYATHILAKA et al., 2016). The calls are 
not delivered in groups, had short mean duration of 162.6 
ms (158.5 – 171.7 ms), with 12 pulses (11 – 12 pulses) de-
livered at a rate of 68.4 pulses/s (65.8 – 70.5 pulses/s), 
call rise time of 76.8 ms (66.2 – 84.3 ms), and call fall 
time of 79.2 ms (60.1 – 105.1 ms). The call spectrum was 
characterized by a single broad peak with mean dominant 
frequency of 2.3 kHz (Fig. 22; Table S4).

Acoustic comparison. The calls of Microhyla mihintalei 
differed from those of M. rubra by a relatively longer du-
ration 158.5 – 171.7 ms (vs. shorter, 115.3 – 142.4 ms) and 
slower pulse rate of 65.8 – 70.5 pulses/s (vs. 73.8 – 83.3 
pulses/s) (Fig. 22). 

Distribution and natural history. Microhyla mihintalei 
is endemic to Sri Lanka where it is widely distributed 
in the lowland dry zone. This species is often associated 

streams. It is also known to burrow or hide in crevices 
during daytime. So far, the presence of this species has 

-
dura, Ampara, Mihintale, and Dambulla (WIJAYATHILAKA 
et al., 2016), but it is believed to occur more widely in 
dry lowlands of the island (Fig. 20). This species can be 
found sympatrically with M. ornata and the tadpoles of 
both species have been observed in same water bodies 
(WIJAYATHILAKA et al., 2016).

Microhyla rubra (Jerdon, 1854 “1853”)
Red Narrow-mouthed Frog (DAS & DUTTA, 1998)

(Figures 1 – 3, 20 – 23, S1, S2; Tables S1 – S5; File S1)

Original name and description. Engystoma rubrum 
Jerdon T. C. 1854 “1853”. Catalogue of reptiles inhabit-
ing the Peninsula of India, Journal of the Asiatic Society 
of Bengal 22: 522 – 534. Neotype. By present designa-
tion, ZSI/WGRC/V/A/960, an adult male, SVL 27.9 mm, 
collected by SD Biju and Sonali Garg on 25 July 2014. 
Neotype locality. Bannerghatta, Karnataka, India. Cur-

Valid name, as Microhyla 
rubra (Jerdon, 1854 “1853”).

Designation of neotype. This species was described 
from the “Carnatic near rivers, in sandy banks” and “also 
Ceylon” without mention of any specimens. The origi-
nal name bearing type for this taxon was presumed to be 
at ZSIC but considered lost (JERDON, 1870). Thereafter, 
this species was known only from its original descrip-
tion (DUTTA & MANAMENDRA-ARACHCHI, 1996). Since, the 
original description states distant localities in two differ-
ent countries, India and Sri Lanka, the origin of the type 

specimen that JERDON (1854 “1853”) used for describing 

as Microhyla rubra from Sri Lanka are currently assigned 
to another species, M. mihintalei (WIJAYATHILAKA et al., 
2016). A collection from Bannerghatta (ZSI/WGRC/
V/A/960), which is part of the “Carnatic” (type locality 
stated in India), is comparable with the original descrip-
tion of Engystoma rubrum Jerdon, 1854 “1853” by its 
snout-vent size 27.9 mm (“Length 1 1/10th inch” = 27.94 
mm), dorsal color brick red (“Indian red above”), and 
thigh markings dark brownish-black (“some black marks 
on the legs”). In order to avoid confusion concerning the 
identity of Microhyla rubra, especially with its closely 
related congener M. mihintalei
taxon objectively and establish taxonomic stability, in ac-

to designate a neotype for Engystoma rubrum Jerdon, 
1854 “1853”. Here, we formally designate, ZSI/WGRC/
V/A/960, an adult male from Bannerghatta, Karnataka, 
as the neotype of Engystoma rubrum Jerdon, 1853. The 
neotype description provided below also shows that the 
neotype is largely consistent with what is known of the 
former name-bearing type.

Description of neotype (measurements in mm) 
(Fig. 23). A large-sized (SVL 27.9), robust adult male; 
head small (HW 8.1, HL 6.7, IFE 4.2, IBE 7.8), wider 
than long (HW/HL ratio 1.3); snout subovoid in dorsal 
and ventral view, rounded in lateral view, protruding, its 
length (SL 3.6) longer than horizontal diameter of eye 
(EL 2.6); loreal region obtuse with rounded canthus ros-

-

skin, closer to tip of snout (NS 1.2) than eye (EN 1.6); 
tympanum not visible externally, faintly developed su-
pratympanic fold extending from posterior corner of eye 
to shoulder; eye diameter (EL 2.6); vomerine teeth ab-
sent; tongue small, oval, without papillae. Arms short, 
forearm length (FAL 5.2) shorter than the hand (HAL 

 (FLI 0.9, 
FLII 1.6, FLIII 3.9, FLIV 1.7); 

-
lar tubercles rather prominent; three palmar tubercles, 
well-developed, oval; supernumerary tubercles absent; 
nuptial pad absent. Hind limbs short, thigh (THL 14.3) 
longer than shank (SHL 12.1) and foot (FOL 12.8); dis-
tance from base of tarsus to tip of toe IV (TFOL 17.5); 
relative length of toes I< II< V< III< IV; toe tips with-
out discs and grooves, toes with dermal fringes, terminal 
phalanges of toes simple with rounded tips, webbing be-
tween toes present, small: I1 – 2 – II1+ – 21/2III21/2 – 31/2IV
4 –  – 21/2V; subarticular tubercles prominent, all present, 
circular; inner metatarsal tubercle prominent (IMT 1.4), 
oval, shovel-shaped; outer metatarsal tubercle (OMT 1.6) 
slightly larger than the inner, shovel-shaped; supernu-
merary tubercles absent.
 Skin of snout, between eyes, sides of head smooth 
to shagreened; anterior and posterior parts of back, and 
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forelimb, thigh, tibia, and tarsus smooth to shagreened; 
posterior parts of thigh and cloacal region coarsely gran-
ular; ventral surfaces smooth (Fig. 23).

Neotype color in preservation (Fig. 23). Dorsum dark 
grey; a faint light greyish-brown lateral band extending 

from posterior corner of the eye to the groin, margin to-
wards the dorsum dark greyish-brown; lateral surfaces 
of head and tympanic area dark grey; dorsal surfaces of 
limbs grey with discontinuous dark greyish-brown cross-
bands; groin light grey with dark greyish-brown patches; 
posterior parts of back with scattered dark greyish-brown 
spots; thighs with a pair of prominent dark greyish-

Fig. 23. Neotype of Microhyla rubra (ZSI/WGRC/V/A/960). A. Dorsolateral view (in life). B. Dorsal view. C. Ventral view. D. Lateral 
view of head. E. Ventral view of hand. F. Ventral view of foot. G. Schematic illustration of webbing on foot (B – G, in preservation). Scale 
bars: 5 mm. (Photographs: S. D. Biju).
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brown markings that extend towards the posterior end of 
dorsum and groin; a light brown crescent-shaped mark-
ing above the cloacal opening; ventral surface light grey, 
throat with dark grey calling patch.

Neotype color in life (Fig. 23). Dorsum light reddish-
brown with a dark brown median band extending from 
the upper eyelids to the vent; a distinct blackish-brown 
lateral band extending from posterior corner of the eye 
to the groin, margin towards the dorsum darker blackish-
brown; lateral surfaces of head and tympanic area dark 
grey with black spots; groin creamy-white with black 
patches; limbs light reddish-brown with discontinuous 
dark brown cross-bands; posterior parts of thigh and tibia 
light brown with irregular black markings; thighs with 
a pair of prominent black markings that extend towards 
the posterior end of dorsum and groin; a narrow black 
streak extending from the cloacal opening towards the 
knee on either side; ventral surface creamy-white, throat 
with dark blackish-brown calling patch. 

Morphological variations. For morphometric data from 
eight adult males including the neotype, see Table S5. 

-
sum sparsely granular with a light brownish-grey median 

band and small golden yellow spot behind the left eye.

Secondary sexual character. Males with a single vocal 
sac externally visible on the lower jaw. 

Morphological comparison. Microhyla rubra could 
be confused with M. mihintalei. For comparison with 
M. mihintalei see the morphological comparison section 
of that species.

Genetic comparison. Phylogenetically, Microhyla rubra 
is the sister species of M. mihintalei (Figs. 1, 20) and 
differs from it by uncorrected genetic distances of 2.5 – 

Vocalization. The calls of Microhyla rubra
2014.2791) were recorded at Coimbatore, by SDB and 
SG, on 8 October 2014, between 21:00 – 21:30 h, at air 
temperature: 28.5°C dry bulb, 26.5°C wet bulb. The male 
produced a single type of call with pulsatile temporal 
structure. The calls were not delivered in groups and had 
uniform intervals. Calls had a mean duration of 130.6 ms 
(115.3 – 142.4 ms) with 11 pulses (10 – 12 pulses) deliv-
ered at a rate of 80.4 pulses/s (73.8 – 83.3 pulses/s), rise 
time of 69.8 ms (35.1 – 90.3 ms), and fall time of 60.8 ms 
(39.1 – 80.3 ms). The call spectrum was characterized by 
a single broad peak with mean dominant frequency of 
2.2 kHz (Fig. 22; Table S4).

Acoustic comparison. The calls of Microhyla rubra 
were similar to those of M. mihintalei in most of the stud-

ied temporal and spectral properties. They differed from 
those of M. mihintalei by relatively shorter duration of 
115.3 – 142.4 ms (vs. longer, 158.5 – 171.7 ms) and faster 
pulse rate of 73.8 – 83.3 pulses/s (vs. slower, 65.8 – 70.5 
pulses/s) (Fig. 22).

Distribution and natural history. Microhyla rubra is 
reported widely in India but the present study genetically 

-
ka, Kerala, and Tamil Nadu. The reports of this species 
from Assam, Mizoram, and Nagaland (MATHEW & SEN, 
2010) are doubtful. Based on the accompanying image 
(MATHEW & SEN, 2010: page 68), the reported specimen 
does not show any of the diagnostic characters of M. ru-
bra Microhyla 
species (M. nilphamariensis, M. mukhlesuri, or possibly 
M. mymensinghensis) found in those regions. Outside In-
dia, this species was previously reported from western 
Myanmar (WOGAN, 2008) and Nepal (ANDERS, 2002), 
however these are also considered doubtful and likely to 

close to permanent or temporary water bodies in second-
ary forest patches (Kerala: Parambikulam), agricultural 
land close to forests (Karnataka: Bannerghatta, BR hills, 
and Shimoga), rural settlements (Kerala: Mannuthy, Ta-
mil Nadu: Perumalkovilpetty and Meenakshipuram), and 
urban areas (Tamil Nadu: Coimbatore). Calling males 
were recorded from edges of a seasonal pond at Coim-
batore (18:00 – 23:00 h) during the month of October. 
This species occurs sympatrically with members of the 
Microhyla ornata group (Bannerghatta and Coimbatore) 
or both the Microhyla ornata and Microhyla zeylanica 
groups (BR Hills and Shimoga).

Microhyla zeylanica species group 
(Figures 1 – 3, 24 – 29, S1, S2; Tables S1 – S5; Files S1, 
S2) 

Members included. South Asia — Microhyla darreli 
sp. nov., M. karunaratnei, M. laterite, M. sholigari, and 
M. zeylanica.

Diagnosis. This group is distinguished from other Mi-
crohyla groups of South Asia by the following suite of 
characters: small-sized adults (male SVL 13 – 20 mm, 
female SVL 15 – 23 mm); dorsal skin smooth to sha-
greened; nostrils placed towards the dorsal side of the 
snout (Fig. 24); toe discs with circum-marginal grooves 
(in M. zeylanica), or prominent dorso-terminal grooves 
and cover bifurcate distally (in all other species); elon-
gate inner metatarsal tubercle, small and rounded outer 
metatarsal tubercle; small webbing between toes, not ex-
tending beyond the second subarticular tubercle on either 
side of toe IV; presence of a narrow mid-dorsal skin fold 
or line extending from tip of the snout to the vent; pres-
ence of a prominent lateral band, marking, or skin fold 
starting from tip of the snout or nostril and approaching 
the groin on either side of the body (Fig. 24). 
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Morphological comparison. Species in this group dif-
fer from members of the Microhyla achatina group by 
nostrils placed towards the dorsal side of the snout (vs. 

Asian members by small webbing between toes, extend-
ing up to the second subarticular tubercle on either side 
of toe IV (vs. rudimentary in M. kodial); from the Mi-
crohyla berdmorei group by relatively smaller adult size, 
male SVL 13 – 20 mm, female SVL 15 – 23 mm (vs. larg-
er, male SVL 33 – 36 mm), terminal phalanges of toes T-
shaped (vs. Y-shaped), and small webbing between toes, 
not extending beyond the second subarticular tubercle 
on either side of toe IV (vs. large webbing, beyond the 

the group by relatively smaller adult 
size, male SVL 13 – 20 mm, female SVL 15 – 23 mm (vs. 
larger, male SVL 17 – 25 mm, female SVL 22 – 28 mm), 
nostrils placed towards the dorsal side of the snout (vs. 
towards the lateral side), toe discs with circum-marginal 
grooves in M. zeylanica or prominent dorso-terminal 
grooves and cover bifurcate distally in all other species 

(vs. rounded or having small discs without grooves), and 
small webbing between toes (vs. absent or rudimentary); 
from the Microhyla ornata group by relatively smaller 
adult size, SVL 13 – 20 mm, female SVL 15 – 23 mm (vs. 
larger, male SVL 15 – 24 mm, female SVL 22 – 28 mm), 
nostrils placed towards the dorsal side of the snout (vs. to-
wards the lateral side), and toe discs with circum-margin-
al grooves in M. zeylanica or prominent dorso-terminal 
grooves and cover bifurcate distally in all other species 
(vs. toe discs without grooves); from the Microhyla rubra 
group by relatively smaller adult size, SVL 13 – 20 mm, 
female SVL 15 – 23 mm (vs. larger, male SVL 21 – 30 
mm, female SVL 23 – 31 mm), terminal phalanges of toes 
T-shaped (vs. simple with rounded tips), toe discs with 
circum-marginal grooves in M. zeylanica or prominent 
dorso-terminal grooves and cover bifurcate distally in all 
other species (vs. toe discs without grooves), and inner 
and outer metatarsal tubercles relatively weak and not 
shovel-shaped (vs. well-developed and shovel-shaped) 
(Fig. 24). For more differences, see the morphological 
comparison sections of the respective groups.

Fig. 24. The Microhyla zeylanica species group. A. Phylogenetic relationships depicted on a Maximum Likelihood phylogram based on 
mitochondrial 16S gene sequences from 25 samples representing four known and one new species. Accession numbers are cross-refer-
enced in Table S1. Numbers above and below the branches indicate Bayesian Posterior Probabilities (BPP) and RAxML bootstrap values 

B. Geographical locations of the genetically and/or morphologically studied samples. C. Diagnostic morphological 
and acoustic characters for the group. 
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Genetic relationships. Phylogenetically, Microhyla zey-
lanica group can be characterized as the most inclusive 
clade (Peninsular India + Sri Lankan radiation) contain-
ing Microhyla darreli sp. nov., M. karunaratnei, M. lat-
erite, M. sholigari, and M. zeylanica, but none of the oth-
er clades that have been genetically studied so far within 
the entire radiation of Microhyla (Fig. 1).
 In our study, the grouping of members in the Micro-
hyla zeylanica group is based on close relationship of 
two previously unassigned and poorly known species, 
M. karunaratnei and M. zeylanica, with M. laterite, 
M. sholigari, and the new species Microhyla darreli sp. 
nov. (Figs. 1, 24), although relationships among these 

-
solved in the separate mt and combined mt + nu analyses. 
Based on 16S genetic distances, the new species M. dar-

reli sp. nov. was closest to M. karunaratnei
M. sholigari
the nu gene) with M. laterite (Fig. 2), from which it dif-

Among all, M. zeylanica was the most distinct species 
with closest genetic relation to M. laterite

(Table S2). For detailed discussion on intra- and inter-

accounts.

Acoustic comparison. Species in this group can be 
differentiated from the other groups by their consider-
ably longer calls, 600 – 1800 ms (vs. shorter in all oth-
er groups) (Fig. 25; Table S4). For differences, see the 
acoustic comparison sections of the respective groups.

Fig. 25. Microhyla zeylanica group (Microhyla darreli sp. nov., M. karunarat-
nei, M. laterite, M. sholigari, and M. zeylanica) and an acoustically related Southeast Asian species (Microhyla palmipes). Each species 
panel depicts (from top to bottom) oscillogram for ten-second call segment, oscillogram for 1-second call segment showing pulsatile 
structure, and spectrogram for 1-second call segment.
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Distribution. This group is endemic to Peninsular India 
and Sri Lanka. 

Note. Another small-sized species, Microhyla palmipes 
(SVL 12 – 16 mm, N = 8) from Southeast Asia (Java, In-
donesia) shows certain degree of morphological similar-
ity with members of the Microhyla zeylanica group, par-
ticularly with the Sri Lankan species M. zeylanica due 
to characters such as the placement of nostrils towards 
the dorsal side of the snout, presence of circum-marginal 
grooves on the toe discs, and presence of a narrow mid-
dorsal skin fold or line extending from tip of the snout 
to the vent (Fig. 26). However, the calls of M. palmipes 
are distinct and unlike members of the Microhyla zey-
lanica group or any other studied South Asian Microhyla 
groups. The calls of M. palmipes are very short in du-
ration (mean 109.6 ms) and delivered in groups of 3 – 4 
calls (Fig. 25; File S2). Further studies based on robust 
phylogenies combined with morphological and acoustic 
evidence could provide more insights on the systematic 
relationship of M. palmipes with member of the Micro-
hyla zeylanica group. 

Microhyla darreli sp. nov.
ZOOBANK urn:lsid:zoobank.org:act:2C214B38-5A6C-4A12-9FEF-

0AD83DE968C3

(Figures 1 – 3, 24, 25, 27, S1, S2; Tables S1 – S5; File S1)

Etymology. The species is named after Dr. Darrel R. 
Frost, an American herpetologist, in recognition of his 
contribution “Amphibian Species of the World, an online 

database” to amphibian research. The species name dar-
reli is used as a noun in the genitive case. 

Holotype. ZSI/WGRC/V/A/961, an adult male, from 
Ka ra mana, (8.4506°N, 76.9752°E, 21 m asl), Thiruva-
nan thapuram district, Kerala state, India, collected by SD 
Biju, Sonali Garg, and Robin Suyesh on 1 July 2015.

Paratypes. ZSI/WGRC/V/A/962 – 965, four adult males, 
collected along with the holotype.

Other referred specimens.

2009.101, an adult male, from Chathankodu, Thiruva-
nan thapuram district, Kerala state, India, collected by RS 
and SDB on 16 July 2009.

Description of holotype (measurements in mm) 
(Fig. 27). A small-sized adult male (SVL 15.1), rather 
slender; head wider than long (HW 4.3, HL 4.1); snout 
subovoid in dorsal view, rounded in lateral view, its 
length (SL 1.9) longer than horizontal diameter of eye 
(EL 1.3); loreal region vertical, indistinct canthus ros-

nostrils oval, placed more towards dorsal side of snout, 
closer to snout (NS 0.7) than eye (EN 0.9); tympanum 
indistinct; supratympanic fold extending from posterior 
corner of eye to the shoulder weakly-developed; vomer-
ine teeth absent; tongue small, oval, without papillae. 
Arms short, forearm length (FAL 2.5) shorter than hand 

 
(FLI 0.7, FLII 1.4, FLIII 2.5, FLIV 1.3); 

Fig. 26. Microhyla palmipes. A. Key morphological and acoustic characters. B. Dorsolateral view (not preserved). C. Dorsolateral view 
(not preserved). D. Dorsal view. E. Ventral view. F. Lateral view. G. H. Ven-
tral view of hand. I. J. Ventral view of foot. K. L. Dorsal view 
(not preserved). Scale bars: 5 mm. (Photographs: S. D. Biju; C & L, F. Alhadi).
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 I 0.4; FW I 0.3, FD II 0.4; FW II 0.3, 
FD III 0.4; FW III 0.3, FDIV 0.3, FWIV 0.3); dermal fringes 

-
articular tubercles rather prominent; outer and inner pal-
mar tubercles weakly developed; supernumerary tuber-
cles absent; nuptial pad absent. Hind limbs short, thigh 
(TL 7.3) shorter than shank (SHL 8.3) and foot (FOL 
8.0); distance from base of tarsus to tip of toe IV (TFOL 
11.8); relative length of toes I< II< III< V< IV; toe tips 
rounded, slightly enlarged into discs (TDI 0.4; TWI 0.4, 

TDII 0.5; TWII 0.4, TDIII 0.6; TWIII 0.4, TDIV 0.6, TWIV 
0.3,TDV 0.5, TWV 0.3); toe discs with prominent dorso-
terminal grooves, cover bifurcate distally; toes with der-
mal fringes; terminal phalanges of toes T-shaped; foot 
webbing: I2 – 2+II2 –  – 3III2 – 3IV3 – 21/4V; subarticular 
tubercles prominent, all present, circular; inner meta-
tarsal tubercle prominent (IMT 0.6), oval-shaped; outer 
metatarsal tubercle, small (OMT 0.3), rounded; supernu-
merary tubercles absent.
 Skin of snout shagreened, upper eyelids shagreened 
to sparsely granular; anterior and posterior parts of dor-

Fig. 27. Holotype of Microhyla darreli sp. nov. (ZSI/WGRC/V/A/961), a newly described member of the Microhyla zeylanica species 
group. A. Dorsolateral view. B. Dorsolateral view (A – B, in life). C. Dorsal view. D. Ventral view. E. Lateral view of head. F. Ventral view 
of hand. G. H. Ventral view of foot. I. Fourth toe tip. J. Schematic illustration of webbing on foot. K. Terminal phalanx of 
fourth toe (C – K, in preservation). (Photographs: S. D. Biju).
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sum shagreened to sparsely granular; upper and lower 

dorsal skin fold or line extending from tip of the snout 
to the vent; presence of a prominent dark blackish-brown 
lateral band, marking, or skin fold starting from tip of 
the nostril and approaching the groin on either side of 
the body; dorsal surfaces of forelimbs, thighs, and shanks 
shagreened; ventral surfaces of throat, chest, belly, and 
limbs smooth (Fig. 27).

Color of holotype. In life. Dorsum, upper eyelids, and 
lateral surfaces of snout greyish-brown, scattered light 
brown markings on anterior parts of dorsum and snout 
(Fig. 27); lateral surfaces of head light greyish-brown 
with minute light brown spots; upper and lower lip with 
prominent brown cross-bands; lateral side of abdomen 
greyish-brown with a dark blackish-brown band, mark-
ing, or skin fold starting from tip of the nostril and ap-
proaching the groin; a dark blackish-brown crescent-
shaped marking above the cloacal opening; forelimbs 
and hind limbs (including toes) light greyish-brown with 
brown transverse bands; webbing light brown; anterior 
parts of thigh light yellowish-brown with faint grey 

minute dark brown speckles; belly white; forearms and 

on the margins. In preservation. Dorsum light greyish-
brown; forelimbs and hind limbs light grey with dark 

with minute dark brown speckles on the third and fourth 

speckles; belly light grey; margins of the limbs light grey 
with greyish-brown mottling (Fig. 27).

Morphological variations. Morphometric data from six 
adult males is given in Table S5. ZSI/WGRC/V/A/963 
and ZSI/WGRC/V/A/965: dorsum with more prominent 
dark grey markings; ZSI/WGRC/V/A/964: dorsum with 
slightly more scattered granular projections than the hol-
otype.

Secondary sexual character. Males with single median 
vocal sacs.

Morphological comparison. Microhyla darreli sp. 
nov. could be confused with M. karunaratnei, M. later-
ite, M. sholigari, and M. zeylanica within the Microhyla 
zeylanica group. However, Microhyla darreli sp. nov. 
clearly differs from M. karunaratnei by its ventral sur-
faces being uniformly light grey (vs. creamy white with 
promiment black spots and mottling) and throat grey (vs. 
with dark blackish-brown mottling). It further differs 
from M. karunaratnei by its loreal region vertical (vs. 
oblique) and snout rounded in lateral view (vs. rounded 
to vertical). It differs from M. laterite by lesser webbing 

+II2 –  – 3III2 – 3IV3 – 
21/4V (vs. more, I1 – 2II1 – 3III2 – 3IV3 – 2V), and outer 
metatarsal tubercles relatively weak (vs. relatively more 
developed). It differs from M. sholigari by its relatively 

smaller adult male size, SVL 15 – 16 mm, N = 6 (vs. larg-
er: SVL 16 – 18 mm, N = 5), snout subovoid in dorsal and 
ventral views, rounded in lateral view (vs. subelliptical 
to nearly pointed in dorsal view, rounded to nearly acute 
in lateral view), and fourth toe webbing extending up to 
the second subarticular tubercle on either side, I2 – 2+II
2 –  – 3III2 – 3IV3 – 21/4V (vs. below, I2 –  – 2II11/2 – 3 – III2 – 
3+IV3+ – 2V). It differs from M. zeylanica by its dorsum 
yellowish-brown (vs. light or dark reddish-brown), pres-
ence of a dark blackish-brown lateral band or marking 
with weakly developed skin fold starting from tip of the 
nostril and approaching the groin on either side of the 
body (vs. absence of dark blackish-brown lateral band or 
markings but presence of well-developed glandular skin 
fold starting from tip of the nostril and approaching the 
groin on either side of the body), shank nearly equal to 
foot length, male SHL 8.1 – 8.4 mm, FOL 7.9 – 8.2 mm, 
N = 6 (vs. shorter, male SHL 8.3 – 8.8 mm, FOL 9.2 – 9.9 
mm, N = 4), and toe discs with prominent dorso-terminal 
grooves, cover bifurcate distally (vs. with circum-mar-
ginal grooves).
 Further, the new species differs from other known 
South Asian members of the genus by its nostrils placed 
more towards the dorsal side of the snout (vs. laterally 

M. chakrapa-
nii, M. mukhlesuri, M. mymensinghensis, M. mihintalei, 
M. nilphamariensis, M. ornata, and M. rubra by toe 
discs with dorso-terminal grooves (vs. rounded with-
out grooves); from M. cf. heymonsi 
shaped marking on the dorsum (vs. present), ventral sur-
faces of foot grey (vs. ventral surface of foot up to knee 
prominently dark brown), and small foot webbing, up to 
second subarticular tubercle on either side of toe IV, for-
mula I2 – 2+II2 –  – 3III2 – 3IV3 – 21/4V (vs. rudimentary, 
I2 – 23/4

+II2 – 3III3 – 4IV4 – 3V); from M. berdmorei by 
its smaller adult male size, SVL 15 – 16 mm, N = 6 (vs. 
larger, male SVL 33 – 36 mm, N = 6), terminal phalanges 
of toes T-shaped (vs. Y-shaped), and small foot webbing, 
up to second subarticular tubercle on either side of toe 
IV, formula I2 – 2+II2 –  – 3III2 – 3IV3 – 21/4V (vs. large, 
extending up to the discs, I1 – 1II1 – 1+III1 – 11/2IV11/2 – 1
V); from M. kodial by its dorsal skin shagreened without 
prominent granular projections (vs. shagreened to granu-
lar), presence of a narrow mid-dorsal skin fold or line 
extending from tip of the snout to the vent (vs. absent), 
presence of a dark blackish-brown lateral band, marking, 
or skin fold starting from tip of the nostril and approach-
ing the groin on either side of the body (vs. absent), and 
small foot webbing, up to second subarticular tubercle on 
either side of toe IV, formula I2 – 2+II2 –  – 3III2 – 3IV3 – 2
1/4V (vs. rudimentary, I2 – 21/2

+II2 – 3III3 – 4IV4 – 3V). 

Genetic comparison. Phylogenetically, Microhyla dar-
reli sp. nov. is closely related to members of the Mi-
crohyla zeylanica group (Figs. 1, 24) and differs by 
the following uncorrected genetic distances for the 16S 
gene: M. karunaratnei M. laterite  
M. sholigari M. zeylanica -
ble S2).
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Vocalization. The calls of Microhyla darreli sp. nov. (SD-

Mark Bee on 16 July 2009, between 20:00 – 20:30 h, at 
air temperature: 25.6°C dry bulb, 25.4°C wet bulb. The 
male produced a single type of call with pulsatile tempo-
ral structure. The calls were not delivered in groups and 
had uniform intervals. Calls were relatively long with 
a mean duration of 653.8 ms (590.3 – 736.2 ms) with 
68 pulses (63 – 78 pulses) delivered at a rate of 105.6 
pulses/s (103.9 – 106.7 pulses/s), rise time of 516.4 ms 
(468.6 – 651.3 ms), and fall time of 97.2 ms (63.8 – 131.8 
ms). The call spectrum was characterized by a single 
broad peak with mean dominant frequency of 3.6 kHz 
(Fig. 25; Table S4). 

Acoustic comparison. Overall, the calls of Microhyla 
darreli sp. nov. were similar to species in the Microhy-
la zeylanica group. However, M. darreli calls were the 
shortest among all, 590.3 – 736.2 ms (vs. 766.3 – 1003.1 
ms in M. karunaratnei, 727.1 – 886.4 ms in M. laterite, 
901.1 – 1012.4 ms in M. sholigari, and 1705.2 – 1804.3 
ms in M. zeylanica). This species also delivered calls 
at a faster rate of 103.9 – 106.7 pulses/s (vs. slower, 
72.2 – 81.5 pulses/s in M. karunaratnei, 76.9 – 77.8 
pulses/s in M. sholigari, and 47.1 – 49.6 pulses/s in 
M. zeylanica), while the pulse rate was slower compared 
to M. laterite (126.3 – 129.5 pulses/s) (Fig. 25; Table S4). 

Distribution and natural history. Microhyla darreli sp. 
nov. is currently known only from regions south of Pal-
ghat gap in the Western Ghats state of Kerala (Fig. 24). 
Apart from the type locality Karamana, its presence was 

50 km northeast of the type locality in the same district 
(Thiruvananthapuram district). During the monsoon sea-
son in the months of June – July, a large number of indi-
viduals were observed inside a wayside plantation area 
at a rural settlement close to the Karamana River. This 
species occurs sympatrically with M. ornata, and the two 
were also observed calling alternatively at the same site 
(average inter-male distance of 1 – 2 feet). Calling males 
of M. darreli were usually observed hiding under leaf 
litter or ground vegetation, while males of M. ornata 
were relatively more exposed. The Chathankod popu-
lation was found adjacent to a temporary pool of water 

tribal settlement on forest edges. This species was found 
to be locally abundant during its short breeding season 
(June – July). 

Microhyla karunaratnei Fernando & Siri-
wardhane, 1996

 (DE SILVA, 2009)

(Figures 1 – 3, 24, 25, 28, S1, S2; Tables S1 – S5; File S1)

Original name and description. Microhyla karunarat-
nei FERNANDO P. & SIRIWARDHANE M. 1996. Microhyla 

karunaratnei (Anura: Microhylidae), a new species of 
frog endemic to Sri Lanka, Journal of South Asian Natu-
ral History 2: 135 – 142. Type. Holotype AMS R 148277, 
by original designation. Type locality. “Morningside 
Estate, Sinharaja World Heritage Site”, Sri Lanka. Cur-

Valid name, as Microhyla 
karunaratnei Fernando & Siriwardhane, 1996.

Description of holotype. A detailed description is avail-
able (FERNANDO & SIRIWARDHANE, 1996). 

Morphological comparison. Microhyla karunaratnei 
differs from all other South Asian Microhyla groups, ex-
cept members of the Microhyla zeylanica group, by its 
nostrils placed more towards the dorsal side of the snout 
(vs. placed laterally), ventral surfaces creamy white with 
prominent black spots and throat with dark blackish-
brown mottling (vs. ventral surfaces light grey or off-
white and throat grey). Morphologically, M. karunarat-
nei could be confused with M. darreli sp. nov., M. later-
ite, M. sholigari, and M. zeylanica within the Microhyla 
zeylanica group. However, it differs from all these spe-
cies by relatively more webbing on foot, third toe web-

inside, I1 – 2II1 – 2III2 – 3IV3 – 2V (vs. below or up to the 
second subarticular tubercle in all other species), ventral 
surfaces creamy white with prominent black spots and 
throat with dark blackish-brown mottling (vs. without 
prominent spots or mottling) (Fig. 28). See M. darreli for 
comparison with that species.

Genetic comparison. Phylogenetically, Microhyla ka ru-
naratnei is closely related to members of the Microhyla 
zeylanica group (Figs. 1, 24) and differs from them by 
the following uncorrected genetic distances for the 16S 
gene: M. darreli sp. nov. M. laterite
M. sholigari M. zeylanica -
ble S2). 

Vocalization. The calls of Microhyla karunaratnei (DZ 
1530) were recorded at Morningside forest reserve, Suri-
yakanda, Rathnapura district, by MM and team on 9 De-
cember 2014, between 20:00 – 23:00 h, at air temperature: 
19.1°C dry bulb, 17.5°C wet bulb. The males produced 
single type of call with pulsatile temporal structure. The 
calls were not delivered in groups and had uniform in-
tervals. A typical advertisement call had a mean duration 
of 869.4 ms (766.3 – 1003.1 ms) with 60 pulses (56 – 86 
pulses) delivered at a rate of 76.1 pulses/s (72.2 – 81.5 
pulses/s), rise time of 647.4 ms (519.3 – 872.9 ms), and 
a short fall time of 141.4 ms (98.1 – 175.7 ms). The call 
spectrum was characterized by two broad peaks with the 
overall mean dominant frequency of 3.2 kHz (Fig. 25; 
Table S4).

Acoustic comparison. Overall, the calls of Microhyla 
karunaratnei were similar to species in the Microhyla 
zeylanica group. However, M. karunaratnei calls had 
the least number of pulses, 56 – 86 pulses (vs. 63 – 78 
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in M. darreli sp. nov., 94 – 113 in M. laterite, 70 – 79 
in M. sholigari, and 81 – 90 in M. zeylanica). As shown 
previously (WIJAYATHILAKA & MEEGASKUMBURA, 2016), 
within the group, M. karunaratnei calls showed close 
resemblance with calls of M. sholigari, with respect to 
all the studied call properties (Fig. 25; Table S4). Com-
pared to the other Sri Lankan counterpart, M. zeylanica, 
the calls of M. karunaratnei were much shorter in dura-
tion 766.3 – 1003.1 ms (vs. 1705.2 – 1804.3 ms) and had 
faster pulse rate of 72.2 – 81.5 pulses/s (vs. 47.1 – 49.6 
pulses/s).

Distribution and natural history. This species is cur-
rently known to have a narrow distribution and is restrict-
ed to wet evergreen forests at Morningside forest reserve, 
at elevations of around 1,100 m asl. At night, calling in-
dividuals were found on wet leaf litter on edges of shrub-
covered pools. Many of these isolated pools were 1 – 2 m 
in depth containing clear water with a muddy substrate. 

Microhyla laterite Seshadri, Singal, Priti,  
Ravikanth, Vidisha, Saurabh, Pratik & Guru-
raja, 2016
Laterite Narrow-mouthed Frog (SESHADRI et. al., 2016A)

(Figures 1 – 3, 24, 25, 28, S1, S2; Tables S1 – S5; File S1)

Original name and description. Microhyla laterite Se-
shadri K. S., Singal R., Priti G. H., Ravikanth M., Vidisha 
K., Saurabh S., Pratik M. & Gururaja. K.V. 2016. Micro-
hyla laterite sp. nov., a new species of Microhyla Tschu-

di, 1838 (Amphibia: Anura: Microhylidae) from a later-
ite rock formation in South West India, PLoS One 11(3): 
e0149727. Type. Holotype BNHS 5964, by original des-
ignation. Type locality. “from laterite rocks in Kodanga, 

Current 
Valid name, as Microhyla later-

ite Seshadri, Singal, Priti, Ravikanth, Vidisha, Saurabh, 
Pratik & Gururaja, 2016.

Description of holotype. A detailed description is avail-
able (SESHADRI et al., 2016A). 

Morphological comparison. Microhyla laterite could be 
confused with Microhyla darreli sp. nov., M. karunarat-
nei, M. sholigari, and M. zeylanica within the Microhyla 
zeylanica group. However, it differs from M. sholigari 
and M. zeylanica by webbing on toe I extending up to the 

-
M. zeylanica by its 

toe discs with prominent dorso-terminal grooves, cover 
bifurcate distally (vs. toe discs with circum-marginal 
grooves), and presence of a dark blackish-brown lateral 
band with weakly-developed skin fold starting from tip 
of the nostril and approaching the groin on either side of 
the body (vs. absence of blackish-brown lateral band or 
markings with well-developed glandular skin fold start-
ing from tip of the nostril and approaching the groin on 
either side of the body) (Fig. 28). See Microhyla darreli 
sp. nov. and M. karunaratnei, for comparison with those 
species.
 Further, Microhyla laterite differs from members of 
the other South Asian groups by combination of follow-

Fig. 28. Morphological characters of two species in the Microhyla zeylanica species group. A – I. Microhyla karunaratnei. A. Dorsolat-
eral view. B. Dorsal view. C. Ventral view (A – C, in life, voucher DZ 1530). D. Lateral view of head. E. Ventral view of hand. F. Ventral 
view of foot. G. H. Fourth toe tip. I. Schematic illustration of webbing on foot (D – I, in preservation, voucher DZ 1530). 
J – S. M. laterite. J. K. Dorsal view. L. Ventral view. M. Lateral view of head 

N. Ventral view of hand. O. Ventral view of foot. P. Q. Fourth toe tip. R. Ter-
minal phalanx of fourth toe. S.
5 mm. (Photographs: S. D. Biju; A – C, N. Wijayathilaka). 
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ing characters: relatively smaller adult male size, SVL 
14 – 17 mm, N = 5 (vs. larger, except M. kodial), nostrils 
placed more towards the dorsal side of the snout (vs. 
placed laterally), and toe discs with prominent dorso-ter-
minal grooves and cover bifurcate distally (vs. toe discs 
without dorso-terminal grooves, except M. kodial). For 
differences with M. kodial, see comparison of that spe-
cies.

Genetic comparison. Phylogenetically, Microhyla lat-
erite is closely related to members of the Microhyla 
zeylanica group (Figs. 1, 24) and differs from them by 
the following uncorrected genetic distances for the 16S 
gene: M. darreli sp. nov. M. karunaratnei 

M. sholigari M. zeylani-
ca M. laterite clade 
(Fig. 24), populations from northern Kerala (Anakallu 

Karnataka (Table S2).

Vocalization. The calls of Microhyla laterite
2015.3062) were recorded at Manipal, by SDB and SG on 
13 July 2015, between 20:00 – 20:30 h, at air temperature: 
27.0°C dry bulb, 26.5°C wet bulb. The male produced a 
single type of call with pulsatile temporal structure. The 
calls were not delivered in groups and had uniform in-
tervals. Calls were relatively long with a mean duration 
of 809.6 ms (727.1 – 886.4 ms) with 104 pulses (94 – 113 
pulses) delivered at a rate of 128 pulses/s (126.3 – 129.5 
pulses/s), rise time of 673.4 ms (542.1 – 823.8 ms), and 
fall time of 80.4 ms (62.4 – 111.8 ms). The call spectrum 
was characterized by a single broad peak with mean 
dominant frequency of 3.6 kHz (Fig. 25; Table S4).

Acoustic comparison. Overall, the calls of Microhyla 
laterite were similar to species in the Microhyla zey-
lanica group. However, M. laterite calls had a relatively 
shorter fall time among all the members, 62.4 – 111.8 ms 
(vs. 63.8 – 131.8 ms in M. darreli sp. nov., 98.1 – 175.7 
ms in M. karunaratnei, 115.8 – 177.1 ms in M. sholigari, 
and 602.4 – 976.8 ms in M. zeylanica), which gave it the 
highest call rise and call fall time ratio of 9.1:1.0 (Fig. 25; 
Table S4). The calls of M. laterite were also distinct from 
other studied South Asian species because of their fastest 
pulse rate of 126.3 – 129.5 pulses/s. For comparison with 
Microhyla darreli sp. nov. and M. karunaratnei, see the 
acoustic comparison section of those species.
 Our call recordings of M. laterite from the type local-
ity Manipal were similar to those reported by SESHADRI et 
al. (2016A) in the various analysed call properties.

Distribution and natural history. Microhyla later-
ite is currently known only from regions north of Pal-
ghat gap in the Western Ghats of India. This species 

(13.2868° – 13.3757° N and 74.7795° – 74.8731° E, 50 
m asl), Karnataka state. In this study, we also report the 
presence of M. laterite in northern Kerala (Anakallu vil-

lage and Madayipara) (Fig. 24; Table S1). The popula-
tions at Manipal and Madayipara were observed adja-
cent to water bodies in laterite habitats, whereas at the 
Anakallu village actively calling individuals were ob-
served on edges of a water-logged cultivated area. At all 
the three locations, M. laterite was found sympatrically 
with M. nilphamariensis, and the two were also observed 
calling alternatively at the same site (average inter-male 
distance of 2 m at Manipal, 1 m at Anakallu, and 4 m at 
Madayipara). 

Microhyla sholigari Dutta & Ray, 2000
Sholiga Narrow-mouthed Frog (SESHADRI et. al., 2016B)

(Figures 1 – 3, 24, 25, 29, S1, S2; Tables S1 – S5; File S1) 

Original name and description. Microhyla sholigari 
Dutta S. K. & Ray P. 2000. Microhyla sholigari, a new 
species of microhylid frog (Anura: Microhylidae) from 
Karnataka, India, Hamadryad 25: 38 – 44. Type. Holo-
type ZSIC A9061, by original designation. Type local-
ity.

Yelandur Taluk, Karnataka State, south-western India”, 
India. Valid name, as 
Microhyla sholigari Dutta & Ray, 2000.

Description. A detailed description of the holotype (DU-
TTA & RAY, 2000) and a redescription of the species based 
on topotypes (SESHADRI et al., 2016B) are available.

Morphological comparison. Microhyla sholigari could 
be confused with Microhyla darreli sp. nov., M. ka ru na-
ratnei, M. laterite, and M. zeylanica within the Microhy-
la zeylanica group. However, it differs from M. zeylanica 
by toe discs with prominent dorso-terminal grooves, cov-
er bifurcate distally (vs. toe discs with circum-marginal 
grooves), and presence of a dark blackish-brown lateral 
band with weakly-developed skin fold starting from tip 
of the nostril and approaching the groin (vs. absence of 
blackish-brown lateral band or markings with well-de-
veloped glandular skin fold starting from tip of the nostril 
and approaching the groin) (Fig. 29). See Microhyla dar-
reli sp. nov., M. karunaratnei, and M. laterite for com-
parison with those species.
 Further, Microhyla sholigari differs from members of 
the other South Asian groups by combination of following 
characters: relatively smaller adult male size, SVL 16 – 
18 mm, N = 5 (vs. larger, except M. kodial), nostrils placed 
more towards the dorsal side of the snout (vs. placed 
laterally), and toe discs with prominent dorso-terminal 
grooves, cover bifurcate distally (vs. toe discs without 
dorso-terminal grooves, except M. kodial). For differ-
ences with M. kodial, see comparison of that species.

Genetic comparison. Phylogenetically, Microhyla sho-
ligari is closely related to members of the Microhyla 
zeylanica group (Figs. 1, 24) and differs from them by 
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the following uncorrected genetic distances for the 16S 
gene: M. darreli sp. nov. M. karunaratnei 

M. laterite M. zeylanica 
M. sholigari, populations showed 

Vocalization. The calls of Microhyla sholigari
2014.2537) were recorded at Biligirirangan Hills, by 
SDB and SG on 23 July 2014, between 18:00 – 20:00 h, 
at air temperature: 26.5°C dry bulb, 26.5°C wet bulb. The 
male produced a single type of call with pulsatile tempo-
ral structure. The calls were not delivered in groups and 
had uniform intervals. Calls were relatively long with a 
mean duration of 933.4 ms (901.1 – 1012.4 ms) with 72 
pulses (70 – 79 pulses) delivered at a rate of 77.3 pulses/s 
(76.9 – 77.8 pulses/s), rise time of 728.8 ms (662.9 – 843.7 
ms), and fall time of 149.1 ms (115.8 – 177.1 ms). The call 
spectrum was characterized by a single broad peak with 
mean dominant frequency of 3.4 kHz (Fig. 25; Table S4).

Acoustic comparison. Overall, the calls of Microhyla 
sholigari were similar to species in the Microhyla zey-
lanica group. However, compared to other Indian mem-
bers, M. sholigari calls were the longest in duration, 
901.1 – 1012.4 ms (vs. 590.3 – 736.2 ms in M. darreli sp. 
nov. and 727.1 – 886.4 ms in M. laterite) (Fig. 25; Ta-
ble S4). Compared to the Sri Lankan species, M. zeylani-
ca, it also had a faster pulse rate of 76.9 – 77.8 pulses/s (vs. 
slower, 47.1 – 49.6 pulses/s). For comparison with Micro-
hyla darreli sp. nov., M. karunaratnei, and M. laterite, 
see the acoustic comparison section of those species.

 We also compared our call recordings of M. sholigari 
with those reported by SESHADRI et al. (2016B). While our 
calls showed a duration ranging between 901.1 – 1012.4 
ms (Table S4), SESHADRI et al. (2016B) reported a range 
of 530.0 – 810.0 ms.

Distribution and natural history. Microhyla sholigari 
was originally described from Biligirirangan Hills, based 
on subadult specimens that include the holotype (ZSI 
A9061, SVL 10.8 mm) and four paratypes. Subsequent-
ly, BIJU et al. (2004) reported this species from Wayand 

VAN BOCX-
LAER et al. (2006) and HASAN et al. (2014B) reported DNA 
sequences (as M. ‘ornata SESHADRI et al. (2016B) 
discussed its extended distribution range based on ad-
ditional records within Karnataka state, with an eleva-

the presence of this species in Tamil Nadu (Masinagudi, 
which is also the southernmost record) and three addi-
tional localities in Karnataka (Bhagamandala, Gundal-
petta, and Shimoga — the latter being the northernmost 
record so far) (Fig. 24; Table S1). This species is usually 
found close to water bodies, either under wayside vegeta-
tion or waterlogged areas in secondary forest patches. At 
Biligirirangan Hills, this species was observed sympatri-
cally with M. ornata and M. rubra, with all three species 
breeding within close proximity. 

Notes. This species could be confused or considered con-
Engystoma 

malabaricum Jerdon, 1853 currently under the synony-

Fig. 29. Morphological characters of two species in the Microhyla zeylanica species group. A – J. Microhyla sholigari. A. Dorsolateral 
B. C. Ventral view. D. Lateral view of head (C – D, in life, 

E. Ventral view of hand. F. Ventral view of foot. G. H. Fourth toe tip. I. Terminal phalanx of fourth 
toe. J.  K – S. M. zeylanica. K. Dorsolateral view. 
L. Dorsal view (K – L, in life, voucher DZ 1421). M. Ventral view (in preservation, voucher DZ 1421). N. Lateral view. O. Ventral view 
of hand. P. Ventral view of foot. Q. R. Fourth toe tip. S. Schematic illustration of webbing on foot (N – S, in preservation, 
BMNH 1948.1.1.3, Holotype). Scale bars: 5 mm. (Photographs: S. D. Biju; A – C, S. Garg; K – L, M. Meegaskumbura).
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my of Microhyla ornata. For detailed discussion, see the 
“notes” under M. ornata. 

Microhyla zeylanica Parker & Osman-Hill, 1949
Sri Lanka Narrow-mouth Frog (DE SILVA, 2009)

 (Figures 1 – 3, 24, 25, 29, S1, S2; Tables S1 – S5; File S1)

Original name and description. Microhyla zeylanica 
Parker H. W. & Osman-Hill W. C. 1949. Frogs of the 
genus Microhyla from Ceylon, Annals and Magazine 
of Natural History 12 (1): 759 – 764. Type. Holotype 
NHM 1948.1.1.3, by original designation. Type local-
ity. 
Bopatalawa, Central Province, alt. 6000 ft. Caught near 
pool in compound of the Irrigation Dept. bungalow …”, 
Sri Lanka. Valid name, 
as Microhyla zeylanica Parker & Osman-Hill, 1949.

Description of holotype. A detailed description of holo-
type is available (PARKER & OSMAN-HILL, 1949). 

Morphological comparison. Microhyla zeylanica could 
be confused with M. darreli sp. nov., M. karunaratnei, 
M. laterite, and M. sholigari within the Microhyla zey-
lanica group. However, it differs from all these mem-
bers by toe discs with circum-marginal grooves (vs. with 
dorso-terminal grooves, cover bifurcate distally), and ab-
sence of blackish-brown lateral band or markings with 
well-developed glandular skin fold starting from tip of 
the nostril and approaching the groin (vs. presence of a 
dark blackish-brown lateral band or marking with weak-
ly-developed skin fold starting from tip of the nostril and 
approaching the groin) (Fig. 29). See M. darreli sp. nov., 
M. karunaratnei, M. laterite, and M. sholigari for com-
parison with those species.
 Further, Microhyla zeylanica differs from members of 
the other South Asian groups by combination of follow-
ing characters: relatively smaller adult male size, SVL 
17 – 20 mm, N = 4 (vs. larger, except M. kodial), nostrils 
placed more towards the dorsal side of the snout (vs. 
placed laterally), toe discs with circum-marginal grooves 
(vs. without circum-marginal grooves), well-developed 
glandular skin fold starting from tip of the nostril and 
approaching the groin and absence of blackish-brown 
lateral band or markings (vs. presence of lateral band or 
markings with weakly-developed skin fold starting from 
tip of the nostril and approaching the groin, except in 
M. kodial). For differences with M. kodial, see compari-
son of those species.

Genetic comparison. Phylogenetically, Microhyla zey-
la  nica is closely related to members of the Microhyla 
zeyla nica group (Figs. 1, 24) and differs from them by the 
following uncorrected genetic distances for the 16S gene: 
M. dar reli sp. nov. M. karunaratnei
M. la terite M. sholigari
(Table S2). 

Vocalization. The calls of Microhyla zeylanica (DZ 1420) 
were recorded at Horton Plains National Park, by MM 
and team on 25 August 2014, between 21:00 – 22:00 h, 
at air temperature: 18.2°C dry bulb, 17°C wet bulb. The 
male produced a single type of call with pulsatile tem-
poral structure. The calls were not delivered in groups 
and had uniform intervals. Calls were relatively long 
with mean duration of 1759.5 ms (1705.2 – 1804.3 ms) 
with 86 pulses (81 – 90 pulses) delivered at a rate of 
48.4 pulses/s (47.1 – 49.6 pulses/s), rise time of 870.5 
ms (609.4 – 1074.3 ms), and relatively shorter fall time 
of 773.3 ms (602.4 – 976.8 ms). The call spectrum was 
characterized by two broad peaks with the overall mean 
dominant frequency of 2.7 kHz (Fig. 25; Table S4). 

Acoustic comparison. Microhyla zeylanica differed con - 
siderably from all other species in the Microhyla zeyla-
nica group as well as studied members of other South 
Asian groups mainly by its longest call duration, 1705.2 – 
1804.3 ms (Fig. 25; Table S4). For detailed comparison 
with M. darreli sp. nov., M. karunaratnei, M. laterite, 
and M. sholigari, see the acoustic comparison section of 
those species.

Distribution and natural history. Microhyla zeylanica 
is currently restricted to wet evergreen forests of Horton 
Plains National Park, at elevations of around 2,100 m asl 
(Fig. 24). At night, vocalizing individuals were found at 
the edges of shallow pools (< 0.3 m in depth) in an open 
grassland. The grass was emergent in most areas of the 
pools, which had a muddy substrate but contained clear 
water. Calling frogs were extremely sensitive to vibra-
tions and stopped calling when approached; sometimes 
taking up to 20 minutes to resume calling.

Discussion 

Our study recognizes 16 Microhyla species in South Asia 
and of these 13 are restricted to regions within South Asia 
(M. chakrapanii, M. darreli sp. nov., M. karunaratnei, 
M. kodial, M. laterite, M. mihintalei, M. mymensinghen-
sis, M. nilphamariensis, M. ornata, M. rubra, M. sholig-
ari, M. taraiensis, and M. zeylanica) and three are also 
found in Southeast Asia (M. berdmorei, M. cf. heymonsi, 
and M. mukhlesuri). Patterns of species distribution were 
largely in congruence with geographical ranges of the 
six recognized South Asian species groups: the Micro-
hyla rubra group and Microhyla zeylanica group are only 
found in Peninsular India and Sri Lanka; the Microhyla 
ornata group is the most wide-ranging group of South 
Asia; the  group has wider distribu-
tions in South, Southeast Asia, and East Asia; and the 
remaining two groups (Microhyla achatina group and 
Microhyla berdmorei group) are largely Southeast Asian 
radiations with only one South Asian representative each. 
Furthermore, we tentatively include M. kodial in the Mi-
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crohyla achatina group, though the species exhibits sev-
eral unique characters and its phylogenetic position re-
mains poorly resolved. The observed patterns of genetic 
and morphometric differentiation within the Microhyla 

group also point the need for further taxonomic 
investigations since members of this group shared con-
siderable similarities.
 Certain unexpected relationships between Peninsular 
Indian-Sri Lankan and Northeast Indian-Southeast Asian 
species are also observed. For example, M. kodial (Pen-
insular India) and M. cf. heymonsi (Andaman Islands) are 
most close to members of the Microhyla achatina group, 
which is largely restricted to Southeast and East Asia, 
and another Andaman species M. chakrapanii is close to 
the group (South + Southeast Asia). 
Among the various groups, [  + (Mi-
crohyla ornata + Microhyla rubra)] groups were closely 
related to (Microhyla achatina + Microhyla berdmorei) 
groups, while members of the Microhyla zeylanica group 

-
graphically distant species (M. butleri and M. supercili-
aris) in South and Southeast Asia. Robust phylogenies 
with more extensive sampling of all known members of 
the genus Microhyla and dating estimates could provide 

large radiation of Asian frogs.
 Our study resolves long-standing taxonomic confu-
sions concerning the identity and distribution range of 
several South Asian Microhyla species. The poorly known 
M. chakrapanii was considered close to members of the 
Microhyla achatina group (e.g., DUTTA, 1997; CHANDA, 
2002), however, this species has a sister relationship with 
M. mymensinghensis of the  group, 
both genetically and morphologically. Previous reports 
of M. butleri, M. heymonsi, and M. rubra from regions 

based on morphological and/or acoustic comparisons. At 
the same time, the presence of M. berdmorei in North-
east India and a potential new species closely allied to 
M. heymonsi in the Andaman Islands was genetically and 

that the current number of recognized Microhyla species 
may be underestimated. Several distinct populations such 
as the six sub-clades of M. ‘heymonsi
lineages previously indicated as M. “sp. 1” and M. “sp. 
3” (MATSUI et al., 2011) in the Microhyla achatina group, 

M. cf. berdmorei previ-
ously shown as “M. rubra” (PELOSO et al., 2016), and 
several populations known only from wrongly identi-

M. pertigena, 
KC180049 as M. achatina), are all likely to represent 
either new species requiring formal description or previ-
ously named taxa that are either poorly studied or known 
only from morphological descriptions and reported 
specimens (e.g., BAIN & NGUYEN, 2004; POYARKOV et al., 
2014).
 Although, molecular evidence suggests higher di-
versity, species delineation within the entire radiation of 
Microhyla frogs based on genetic differentiation alone 

divergence. Therefore, a combination of metric and mer-
istic characters as well as call parameters, as shown for 
the South Asian members in the present study, can be 
useful for diagnoses across all known Microhyla species. 
Such approaches will also aid a comprehensive revision 
of the entire Microhyla radiation, which is essential for 
gathering a better understanding of diversity and rela-
tionships within the group. 
 The present study has addressed several taxonomic 
concerns relating to all South Asian Microhyla frogs, 

-
tions, detailed diagnostic characters, delineation of spe-
cies, and their geographical ranges presented in this study 
based on integrated evidence, will aid similar compre-
hensive revisions of Microhyla groups and species found 
outside the region, so that a better systematic understand-
ing of this morphologically cryptic group can be achieved 
sooner in the near future.
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Appendix

Microhyla achatina. INDONESIA: 
Microhyla kodial. INDIA:  

 Microhyla 
orientalis. INDONESIA: 

Microhyla heymonsi. CHINA: 
“Formosa” [=Taiwan], ZMB 55182 and ZMB 23334, syntypes, 
two adult males; Taiwan Province, CIB 65579 – 65580 and CIB 
65582 – 65583, four adult males. Microhyla cf. heymonsi. INDIA: 
Andaman Islands, WII-HS08, an adult male. Microhyla berdmo-
rei. MYANMAR: “Arakan”, ZSI 9718 – 9720; INDIA: Assam sta-
te, Amchang, ADA 45, an adult male; Assam state, Barail, ADA 
5227 – 5228 and ADA 5243, three adult males; Meghalaya state, 
Nongkhellyam WLS, A0949 and A0951, two adult males. Micro-

. CHINA: Guangdong Province, Guangzhou City, CIB 
68624, an adult male; Guizhou Province, Anlong, CIB 68812, an 
adult male; Hunan Province, Yizhang, CIB 68886, an adult male; 
Yunnan Province, He Kou, CIB 103704, an adult female. Microhyla 

. INDIA: “Mayabunder (east of Burma temple), North 
Andamans”, ZSI-SRS VA/770, holotype, an adult male; Andaman 
Islands, WII-HC010, WII-HC095, WII-HC112, WII-HC184, and 

. CHINA: Taiwan 
Province, Taiwan City, CIB 68500, an adult male; Fujian Province, 

four adult males; Microhyla mixtura. CHINA: Sichuan Province, 
Wanyuan Country, CIB 65691 – 65692, CIB 65696, CIB 65701, 

Microhyla mukhlesuri. INDIA: 

Microhyla mymensing-
hensis. INDIA: Assam state, Barail, ADA 50 and ADB50B, two 

male. . INDIA: Chhattisgarh, Durga 

male. Microhyla ornata. INDIA: “côte Malabar”, MNHNP 5035, 

2014.2555 – 2557, three adult males; Karnataka state, BR Hills, 

DZ 1052, an adult male; Anuradhapura, DZ 1471, an adult male; 
Kumbalagama, DZ 1085, an adult male; Puttalam, DZ 1104, an 
adult male; Maakandura, DZ 1432, an adult male. Microhyla mi-
hintalei. SRI LANKA: Anuradhapura, DZ 1553, holotype, an adult 
male; Anuradhapura, DZ 1554 – 1557, paratypes, four adult males; 
Anuradhapura, DZ 1467 – 1468 and DZ 1473, paratypes, three 
adult males; Maakandura, DZ 1410, an adult male. Microhyla ru-



49

VERTEBRATE ZOOLOGY  —  69 (1) 2019

File S2. Vocalization in four closely related Microhyla species from East and Southeast Asia

bra. INDIA: Karnataka state, Bannerghatta, ZSI/WGRC/V/A/960, 

-
-

Microhyla darreli sp. nov. INDIA: Kerala state, Karamana, ZSI/
WGRC/V/A/961, holotype, an adult male; Kerala state, Karama-
na, ZSI/WGRC/V/A/962 – 965, paratypes, four adult males; Kerala 

Microhyla karu-
naratnei. SRI LANKA: Rathnapura, Morningside, DZ 1529 – DZ 
1531, three adult males. Microhyla laterite. INDIA: Karnataka 

state, “Herga village, Manipal”, BNHS 5964, holotype, an adult 

 Microhyla sholigari. 
INDIA: Karnataka state, “Bhargavi stream bed near Doddasam-
pige”, Biligirirangan Hills, ZSIC A9061, holotype, a subadult fe-

2016.3442 – 3444, three adult males. Microhyla zeylanica. SRI 
LANKA: “Bopats” (Bopatalawa), BMNH 1948.1.1.3, holotype, 
an adult male; Horton Plains National Park, DZ 1419 – 1421, three 
adult males.

Microhyla achatina. The calls of Microhyla achatina (voucher 
-

ween 20:30 – 21:00 h, at air temperature: 28°C dry bulb, 27°C wet 
bulb. The male produced a single type of call with pulsatile tempo-
ral structure. Calls were not delivered in groups and showed uni-
form intervals. The call duration was 228.6 ms (116.2 – 285.3 ms) 
with 8 pulses (4 – 9 pulses) delivered at a rate of 26.4 pulses/s 
(25.6 – 28.5 pulses/s), rise time of 103.2 ms (38.4 – 122.3 ms), and 
fall time of 109.6 ms (40.2 – 163.2 ms). The call spectrum was cha-
racterized by single broad peak with the overall dominant frequen-
cy of 3.3 kHz (3.2 – 3.4 kHz) (Fig. 6; Table S4).

Microhyla orientalis. The calls of Microhyla orientalis (voucher 
-

ber 2017, between 19:30 – 20:00 h, at air temperature: 25.2°C dry 
bulb, 24.0°C wet bulb. The male produced a single type of call 
with pulsatile temporal structure. Calls were not delivered in 
groups and showed uniform intervals. The mean call duration was 
62.0 ms (48.2 – 67.4 ms) with 5 pulses (3 – 5 pulses) delivered at 
a rate of 57.7 pulses/s (46.5 – 64.5 pulses/s), rise time of 22.6 ms 
(22.1 – 23.2 ms), and fall time of 39.6 ms (26.2 – 44.1 ms). The call 
spectrum was characterized by single broad peak with the overall 
dominant frequency of 3.7 kHz (Fig. 6; Table S4).

. The calls of (voucher CIB 
HN034) were recorded at Chengmai, Hainan Island, by Yulong Li, 
on 29 May 2016, between 20:00 – 24:00 h, at air temperature: 26.5°C 

dry bulb, 24.5°C wet bulb. The male was observed to pro duce a 
single type of call with pulsatile temporal structure and the calls 
were not delivered in groups. The mean call duration was 236.2 ms 
(229.2 – 251.3 ms) with 15 pulses (15 – 16 pulses) delivered at a 
rate of 61.8 pulses/s (61.4 – 62.5 pulses/s), rise time of 149.2 ms 
(130.2 – 163.3 ms), and fall time of 87.6 ms (69.2 – 104.4 ms). The 
call spectrum was characterized by two broad peaks with mean 
dominant frequency of 3.0 kHz (Fig. 13; Table S4). Further, our 
calls of recorded from China were largely simi-
lar to calls published by HEYER (1971) as ‘M. ornata’ 
in duration 230 – 250 ms (vs. 230 – 310 ms) and pulse rate 61.0 – 
61.5 pulses/s (vs. 53.0 – 63.0 pulses/s) (Table S4).

. The calls of Microhyla palmipes were re-
corded at Telaga Warna, Java, on 26 October 2017, between 
23:00 – 23:30 h. The male produced a single type of call with pulsa-

-
dy, calls were delivered in groups with uniform intervals. The mean 
call duration was 109.6 ms (58.2 – 164.4 ms) with 11 pulses (6 – 13 
pulses) delivered at a rate of 79.8 pulses/s (73.5 – 90.9 pulses/s), 
rise time of 33.2 ms (20.1 – 45.2 ms), and fall time of 67.2 ms 
(38.2 – 105.1 ms). The call spectrum was characterized by single 
broad peak with the overall dominant frequency of 3.5 kHz (3.4 –  
3.5 kHz) (Fig. 25; Table S4).
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Fig. S1. Graphic scheme for meristic characters used in the study. A. Mid-dorsal skin fold. B. Mid-dorsal line, dorsolateral skin fold with 
lateral marking or band. C – D. Nostril placed dorsally. E. F. Streak from posterior corner of eye to 
shoulder. G – H. Nostril placed laterally.

Fig. S2. Terminal phalanges of toe IV in Microhyla species. A. M. achatina. B. M. berdmorei. C. M. chakrapanii. D. M. darreli sp. nov. 
E. M. cf. heymonsi. F. M. kodial. G. M. laterite. H. M. mukhlesuri. I. M.  mymensinghensis. J. M. nilphamariensis. K.  M. ornata. L. M. 
rubra. M. M. sholigari.
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Table S1. List of samples used for the molecular study. 

Species Locality Voucher No. Accession No.
1 Microhyla achatina MZB Amp 16402 AB634656
2 Microhyla achatina Indonesia: Java, Gede Pangrango MDK:24 AB634657
3 Microhyla achatina MZBAmp 16401 AB598335
4 Microhyla achatina Indonesia, Java Island RMB2629 KC822492
5 Microhyla achatina MZBAmp16402 KM509162
6 Microhyla “sp. 3” Indonesia: Sumatra, Lampung MZB Amp 15291 AB634680
7 Microhyla “sp. 3” Indonesia: Sumatra, Bengkulu MZB Amp 16328 AB634681
8 Microhyla annectens Malaysia: Selangor, Genting AB634658
9 Microhyla berdmorei Malaysia: Selangor, Gombak AB598338
10 Microhyla berdmorei India: Tripura, Gumti WLS MH807384
11 Microhyla berdmorei India: Tripura, Vanghmun, Jampui Hills MH807385
12 Microhyla berdmorei India: Tripura, Sepahijala WLS MH807386
13 Microhyla berdmorei India: Tripura, Trishna WLS MH807387
14 Microhyla berdmorei India: Assam, Tellachera, Near Marua WII 5676 MH807388
15 Microhyla berdmorei Bangladesh: Sylhet, Golapganj Haplotype: Msp-Bd1 AB530540
16 Microhyla berdmorei Bangladesh: Sylhet, Golapganj & Bandarban Haplotype: Msp-Bd2 AB530541
17 Microhyla berdmorei Bangladesh: Sylhet, Golapganj Haplotype: Msp-Bd3 AB530542
18 Microhyla berdmorei Malaysia: Gombak FSC Haplotype: Mber-My AB530638
19 Microhyla berdmorei Indonesia: Sumatra, Bengkulu MZB Amp 16413 AB634660
20 Microhyla berdmorei Indonesia: Kalimantan, Paramasan MZB Amp 15270 AB634661
21 Microhyla berdmorei Malaysia: Terengganu, Besut AB634662
22 Microhyla berdmorei Thailand: Phrae, Mae Yom AB634667

23 Microhyla berdmorei Myanmar: Sagaing, Alaungdaw Kathapa Natio-
nal Park CAS:HERP:204876 KC179981

24 Microhyla berdmorei Malaysia, Perlis, 9 km W Padang Besar, FRIM JAM1995 KC822491

25 Microhyla berdmorei Thailand: Phang Nga, Phang-nga Breeding 
Station TAD_P917 KR827906

26 Microhyla berdmorei Laos: Luang Prabang, Kouangxi Waterfall K1463 KR827907
27 Microhyla berdmorei Thailand: Chiang Mai, Doi Chiang Dao K3008 KR827908
28 Microhyla berdmorei Laos: Phongsaly, Ha Tinh 2005.0169 KR827909
29 Microhyla berdmorei Laos: Luang Prabang, Ban Dong Khan 2006.2330 KR827910
30 Microhyla berdmorei Cambodia: Siem Reap SGK4982
31 Microhyla cf. berdmorei Myanmar: Magway, Pakoku CAS:HERP:215851 KM509166
32 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi AB598329
33 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi AB598327
34 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi AB598328
35 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi SM:081126 AB598330
36 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi AB598331
37 Microhyla borneensis Malaysia: Sarawak, Gunung Serapi AB598332
38 Microhyla borneensis Malaysia: Sarawak, Serapi AB634663
39 Microhyla borneensis Malaysia EF017951
40 Microhyla borneensis Malaysia: Sarawak, Kubah National Park ZMH A10019
41 Microhyla borneensis Malaysia: Sarawak, Kubah National Park ZRC 1.12432
42 Microhyla borneensis Malaysia: Sarawak, Kubah National Park ZRC 1.12441
43 Microhyla borneensis NA KNP22 KT851977 
44 Microhyla borneensis NA KNP1134 KT851979
45 Microhyla borneensis NA KNP1096 KT851982
46 Microhyla borneensis NA KNP1034 KT851983
47 Microhyla butleri Vietnam: A Roang, A Luoi AB634664
48 Microhyla chakrapanii India: Andaman Islands Not preserved MH807389
49 Microhyla darreli sp. nov. India: Thiruvananthapuram, Karamana ZSI/WGRC/V/A/962 MH807390
50 China: Anhui, Huangshan AB201185
51 NA NA DQ512876
52 NA NA NC009422
53 China: Hainan 0007H
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54 Microhyla heymonsi NA NA AY458596
55 Microhyla heymonsi NA NA NC006406 
56 Microhyla heymonsi China: Sichuan, Zihuai 061002
57 Microhyla heymonsi NA NA AF215372
58 Microhyla heymonsi NA NA AF285200
59 Microhyla heymonsi NA NA AF285201

60 Microhyla heymonsi Vietnam: Ha Giang, Yen Minh, Du Gia Commu-
ne, Khau Ria Village AMNH A163850 DQ283382

61 Microhyla heymonsi Vietnam: Vinh Phuc, Tam Dao K739 KR827935

62 Microhyla ‘heymonsi Thailand 1136 HM359087

63 Microhyla ‘heymonsi Thailand 1152 HM359088

64 Microhyla ‘heymonsi Thailand 1153 HM359089

65 Microhyla ‘heymonsi Thailand 1205 HM359090

66 Microhyla ‘heymonsi Laos: Luang Prabang, Luang Prabang 1997.8354 KR827932
67 Microhyla ‘heymonsi Laos: Viangchan, Vientiane 1999.6069 KR827934
68 Microhyla ‘heymonsi 0974Y2 KR827937
69 Microhyla ‘heymonsi 0974Y1 KR827938
70 Microhyla ‘heymonsi Thailand: Chiang Mai, Doi Chiang Dao K3066 KR827940
71 Microhyla ‘heymonsi Laos: Luang Prabang, Ban Nong Di 2006.2341 KR827943
72 Microhyla ‘heymonsi Laos: Luang Prabang, Ban Keng Koung 2006.2337 KR827944
73 Microhyla ‘heymonsi Laos: Phongsali, Long Nai Khao 2004.0414 KR827933
74 Microhyla ‘heymonsi Laos: Luang Prabang, Ban Sop Choun 2006.2346 KR827936
75 Microhyla ‘heymonsi Laos: Luang Prabang, Ban Sop Khao 2006.2343 KR827941
76 Microhyla ‘heymonsi Laos: Luang Prabang, Ban Vang Thong 2006.2348 KR827942

77 Microhyla ‘heymonsi Thailand: Phang Nga, Sa Nang Manora Forest 
Park TAD_P329 KR827939

78 Microhyla ‘heymonsi Myanmar: Hlawgaw Wildlife Park, Yangon CAS:HERP:210748 KC179993 
79 Microhyla ‘heymonsi Thailand: Ranong, Ranong spa AB598336
80 Microhyla ‘heymonsi Thailand: Kanchanaburi, Thong Pha Phum AB201190
81 Microhyla ‘heymonsi Haplotype: Mhey-My1 AB530636
82 Microhyla ‘heymonsi Haplotype: Mhey-My2 AB530637
83 Microhyla ‘heymonsi Singapore RM MIHEJS2 HM359091
84 Microhyla ‘heymonsi Singapore RM MIHEJS3 HM359092
85 Microhyla ‘heymonsi Singapore RM MIHEJS4 HM359093
86 Microhyla ‘heymonsi Singapore RM MIHEJS5 HM359094
87 Microhyla ‘heymonsi Singapore RM MIHEJS6 HM359095
88 Microhyla ‘heymonsi Singapore RM MIHEJS8 HM359096
89 Microhyla cf. heymonsi India: Andaman Islands Not preserved MH807391
90 Microhyla karunaratnei Sri Lanka: Morningside, Sinharaja DZ 1529 MH807392
91 Microhyla karunaratnei Sri Lanka: Morningside, Sinharaja DZ 1530 MH807393
92 Microhyla kodial India: Karnataka, Mangalore MH807394
93 Microhyla laterite India: Karnataka, Manipal BNHS 5965 KT600670
94 Microhyla laterite India: Karnataka, Manipal GL3302 KT600671
95 Microhyla laterite India: Karnataka, Mangalore MH807395
96 Microhyla laterite India: Kerala, Kannur, Madayipara MH807396
97 Microhyla laterite India: Kerala, Kannur, Madayipara MH807397
98 Microhyla laterite India: Kerala, Kasargod, Anakallu MH807398
99 Microhyla malang Malaysia: Sarawak, Gunung Serapi AB598319
100 Microhyla malang Malaysia: Sarawak, Gunung Serapi AB598320
101 Microhyla malang Malaysia: Sarawak, Gunung Serapi AB598321
102 Microhyla malang Malaysia: Sarawak, Kanowit AB598322
103 Microhyla malang Malaysia: Sabah, Tawau Hills BORN:9090 AB598323
104 Microhyla malang Malaysia: Sabah, Tawau Hills BORN:9210 AB598324
105 Microhyla malang Malaysia: Sabah, Tawau Hills BORN:9211 AB598325

Table S1 continued. 
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Table S1 continued. 

106 Microhyla malang Malaysia: Sabah, Tawau Hills AB598326
107 Microhyla malang Malaysia: Sarawak, Kubah National Park ZMH A10027
108 Microhyla malang Malaysia: Sarawak, Kubah National Park ZRC 1.11939
109 Microhyla malang NA Isolate: KNP1121 KT851978 
110 Microhyla malang NA Isolate: KNP1055 KT851980
111 Microhyla malang Indonesia: Kalimantan, Balikpapan MZB Amp 16364 AB634677
112 Microhyla “sp. 1” Malaysia: Sabah, Crocker BOR:8480 AB634678
113 Microhyla mantheyi Malaysia: Selangor, Templer Park AB598333
114 Microhyla mantheyi Malaysia: Pahang, Temerloh AB598334
115 Microhyla mantheyi Malaysia: Selangor, Gombak KM509163
116 Microhyla marmorata Laos: Houapan, Xamneua AB634668
117 Microhyla mihintalei Sri Lanka: Anuradhapura DZ1468
118 Microhyla mihintalei Sri Lanka: Dambulla DZ1127
119 Microhyla mihintalei Sri Lanka: Makandura DZ1410
120 Microhyla mihintalei Sri Lanka: Makandura DZ1418
121 Microhyla mihintalei Sri Lanka: Mihinthale DZ1445
122 Microhyla mihintalei Sri Lanka: Mihinthale DZ1446
123 Microhyla mixtura China: Sichuan CIB 20070248 AB634669
124 Microhyla mukhlesuri Bangladesh: Chittagong, Raozan AB543608
125 Microhyla mukhlesuri Bangladesh: Chittagong, Raozan AB543609
126 Microhyla mukhlesuri India: Mizoram MH549575
127 Microhyla mukhlesuri Laos: Luang Prabang, Ban Nong Di K3361 KR827917
128 Microhyla mukhlesuri Laos: Luang Prabang, Ban Sop Khao K3090 KR827918
129 Microhyla mukhlesuri Laos: Luang Prabang, Ban Sop Khao K3087 KR827919
130 Microhyla mukhlesuri Laos: Luang Prabang, Ban Nong Di K3334/2006.2360 KR827920
131 Microhyla mukhlesuri Laos: Luang Prabang, Ban Sop Khao K3179/2006.2362 KR827921
132 Microhyla mukhlesuri Laos: Luang Prabang, Ban Sop Choun K3216/2006.2381 KR827922
133 Microhyla mukhlesuri Laos: Luang Prabang, Luang Prabang K4/1997.8359 KR827925
134 Microhyla mukhlesuri Laos: Luang Prabang, Ban Vang Thong K3252/2006.2391 KR827926
135 Microhyla mukhlesuri Laos: Luang Prabang, Ban Sop Khao K3154/006.2331 KR827931
136 Microhyla mukhlesuri Laos: Phongsaly, Long Nai Khao K1946/2005.0177 KR827928
137 Microhyla mukhlesuri Laos: Phongsaly, Nathen K1634/2004.0426 KR827929
138 Microhyla mukhlesuri Laos: Viangchan, Vientiane 717D KR827927

139 Microhyla mukhlesuri Malaysia: Perlis, 9 km W Padang Besar, FRIM JAM 1991 KC822490

140 Microhyla mukhlesuri Myanmar: Shan, Taunggyi, Ma Gawe Reserve, 
Kalaw CAS HERP 230957 KC179995

141 Microhyla mukhlesuri 0976Y KR827923
142 Microhyla mukhlesuri Thailand: Bangkok AB634666
143 Microhyla mukhlesuri Thailand: Chiang Mai, Doi Chiang Dao K3009 KR827924
144 Microhyla mukhlesuri Thailand: Kanchanaburi, Thong Pha Phum AB201186

145 Microhyla mukhlesuri Thailand: Phang Nga, Phang-nga Breeding 
Station P306 KR827930

146 Microhyla mukhlesuri Vietnam: Quang Binh, Phong Nha-Ke Bang 
National Park ZFMK86426

147 Microhyla mukhlesuri Vietnam: Quang Binh, Phong Nha-Ke Bang 
National Park ZFMK86370

148 Microhyla mukhlesuri Vietnam: Quang Binh, Phong Nha-Ke Bang 
National Park ZFMK86752

149 Microhyla mukhlesuri NA KIZHERP0138 JX678905
150 Microhyla mukhlesuri NA NA JQ621935
151 Microhyla mukhlesuri NA NA AF215371
152 Microhyla mukhlesuri NA NA AF215373
153 Microhyla mukhlesuri NA TZ52 AF285202
154 Microhyla mymensinghensis Bangladesh: Mymensingh AB530529
155 Microhyla mymensinghensis Bangladesh: Mymensingh BdMsp 75-76 AB530530
156 Microhyla mymensinghensis Bangladesh: Mymensingh BdMsp 81 AB530531
157 Microhyla mymensinghensis Bangladesh: Mymensingh BdMsp 70 AB530532
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Table S1 continued. 

158 Microhyla mymensinghensis Bangladesh: Mymensingh BdMsp 72-73 AB530533
159 Microhyla mymensinghensis Bangladesh: Mymensingh BdMsp 77-78 AB530534
160 Microhyla mymensinghensis Bangladesh: Mymensingh – AB530535
161 Microhyla mymensinghensis Bangladesh: Mymensingh AB530536
162 Microhyla mymensinghensis Bangladesh: Sylhet AB543606 
163 Microhyla mymensinghensis Bangladesh: Sylhet AB543607
164 Microhyla mymensinghensis India: Assam, Maruacherra ADWII_BM1 MH549577
165 Microhyla mymensinghensis India: Assam, Maruacherra ADWII_BM2 MH549578
166 Microhyla mymensinghensis India: Assam, Silchar MH549576
167 Microhyla mymensinghensis India: Manipur, Tamenglong MH549579
168 Microhyla mymensinghensis India: Manipur, Tamenglong MH549580
169 Microhyla mymensinghensis India: Meghalaya, West Garo Hills MH549581
170 Microhyla mymensinghensis India: Nagaland, Kohima, Zubza MH549582
171 Microhyla mymensinghensis India: Nagaland, Kohima, Toulizie MH549583
172 Microhyla mymensinghensis India: Nagaland, Kohima, Tseminyu MH549584
173 Microhyla mymensinghensis India: Nagaland, Peren, Intanki NP MH549585
174 Microhyla mymensinghensis India: Tripura, Gumti WLS MH549586
175 Microhyla mymensinghensis India: Tripura, Jampui Hills MH549587
176 Microhyla mymensinghensis India: Tripura, Trishna WLS MH549588
177 Microhyla mymensinghensis India: Tripura, Sepahijala WLS MH549589
178 Microhyla mymensinghensis India: West Bengal, Kolkata MH549590
179 Microhyla nanapollexa Vietnam: Quang Nam PT-484 KM509164
180 Microhyla nilphamariensis Bangladesh: Dinajpur DB-Hi-FROG 12005 AB201187
181 Microhyla nilphamariensis Bangladesh: Dinajpur AB530537
182 Microhyla nilphamariensis Bangladesh: Dinajpur AB530538
183 Microhyla nilphamariensis Bangladesh: Dinajpur AB530539
184 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2360 KP072787
185 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2361 KP072788
186 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2362 KP072789
187 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2363 KP072790
188 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2364 KP072791
189 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2365 KP072792
190 Microhyla nilphamariensis Bangladesh: Saidpur MZH-2366 KP072793
191 Microhyla nilphamariensis India: Andhra Pradesh, Srikakulam MH549591
192 Microhyla nilphamariensis India: Assam, Barpet, Mandia MH549592
193 Microhyla nilphamariensis India: Assam, Tezpur, Mazgaon MH549593
194 Microhyla nilphamariensis India: Bihar, Banka, Kaitha MH549594
195 Microhyla nilphamariensis India: Chhattisgarh, Durga Dhara MH549595
196 Microhyla nilphamariensis India: Delhi, Bawana MH549596
197 Microhyla nilphamariensis India: Karnataka, Bajipe NA AB530627
198 Microhyla nilphamariensis India: Karnataka, Karnoor BNHS 5028 AB530628
199 Microhyla nilphamariensis India: Karnataka, Karnoor BNHS 5029 AB530629
200 Microhyla nilphamariensis India: Karnataka, Talagini RBRL 040723-04 AB530630
201 Microhyla nilphamariensis India: Karnataka, Castle Rock MH549597
202 Microhyla nilphamariensis India: Karnataka, Kathlekan MH549598
203 Microhyla nilphamariensis India: Karnataka, Mangaluru MH549599
204 Microhyla nilphamariensis India: Karnataka, Manipal MH549600
205 Microhyla nilphamariensis India: Karnataka, Shimoga, Jog MH549602
206 Microhyla nilphamariensis India: Kerala, Anakallu MH549601
207 Microhyla nilphamariensis India: Kerala, Kakkayam MH549603
208 Microhyla nilphamariensis India: Kerala, Mannuthy MH549604
209 Microhyla nilphamariensis India: Kerala, Kannur, Madayipara MH549605
210 Microhyla nilphamariensis India: Maharashtra, Koyna MH549606
211 Microhyla nilphamariensis India: Maharashtra, Phansad WLS MH549607
212 Microhyla nilphamariensis India: Maharashtra, Amboli MH549608
213 Microhyla nilphamariensis India: Maharashtra, Pune MH549609
214 Microhyla nilphamariensis India: Maharashtra, Neral MH549610
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Table S1 continued. 

215 Microhyla nilphamariensis India: Maharashtra, Amboli MH549611
216 Microhyla nilphamariensis India: Maharashtra, Amboli MH549612
217 Microhyla nilphamariensis India: Maharashtra, Koyna MH549613
218 Microhyla nilphamariensis India: Odisha, Balugaon MH549614
219 Microhyla nilphamariensis ADWII_DW1 MH549615
220 Microhyla nilphamariensis ADWII_DT1 MH549616
221 Microhyla nilphamariensis ADWII_059 MH549617
222 Microhyla nilphamariensis ADWII_M03 MH549618
223 Microhyla nilphamariensis Nepal: Mechi, Jhapa, Budhabare JRK201528 KY655950
224 Microhyla nilphamariensis Nepal: Mechi, Taplujung, Hangdewa JRK201529 KY655951
225 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201501 KY655926
226 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201502 KY655927
227 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201503 KY655928
228 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201504 KY655929
229 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201505 KY655930
230 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201506 KY655931
231 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201507 KY655932
232 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201508 KY655933
233 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201509 KY655934
234 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201510 KY655935
235 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201511 KY655936
236 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201512 KY655937
237 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201513 KY655938
238 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201514 KY655939
239 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201515 KY655940
240 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201516 KY655941
241 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201517 KY655942
242 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201518 KY655943
243 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201519 KY655944
244 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201520 KY655945
245 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201521 KY655946
246 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201522 KY655947
247 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201523 KY655948
248 Microhyla nilphamariensis Nepal: Narayani, Chitwan, Jhuwani JRK201524 KY655949
249 Microhyla nilphamariensis Nepal: Mechi, Taplujung, Hangdewa JRK201529 KY655951
250 Microhyla okinavensis Japan: Okinawa AB303950
251 Microhyla okinavensis Japan: Ishigaki Haplotype: Moki-Jp2 AB530635
252 Microhyla okinavensis Japan: Ishigaki Island, Okinawa NC 010233
253 Microhyla ‘okinavensis Japan: Ryukyu, Amami, Amamioshima AB201184
254 Microhyla ‘okinavensis Japan: Okinawa Haplotype: Moki-Jp1 AB530634
255 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781469
256 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781465
257 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781466
258 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781467
259 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781468
260 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781470
261 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781471
262 Microhyla orientalis Indonesia: Bali, Wongaya Gede AB781472
263 Microhyla orientalis Indonesia: Bali, Batu Karu MZB Amp 16259 AB634679
264 Microhyla ornata India: Andhra Pradesh, Maredumilli MH549619
265 Microhyla ornata India: Andhra Pradesh, Maredumilli MH549620
266 Microhyla ornata India: Karnataka, Dharwad ZSIK-A9119 AB201188
267 Microhyla ornata India: Karnataka, Mudigere BNHS 5036 AB530632
268 Microhyla ornata India: Karnataka, Gundlupet MH549621
269 Microhyla ornata India: Karnataka, Shimoga MH549622
270 Microhyla ornata India: Karnataka, Dandeli MH549623
271 Microhyla ornata India: Karnataka, Mysore MH549624
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Table S1 continued. 

272 Microhyla ornata India: Karnataka, Sakleshpur MH549625
273 Microhyla ornata India: Karnataka, BR Hills MH549626
274 Microhyla ornata India: Karnataka, Bannerghatta MH549627
275 Microhyla ornata India: Kerala, Wayanad, Pulpally RGCB15059 KP072794
276 Microhyla ornata India: Kerala, Karamana MH549628
277 Microhyla ornata India: Kerala, Palakkad MH549629
278 Microhyla ornata India: Tamil Nadu, Kiriparai MH549630
279 Microhyla ornata India: Tamil Nadu, Kunnapattu MH549631
280 Microhyla ornata India: Tamil Nadu, Mamallapuram MH549632
281 Microhyla ornata India: Tamil Nadu, Coimbatore MH549633
282 Microhyla ornata India: Tamil Nadu, Siruvani MH549634
283 Microhyla ornata India: Tamil Nadu, Coimbatore MH549635
284 Microhyla ornata India: Tamil Nadu, Coimbatore MH549636
285 Microhyla ornata Sri Lanka: Kumbalagama DZ 1085 MH807399
286 Microhyla ornata Sri Lanka: Puttalam DZ 1104 MH807400
287 Microhyla ornata Sri Lanka: Makandura DZ 1426 MH807401
288 Microhyla ornata Sri Lanka: Makandura DZ 1427 MH807402
289 Microhyla ornata Sri Lanka: Kukulamalpotha DZ 1431 MH807403
290 Microhyla ornata Sri Lanka: Kukulamalpotha DZ 1432 MH807404
291 Microhyla ornata Sri Lanka: Ampara DZ 1460 MH807405
292 Microhyla ornata Sri Lanka: Anuradhapura DZ 1471 MH807406
293 Microhyla ornata Sri Lanka: Anuradhapura DZ 1472 MH807407
294 Microhyla palmipes Indonesia: Bali MZB Amp 16255 AB634670
295 Microhyla perparva Malaysia: Sarawak AB634673
296 Microhyla petrigena Malaysia: Sarawak AB634675
297 Microhyla pulchra China: Guangdong NA KF798195
298 Microhyla pulchra Thailand: Kanchanaburi, Thong Pha Phum AB201191
299 Microhyla pulchra Thailand: Kanchaburi, Pilok AB634676
300 Microhyla pulchra Pet trade Rds 05 DQ283422
301 Microhyla pulchra NA NA AF215374
302 Microhyla pulchra NA TZ299 AF285203
303 Microhyla pulchra NA TZ98104 AF285204
304 Microhyla pulchra NA TZ98106 AF285205

305 Microhyla pulchra China: Guangdong, Dongguan, Yingping Moun-
tain NA NC024547

306 Microhyla pulchra China: Hainan Province 16S19
307 Microhyla pulchra Vietnam: Lang Son, Huu Lien K760 KR827945
308 Microhyla pulchra Laos: Luang Prabang, Ban Nong Di 2006.2392 KR827946
309 Microhyla pulchra Laos: Luang Prabang, Ban Sop Choun 2006.2395 KR827947
310 Microhyla pulchra Laos: Luang Prabang, Luang Prabang 1999.6057 KR827948
311 Microhyla pulchra Laos: Luang Prabang, Luang Prabang 1997.8380 KR827949
312 Microhyla pulchra Laos: Luang Prabang, Ban Sop Choun K3100 KR827950
313 Microhyla rubra India: Karnataka NA AB201192
314 Microhyla rubra India: Karnataka, Shivanahalli
315 Microhyla rubra India: Karnataka, Bannerghatta MH807408
316 Microhyla rubra India: Karnataka, BR Hills MH807409
317 Microhyla rubra India: Karnataka, Shimoga MH807410
318 Microhyla rubra India: Kerala, Mannuthy MH807411
319 Microhyla rubra India: Kerala, Parambikulam MH807412
320 Microhyla rubra India: Tamil Nadu, Mamallapuram MH807413
321 Microhyla rubra India: Tamil Nadu, Mamallapuram MH807414
322 Microhyla rubra India: Tamil Nadu, Coimbatore MH807415
323 Microhyla rubra India: Tamil Nadu, Coimbatore MH807416
324 Microhyla rubra India: Tamil Nadu, Coimbatore MH807417
325 Microhyla rubra India: Tamil Nadu, Siruvani MH807418
326 Microhyla rubra India: Tamil Nadu, Siruvani MH807419
327 Microhyla rubra India: Tamil Nadu, Meenakshipuram MH807420
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328 Microhyla sholigari India AF249060
329 Microhyla sholigari India: Talapu, Madikeri RBRL 060709-29 AB530631
330 Microhyla sholigari India AY948728
331 Microhyla sholigari India: Karnataka, Bisle GL3352 KT600672
332 Microhyla sholigari India: Karnataka, Bisle GL3353 KT600673
333 Microhyla sholigari India: Karnataka, BRTTR GL3360 KT600674
334 Microhyla sholigari India: Karnataka, BRTTR GL3361 KT600675
335 Microhyla sholigari India: Karnataka, BRTTR GL3362 KT600676
336 Microhyla sholigari India: Karnataka, Bhagamandala MH807421
337 Microhyla sholigari India: Karnataka, BR Hills MH807422
338 Microhyla sholigari India: Karnataka, BR Hills MH807423
339 Microhyla sholigari India: Karnataka, BR Hills MH807424
340 Microhyla sholigari India: Karnataka, Gundlupet MH807425
341 Microhyla sholigari India: Karnataka, Shimoga MH807426
342 Microhyla sholigari India: Tamil Nadu, Masinagudi MH807427
343 Microhyla superciliaris Malaysia: Negeri Sembilan, Kenaboi AB634683
344 Microhyla taraiensis Nepal: Mechi, Jhapa, Jamun Khadi JRK201525 KY655952
345 Microhyla taraiensis Nepal: Mechi, Jhapa, Jamun Khadi JRK201526 KY655953
346 Microhyla taraiensis Nepal: Mechi, Jhapa, Jamun Khadi JRK201527 KY655954
347 Microhyla zeylanica Sri Lanka: Horton plains DZ 1419 MH807428

Outgroup
348 Kaloula pulchra Thailand: Kanchanaburi AB201194

Table S1 continued. 

Table S2.
members comprising the various South Asian Microhyla groups recognized in the study.

Microhyla achatina GROUP
Mean Min Max St Dev

Microhyla achatina 1.7 0 2.8 1.3
Microhyla borneensis 0.2 0 1.0 0.3
Microhyla kodial – – – –
Microhyla malang 1.6 0 3.8 1.2
Microhyla mantheyi 0.7 0 1.0 0.6
Microhyla orientalis 0.04 0 0.2 0.08
Microhyla “sp. 1” – – – –
Microhyla “sp. 3” 2.6 – – –

 Mean Min Max St Dev
Microhyla achatina Microhyla borneensis 6.2 5.8 6.8 0.2
Microhyla achatina Microhyla kodial 7.8 7.4 8.3 0.4
Microhyla achatina Microhyla malang 7.0 5.8 8.0 0.5
Microhyla achatina Microhyla mantheyi 5.8 5.4 6.4 0.4
Microhyla achatina Microhyla orientalis 5.7 5.4 5.8 0.2
Microhyla achatina Microhyla “sp. 1” 7.5 7.0 7.8 0.4
Microhyla achatina Microhyla “sp. 3” 5.2 4.6 5.8 0.5
Microhyla borneensis Microhyla kodial 7.2 6.8 7.8 0.3
Microhyla borneensis Microhyla malang 2.5 1.7 3.4 0.3
Microhyla borneensis Microhyla mantheyi 5.3 4.9 5.6 0.2
Microhyla borneensis Microhyla orientalis 4.2 4.0 4.5 0.1
Microhyla borneensis Microhyla “sp. 1” 3.0 2.6 3.2 0.1
Microhyla borneensis Microhyla “sp. 3” 6.2 6.0 6.6 0.2
Microhyla kodial Microhyla malang 8.4 7.8 10.0 0.6
Microhyla kodial Microhyla mantheyi 7.3 7.2 7.4 0.1
Microhyla kodial Microhyla orientalis 7.2 7.2 7.4 0.1
Microhyla kodial Microhyla “sp. 1” 7.8 – – –
Microhyla kodial Microhyla “sp. 3” 8.4 8.3 8.4 0.1
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Microhyla malang Microhyla mantheyi 6.2 5.8 7.1 0.3
Microhyla malang Microhyla orientalis 5.0 4.4 6.4 0.5
Microhyla malang Microhyla “sp. 1” 3.7 3.4 5.4
Microhyla malang Microhyla “sp. 3” 6.8 6.2 7.5 0.4
Microhyla mantheyi Microhyla orientalis 5.1 4.9 5.2 0.1
Microhyla mantheyi Microhyla “sp. 1” 5.2 5.0 5.4 0.2
Microhyla mantheyi Microhyla “sp. 3” 5.5 5.2 5.6 0.2
Microhyla orientalis Microhyla “sp. 1” 5.6 – – –
Microhyla orientalis Microhyla “sp. 3” 6.3 6.0 6.4 0.1
Microhyla “sp. 1” Microhyla “sp. 3” 6.8 6.6 7.0 0.3

Microhyla ‘heymonsi’ CLADE
Mean Min Max St Dev

Microhyla heymonsi clade 1 0.6 0 2.7 0.9
Microhyla heymonsi clade 2 1.4 0.2 2.5 0.8
Microhyla heymonsi clade 3 1.9 0.3 2.8 0.9
Microhyla heymonsi clade 4 1.6 0 2.6 0.8
Microhyla heymonsi clade 5 0.8 0 1.3 0.4
Microhyla heymonsi clade 6 0.3 0 0.5 0.3

 Mean Min Max St Dev
M. heymonsi clade 1 M. heymonsi clade 2 3.2 2.5 4.6 0.6
M. heymonsi clade 1 M. heymonsi clade 3 5.0 4.4 5.7 0.3
M. heymonsi clade 1 M. heymonsi clade 4 5.0 4.2 6.4 0.6
M. heymonsi clade 1 M. heymonsi clade 5 4.7 3.9 5.4 0.4
M. heymonsi clade 1 M. heymonsi clade 6 5.2 4.9 6.0 0.3
M. heymonsi clade 2 M. heymonsi clade 3 3.7 3.0 4.5 0.4
M. heymonsi clade 2 M. heymonsi clade 4 3.8 2.7 5.4 0.9
M. heymonsi clade 2 M. heymonsi clade 5 3.9 3.1 4.6 0.4
M. heymonsi clade 2 M. heymonsi clade 6 4.5 4.0 4.9 0.3
M. heymonsi clade 3 M. heymonsi clade 4 3.6 2.6 4.7 0.5
M. heymonsi clade 3 M. heymonsi clade 5 3.5 2.6 4.0 0.3
M. heymonsi clade 3 M. heymonsi clade 6 3.5 3.3 3.9 0.2
M. heymonsi clade 4 M. heymonsi clade 5 3.0 2.3 4.0 0.5
M. heymonsi clade 4 M. heymonsi clade 6 4.3 3.9 5.2 0.4
M. heymonsi clade 5 M. heymonsi clade 6 2.7 2.5 2.8 0.1

Microhyla berdmorei GROUP
Mean Min Max St Dev

Microhyla berdmorei 2.0 0 5.2 1.2
Microhyla cf. berdmorei – – – –
Microhyla pulchra 1.2 0 2.9 0.7

Mean Min Max St Dev
Microhyla berdmorei Microhyla cf. berdmorei 8.9 7.9 10.4 0.7
Microhyla berdmorei Microhyla pulchra 9.0 7.3 12.3 1.2
Microhyla cf. berdmorei Microhyla pulchra 11.3 10.2 13.0 1.2

 GROUP
Mean Min Max St Dev

Microhyla chakrapanii – – – –
0 – – –

Microhyla mukhlesuri 1.5 0 3.3 0.8
Microhyla mymensinghensis 0.7 0 2.1 0.6

 Mean Min Max St Dev
Microhyla chakrapanii 2.9 2.9 2.9 –
Microhyla chakrapanii Microhyla mukhlesuri 4.9 3.7 6.2 0.9
Microhyla chakrapanii Microhyla mymensinghensis 2.6 2.3 3.1 0.2

Microhyla mukhlesuri 2.4 1.4 3.3 0.5
Microhyla mymensinghensis 3.1 2.7 3.7 0.3

Microhyla mukhlesuri Microhyla mymensinghensis 4.1 2.8 5.4 0.6
Microhyla ‘ 1.0 1.0 1.0 –

Table S2 continued. 
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Microhyla ornata GROUP
Mean Min Max St Dev

Microhyla ornata 0.2 0 0.8 0.2
Microhyla nilphamariensis 0.6 0 2.3 0.6
Microhyla taraiensis 0.3 0 0.4 0.2

 Mean Min Max St Dev
Microhyla ornata Microhyla nilphamariensis 4.6 3.8 5.5 0.3
Microhyla ornata Microhyla taraiensis 6.5 6.1 7.0 0.2
Microhyla nilphamariensis Microhyla taraiensis 4.6 4.0 5.7 0.3

Microhyla rubra GROUP
Mean Min Max St Dev

Microhyla mihintalei 0.06 0 0.2 0.09
Microhyla rubra 0.1 0 0.6 0.2

Mean Min Max St Dev
Microhyla mihintalei Microhyla rubra 2.6 2.5 3.2 0.2

Microhyla zeylanica GROUP
Mean Min Max St Dev

Microhyla darreli sp. nov. – – – –
Microhyla karunaratnei 0 – – –
Microhyla laterite 0.8 0 1.3 0.6
Microhyla sholigari 0.05 0 0.4 0.1
Microhyla zeylanica – – – –

Mean Min Max St Dev
Microhyla darreli sp. nov. Microhyla karunaratnei 2.5 2.5 2.5 –
Microhyla darreli sp. nov. Microhyla laterite 4.0 3.8 4.2 0.2
Microhyla darreli sp. nov. Microhyla sholigari 3.1 3.1 3.3 0.1
Microhyla darreli sp. nov. Microhyla zeylanica 5.0 – – –
Microhyla karunaratnei Microhyla laterite 3.9 3.7 4.0 0.2
Microhyla karunaratnei Microhyla sholigari 4.5 4.4 4.6 0.07
Microhyla karunaratnei Microhyla zeylanica 5.2 – – –
Microhyla laterite Microhyla sholigari 4.4 4.2 4.6 0.1
Microhyla laterite Microhyla zeylanica 4.2 3.8 4.6 0.4
Microhyla sholigari Microhyla zeylanica 5.4 5.4 5.8 0.2

Table S2 continued. 

Table S3. Principal component analysis (PCA) factor loadings and percent variance explained by principal components of eigenvalue 
> 1.0, based on 40 morphometric variables from 100 adult male specimens representing 20 Microhyla species. Values in bold indicate 
variables with the highest loadings. 

S.No Variables Factor 1 Factor 2 Factor 3 Factor 4
1 SVL – 0.961473 – 0.048706 0.121934 0.026525
2 HW – 0.949378 – 0.034903 0.139075 0.070171
3 HL – 0.926951 0.050715 0.133557 0.104290
4 SL – 0.926697 0.148882 0.121104 0.015188
5 EL – 0.913601 – 0.165394 0.135525 0.070825
6 EN – 0.869086 – 0.042752 0.110472 0.053621
7 NS – 0.887881 0.123156 – 0.199513 0.124432
8 – 0.843068 – 0.179646 0.029925 0.019324
9 – 0.815663 – 0.363995 0.259646 0.099218
10 IN – 0.906025 0.067958 – 0.101867 – 0.029130
11 FAL – 0.927564 – 0.038072 0.086476 0.070105
12 HAL – 0.972806 0.000692 0.124442 0.050439
13 FLI – 0.748454 0.387926 0.223972 – 0.056414
14 FLII – 0.852179 0.237125 0.149129 – 0.026511
15 FLIII – 0.941854 0.089046 0.055188 – 0.025939
16 FLIV – 0.214467 0.194111 0.134444 0.156749
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17 FDI – 0.891861 0.082376 0.147549 – 0.101715
18 FWI – 0.887133 0.026258 0.155814 – 0.128346
19 FDII – 0.854753 0.250554 – 0.040339 – 0.068768
20 FWII – 0.821018 – 0.030001 0.213026 – 0.118507
21 FDIII – 0.771784 0.453156 – 0.245004 – 0.118967
22 FWIII – 0.856830 0.108741 0.151748 – 0.179046
23 FDIV – 0.303431 0.176112 0.016693 0.031051
24 FWIV – 0.882019 0.013184 0.184628 – 0.078773
25 THL – 0.961490 0.153262 0.087994 0.061465
26 SHL – 0.919725 0.291703 0.081107 0.025067
27 FOL – 0.936678 0.274438 0.073032 0.052389
28 TFOL – 0.927851 0.262493 0.040773 0.032605
29 TDI – 0.888210 – 0.070376 – 0.290890 0.040551
30 TWI – 0.757765 – 0.490246 – 0.231781 0.016398
31 TDII – 0.713197 0.242175 – 0.505009 – 0.029240
32 TWII – 0.711918 – 0.577227 – 0.184737 – 0.079746
33 TDIII – 0.718442 0.373926 – 0.500612 0.027594
34 TWIII – 0.684523 – 0.576945 – 0.237993 – 0.023299
35 TDIV – 0.704513 0.428949 – 0.478196 0.021295
36 TWIV – 0.714914 – 0.485291 – 0.191782 – 0.092892
37 TDV 0.014400 – 0.029844 0.060019 – 0.919668
38 TWV – 0.698216 – 0.417498 – 0.295790 – 0.097331
39 IMTL – 0.811457 – 0.446738 0.100973 0.039013
40 OMTL – 0.590805 – 0.738483 0.023192 0.085111

Eigenvalue 26.70677 3.51760 1.66609 1.07849
66.76693 8.79401 4.16523 2.69623

Cum Eigenvalue 26.70677 30.22437 31.89047 32.96896
66.7669 75.5609 79.7262 82.4224

Table S3 continued. 
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