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Abstract

A new cryptic species of the genus Hoplobatrachus from Cox’s Bazar district of Bangladesh is described and compared with its
relevant congeners both in morphology and mitochondrial gene sequences. The new species differs from its close relative H.
tigerinus in having a distinct broad black band from the eye, through the nostrils, to the anterior edge of the upper jaw, another
black band along the lateral margin of the upper jaw, and a narrow inter-orbital distance relative to eyelid width and inter-nostril
distance. Advertisement calls of the new species are similar to those of H. tigerinus but differ in dominant frequency and num-
ber of pulses. Based on mitochondrial DNA sequence data, this specieswas proved to genetically divergent from H. tigerinus at
3.2% for the 16S rRNA gene and 14.2% for the Cytb gene. The known distribution range of the new speciesis restricted to the
southeastern corner of Bangladesh and it seemsto be endemic in this coastal belt.

Key words: Hoplobatrachus litoralis sp. nov., Dicroglossidae, Morphology, Advertisement call, Mitochondrial DNA,
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I ntroduction

The genus Hopl obatrachus comprises large robust frogs with numerous ridges or warts on the back and extensive
webbing between toes. Individuals are semi-aquatic and live mostly near water edge of ponds, marshes, rivers, and
flooded rice paddies. The following four species are currently recognized (Frost 2011): H. crassus in south to east
India, Sri Lanka, Nepal, and Bangladesh; H. occipitalis in western and central Africa; H. rugulosus (=H. chinensis,
used by some authors [eg., Kosuch et al. 2001] as its nomenclature status is unclarified) in Myanmar, southern
China, Taiwan, Thailand, and peninsular Malaysia; and H. tigerinus in east Afghanistan, north Pakistan, India, Sri
Lanka, Nepal, Bangladesh, and Myanmar. All of these species were described during the early to middle 19" cen-
tury, and no new species has been reported far more than a century thereafter.

In our previous study (Hasan et al. 2012), we revealed the existence of two genetically different forms of H.
tigerinus in Bangladesh. Divergence in mitochondria 16S rRNA gene sequences was 6.0% between specimens
from Mymensingh and Cox’s Bazar districts. One of the forms is widely distributed throughout Bangladesh,
whereas the other occurs only in the southeastern corner of Bangladesh. The type locality of H. tigerinusis “Ben-
gae’ (Bengal), India (Frost 2011). The distribution and molecular comparison clearly indicate that the wide-rang-
ing form corresponds to the nomen H. tigerinus. Therefore, the other form is described as a new species.
Morphological comparisons of the new species were performed with H. tigerinus and H. rugulosus, and new
molecular data are presented.
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M aterials and methods

Specimens of the new species were found in Cox’'s Bazar district, whereas H. tigerinus were collected from
throughout Bangladesh from 2000 to 2011. Finger tips were cut for DNA analysis, and voucher specimens were
deposited in the Institute for Amphibian Biology, Hiroshima University (IABHU).

The following 29 body parts were measured for both sexually matured individuals of male and female using
digital calipers to the nearest 0.1 mm. Mature male frogs were identified by their secondary sexual character, i.e.,
presence of vocal sac, and big sized females were considered as mature, although few smaller female specimens
were confirmed for maturity by checking their gonad. SVL: snout-vent length; HL: head length; HW: head width;
S-N: snout to nostril distance; N-N: inter-nostril distance; N-E: nostril to eye distance; ED: horizontal eye diame-
ter; E-E: inter-orbital distance between inner borders of upper eyelids; ELW: eyelid width; TD: horizontal tympa-
num diameter; FLL: forelimb length; FHL: forearm and hand length; FAW: forearm width; HAL: hand length; F1-
F4: length of 1%to 4" finger; HLL: hindlimb length; FEL: femur length; TIL: tibia length; TFL: tarsus and foot
length; FOL: foot length; T1-T5: length of 1%to 5" toe; and IMT: inner metatarsal tubercle length. For comparison
of morphometric data, we considered 27 mature H. sp from Ukhiaand Teknaf of Cox’s Bazar district; 15 mature H.
tigerinus as representative samples from asingle locality of Mymensingh district, as there was a negligible genetic
variation among the H. tigerinus distributed all over Bangladesh (Alam et al. 2008, Hasan et al. 2012 and Islam et
al. unpublished); 7 mature individuals of H. rugulosus from Nong Khai and Chachoengsao of Thailand. Statistic
analysis was performed in SPSS (15.0J) software (SPSS Japan Inc., Tokyo, Japan).

Advertisement calls of multiple males of new species were recorded at Ukhia, Cox’s Bazar district, with an
ICD-UX300F IC recorder (Sony Corp., Tokyo, Japan) on 19 June 2011. These specimens of male were aso
recorded in our note book and underwent for further molecular and morphological analyses in this study. Sound
spectrograms were depicted using Avisoft-SASLab Light software (Avisoft Bioacoustics).

Total DNA was extracted from a clipped toe of each individual in 4 specimens of H. tigerinus (= 2 haplotypes)
from Mymensingh and in 26 specimens of H. sp. (= 9 haplotypes) from Cox’s Bazar using the DNeasy Tissue Kit
(Qiagen, Vaencia, USA) according to the manufacturer’s instructions. The extracted DNA solutions were used to
amplify partial portions of the 16S rRNA gene (16S) and Cytb gene (Cytb) corresponding to nucleotide position
6,205-6,753 and 16,761-17,372, respectively, in the Fejervarya limnocharis complete mtDNA sequence (acces-
sion no.: AY 158705; Liu et al. 2005). PCR amplification and sequencing were performed using the primers F51 (5-
CCC GCC TGT TTA CCA AAA ACA T-3) and R51 (5-GGT CTG AAC TCA GAT CAC GTA-3) (Sumidaet al.
2002) for 16S, and Fow-1-1 (5-ACM GGH YTM TTY YTR GCH ATR CAY TA-3) and Rev-1 (5-TAD GCR AAW
AGR AAR TAY CAY TCN GG-3) for Cyth. Partial 16S (556 bp) and Cytb (616 bp) portions were sequenced, and
the obtained sequences were deposited in the DDBJEMBL/GenBank database (accessions numbers: AB671173—
AB671184 for 16Sand AB671185-AB671196 for Cytb).

The resultant nucleotide sequences of the 16S and Cytb genes were separately aligned using the ClustalW pro-
gram (Thompson et al. 1994) with their counterparts from H. tigerinus (n = 2) of India, three congener species, H.
crassus (n = 1), H. rugulosus (n = 3), and H. occipitalis (n = 2), and two Euphlyctis species, E. cyanophlyctis (n =
1) and E. hexadatylus (n = 1) (Alam et al. 2008). From these two alignment data sets, sequence divergences (uncor-
rected p values) were calculated using MEGA Ver. 4.0 (Tamura et al. 2007) with the pairwise-deletion option, in
which all alignable sites were used for calibration, but indel sites were not counted. Gaps and ambiguous sites were
excluded using Gblocks Ver. 0.91b (Castresana 2000) with default parameters. Gap sites in alignments were treated
asmissing data. Initial two alignments (16S and Cytb) were combined into one alignment data set and this concate-
nated alignment data set contained atotal of 1036 sites (478 for 16Sand 558 for Cytb), 294 of which were parsimo-
niously informative, and this data set underwent further phylogenetic analyses. Phylogenetic analyses were
performed by the maximum likelihood (ML), maximum parsimony (MP), and Bayesian inference (Bl) methods.
Nucleotide substitution models for ML and Bl analyses were selected based on the Akaike information criterion
(AIC) and Bayesian information criterion (BIC) respectively, which are implemented in the Kakusan 3.0 program
(Tanabe 2007). ML analysis was performed using Treefinder (Jobb 2008) and the resultant tree was evaluated by
bootstrap analysis with 1,000 replicates. Bl analysis was performed using MrBayes Ver. 3.1.2 (Ronquist &
Huelsenbeck 2003) with the following settings. humber of Markov chain Monte Carlo (MCMC) generations = 10
million, sampling frequency = 100, and the first 1 million generations were discarded as burn-in. The number of
MCMC generations and burn-in size was determined by checking the convergence of - og likelihood (—InL) values
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and tree length against generation number by using Tracer ver. 1.4 (Rambaut & Drummond 2007). Statistical sup-
port of the Bl tree was evaluated by Bayesian posterior probability (BPP). MP was performed with 1,000 bootstrap
replicates using PAUP" 4.0010 (Swofford 2003).

Systematics
Hoplobatrachus litoralis sp. nov.

Holotype. IABHU 3993, adult female (SVL: 100.6 mm) collected from Teknaf, Cox’s Bazar district (20° 52' N,
92° 18' E, > 5 madl.), Bangladesh on 20 June 2011 by M. Hasan (Figs. 1A, 1B).

Paratypes. IABHU 3974, adult female (SVL: 121.3 mm), IABHU 3979, adult female (SVL: 109.1 mm), and
IABHU 3980, adult female (SVL: 119.3 mm) collected from Ukhia, Cox’s Bazar district, Bangladesh on 19 June
2011 by M. Hasan. IABHU 3989, adult male (SVL: 89.5 mm), IABHU 3992, adult male (SVL: 83.7 mm), IABHU
3994, adult male (SVL: 84.7 mm) and IABHU 3997, adult female (SVL: 96.1 mm) collected from Teknaf, Cox’s
Bazar district, Bangladesh on 20 June 2011 by M. Hasan.

Diagnosis. Large frog with SVL of 81.3-102.1 mm in males and 83.2-121.3 mm in females. A broad black
band from anterior corner of eye through the nostrils to anterior edge of upper jaw, and another band along the lat-
eral margin of upper jaw (Fig. 1C) are more distinct than in its close relatives H. tigerinus and H. rugulosus where
the band widths are uneven and often discontinuous (Fig. 1D). There is a distinct black margin in the inner side of
the upper arm in the new species, but such margin absent in H. tigernius (Fig. 1E-F). The inner metatarsal tubercle
of the new species is black (Fig. 1G), whereas it is pigmentless in H. tigerinus (Fig. 1H). Inter-orbital distanceis
much narrower than eyelid width and inter-nostril distance in the new species (ELW/E-E = 1.875, N-N/E-E =
1.575, on average), whereas these values are nearly the samein H. tigerinus (ELW/E-E = 1.060, N-N/E-E = 1.002)
and H. rugulosus (ELW/E-E = 1.021, N-N/E-E = 1.004).

Description of holotype (measurements in mm). Vomerine teeth, long oblique lines between choanae.
Tongue tip bifurcated. Distinct symphysial knob on anterior edge of lower jaw.

Head longer than wide (HL: 43.9; HW: 40.2), obtusely pointed. Canthus rostralis blunt. Loreal region concave.
Nostril nearer to tip of snout than to eye (S-N: 6.6; N-E: 10.7). Tympanum large, slightly smaller than eye (TD: 8.3;
ED: 8.9). Inter-orbital space much narrower than eyelid width and inter-nostril space (E-E: 3.9; ELW: 7.2; N-N:
6.5).

Fingers free, finger tips blunt without disk. Finger length F3 > F1 > F2 > F4 (F1: 12.9; F2: 10.3; F3: 13.2; F4:
7.7). Subarticular tubercles moderate. Thenar and palmar tubercles distinct.

Hindlimb about 1.6 times SVL (HLL: 165.3; SVL: 100.6). Femur length subequal to tibia length (FEL: 51.0;
TIL: 51.8). Toetips blunt, slightly rounded. Toelength T4 >T5>T3>T2>T1(T1: 11.8; T2: 17.8; T3: 26.2; T4:
34.6; T5: 27.9). Wide web, reaching the base of toe-tip disk (Fig. 1D). Subarticular tubercles were weak. Inner
metatarsal tubercle moderate (IMT: 4.6). No outer metatarsal tubercle.

Many thin longitudinal ridges on the dorsum (Fig. 1A). Small round warts over dorsal and lateral side. Supra-
tympanic fold from behind eye to posterior margin of tympanum. Weak tarsal ridge extending from proximal end
of inner metatarsal tubercle to heel. Ventral side including thigh and tibia smooth.

Color in alcohol. Dorsum dark gray with many large black spots (Fig. 1A). Thin whitish mid-dorsal stripe
from tip of snout to vent. Lateral side with many small black dots. Wide black band from anterior corner of eye
through the nostrils to anterior margin of upper jaw (Fig. 1C). Another band on the lateral margin of upper jaw
(Fig. 1C). Ventral side immaculate, except for large black blotches along the edge of lower jaw to the base of fore-
limb (Fig. 1B).

Large transverse black bands on the upper surface of thigh, tibia, and tarsus to the outer edge of foot. Rear side
of thigh heavily mottled. Outer side of tarsal ridge dark, whereas inner side yellowish with several dark irregular
blotches. Web dark gray, except for whitish upper side of inner web (between toes 1-4).

Color in life. Dorsal ground color varies from yellowish to dark brown with many dark brown to black spots.
Large transverse black bands are present on the dorsal surface of the thigh, tibia, and tarsus region (Fig. 2A). Mid-
dorsal stripeisyellowish white. Bands running from the anterior part of eye to upper jaw margin and on the latera
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FIGURE 1. Holotype (IABHU 3993) of Hoplobatrachus litoralis sp. nov. after preservation in alcohol. (A) Dorsal aspect. (B)
Ventral aspect. (C) Frontal aspect of head showing distinct black bands, compared with (D) that of H. tigerinus (IABHU 3940).

(E) Coloration of upper arm of H. litoralis (IABHU 3993), compared with (F) that of H. tigerinus (IABHU 3940). (G) Foot of
paratype (IABHU 3980), compared with (H) that of H. tigerinus (IABHU 3940). Scale bar = 10 mm.
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FIGURE 2. Holotype (IABHU 3993) of H. litoralis sp. nov. in life. (A) Dorsal view. (B) Ventral view. Scale bar = 25 mm.
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margin of upper jaw are black. Many fused spots on the posterior surface of thigh are black with thin yellow retic-
ulations between them. Tympanum is dark gray with pale central circle. A short discontinuous black line is present
below the eye. Venter is creamy white with a few black blotches from the margin of lower jaw to base of forelimb
(Fig. 2B).

Variation. Males have a pair of gray (in alcohol) subgular vocal sac on the underside of the jaw angle, and a
well-developed nuptial pad on the base of 1% finger.

Of the 26 specimens examined, three (12%) lacked a mid-dorsal stripe. A broad mid-dorsal stripe, often found
in Fejervarya species, was absent. Number and size of dark spots along the margin of the lower jaw varied, and
only one specimen lacked these spots. Usually, the lateral upper jaw stripe is continuous, but in 6 specimens the
stripeis fragmented into irregular markings.

CA2

8
6
4
2
0

PRN2
=)

-2 -1 0 1 2 3
PRN1

FIGURE 3. (A) Scatterplot of individual discriminant scores on thefirst (CA1) and second canonical axes (CA2) for H. litora-
lis(circle), H. tigerinus (triangle), and H. rugulosus (rectangle). (B) Scatterplot of principa component 1 (PRN1) versus princi-
pa component 2 (PRN2) from the principal component analysis of H. litoralis (circle), H. tigerinus (triangle), and H. rugul osus
(rectangle). In each species males were marked as solid and females were marked as open icons.

M or phological comparisons. Among the three Hoplobatrachus species in Bangladesh (H. litoralis, H. tigeri-
nus, and H. crassus), H. crassus is easily distinguishable from the other two by large shovel-like inner metatarsal
tubercle and usual occurrence of large dark dots in the gular and pectoral region. In the following, we compare the
morphological characters of H. litoralis with those of H. tigerinus and H. rugulosus. Hoplobatrachus rugulosus is
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so similar to H. tigerinus in that it was previously regarded as a subspecies of H. tigerinus. Because H. rugulosus
occursin Myanmar, just adjacent to the distribution range of H. litoralis, comparisons of the two are relevant.

All specimens (n = 15) of H. tigerinus from Mymensingh, Bangladesh had a thin mid-dorsal stripe. Five spec-
imens (33%) had a thin yellowish stripe along the inner side of the tibia, usually extending over the upper side of
the thigh to the base of the thigh. Thisline was not observed in H. litoralis. The underside of the mandible is finely
dotted in most specimens. A marginal stripe along the jaw margin is usualy fragmented into narrow irregular
markings. The stripe from the eye through the nostrils to the anterior edge of the upper jaw is not as broad asin H.
litoralis and isusually fragmented. In H. tigerinus, the broad light line from behind the eye to the groin is more dis-
tinct than in H. litoralis. Webs are mottled with an irregular dark pattern, in contrast to the uniform gray in H. lito-
ralis.

Specimens of H. rugulosus from Thailand (n = 7) lacked a mid-dorsal stripe. The snout was rounded rather
than pointed. The dorsal dermal ridges were wider and shorter than that of H. litoralis and H. tigerinus.
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FIGURE 4. Sound spectrograms showing advertisement call structure of H. litoralis. The same call analyzed by FlatTop (A)
and Hamming window (B). Abscissa: time in s. Ordinate: frequency in kHz. The continuous broad band at about 2.5 kHz is
chirps of an insect. The cal of severa male individuals of H. litoralis was recorded from Ukhia, Cox’s Bazar district on 19
June, 2011 just after sunset and their voucher specimen numbers are involved in those of molecular analyses, but not specified.
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FIGURE 5. Maximum likelihood (ML) tree based on the nucleotides sequence of 1078 bp of mitochondrial (16S+ Cytb) genes
with Euphlyctis cyanophlyctis and E. hexadactylus as out groups. The most parsimonious and Bayesian analyses reconstructed
the same tree topology. Numbers near branches represent bootstrap support for ML and MP inferences, and Bayesian posterior
probability (ML-BPs/MP-BPsBPP). The scale bar represents 0.1 nucleotide substitutions per site. The superscript lettersindi-
cate that the 16S and Cytb data were taken from Alam et al. (2008) for constructing this tree. a) AB272594, AB274137; b)
AB290412, AB274139; c) AB290417, AB290601; d) AB290414, AB290603; €) AB272596, AB274144; f) AB290413,
AB290597; g) AB272599, AB274148; h) AB272600, AB274150; i) AB272601, AB274151 and j) AB272605, AB274163.
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FIGURE 6. (A) Map showing the approximate distribution areas of all Asian Hoplobatrachus species based on Frost et al.
(2011) and Alam et al. (2008). (B) Bangladesh map showing the collecting localities of H. litoralisis indicated by A (closed

triangle) and, the collecting localities of H. tigerinus and H. crassus are indicated by [ (closed circle) and M (closed square),
respectively. Each locality was used for molecular analysis, and the boxed locality was used for morphology.

There are several old nominawhich have been treated as junior synonyms of currently recognized Hoplobatra-
chus species. Rana brama Lesson, 1834, alarge frog described from Bengale, was reported as having very smooth
surface, depressed dorsum, and short depressed head. Femur is much shorter than tibia. Obviously, H. litoralis dif-
fers from R. brama in these characteristics. Pyxicephalus frithi Theobald, 1868 described from Jessore, SW Ban-
gladesh was reported to have quite smooth skin and uniform vinous coloration. These do not fit H. litoralis. Rana
burkilli Annandale, 1910 was described from Tavoy, Myanmar. This species differs from H. litoralisin having ven-
tral surface “marked with black, the markings sometimes taking on a reticulate character al over the belly”. The
inner metatarsal tubercle was described as feebly developed, but H. litoralis has well-developed inner metatarsal
tubercle. Rana gracilis (not of Gravenhorst 1829) Boulenger, 1920, asmall frog (SVL 50 mm for male, 41- 64 mm
for female) described from Sri Lanka, was disclosed as having an oval inner metatarsal tubercle and smooth skin or
feebly granulate above. Rana gracilis var. pulla (Stocliczka 1870) described from Penang hill, Malaysia was
reported to be avery small frog (SVL is7/8 inch [< 23 mm] and HLL is 1 1/2 inch [nearly 38.1 mm]). Hopl obatra-
chuslittoralisis distinguished from both R. gracilisand R. gracilisvar. pulla considering itsvery large size (SVL =
89.96 mm and 101.42 mm; and HLL = 143.85 mm and 159.74 mm for male and female, respectively). The skin of
H. litoralis is rough and its inner metatarsal tubercle is comparatively elongated rather than oval. Rana picta
Gravenhorst, 1829 whose type locality is unknown (Frost 2011) was reported to have three spots below one eye
and there is no trace of tubercle on dorsal skin. These characteristics do not fit with the new species of H. litoralis.

M or phometric comparisons. Measurements of 29 body parts of H. litoralis, H. tigerinus, and H. rugulosus
are summarized in Table 1. Mean SVL of males differs significantly (U test, P <0.05) between the three species,
but that of females does not. Size of H. litoralis is dlightly smaller than that of the other two species. SVL of
femalesis larger than that of males (P <0.05) in H. litoralis and H. rugulosus.

The three species are clearly separated by canonical discriminant analysis (Fig. 3A). Eigenvalues are 11.606
for function 1, and 5.684 for function 2. Coefficients for function 1 are large especialy in E-E, N-N, N-E, HAL,
and ED for function 1 and in E-E, HAL, TD, and TIL for function 2. In principal component analysis (Fig. 3B), H.
litoralis made completely separate cluster from H. rugulosus, but the scores of H. litoralis and H. tigerinus over-
lapped considerably.
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Body ratios relative to SVL (e.g., HL/SVL and HW/SVL) and 10 other ratios (e.g., HL/HW and S-N/N-E) are
shown in Table 2, and the results of the Mann-Whitney U test between ratios of H. litoralisvs. H. tigerinus and H.
rugulosus are shown in Table 3. Mean values of ED/SVL, ELW/SVL, ED/E-E, N-N/E-E, and ELW/E-E are signif-
icantly large (P <0.01) in H. litoralis compared with those in H. tigerinus and H. rugulosus. These are apparently
derived from relatively large ED, ELW, and N-N and relatively small SVL and E-E of H. litoralis.

TABLE 2. Body ratios of three species of the genus Hoplobatrachus

H. rugulosus (n="7)

Mean (Min- Max) Mean (M- Max) Mean (M - Max)
HL/SVL 0.378 (0.349 - 0.436) 0.379 (0.346 - 0.425) 0.367 (0.326 - 0.413)
HW/SVL 0.359 (0.316 - 0.400) 0.363 (0.314 - 0.413) 0.386 (0.352 - 0.424)
S-N/SVL 0.062 (0.044 - 0.076) 0.064 (0.053 - 0.077) 0.074 (0.065 - 0.090)
N-N/SVL 0.063 (0.051 - 0.073) 0.059 (0.052-0.074) 0.052 (0.037 - 0.069)
N-ESVL 0.090 (0.065 - 6.108) 0.089 (0.077 - 0.104) 0.079 (0.064 - 0.096)
ED/SVL 0.082 (0.063 - 0.107) 0.073 (0.058 - 0.093) 0.062 (0.049 - 0.076)
E-E/SVL 0.041 (0.029 - 0.054) 0.060 (0.041 - 0.084) 0.052 (0.036 - 0.061)
ELW/SVL 0.075 (0.060 - 0.094) 0.063 (0.048 - 0.077) 0.051 (0.039 - 0.062)
TD/SVL 0.069 (0.051 - 0.083) 0.069 (0.062 - 0.083) 0.053 (0.042 - 0.066)
FLL/SVL 0.541 (0.484 - 0.626) 0.531 (0.434 - 0.605) 0.526 (0.429-0.572)
FHL/SVL 0.384 (0.331 - 0.418) 0.374 (0.316 - 0.405) 0.363 (0.336 - 0.402)
FAW/SVL 0.086 (0.059 - 0.121) 0.074 (0.055 - 0.109) 0.085 (0.076 - 0.102)
HAL/SVL 0.193 (0.175 - 0.206) 0.192 (0.171 - 0.223) 0.203 (0.172 - 0.232)
F1/SVL 0.104 (0.081 - 0.131) 0.105 (0.074-0.137) 0.095 (0.068-0.112)
F2/SVL 0.077 (0.060 - 0.112) 0.088 (0.053-0.114) 0.082 (0.056 - 0.100)
F3/SVL 0.111 (0.091 - 0.132) 0.115 (0.076 - 0.154) 0.120 (0.099 - 0.154)
F4/SVL 0.074 (0.053 - 0.093) 0.083 (0.060 - 0.106) 0.071 (0.054 - 0.095)
HLL/SVL 1.586 {1.400 - 1.703) 1.586 (1.389 - 1.845) 1.364 (1.203 - 1.453)
FEL/SVL 0.498 (0.438 - 0.569) 0.497 (0.409 - 0.597) 0.436 (0.376 - (.478)
TIL/SVL 0.504 (0.469 - 0.531) 0.528 (0.467-0.572) 0.421 (0.378 - 0.455)
TFL/SVL 0.726 (0.625 - 0.782) 0.701 (0.578 - 0.836) 0.614 (0.519 - 0.687)
FOL/SVL 0.479 (0.436 - 0.539) 0.453 (0.389 - 0.5306) 0.401 (0.280 - 0.464)
T1/SVL 0.100 (0.075-0.117) 0.105 (0.080 - 0.146) 0.104 (0.089-0.118)
T2/SVL 0.179 (0.149-0.218) 0.179 (0.146 - 0.218) 0.640 (0.135-0.178)
T3/SVL 0.244 (0.193 - 0.280) 0.248 (0.202 - 0.292) 0.220 (0.199 - 0.239)
T4/SVL 0.323 (0.277 - 0.368) 0.329 (0.264 - 0.412) 0.295 (0.258 - 0.334)
TS5/SVL 0.228 (0.177 - 0.280) 0.245 (0.205 - 0.313) 0.215 (0.181 - 0.252)
IMT/SVL 0.053 (0.043 - 0.069) 0.058 (0.041 - 0.076) 0.040 (0.029 - 0.053)
HEL/HW 1.055 (0.961 - 1.222) 1.049 (0.919-1.193) 0.951 (0.925-0.973)
S-N/N-E 0.693 (0.479 - 0.909) 0.722 (0.617 - 0.871) 0.942 (0.795 - 1.066)
ED/E-E 2.054 (1.333 - 2.808) 1.237 (0.827 - 1.818) 1.220 (0.982 - 1.778)
TD/ED 0.846 (0.600 - 1.152) 0.952 (0.733-1.178) 0.847 (0.750 - 1.102)
N-N/E-E 1.575 (1.150 - 2.192) 1.002 (0.663 - 1.273) 1.004 (0.868-1.12%9)
ELW/E-E 1.875 (1.234 - 2.909) 1.060 (0.567 - 1.364) 1.021 (0.647 - 1.472)
FLl/F2 1.375 (1.011 - 1.632) 1.241 (0.833 - 1.746) 1.179 (0.815- 1.625)
TIL/FEL 1.015 (0.871-1.137) 1.068 (0.957 - 1.257) 0.966 (0.923 - 1.006)
FOL/FEL 0.966 (0.966 - 1.169) 0.913 (0.808 - 1.067) 0.925 (0.614- 1.052)
TIL/FOL 1.054 (0.973 - 1.148) 1.171 (1.067 - 1.294) 1.071 (0.918 - 1.504)
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TABLE 3. Statistics obtained by M ann-Whitney U-tests for body ratios. *: P<0.05. **P<0.01

H . litoralis vs. H. tigerinus H. litoralis vs. H. rugulosus
U V4 P U V4 P

HL/SVL 197 0.144 0.8852 74 0.873 0.3826
HW/SVL 184  0.486 0.6272 41  2.279 0.0227 *
S-N/SVL 185 0.459 0.6460 36 2492 0.0127 *
N-N/SVL 128 1.956 0.0505 40 2.321 0.0203 *
N-E/SVL 160 1.116 0.2646 32 2.662 0.0078 **
ED/SVL 99  2.717 0.0066 ** 17 3.301 0.0010 **
E-E/SVL 19 43817 0.0000 ** 36 2492 0.0127 *
ELW/SVL 58 3.793 0.0001 ** 1 3983 0.0001 **
TD/SVL 201  0.039 0.9686 17 3.301 0.0010 **
FLL/SVL 187  0.407 0.6841 93 0.064 0.9491
FHL/SVL 159 1.142 0.2535 50 1.895 0.0580
FAW/SVL 105  2.559 0.0105 * 93 0.064 0.9491
HAL/SVL 175  0.722 0.4704 51 1.853 0.0639
F1/SVL 191.5 0.289 0.7728 55 1.682 0.0925
F2/SVL 137  1.719 0.0855 64 1299 0.1939
F3/SVL 168  0.906 0.3651 66 1.214 0.2248
F4/SVL 134 1.798 0.0722 84 0.447 0.6547
HLL/SVL 193  0.249 0.8031 2 3940 0.0001 **
FEL/SVL 202 0.013 0.9895 16 3.343  0.0008 **
TIL/SVL 98 2.743 0.0061 ** 0 4.025 0.0001 **
TFL/SVL 128 1.956 0.0505 7 3.727  0.0002 **
FOL/SVL 117  2.244 0.0248 * 9 3.642 0.0003 **
T1/SVL 179  0.617 0.5373 75 0.831 0.4062
T2/SVL 199  0.092 0.9268 48 1.981 0.0476 *
T3/SVL 189 0.354 0.7231 28 2.832 0.0046 **
T4/SVL 192 0.276 0.7828 39 2364 0.0181 *
T5/SVL 146  1.483 0.1380 72 0958 0.3379
IMT/SVL 141 1.614 0.1064 20 3.173 0.0015 **
HL/HW 193  0.249 0.8031 2 3940 0.0001 **
S-N/N-E 165 0.984 0.3249 6 3.770 0.0002 **
ED/E-E 10 5.053 0.0000 ** 7 3.727  0.0002 **
TD/ED 109  2.455 0.0141 * 88 0.277 0.7819
N-N/E-E 4 5211 0.0000 *=* 0 4.025 0.0001 **
ELW/E-E 3 5238 0.0000 ** 5 3.813 0.0001 **
F1/F2 124 2.061 0.0393 * 45 2.108 0.0350 *
TIL/FEL 127  1.982 0.0475 * 42 2236 0.0253 *
FOL/FEL 129 1.929 0.0537 91.5 0.128 0.8983
TIL/FOL 33  4.449 0.0000 ** 65 1.256 0.2090

Advertisement calls. Advertisement calls of H. litoralis are low-pitched groans emitted at about 4.4 sinterval.
Mean call durationis0.28 s (n = 34). The call is composed of about 20 rapidly repeating pulses (Fig. 4A). Funda-
mental frequency is 0.30 kHz and the 3 and 4™ harmonic bands (at about 1.2 kHz) are dominant (Fig. 4B).

Roy and Elepfandt (1993) and Kanamadi et al. (1994) reported the acoustic features of H. tigerinus from
northeast India (Assam and Meghalaya) and southwest India (Karnataka), respectively. Call durations are reported
as0.30 s(NE India) and 0.22 s (SW India); these values do not differ significantly from those of H. litoralis. Dom-
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inant frequency bandsin H. tigerinusare 1.65 kHz and 0.52 kHz in NE India populations and 1.5-2.2 kHz and 0.2—
1.2 kHz in SW India populations. These dual-dominant bands are absent in H. litoralis. The number of pulsesin a
call islarger in H. litoralisthanin H. tigerinus (16 in NE Indiaand 12.6 in SE India).

Advertisement calls of H. crassus (Kanamadi et al. 1992) are different from those of H. litoralisand H. tigeri-
nus with regard to distinctly few number of pulse groups (2-4 per call) and show many intense harmonic bands.

Divergence in mitochondrial 16S rRNA and Cytb gene sequences. The average sequence divergence for
16S and Cytb was 3.2% and 14.2%, respectively, between H. litoralis from Cox’s Bazar and H. tigerinus from
Mymensingh, while these values were only 2.1% and 9.1%, respectively, between the Mymensingh and Western
Ghats populations of H. tigerinus (Fig. 5). Hoplobatrachus litoralis is diverged from H. tigerinus of the Western
Ghats by 3.3% for 16S and 12.0% for Cyth. Hoplobatrachus litoralis clearly differ from H. tigerinus from
Mymensingh and the Western Ghats (BP: 92 for ML, 93 for MP, and 100 for BI). All H. litoralis specimens formed
one clade supported by high bootstrap values (BP: 100 for ML, MP, and BI), while the H. tigerinus clade from
Mymensingh and the Western Ghats was supported by medium bootstrap values (BP: 54 for ML, 81 for MP, and 67
for BI).

Distribution. Hoplobatrachus litoralis occurs in the southeastern coastal belt in Ukhia, Teknaf Upazilla (sub-
district) and Cox’s Bazar town of Cox’s Bazar district (21° 45' N, 91° 97' E, >3 m ad.) in Bangladesh. The prefer-
able habitat of this species is a vegetated, marshy ditch/ pond, beside the wetland created by hill stream (locally
called “Jiri”) and/or sometimes the base of mountains having different soil texture from the mainland Bangladesh.
This new speciesis sympatrically occurs with other anuran species such as H. crassus, aswell as some Euphlyctis,
Fejervarya, and Polypedates species. Hoplobatracus tigerinus iswidely distributed in mainland Bangladesh (Alam
et al., 2008) as well as also in coastal region ranging from southwestern Shatkhira to southeastern Bandarban
including Shatkhira, Barguna, Patuakhali, Bhola, Sandwip and Raojan of Chittagong and Bandarban districts
(Islam et al. unpublished); but no H. tigerinus specimens have been obtained from Cox’s Bazar district area. Thus
we have no confirmation about the overlapping region between this two species, but we speculate that this species
is endemic in Cox’s Bazar district. The adjacent area of Myanmar (Teknaf) is only separated by the Naaf river,
which probably does not constitute a strong barrier to H. litoralismigration. Thusit is possible that our new species
may aso occur in the adjacent coastal geographic region of Myanmar. But as we have no access for sampling in
that region, we cannot confirm whether our new species is distributed in that region of Myanmar or not. Approxi-
mate distribution of all Asian Hoplobatrachus species is shown in Fig. 6A, whereas the detail distribution of the
three genetically different Hoplobatrachus speciesin Bangladesh is shown in Fig. 6B.

The Teknaf-Ukhia peninsulais long, narrow and forested area rising up to 300 meters above the sea level and,
encompassed by the Bay of Bengal to the west and the Naaf river to the east. This is a diverse habitat for many
flora and fauna due to its special characteristicsi.e. estuarine habitat and wetland at the base of the mountain. In
April 1999, the Department of Environment (DOE) of Bangladesh declared that Teknaf peninisulaisaEcologically
Critical Area (ECA) dueto adverse change of its ecosystems by human activities. It is an important nesting site for
at least four species (Chelonia mydas, Eretmochelys imbricata, Lepidochelys olivacea and Dermochelys coraicea)
of marineturtle listed as globally threatened by IUCN. A few globally threatened shorebirds (Eurynorhynchus pyg-
meus, Limnodromus semiplamatus, Tringa guttifer) also prefer this region for their habitat (GoB/GEF/UNDP
1999).

Etymology. The specific nameis derived from the Latin litoralis meaning coastal, in reference to the distribu-
tion range of this species; the Coastal belt of Bangladesh.
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Appendix 1. Examined specimens list

Hoplobatrachus litoralis (27 specimens): Institute for Amphibian Biology, Hiroshima University: IABHU 3939, 3974-3999.
Collection localities: Ukhia, Teknaf (Cox’s Bazar district, Bangladesh)

Hoplobatrachustigerinus (15 specimens): Institute for Amphibian Biology, Hiroshima University: IABHU 3066—-3068, 3087,
3589, 3776, 40004003, 20008-20010, 20022, 20027.

Collection locality: Bangladesh Agricultural University Campus (BAUC), Mymensingh district, Bangladesh

Hoplobatrachus rugulosus (7 specimens): Institute for Amphibian Biology, Hiroshima University: IABHU 3576-3578,
3583-3584, 3663—-3664.

Collection localities: Nong Khai, Chachoengsao (Thailand)
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