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Larval descriptions and oral ultrastructures of some anurans (Duttaphrynus,
Minervarya, Nyctibatrachus, Rhacophorus, & Polypedates) (Amphibia) from
Wayanad and Vagamon hills, Western Ghats, India

Prudhvi Raj ®

62-8-26, Sriharipuram, Visakhapatnam, Andhra Pradesh, 530011, India.
prudhvirajg999@gmail.com

Abstract: The external and buccopharyngeal morphologies of tadpoles belonging to six anurans (Duttaphrynus melanostictus, Minervarya
agricola, Nyctibatrachus periyar, Rhacophorus malabaricus, R. lateralis, & Polypedates pseudocruciger) from Wayanad and Vagamon
hills, in Western Ghats are here-in described. Characterizations of larvae are illustrated by detailed images along with morphometric
measurements. Four of the larval descriptions (M. agricola, N. periyar, R. lateralis, & P. pseudocruciger) are previously unknown, while
two (D. melanostictus & R. malabaricus) are re-descriptions with additional information. Comparisons with congeners of the respective
genera are made. This study is a small step towards advancing our knowledge of anuran larvae and supporting future research form
Western Ghats and the adjacent regions.

Keywords: Aquatic, Kerala, morphometry, oral disc, scanning electron microscopy, tadpoles.

Abbreviations: BL—body length (distance from the tip of the snout to the body-tail junction) | DFH—maximum height of dorsal fin | INL—
inter-narial distance (measured between the narial apertures) | IOL—inter-orbital distance (measured between the pupils) | LTRF—Ilabial
tooth row formula | MBD—maximum body width (at the widest point) | MTH—maximum tail height (including fins and musculature)
| MTMW—maximum tail muscle width | NED—distance between eye and narial aperture | NSD—distance between snout and narial
aperture | ODD—oral disc rostral width/diameter (maximum width of the oral disc) | SEM— scanning electron microscope | SS—snout
to spiracle distance | SV—spiracle to vent length | TL—tail length (length of the tail from body tail junction to tail tip) | TMH—tail muscle
height (measured at junction of the body and tail) | VFH—maximum height of ventral fin | VTL—vent tube length.
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Sowme anuran Larvae from Western Ghats, Kerala

INTRODUCTION

Western Ghats is a biodiversity hotspot harboring
many endemic and unique anuran lineages that are
geographically restricted to the region (Myers et al.
2000; Vijayakumar et al. 2019). There are more than
225 species of anurans known from the region of which
80% are endemic (Dahanukar & Molur 2020). Of late,
there have been many new taxa described from the
region (Dinesh et al. 2021). However, the focus of these
works was mainly on their taxonomic and phylogenetic
status. The last evaluation of threats for amphibians
during Global Amphibian Assessment had found 40%
of amphibian fauna from the region threatened with
extinction (Biju et al. 2008). Despite recent progress in
elucidating anuran diversity in the region, the natural
history of most anuran species remains unknown.

Amphibians are unique among tetrapods with their
life history characterized by a bimodal lifecycle. Most
ampbhibians have a free-swimming aquatic larval stage
that undergoes a major modification in their body plan
through metamorphosis (Noble 1927; Orton 1957).
Larval anurans are generally referred to as tadpoles.
Similarto adults, tadpoles experience selection pressures
that tend to shape their ecological and morphological
adaptations in aquatic habitats (McDiarmid & Altig
1999). There has been a need to properly identify and
characterize anuran larvae (Orton 1953; McDiarmid
& Altig 1999; Haas 2003; Altig 2007). However,
morphological terminology associated with anuran
larvae was standardized only recently (McDiarmid &
Altig 1999). In recent times, there has been a growing
interest in research on larval morphology of anurans
(McDiarmid & Altig 1999; Roelants et al. 2011). However,
there are still many knowledge gaps pertaining to the
life history patterns of anurans.

With many evolutionary radiations, anurans from
Western Ghats can act as a good model group for
comparative studies on tadpoles. Western Ghats
presents varied landscapes, offering different larval
habitats, which have led larval anurans from the region
to evolve diverse morphologies (Bossuyt et al. 2004;
Das & Dutta 2006). The diversity of larval morphology
is not yet fully understood from the region. Of the ~225
species of anurans known from Western Ghats, only
30% have described larval forms (Das & Dutta 2006).
This situation is compounded by the fact that very few
taxonomic identification keys are available for species-
specific larval identification (Raj et al. 2012, 2023). For
Western Ghats anurans, there had been a considerable
amount of work published on larval anurans in the first
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half of the 20" century by Annandale (1913, 1918, 1919),
Annandale & Rao (1917, 1918), Rao (1914, 1915, 1918,
1922, 1937, 1938), and Ramaswami (1932, 1933, 1934,
1936, 1938, 1940, 1943, 1944). This work follows Bhaduri
& Kripalani (1954), Chari (1962), Daniel (1963a,b, 1975),
Pillai (1978), Inger et al. (1984), Sekar (1990a,b, 1992),
Das (1996), Hiragond & Saidapur (1999), Kuramoto &
Joshy (2002), and Dutta et al. (2004). In the past decade,
there has been renewed interest in anuran larval studies
from the region which resulted in the descriptions of
tadpoles for few species (Biju et al. 2011; Raj et al. 2012;
Wewelwala et al. 2013; Chandramouli & Kalaimani 2014;
Abraham et al. 2015; Priti et al. 2015; Chandramouli et
al. 2014; Biju et al. 2016; Senevirathne et al. 2016a,b).
However, many of the description are brief and only few
species have accurate larval descriptions, and there is a
need for more comprehensive work on larval anurans
from the region.

The current study presents larval morphologies of
some anurans from the Wayanad and Vagamon hills in
the Western Ghats. In the current paper, | describe the
tadpoles of six species, Duttaphrynus cf. melanostictus,
Minervarya cf. agricola, Nyctibatrachus cf. periyar,
Polypedates pseudocruciger, Rhacophorus lateralis, and
R. malabaricus. Two of the species, D. cf. melanostictus
and R. malabaricus, were described earlier. However, the
current descriptions are more detailed and also include
the descriptions of buccopharyngeal morphology that
are discussed.

MATERIALS AND METHODS

Specimen collection and larval identity

Field sampling was performed on 11 and 17 August
2011 at six locations in the Western Ghats of Kerala
State, India: 1) Banasuramala Hills, Kalpetta, Wayanad,
11.62348°N, 75.93157°E, WGS84; 2) Vythiri, near
BanasuraSagarDam, Wayanad, 11.62466°N, 75.99011°E,
WGS84; 3) Edatara, Wayanad, 11.62096°N, 75.99955°E,
WGS84; 4) Vythiri, near Banasura Sagar Dam, Wayanad,
11.62903°N, 75.96925°E, WGS84; 5) Soochipara,
Meppadi, Wayanad, 11.485322°N, 76.151828°E, WGS84;
6) Vagamon, Kottayam, 9.68266°N, 76.90549°E, WGS84
(Figure 1). Tadpoles were collected using an aquarium
dip net. The tadpoles were euthanized by immersing
them in 6 g/L solution of MS222. All tadpoles were fixed
and preserved in 10% formalin, and currently housed at
the Laboratory for Conservation of Endangered Species
(LaCONES), Centre for Cellular & Molecular Biology
(CCMB), Hyderabad, India. Museum catalogue series
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Figure 1. Sampling locations of anuran larvae in the Western Ghats, Kerala, India

of tadpoles examined and data regarding the sampling
locations are given along with the descriptions. Freshly
preserved tadpoles were photographed using a Nikon
D7000 with a macro lens. Tadpoles for three species (R.
lateralis, R. malabaricus, and P. pseudocruciger) were
reared ex situ until metamorphosis to establish species
identity. Due to the unavailability of molecular data,
precise species identity of the other three species (D. cf.
melanostictus, M. cf. agricola, and N. cf. periyar) could
not be established. However, the taxonomic identity of
these three species of tadpoles was based on sympatric
adult anurans encountered and collected at the
respective sampling locations. Generic-level taxonomy
and nomenclature follows Frost (2021), while species
definitions follow Das & Ravichandran (1998), Dubois &
Ohler (1999), Biju et al. (2011, 2013; but see Abraham
et al. 2022), Ganesh et al. (2017), and Chandramouli et
al. (2019).

External and buccopharyngeal descriptions for larval
anurans are provided based on an advanced larval
development stage for each species. Developmental
stages of tadpoles were staged using Gosner’s table
(Gosner 1960). The format of the description and
measurements follows Raj et al. (2012). The terminology

used in descriptions follows Altig & Johnston (1989)
for external morphology, and Wassersug (1976, 1980)
and Inger (1985) for buccopharyngeal morphology.
Morphology of the buccopharyngeal region for the
tadpoles was studied using methylene blue staining
and scanning electron microscopy (SEM). For staining
of buccopharyngeal structures, 2% Methylene blue
solution was brushed on the oral structures. For SEM,
methods used by Raj et al. (2012) were followed.
External characters were observed using a LEICA EZ4
stereo zoom microscope (8—35 X). Sixteen morphometric
measurements were taken using a SPI plastic dial caliper
(precision: 0.1 mm).

RESULTS
Genus: Duttaphrynus Frost, Grant, Faivovich,
Bain, Haas, Haddad, de S3a, Channing, Wilkinson,

Donnellan, Raxworthy, Campbell, Blotto, Moler, Drewes,
Nussbaum, Lynch, Green & Wheeler, 2006

Species: Duttaphrynus  cf. melanostictus
(Schneider, 1799).
Larval series examined: WT139/19711

Jowrnal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2023 | 15(11): 24212-24240
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(Banasuramala Hills, Kalpetta, Wayanad, Kerala, India,
11.62348°N; 75.93157°E; WGS84). Tadpoles were
collected from a pool that was 1.5-1.8 m in depth. The
tadpoles were restricted towards the fringes of the pool
taking cover along the emergent vegetation. Tadpoles
were found feeding on decaying plant material.

Taxonomic note: Adults of both Duttaphrynus
melanostictus and D. parietalis were recorded from
the location where tadpoles were collected. Externally,
the tadpoles morphologically resemble those of D.
melanostictus descriptions (Khan 1965, 1982). However,
they vary in few characters, which are discussed. There
are no descriptions for tadpoles of D. parietalis for
comparison.

External morphology: Description of tadpole
(Gosner Stage 35): Body oval and elliptical in dorsal and
lateral views (Image 1A-B). Dorsal contour is convex and
ventral contour of the body is flat or slightly concave at
the anterior region and convex at the abdominal region;
BL is 40.9% (40.8%—41%) of the total length; MBD is at

R4j

the middle of the body. The snout is rounded in dorsal
and lateral views. Eyes are large; located, and oriented
dorsolaterally; the distance between the eye and the
nostril represents 27.7% (26.3%—29.4%) of the distance
between the eye and the snout. The nostril opening
is reniform with the rim elevated, closer to eyes than
to snout; placed parallel to the eye in dorsal view; INL
is 62.1% (52.9%—71.4%) of IOL; NSD is 16.8% (15.7%—
17.9%) of BL. Spiracle sinistral; inner wall of the tube not
completely formed; tube orientation is posterolateral
and the opening located approximately at the middle
of the body; SS is 70.7% (69.7%—71.7%) of BL. Vent
tube opening is median and short. Tail tip round; TMH
is greatest at body tail junction after which it tapers.
The dorsal fin originates at the body tail junction and
the ventral fin at the ventral terminus; both the fins are
of equal height for most of the length. MTH is at mid-
length; TMH is almost equal to MTMW at the tail-body
junction. TMH accounted for 34.7% (32.3%—-37.1%) of
MTH. Dermal pores of the lateral lines on the body faintly

Image 1. Duttaphrynus cf. melanostictus, Gosner stage 37. External morphology: A—Lateral view| B—Dorsal view | C—Ventral view. Scale =

10 mm. © Prudhvi Raj.
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Table 1. Morphometric measurements of Duttaphrynus cf. melanostictus tadpoles given in mm as mean # SE.

G;::g:' 1oL INL | NED | NSD ss sV BL MBD | MTH |MTMW| TMH | oDD | VIL | DFH | VFH
26(5) | 0.7+.03 | 0.5+.02 | 0.2+.02 | 0.74.03 | 3.3+.13 | 1.6+.14 | 4.6+.22 | 6.8£.35 | 2.8+.09 | 1.8+.06 | 0.4.03 | 0.7+.03 | 1.3+.07 | 0.5+.04 | 0.6£.04 | 0.7+.03
27(3) | 1.2£.11 | 0.8+.05 | 0.3£.03 | 1.0.08 | 4.3+.13 | 2.5£.24 | 6.1+.33 | 8.6£.43 | 3.8£.21 | 2.4+.13 | 0.8£.06 | 1£.05 |3.7+1.9 | 0.8+.05 | 0.9+.08 | 0.9+.08
28(3) | 1.0£.13 |0.8£.06| 0.3 11 [45:£13|2.8£10 65413 [9.1£.83 | 4.1£.03 [ 3.1£.10| 09 12 |1.8£.03|0.8£07|1.1+.03 | 1.0£.03
29(2) |1.5£10| 0.9 |0.3+05|1.1+.05 | 4.6£.10 | 2.7£.20 | 6.6+.45 | 9.5£.20 | 4.3£.40 | 2.9+.15 [ 0.9£.05 | 1.2 |1.9+.05 |1.0£05|1.1+.10 | 1.1£.10
30(4) | 1.3£.15 | 1.0£.09 | 0.3£.02 | 1.2+.12 | 4.6£.31 | 3.0£.13 | 7.2+.19 |10.5+.32| 4.5£.13 | 3.1+.07 | 0.9£.08 | 1.24.10 | 1.9+.10 | 1£.10 | 1.2+.06 | 1.0£.09
31(4) | 1.5+.07 | 0.9t.04 | 0.4+.02 | 1.2+.08 | 5.1£.23 | 2.9+.25 | 7.1+.15 |10.5+.43| 4.74.10 | 3.3+.07 | 1£.04 | 1.2+.08 | 2.1£.07 | 1.1.08 | 1.2+.04 | 1.2+.02
32(3) |1.4+.15| 1£05 |0.3£.03 | 1.2+.06 | 5.3+.32 | 3.0£.31 | 7.4£.12 |11.6+.39| 4.7+.15 | 3.2+.08 | 0.9+.08 | 1.3£.18 | 1.9£.03 | 0.9+.03 | 1.0+.03 | 1.1+.03
33 16 0.9 0.4 13 5.2 3 7.2 47 3.6 1 13 23 0.9 12 12
34(3) |1.5+.18(0.9+08| 0.4 |12£.08|5.0+12| 315 |7.0£29 |10.7+.17| 4.7+.14 | 3.24.12 | 0.9£.06 | 1.2+.05 | 1.9+.05 | 1.1£.05 | 1.2+.05 | 1.2+.08
35(2) |1.5+15(0.9£05| 05 |1.3+.105.4+.15]3.14.10]7.7£.10 |11.1£.20| 4.8£.20 | 3.4£.05 | 1.3£.35 | 1.2+.10 | 2.1£.20 | 1.2+.10 | 1.2 |1.1£.05
36(4) | 1.6+.02 | 1.0£.07 | 0.4£.04 | 1.3£.09 | 5.4£.09 | 3.2+.07 | 7.8+.13 |11.0+.23 5.0+.14 | 3.6+.11 | 1.0+.02 | 1.3£.09 | 2.1+.06 | 1.1£.08 | 1.2+.04 | 1.2£.02
37 12 11 0.4 1.4 5.9 3.1 8.1 5 36 11 13 2 0.8 15 1.4
38(4) | 1.74.02 | 1£.07 |0.4+.02 | 1.3£.09 | 5.1£.12 | 3.0£.07 | 7.5+.16 [11.3+.23 4.9+.02 | 3.5+.12 | 1.0£.02 | 1.2+.04 | 2.1+.07 | 1.1£.08 | 1.24.02 | 1.2+.06
39(2) | 1.6£.15|09+.05| 05 |1.3+105.1+.10 |3.3£15|7.5+15 [11.2+.85| 4.9+.10 | 3.2+.25 | 1.1£.10 | 1.4+.20 | 2.1+.05 | 0.9+.10 | 1.2+.10 | 1.1£.05
40(2) |1.6+15| 1 |0.4+.05|1.3£105.4+.10 | 3.4£.15 | 7.6£.20 |11.3+.15| 4.9+.20 | 3.1£.10 | 1.0+.05 | 1.2+.10 | 2.1£.05 | 1.0+.15 | 1.2 12

visible. No glands are present on the outer integument.

Oral disc is anteroventral in location (Image 1C);
ODD is 44% (43.1%—45.1%) of the body width; disc
emarginated; single row of marginal papillae spread on
the lateral corners of the oral disc and none seen on
both the labia; four to five submarginal papillae seen
at the lateral corners; both labia are of equal size. The
labial tooth row formula (LTRF) is 2(2)/3. Order of the
length of tooth rows is A-1 > P-1 > A-2 > P-2 > P-3. Jaw
sheaths are feeble and both are moderately keratinized.
Jaw sheaths are serrated with uniform-sized small
serrations; supra-rostrodont is convex, longer with the
median slightly broad and tapering to long thin lateral
processes; infra-rostrodont is U-shaped, convex laterally
and concave medially.

Measurements: Measurements of 42 tadpoles
belonging to various Gosner stages (Gosner stages 26—
40) are presented in Table 1.

Colouration: In life, tadpoles were black with
many closely spaced tiny melanophores and many
golden speckles distributed randomly on the outer
integument which otherwise are not present in D.
melanostictus tadpoles; the inner integument had few
large melanophores. In lateral view, the flanks were
spotted with many tiny melanophores. Ventrally, the
integument was transparent with gut coils visible; the
throat was spotted on the lateral sides. Both the fins
were transparent and the dorsal fin was spotted at the
anterior portion. The entire tail muscle was spotted with
tiny melanophores, mostly along the posterior region

of the tail. Spiracle, oral disc and the vent tube were
translucent, however, dotted with few melanophores.

Buccopharyngeal morphology

Buccal roof (Image 2A-B): Prenarial arena of the
buccal roof comprises a triangular transverse ridge
with tiny papillae on the lateral corners. Internal
nares transverse and oriented anteromedially; the gap
between the nares narrow and is about half of the length
of an individual nare; anterior narial wall pustulose with
few tiny pustules and no papilla; posterior wall is tall,
smooth with no pustules and valvular. The post narial
arena comprises three pairs of papillae arranged in
an inverted “v” shape oriented antero-medially. The
second and the third post narial papillae are conical and
pustulose, with the second papilla being the longest; the
first papilla is stubby. Median ridge papilla is triangular
with a smooth margin and a bifid tip. There is a single
trifid pustulose lateral ridge papilla perpendicular to
the median ridge on both sides. Buccal roof arena
demarcated with three pairs of long conical papillae
present on the lateral border of the roof; about 30 tiny
pustules are spread across the entire buccal roof arena.
Glandular zone is thick and prominent. The dorsal velum
is moderately raised with few tiny projections medially;
however, the margin is continuous.

Buccal floor (Image 2C-D): Prelingual arena
comprises a single dilated infralabial palp on each side of
the posterior lateral corners of the jaw sheath. Each palp
is divided into two equal wide projections with many
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Image 2. Duttaphrynus cf. melanostictus, Gosner stage 37. Buccopharyngeal and denticles: A— Buccal roof, SEM photograph, scale = 1 mm
| B—Buccal roof, Alcian blue stained photograph, ventral view, scale = 1 mm | C—Buccal floor, SEM photograph, scale = 1 mm | D—Buccal
floor, Alcian blue stained photograph, ventral view, scale = 1 mm | E—Individual denticles, scale = .1 mm | F—Jaw sheath serrations = .1 mm.

© Prudhvi Raj.

pustules on the margin. Tongue anlage round and low;
two pairs of smooth lingual papillae present, one at the
center projecting inwards and the other on the lateral
corner of the tongue anlage projecting outwards. Buccal
floor arena well defined; anterior region of the buccal
floor arena smooth; six long conical papilla commence

from the mesad of the buccal floor arena and spread
till the posterolateral corners; the second buccal floor
arena papilla is the largest and bifid; posterior region
of the buccal floor arena composed of 20 pustulations.
The buccal pocket opening is narrow and oblique;
few pustulations occur in the region between the
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tongue anlage and the buccal pockets; no pre-pocket
papilla present. Ventral velum smooth with about 10
projections. The outer two projections on either side
are widely placed and the rest are concentrated at
the center. Median notch is not prominent. The glottis
opens immediately posterior to the ventral velum.

Denticles (Image 2E) are closely packed and curved
towards the mouth at the apex. The oral angle is more
or less straight except for the slightly curved apex.
The sheath and the body are broad; about 14-16 long
and pointed cusps are present on each denticle. Each
serration (Image 2F) on the jaw sheath has a wide base
and a rounded head.

Genus: Polypedates Tschudi, 1838.
Species:  Polypedates  pseudocruciger Das &
Ravichandran, 1998.

Larval series examined: WT140/22711 (Vythiri,
near Banasura Sagar Dam, Wayanad, Kerala, India,
WGS84).

11.62466°N; 75.99011°E; Tadpoles were

R4

collected from a pool, which was approximately 1.5 m
in depth. The tadpoles were restricted to 0.5-1 m depth
of the pool feeding on emergent vegetation occasionally
surfacing. Tadpoles of this species were found in pools
inhabited by D. cf. melanostictus, R. lateralis, and R.
malabaricus

Taxonomic note: Fresh metamorphs morphologically
matched P. pseudocruciger. No tadpole description for
this species is available.

External morphology: Description of tadpole (Gosner
stage 38): Body oval in dorsal and lateral views (Images
3A-B). Dorsal contour slightly convex with most of the
dorsum flattened and ventral contour of body convex
and broad at abdominal region; BL is 36.4% of the total
length; an indentation is seen immediately behind the
eye; MBD at the posterior end of the body. The snout is
oblique and rounded in dorsal and lateral views. Eyes are
large; located and oriented laterally; distance between
the eye and nostril represents 63.2% of the distance
between the eye and snout. The nostril opening is oval
with the rim elevated, closer to the snout; placed wide

Image 3. Polypedates pseudocruciger, Gosner stage 37. External morphology: A—Lateral view | B—Dorsal view | C—Ventral view. Scale = 10

mm. © Prudhvi Raj.
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Table 2. Morphometric measurements of Polypedates pseudocruciger tadpoles given in mm as mean * SE.

Gs‘::;:r IoL INL | NED | NSD ss sV BL T MBD | MTH |MTMW| TMH | ODD | VIL | DFH | VFH
26(3) | 4.74.08 | 2+.15 | 1.7£.03 | 1.2+.05 | 6.1£.21 | 4.94.20 |10.1£.15[17.24.53 | 5.1+.08 | 5.1+.55 | 1.6203 | 2.3£.18 | 2.2+.03 | 0.6+.03 | 2.1+.08 [2.1+.08
27(5) | 5.5+.16 | 2.5£.05 | 2.2+.07 | 1.24.05 | 7.6£.39 | 6.4£.50 |12.5+.59[22.4+1.04| 6.7+.41 | 6.9+.57 | 2.5£.25 | 3.1+.08 | 2.8+.06 | 0.8+.11 | 2.24.17 [2.5+.27
28(5) |5.8+.10 | 2.7+.08 | 2.5£.10 | 1.3+.12 | 7.9+.13 | 6.7+.18 |13.6£.26|23.1£.49 | 7.2+.18 | 7.8+.22 | 2.2+.13 | 3.4+.14 | 3£.08 |0.9+.19 | 2.5£.11 [2.8+.10
30 5.9 2.9 26 15 8.7 75 | 141 | 252 | 74 8.5 23 3.2 3 0.7 31 | 31
31(3) | 6.24.05 | 2.6£.26 | 2.4+.08 | 1.4+.15 | 8.6£.17 | 7.3£.28 |14.6£.35(24.8£.49 | 7.4+.54 | 8.5+.24 | 2.4+.14 | 3.4£.23 | 3.1£.20 | 1.1.31 | 2.8+.05 [3.24.15
32(4) |6.5+.11(3.1£.10 | 2.7+.07 | 1.4£.11 | 9.1+.11 | 7.9+.22 |14.8+.34| 25£1.29 [10.5£2.73] 8.5£.08 | 2.6+.12 | 3.5£.19 | 3.1+.02 | 0.7+.05 | 2.7+.08 | 3£.07
33 6.5 33 3.1 15 93 88 | 157 | 272 | 86 9.3 3.1 3.9 3.1 1 33 | a1
34(3) |6.7+.38| 3£.08 |2.7+.08 | 1.7+.03 | 9.1+.64 | 8.4+.79 |15.6+.54[28.3+1.83| 8.3£.24 | 9.1£.31 | 3+.20 |3.5:.08 | 2.8+.38 | 1.24.31 | 2.9£.05 [3.1+.08
36 6.5 3 2.8 15 93 77 | 139 | 251 | 73 7.8 3 3.7 2.9 25 25 | 26
38 7 32 3.1 18 9.3 88 | 173 | 302 | 87 8.3 34 | 41 34 23 23 | 23
39(4) |7.24.22 | 3.1£.16 | 3.2£.12 | 1.8+.13 [10.3+.33| 9.6+.66 |16.3+.83| 31+1.35 | 9+.45 |8.7+.83 [3.2+.18 | 3.8+.34 | 3.3+.19 | 1.5£.52 | 2.8+.44 [2.9+.49
40(5) | 7+.14 |2.9+.14 | 2.8£.20 | 1.8+.06 [10.2+.20| 9+.49 |16.1+.70(32.4+.59| 9.7+.21 |9.08+.31| 3.1+.10 | 4+.10 |3.4.06 | 2+.40 |3.1+.14|2.9+08
41(3) | 7£20 |2.4+.14 | 2.8£.03 | 2£.05 [10.4+.12|8.1+.48 |16.5£.56|34.7+.48 | 9.4+.63 | 8.6+.18 | 3.5+.29 | 4.4+.14 | 3.5£.16 | 2.1+.12 | 2.8+.05 | 3+.08
423) |5.9+25|2.2¢.08 | 25812 | * * *  [16.2+.26[31.3£1.56 7.1+.23 | 6.4+.58 [ 3.2+31 | 3.3£.14 | 25¢.16 | * | 2.3£.26 [1.5£17

apart and linear to the eye in dorsal view; INL is 45.7% of
I0L; distance between the nostril and the snout is 10.4%
of BL; naso-lacrimal gland visible between the eye and
the nostrils. Spiracle is sinistral with an inner wall of the
tube not present; tube orientation is posterolateral and
its opening is located below to the lateral median; SS is
53.7% of BL. Vent tube opening is dextral as a small tube
and not attached to the tail fin. Tip of the tail acutely
pointed; TMH is greatest at the body tail junction and
tapers thereafter. The dorsal fin originates anterior to
the body tail junction and the ventral fin at the ventral
terminus; the ventral fin is taller than the dorsal fin.
MTH is at about 1/3™ length from the body tail junction;
TMH is about 1.2 times of MTMW at the tail-body
junction. TMH accounted for 49.3% of MTH. Lateral
line is conspicuous. No glands are present on the outer
integument.

Oral disc is at the anteroventral end of the body
(Image 3C); ODD is 40.9% of the body width and
emarginated. Marginal papillae are single row on the
lateral corners of the upper labium and double row
on the lower labium; a wide gap is present medially
on the upper labium and a small gap medially on the
lower labium; three submarginal papillae seen at the
lateral corners; both labia are of equal size. The LTRF is
5(2-5)/3(1). Order of the length of tooth rows is P-1 >
P-2 > P-3>A-1>A-2>A-3 > A-4 > A-5. Jaw sheaths are
well developed and both jaw sheaths are moderately
keratinized. Jaw sheaths completely serrated with
uniform-sized serration; supra-rostrodont is longer
than wide and convex with long lateral process; infra-

rostrodont broad U-shaped, convex
concave medially.

Measurements: Measurements of 42 tadpoles
belonging to various Gosner stages (Gosner stages 26,
27, 28, 30, 31, 32, 33, 34, 36, 38, 39, 40, 41, 42) are
presented in Table 2.

Colouration: In life, tadpoles were olive on
the dorsum and the lateral sides, with many tiny
melanophores uniformly distributed. In lateral view,
the flanks were comparatively lighter than the dorsum.
Ventrally, the integument was white and opaque.
Dorsal and ventral fins were dirty and translucent with
many melanophores; the anterior portion was more
spotted than the posterior. Laterally, the tail muscle
was white with many melanophores patches of various
sizes. Spiracle and oral disc were dotted with few
melanophores, and the vent tube was translucent.

laterally and

Buccopharyngeal morphology

Buccal roof (Image 4A-B): Prenarial arena comprises
an arched pustulose ridge with about six pustulations;
bordering the ridge are two to three pustules on
either side posterolateral to the ridge. Internal nares
transverse and oriented slightly posteromedially; both
nares separated by a distance of about two-third the
length of each nare; anterior narial wall rather smooth
with about two to three pustules and a tall, pustulated
papilla originating near the lateral corner of the wall;
posterior wall tall, smooth and valvular. Post narial arena
consists of a tall conical papilla present immediately
behind the posterior narial wall oriented medially;
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Image 4. Polypedates pseudocruciger, Gosner stage 38. Buccopharyngeal and denticles A— Buccal roof, SEM photograph, scale =.2 mm | B—
Buccal roof, Alcian blue stained photograph, ventral view, scale = 1 mm | C—Buccal floor, SEM photograph, scale = .2 mm | D— Buccal floor,
Alcian blue stained photograph, ventral view, scale = 1 mm | E—Individual denticles, scale = .02 mm | F—Jaw sheath serrations = .02 mm. ©
Prudhvi Raj.

anterior surface of this papilla is rugose; four pustules  a rugose anterior surface is present on the lateral wall
are present in front of the median ridge. Median ridge  on each side perpendicular to the median ridge. Buccal
papillais a triangular flap with a pustulated marginanda  roof arena demarcated with four pairs of long, conical
long projection medially. A long lateral ridge papilla with  papillae present on the lateral border of the roof; about
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50 tiny pustules are spread across the entire buccal roof
arena with density higher at the posterior end of the
arena. Glandular zone conspicuous; anterior margin of
the glandular zone is demarcated by tiny pustules and
two to three papillae arranged linearly to the posterior
margin of the buccal roof arena. Secretory pits spread
throughout the glandular zone. The margin of the dorsal
velum is raised, broken medially, and slightly pustulose
on the surface.

Buccal floor (Image 4C-D): Prelingual area comprises
five pairs of pustules at the anterior end and three pairs
of infralabial papillae in the posterior region. Of the
three pairs of infralabial papillae, two pairs are located
along the posterolateral corners, and the third pair of
stubby papillae are located posteromedially between
the two posterior papillae; the posterior papillae at the
posterolateral corners are elongated and conical with
a rugose surface. Tongue anlage broad and raised; two
pairs of smooth long lingual papillae are present at the
center of the tongue anlage; the inner pair of papillae
are longer than the outer. Buccal floor arena delineated
by five pairs of buccal floor arena papillae; the buccal
floor arena papillae commence from the lateral corners
of the floor anterior to the buccal pockets and converge
down towards the posteromedial region of the floor,
however, the papillae do not meet posteriorly; these
papillae are unequal in size, conical and tall; the second
papilla from the anterior is the tallest; buccal floor arena
composed of about 30 pustulations spread across the
floor uniformly. A few papillae and pustules are found
beyond the lateral sides of the buccal floor arena. Space
between the tongue anlage and the buccal pockets
constitutes 14-16 pustulations on each side. Buccal
pockets are oblique and wide, orienting linearly towards
the anterior; no pocket papillae are present. The region
behind the buccal floor arena and the margin of the
ventral velum composed of a few pustules sparsely
spread medially; ventral velum is wide and sinuate.
Ventral velum margin constitutes six projections on
each side. The median three projections are closer and
concentrated around the center; outer three projections
are widely placed apart. Median notch is prominent;
the outer margin is granular with many secretory pits.
Glottis opens posterior to the ventral velum.

Denticles (Image 4E) are spaced moderately between
each other and strongly curved towards the mouth at
the apex. The oral angle is straight with a slight curve
anteriorly; the sheath is narrow and the body slightly
broader; the head is broader with the tip curved. 10-12
short and moderately curved cusps present on each
denticle. Serration (Image 4F) on the jaw sheath spaced

R4
with a wide base and shot triangular pointed head.

Genus: Rhacophorus Kuhl & Hasselt, 1822.
Species: Rhacophorus lateralis Boulenger, 1883.

Larval series examined: WT142/22711 (Edatara,
Wayanad, Kerala, India, 11.62096°N, 75.99955°E;
WGS84). Tadpoles were collected from a water tank
of about 1 m in depth. The tadpoles were benthic
occasionally surfacing. Tadpoles of this species were
found along with tadpoles of P. pseudocruciger and
R. malabaricus in some of the pools that were visited
during the study.

Taxonomic note: Taxonomic identity of tadpoles
was based on fresh metamorphs that morphologically
matched taxonomically identified adult R. lateralis. No
tadpole description for this species is available.

External morphology: Description of tadpole
(Gosner stage 36): Snout rounded on both dorsal and
lateral profile (Image 5A,B). Body shape oval in both
dorsal and lateral views with the body flattened on the
dorsum; BL is 36.4% of the total length. Nostril opening
is oval-shaped and placed dorsolaterally midway
between the eye and the snout; rim of the nasal opening
not elevated; NSD is 12.2% of BL. Large bulging eyes
oriented dorsolaterally; NED represents 51.1% of the
distance between the eye and the snout; INL is 47.1% of
IOL. Ventral side is translucent, with the gut coils visible.
No glands on the outer integument present. MBD is at
the posterior part of the body. Spiracle is sinistral and
directed anteroposteriorly, with the inner wall of the
spiracle partly formed and attached to the body wall;
SS is 52.9% of BL. Vent tube opening is dextral. The tail
tapers to a rounded end. The dorsal fin is taller than the
ventral fin; MTH is at the mid-length of the tail; TMH
is 1.23 times of MTMW at the tail-body junction. TMH
accounted for 57.1% of MTH; TMH is tallest at the tail-
body junction and continuing till the 1/3rd tail length and
thereafter tapering to the tail tip. Origin of the dorsal tail
fin at the body tail junction and that of the ventral fin at
the ventral terminus. Dermal lines consisting of minute
dermal are seen running parallel on either side of the
dorsum till the tail tip.

Oral disc (Image 5C) is located terminally at the
anteroventral region of the snout. Oral disc is not entire
(emarginated) and is bifurcated at the lateral corners;
ODD is 27.6% of the body width. Marginal papillae are
double rowed on both the labia; distribution of the
papillae is not entire with a gap on the upper and lower
labia, and papilla distributed till 2/3rd of the labium;
papillae on the upper labium is restricted to the lateral
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Image 5. Rhacophorus lateralis, Gosner stage 35. External morphology: A—Lateral view | B—Dorsal view | C—Ventral view. Scale = 10 mm.

© Prudhvi Raj.

corners. Four to six submarginal papillae are present
on the lateral corners of the oral disc. The LTRF is 6(3—
6)/3(1); two rows of the upper labium (A-1 and A-2)
are continuous and the rest bifurcated (A-3 to A-6); the
length of each row decreases in descending order from
A-1 to A-6; lower labium consisting three-tooth rows
of which the P-1 is marginally divided; length of P-1
greater than P-2 row and P-3 being the smallest; tooth
rows single. Order of the length of the tooth row is P-1
>P-2>P-3>A-2>A-1>A-3>A-4>A-5>A-6. Both
jaw sheaths are moderately keratinized; uniform-sized
minute serrations are present on both the jaw sheaths
Colouration: When freshly collected, the dorsum
and the tail were sulphurous-yellow with few tiny
melanophores scattered randomly on the dorsum;
ventral side was white with no melanophores and
translucent. However, the color changed to brown-
grey on preservation in 10% formalin. In life, both the

dorsal and ventral tail fins were transparent with many
blotches present on both fins. The anterior tail fin was
dotted with numerous tiny melanophores. Many small
blotches were spread across the tail muscle.
Measurements: Measurements of 60 tadpoles
belonging to various Gosner stages (Gosner stage 25—
Gosner stage 38, 40, 41, 42) are presented in Table 3.

Buccopharyngeal morphology

Buccal roof (Image 6A-B): Prenarial arena of the
buccal roof comprises a pustulose transverse ridge
arched forward, with the median pustule being the
largest. Internal nares transverse and oriented medially,
gap between the nares wide with about the length
of an individual nare; anterior narial wall pustulose
with several tiny pustules and a tall, pustulose papilla
stemming from its center; posterior wall is tall, smooth,
valvular and smooth. Behind each nare, a tall, broad and
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Table 3. Morphometric measurements of Rhacophorus lateralis tadpoles given in mm as mean * SE.

Gs‘::;:' oL | INL | NED | NsD ss sV BL L MBD | MTH |MTMW| TMH | oDD | VIL | DFH | VFH
25(3) |2.6£.10[1.6+.18|1.1£.12 | 1.3£.10| 5.7+.12 |4.2£.17| 8.2.49 | 13.0£.49 | 5.7+.06 |4.2+.10 |1.3+.12 | 1.7+.08|2.4£.21 | 0.9+.08 | 1.4+.06 | 1.2+.03
26(2) [3.74.10[2.4£.05| 1.5£.50 | 1.8£.20 | 8.3£.25 |7.3£.45(12.9+.85|20.9+2.80| 7.7+.70 |6.3£.95 |2.4+.50 | 2.9+.65 | 3.1£.55 | 1.3+.25 | 2.74.30 | 2.1£.50
27(6) |4.0+.18]2.3+.05|1.9+.09 | 1.8+.10| 8.1+.28 |6.4£.35(13.1+.49| 20.6£.71 | 8.6+.33 |6.5£.27 [2.4+.11|2.9+.13|3.4£.13 | 1.3+.12 | 2.1+.17 | 1.8+.16
28(3) |4.8£.10[2.4+.08|2.2+.08 | 2.1£.05 | 9.8+.14 |7.5£.40(14.5+.54|24.4¢1.17| 9.7+.34 |7.9+.12 [2.9+.23 |3.74.17|3.7£.28 | 1.4+.06 | 2.74.13 | 2.2+.10
29(4) |4.4+.16|2.5+.06|2.1£.08 | 2.0£.07 | 9.7+.41 |7.9+.48|14.6+.42| 25.1£.86 | 9.4+.40 |7.9£.23 |3.2+.26 | 3.6£.08|3.5£.04 | 1.4+.05 | 2.6£.14 | 2.0£.09
30(4) |4.5£.23|2.5+.09]|2.1+.06 | 2.1+.04| 9.8+.23 |8.3£.45(14.3+.21|25.3¢1.23| 10.2+.55 |8.2£.29 |3.1+.29 | 3.4+.13 | 4.0£.17 | 1.4+.09 | 2.5:.06 | 2.2+.12
31 | 48 | 26 | 21 | 21 10 79 | 167 | 277 10.2 8 3.9 4 42 | 15 | 26 23
32(2) [4.9+.15[2.6£.10] 22 | 2.1 |11.3+.258.2£.15[16.14.20| 29.3£.25 | 10.7£.10 | 8.8+.65| 3.6 |4.1£.10|4.0£.15|1.2£.052.8+.15 | 2.3£.15
33(2) [4.8+.05[2.7+.10(2.0£.05 | 2.3+.15 | 10.8+.25 [8.1+.40|15.24.55[29.9+1.15| 11.1£35 |9.1+.50 | 4.2 | 49 [3.9£05|1.8£05| 29 |2.1+.10
3 | s6 | 25 | 23 | 24 | 112 | 102 | 159 | 309 116 82 | 36 | 42 | 43 | 16 | 26 1.9
35(2) |4.8£10[2.5£10| 22 [2.0£.05|10.2+.25 [9.9+.05(16.6+.60| 28.3+.10 | 12.0+.50 |8.9+.10 |3.6£.10 | 4.7+.45 | 3.24.15 | 1.6£.10 | 2.3£.15 | 2.2+.20
3 | 53 | 25 | 22 | 21 9.1 84 | 172 30 11.2 91 | 42 | s2 | 31 | 15 | 32 21
37(4) |5.2+.15(2.6+.062.2+.15 | 2.2£.09 | 10.5+.20 [9.2+.12[16.7+.43| 29.9+1.33 | 11.6£.54 | 9.1£.22 | 4.2+.06 | 4.9+.17 | 3.£.00 | 1.6£.12 | 2.4+.04 | 2.2£.07
38(7) |5.5+.10[2.6+.052.2+.04 | 2.2.05 | 10.8+.20 [9.4+.44|16.1+.36| 30.1£.78 | 11.2+.21 |9.1£.30 |3.9+.22 | 4.6+.18|3.9+.11 | 1.7+.08 | 2.8+.12 | 2.4£.09
40(2) [5.5+.05[2.6£.20|2.3£.05| 2.4 |11.1+.25[9.1£.40[17.1+.30| 31.9+.75 | 11.5:.25 | 8.6£.10 | 4.3+.40 | 4.7+.20 | 4.0£.10 | 1.8+.10 | 2.7+.05 | 2.5£.05
41(7) [5.24.21(2.4.09|2.1£.11 | 2.3+.06 | 11.0+.14 [8.6+.36|16.2£.27| 30.7+.76 | 10.7+.34 | 8.9+.48 |3.8£.22 [4.0£.25| 3.4.15 | 2.1 |2.8£13|2.2+.17
42(3) |4.7+.15(2.1£.03|2.1£.06 | * * * |15.8£.63|23.142.94[31.0+23.35|4.5:1.02| 2.8+.21 | 3.0£.18 | * * * *

curved pustulose papilla is present; the papilla is taller
thanthe papillae on the anterior narial walland is present
immediately behind the posterior narial wall; there are
about two to three tiny papillae spread in the post narial
arena immediately in front of the median ridge papillae.
Median ridge papilla is broad with bifid tip; margin is
pustulated. A short and a long, pustulate lateral ridge
papilla present perpendicular to the median ridge; the
lateral ridge papillae are the longest papillae on the
buccal roof. Buccal roof arena demarcated with five pairs
of long pustulated papillae present on the lateral border
of the roof; about 60 tiny pustules are spread across the
entire buccal roof arena. A few non-pustulated smaller
papillae are found scattered on the lateral sidewall. A
broad glandular zone is present immediately behind the
buccal roof arena, with secretory pits present through
the glandular zone. The dorsal velum is low and not
complete with the medial broken.

Buccal floor (Image 6C-D): Prelingual area comprises
of six infralabial papillae, with two long and four tiny
papillae on each side; papillae arranged in an oblique
row along the margin and lateral sides of the prelingual
arena; the second and the posterior papillae are long,
broad and pustulose, and the rest of the papillae are
diminutive. Tongue anlage round and raised; two
smooth lingual papillae present at the center of the
tongue projecting outwards. Buccal floor arena is

well defined; anterior region of the buccal floor arena
smooth; five papilla present on the posterolateral area
of the arena; posterior region of the buccal floor arena
composed of about 14 pustulations and about six to
eight conical papilla evenly spread across on each side
of the mesad plane. The buccal pocket opening is wide;
region between the tongue and the buccal pockets is
coarse with several tiny pustulations; pair of pustulated
pre-pocket papilla oriented anteriorly followed by
a long, pustulated, curved papillae on the posterior
margin of the buccal pocket are present. Ventral velum
is smooth with about 12 projections. The outer three
projections on either side are widely placed and the
rest are concentrated at the center. Median notch is not
prominent. Glottis opens slightly posterior to the ventral
velum.

Denticles (Image 6E): The denticles are moderately
spaced among one another. The oral angle is obtuse; the
sheath and the body are narrow; the head is very broad
and curved with about 14-16 moderately curved cusps.
Each serration (Image 6F) on the jaw sheath is broad
with a triangular head.

Species: Rhacophorus malabaricus Jerdon, 1870.

Larval series examined: WT138/21711
(Banasuramala hills, Kalpetta, Wayanad, Kerala, India,
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Image 6. Rhacophorus lateralis, Gosner stage 37. Buccopharyngeal and denticles: A—Buccal roof, SEM photograph, scale =.2 mm | B—Buccal
roof, Alcian blue stained photograph, ventral view, scale = 1 mm | C—Buccal floor, SEM photograph, scale =.2 mm | D—Buccal floor, Alcian blue
stained photograph, ventral view, scale = 1 mm | E—Individual denticles, scale = .002 mm | F—Jaw sheath serrations = .02 mm. © Prudhvi Raj.

11.63676°N; 76.0132°E; WGS84), WT143/21711 (Vythiri,
near Banasura sagar Dam, Wayanad, Kerala, India,
11.62903°N; 75.96925°E; WGS84). Both the locations
were ~10 km apart from each other. Tadpoles were
collected from an agricultural water tank that was about
1 m deep. Tadpoles were benthic and fed on benthic

detritus material. Tadpoles of this species were found
in pools inhabited by P. pseudocruciger and R. lateralis.

Taxonomic note: Taxonomic identity of tadpoles
was based on fresh metamorphs that morphologically
matched adult Rhacophorus malabaricus. A brief
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description on external morphological of tadpoles for
this species was made by Sekar (1990a) and the current
morphological description matches with the description
made earlier.

External morphology: Description of tadpole at
Gosner stage 36 (Image 7A-B): Snout is rounded on
both dorsal and lateral profile; body is oval; BL is 33.2%
(31.6%—36.5%) of the total length. Nostril opening
oblong and placed dorsolaterally midway between the
snout and the eye; fringe of the nasal opening bulged
with the dorsal portion slightly elevated; NSD is 14.8%
(12.8%-15.9%) of BL. Large bulging eyes oriented
dorsolaterally; NED represents 47% (43.9%—-52.6%) of
the distance between the eye and the snout; INLis 53.6%
(46.1%-56.5%) of IOL. Ventral side translucent with the
circular gut coils faintly visible; no glands on the outer
integument present. MBD is at the back of the abdomen.
Spiracle is sinistral directed antero-posteriorly with the
inner wall of the spiracle fully formed but attached to

R4j

the body wall; SS is 68.1% (64.2%—72.2%) of BL. Vent
tube is dextral in opening. The tail tapered to a pointed
end. Dorsal and ventral fins are of equal height; TMH
is 1.2 times (1-1.4) of MTMW at the tail-body junction;
TMH accounted for 55.5% (48.9%—65.8%) of MTH; MTH
is at about 1/3 rd of the length. Origin of the dorsal tail
fin is at the body tail junction and that of the ventral fin
at the ventral terminus. A pair of dermal pore lines run
parallel on either side of the dorsum till the tail tip.

Oral disc (Image 7C) is located terminally at the
anteroventral region of the snout. Oral disc is not entire
(emarginated) and is bifurcated at the lateral corners;
ODD is 37.2% (31%— 46.4%) of the body width. Marginal
papillae are double rowed on the lower labium and
present on the entire lower labium and ftill the lower
quarter of the upper labium (single row). The front
portion of the upper labium is without marginal papillae.
Three—four submarginal papillae found on the lateral
corners of the oral disc. The LTRF is 7(3—7)/3(1), with P1

Image 7. Rhacophorus malabaricus, Gosner stage 37. External morphology: A—Lateral view | B—Dorsal view | C—Ventral view. Scale = 10

mm. © Prudhvi Raj.
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Table 4. Morphometric measurements of Rhacophorus malabaricus tadpoles given in mm as mean * SE.

Gs‘::;:r oL | INL | NED | NsD ss sV BL T MBD | MTH |MTMW| TMH | ODD | VIL | DFH | VFH
25(5) |2.7+.17 | 1.7+.06 | 1.1+.06 | 1.3£.06 | 5.6+.21 | 4.0£.19 | 8.4+.30 | 13.2+.87 | 5.2¢.17 | 5.1£.36 | 1.3+.07 | 1.9+.18 | 2.4£.10 | 0.9+.08 | 2.1£.13 | 1.7+.11
26(5) |3.3+.07 | 2.0+.04 | 1.5+.08 | 1.6£.05 | 7.0+.15 | 4.9+.21 [10.6+.13|17.3+.43 | 6.2£.23 | 6.5£.15 | 1.5+.13 | 2.6£.13 | 2.9+.05 | 0.9+.07 | 2.3£.06 | 1.9+.09
27 34 | 23 16 17 77 | 49 | 101 | 176 | 65 7 16 25 32 0.9 31 | 25
28 39 | 23 17 17 7.3 59 | 123 | 209 | 71 7 2 26 36 14 | 25 18
29 46 | 23 2 25 8.4 64 | 127 | 233 | 79 6.9 2.1 2.9 36 11 24 | 21
30 47 | 25 2 21 8.7 77 | 147 | 251 | 81 7.7 22 33 36 13 25 | 21
31(4) |3.1£.33 | 2.0£.03 | 1.5+.03 | 1.5+.15 | 7.3£.29 | 6.2+.36 |11.5£.35|19.7+.79 | 7.5:.26 | 6.8+.25 | 2.7+.19 | 3.5£.32 | 2.6£.14 | 1.4£.17 | 2.2£.07 | 2.0+.11
33 49 | 25 2 23 8.6 7 14.4 26 8.4 7.7 29 | 45 41 14 | 29 | 24
35(2) | 4.8+.15 | 2.5.15 | 1.9+.10 | 2.2+.15 | 9.0+.70 | 8.0+.90 |14.5£.10| 26.0+.10 | 9.2+.75 | 8.1+.10 | 3.9+.65 | 4.8+.80 | 3.4+.40 | 1.8+.15 | 2.5£.50 | 2.0+.45
36(5) | 4.6+.18 | 2.5+.08 | 1.9+.06 | 2.1£.09 | 9.7+.18 | 8.1+.24 |14.3£.27(29.041.15| 9.4.33 | 8.74.30 | 3.9+.15 | 4.4+.52 | 3.4+.14 | 1.7+.17 | 2.9+.09 | 2.6£.10
37(6) | 4.5+.13 | 2.5£.04 | 1.8+.07 | 2.0+.04 | 9.6£.20 | 8.2+.34 |14.6+.27|30.5¢.39 | 9.9+.24 | 9.14.21 | 4.4+.09 | 5.5+.12 | 3.4+.08 | 1.6+.11 | 2.8£.12 | 2.5+.07
38(5) | 4.9+.15 | 2.6+.04 | 2.1+.14 | 2.0£.07 | 9.7+.22 | 7.8£.27 |15.1+.44|30.7+.78 | 9.9£.38 | 8.6+.34 | 4.1+.25 | 5.1.34 | 3.6£.07 | 1.8£.06 | 2.9+.12 | 2.6£.11
40(3) | 5.6+.06 | 2.8£.07 | 2.1+.03 | 2.7+.07 |11.4+.06| 8.6+.48 [17.8+.28|31.74.94 [10.7£.20|11.2+.42| 4.24.35 | 5.2£.13 | 4.6+.13 | 1.7+.38 | 3.9+.19 | 2.8+.07
a1 58 | 21 22 2 117 | 96 | 167 | 356 | 98 8.4 36 | 45 3.7 3 2.1
a2 43 | 23 18 13 167 | 241 | 75 5.8 5.4 3.4 3.1 18 | 14

row divided (Image 8C). Upper labium has seven rows of
denticles; two undivided upper rows (A-1 and A-2) and
five lower rows bifurcating (A-3 to A-7); the length of
each row decreases in descending order from A-1to A-7.
Lower labium has three denticle rows, of which the P-1
is marginally divided and which P-3 being the smallest.
Tooth rows single. Both the jaw sheaths are moderately
keratinized with tiny serrations.

Colouration: Body olive in life, with a dirty white
venter containing few scattered melanophores;
coloration was lost in preserved specimens. Dorsal side
of the body and the tail were mottled with several tiny
melanophores. The dorsal tail fin was more mottled than
the ventral fin. Ventral side of the body was translucent.

Measurements: Measurements of 44 tadpoles
belonging to various Gosner stages (Gosner stage 25—
Gosner stage 31, 33, 35-38 and 40-42) are presented
in Table 4.

Buccopharyngeal morphology

Buccal roof (Image 8A-B): Prenarial arena composed
of a thick pustulated transverse ridge arched forward
with uniform-sized pustules. Internal nares transverse
and oriented slightly posterior; both nares separated
by a distance of about half the length of each nare;
anterior narial wall smooth with very few tiny pustules
and a tall, pustulated papilla originating at the center;
posterior wall is tall, valvular and smooth. A tall, conical
and pustulated papilla present immediately behind the
posterior narial wall; taller thanthe papillaonthe anterior

narial wall; the papilla is the largest of all papillae on the
buccal roof. Three tiny papillae spread in the post narial
arena immediately in front of the median ridge papilla
arrange in an inverted V shape pattern. Median ridge
papilla is triangular, having a broad base with a serrated
margin. A short and long, pustulate lateral ridge papillae
present perpendicular to the median ridge. Both the
lateral ridge papillae are pustulated on the anterior
face. Buccal roof arena is demarcated with five pairs of
short stubby papillae present on the lateral border of
the roof; further three pairs of small papillae are found
on the lateral wall parallel to the buccal roof arena
papillae; about 50-60 tiny pustules are spread across
the entire buccal roof arena. A glandular zone is seen
immediately behind the buccal roof arena. Observations
on the dorsal velum cannot be made.

Buccal floor (Image 8C,D): Prelingual area comprises
of five pairs of long infralabial palpillae. Four pairs are
located on the posterolateral corners and the fifth pair
is located posteromedially of the prelingual area. Size
of the papillae on the posterolateral corners follows
an ascending order, with the anterior-most palp being
the smallest and the posterior palp being the largest
and dilated at the tip. All papillae have projections
placed equidistantly on their anterior face. Two pairs
of papillae are seen just ahead of the tongue anlage
oriented medially. Tongue anlage round and raised;
anterior portion of the anlage broad and tapers towards
the posterior side; two lingual papillae with pustulated
tip present at the center of the tongue projecting
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Image 8. Rhacophorus malabaricus, Gosner stage 37. Buccopharyngeal and denticles: A— Buccal roof, SEM photograph, scale =.2 mm | B—
Buccal roof, Alcian blue stained photograph, ventral view, scale = 1 mm | C—Buccal floor, SEM photograph, scale = .2 mm | D—Buccal floor,
Alcian blue stained photograph, ventral view, scale = 1 mm | E—Individual denticles, scale = .02 mm | F—Jaw sheath serrations = .01 mm. ©

Prudhvi Raj.

outwards. Buccal floor arena delineated by buccal floor
arena papillae; anterior region of the buccal floor arena
smooth; five papillae starting from the posterior of buccal
pocket and continuing along the posterolateral area on
each side of the arena; anterior papillae are long, curved
and pustulated; a second row of four papillae present

on the laterally to the buccal floor arena papillae; buccal
floor arena composed of six—eight papillae and about
40 pustulations. Space between the tongue anlage and
the buccal pockets consisting of 12—14 pustulations on
each side. Buccal pockets are oblique and wide; a pair
of pustulated pre-pocket papillae oriented anteriorly
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followed by a long, pustulated, curved papillae on the
posterior margin of the buccal pocket are present.
Region behind the buccal floor arena and the margin of
the ventral velum composed of about 16 pustulations
evenly spread across; Ventral velum is wide and sinuate.
Margin constitutes six projections on each side. The
median three projections are closer and concentrated
around the center, outer three projections are widely
placed and the rest are concentrated at the center.
Median notch is not prominent; the outer margin is
smooth with no spicules with many secretory pits
visible. Observation on the glottis and brachial baskets
could not be made. Glottis opens immediately posterior
to the ventral velum.

Denticles (Image 8E): The denticles are moderately
spaced between one another. The oral angle is obtuse;
the sheath is narrow and the body slightly broader;
the head is very broad and curved with about 12-14
moderately curved cusps. Each serration (Image 8F)
on the jaw sheath is broad and long with a triangular
pointed head.

Genus: Minervarya Dubois, Ohler & Biju, 2001.
Species: Minervarya cf. agricola (Jerdon, 1853)

R4

Larval series examined: WT136/20711 (Soochipara,
Meppadi, Wayanad, India, 11.485322°N; 76.151828°E;
WGS84). Tadpoles were collected from a temporary
pool that is less than 0.5 m deep. Substratum in the pool
was sandy without any aquatic vegetation.

Taxonomic note: Adults of Minervarya agricola were
collected at the locality from where the tadpoles were
collected. Tadpoles of this species are not described
(Ganesh et al. 2017; Chandramouli et al. 2019).

External morphology: Description of tadpole
(Gosner stage 38): Body elliptical in dorsal and lateral
profiles respectively (Image 9A-B). Dorsal contour
convex and ventral contour of the body flat anteriorly
with a slight concavity, and convex at abdominal region;
BL is 34.3% of the total length; MBD at the middle of the
body. The snout is rounded in dorsal and lateral views.
Eyes are large; located and oriented dorsolaterally; NED
represents 46% of the distance between the eye and
snout. The nostril opening is oblong with the rim of the
narial opening elevated, nearer to the eyes than the
snout; placed wide apart from each other and near to
the eye in dorsal view; INL is 46.4% of IOL; NSD is 16.3%
of BL. The opening of the spiracle is sinistral; inner wall
of the tube is completely formed but attached to the
body wall with the aperture free; tube orientation is

Image 9. Minervarya cf. agricola, Gosner stage 36. External morphology: A—Lateral view | B—Dorsal view| C—Ventral view. Scale = 10 mm.

© Prudhvi Raj.
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Table 5. Morphometric measurements of Minervarya cf. agricola tadpoles given in mm as mean * SE.

Gs‘::;:' oL | INL | NED | NsD ss sV BL i MBD | MTH |MTMW| TMH | ODD | VIL | DFH | VFH
28(3) | 1.2+.05 | 0.7+.03 | 0.5£.08 | 0.7+.12 | 3.5£.26 | 2.1+.08 | 5.0+.08 | 8.2+.39 | 3.1+.08 | 2.3£37 | 0.7£.03 | 1.1 [1.2£20|07+08| 08 |0.6£.03
29 14 | 08 | 07 11 41 26 63 | 107 | 35 22 1.2 16 13 12 1 07
30 1.4 1 0.8 1 42 2.7 69 | 123 | 43 2.7 11 13 15 11 1 0.7
31(3) |1.8+.17 | 1.14.05 | 0.8£.03 | 1.1+.03 | 5.1.15 | 3.24.23 | 7.4+.29 [ 13.3£.86 | 4.7+.17 | 2.9+.17 | 1.3+.13 | 1.4£.13 | 1.4£.03 | 1.3+.12 | 1.0+.08 | 0.8+.05
32(4) | 2+.08 |1.1+.06 | 1.0+.06 | 1.1+.04 | 5.2+.11 | 3.2+.14 | 7.9+.16 | 14.7+.53 |7.442.66| 3.7+.47 | 1.9£.54 | 1.6+.06 | 1.3+.08 | 1.5£.17 |1.3(+.05)[0.9(+.04)
33(8) |2.0+.06 |1.2.03 | 1.0£.03 | 1.3+.04 | 5.7+.10 | 3.6+.10 | 8.5+.12 [ 16.2+.36 | 5.4+.16 | 3.5£.07 | 1.6+.05 | 1.9+.05 | 1.4+.04 | 1.5+.05 | 1.3+.04 | 0.9+.04
34(7) |2.14.06 | 1.2+.04 | 1.0+.04 | 1.3£.03 | 5.8+.10 | 3.8+.16 | 8.5+.13 | 15.9+.47 | 5.5+.14 | 3.8£.09 | 1.7+.04 | 1.9+.02 | 1.5+.06 | 1.6+.06 | 1.4+.07 | 0.9+.05
35(4) |2.1+.10 | 1.1£.07 | 1.1+.04 | 1.24.02 | 6.0+.12 | 3.9+.10 | 8.6+.18 | 17.1+.44 | 5.4+.08 | 3.7+.04 | 1.6+.15 | 2.0+.06 | 1.5+.06 | 1.6£.05 | 1.4+.05 | 0.9+.04
36(2) |23+.25| 12 |1.1£.10|1.3£10|5.8+.45 |3.8£20|8.9+.30 [17.8£.65|5.3+.60 [ 3.9+.15 | 1.8 22 |16£05|18£35| 13 [1.1£10
37 22 11 1 13 52 | 46 89 | 154 | 49 3.4 1.4 1.9 15 17 12 1
38 24 | 13 13 15 6.1 42 92 | 176 | s2 42 18 2.1 15 17 15 | 12
40 23 1 1.2 13 5.9 5 105 | 179 | 63 3.8 18 17 16 18 15 1
41(2) | 3+.10 |1.2£.20| 1.0£.15 | 1.4+.40 | 6.9+.35 | 4.1£.50 |10.2+.95[19.5+1.05| 6.3£.35 | 4.3£.15 | 2.1.25 | 2.2+.15 | 1.8£.05 | 1.1 |1.4+.05 [0.9+.05

posterolateral and its opening is located approximately
above the medial of the lateral side of the body; SS is
59.2% of BL. Vent tube opening is dextral and slanting;
the right wall is attached posteriorly than to the left
wall. Tail tip acute and sharp; musculature is linear till
1/3" length of the tail after which it tapers. The dorsal
fin originates at the body tail junction and the ventral
fin at the ventral terminus; the dorsal fin is wider and
slightly convex than the ventral fin, which is parallel to
tail musculature for most of the length of the tail. MTH
is at 2/3™ length from the body tail junction; TMH is 1.16
times of MTMW at the tail-body junction; TMH accounts
for 50% of MTH. Lateral line on the body and the tail is
visible. No glands are present on the outer integument.

Oral disc is anteroventral in location (Image 9C);
ODD is 28.8% of the body width, emarginated; not
visible dorsally; single row of marginal papillae spread
on lateral corners of the upper labium and double row
on the lower labium; medial gaps are seen on both the
labia of which the anterior gap is transformed into A-1;
no submarginal papillae are present; both labia are of
equal size. The LTRF is 2(2)/3(1). Order of the length of
denticle rows is A-1 > P-1 > P-2 > P-3 > A-2. Jaw sheaths
are well developed and moderately keratinized. Jaw
sheaths are completely serrated with small uniform-
sized serrations; supra-rostrodont is wide and convex
with an arched outline; infra-rostrodont is U-shaped
with a concave median.

Measurements: Measurements of 37 tadpoles
belonging to various Gosner stages (Gosner stages 28—
38, 40, 41) are presented in Table 5.

Colouration: In life, tadpoles were dirty yellow on

the dorsum, with many tiny melanophores spread on
the dorsal side. Ventrally the belly was dirty yellow with
no melanophores and translucent. Laterally, the tail
muscle was unicoloured, having a yellow background
with many tiny melanophores on the entire length.
Dorsal and ventral tail fins were translucent with many
tiny melanophores, with the dorsal fin more spotted
than the ventral fin; the posterior tip of the tail was
pigmented black. Oral disc and the vent tube were
translucent with no pigmentation; however, the spiracle
was dotted with few melanophores.

Buccopharyngeal morphology

Buccal roof (Image 10A,B): Prenarial arena
comprises an arched tri-lobed pustulose median ridge;
two pustules are present laterally on either side of the
ridge. Internal nares transverse and directed medially;
both nares separated by a distance of about half the
length of each nare; anterior narial wall studded with
few pustules and a short papilla with a rugose margin
originating at lateral corner of the wall; posterior wall
smooth and valvular with a tiny narial valve projection
near to the medial region of the roof. Post narial arena
consists of two tall, broad papillae situated immediately
behind the posterior narial wall oriented medially;
anterior margin of the papilla is rugose. Median ridge
papilla is a triangular flap with a pustulated margin.
Two flattened lateral ridge papillae pustulated on the
anterior margin present perpendicular to the median
ridge. The anterior papilla is short and serrated on the
margin, while the posterior papilla is longer, broader
and bifid with a rugose margin. Buccal roof arena
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Image 10. Minervarya cf. agricola, Gosner stage 36. Buccopharyngeal and denticles: A—Buccal roof, SEM photograph, scale =.2 mm | B—
Buccal roof, Alcian blue stained photograph, ventral view, scale = 1 mm | C—Buccal floor, SEM photograph, scale = .1 mm | D—Buccal floor,
Alcian blue stained photograph, ventral view, scale = .5 mm | E—Individual denticles, scale =.01 mm | F—Jaw sheath serrations = .01 mm. ©

Prudhvi Raj.

demarcated with three pairs of long conical pustulated
papillae present along the lateral border of the roof;
about 30 tiny pustules spread across the entire buccal
roof arena. Glandular zone is broad and distinctive, with
the anterior margin consisting of pustules; secretary
pits sparse and found medially. Dorsal velum margin is
conspicuous and oriented posteriorly. The margin of the

velum is pustulated and interrupted medially.
Buccalfloor (Image 10C,D): Prelingual area comprises
of three pairs of infralabial papillae located along the
posterolateral and postero-medial corners; anterior
papillae is short with attenuate projections, while
the posterior papillae are larger, broader and rugose
located at the posterolateral corners of the prelingual
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arena; third pair of papillae are located posteromedially
between the two posterior papillae on the prelingual
arena. Tongue anlage broad and low; two pairs of long
conical lingual papillae with pustulated tips are located
medially. Buccal floor arena delineated by five pairs
of buccal floor arena papillae; the papillae commence
anteromedial to the buccal pocket and continue parallel
to the mesad plane; all papillae are conical, tall, rugose
and of unequal size; the second papilla from the anterior
is taller than other papillae; buccal floor arena is smooth
with about ten pustules. Space between the tongue
anlage and the buccal pockets is free of pustules. Buccal
pockets are wide, shallow and transverse orienting
towards the mesad; no pocket papillae are present.
Region behind the buccal floor arena and the margin of
the ventral velum is broad and smooth; ventral velum is
wide and sinuate. Ventral velum margin constitutes six
projections on each side. The outer three projections are
larger and spaced wide apart, while the other three are
smaller and concentrated around the center. Median
notch is not prominent; the outer margin is smooth with
no spicules. Glottis opens posterior to the ventral velum.

Denticles (Image 10E) are moderately spaced and
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moderately curved towards the mouth at the apex. Oral
angle is slightly obtuse. The head of the denticle is short,
flattened and slightly curved with 3-4 long, wide, and
moderately rounded cusps present on each denticle.
Each serration (Image 10F) on the jaw sheath has a short
base and a triangular pointed head.

Genus: Nyctibatrachus Boulenger, 1882.

Species: Nyctibatrachus cf. periyar Biju, Bocxlaer,
Mahony, Dinesh, Radhakrishnan, Zachariah, Giri &
Bossuyt, 2011.

Larval series examined: WT145, WT156/151011
(Small stream in tea plantation, Vagamon, Kotayam,
India, 9.68266°N, 76.90549°E; WGS84). Tadpoles were
collected from a small stream with a muddy substratum.

Taxonomic note: Adults of Nyctibatrachus periyar
were recorded from the stream where the tadpoles were
collected. However, other species of Nyctibatrachus
are known to occur in the locality where the tadpoles
were collected (Biju et al. 2011, but see Abraham et al.
2022; Garg et al. 2017). Tadpoles of N. periyar are not
described.

= ve Lo N :

Image 11. Nyctibatrachus cf. periyar, Gosner stage 37. External morphology: A—Lateral view | B—Dorsal view | C—Ventral view. Scale = 10

mm. © Prudhvi Raj.
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Table 6. Morphometric measurements of Nyctibatrachus cf. periyar tadpoles given in mm as mean # SE.

G;::g:' oL | INL | NED | NsD | ss sV BL MBD | MTH |MTMW| TMH | ODD | VIL | DFH | VFH
25(8) |[2.2+.17 | 1.5+.06 | 0.8+.09 | 1.1+.09 | 5.0+.25 | 4.4+.25 | 8.7+.49 | 17.0+.89 | 5.2+.22 | 3.6+.17 | 2.1+.10 | 2.6+.13 | 1.6+.11 | 1.5+.08 | 1.0+.06 | 0.7+.04
26(2) |1.6+.25(1.2+.05 | 0.5+.05 | 1.2+.05 | 4.3+.05 | 3.9+.20 | 8+.10 |14.7+.60| 4.0+.15 33 1.6+.25 | 1.7+.05 | 1.6£.05 1.8 1.2+.10 0.9
27(2) |2.5+.25|1.8+.05 | 1.3£.45 | 1.4+.05 | 6.0+.25 | 5.4+.50 [10.4+.30| 21£.60 |7.05+.55| 4.3£.30 | 2.6+.05 | 2.9+.10 | 2.4+.55 | 1.7+.05 | 1.3+.25 | 0.8+.15
28(2) |2.1+.35|1.5+.30 | 0.8£.40 | 1.5+.20 | 5.5+.80 | 4.4+.75 |9.0+1.15[16.7+2.40| 5.8+.95 | 3.74.50 | 2.3+.65 | 2.7+.85 | 1.9+.40 | 1.9 |1.3+.20|0.9+.05
29 22 15 06 13 48 4.2 8.6 16.7 45 33 1.8 2 1.8 2 1.4 1
30(3) |2.5+.47|1.5+.15|0.8+.15 | 1.4+.24 | 5.6+.91 | 5.1+.88 |9.9+1.33[19.0+2.43( 5.7+.85 | 3.9+.48 | 2.3£.50 | 2.5£.53 | 2.0+.20 |6.744.66| 1.1+.08 | 0.9+.05
31 16 1.2 05 12 47 41 8.7 15.1 43 3.2 17 1.9 17 16 13 1.1
35(2) [2.1+.05| 15 0.7 |1.2410|4.9+25|4.5£25 | 8.8+.40 | 18+.40 | 4.8+.05 | 3.4+.35 | 1.9+.10 | 2.2+.05 | 1.6£.15 | 2.0+.05 | 1.1£.10 | 0.9+.05
36(2) |2.4+.05|1.4+.05|0.7£05| 1.5 |57+20]|4.6+.25|9.5£.25(19.3+.25(5.4+.05 | 4.2+.20 [ 2.1+.05 | 2.4£.05 | 1.8+.05 | 2 |1.5:10 |1.1%.10
37(2) |2.4+.15|1.6+.10|0.7£10 | 0.8+.25 | 6£.50 |55+40| 10.2 [18.8+1.10| 5.6+.15 | 3.9+.10 | 2.3£.20 | 2.5£.10 | 1.8+.40 | 2.24.30 | 1.1£.10 | 0.9+.20
38(2) [2.3+£.20(1.6£.05|0.6£15| 1.3 |57+45|51£20 | 10£.20 |20.6£.80 | 5.7+.60 | 4.2£.25 | 2.3+.35 | 2.5£.25 | 1.8+.05 | 1.8+.30 | 1.2+.15 | 1£.10
39 29 18 0.9 15 6.2 5.1 108 | 228 6 41 26 27 1.9 22 12 0.9
41(5) |2.7+.10| 1.5£.05 | 0.9+.03 | 1.3+.02 | 5.7+.08 | 4.6£.15 | 9.5:.27 | 20.0£.76 | 5.7+.12 | 4.0+.12 | 2.4+.08 | 2.5£.05 | 1.9+.04 | * | 1.4%.06| 1:.04
External morphology: Description of tadpole not visible dorsally; the entire labium is multi-lobed

(Gosner stage 37): Body elliptical in dorsal and lateral
views (Image 11A,B). Dorsal contour convex and ventral
contour of body flattened; BL is 35.2% (33.8%—36.5%)
of the total length; MBD at mid-length of the body.
The snout is rounded in dorsal and lateral views. Eyes
are large; located and oriented dorsolaterally; NED
represents 46% (42.1%-50%) of the distance between
the eye and snout. The nostril opening is oval with the
rim elevated; there is a small protuberance at the dorsal
most region of the nostril; they are located closer to the
eyes than the snout; placed parallel to the eye in dorsal
view; INL is 65.3% (65.2%—65.3%) of the IOL. Spiracle
sinistral and short; inner wall of the tube completely
formed but attached to body wall; tube orientation
is posterolateral and its opening located just below
the medial on the lateral side of the body; SS is 58.8%
(53.9%-63.9%) of BL. Vent tube is dextral with the
opening of the aperture towards the right side; both the
walls meet each other at the same point. Tail tip acute;
musculature is tallest at the body tail junction and tapers
to the tip of the tail. The dorsal fin originates behind
the body tail junction and the ventral fin at the ventral
terminus; the dorsal fin is wider and concave than the
ventral fin; MTH is at about mid-length; TMH is 92%
(91.1%-93%) of MTMW at the tail-body junction; TMH
accounted for 64.1% (63.1%-65%) of the MTH. Lateral
line formed by the dermal pores visible. No glands are
present on the outer integument.

Moderately large oral disc, which is near ventral
in located and opening ventrally (Image 11C); ODD is
32.4% (30% —34.8%) of the body width, emarginated;

with about eight lobes; the anterior lobe is the largest
followed by those on the lateral sides and the posterior;
posteriorly, the labium is divided into four lobes. The
margins of the labia are with a uniserial row of large
marginal papillae spread along the margin of the oral
disc; sharp submarginal papillae are seen above the
upper jaw sheath as well as on the lobes, both laterally
and ventrally; the submarginal papillae above the upper
jaw sheath are arranged in two rows and are smaller;
the submarginal papillae on the lateral and ventral
lobes are larger, fewer and widely placed; about four
to five submarginal papillae are seen on each lateral
and ventral lobes. No labial tooth rows are present and
submarginal papillae are seen in place of denticle rows
on the upper labium. Jaw sheaths are well developed
and both the jaw sheaths are massively keratinized;
supra-rostrodont is longer than wide and convex with
long lateral processes; infra-rostrodont is U-shaped,
convex laterally and concave medially. Both the jaw
sheath are serrated, however, the serrations on the
infra-rostrodont are larger than those on the supra-
rostrodont.

Measurements: Measurements of  tadpoles
belonging to various Gosner stages (Gosner stages 25—
31, 35-39 and 41) are presented in Table 6.

Colouration: In life, tadpoles were light beige brown
with moderate-sized dark brown spots on flanks and
dorsum.Theinnerintegumentalongthe lateral sides was
found to be dotted with numerous melanophores giving
the region a darker appearance than the rest. Ventrally
the integument was dirty white and transparent with
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Image 12. Nyctibatrachus cf. periyar, Gosner stage 38. Buccopharyngeal and denticles: A— Buccal roof, SEM photograph, scale =.2 mm | B—Buccal
floor, SEM photograph, scale =.1 mm | C—Jaw sheath with oral papillae, scale =.1 mm | D—Jaw sheath serrations = .002 mm. © Prudhvi Raj.

gut visible. The tail muscle has a white background and
is mottled with many medium-sized irregular-shaped
blotches of moderate-sized melanophores spread across
the tail muscles. Dorsal and ventral tail fins were white
and translucent with many bands of melanophores,
mostly along the posterior region of the tail. Spiracle,
oral disc and the vent tube were translucent with no
melanophores. Few melanophores were found on the
dorsal side of the hind limb.

Buccopharyngeal morphology

Buccal roof (Image 12A): Prenarial arena comprises
of nine papillae; about eight papillae are arranged in
a diamond shape anteriorly; a short papilla is present
along the medial axis posterior to these anterior
papillae; all anterior papillae are more or less of
equal height. Internal nares transverse and directed
medially; both nares broadly separated by a distance of
about more than the length of a nare; a short papilla
is present medially between the nares; anterior narial
wall is pustulose with many tiny pustules and a stubby
projection origination at the middle; posterior wall tall,
smooth and valvular; two projections of which one is

seen at the middle of the wall and the other at the medial
end; both the projections are conical and pustulose;
the projection seen near the mesad is longer than the
projection at the middle of the posterior narial wall. Post
narial arena constituted two pairs of papillae arranged
behind the posterior narial wall linearly from the mesad
plane; all papillae are long with a rugose surface; size
wise, the papillae show an ascending order with the
papillae near to the mesad plane being slightly shorter
and the papillae on the lateral corners being longer.
There is no median ridge; however, there are many tiny
conical papillae at its location. A long trifid pustulose
lateral ridge papillae is present. Buccal roof arena is
delineated by about 20 pairs of closely arranged short
buccal roof arena papillae. More than 300 pustulations
dot the entire buccal roof arena; the posterior region
of the buccal roof arena is demarcated by broad bifid
papillae on each side. Observations on the glandular
zone could not be made and is not prominent as seen
in tadpoles of other genus. The dorsal velum is raised
and there appears to be a deep grove in front of the
margin of the velum; the margin is not entire and broken
medially; margin of the velum along the lateral sides had
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few tiny projections spaced widely and medially there
are numerous projections oriented posteriorly.

Buccal floor (Image 12B): Prelingual area comprises
of four pairs of infralabial papillae located along the
posterolateral corner of the prelingual area; the
first two pairs are moderately long and rugose on
the surface; the third pair is trifid and has three thick
projections with a rugose surface; the fourth pair has
numerous long conical projections (~10). Tongue anlage
low and constituted two pairs of papillae; the medial
pair of papillae are attached to each other at the base
and longer; both pairs of papillae are spread wide apart.
The entire floor is dotted with numerous pustules which
are bordered anterolaterally by long papillae spread
linearly from the lingual arena and posterolaterally by
the buccal floor arena papillae; more than 400 pustules
are spread across the entire floor; about four to five
conical papillae of unequal size are arranged linearly
from the lingual arena to the buccal pockets; buccal
floor arena is demarcated laterally by about six to eight
buccal floor arena papillae; these buccal floor arena
papillae are broadly dilated at the tips forming multiple
projections. Buccal pockets are small and narrow-
oriented anteromedial; no pocket papillae are present.
The region between the buccal floor arena and the
margin of the velum is smooth. Ventral velum margin is
smooth, with about eight to ten long projections mainly
concentrated around the medial region on the velum.
Glottis opens immediately posterior to the velum.

The serrations (Images 12C-D) on the jaw sheaths
are large and, each serration had a wide base and
triangular pointed head.

DISCUSSION

Duttaphrynus melanostictus is the most widely
distributed toad in southern and southeastern Asia and
is a species complex (Dubois & Ohler 1999). Descriptions
of morphology for tadpoles of D. melanostictus made
earlier (Boulenger 1912; Bourret 1942; Kirtisinghe
1957; Daniel 1963a; Khan 1982; Ye et al. 1986; Ray &
Tilak 1994; Deuti & Goswami 1995; Chou & Lin 1997;
Leong & Chou 1999; Ray 1999; Khan 2001; Anders 2002;
Daniel 2002) are brief and do not mention diagnostic
features of D. melanostictus which distinguish it from
other Duttaphrynus tadpoles. While resolving the
taxonomy of the species is beyond the scope of this
paper, morphological comparison for tadpoles is being
done with published descriptions of the species and its
congeners (Annandale & Rao 1918; Kirtisinghe 1957;

R4

Daniel 1963; Khan 1965; Bhati 1969; Inger 1985; Khan &
Mufti 1994; Ray 1999; Anders 2002; Khan 2002, 20033;
Daniels 2005; Feietal. 2005; Intharaetal. 2005; Aran et al.
2012). The external and buccopharyngeal morphologies
of the tadpoles of D. cf. melanostictus are very similar to
those of other known Duttaphrynus tadpoles. External
character states of D. cf. melanostictus tadpoles that are
consistent with other Duttaphrynus tadpoles are: oval
body with a rounded head; dorsolateral eyes; spiracle
opening sinistral; vent tube opening medial; a lanceolate
feeble tail with a rounded tip; emarginated oral disc with
five tooth rows (2/3). Likewise, Duttaphrynus tadpoles
share the following buccopharyngeal character states: a
prominent transverse semicircular or triangular ridge in
the prenarial arena; pustulose anterior narial wall with
no papilla; smooth posterior narial wall; a triangular
median ridge; branched lateral ridge of papilla; a
prominent glandular zone with an elevated dorsal
velum; dilated infralabial papillae; two pairs of lingual
papillae; well-defined buccal floor arena; projections
on the ventral velum. Tadpoles of D. cf. melanostictus
can be diagnosed on the basis of: dark coloured tadpole
(uniformly pigmented with black melanophores and
speckled with gold); tail musculature black with fins
translucent; spiracle with partially formed inner wall;
emarginated oral disc with marginal papillae spread
only at the lateral corners; labial tooth row formula
is 2(2)/3 with the order of tooth rows length being
A1>P1>A2>P2>P3; triangular prenarial ridge; trifid
lateral ridge papillae; buccal roof arena demarcated by
three pairs of papillae; a pair of bifid dilated infralabial
papillae; buccal floor arena demarcated by six long
conical papilla; both arenas with 20-30 pustulations.
On mainland India, 12 species of Polypedates are
known to occur, among which tadpoles of Polypedates
maculatus, P. taeniatus and P. teraiensis have been
described. P. pseudocruciger and P. occidentalis
are endemic to the Western Ghats. Tadpoles of P.
pseudocruciger are similar to those attributed to the
nektonic morphotype tadpoles of Polypedates (Inger
1985; Mohanty-Hejmadi & Dutta 1988; Grosjean 2004;
Haas & Das 2008; Chakravarty et al. 2011). External
character states of P. pseudocruciger tadpoles that
are consistent with other Polypedates tadpoles are: an
anteroventral oral disc; LTRF with multiple tooth rows
and strongly keratinized jaw sheaths; body cylindrical
with eyes positioned laterally and widely spaced nares;
spiracle opening sinistral; vent tube opening dextral; tail
fins arched and tapper posteriorly. Buccopharyngeal
character states of P. pseudocruciger tadpoles that
are consistent with other Polypedates tadpoles are:
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broad buccal roof and floor; an arched prenaial ridge;
elongated pre and postnarial papillae oriented medially;
median ridge low; buccal roof and buccal floor arena
delineated by papillae; presence of glandular zone;
tongue anlage with lingual papillae; oblique buccal
pockets; ventral velum with projections on margin
of velum. Diagnostic characters of P. pseudocruciger
tadpoles are: body colouration olive with many tiny
melanophores on dorsal and lateral sides; tail fins
with numerous melanophores, more spotted at the
anterior end of the tail; nasal opening oval shaped and
elevated; inner wall of spiracle absent; emarginated
oral disc with marginal papillation having a wide gap on
the upper labium and a small gap on the lower labium;
three submarginal papillae at the lateral corners; LTRF is
5(2-5)/3(1); order of the length of tooth rows is P-1>P-
2>P-3>A-1>A-2>A-3>A-4>A-5; a pustulated arched ridge
arched with about six pustulations; nares separated by
a distance of about two-third the length of each nare;
median ridge with a pustulated margin and a long
medial projection; prelingual area comprising of five
pairs of pustules and two pairs of infralabial papillage;
two pairs of smooth long lingual papillae; buccal floor
arena delineated by five pairs buccal floor arena papillae
with 30 pustulations in the arena.

Four species of Rhacophorus are endemic to the
Western Ghats, of which tadpoles for two species
are being described in the current study. Tadpoles
of R. lateralis and R. malabaricus have similar
morphological features to those attributed to pond-
type Rhacophorus (Grosjean & Inthara 2016; Vassilieva
et al. 2016). External character states of R. lateralis
and R. malabaricus tadpoles that are consistent with
other Rhacophorus tadpoles are: an anteroventral
oral disc; LTRF with multiple tooth rows and strongly
keratinized jaw sheaths; body ovoid with eyes oriented
dorsolateral; spiracle opening sinistral; vent tube
opening dextral; robust muscular tail. The above
characters of Rhacophorus tadpoles can be attributed
to a benthic feeding larval morphotype (Altig &
Johnston 1989). The LTRF 7(3—7)/3(1) of R. malabaricus
tadpoles from the current description matches with the
LTRF for the species given by Sekar (1990a). Similarly,
comparisons of tadpole buccopharyngeal morphology
with congeners revealed broad similarities (Inger 1985;
Grosjean & Inthara 2016). Buccopharyngeal character
states of R. lateralis and R. malabaricus tadpoles that
are consistent with other Rhacophorus tadpoles are:
broad buccal roof and floor; prenarial arena bearing
a broad prenarial ridge; elongated postnarial papillae
oriented medially; presence of an elevated median
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ridge; buccal roof and buccal floor arena delineated by
papillae; presence of glandular zone; prelingual arena
bearing infralabial papillae; tongue anlage with lingual
papillae; oblique buccal pockets; ventral velum with
projections on margin of velum. Diagnostic characters
of R. lateralis tadpoles are: body colouration sulphurous
yellow with few tiny melanophores dorsally; and tail
fins with many blotches; nasal opening depressed;
spiracle with the inner wall partly formed and attached
to the body wall; emarginated oral disc with marginal
papillation having a wide gap in the upper labium and six
submarginal papillae at the lateral corners; Labial Tooth
Row Formula (LTRF) is 6(3—6)/3(1); a pustulated arched
ridge arched forward with the median pustule being the
largest in the prenarial arena; nares widely separated
by a distance of about the length of each nare; median
ridge with a bifid tip; six pairs of infralabial papillae
with the second and the fourth papillae large and
pustulose; buccal floor arena delineated by five pairs
buccal floor arena papillae with 14 pustulations in the
arena. Likewise, diagnostic characters of R. malabaricus
tadpoles are: body and tail olive-coloured, and mottled
with several tiny melanophores dorsally; nasal opening
elevated; spiracle with the inner wall fully formed but
attached to the body wall; emarginated oral disc with
marginal papillation having a wide gap on the upper
labium and four to five submarginal papillae at the
lateral corners; LTRF is 7(3—7)/3(1); a pustulated arched
ridge arched forward with uniform sized pustules in the
prenarial arena; nares narrowly separated by a distance
of about half the length of each nare; median ridge with
a serrated margin; four pairs of infralabial papillae with
the fourth pair largest and dilated; buccal floor arena
delineated by five pairs of buccal floor arena papillae
with 16 pustulations in the arena.

The tadpoles of cricket frogs of Asia sensu lato
(including the genera Fejervarya and Minervarya) have
been studied earlier (Heyer 1971; Dutta 1997; Leong &
Chou 1999; Leong 2005; Stuart et al. 2006). However,
detailed morphological descriptions are few. Only
recently was systematics of cricket frogs from South
and Southeast Asia resolved by phylogenies using
multiple molecular markers, which resulted in extensive
changes in the taxonomy of the group (Kuramoto et al.
2008 “2007”; Ohler et al. 2009; Purkayastha & Matsui
2012; Dinesh et al. 2015; Howlader et al. 2016; Garg
& Biju 2017, 2021; Raj et al. 2018). External character
states of M. cf. agricola tadpoles that are consistent
with other cricket frog tadpoles are: an elliptical body
with a moderate tail; anteroventral oral disc; marginal
papillation of oral disc having medial gaps on both
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labia; two labial tooth rows on the upper labium and
three rows on the lower labium; dorsolateral eyes;
spiracle opening sinistral with the inner wall of the
tube completely formed but attached to the body wall;
opening of anal tube dextral; fin heavily pigmented only
at the distal end. Buccopharyngeal character states of
M. cf. agricola tadpoles that are consistent with other
Cricket frog tadpoles are: elongated buccal roof and
floor; an arched prenarial ridge; median ridge low;
buccal roof and buccal floor arena delineated by papillae
and with many pustulations in the arena; tongue anlage
with lingual papillae; oblique buccal pockets; ventral
velum with projections on margin of velum. Externally,
the current description broadly agrees with the
descriptions made by Khan (1982, 2003b) and Khan &
Mufti (1994) on the general morphology of Fejervarya;
however, the taxonomic identity of those tadpoles
needs to be ascertained. The external larval morphology
of various cricket frog species is perplexing since most
species have similar body colouration patterns and
LTRF. The buccopharyngeal character states in the
current descriptions differ from those made by Khan
(1991, 1996) in having a tri-lobed pustulose prenarial
ridge, nares separated by a distance of half the length of
each nare, two pairs of tall post narial papillae and two
flattened lateral ridge papillae and having two pairs of
infralabial papillae.

Tadpoles of  Nyctibatrachus  species  were
described earlier (Annandale 1918, 1919; Bhaduri &
Kripalani 1955; Pillai 1978) but comparative studies
on morphology could not be made using those
descriptions. In recent times, detailed morphological
descriptions on Nyctibatrachus tadpoles were made by
Priti et al. (2015). One of the most prominent characters
of Nyctibatrachus tadpoles is having a multilobed oral
disc that is devoid of labial teeth but with keratinized
jaw sheaths. Other morphological characters shared
by tadpoles of the genus are: an elliptical body with
a robust tail; dorsolateral large eyes; acute tail tip;
sinistral spiracle; Vent tube opening dextral. Diagnostic
characters of N. cf. periyar tadpoles are: eight lobed
oral discs with the anterior lobe largest; two rows of
submarginal papillae immediately above the upper jaw
sheath; body light beige brown with moderate-sized
dark brown spots on flanks and dorsum, and tail mottled
with many medium-sized irregular-shaped blotches.
Descriptions on larval buccopharyngeal morphology for
Nyctibatrachus species are unavailable and therefore no
comparisons could be made. Tadpoles of Nyctibatrachus
are morphologically highly derived with unique oral
morphology. Unlike tadpoles of other groups, the oral
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disc labia of Nyctibatrachus tadpoles are divided with
multiple folds and are devoid of keratodonts that are
replaced by conical papillae. This ecomorphological
guild is referred to as “psammonic” and is shared by
tadpoles of very few anuran groups that are adapted to
live in habitats with predominantly sandy substratum
(Altig & Johnston 1989). Since, labial tooth row formula
cannot be used for larval identity of Nyctibatrachus
tadpoles, taxonomic identity using oral structures is
found to be challenging. Further comparative works on
tadpoles of this genus can help to identify characters
that can be useful for taxonomic identification. Also,
with the buccopharngeal morphology, tadpoles of N.
cf. periyar is unique in have numerous papillae and
pustulations spread across the buccal roof and buccal
floor arenas. This character of having numerous BRA
and BFA papillae/pustulations is shared with psammonic
tadpoles of Boophis picturatus (Grosjean et al. 2011)
that live in habitats with sandy substrate. Recently, from
Western Ghats, tadpoles of Micrixalus were found to
have derived morphology with reduced oral structures
similar to that of Nyctibatrachus (Senevirathne et al.
2016b). This warrants the need for more studies to
understand the unique larval morphologies of these
groups from Western Ghats.

Anuran larvae unlike their adult forms are generally
overlooked in scientific works and are therefore
poorly understood. There has been a call for research
on anuran larval forms for long to understand their
morphology, both at the assemblage and guild
level they occupy, internal anatomy, and developmental
patterns. Such information can be helpful in resolving
anuran systematic issues, understanding inter-species
competition, improving inventorisation of anurans and
conservation efforts. Also, in the past forty years, many
tadpole studies had focused on describing internal oral
structures that are phylogenetically informative. Larval
characters are useful to investigate the systematic
relationships among anurans (Sokol 1975; Maglia et
al. 2001; Haas 2003; Pugener et al. 2003) and can be
helpful in getting a greater resolution for presently
known systematic relationships.

The current paper describes six species, of which two
are re-descriptions. Larval forms of D. cf. melanostictus,
P. pseudocruciger, R. lateralis, R. malabaricus, and M.
cf. agricola were collected from lentic pools. Species
other than P. pseudocruciger have typical lentic/benthic
forms (Altig & Johnson 1989) with spheroid bodies and
dorsolateral eyes and an anterolateral mouth, while
tadpoles of P. pseudocruciger have a typical lentic/
nectonic form have laterally oriented eyes. Larvae of N.
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cf. periyar are of lotic/benthic form with spheroid bodies
and dorsolateral eyes, and an anterolateral mouth.

Identification of anuran larvae in Western Ghats
has been a challenge due to the poor availability of
morphological characterization for
from the region. Most of the published descriptions
of tadpoles from the region were mainly done nearly
a century ago and needs thorough review. In recent
times, systematics and taxonomy of many anurans
from this region had been resolved (Dinesh et al.
2015; Garg & Biju 2017, 2021). External morphology of
tadpoles is conserved within a group (genus) and using
additional characters like those of the buccopharyngeal
region would help in improving species diagnosis and
resolving problems in anuran systematics problems
(Wassersug 1976; Das 1994). Knowledge on anuran
larval morphology can be useful in understanding the
diversification patterns and evolution of anurans in
the region. Further comparative morphological and
developmental studies of larval anurans from the region
will likely provide many evolutionary insights since many
endemic anuran lineages are known to occur in Western
Ghats. Most endemic lineages from the region like
Indirana (semi-terrestrial tadpoles), Micrixalus (fossorial
tadpoles), Nasikabatrachus (Rheophilous tadpoles), and
Nyctibatrachus (psammonic tadpoles) tend to have
derived tadpoles. Many of these tadpoles morphotypes
are rarely seen elsewhere and it is also interesting to find
such morphotypes only in these ancient lineages from
the region. Since life history patterns for much of the
anuran fauna from Western Ghats remain insufficiently
understood, larval descriptions from the current study
make a significant contribution to the knowledge of
the biology of these species. This study opens the door
to future studies on larval anurans from the region,
which are necessary to understand life history patterns
of species. Knowledge of larval forms (morphology
and ecology) will be helpful in assessing conservation
priorities for anurans of the region, thereby aiding in the
conservation of biota in Western Ghats.

anuran larvae
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