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Abstract

We describe a new species of rthacophorid frog of the genus Gracixalus from northeast India based on molecular, morphological and
acoustic evidence. The new species, formally described herein as Gracixalus patkaiensis sp. nov., is morphologically distinct from
other congeners by a suite of morphological characters such as snout-vent length 23.6-26.5 mm in adult males; green dorsum with
irregular brown spots; dorsal skin shagreened with numerous spinules; snout shape nearly acuminate in dorsal and ventral view; a
prominent dark streak along the cranial margins; white reticulations along lateral side and ventrum distinct in life. Genetically, the
new taxon is found to differ from all the recognized Gracixalus species by 4-14.8% divergence in the 16S mitochondrial gene. The
discovery confirms the presence of genus Gracixalus from the Indian state of Arunachal Pradesh underlines the importance of bio-
logical exploration even in well-known protected areas of India.
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Introduction

The family Rhacophoridae is represented by 14 genera
in India out of the 23 genera globally recognized (Frost
2023). The genus Gracixalus Delorme, Dubois, Gros-
jean & Ohler, 2005 include small to medium-sized frogs
(SVL: 20-41.6 mm) currently represented by 19 species
globally. These species are distributed in Vietnam, Laos,
Thailand, Southern China and Myanmar (Frost 2023).

More than half of the total known species in the genus
were described in the last decade and no species of this
genus have been reported from India. The majority of
the species comes from Vietnam with a description of
ten species. Rowley et al. (2011, 2014, 2020) described
three species under this genus, and also broadly classified
them into two morphological clades, a clade with species
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having green dorsum and another with species having
brown dorsum. However, more recent studies suggest
that there are species with intermediate morphotypes
which do not clearly fit into one of the two clades (Mo et
al. 2013; Nguyen et al. 2013; Rowley et al. 2014; Matsui
et al. 2015; Wang et al. 2018; Tran et al. 2023). Despite
the inconsistency in morphology the two monophyletic
clades described in Rowley et al. (2011) still remain with
moderate to good support.

During our recent fieldwork in Arunachal Pradesh, we
encountered a small-sized green rhacophorid frog which
matches the description of the genus Gracixalus. This
species is distinct from all known Gracixalus which we
describe here as a new species based on morphology, mo-
lecular and acoustic data.

Materials and Methods

Sampling

Field surveys were carried out during May, 2022 in
Namdapha Tiger Reserve, Changlang district, Arunachal
Pradesh, India. Nocturnal visual encounter surveys were
deployed between 18:00 and 24:00 hrs to locate the frogs
aided with torch lights. Collected samples were eutha-

. .
. .
..‘OQCO..

210 0 210 420 630 840 ' ,,
- 1 Kilometers
PY37)

nized using Tricaine Methanesulfonate (MS222), fixed in
4% formalin, washed and finally stored in 70% ethanol.
Prior to fixation, photographs of the live frogs were taken,
thigh muscle tissue was collected and kept in molecular
grade ethanol for DNA extraction.

Molecular and phylogenetic analysis

Genomic DNA was extracted from the collected tissue
samples using the DNeasy (Qiagen™) blood and tissue
kit following the manufacturer’s protocols. We amplified
and sequenced a partial fragment (570 base pairs) of the
mitochondrial gene 16S using the primers 16Sar-L (For-
ward) and 16Sbr-H (Reverse) (Palumbi et al. 1991). Poly-
merase Chain Reaction (PCR) condition followed was
initial denaturation at 95°C for 3 minutes, followed by 39
cycles of denaturation at 94°C for 45 seconds, annealing
at 52°C for 45 seconds and extension at 72°C for 2 min-
utes. Final extension was at 72°C for 10 minutes. Am-
plified PCR products were run on a 2% agarose gel and
viewed under UV transilluminator. Purified PCR product
was sequenced directly in an Applied Biosystems Genetic
Analyzer 3500 XL in both directions using BigDye v3.1
kits.

The newly generated sequences were aligned with 28
sequences (16S) of other Gracixalus species downloaded
from the GenBank (Benson et al. 2007) (Appendix 1).

Elevation gradient (m)

s e 10°N

Figure 1. Map showing the type localities of Gracixalus species from northeast India and southeast Asia (Clade I-Green Circles,
Clade II- Brown Circles): 1 G. medogensis; 2 G. patkaiensis sp. nov (Star); 3 G. carinensis; 4 G. seesom; S G. yunnanensis; 6 G.
sapaensis; T G. gracilipes; 8 G. ziegleri; 9 G. quangi; 10 G. ananjevae; 11 G. quyeti; 12 G. supercornutus; 13 G. lumarius; 14 G.

trieng; 15 G. tianlinensis; 16 G. nonggangensis; 17 G. jinxiuensis; 18 G. guangdongensis; 19 G. jinggangensis; 20 G. truongi. Insert

image: Gracixalus patkaiensis sp. nov.
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Kurixalus effingeri, Philautus aurifasciatus and Rha-
cophorus reinwardtii were selected as outgroups based
on Rowley et al. (2020). Sequences were assembled in
MEGA v7.1 (Kumar et al. 2016) and aligned with the
ClustalW algorithm (Higgins et al. 1994) with default
settings.

We performed a Maximum Likelihood (ML) analy-
sis using IQ-TREE (Nguyen et al. 2015), implemented
in the web server version (http://iqtree.cibiv.univie.ac.at)
(Trifinopoulos et al. 2016). IQ-TREE server used Mod-
elfinder (Kalyaanamoorthy et al. 2017) to find the best-
fit evolutionary model for 16S gene. Support for internal
branches was quantified using the bootstrap approxima-
tion (UFB 1000 pseudoreplicates) (Minh et al. 2013). We
used Bayesian information criterion (BIC) as implement-
ed in JMODELTEST v2.1.6 (Darriba et al. 2012) to se-
lect the best-fit model of nucleotide substitution, which
was then used in model-based phylogenetic inference.
Bayesian Inference (BI) was performed in MRBAYES
v3.2 (Ronquist et al. 2012) applying the model GTR+G
as best-fit model suggested by the JIMODELTEST 2.1.6
(Darriba et al. 2012). Two separate runs were set up with
four Markov chains, each initiated from random trees
and allowed to run for 10 million generations, sampling
every 1000 generations. Analyses were terminated when
the standard deviation of split frequencies was less than
0.001, the first 25% of trees were discarded as “burn-in”,
and trees were constructed under 50% majority consen-
sus rule. We obtained the ESS values using the TRACER
v1.6 (Rambaut et al. 2014) and confirmed values above
200 for the priors. We quantified the support for internal
branches in BI tree using posterior probability. The re-
sulting tree was edited in Figtree v1.4.4 (http:/tree.bio.
ed.ac.uk/software/figtree). The uncorrected pairwise dis-
tances (p distance) were calculated in MEGA v7.1 with
pairwise deletion of missing data and gaps.

Morphological characters

Metric and meristematic characters were studied using
stereomicroscope (Olympus SZX10). Morphometric
measurements were taken using digital slide calliper
(Mitutoyo) to nearest 0. mm. Sex and maturity were
determined by the presence of vocal sac and nuptial pad
in males or by examining the gonads through a ventral
incision. Measurements and associated terminologies fol-
low Das et al. (2019), otherwise stated as follows. The
following measurements were taken: SVL (snout-vent
length), HW (head width, at the angle of the jaws), HL
(head length, from the rear of the mandible to the tip of
the snout), SL (snout length, from the tip of the snout to
the anterior orbital border), EN (distance from front of
the eye to the nostril), NS (distance from nostril to tip
of the snout), IN (internarial distance), EL (eye length,
horizontal distance between the orbital borders), IUE (in-
ter upper eyelid width, shortest distance between the up-
per eyelids), UEW (maximum upper eyelid width), IFE
(internal front of the eyes, shortest distance between the
anterior orbital borders), IBE (internal back of the eyes,

shortest distance between the posterior orbital borders),
HTYD (maximum horizontal tympanum diameter),
VTYD (maximum vertical tympanum diameter), FAL
(forearm length, from the flexed elbow to the base of the
outer palmar tubercle), HAL (hand length, from the base
of the outer palmar tubercle to the tip of the third fin-
ger), AG (distance between axilla and groin), TL (thigh
length, from the vent to the knee), SHL (shank length,
from knee to heel), FOL (foot length, from the base of the
inner metatarsal tubercle to the tip of the fourth toe), TarL
(Tarsus length, from tibio-tarsal articulation to the lower
edge of the inner metatarsal tubercle), FD (disc width of
finger), TD (disc width of toe), FL (finger length, from the
tip of the digit to its base where it joins the adjacent dig-
it), digit number is represented by roman numerals I-V.
All measurements provided in the text are in millimetres.
Webbing formulae follow Biju et al. (2014). Measure-
ments were taken for the right side of the specimen.

Comparative morphological data of the Gracixalus
species were obtained from the original descriptions of
Boulenger (1893), Bourret (1937), Ye and Hu (1984),
Matsui and Orlov (2004), Orlov et al. (2004), Nguyen et
al. (2008), Rowley et al. (2011), Mo et al. (2013), Rowley
et al. (2014), Matsui et al. (2015), Matsui et al. (2017),
Zeng et al. (2017), Chen et al. (2018), Wang et al. (2018),
Yu et al. (2019), Rowley et al. (2020), Le et al. (2021) and
Tran et al. (2023), otherwise mentioned.

Bioacoustics recording and analysis

Male advertisement calls were recorded using a Sennhe-
iser MKH 416 unidirectional handheld microphone and
Marantz PMD 620 MK-II digital audio recorder between
18:00 and 23:00 hrs. The recordings were done from a
distance of approximately 10-30 cm from the calling
male. Ambient temperatures were recorded using a Kes-
trel 5500 weather meter. Calls were visualized and ana-
lyzed in Raven Pro v1.5 (Bioacoustics Research Program
2014). Acoustic properties and terminologies follow
Kohler et al. (2017).

Institutional abbreviations

WII-ADA — Wildlife Institute of India, Dehradun, Abhi-
jit Das Amphibian collection.

Results

Molecular phylogenetics

Bayesian inference (BI) and Maximum likelihood (ML)
analyses showed broadly similar tree topology (Fig. 2)
and Gracixalus species were falling into two major clades
(sensu Rowley et al. 2011). Tree topologies were near-
ly similar to that of previously published phylogenies
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Figure 2. Phylogenetic relationship of species in the genus Gracixalus based 16S rRNA. A ML phylogeny with bootstrap support
values, B BI phylogeny with Bayesian posterior probability support values. Scalebar = substitutions per site. Bootstrap support
values < 70 and BPP support values < 0.70 are not shown in the figure. Outgroups are not shown in the figure. Labelled in blue text

are sequences of G. patkaiensis sp. nov. generated in this study.

(Rowley et al. 2011; Rowley et al. 2014; Tran et al. 2023;
Wang et al. 2018). Our newly collected specimens from
Namdapha Tiger Reserve, Arunachal Pradesh, India were
falling in the Clade I (Fig. 2) and are sister to Gracixalus

gracilipes (Bourret, 1937) from China and Vietnam with
moderate node support (ML 79 and BI 0.79). The uncor-
rected p distance between the newly collected specimens
and the specimens from China and Vietnam are 4.5-5.0%
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middle of throat, chest, axilla and anterior half of the belly,
brown cross bars on fore-arm, thigh and tibia present.

Description of holotype. A small sized frog (SVL 24.5
mm) (Figs 3A & 4A-F); body slender; head longer than
wide (HW/HL = 0.89); snout pointed in dorsal view and
obtuse in profile, slightly projected beyond the lower jaw
in ventral view; snout one third of the head length (SL/
HL = 0.38) and shorter than eye length (SL/EL = 0.80);
nostril small, laterally positioned, oval in shape, closer
to tip of the snout than eye (NS/EN = 0.93); inter-nasal
width smaller than inter-upper eyelid width (IN/IUE =
0.83) and smaller than upper eyelid width (INJ'UEW =
0.89); upper eyelid width smaller than inter-upper eyelid
width (UEW/IUE = 0.93); eyes comparatively large (EL/
HL = 0.47); canthus rostralis distinct, sharp and vertical;
loreal concave, tongue bifid and dorsal surface with tiny
tubercles, vomerine teeth absent, choanae oval, tympa-
num distinct, oval in shape (HTYD/VTYD = 0.75), close
to the eye (TE = 0.20 mm); supratympanic fold distinct;
forelimbs slender, forearm shorter than hand length (FAL/
HAL = 0.86); third finger is longest, relative finger length
FIL<FIIL<FIVL<FIIIL; finger disc large and elliptical in
shape, disc of the finger II, III and IV wider than hor-
izontal tympanic diameter; disc with circum-marginal
groove (Fig. 4H); terminal knuckle distinct; subarticular
tubercles distinct, large and round, upper one on finger
IIT and IV are larger than the lower one, subarticular tu-
bercles FI = 1, FII = 1, FIII = 2, FIV = 2; webbing be-
tween fingers absent; hindlimbs slender; shank length
more than half the snout-vent length (SHL/SVL = 0.57)
and slightly longer than thigh length (TL/SHL = 0.94);
foot length greater than tarsus length (TarL/FOL = 0.65);
fourth toe is the longest, relative length among of the toes
TIL<TIHL<TIIL<TVL<TIVL; toe discs relatively small-
er than those of fingers, nearly round, with circum-mar-
ginal groove, subarticular tubercles large, round and dis-
tinct, the bottom subarticular tubercles on toe III, IV and
V are smaller than the upper ones; webbing between toes
smal, [1—1 %11 % —21I I'—21V2— % V.

Dorsal skin on snout, head and back shagreened with
dense spinules (Fig. 3D), those on upper eyelids, supra-
tympanic fold and dorsolateral side of the back are slight-
ly larger (Fig. 3F); lateral side of the head smooth, two
flat rictal glands behind the angle of jaw in the mandib-
ular region, tiny tubercles below supratympanic fold be-
hind the tympanum; flank smooth; limbs dorsally smooth
with scattered spinules; dermal fringe present along all
fingers (Fig. 4E,G), palm with large granules, inner, mid-
dle and outer palmer tubercles present, fine granular nup-
tial pad present on first finger (Fig. 41); flat granules along
ventrolateral side of forearm and tarsus; ventrally throat
smooth, chest nearly smooth, a few granules sparsely
present; belly granular (Fig. 3H,I), those posteriorly more
prominent, thighs granular at the basal half, distinct gran-
ules also present around the vent; tibia smooth; ventral
side of the foot with many granules, supernumerary tu-
bercles not visible; inner metatarsal tubercle distinct and
elongated, outer metatarsal tubercle absent; dermal fringe
along the toes present (Fig. 4D).

Colouration in life. Dorsally head, dorsum and limbs
chartreuse green with brown spots of irregular shape and
size (Fig. 3). Those brown spots on the forearm, thigh and
tibia are in the form of short cross bars. Upper eyelids
dark brown; a broad brown stripe originating from anteri-
or corner of the eye to the snout tip, covering canthus ros-
tralis and narial opening. Another brown stripe along the
supratympanic fold which continues dorsolaterally to the
middle of trunk; diffused posteriorly and broken. Head
laterally green, white patches of irregular size and shape
starting below mid eye to rear of mandible below the
level of tympanum. Iris golden yellow with dense brown
marbling. Digits slightly paler than dorsal colour or more
yellowish, brown spots continue along the fourth digit of
forelimb and fourth and fifth digits of hindlimb, webbing
between fourth and fifth toe brown. Vent surrounded by
brown marbling and large irregular white spots around it
(Fig. 3K). White patches are present on the axilla, con-
tinues through flank to the groin, shape and size of the
white patches are irregular on both sides. Ventrally green,
similar as that of dorsal; white spots on gular region, a
large white patch spreading over middle of the gular re-
gion, chest and anterior half of the belly (Fig. 3H). White
marbling present along the ventrolateral side of the fore-
arms. White marbling along the tarsus, along fifth toe and
upper part of the groin. Small brown spots present on the
ventral side of the fourth and fifth toe and web between
them brown.

Colouration in preservatives. Dorsally head, dorsum
and limbs creamy white with brown markings; white
patches on lateral side of the head and on flank not vis-
ible; ventrally throat, chest belly and limbs pale creamy
white, no white patches visible; brown markings on ven-
tral side of the foot visible as in life (Fig. 4).

Variation. Measurements of the type series are given in
Table 2. Dorsal colour slightly varied among the indi-
viduals. Number of brown spots and size on dorsal skin
varied among the individuals (Appendix 2). Furthermore,
the pattern and size of the white patches on the lateral
and ventral side of head and body varied among the in-
dividuals.

Morphological comparison. Comparative mensural and
meristic characters are given in Table 3. The new species
Gracixalus patkaiensis sp. nov. differ from the species of
the “Clade II” (G. ananjevae (Matsui & Orlov, 2004), G.
carinensis (Boulenger, 1893), G. guangdongensis Wang,
Zeng, Liu & Wang, 2018, G. jinggangensis Zeng et al.,
2017, G. jinxiuensis (Hu, 1978), G. nonggangensis Mo
et al., 2013, G. sapaensis Matsui, Ohler, Eto & Nguy-
en, 2017, G. tianlinensis Chen et al., 2018, G. trieng
Rowley et al., 2020, G. yunnanensis Yu et al., 2019, G.
ziegleri Le et al., 2021 by its chartreuse green dorsum
and pointed snout (vs. brown dorsum and rounded snout)
(sensu, Rowley et al., 2011). Furthermore, it differs by its
small body size (SVL = 23.6-26.5 mm, n = 6) in adult
males vs. large body size (SVL = 27.9-33.8 mm in G.
Jjinggangensis, 29.9-35.3 mm in G. nonggangensis, 37.2—
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Figure 3. Gracixalus patkaiensis sp. nov. in life. A Holotype (WII-ADA1353) showing dorsolateral view; B lateral view of the
head (Paratype, WII-ADA1356) showing subgular vocal sac; C—F Paratype (WII-ADA1400): C dorsolateral view, D showing
dorsal spinules, E dorsal view, F closeup of head showing spinules on upper eyelids; G ventral side of right hand (Paratype WII-
ADA1352); H ventral side of the paratype (WII-ADA1400), I granular skin on belly and thigh; J showing groin of the paratype
(WII-ADA1356); K showing the vent and lateral side of thigh (WII-ADA1356).
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Figure 4. Gracixalus patkaiensis sp. nov. in preserved condition. A—F Holotype (WII-ADA1353): A dorsal view, B ventral view,
C lateral view of the head, D ventral side of the right feet, E ventral side of the right hand, F schematic illustration of webbing on
feet; G ventral view of the hand (Paratype, WII-ADA1400) showing circum-marginal groove and nuptial pad in H and I respective-
ly; J lateral view of the head (Paratype, WII-ADA1352) showing the rictal glands in K.
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Table 2. Morphometric measurements of Gracixalus patkaiensis sp. nov.

Voucher No. | WII- ADA1353 | WII-ADA1356 | WII-ADA1352 | WII-ADA1355 | WII-ADA1354 | WII-ADA1400

Status Holotype Paratype Paratype Paratype Paratype Paratype Range | Mean = SD
Sex Male Male Male Male Male Male

SVL 24.5 24 254 26.5 23.6 24.7 23.6-26.5 | 24.78 £1.04
HW 8.3 8 8.3 8.7 7.8 8.4 7.8-8.7 | 8.25+0.31
HL 9.3 8.8 9.3 9.2 8 9.2 8.0-9.3 | 8.96+0.51
SL 35 3.6 3.5 3.7 32 3.5 32-3.7 3.5+40.17
EL 44 4.1 4 4 4.1 43 4.0-44 | 4.15+0.16
HTYD 1.2 1.1 1.2 1.3 1.2 1.2 1.1-1.3 1.2 £0.06
VTYD 1.6 1.6 1.5 1.5 1.3 1.4 1.3-1.6 1.48 +0.12
EN 1.5 1.6 1.6 1.8 1.4 1.8 1.4-1.8 1.62 +0.16
NS 1.4 1.4 1.5 1.5 1.3 1.4 1.3-1.5 1.42 £0.08
IUE 2.9 2.8 32 3.2 3.1 2.9 2.8-32 | 3.02+0.17
UEW 2.7 2.5 2.5 29 2.4 2.6 2.4-2.9 2.6 +0.18
IN 2.4 2.6 25 2.6 2.4 2.4 2.4-2.6 2.48 +0.1
MN 7.5 7.2 7.9 7.7 6.7 7.7 6.7-7.9 | 7.45+0.44
MAE 6.5 6 6.6 6 5.8 6.3 5.8-6.6 6.2+£0.32
MPE 2.9 2.8 3 2.8 2.2 2.8 22-3.0 | 2.75+0.28
IFE 4.7 4.8 4.9 4.8 4.5 4.9 4.5-49 | 4.77+0.15
IBE 8.2 8.3 8 8.3 8 8 8.0-8.3 | 8.13+0.15
FAL 6.1 5.6 6.4 5.9 5.9 5.7 5.6-64 | 593+0.29
HAL 7.1 7.9 7.1 7.7 7.5 7.4 7.1-7.9 | 7.45+0.32
FIL 22 2.4 2 2.6 23 23 2.0-2.6 2.3+0.2
FIIL 29 3.1 2.7 3.2 3 2.9 2.7-32 | 2.9740.18
FIIIL 4.5 5.1 4.7 5 5 4.7 4.5-5.1 | 4.83+0.23
FIVL 33 3.7 3.1 33 3.4 32 3.1-3.7 | 3.33+0.21
FID 0.9 0.9 0.7 0.9 0.7 0.8 0.7-0.9 0.82 £0.1
FIID 1.5 1.5 1.2 1.6 1.1 1.2 1.1-1.6 1.35+0.21
FIIID 1.8 1.8 1.6 1.9 1.6 1.5 1.5-1.9 1.7 +0.15
FIVD 1.6 1.8 1.6 1.7 1.4 1.5 1.4-1.8 1.6 £0.14
AG 10.2 11.2 12.4 13.3 12 12 10.2-13.3 | 11.85 £1.06
TL 13.1 12.4 13.6 13.8 13.2 134 12.4-13.8 | 13.25+0.49
SHL 14 12.8 14.1 14.6 13.4 13.9 12.8-14.6 | 13.8 +0.62
Tar L 7.1 6.2 7.1 7.4 7.1 7.2 6.2-7.4 | 7.02+0.42
FOL 10.9 10.9 10.9 11.3 10.5 11 10.5-11.3 | 10.92 +0.26
IMTL 1.2 0.9 1 1.3 0.8 1 0.8-1.3 1.03 £0.19
TIL 1.7 2 1.6 1.8 1.6 1.9 1.6-2.0 | 1.77+0.16
TIIL 2.6 2.5 2.8 2.9 2 2.6 2.0-2.9 | 2.57+0.31
TIIIL 3.6 4.2 3.7 43 32 3.6 3243 | 3.77+0.41
TIVL 6.1 6.1 5.8 7 6 5.9 5.8-7.0 | 6.15+0.43
TVL 43 43 4 4.6 3.8 3.8 3.8-4.6 | 4.1340.32
TID 0.9 0.9 0.8 0.9 0.6 0.8 0.6-0.9 | 0.82+0.12
TIID 1.2 1 0.9 1.1 0.8 1.1 0.8-1.2 1.02 +0.15
TIIID 1.3 1.3 1 1.4 1 1.1 1.0-1.4 1.18 £0.17
TIVD 1.4 1.6 1.2 1.6 1.2 1.3 1.2-1.6 1.38 £0.18
TVD 1.4 1.5 1.2 1.5 1.1 1.3 1.1-1.5 1.33 +0.16

41.4 mm in G. trieng, 30.3-35.9 mm in G. tianlinensis,
28.1-30.5 mm in G. ziegleri, 32 mm in G. ananjevae).
Further the new species differs from G. ananjevae by
its slender body (vs. robust body), head length greater
than width (vs. head wider than its length), snout short-
er than eye length (vs. snout length equal to eye length),
snout pointed (vs. slightly pointed), webbing on fingers
absent (vs. poorly developed web present), dorsal surface
of legs with scattered spinules (vs. smooth), a large white
patch on belly (vs. absent), dorsum with irregular brown

spots (vs. dorsum with a dark brown marking starting be-
tween eyes and bifurcating posteriorly).

Gracixalus patkaiensis sp. nov. differs from G. car-
inensis by pointed snout (vs. rounded snout), presence
of spinules on dorsum (vs. absent), webbing on fingers
absent (vs. rudimentary web present), white patches on
lateral side of head, flank and belly present (vs. absent),
x-shaped mark on dorsum absent (vs. present).

Differs from G. guangdongensis by its slender body
(vs. robust body), spinules on eyelids present (vs. absent),
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Table 3. Mensural and meristic information for Gracixalus patkaiensis sp. nov. and its congeners. Character keys: Adult male SVL;

Dorsal color (green: 1, non-green (Brown/ yellow): 2) Snout (rounded: 0, pointed: 1); Dorsal tubercle/spinule (absent: 0, present: 1);

Vocal sac (internal: 0, external: 1); Lateral marking (absent: 0, white patches present: 1, faint, large dark blotches: 2, brownish black

spots present: 3, faint, small, black and white blotches scattered: 4); Skin along lateral Side (smooth: 0, smooth with sparsely dis-

tributed tubercles: 1, rough: 2, rough with tubercles: 3, large tubercles: 4, coarsely granular: 5); Skin on throat (smooth: 0,granular:

1); Finger web (absent: 0, rudimentary: 1); Tibio tarsal articulation (reaching between eye and nostril: 0, reaching eye: 1, reaching

tip of snout: 2). ? indicates missing character.

Species Adult male | Dorsal | Snout Dorsal | Vocal sac | Lateral | Skin along | Skin | Finger | Tibio tarsal
size (SVL) | colour tubercle/ marking | lateral side on web | articulation
spinule throat
G. patkaiensis sp. nov. | 23.6—26.5 1 1 1 1 1 0 0 0 2
G. seesom 21.6-23.0 2 1 0 ? 1 4 0 1 0
G. supercornutus 22.0-24.1 1 1 1 ? 1 ? 1 ? ?
G. gracilipes 20-24 1 1 1 0 1 0 0 0 0
G. quangi 21-24.5 1 1 1 1 3 2 0 0 ?
G. quyeti ? 1&2 0 1 ? 0 3 0 1 2
G. lumarius 38.9-41.6 2 0 1 1 0 ? 1 1 ?
G. ananjevae 32 ? 1 1 ? 0 5 0 1 1
G. carinensis 30.2-38.1 2 0 1 0 ? ? 1 1 1
G. guangdongensis 26.1-34.7 2 1 1 ? 4 3 1 1 1
G. jinggangensis 27.9-33.8 2 1 1 ? 2 3 1 1 1
G. jinxiuensis 23.5-26.3 2 0 ? 0 0 3 1 1 1
G. medogensis 26.5 1 0 0 0 0 ? 1 0 1
G. nonggangensis 29.9-35.3 2 0 0 0 0 3 1 0 2
G. sapaensis 21-37 2 0 0 ? 0 4 ? 1 1
G. tianlinensis 30.3-35.9 2 0 1 1 0 ? 1 0 ?
G. trieng 37.2-414 2 0 0 1 0 1 1 ? ?
G. truongi 32.2-33.1 1 0 0 0 3 5 0 1 0
G. yunnanensis 26.0-34.2 2 0 1 1 0 0 1 1 1
G. ziegleri 28.1-30.5 2 ? 0 0 ? 1 ? ? ?

absence of inverse Y-shaped dark brown marking on dor-
sum (vs. present), lateral surface of head smooth (vs. tu-
bercular), snout length smaller than eye length (vs. snout
length greater than eye length), white patches on lateral
side of head, flank and belly present (vs. absent).

Differs from G. jinggangensis by head length great-
er than width (vs. head wider than its length), presence
of spinules on eyelids and dorsum (vs. absent), absence
of inverse Y-shaped dark brown marking on dorsum (vs.
present), nuptial pad on second finger in males absent (vs.
present), white patches on lateral side of head, flank and
belly present (vs. absent).

Differs from G. jinxiuensis by the presence of spinules
on dorsum (vs. scattered tubercles present), white patches
on throat, chest and belly present (vs. absent).

Differs from G. medogensis (Ye & Hu, 1984) by head
width smaller than its length (vs. head width greater
than its length), snout pointed (vs. rounded), presence of
spinules on dorsum (vs. dorsum smooth), irregular brown
spots present on dorsum (vs. an inverse “V”’ shaped mark
present on dorsum), white patches on lateral side of head,
flank and belly present (vs. absent).

Differs from G. nonggangensis by snout length smaller
than eye length (vs. snout longer than eye diameter), dor-
sally chartreuse green (vs. yellowish-olive), dark brown
spots on throat and belly absent (vs. present), white
patches on lateral side of head, flank and belly present
(vs. absent).

Differs from G. sapaensis by the presence of distinct
tympanum (vs. indistinct), single external vocal sac pres-
ent (vs. paired vocal sac present), dorsum with spinules
(vs. nearly smooth), white patches on throat, chest and
belly present (vs. absent).

Differs from G. tianlinensis by its slender body (vs.
robust), head length greater than head width (vs. head
length less than width), Y-shaped dark brown marking on
dorsum absent (vs. present), nuptial pad on second finger
in males absent (vs. present).

Gracixalus patkaiensis sp. nov. differ from G. trieng
by the presence of spinules on dorsal surface of head,
back and limbs (vs. absent), distinct and broad cross bars
on limbs absent (vs. present), interorbital crossbar absent
(vs. present), brown spots of irregular size and shape pres-
ent on dorsal surface of head, back and limbs (vs. inverse
Y- shaped marking present on dorsum), white patches on
lateral side of head, flank and belly present (vs. absent).

Differs from G. yunnanensis by slender body (vs. ro-
bust), inversed Y-shaped dark brown marking on dorsum
absent (vs. present), white patches on lateral side of head,
flank and belly present (vs. absent).

Differs from G. ziegleri by head length larger than
width (vs. head wider than long), spinules present on
upper eyelids (vs. absent), inverse Y-shaped dark brown
marking on dorsum absent (vs. present).

Differs from G. truongi Tran et al., 2023 by smaller
body size of males, SVL = 23.6-26.5 mm (vs. SVL =
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Table 4. Measurements of advertisement calls of Gracixalus species.

Species Temp. | Call duration | Number | Duration of long notes/ | Duration of z:ml:;ls:t Reference

P °C) (ms) of notes whistle (ms) click notes (ms) q ¥

(kHz)

Gracixalus patkaiensis |, ¢ — — 45-229 7-65 3.1-4.61 | This study
sp. nov.
G. guangdongensis 1721 500-650 2 360470 40-50 24-4 Wang et al. 2018
G. jinggangensis 17.6 447-620 34 147-219 42-67 2.6 Zeng et al. 2017
G. nonggangensis 17 15060 40-72 490 120 2.2 Wang et al. 2018
G. tianlinensis 18 — 1 — — 2-3 Chen et al. 2018
G. gracilipes 7.3-18.1 — — 150-250 6-20 4.1-5.1 | Rowley et al. 2015
G. quangi 24.1 — — 370 10 4.1-4.7 | Rowley et al. 2014
G. supercornutus 22.6-23.7 — — ~370 6-9 3.6-4.1 |Rowley etal. 2015

32.2-33.1 mm), snout pointed (vs. rounded), presence
of spinules on dorsum (vs. dorsum smooth), presence of
spinules on upper eyelids (vs. absent), head longer than
width (vs. head wider than its length), inverse Y-shaped
dark brown marking on dorsum absent (vs. present).
white patches on lateral side of head and flank present
(vs. absent).

The new species differs from species with greenish
dorsum of the “Clade I” (sensu Rowley et al. 2011) as
follows.

Gracixalus patkaiensis sp. nov. differs from G. seesom
Matsui et al., 2015 by the presence of spinules on dor-
sal surface of head and back (vs. smooth dorsum), snout
length smaller than eye length (vs. snout longer than eye
diameter), upper eyelids dark brown (vs. upper eyelids
without dark patch), tubercles on flank absent (vs. large
tubercles present on flank), white patches on lateral side
of head present (vs. absent).

Differs from Gracixalus quangi Rowley et al., 2011
by snout length smaller than eye length (vs. snout length
larger than eye length), head length greater than width
(vs. head length and width equal), the absence of tibio-tar-
sal projection (vs. present), serrated dermal fringe along
forearm absent (vs. present), brown interorbital cross bar
and X- shaped marking on dorsum absent (vs. present),
brownish black spots on the flank and ventral surface of
thighs absent (vs. present), white patches below the eye
and mandibular region below the level of tympanum (vs.
large opaque, pale turquoise patch under the supratym-
panic fold and eyes), webbing between the fourth and
fifth toes brown (vs. all webbing, dorsal and ventral sur-
face of the foot black).

Differs from G. quyeti (Nguyen et al., 2008) by snout
pointed (vs. rounded), dorsal colour chartreuse green
with brown spots (vs. mossy green without brown spots),
white patches below the eyes, flank and belly present (vs.
absent).

Differs from G. supercornutus (Orlov et al., 2004) by
absence of large horn-like projections on upper eyelids,
dorsum and along forearm and tarsus (vs. present), broad
brown interorbital crossbar and dorsolateral stripes on
dorsum absent (vs. present).

Gracixalus patkaiensis sp. nov. is morphologically
more close to G. gracilipes (Bourret, 1937). However,
it differs from G. gracilipes by genetic divergence of

4.0-5.0% and by the following morphological character-
istics. The new species differ from G. gracilipes by the
absence of interorbital cross bar and distinct X- shaped
marking on dorsum (vs. present; Bourret 1942; Orlov et
al. 2004, fig. 17; Delorme at al. 2005, fig. 7; Rowley et al.
2011, fig. 8D; Calphotos: Benjamin Tapley/ZSL), web-
bing between fourth and fifth toe brown (vs. all webbing
on brown; Rowley et al., 2011, fig. 8D), a few scattered
brown spots on fourth and fifth toe (large brown patch
covering fourth and fifth toe; Rowley et al., 2011, fig.
8D), tympanic region green (vs. tympanic region includ-
ing tympanum may be brown; Rowley et al., 2011, fig.
8D; Calphotos: Benjamin Tapley/ZSL).

Ecologically G. gracilipes is distributed in mid ele-
vations between ~1,200-2,500 m a.s.l. (Bain & Nguyen
2004; Fellowes & Hau 1997; Orlov et al. 2004; Frost
2022) while the new species is known only from lowland
evergreen forest at an elevation of 648 m a.s.1.

Gracixalus patkaiensis sp. nov. differs from G. lumar-
ius Rowley et al., 2014 the only species with brown or
yellow dorsum of the clade I of Rowley et al. (2011) by
smaller body size, SVL = 23.6-26.5 mm (n = 6) in adult
males (vs. SVL 38.9—41.6 mm), pointed snout (vs. round-
ed snout), dorsal surface of hindlimbs with scattered
spinules (vs. smooth), spinules absent on lateral side of
the head (vs. present), tympanum and supratympanic fold
distinct (vs. indistinct), white patches on lateral side of
head, flank and on ventrum present (vs. absent).

Etymology. We named the species after Patkai hills range
where the type locality of the new species lies within
Namdapha Tiger Reserve. The specific epithet “patkaien-
sis” 1s a noun in apposition.

Suggested Common Name. Patkai green tree frog.

Distribution. Currently the species is only known from
a single locality in Kamala Valley Beat, popularly known
as 25 mile in the Namdapha Tiger Reserve. It may occur
in similar microhabitats in the forest interior of the tiger
reserve.

Acoustics. Advertisement call of Gracixalus patkaiensis
sp. nov. consists of highly variable non-stereotype and
non-pulsatile call types, ranging from a relatively lon-
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Figure 5. Waveforms and spectrograms of advertisement calls of paratype (WII-ADA1400) of Gracixalus patkaiensis sp. nov. at
ambient air temperature 22.8°C. A waveform of relative amplitude over time of call sequence; B representative of calls of a call
group (depicted with grey rectangle in A) shown as waveform above and spectrogram below; C representative of a whistle (depicted
with grey rectangle in B) shown as waveform above and spectrogram below; D two clicks (depicted with grey rectangle in B) shown

as waveform above and spectrogram below.

ger call “whistle” with narrow frequency bands to short
call “click” (Fig. 5) with wide frequency band. Number
of calls among the call groups varied between 3—16 (n =
16). Whistles were variable in structure within the call
group or among the call groups although clicks are broad-
ly similar in structure. At an ambient temperature 22.8°C,
duration of the whistles varied from 45-229 ms (123.26 +
67.97 ms, n = 23) and duration of the clicks ranged from
7-65 ms (16.95 £ 10.65 ms, n = 108). Call repetition rate
varied 1.15-18.87 calls/minute (8.14 + 6.88 calls/min-
ute, n = 17). Inter-call intervals ranged from 5-1274 ms

(160.37 £231.55 ms, n = 115). Fundamental or dominant
frequency of the whistles ranged between 4.35 kHz to
4.61 kHz (4.51 £ 0.06 kHz, n = 22) and dominant fre-
quency of the clicks ranged from 3.1 kHz to 4.61 kHz
(4.22 £ 0.27 kHz, n = 108). Clear harmonics were visible
only in the whistles. Temporal order of the call types was
not constant. A comparative account of acoustic charac-
ters of Gracixalus species is given in Table 4.

Natural history. We came across a calling aggregation
of the new species on 14 May, 2022 between 17:30 hrs
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Figure 6. Habitat of Gracixalus patkaiensis sp. nov. A, B yellow arrow marks indicate the representative perch of the species; C and

D two uncollected individuals of G. patkaiensis sp. nov. in natural habitat.

and 19:00 hrs along a forest trail. The forest tree layer in
the habitat was dominated by Dipterocarpus retusus and
the shrub layer by Bambusa sp. and Calamus sp. (Fig. 6).
The 10x10 m site in the area was characterized by a
canopy cover of ~70% and clayey soil, with a first-or-

der stream associated with a marshy habitat. The area
also had a few large fallen logs in an advanced decaying
stage. The male individuals of the species were observed
calling from leaves and twigs of shrub, fern leaf sheaths,
Zingiber leaves, lamina and rachis of rattan palms (Cal-
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amus sp.) at a height of ~ 0.5-2 m above the ground or
shallow water. Other frog species present in the area were
Limnonectes sp., Kurixalus sp., Raorchestes sp. Rhaco-
phorus rhodopus Liu & Hu, 1960, Xenophrys ancrae
(Mahony, Teeling & Biju, 2013), Microhyla eos Biju,
Garg, Kamei & Maheswaran, 2019 and Duttaphrynus sp.
The pool in the spot harboured the tadpoles of Microhyla
sp. and Rhacophorus rhodopus. Adult frogs were active
only during rainy nights. Air temperature and relative
humidity were recorded as 22.7°C and 93.8% respec-
tively at the time of observations. During our next visit
to this site in September 2022 no breeding activity was
observed in the area nor any individual was encountered
in the spot.

Discussion

We report the genus Gracixalus for the first time from
India and describe a new species. Phylogenetically and
morphologically Gracixalus patkaiensis sp. nov. is simi-
lar to other members in clade I (sensu Rowley et al. 2011).
However, the phylogenetic relationship of the members
of the genus Gracixalus is incomplete and not well re-
solved (Rowley et al. 2014; Matsui et al. 2015; Zeng et al.
2017; Yu et al. 2019). Further morphological revision of
the members of this genus is required as indicated in the
earlier studies by Mo et al. (2013), Nguyen et al. (2013),
Rowley et al. (2014, 2020), Matsui et al. (2015), Wang et
al. (2018). The generic placement of two species, G. me-
dogensis and G. carinensis solely based on morphology
remain doubtful (Matsui et al. 2015) as the genetic data
of the two species from the type localities are not avail-
able. Although Che et al. (2020) showed G. medogensis
phylogenetically as a member of the clade II (with brown
dorsum and rounded snout) but the description and pho-
tographs provided in the original description is in con-
trast (Ye and Hu 1984). As per the original description G.
medogensis (as Philautus medogensis) is green in colour
which is also followed by Fei et al. (1999). However, in
the description by Che et al. (2020), the dorsal coloura-
tion of G. medogensis is brown. Although G. medogensis
was described from close geographical proximity to that
of G. patkaiensis sp. nov., it differs from the former spe-
cies by distinct morphological characters as mentioned
above.

The clade I (sensu Rowley et al. 2011) of the genus
Gracixalus, to which the new species belongs, is a group
of small rhacophorid frogs adapted to relatively low to
high elevation (600-2,500 m a.s.l.), montane evergreen
forests in northern and central Vietnam, southern China,
Laos and Thailand (Frost 2022). Gracixalus gracilipes
is reported at the elevation range ~1,200-2,500 m a.s.l.
(Bain and Nguyen 2004; Fellowes and Hau 1997; Orlov
et al. 2002; Frost 2022); G. seesom is known from the
elevation range 942—-1650 m a.s.l. (Matsui et al. 2015);
G. supercornutus is known from central Vietnam, at el-
evation range 1,000-1,905 m a.s.l. (Orlov et al. 2004;

Rowley et al. 2011, Frost 2022); G. quyeti is known from
central Vietnam at an elevation range 430—1,100 m a.s.L.;
G. quangi is reported at ~600—-1,300 m (Rowley et al.
2011). The new species Gracixalus patkaiensis sp. nov.
so far only known from low elevation at 648 m a.s.l.

The type locality of the new species falls within the
Patkai hills of the Indo-Myanmar hill ranges extending
northeast to southwest which is contiguous with the Naga
hills-Chin hills in the middle and Arakan Yoma in the
south (Valdiya 2015). Namdapha- Kamlang landscape
is a part of the Far-Eastern Himalaya Landscape (sensu
Basnet et al. 2019) and regarded as one of the most in-
tact and biologically rich landscape (71,400 sq. km), yet
poorly known to conservationists and policy makers due
to low priority in research, inaccessibility and remote-
ness. This region has a shared faunal element and is geo-
graphically unique being northernmost limit of tropical
rain forest in the world (Proctor et al. 1998). This region
provides a range of interesting habitats from the lowland
hollong-mekai dipterocarp forest to alpine meadows.
Compared to mammals and birds, this region is least ex-
plored for herpetofauna and thus there is a huge scope for
new species discovery.

With the addition of Gracixalus patkaiensis sp. nov.,
six species of anurans are currently described from the
Namdapha Tiger Reserve viz. Philautus namdaphaensis
Sarkar & Sanyal, 1985, Raorchestes sahai Sarkar &
Ray, 2006, Rohanixalus shyamrupus (Chanda & Ghosh,
1989), Microhyla eos and Xenophrys ancrae.

All the individuals of Gracixalus patkaiensis sp. nov.
that we observed in its natural habitats have variable pat-
terns on the flank region which is characterised by white
patches of irregular shape and size. Thus, the population
of this typical forest species could potentially be mon-
itored using non-invasive mark-recapture techniques as
described in Patel and Das (2020).. Although we have
described the new species’ advertisement call; other as-
pects such as breeding behaviour, oviposition site and
habitat use of this interesting rhacophorid species need to
be studied in future. Protected areas are the cornerstone
of wildlife conservation and tiger reserves perhaps are at
the top of conservation priority. However, for better man-
agement of these protected areas, one needs a detailed in-
ventory of species. The discovery of a unique new species
might serve as an example for other protected areas, espe-
cially the least explored ones along the eastern borderland
of India. Apart from this such research can help in trans-
boundary conservation initiatives and future recognition
of the area as a UNESCO world heritage site.
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Appendix 1

Details of the GenBank sequences (16S rRNA) used in this study.

Species Voucher no. Accession no. | Locality Reference
G. cf. ananjevae VNMN 03012 IN862546 Nghe An Province, Vietnam Rowley et al. 2011
- Kamala Valley beat, Namdapha TR, Chang- .
G. patkaiensis sp. nov. | WII-ADA1352 0Q940026 lang dist., Arunachal Pradesh, India This study
Lo Kamala Valley beat, Namdapha TR, Chang- .

G. patkaiensis sp. nov. | WII-ADA1353 0Q940027 lang dist., Arunachal Pradesh, India This study

G. carinensis KUHE 46401 LC011938 Lao Cai, Vietnam Matsui et al. 2015

G. ziegleri MCC.2018.15 LCo642812 Vietnam Le et al. 2021

G. yunnanensis K1Z:20160230 MK234883 Fazhanhe, Lancang, Yunnan, China Yu et al. 2019

G. yunnanensis K17:20160223 MK234879 Xuelin, Lancang, Yunnan, China Yu et al. 2019

G. guangdongensis | SYS a004903 MG520194 gﬁiﬁ‘fdong’ Longmen County, Mt. Nankun, | w, o ot a1, 2018

G. jinggangensis SYS:a003186 KY 624587 Juangxi Province, China Zeng et al. 2017

G. jinggangensis SYS:a003170 KY624586 Juangxi Province, China Zeng et al. 2017

G. seesom KUHE:35088 LCO011935 Kanchanburi, Thailand Matsui et al. 2015

G. seesom KUHE:35084 LC011932 Kanchanburi, Thailand Matsui et al. 2015

G. nonggangensis NHMG200910010 JX841320 Longzhou, Guangxi Province, China Wang et al. 2018

G. quangi VNMN:05723 LC642811 — Le et al. 2021

G. gracilipes SYS 2005003 MG520201 Ic)ﬁivrvlzlmg forestry station, Guangdong, Wang et al. 2018

G. gracilipes SYS 2005002 MG520200 gﬁx‘;‘“g forestry station, Guangdong, Wang et al. 2018

G. gracilipes SYS 2005001 MG520199 gﬁiv;‘:mg forestry station, Guangdong, Wang et al. 2018

G. gracilipes AMS R 177667 KT374013 | Hoang Lien National Park, Lao Cai Rowley et al. 2015
Province, Vietnam

G. tianlinensis 201705016 MH117961 Guangxi Province, China Chen et al. 2018

G. tianlinensis 201705015 MH117960 Guangxi Province, China Chen et al. 2018

G. supercornutus AMS R173887 IN862545 — Leetal. 2021

G. jinxiuensis SYS:a002183 KY624585 Mt. Dayao, Guangxi, Jinxiu County, China | Zeng et al. 2017

G. sapaensis MNHN 1999.5964 LC140969 Lao Cai, Vietnam Matsui et al. 2017

G. sapaensis MNHN 1999.5966 LC140970 Lao Cai, Vietnam Matsui et al. 2017

G. quyeti ZFMK 82999 EU871429 Quang Binh Province, Vietnam Nguyen et al. 2008

G. quyeti VNUH 160706 EU871428 Quang Binh Province, Vietnam Nguyen et al. 2008

G. trieng AMS R176206 MT328246 Kon Tum Province, Vietnam Rowley et al. 2020

G. trieng UNS 00230/AMS R176205 | MT328245 Kon Tum Province, Vietnam Rowley et al. 2020

G. truongi IEBR A.5005 opP750513 | Luan Giao District, Dien Bien Province, |y oy 01 5023
Vietnam

G. truongi IEBR A.5006 OP750514 | ruan Giao District, Dien Bien Province, ., o 1 2023
Vietnam

Rhacophorus rein- CAS 219931 IN377365 | Sarawak, Malaysia Haas et al. 2012

wardtii

Philautus aurifasciatus | ZRC.1.5266 AY 141850 Java, Indonesia g/([)ﬁ(r)ezgaskumbura ctal

Kurixalus effingeri NTUMA 2427 DQ468673 Okinawa Islands, Japan Wu et al. 2016



http://www.ncbi.nlm.nih.gov/nuccore/JN862546
http://www.ncbi.nlm.nih.gov/nuccore/OQ940026
http://www.ncbi.nlm.nih.gov/nuccore/OQ940027
http://www.ncbi.nlm.nih.gov/nuccore/LC011938
http://www.ncbi.nlm.nih.gov/nuccore/LC642812
http://www.ncbi.nlm.nih.gov/nuccore/MK234883
http://www.ncbi.nlm.nih.gov/nuccore/MK234879
http://www.ncbi.nlm.nih.gov/nuccore/MG520194
http://www.ncbi.nlm.nih.gov/nuccore/KY624587
http://www.ncbi.nlm.nih.gov/nuccore/KY624586
http://www.ncbi.nlm.nih.gov/nuccore/LC011935
http://www.ncbi.nlm.nih.gov/nuccore/LC011932
http://www.ncbi.nlm.nih.gov/nuccore/JX841320
http://www.ncbi.nlm.nih.gov/nuccore/LC642811
http://www.ncbi.nlm.nih.gov/nuccore/MG520201
http://www.ncbi.nlm.nih.gov/nuccore/MG520200
http://www.ncbi.nlm.nih.gov/nuccore/MG520199
http://www.ncbi.nlm.nih.gov/nuccore/KT374013
http://www.ncbi.nlm.nih.gov/nuccore/MH117961
http://www.ncbi.nlm.nih.gov/nuccore/MH117960
http://www.ncbi.nlm.nih.gov/nuccore/JN862545
http://www.ncbi.nlm.nih.gov/nuccore/KY624585
http://www.ncbi.nlm.nih.gov/nuccore/LC140969
http://www.ncbi.nlm.nih.gov/nuccore/LC140970
http://www.ncbi.nlm.nih.gov/nuccore/EU871429
http://www.ncbi.nlm.nih.gov/nuccore/EU871428
http://www.ncbi.nlm.nih.gov/nuccore/MT328246
http://www.ncbi.nlm.nih.gov/nuccore/MT328245
http://www.ncbi.nlm.nih.gov/nuccore/OP750513
http://www.ncbi.nlm.nih.gov/nuccore/OP750514
http://www.ncbi.nlm.nih.gov/nuccore/JN377365
http://www.ncbi.nlm.nih.gov/nuccore/AY141850
http://www.ncbi.nlm.nih.gov/nuccore/DQ468673
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Appendix 2

Paratypes of Gracixalus patkaiensis sp. nov. in preserved condition showing dorsal view on left and ventral view on right.
WII-ADA1352 (A, B), WII-ADA1354 (C, D), WII-ADA1355 (E, F), WII-ADA1356 (G, H), WII-ADA1400 (I, J).
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