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Abstract

We describe six new species of Cyrtodactylus from the khasiensis group using morphological characteristics, supported by the
molecular analyses based on the mitochondrial ND2 gene. We used four different molecular species delimitation analyses that re-
covered six distinct undescribed lineages distributed across four states in northeastern India. Our phylogenetic analyses using ML
and Bayesian approaches recovered a clade where the recently described C. arunachalensis and C. cayuensis align together with
our other samples from Arunachal Pradesh, north of Brahmaputra River. Based on these results and overlapping morphological
characteristics we synonymize C. arunachalensis with C. cayuensis. We provide updated comparative morphological characters for
species in the khasiensis group and where available these characters are tabulated for males and females separately. Including the
six new species the khasiensis group now contains 35 species, of which 26 are endemic to India.
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Introduction

The gekkonid genus Cyrtodactylus Gray, 1827 is the sec-
ond most speciose lizard group comprising 359 formally
described species distributed widely across South Asia to
Melanesia (Grismer et al. 2022, 2021; Uetz et al. 2024).
Recently, Grismer et al. (2021) grouped 310 species of the
genus into 31 groups, of which six occur in India (Gris-
mer et al. 2021, 2022). Among these six groups, the tibet-

anus, lawderanus, peguensis, fasciolatus and khasiensis
groups are distributed in the Himalayan and the Indo-Bur-
ma regions while the triedrus group is restricted to pen-
insular India and Sri Lanka (Grismer et al. 2021, 2022).
Out of the five species groups found in northeastern India,
the khasiensis group diversified approximately 28 mya in
the area south of Brahmaputra River with a single lin-
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eage distributed north of the river in the Himalayan foot-
hills (100-300 m elevation above mean sea level [a.s.1.])
(Agarwal et al. 2014; Mirza et al. 2021; Grismer et al.
2022). Prior to this study there were 21 species included
in the khasiensis group in northeastern India.

The recent upsurge in taxonomic studies of the kha-
siensis group has resulted in the description of 24 new
species of Cyrtodactylus during the last five years. Many
of the new descriptions used morphological characters to
corroborate the molecular analyses. While most of these
studies, along with their morphological characteristics,
used only ND2 mitochondrial gene others used this gene
in conjugation with three nuclear genes to support the va-
lidity and phylogenetic position of the species described
(Agarwal et al. 2018a, 2018b; Grismer et al. 2018, 2019;
Purkayastha et al. 2020; Kamei and Mahony 2021; Liu
and Rao 2021; Mahony and Kamei 2021; Mirza et al.
2021; Purkayastha et al. 2021, 2022; Bohra et al. 2022;
Lalremsanga et al. 2022; Lalremsanga et al. 2023). The
khasiensis group is diverse with 30 nominal species and
three undescribed lineages (Grismer et al. 2021, 2022;
Lalremsanga et al. 2023). Within the khasiensis group
there are four sub-groups (referred as clades hereafter),
the khasiensis clade (C. bapme Kamei & Mahony, 2021;
C. karsticola Purkayastha et al., 2021; C. agarwali Pur-
kayastha et al., 2021; C. septentrionalis Agarwal et al.,
2021; C. guwahatiensis Purkayastha et al., 2020; C. ex-
ercitus Purkayastha et al., 2022; C. urbanus Purkayastha
et al., 2018; C. khasiensis [Jerdon, 1870]; C. ayeyarwa-
dyensis Bauer, 2003; C. tripuraensis Agarwal et al., 2018;
C. kazirangaensis Agarwal et al., 2018); the gansi clade
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(C. vairengtensis Lalremsanga et al., 2023; C. aaronbau-
eri Purkayastha et al., 2021; C. ngopensis Bohra et al.,
2022; C. montanus Agarwal et al., 2018; C. lungleiensis
Lalremsanga et al., 2022; C. siahaensis Purkayastha et al.,
2022; C. bengkhuaiai Purkayastha et al., 2021; C. namti-
ram Mahony & Kamei, 2021; C. aunglini Grismer et al.,
2018; C. chrysopylos Bauer, 2003; C. myaleiktaung Gris-
mer et al., 2018; C. nagalandensis Agarwal et al., 2018;
C. dianxiensis Liu & Rao, 2021; C. gansi Bauer, 2003;
C. jaintiaensis Agarwal et al., 2018; C. brevidactylus
Bauer, 2002); the mombergi clade (C. mombergi Grismer
et al., 2019); and the arunachalensis clade (C. arunacha-
lensis Mirza et al., 2021). These clades were recognized
by previous studies based on their monophyly (Grismer
et al. 2018; Mahony and Kamei 2021; Che et al. 2022).
Among these, the arunachalensis clade is distributed
north of Brahmaputra River, while the remaining three
groups are distributed south of the river.

Che et al. (2020) included samples of C. cayuensis Li,
2007 in their phylogeny, but included only representatives
from the khasiensis and gansi clades. Although the posi-
tion of C. cayuensis is recovered within the khasiensis
group, its relationship within the group remains unclear
(Che et al. 2020). Furthermore, molecular data are not
available for two species from Burma, viz., C. tamaien-
sis (Smith, 1940) and C. mandalayensis Mahony, 2009.
Hence, these species are currently not assigned to any of
these aforementioned clades.

During our recent (2018-2022) surveys across north-
eastern India, we collected Cyrtodactylus spp. from 22 lo-
cations (Fig. 1; Table 1). We generated mitochondrial ND2
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Figure 1. Map showing sampling localities for Cyrtodactylus in northeastern India. Numbers correspond to the locality names

provided in Table 1.
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Table 1. Gazetteer of sampling localities provided in Figure 1 and Figure 3B. Type localities are marked with asterisks.

Localities marked in Figure 1
No. | Locality name District State Geographical coordinates
1 Sessni West Kameng Arunachal Pradesh 27.0509°N, 92.4150°E
2 Potin Lower Subansiri Arunachal Pradesh 27.3478°N, 93.8497°E
3 Ramsing, Mouling National Park Upper Siang Arunachal Pradesh 28.6563°N, 94.9795°E
4 Jengging Upper Siang Arunachal Pradesh 28.5340°N, 95.0305°E
5 Bodak* East Siang Arunachal Pradesh 28.1711°N, 95.2420°E
6 Balek East Siang Arunachal Pradesh 28.0624°N, 95.2721°E
7 Ezengo Lower Dibang Valley Arunachal Pradesh 28.1565°N, 95.8638°E
8 Diffo River Lower Dibang Valley Arunachal Pradesh 28.0732°N, 95.9784°E
9 | Kamlang Tiger Reserve Lohit Arunachal Pradesh 27.6960°N, 96.4456°E
10 | Hornbill, Namdapha Tiger Reserve Changlang Arunachal Pradesh 27.5381°N, 96.4403°E
11 | Kamala Valley, Namdapha Tiger Reserve* Changlang Arunachal Pradesh 27.4608°N, 96.4260°E
12 | Motijheel, Namdapha Tiger Reserve Changlang Arunachal Pradesh 27.4996°N, 96.3325°E
13 | Forest colony, Kiphire forest division* Kiphire Nagaland 25.8994°N, 94.7694°E
14 | Athibung* Peren Nagaland 25.5419°N, 93.6307°E
15 | Lamdan Kabui* Churachandpur Manipur 24.5954°N, 93.7085°E
16 | Norpuh Wildlife Sanctuary East Jaintia Hills Meghalaya 25.1099°N, 92.3715°E
17 | Tura Peak West Garo Hills Meghalaya 25.5082°N, 90.2308°E
18 | Daribokgre, Nokrek Biosphere Reserve West Garo Hills Meghalaya 25.4896°N, 90.3297°E
19 | Teirei, Dampa Tiger Reserve Mamit Mizoram 23.6921°N, 92.4522°E
20 | Phuldungsei, Dampa Tiger Reserve Mamit Mizoram 23.4992°N, 92.4162°E
21 | Hmuifang Aizawl Mizoram 23.4535°N, 92.7523°E
22 | Ngengpui Wildlife Sanctuary* Lawngtlai Mizoram 22.4906°N, 92.7575°E
No. | Localities marked in Figure 3B
1 Seijosa East Kameng Arunachal Pradesh 26.9668°N, 93.0133°E
2 Dakte Hoj Papum Pare Arunachal Pradesh 27.3325°N, 93.8377°E
3 Potin Lower Subansiri Arunachal Pradesh 27.3478°N, 93.8497°E
4 Ramsing, Mouling National Park Upper Siang Arunachal Pradesh 28.6563°N, 94.9795°E
5 Jengging Upper Siang Arunachal Pradesh 28.5340°N, 95.0305°E
6 Bodak East Siang Arunachal Pradesh 28.1711°N, 95.2420°E
7 Balek East Siang Arunachal Pradesh 28.0624°N, 95.2721°E
8 Ezengo Lower Dibang Valley Arunachal Pradesh 28.1565°N, 95.8638°E
9 Diffo River Lower Dibang Valley Arunachal Pradesh 28.0732°N, 95.9784°E
10, 11 | Hawa Pass Lohit Arunachal Pradesh 27.9166°N, 96.3323°E
12 | Glaw lake, Kamlang Tiger Reserve Lohit Arunachal Pradesh 27.6960°N, 96.4456°E
13 | Xizang — China 28.5421°N, 97.0483°E

gene and morphological characters for all these specimens.
Our phylogenetic analyses and delimitation approaches
suggested presence of six undescribed lineages within the
khasiensis group that was congruent with our morpho-
logical findings. Herein we describe these six lineages as
new species using morphological data. Furthermore, we
clarify the systematic position of C. cayuensis within this
group and discuss the validity of the recently described C.
arunachalensis from Arunachal Pradesh, India.

Materials and methods

Field survey and specimen collection

Field surveys were carried out in Arunachal Pradesh,
Mizoram, Meghalaya, Manipur and Nagaland during

2018-2022. Specimens were located visually at night
using torches and photographed in life. Collected spec-
imens were euthanized using Tricaine Methanesulfonate
(MS222), fixed in 4% formalin and finally stored in 70%
ethanol after being washed in water for 24 hours. Prior to
fixation, liver tissue was collected and stored in molec-
ular grade ethanol for DNA extraction. Specimens were
deposited in the Wildlife Institute of India, Dehradun.

Molecular analysis

We extracted genomic DNA from liver tissue samples
stored in absolute ethanol at —20°C, using the DNeasy
(Qiagen) blood and tissue kit. We amplified the partial se-
quence (1038 base pairs) of the mitochondrial ND2 gene,
for a total of 34 specimens using the following primers:
MetF1 and H5934 (Macey et al. 1997). Resultant se-
quences ranged between 400 bp and 1000 bp. Polymerase
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chain reaction (PCR) conditions were as described in Das
et al. (2022). All sequences were deposited in GenBank
with the registration numbers PQ009361-PQ009394 (see
also Table S1).

Bidirectional sequences were manually checked us-
ing the CHROMAS v.2.6.6 software (http://technely-
sium.com.au/wp/chromas) and aligned using ClustalW
(Thompson et al. 1994) with default prior settings imple-
mented in MEGA v.7 (Kumar et al. 2016). We checked
for unexpected stop codons by translating the sequence to
amino acids in MEGA v.7 (Kumar et al. 2016). The new
sequences generated in this study were aligned with 115
sequences of Cyrtodactylus from the khasiensis group
deposited in GenBank and three other species from the
tibetanus group that are used as outgroups and used as
root for the phylogenetic analysis (see Table S1).

Maximum Likelihood (ML) analysis for the final data-
set was carried out using the IQTREE (http:/igtree.cibiv.
univie.ac.at) (Trifinopoulos et al. 2016). The best-fit mod-
els for the partition scheme suggested by the Partition-
Finder v1.1.1 (Lanfear et al. 2017) were determined using
the in-built Modelfinder (Kalyaanamoorthy et al. 2017)
for the ML analysis. The best-fit models for the ML anal-
ysis are as follows, ND2 positionl: TVM+F+G4, ND2
position2: TPM3u+F+G4, ND2 position3: TIM+F+I+G4.
A Bayesian Inference (BI) analysis was carried out using
MrBayes v.3.2 (Ronquist et al. 2012), with default prior
settings. For this analysis, we used the best-fit models
suggested by PartitionFinder for each partition as follows,
ND2 positionl: HKY+I+G, ND2 position2: GTR+I+G,
ND?2 position3: GTR+I+G. Four separate runs were set
up with four Metropolis-Coupled Markov Chain (MC3)
Monte Carlo each initiated from random trees and al-
lowed to run for two million generations, sampling every
100 generations. Analyses were terminated when the stan-
dard 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 consensus rule.
We obtained ESS values using the Tracer software and
confirmed the convergence for all the priors (ESS >200).
Support for internal branches in ML and BI trees was
quantified using 1000 pseudoreplicates (ultrafast boot-
strap UFB) and posterior probability (PP), respectively.
Branch supports (UFB and PP) higher than 95 (UFB: see
Minh et al. 2013) and >0.95 were considered as the strong
support. The uncorrected pairwise genetic distance (p-dis-
tance) was calculated in MEGA v.7 using default settings
(pairwise deletion). Genetic divergence between 4—10% is
considered moderate and above 10% is considered high.

Species delimitation analyses

We used four distinct approaches Bayesian Poisson Tree
Processes (bPTP, PTPML), Poisson Tree Processes
(PTP), Automatic Barcode Gap Discovery (ABGD),
Assemble Species by Automatic Partitioning (ASAP)
of species delimitation to delimit the number of putative
species within our dataset. All the analyses were run in
the iTaxoTools (Vences et al. 2021). Settings for each

analysis are as follows: bPTP: using the rooted tree with
the following options MCMC = 1,000,000, thinning =
100, burn-in = 0.1, seed = 123; ASAP: Substitution mod-
el = p-distances, probability = 0.01, best scores = 10, seed
value =-1; ABGD: Pmin=0.001, Pmax = 0.1, steps = 10,
X = 1.5, model = Jukes Cantor.

Morphological examination

Measurements were taken using a digital calliper (Mi-
tutoyo) to the nearest 0.1 mm, except tail length which
was measured with a thread and a scale. Morphometric
and meristic characters were examined with the help of
Olympus SZX10 microscope. Morphological terminol-
ogies follow Agarwal et al. (2018), otherwise stated as
follows. Measurements were taken on the right side of the
specimens. The following abbreviations and terminology
are used for morphometric measurements and meristic:
SVL, snout to vent length; TRL, trunk length, between
the axilla and groin; BW, maximum body width; TL,
tail length, from the cloaca to the tail tip; TW, tail width
just below spurs; HL, head length from the retroarticu-
lar process of the jaw to the snout tip; HW, maximum
head width; HD, head depth measured from occiput to
throat; FL, forearm length, taken from the elbow to the
wrist; CL, crus length, taken from the knee to the base of
the foot; OD, orbit diameter, taken between the anterior
and posterior bony orbital borders; NO, distance between
the posterior edge of the nostril and the anterior bony or-
bital border; SO, distance between the snout tip and the
anterior bony orbital border; OE, distance between the
posterior bony orbital border and the anterior border of
the ear; EL, maximum ear length (horizontal distance);
IN, minimum internarial distance; 10, minimum inter-
orbital distance between left and right supraciliary rows;
digits were measured from the proximal apex with the
neighbouring digit to the tip (excluding the claw), and
numbered from inner (I) to outer (V) as follows: on ma-
nus, FIL, FIIL, FIIIL, FIVL, FVL; on pes, TIL, TIIL,
TIIIL, TIVL, TVL; PcP, precloacal pores, a continuous
series of pore-bearing scales on the precloacal region that
does not extend onto the thighs; PcFP, precloacofemoral
pores, a continuous series of pore-bearing scales that ex-
tends from the precloacal region onto the thighs; MVSR,
mid-ventral scale rows, counted between ventrolateral
folds at the midpoint between axilla and groin; PVT,
paravertebral tubercles on the trunk, counted between the
level of the axilla and the level of the groin; DTR, dor-
sal tubercle rows, counted transversely across the body at
the midpoint between axilla and groin; SL, total number
of supralabials counted on both side; IL, total number of
infralabials counted on both side. Two separate counts for
subdigital lamellae were recorded on fourth digit of the
manus and pes of both sides, a count for the basal series,
that includes scales of a width at least twice the diameter
of palmar and plantar scales up to and including a single
large scale at the digital inflection, and a count for the
apical series, comprising lamellae distal to the digital in-
flection but not including the ventral claw sheath and the
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small non lamellar scales between the basal and apical
lamellae series, abbreviations for lamellae are as follows:
on the manus, FIVLam; on the pes, TIVLam. Sex of the
specimens was determined by the presence of hemipenal
bulges (male) and absence (female).

Comparative data for the species from the khasiensis
group were taken from original descriptions and other rel-
evant literature (Jerdon 1870; Bauer 2002, 2003; Li 2007,
Mahony 2009; Agarwal et al. 2018a, 2018b; Grismer et
al. 2018, 2019; Purkayastha et al. 2020, 2021, 2022; Ka-
mei and Mahony 2021; Liu and Rao 2021; Mahony and
Kamei 2021; Bohra et al. 2022; Lalremsanga et al. 2022,
2023; Zhang et al. 2024).

Museum abbreviations

WII-ADR: Wildlife Institute of India, Abhijit Das Rep-
tile Collection, Dehradun, India; BNHS: Bombay Natural
History Society, Mumbai, India; NCBS: National Centre
for Biological Sciences, Bengaluru, India; CES: Centre
for Ecological Sciences, Indian Institute of Sciences,
Bengaluru, India.

Results

Molecular analyses and species
delimitation analyses

Both Maximum Likelihood and Bayesian inference anal-
yses obtained similar tree topologies. All the sequences
included in this study were nested within the khasiensis
group (Fig. 2), except one sample from Sessni, Arunachal
Pradesh that nested together with the C. kamengensis
Mirza et al., 2022 belonging to the peguensis group (Fig.
S1). All four clades within the khasiensis group (gansi,
khasiensis, mombergi and “cayuensis”) were recovered
as strongly supported clades with similar relationship as
previously reported.

Samples from Teirei and Phuldungsei of Mizoram
nested together with the C. montanus (Fig. 2), and sam-
ples from Nokrek, Tura peak and Daribokgre of Megha-
laya nested together with C. bapme (Fig. S1). The recent-
ly described C. arunachalensis was nested together with
the topotypic samples of C. cayuensis Li, 2007 and other
samples from different parts of Arunachal Pradesh (AP)
included in this study (Fig. 2). This subclade was together
recovered as sister to a distinct lineage from the Siang
valley, AP (Fig. 3A, B) with a strong support in both anal-
yses (PP 1.0 and UFB 100). All the other samples were
recovered as distinct lineages within the khasiensis group
(Fig. 2).

Among the samples included in the study, ABGD,
ASAP and mPTP results suggested seven species units,
respectively, of which six were congruent with our mor-
phospecies assignments, while the bPTP (IB) suggested
eight species. The disagreement between these approach-

es was mainly the further splitting of subclades 1 and 2
within the cayuensis clade (Fig. 2). While ABGD, ASAP
and mPTP suggested the subclades 1 and 2 as a single
species, bPTP split these into two different units (Fig. 2).
However, this split between these two sub clades suggest-
ed by bPTP was not morphologically supported. Further-
more, samples from Namdapha Tiger Reserve and Ka-
mlang Tiger Reserve, AP formed two distinct clades and
were recovered as distinct units, but with weak morpho-
logical and genetic divergence. Based on these suggested
results, distinct morphological characteristics (Tables 2,
S2) and genetic divergence (Table S3), we here describe
six lineages as new species.

cayvensis clade and the validity of
Cyrtodactylus arunachalensis

The samples from Bodak (Arunachal Pradesh) were
recovered as sister to a clade containing samples of C.
cayuensis + C. arunachalensis with strong support (UFB
100, PP 1.0) (Fig. 2). This lineage is described below as a
new species. This strongly supported clade (UFB 100, PP
1.0), comprising C. cayuensis + C. arunachalensis (see
below) and the undescribed lineage, was recovered as
sister to all the other three clades (gansi, khasiensis and
mombergi) with strong support (UFB 100, PP 1.0).
Cyrtodactylus arunachalensis was originally described
from the Pakke Tiger Reserve, Arunachal Pradesh, India,
based on a series of seven specimens (five males, two
females) using molecular and morphological data (Mir-
za et al. 2021). In the phylogeny presented by Mirza et
al. (2021), C. arunachalensis was recovered as sister to
the khasiensis clade, but they did not include samples of
C. cayuensis. However, in our phylogenetic analyses the
samples of C. arunachalensis from Mirza et al. (2021)
were nested among the topotypic samples of C. cayuen-
sis and other samples from different parts of Arunachal
Pradesh (Potin, near Diffo River and Ezengo (Mehao
Wildlife Sanctuary), Jengging and Ramsing (Mouling
National Park), Balek, and near Glaw lake (Kamlang Ti-
ger Reserve) (Fig. 3B). Four largely congruent species
delimitation analyses suggest all these samples as a single
species unit (Fig. 2). In contrast, bPTP split this clade into
two species units that are not congruent with our morpho-
logical findings and geographical distribution.
Furthermore, Mirza et al. (2021) did not morphologi-
cally compare their new species with C. cayuensis, which
was once considered a subspecies of C. khasiensis (see
Agarwal et al. 2018a). In our morphological examination,
all diagnostic characteristics have a significant overlap
between these two species and the new samples added in
this study (Table 2). Interestingly, the precloacal pores in
females are reported as absent in both C. arunachalensis
(n=2) (Mirzaetal. 2021) and C. cayuensis (n=2) (Che et
al. 2020) (Table 2). However, precloacal pores were pres-
ent in all the female specimens (n = 11) that we examined,
from this clade, although PcP in females are smaller than
that of males (Table S4). Based on the significant morpho-
logical overlap, results from the species delimitation anal-
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Figure 2. ML phylogeny showing the relationship of the khasiensis group. New species described here are marked in blue, other
samples generated in this study are in bold. Values in the node represent PP and UFB on the left and right side, respectively. See
Fig. S1 for a full tree with outgroups.
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Figure 3. Map showing geographic distribution of the clades within the khasiensis group. A type localities of the members of the
four clades in the Indo-Burma region: 1 Cyrtodactylus septentrionalis, 2 C. guwahatiensis, 3 C. urbanus, 4 C. kazirangaensis,
5 C. siangensis sp. nov., 6 C. cayuensis, 7 C. namdaphaensis sp. nov., 8 C. bapme, 9 C. karsticola, 10 C. agarwali, 11 C. exercitus,
12 C. jaintiaensis, 13 C. khasiensis, 14 C. barailensis sp. nov., 15 C. nagalandensis, 16 C. kiphire sp. nov., 17 C. namtiram, 18 C. vai-
rengtensis, 19 C. manipurensis sp. nov., 20 C. mombergi, 21 C. dianxiensis, 22 C. tripuraensis, 23 C. montanus, 24 C. aaronbaueri,
25 C. bengkhuaiai, 26 C. ngopensis, 27 C. lungleiensis, 28 C. ngengpuiensis sp. nov., 29 C. siahaensis, 30 C. gansi, 31 C. myaleik-
taung, 32 C. brevidactylus, 33 C. aunglini, 34 C. chrysopylos, 35 C. ayeyarwadyensis; B cayuensis clade, green star (type locality
of C. siangensis sp. nov.), pink star (type locality of C. cayuensis), pink triangle (C. “arunachalensis”), pink circle (C. cayuensis
recorded in this study) (numbers correspond to the locality given in Table 1).
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yses and low genetic divergence, we consider this clade
to represent be composed of a single species. Hence, we
herein provide an extended description for C. cayuensis
and propose to treat that C. arunachalensis as is a junior
subjective synonym of C. cayuensis. Consequently, we
also propose to refer to this clade consisting of C. cayuen-
sis and C. siangensis sp. nov. as cayuensis clade.

Systematics

gansi clade

This clade was recovered as a strongly supported mono-
phyletic group in both analyses (UFB 100, PP 1.0) com-
prising 16 described species and four undescribed lineag-
es. All the members of this lineage are distributed south
of Brahmaputra River in the Indo-Burma region (sensu
Grismer et al. 2022). Among the samples included in this
study, the samples from Lamdan Kabui of Manipur and
Athibung and Kiphire of Nagaland clustered with this
clade representing distinct lineages. The sample from
Lamdan Kabui is here recovered as sister to C. ngopen-
sis, C. aaronbaueri and C. vareingtensis with moderate
support in ML (UFB 88) and in BI (PP 0.90) (Fig. 2). The
sample from Athibung is recovered as sister to C. namti-
ram with strong support in both analyses (UFB 100, PP
1.0) and the sample from Kiphire was recovered as sister
to C. nagalandensis with strong support in both analyses
(UFB 100, PP 1.0). All these three lineages were recov-
ered as distinct species units in all our species delimita-
tion analyses. The morphological descriptions of these
three lineages are provided below.

Diagnosis. Members of the gansi clade can be diag-
nosed by the following set of morphological characters:
SVL 46.5-88.3 mm in adult males and SVL 42.6-96.2
mm in adult females; 812 supralabials; 7-12 infralabi-
als; 16-30 dorsal tubercle rows on mid-dorsum; 2645
paravertebral tubercles between the level of axilla and
groin; 32-57 mid-ventral scales; 3—29 precloacal pores in
males; precloacal pores in females may be absent, or 3—8
pitted precloacal scales or 8—13 precloacal pores present;
ventrolateral skin fold present except in C. gansi; 11-19
subdigital lamellae on fourth finger; 12-23 subdigital
lamellae on fourth toe.

Cyrtodactylus kiphire Boruah, Narayanan,
Deepak & Das sp. nov.

https://zoobank.org/ECAOB2C2-D3C2-4C26-AA46-320CB-
D36AE06

Figure 4; Tables 2, S2

Holotype. Adult male (WII-ADR964; Fig. 4A—E), from
a trail beside Forest Colony (25.8994°N; 94.7694°E; el-

evation 1300 m a.s.L.; Fig. 3A), Kiphire Forest Division,
Kiphire District, Nagaland, India; collected by Abhijit
Das and Bitupan Boruah on 1 August 2021.

Paratype. An adult male (WII-ADR963; Fig. 4F, G) col-
lection locality details are same as the holotype.

Diagnosis. A medium-sized gecko (SVL up to at least
64.7 mm); 10 supralabials; 9-12 infralabials; 16 bluntly
conical and feebly keeled dorsal tubercles; 2629 para-
vertebral tubercles; 35 or 36 midventral scales rows be-
tween the weak ventrolateral folds; no precloacal groove;
six or seven precloacal pores in continuous series; 12—15
total subdigital lamellaec beneath digit IV of pes; dark
brown irregular cross bars or reticulation on dorsum.

Description of the holotype. Holotype well preserved
except single incision below left axilla ventrolaterally.
Snout-vent length 63.9 mm. Head moderately large (HL/
SVL =0.26), dorsoventrally depressed, longer than width
(HW/HL = 0.68), distinct from neck, broader at occipital
region; snout tip rounded in both dorsal and lateral view;
loreal region convex; canthus rostralis rounded, indis-
tinct; interorbital space flat; a longitudinal furrow on dor-
sal surface of the snout; snout short (SO/HL = 0.4), longer
than orbit (OD/SO = 0.7); nostril nearly rounded, opening
directed posterolaterally; ear opening oval and oblique;
scales on head heterogeneous, largest on snout and lore-
al region, posteriorly smaller in upper eyelid, interorbital
space and occipital region, granular juxtaposed; scales
on upper eyelids heterogeneous, supraciliaries outwardly
sharp giving serrated appearance in dorsal view, size an-
teriorly and posteriorly decreases, largest at approximate-
ly anterior one third of it; rostral wide, a short groove at
the middle on top; rostral connected with nasals, suprana-
sals, internasal and first supralabials; two scale between
the supranasals, larger than the rest of the granular snout
scales; granular scales at parietal region and occipital
region intermixed with slightly large rounded granular
tubercles starting from the level of posterior margin of
the upper eyelids, size increases towards nape; supral-
abial 10 on both side, seven supralabials upto midorbit,
size decreases towards angle of jaw; a series of narrow,
enlarged scales above the supralabials between nostril
and anterior orbital border; mental slightly wider than
rostral (RW/MW = 0.8), triangular, connected with first
infralabials, inner postmentals; nine infralabials on both
sides, size decreases towards angle of jaw; first infralabi-
als connected with mental, second infralabial, inner and
outer postmentals; inner pair of postmentals are larger
than the outer postmentals; posterior margin of the inner
postmentals bordered by eight granular scales of different
size; two rows of enlarged scales along the infralabials
starting below the outer postmentals, posteriorly size de-
creases, elongated and narrow; rest of the gular scales are
small, granular juxtaposed, homogeneous, size increases
towards the throat where they become imbricate.

Habitus slender (BW/SVL = 0.2, TRL/SVL = 0.35),
dorsoventrally depressed; dorsal scales granular, round-
ed, heterogeneous, intermixed with rounded, weakly


https://zoobank.org/ECA0B2C2-D3C2-4C26-AA46-320CBD36AE06
https://zoobank.org/ECA0B2C2-D3C2-4C26-AA46-320CBD36AE06
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Figure 4. Cyrtodactylus kiphire sp. nov. A—E holotype (WII-ADR964), A dorsal view, B ventral view, C dorsal view of head,
D ventral view of head, E lateral view of head; F, G dorsal and ventral view of paratype (WII-ADR963); I ventral view of right
manus and J right pes (WII-ADR964); K holotype in life. Scale bar: 10 mm. J not to scale.
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keeled and bluntly conical tubercles irregularly arranged,
up to fourth segment of the tail, size increases towards
posterior body and pronounced; 16 dorsal tubercles
across mid dorsum; 26 paravertebral tubercles; ventrolat-
eral fold weak; ventral scales larger than those of dorsal,
flat, smooth, cycloid subimbricate to imbricate, largest
on belly; 36 mid-ventral scales between ventrolateral
fold; seven precloacal pores arranged in an inverted “V”
shaped continuous series, followed by five unpored, large
scales below it, largest at the apex.

Forelimbs and hindlimbs slender (FL/SVL =0.13, CL/
SVL = 0.16); digits strongly inflected at the joints, all
bearing large recurved claw, enlarged subdigital lamellae;
lamellae beneath digit IV of right and left manus (given
as basal + distal) is 5+8 and 5+9 respectively; lamellae
beneath digit IV of right and left pes (given as basal +
distal) is 5+10 and 5+9 respectively; dorsal scales on
forelimbs smooth and subimbricate, small and granular
at elbow and proximal end of forearm; forearm scales in-
termixed with rounded large tubercles; dorsal scales of
hindlimbs heterogeneous, intermixed with large, rounded
and bluntly conical tubercles; horizontally upper half of
the thigh scales are smooth, large and subimbricate, those
on lower half small granular; scales on tibia are small,
granular juxtaposed; ventral scales of forelimbs granular,
juxtaposed, mostly homogeneous; scales on palm hetero-
geneous in shape and size, granular juxtaposed; scales
on ventral side of hindlimbs smaller than those of belly,
smooth, cycloid and subimbricate, but on the knee, above
cloaca and on thigh below the level of precloacal pores
are smaller and granular; scales on soles heterogeneous,
granular, juxtaposed to subimbricate.

Tail regenerated (TL = 68 mm), slender, gradually
tapering towards tip, segments indistinct, dorsal scales
small, granular, juxtaposed at the base, posteriorly size
increases, flat, smooth, subimbricate, heterogeneous in
shape and size; large feebly keeled scales upto fourth seg-
ment of the tail, those on basal segment are pronounced;
subcaudal scales smooth, subimbricate, wider than that of
dorsal and widest at the middle, heterogeneous in shape
and size; no enlarged plate like series of subcaudal scales;
two and three bluntly conical spurs on right and left side
of the tail base respectively.

Colouration in life. Top of head intermixed with
pale-yellow and pale-brown; dark-brown spots of irreg-
ular shape and size on posterior part of head; short dark-
brown postorbital streak present; another streak along lo-
real region; supraciliary yellow; four dark-brown stripes
on neck interspaced with cream colour; large spot at the
middle on the anterior part of the nape; six dark-brown
cross bars of irregular size and shape on dorsum between
the level of axilla and groin (Fig. 4J); these cross bars
intersected on mid dorsum and posteriorly bordered with
cream coloured patches; limbs with slightly dark-brown
indistinct reticulations intermixed with pale-yellow or
cream coloured patches; scales on axillary region and
base of forelimbs are with pinkish tinge; digits with al-
ternating brown and pale-yellow bands; anterior half of
the tail with alternating dark-brown and light-cream co-

loured cross bands of irregular shape and size; posterior
half (regenerated part) of the tail pale-brown; ventrally
head, trunk and limbs whitish; tail with brown mottling.

Colouration in preservative. Top of head, back, limbs
and tail pale-greyish-brown with dark-brown markings;
upper eyelids grey; dorsal marking pattern as it was in
life; and ventrally whitish.

Morphological variation. Detailed morphometric varia-
tions are given in Table S2. Apart from those, the dorsal
colour and marking pattern of the paratype varied from
that of holotype. Paratype has two post orbital streaks on
each side, upper one shorter than the lower one; no other
spots on occipital region as in the holotype; dorsal cross
bands somewhat reticulated (Fig. 4F).

Comparison. Cyrtodactylus kiphire sp. nov. differs from
C. aaronbaueri by having larger body size in male, SVL
63.9-64.7 mm (vs. SVL 54.2—-62 mm in male), fewer dor-
sal tubercle rows, DTR 16 (vs. DTR 22-28), fewer para-
vertebral tubercles, 2629 (vs. PVT 36-39); differs from
C. aunglini by fewer dorsal tubercle rows, DTR 16 (vs.
DTR 21-26), fewer precloacal pores, PcP 6 or 7 (vs. PcP
12—13), fewer mid-ventral scale rows, MVSR 35 or 36
(vs. MVSR 41-49), fewer paravertebral tubercles, PVT
26-29 (vs. 36-45); differs from C. bengkhuaiai by fewer
dorsal tubercle rows, DTR 16 (vs. DTR 22-26), fewer
paravertebral tubercles, 26-29 (vs. PVT 35-41), fewer
mid-ventral scale rows, MVSR 35 or 36 (vs. MVSR 37—
42); differs from C. brevidactylus by fewer dorsal tuber-
cle rows, DTR 16 (vs. DTR 27), fewer mid-ventral scale
rows, MV SR 35 or 36 (vs. MVSR 45), fewer precloacal
pores, PcP 6 or 7 (vs. PcP 8); differs from C. chrysopylos
by fewer precloacal pores, PcP 6 or 7 (vs. PcP §8-13),
mid ventral scales, MVSR 35 or 36 (vs. MVSR 37-55),
dorsal tubercle rows, DTR 26-29 (vs. DTR 30-35); dif-
fers from C. dianxiensis by smaller body size, SVL 63.9—
64.7 mm (vs. SVL 73.8-79.9 mm), fewer dorsal tubercle
rows, DTR 16 (vs. DTR 18 or 19), 35 or 36 mid ventral
scales (vs. MVSR 37-41), 26 or 29 paravertebral tuber-
cles (vs. PVT 31 or 32); differs from C. gansi by fewer
dorsal tubercle rows, DTR 16 (vs. DTR 20-25), having
fewer precloacal pores, PcP 6 or 7 (vs. PcP 16-29); dif-
fers from C. jaintiaensis by smaller body size in male,
SVL 63.9-64.7 mm (vs. SVL 87-88.3 mm), fewer dorsal
tubercle rows, DTR 16 (vs. DTR 19-20), fewer mid-ven-
tral scale rows, MVSR 35 or 36 (vs. MVSR 40-42), few-
er precloacal pores, PcP 6 or 7 (vs. PcP 11-12); differs
from C. lungleiensis by smaller body size in male, SVL
63.9-64.7 mm (vs. SVL 65-68.1 mm), higher precloacal
pores, PcP 6 or 7 (vs. PcP 3-5), fewer mid-ventral scale
rows, MVSR 35 or 36 (vs. MVSR 37-43), fewer dorsal
tubercle rows, DTR 16 (vs. 24-28), fewer paravertebral
scales, PVT 26-29 (vs. 32-40), fewer subdigital lamel-
lae beneath toe IV, TIVLam 12-14 (vs. TIVLam 16-18);
differs from C. montanus by larger body size in male,
SVL 63.9-64.7 mm (vs. SVL 53.6-55 mm), fewer dorsal
tubercle rows, DTR 16 (vs. DTR 21-23), fewer preclo-
acal pores, PcP 6 or 7 (vs. PcP 8-10); differs from C.
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myaleiktaung by fewer mid-ventral scale rows, MVSR
35 or 36 (vs. MVSR 57); differs from C. namtiram by
fewer dorsal tubercle rows, DTR 16 (vs. DTR 21), few-
er number of paravertebral scales, PVT 26-29 (vs. PVT
33), fewer precloacal pores, PcP 6 or 7 (vs. PcP 12); dif-
fers from C. ngopensis by fewer dorsal tubercle rows,
DTR 16 (vs. 19-20), fewer paravertebral tubercles, PVT
26-29 (vs. 32-36); differs from C. siahaensis by fewer
dorsal tubercle rows, DTR 16 (vs. DTR 22-24), fewer
paravertebral tubercles, 26-29 (PVT 36-39); differs from
C. vairengtensis by fewer dorsal tubercle rows, DTR 16
(vs. 22-23), fewer paravertebral tubercles, PVT 26-29
(vs. 34-39), fewer precloacal pores in male, PcP 6 or 7
(vs. PcP 9—11). The new species is morphologically close
to C. nagalandensis; however, the new species differs
from it by fewer paravertebral tubercles, PVT 26-29 (vs.
35-37). We could not compare with male specimens as
data for C. nagalandensis is not available. Morphologi-
cal differences with other members of khasiensis group is
presented in Table 2.

Sequence divergence. Cyrtodactylus kiphire sp. nov. has
a high genetic divergence of 12% from its closely relat-
ed C. nagalandensis, 16.3% from C. dianxiensis, 16.9%
from C. gansi and 17.9% from C. jaintiaensis. With other
members of the clade, C. kiphirie sp. nov. has a genetic
divergence of 16.4% and 22.5% in the ND2 gene (Table
S3).

Etymology. The specific epithet is derived from Kiphire,
a District of Nagaland from where the type series of this
species were collected.

Suggested common name. Kiphire bent-toed gecko.

Distribution and natural history. We recorded Cyrto-
dactylus kiphire sp. nov. from Kiphire forest colony,
Kiphire District, Nagaland, India. The area is charac-
terised as subtropical forest with regenerating jhum for-
est dominated by Castanopsis indica (Roxb. ex Lindl.)
A. DC., Quercus sp., Itea macrophylla Wall. ex Roxb.,
Albizia chinensis (Osbeck) Merr.. The holotype was col-
lected from on a forest trail shrub (approximately 2.0 m
from the ground) at approximately 23:00 hrs. The para-
type was collected from a rocky slope along the edge of
a stream.

Cyrtodactylus barailensis Boruah,
Narayanan, Deepak & Das sp. nov.

https://zoobank.org/6196FFDC-ED56-484E-A845-
0COA7D542BF9

Figure 5; Tables 2, S2

Holotype. Adult female (WII-ADR971), from Athibung
(25.54199°N; 93.6307°E; elevation 740 m a.s.l.) (Fig.
3A), Peren District, Nagaland, collected by Abhijit Das
and Bitupan Boruah on 14 August 2021.

Diagnosis. Medium-sized gecko, SVL at least 68.8 mm in
adult female; supralabials 9-12 and infralabials nine; 12
or 13 lamellae beneath the digit IV of manus; 17 lamel-
lae beneath digit IV of pes; 17 feebly keeled and bluntly
conical tubercles across mid dorsum and 32 paravertebral
tubercles; 36 smooth mid-ventral scales between ventro-
lateral folds; at least 10 small precloacal pores in female;
head on top pale-brown with purplish tinge; dark-brown
postorbital stripe continuing to above the ear opening; a
dark-brown cross bar with irregular edges on nape; indis-
tinct pale-yellow patch on occipital region; dorsally and
laterally neck and back pale yellowish-brown with dark-
brown irregular reticulation.

Description of holotype. Holotype well preserved ex-
cept an incision below left axilla ventrolaterally. Snout-
vent length 68.8 mm. Head moderately large (HL/SVL =
0.26), dorsoventrally depressed, longer than width (HW/
HL = 0.65), oval, distinct from neck, broader at occipital
region; snout tip rounded in both dorsal and lateral view;
loreal region convex; canthus rostralis rounded, indis-
tinct; interorbital space flat; a longitudinal furrow on dor-
sal surface of the snout; snout short (SO/HL = 0.39), lon-
ger than orbit (OD/SO = 0.59); nostril rounded, opening
directed posterolaterally; ear opening oblique; scales on
head heterogeneous, largest on snout and loreal region,
posteriorly smaller in upper eyelid, interorbital space
and occipital region, granular juxtaposed; scales on up-
per eyelids heterogeneous, supraciliaries outwardly sharp
giving serrated appearance in dorsal view, size anteriorly
and posteriorly decreases, largest at the anterodorsal re-
gion; rostral wide, a short groove at the middle on top;
rostral connected with nasals, supranasals and first su-
pralabials; a single scale between the supranasals, larger
than the rest of the granular snout scales; granular scales
at parietal, occipital and temporal region intermixed with
slightly larger rounded and bluntly conical granular tu-
bercles starting from the level of posterior margin of the
upper eyelids, smaller in parietal region, size increases
towards nape; supralabial 12 on right side and nine on left
side, supralabials count up to midorbit is eight on right
side and six on left side, size decreases towards angle of
jaw; a series of narrow, enlarged scales above the supra-
labials between nostril and anterior orbital border; men-
tal triangular, connected with first infralabials and inner
postmentals; nine infralabials on both side, size decreases
towards angle of jaw; inner pair of postmentals are larger
than the outer postmentals; posterior margin of the inner
postmentals bordered by eight granular scales of different
size; two rows of slightly enlarged, narrow scales, larger
than gular scales present along the infralabials starting
below the outer postmentals, posteriorly size decreases;
gular scales granular, juxtaposed, homogeneous, size in-
creases towards the throat where they become imbricate.

Habitus slender (BW/SVL = 0.16, TRL/SVL = 0.47),
dorsoventrally depressed; dorsal scales granular, rounded,
heterogeneous, intermixed with densely placed rounded,
weakly keeled and bluntly conical tubercles, irregularly
arranged, continues to seventh segment of the tail, size
increases towards posterior body and pronounced at the
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Figure 5. Holotype of Cyrtodactylus barailensis sp. nov. (WII-ADR971). A dorsal and B ventral view of the whole body; C dorsal,
D ventral, and E lateral view of head; F dorsal tubercles on trunk; G ventral view of left manus, and H left pes. I C. barailensis
sp. nov. in life. Scale bar: 10 mm.
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base of tail; 17 dorsal tubercles across mid dorsum; 32
paravertebral tubercles; ventrolateral fold weak; ventral
scales larger than those of dorsal, flat, smooth, cycloid,
subimbricate to imbricate, largest on posterior part of the
belly, 36 mid-ventral scales between ventrolateral folds;
10 small precloacal pores arranged in an inverted “V”
shaped continuous series, followed by a series eight un-
pored, enlarged scales below it.

Forelimbs and hindlimbs slender (FL/SVL = 0.14,
CL/SVL = 0.18); digits strongly inflected at the joints,
all bearing large recurved claw and enlarged subdigital
lamellae; lamellae count beneath digit [V of right and left
manus (given as basal + distal) is 5+7 and 5+8 respective-
ly; lamellae count beneath digit IV of both right and left
pes (given as basal + distal) is 8+9; dorsal scales on fore-
limbs heterogeneous in size; hind arm scales smooth and
subimbricate; forearm scales small and granular towards
proximal and towards distal end it is smooth, cycloid and
imbricate; forearm scales intermixed with enlarged fee-
bly keeled tubercles; dorsal scales of hindlimbs heteroge-
neous, intermixed with densely placed large, rounded and
bluntly conical tubercles; scales on inner lateral and dor-
solateral side of the thighs smooth, large and imbricate,
rest of the scales are granular; scales on tibia are small,
granular juxtaposed; ventral scales of forelimbs granular,
juxtaposed, mostly homogeneous; scales on palm hetero-
geneous in shape and size, granular juxtaposed; ventral
scales of hind limbs smaller than those of belly, smooth,
cycloid and subimbricate; scales on the knee, above
cloaca and on thigh below the level of precloacal pores
smaller and granular; scales on soles heterogeneous,
granular, juxtaposed to subimbricate.

Tail complete, posterior 6 mm regenerated (TL = 64
mm), slender, gradually tapering towards tip; tail seg-
ments indistinct; dorsal scales small, granular, juxtaposed
at the base, posteriorly size of the scales increases, flat,
smooth, subimbricate, heterogeneous in shape and size;
enlarged feebly keeled scales up to seventh segment of
the tail, those on basal segment are pronounced; subcau-
dal scales smooth, subimbricate, wider than that of dor-
sal, heterogeneous in shape and size; no enlarged plate
like series of subcaudal scales; four bluntly conical spurs
on both sides of the tail base.

Colouration in life. Head on top pale-brown with pur-
plish tinge, indistinct brown irregular spots on occipital
region; a short brown streak behind the posterior corner
of the upper eyelid; a broad, dark-brown postorbital stripe
continuing to above the ear opening; area between these
two postorbital streaks is paler than dorsal head colour;
an indistinct brown loreal stripe covering the nasal and
an indistinct pale stripe above it; indistinct pale-yellow
patch on occipital region; lips and mandibular region
paler with indistinct yellow spots; dorsally and lateral-
ly neck and back pale yellowish-brown with dark-brown
irregular reticulation starting from neck to sacrum; a
dark-brown cross bar with irregular edges on nape; limbs
pale-yellowish-brown with dark-brown reticulation; dig-
its with alternative dark-brown and pale-yellow bars; tail
with alternative 11 dark and 10 light bars in the original

part, dark bars posteriorly more darker and broader; light
bars posteriorly more whitish, first bar at the base of tail
broken into two spots; fourth and fifth bar connected on
left side; ventrally head, trunk and limbs whitish; tail with
irregular brown and pale-yellow patches (Fig. 51).

Colouration in preservative. Top of head pale-greyish-
brown; neck, back, limbs and tail dorsally light-grey with
dark-brown markings; marking pattern visible as those
in life condition; ventrally whitish with brown specks on
tail.

Comparison. Cyrtodactylus barailensis sp. nov. differs
from C. aaronbaueri by fewer dorsal tubercle rows, DTR
17 (vs. DTR 22-28), 10 precloacal pores (vs. 68 pitted
precloacal scales in female); differs from C. agarwali by
fewer dorsal tubercle rows, DTR 17 (vs. 21-25); differs
from C. aunglini by fewer mid-ventral scale rows, MVSR
36 (vs. MVSR 47-49), 32 paravertebral tubercle (vs.
PVT 36-45), 17 dorsal tubercle rows (vs. DTR 21-26);
differs from C. bengkhuaiai by having fewer dorsal tuber-
cle rows, DTR 17 (vs. DTR 22-26), 10 precloacal pores
(vs. 6-8 pitted precloacal scales in females); differs from
C. brevidactylus by fewer dorsal tubercle rows, DTR 17
(vs. DTR 27-30), fewer paravertebral tubercles, PVT 32
(vs. PVT 38-42), enlarged dark blotches on head and dor-
sum absent (vs. large dark blotches on dorsum between
nape and sacrum); differs from C. chrysopylos by pres-
ence of precloacal pores (vs. PcP absent in female), fewer
mid-ventral scales, MVSR 36 (vs. MVSR 37-55); differs
from C. dianxiensis by smaller body size, SVL 68.8 mm
(vs. SVL 75 mm), presence of precloacal pores (vs. PcP
absent in female), fewer subdigital lamellae, 12 or 13 un-
der fourth finger and 16 under fourth toe (vs. 16 or 17
under fourth finger and 19 or 20 under fourth toe); dif-
fers from C. gansi by fewer dorsal tubercle rows, DTR 17
(vs. DTR 20-25), ventrolateral fold present on trunk (vs.
absent), fewer precloacal pores, PcP 10 (vs. PcP 13 in fe-
male); differs from C. jaintiaensis by much smaller body
size, SVL 68.8 mm (vs. SVL 96.2 mm in female), fewer
mid-ventral scale rows, MVSR 36 (vs. MVSR 40-42),
fewer precloacal pores, PcP 10 (vs. 12 PcP in female);
differs from C. kiphire sp. nov. by the number of para-
vertebral tubercles 32 (vs. PVT 26 or 29); differs from
C. lungleiensis by fewer dorsal tubercle rows, DTR 17
(vs. 24-28), 10 precloacal pores (vs. 57 pitted precloa-
cal scales in females); differs from C. montanus by fewer
dorsal tubercle rows, DTR 17 (vs. DTR 21-23), fewer
paravertebral tubercles, PVT 32 (vs. PVT 37-43), preclo-
acal pores present (vs. PcP absent in female); differs from
C. myaleiktaung by fewer mid-ventral scale rows, MVSR
36 (vs. MVSR 57), precloacal pores present (vs. PcP ab-
sent), broad regular dark bands absent on dorsum (vs.
present); differs from C. nagalandensis by presence of
10 precloacal pores (vs. six pitted precloacal scales in fe-
male), 32 paravertebral tubercles (vs. PVT 35-37); differs
from C. namtiram by fewer dorsal tubercle rows, DTR
17 (vs. DTR 21); differs from C. ngopensis by presence
of 10 precloacal pores in female, (vs. 0-6 pitted preclo-
acal scales in female); differs from C. septentrionalis by
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fewer dorsal tubercle rows, DTR 17 (vs. DTR 23 or 24),
less paravertebral tubercles, PVT 32 (vs. PVT 38-42), 10
precloacal pores present (vs. 14 precloacal scales with in-
distinct depression in female); differs from C. siahaensis
by fewer dorsal tubercle rows, DTR 17 (vs. DTR 22-24),
presence of precloacal pores in female (vs. PcP absent in
female); differs from C. vairengtensis by the number of
dorsal tubercle rows, DTR 17 (vs. DTR 22-23), 32 para-
vertebral tubercles (vs. PVT 34-39), 10 precloacal pores
present (vs. 5-9 precloacal pits in female). Morphologi-
cal differences with other members of khasiensis group is
presented in Table 2.

Sequence divergence. Cyrtodactylus barailensis sp. nov.
has a high genetic divergence of 10.9% from its closely
related C. namtiram. With other members of the clade,
C. kiphirie sp. nov. has a genetic divergence of 10.7%
and 22.3% in the ND2 gene.

Etymology. The specific epithet is a toponym derived
from the name of the hill range “Barail” where the type
locality of the species lies.

Suggested common name. Barail Hills bent-toed gecko.

Distribution and natural history. During our two-day
survey we only located a single individual of this species.
Thus, the new species is currently known only from the
type locality, in Peren District, Nagaland, India. We re-
corded this species on the trunk of a small tree at a height
of approximately 2 m from the ground in the Athibung
Reserve Forest at approximately 20:00 hrs on 14 August
2021. The forest type is semi-evergreen with relatively
little anthropogenic pressure.

Cyrtodactylus manipurensis Boruah,
Narayanan, Deepak & Das sp. nov.

https://zoobank.org/9AEEO0E40-7983-444E-AC19-
53AA8CE709D7

Figure 6; Tables 2, S2

Holotype. Adult male (WII-ADR1596), collected near
Lamdan Kabui village (24.5954°N; 93.7085°E; elevation
1240 m a.s.l.) (Fig. 3A), Churachandpur District, Mani-
pur, India collected by Bitupan Boruah on 25 July 2022.

Diagnosis. Medium-sized gecko, SVL at least 59.5 mm
in adult male; 10 supralabials; eight or nine infralabials;
21 bluntly conical and feebly keeled tubercles across mid-
body; 37 paravertebral tubercles; 36 mid-ventral scales
between ventrolateral folds; 11 or 12 subdigital lamellae
beneath digit IV of manus; 13—16 subdigital lamellae be-
neath digit [V of pes; seven precloacal pores arranged in a
continuous series; six irregular shaped dark-brown cross
bands on back between axilla and groin; tail dorsally with
eight dark-brown and seven pale-brown bands arranged
alternatively.

Description of the holotype. Specimen well preserved
except an incision below left axilla ventrolaterally. Snout-
vent length 59.5 mm. Head moderately large (HL/SVL =
0.26), oval, dorsoventrally depressed, longer than width
(HW/HL = 0.71), distinct from neck, broader at occip-
ital region; snout tip rounded in both dorsal and lateral
view; loreal region convex; canthus rostralis rounded,
indistinct; interorbital space flat; a longitudinal furrow
on dorsal surface of the snout; snout short (SO/HL =
0.39), longer than orbit (OD/SO = 0.68); nostril nearly
rounded, opening directed posterolaterally; ear opening
rounded; scales on head heterogeneous, largest on snout
and loreal region, posteriorly smaller in upper eyelid, in-
terorbital space and occipital region, granular juxtaposed;
scales on upper eyelids heterogeneous; supraciliaries out-
wardly sharp giving serrated appearance in dorsal view,
size anteriorly and posteriorly decreases, largest at the
anterodorsal region; rostral wide, a short groove at the
middle on top, rostral connected with nasals, supranasals,
an internasal and first supralabials, two scales between
the supranasals paced longitudinally, granular scales at
parietal, occipital and temporal region intermixed with
slightly large rounded granular tubercles starting from the
level of posterior margin of the upper eyelids, those on
temporal region are slightly larger than that of occipital
region, size of the tubercles increases towards nape; 10
supralabial scales on both sides, size decreases towards
angle of jaw; 8 supralabials up to midorbit on both sides;
mental nearly triangular, connected with first infralabi-
als, inner postmentals; nine infralabials on right side and
eight on left side, size decreases towards angle of jaw;
first infralabials connected with mental, second infralabi-
al, inner and outer postmentals; inner pair of postmentals
are larger than the outer postmentals; two rows of slightly
enlarged scales along the infralabials starting below the
outer postmentals, posteriorly size of those decreases;
rest of the gular scales are small, granular juxtaposed,
nearly homogeneous, size increases towards the throat
where they become imbricate.

Habitus slender (BW/SVL = 0.16, TRL/SVL = 0.49),
dorsoventrally depressed, dorsal scales granular, round-
ed, heterogeneous, intermixed with rounded, weakly
keeled and bluntly conical tubercles irregularly arranged,
up to third segment of the tail, size increases towards pos-
terior body and pronounced at the base of tail; 21 dorsal
tubercles across mid dorsum; 37 paravertebral tubercles;
ventrolateral fold weak; ventral scales larger than those
of dorsal, flat, smooth, cycloid subimbricate to imbricate;
36 mid-ventral scales between ventrolateral fold; sev-
en precloacal pores arranged in an inverted “V” shaped
continuous series, followed by a series of five unpored
enlarged scales below it, largest at the apex, an unpored
scale equal size to PcP present in continuous with the PcP
in both ends; scales above the PcP larger than those of
belly scales.

Forelimbs and hindlimbs slender (FL/SVL =0.14, CL/
SVL = 0.17), digits strongly inflected at the joints, all
bearing large recurved claw, enlarged subdigital lamellae;
lamellae beneath digit IV of right and left manus (given as
basal + distal) is 6+5 and 6+6 respectively; lamellae be-
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A

Figure 6. Holotype (WII-ADR1596) of Cyrtodactylus manipurensis sp. nov. in preserved condition. A dorsal and B ventral view of

the whole body; C ventral, D dorsal, and E lateral view of head; F dorsal enlarged tubercles on trunk; G ventral view of right manus

and H of right pes. Scale bar: 10 mm.

neath digit IV of both right and left pes (given as basal +
distal) is 6+7 and 7+9 respectively; dorsal scales on fore-
limbs heterogeneous is size, mostly granular; proximal
scales on upper arm are smaller than that of lower arm;
scales near elbow on lower arm smooth and subimbricate;
upper arm scales granular at proximal part and at the dis-
tal end it is smooth, cycloid and imbricate; dorsal scales
of hindlimbs heterogeneous, intermixed with slightly en-
larged, feebly keeled and bluntly conical tubercles; scales
on inner lateral side of the thighs are smooth, large and
subimbricate, those on dorsal side are small granular;
scales on tibia are small, granular juxtaposed; ventral
scales of forelimbs granular, juxtaposed, heterogeneous;
scales on palm heterogeneous in shape and size, granular
juxtaposed; ventral scales on hindlimbs heterogeneous;
most of the thigh scales are smooth, cycloid and subim-
bricate, but on the knee and below the level of precloacal
pores, scales are smaller and granular; scales above the

vent granular; tibia scales smooth, nearly homogeneous,
cycloid and subimbricate; scales on soles heterogeneous,
granular, juxtaposed to subimbricate.

Tail complete (TL = 67 mm), slender, gradually taper-
ing towards tip, segments indistinct, dorsal scales small,
granular, juxtaposed at the base, posteriorly size increas-
es, flat, smooth, subimbricate, heterogeneous in shape
and size, large feebly keeled scales up to third segment of
the tail, those on basal segment are pronounced; subcau-
dal scales smooth, subimbricate, wider than that of dor-
sal, heterogeneous in shape and size; no enlarged plate
like series of subcaudal scales; three bluntly conical spurs
on both sides of the tail base.

Colouration in preservative. Head on top and laterally
brown; upper eyelids grey; dorsal ground colour of neck
and back slightly paler than that of head; dark-brown
irregular patches on neck up to fore limb insertion lev-



470

Boruah B et al.: Six new Cyrtodactylus from India

el; six irregular shaped dark-brown cross bands on back
between axilla and groin, mid-dorsally interrupted; one
dark-brown band on sacrum; tail dorsally with eight
dark-brown and seven pale-brown bands arranged alter-
natively; dark bands are comparatively broader than the
pale bands; the first dark-brown band on tail base broken
mid-dorsally into two enlarged elongated spots. Ventrally
head, neck, trunk and limbs light-brown; tail with irregu-
lar dark-brown specks.

Comparison. Cyrtodactylus manipurensis sp. nov. dif-
fers from C. aaronbaueri by fewer dorsal tubercle rows,
DTR 21 (vs. DTR 22-28); differs from C. aunglini by
fewer mid-ventral scale rows, MVSR 36 (vs. DTR 47—
49), by fewer precloacal pores, PcP 7 (vs. PcP 12 or 13);
differs from C. barailensis sp. nov. by number of dorsal
tubercle rows, DTR 21 (vs. DTR 17), number of paraver-
tebral tubercle rows, PVT 37 (vs. PVT 32); differs from
C. bengkhuaiai by fewer dorsal tubercle rows, DTR 21
(vs. DTR 22-26); differs from C. brevidactylus by having
fewer dorsal tubercle rows, DTR 21 (vs. DTR 27-30),
enlarged chocolate-brown patches on head and back ab-
sent (vs. present); differs from C. chrysopylos by much
smaller body size, SVL 59.5 mm (vs. SVL 64.9-79.1 mm
in male), fewer precloacal pores, PcP 7 (vs PcP 8-13);
differs from C. dianxiensis by smaller body size, SVL
59.5 mm (vs. SVL 73.8-79.9 mm), 21 rows of dorsal tu-
bercle rows (vs. DTR 18 or 19); differs from C. gansi by
fewer precloacal pores, PcP 7 (vs. PcP 16-29), ventro-
lateral fold present on trunk (vs. absent); differs from C.
Jjaintiaensis by much smaller body size, SVL 59.5 mm
(vs. SVL 87.0-88.3 mm in male), fewer precloacal pores
in male, PcP 7 (vs. PcP 11 or 12); differs from C. kiphire
sp. nov. by smaller body size, SVL 59.5 mm (SVL 63.9—
64.7 mm), number of dorsal tubercle rows, DTR 21 (vs.
DTR 16), number of paravertebral tubercle rows, PVT 37
(vs. PVT 26 or 29); differs from C. lungleiensis by higher
number of precloacal pores, PcP 7 (vs. PcP 3-5 in male),
fewer dorsal tubercle rows, DTR 21 (vs. 24-28); differs
from C. montanus by larger body size, SVL 59.5 mm (vs.
53.6-55.0 mm in male); differs from C. myaleiktaung by
fewer mid-ventral scale rows, MVSR 36 (vs. MVSR 57),
precloacal pores present (vs. PcP absent), broad regular
dark bands absent on dorsum (vs. present); differs from
C. nagalandensis by higher number of dorsal tubercle
rows, DTR 21 (vs. DTR 16-18); differs from C. namti-
ram by having fewer precloacal pores, PcP 7 (vs. PcP 12);
differs from C. ngopensis by the number of precloacal
pores, PcP 7 (vs. PcP 6); differs from C. siahaensis by be
fewer subdigital lamellae, 11 or 12 lamellae under fourth
finger (vs. 13 or 14 lamellae under fourth finger), dark-
brown broad bands consists of two series of enlarged
spots on dorsum (vs. dark-brown blotches in the form of
reticulation on dorsum); differs from C. vairengtensis by
fewer precloacal pores, PcP 7 (vs. PcP 9-11). Morpholog-
ical differences with other members of khasiensis group
is presented in Table 2.

Sequence divergence. Cyrtodactylus manipurensis sp.
nov. has a high genetic divergence of 11.2-11.3% from

its closely related C. ngopensis, 10—10.3% from C. aaron-
baueri, 10.2-10.5% from C. vairengtensis and 9.7-11.1%
from the C. montanus. With other members of the clade,
C. kiphirie sp. nov. has a genetic divergence of 8.6% and
23% in the ND2 gene.

Etymology. This species is named after Manipur state in
India.

Suggested common name. Manipur bent-toed gecko.

Distribution and natural history. Cyrtodactylus mani-
purensis sp. nov. is currently only recorded from the type
locality. We collected a single individual at 18:00 hrs on
25 July 2022 near Lamdan Kabui village. It was perched
on a shrub at a height of approximately 1.5 m, on the road
connecting Leimatak and Charoikhullen. The habitat is
secondary forest, with Zingiber sp. cultivation and set-
tlements.

khasiensis clade

This clade was strongly supported in both analyses (UFB
100, PP 1.0) and clustered with poor support (UFB 73, PP
0.79) as sister to the gansi clade comprising 11 described
species and one undescribed lineage. The samples from
Ngengpui Wildlife Sanctuary (Mizoram) included in this
study were recovered with strong support in both ML and
BI (UFB 99, PP 1) as sister to C. ayeyarwadyensis. This
lineage was recovered as a distinct species unit in all of
our species delimitation analyses (Fig. 2) and is described
below.

Diagnosis. Members of the khasiensis clade can distin-
guished by the following set of morphological characters:
SVL 48.1-80.0 mm in adult males and SVL 57.5-81.1 mm
in adult females; 8—13 supralabials and 8—11 infralabials;
18-25 rows of tubercles across mid-dorsum; 29—40 para-
vertebral tubercles between the level of axilla and groin;
30-43 mid-ventral scales; 9—28 precloacal pores or 26—
39 precloacofemoral pores in males; precloacal pores in
females may be absent, or 11-14 pitted scales or 10-16
small precloacal pores present; ventrolateral skin fold
present; 11-23 subdigital lamellae on fourth finger; 12-27
subdigital lamellae on fourth toe; enlarged plate-like sub-
caudal scales absent except in C. khasiensis.

Cyrtodactylus ngengpuiensis Boruah, Nara-
yanan, Lalronunga, Deepak & Das sp. nov.

https://zoobank.org/D04AF555-89A2-467F-B5CE-
419328F6934F

Figure 7; Tables 2, S2
Holotype. Adult male (WII-ADR1057; Fig. 7A-J), from

Ngengpui Wildlife Sanctuary (22.4906°N; 92.7575°E;
elevation 160 m a.s.l.) (Fig. 3A), Lawngtlai District,


https://zoobank.org/D04AF555-89A2-467F-B5CE-419328F6934F
https://zoobank.org/D04AF555-89A2-467F-B5CE-419328F6934F
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Mizoram, India collected by Abhijit Das, Bitupan Boruah
and Samuel Lalronunga on 8 September 2021.

Paratypes. Two adult females (WII-ADR991 and WII-
ADRI1058) and one subadult female (WII-ADR1059)
collected from the same locality in Ngengpui Wildlife
Sanctuary by the same team on 7 and 8 September 2021.

Diagnosis. Medium-sized gecko (SVL at least 61.2 mm
in adult male and 72—-74.1 mm in adult females); 9-12
supralabials; 8—11 infralabials; 1820 bluntly conical
and feebly keeled dorsal tubercles; 29-34 paravertebral
tubercles; 38 or 39 midventral scale rows between the
weak ventrolateral folds; no precloacal groove; at least
27 precloacofemoral pores in continuous series in male
and 1016 small precloacal pores in females; short dark-
brown bars between a pair of dorsolateral stripes or en-
larged irregular dark-brown spots present on dorsum.

Description of holotype. Holotype well preserved ex-
cept an incision below left axilla ventrolaterally. Snout-
vent length 61.2 mm. Head moderately large (HL/SVL =
0.27), dorsoventrally depressed, longer than width (HW/
HL = 0.68), distinct from neck, broader at occipital region,
snout tip rounded in both dorsal and lateral view, loreal
region convex, canthus rostralis rounded, indistinct, inter-
orbital space flat, a longitudinal furrow on dorsal surface
of the snout, snout short (SO/HL = 0.4), longer than orbit
(OD/SO = 0.66), nostril nearly rounded, opening directed
posterolaterally, ear opening oval and oblique, scales on
head heterogeneous, largest on snout and loreal region,
posteriorly smaller in upper eyelid, interorbital space
and occipital region, granular juxtaposed, scales on up-
per eyelids heterogeneous, supraciliaries outwardly sharp
giving serrated appearance in dorsal view, size anterior
and posterior end decreases, rostral wide, a short groove
at the middle on top, rostral connected with nasals, supra-
nasals, an internasal and first supralabials, two scales be-
tween the supranasals, larger than the rest of the granular
snout scales, granular scales at parietal region and occipi-
tal region intermixed with slightly large rounded granular
tubercles, dense in occipital and temporal region and size
increases towards nape, nine supralabials on right and 10
on left side, size decreases towards angle of jaw, supral-
abials up to midorbit seven on right and eight on left side,
a series of narrow and slightly elongated scales above the
supralabials between nostril and anterior border of the or-
bit, mental as wide as rostral, triangular, connected with
first infralabials, inner postmentals, nine infralabials on
both side, size decreases towards angle of jaw, first in-
fralabials connected with mental, second infralabial, in-
ner and outer postmentals, inner pair of postmentals are
larger than the outer postmentals, posterior margin of the
inner postmentals bordered by seven granular scales of
different size, two or three rows of enlarged scales along
the infralabials starting below the outer postmentals, pos-
teriorly size of those decreases, elongated and narrow,
rest of the gular scales are small, granular juxtaposed, ho-
mogeneous, size increases towards the throat where they
become imbricate.

Habitus slender (BW/SVL = 0.17, TRL/SVL = 0.41),
dorsoventrally depressed, dorsal scales granular, round-
ed, heterogeneous, intermixed with rounded, weakly
keeled and bluntly conical tubercles irregularly arranged,
starting from occipital region to seventh segment of the
tail, size increases towards posterior body, pronounced at
sacrum and base of the tail, 18 dorsal tubercles across
mid dorsum, 29 paravertebral tubercles, ventrolateral
fold weak, ventral scales larger than those of dorsal, flat,
smooth, cycloid subimbricate to imbricate, largest on bel-
ly, 39 mid-ventral scales between ventrolateral fold, 27
precloacal femoral (PcFP) pores in a continuous series
(Fig. 71), followed by eight unpored, large scales below
the PcFP at the middle.

Forelimbs and hindlimbs slender (FL/SVL =0.14, CL/
SVL = 0.19); digits strongly inflected at the joints, all
bearing large recurved claw, enlarged subdigital lamellae;
lamellae beneath digit IV of right and left manus (given
as basal + distal) is 5+8 and 5+9 respectively; lamellae
beneath digit IV of right and left pes (given as basal +
distal) is 4+10 and 5+10 respectively; dorsal scales on
forelimbs heterogeneous, granular juxtaposed; dorsal
scales of hindlimbs heterogeneous, granular, intermixed
with densely placed large, rounded and bluntly conical
tubercles, scales on inner lateral side of the thighs near
knee are subimbricate; ventral scales of forelimbs gran-
ular, juxtaposed, mostly homogeneous; scales on palm
heterogeneous in shape and size, granular; scales on
ventral side of hindlimbs nearly equal to those of belly,
smooth, cycloid and subimbricate, but on the knee, above
cloaca and on thigh below the level of precloacal pores
are smaller and granular; scales on soles heterogeneous,
granular, juxtaposed to subimbricate.

Tail complete (TL = 70 mm), slender, gradually taper-
ing towards tip, segments indistinct, dorsal scales granu-
lar, juxtaposed, flat, smooth, heterogeneous in shape and
size; enlarged feebly keeled scales up to eight segments
of the tail, those on basal segment are pronounced; sub-
caudal scales smooth, subimbricate, wider than that of
dorsal, heterogeneous in shape and size; no enlarged plate
like series of subcaudal scales.

Colouration in life. Fig. 7J. Top of head pale-brown with
indistinct pale-cream coloured spots on anterior part, a
few slightly dark-brown patches on upper eyelids, tem-
poral and occipital region; supraciliary yellowish-brown;
dark-brown postocular streak on each side which contin-
ues dorsolaterally along neck and trunk to tail base, on
right side this stripe is disjunct; a pale-cream coloured
steak on each side of the dark-brown post orbital streak;
an indistinct brown stripe along loreal region and a pale-
cream coloured streak above it; upper lip with irregular
brown and pale-yellow spots; a pair of dark-brown stripe
with irregular edge on neck interspaced by an elongated
pale-cream coloured patch, posterior ends of these stripes
are connected; an enlarged dark-brown spot at the mid-
dle of nape; a pair of narrow pale-cream coloured stripe
on neck above the lateral dark-brown stripe running up
to slightly behind the level of axilla; dorsum pale-brown
with seven irregular shaped and sized, broad dark-brown
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Figure 7. Cyrtodactylus ngengpuiensis sp. nov. A—J holotype (ADR-WII1057), A dorsal and B ventral view of the whole body;
C dorsal, D ventral, and E lateral view of head; F dorsal tubercles on trunk; G ventral view of right manus, and H right pes, I pre-
cloacofemoral pores; J holotype (ADR-WII1057), and K paratype (WII-ADR991) in life. Scale bar: 10 mm. J, K not to scale.
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cross bars, these bars posteriorly edged with narrow
cream coloured patch, first two cross bars are shorter than
the rests; a few enlarged whitish spots along lateral side
of the trunk; dorsally limbs pale-brown intermixed with
slightly darker spots and light patches; dorsally tail with
alternating slightly dark-brown broad bands and narrow
pale-cream coloured bands of irregular shape and size;
spurs cream coloured; ventrally head and trunk whitish
with pinkish tinge and scales with brown marbling; some
scales above and below the cloaca are pale-yellow; tail
with slightly dense brown marbling.

Colouration in preservative. Dorsal and ventral colour
nearly the same as that of in life; dorsal markings visible
as that of life condition.

Morphological variation. Details of the variations in
morphometric and meristic characters of the type series
are provided in Table S2. Apart from these dorsal mark-
ings among the paratypes slightly varied. In the two
paratypes (WII-ADR1058 and WII-ADR1059), dorsal
bands are broken mid dorsally giving the appearance of
enlarged spots (Fig. S2). Precloacal pores in female are
smaller than that of male.

Comparison. Cyrtodactylus ngengpuiensis sp. nov. can
be differentiated from the members of the C. khasiensis
clade (except C. ayeyarwadyensis, C. guwahatiensis, C.
karsticola and C. tripuraensis) by the presence of preclo-
acofemoral pores in male (vs. no femoral pores in male of
C. agarwali, C. exercitus, C. kazirangaensis, C. khasien-
sis, C. septentrionalis, C. urbanus). Cyrtodactylus ngeng-
puiensis sp. nov. differs from C. ayeyarwadyensis by
presence of tiny precloacal pores in female, PcP 10-16
(vs. PcP absent in female); differs from C. bapme by
presence of 10-16 precloacal pores in female (vs. 0—13
pitted precloacal scales), dorsal tubercle rows, DTR 18
or 20 (vs. 21-24); differs from C. guwahatiensis by fewer
preclocaofemoral pores, PcFP 27 (vs. PcFP 35-39), PcFP
in a continuous series (vs. 26 PcFP interrupted by 11 un-
pored scales in holotype C. guwahatiensis), PcP present
in females (vs. PcP absent in females), higher mid-ventral
scale rows, MVSR 38-39 (MVSR vs. 30-35), fewer dor-
sal tubercle rows, DTR 18-20 (vs. DTR 21-24); differs
from C. karsticola by fewer precloacal femoral pores in
male, PcFP 27 (vs. PcFP 34-38), less number of dorsal
tubercle rows, DTR 18-20 (vs. DTR 21-24), fewer para-
vertebral tubercles, PVT 29-34 (vs. PVT 34-39); differs
from C. tripuraensis by fewer precloacal femoral pores
in male, PcFP 27 (vs. PcFP 29-37) and less number of
precloacal pores, PcP 10-16 in female (vs. PcP 19-29 in
female). Morphological differences with other members
of khasiensis group is presented in Table 2.

Sequence divergence. Cyrtodactylus ngengpuiensis sp.
nov. has a moderate genetic divergence of 4.1-6.6%
from its closely related C. ayeyarwadyensis, 4.2—6.0%
from C. tripuraensis. With other members of the clade,
C. ngengpuiensis sp. nov. has a genetic divergence be-
tween 8.6% and 15.7% in the ND2 gene. The intraspecific

divergence is between the two samples of C. ngengpuien-
sis sp. nov. is 0.8%.

Etymology. The specific epithet is a toponym derived from
the name “Ngengpui Wildlife Sanctuary” of Mizoram state
from where the type series of the species were collected.

Suggested common name. Ngengpui bent-toed gecko.

Distribution and natural history. Cyrtodactylus ngeng-
puiensis sp. nov. new species is currently only known
from the type locality, the Ngengpui Wildlife Sanctuary,
Lawngtlai District, Mizoram, India. The forest is char-
acterised as tropical semi-evergreen to moist evergreen
forest. The forest is dominated by Dipterocarpus spp.,
palms, canes and rattans. Individuals of C. ngengpuien-
sis sp. nov. were collected during 6-9 September 2021
at 21:00-22:00 hrs. Individuals were recorded in bam-
boo thickets, on tree buttresses and trunks, and amongst
ferns and rocks along the banks of evergreen forest
streams.

mombergi clade

This monophyletic clade was well-supported in both anal-
yses (UFB 100, PP 1.0) and is most closely related to the
sister clades gansi and khasiensis. The mombergi clade
comprises one described species and two additional un-
described lineages, C. cf. mombergi and another lineage
described below as a new species (Fig. 2). Eight samples
from Namdapha Tiger Reserve, samples from Kamlang
Tiger Reserve and Hornbill of Namdapha Tiger Reserve
(Arunachal Pradesh), and two samples (CES13/1459,
CES11/1349) from GenBank (Miao, Arunachal Pradesh)
were found monophyletic with both ML and weak sup-
port in BI analyses (UFB 95, PP 0.76) and correspond to
the species described below. In the phylogenetic analy-
ses, it was sister to a clade containing C. mombergi and
C. cf. mombergi.

Diagnosis. Members of the mombergi clade can be distin-
guished by the following set of morphological characters:
SVL 57.5-70.7 mm in adult males and SVL 54.8-74 mm
in adult females; 8—11 supralabials and infralabials; 11—
22 subdigital lamellae on fourth toe; 17-27 rows of tuber-
cles across mid-dorsum; 29-42 paravertebral tubercles
between the level of axilla and groin; 31-40 mid-ventral
scales; 7—11 precloacal pores in males; 8—10 precloacal
pores in females or it may be absent; ventrolateral skin
fold on trunk present.

Cyrtodactylus namdaphaensis Boruah,
Narayanan, Deepak & Das sp. nov.

https://zoobank.org/C45008F3-D9E2-473A-B72A-
DE92D00C73E4

Figure §; Tables 2, S2
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Holotype. Adult male (WII-ADR1416), collected from
Kamala Valley (27.4595°N; 96.4279°E; elevation 650
m a.s.l.), Namdapha Tiger Reserve, Changlang District,
Arunachal Pradesh, India by Abhijit Das and Bitupan
Boruah on 18 May 2022 (Fig. 3A).

Paratypes. Two adult males (WII-ADR1415, WII-
ADR1417) collected from the same locality as the holo-
type on the same date; one adult female (WII-ADR1404)
collected near Deban (27.4942°N; 96.3701°E; eleva-
tion 400 m a.s.l.), Namdapha Tiger Reserve, Changlang
District, Arunachal Pradesh, India by Abhijit Das and
Bitupan Boruah on 11 May 2022; two adult females
(WII-ADR3067, WII-ADR3068) collected from Moti-
jheel trail (27.4899°N, 96.3348°E; elevation 470 m a.s.L.),
Gibbons’ Land, Namdapha Tiger Reserve, Changlang
District, Arunachal Pradesh, India by Abhijit Das and
Bitupan Boruah on 11 September 2022; one adult female
(WII-ADR1790) collected near Burma Nullah (40 mile
point) (27.4878°N; 96.5416°E; elevation 480 m a.s.l.),
Namdapha Tiger Reserve, Changlang District, Arunachal
Pradesh, India by Abhijit Das and Bitupan Boruah on 18
September 2022.

Referred materials. An adult female (WII-ADR3060)
collected from Sinabrai (27.7434°N; 96.3872°E; eleva-
tion 470 m a.s.l.), Kamlang Tiger Reserve, Lohit Dis-
trict, Arunachal Pradesh, India on 5 September 2022 by
Bitupan Boruah and Abhijit Das; an adult female (WII-
ADR3281) and an adult male (WII-ADR3282) collect-
ed from Hornbill (27.5381°N; 96.4403°E; elevation 670
m a.s.l.), Namdapha Tiger Reserve, Changlang District,
Arunachal Pradesh, India on 10 May 2023 by Rajiv N.V.

Diagnosis. Medium-sized gecko (SVL 57.5-70.7 mm in
males and SVL 54.8-69.3 mm in females); supralabials
and infralabials 8-11; dorsum with weakly keeled and
bluntly conical tubercles, 29-36 paravertebral tubercles
between the level of axilla and level of groin; 17-19 dor-
sal tubercle rows at mid body; 33—40 mid ventral scale
rows; seven to nine precloacal pores in males and 8—10
small precloacal pores in females in a continuous series,
PcP much smaller in females than that of males; 12-14
subdigital lamellae on finger IV and 11-17 subdigital
lamellae on toe IV; irregular dark-brown spots or stripes
on dorsum.

Description of holotype. Holotype well preserved ex-
cept a ventrolateral incision below left axilla. Snout-
vent length 65.3 mm. Head moderately large (HL/SVL =
0.27), dorsoventrally depressed, ovoid in shape, longer
than width (HW/HL = 0.66), distinct from neck, broader
at occipital region; snout rounded in both dorsal and later-
al view; loreal region convex; canthus rostralis rounded,
indistinct; interorbital space flat, a longitudinal furrow on
dorsal surface of the snout, snout short (SO/HL = 0.4),
longer than orbit (OD/SO = 0.71); nostril semicircular,
opening directed posterolaterally; ear opening oval and
oblique; scales on head heterogeneous, largest on snout
and loreal region, posteriorly smaller, interorbital space

and occipital region, granular juxtaposed; scales on upper
eyelids nearly homogeneous, granular juxtaposed; su-
praciliaries outwardly sharp giving serrated appearance
in dorsal view, size anteriorly and posteriorly decreases,
largest at the anterodorsal region; rostral wide, a short
groove at the middle on top, rostral connected with na-
sals, supranasals, internasals and first supralabials; gran-
ular scales at parietal, occipital and temporal region in-
termixed with slightly large, rounded and bluntly conical
tubercles, dense in occipital and temporal region and size
increases towards nape; supralabial 11 on right and 10 on
left side, supralabials up to midorbit eight on right and
seven on left side, size decreases towards angle of jaw; a
series of scales slightly larger than the loreal scales pres-
ent above the supralabials, posteriorly size decreased;
mental as wide as rostral, nearly triangular, connected
with first infralabials, inner postmentals; nine infralabi-
als on right and eight on left side, size decreases towards
angle of jaw; inner pair of postmentals are larger than the
outer postmentals; two rows of enlarged scales along the
infralabials starting below the outer postmentals, poste-
riorly size of those decreases; rest of the gular scales are
small, granular juxtaposed, homogeneous, size increases
towards throat where they becomes imbricate.

Habitus slender (BW/SVL = 0.17, TRL/SVL = 0.47),
dorsoventrally depressed; dorsal scales granular, round-
ed, heterogeneous, intermixed with rounded, irregularly
arranged weakly keeled and bluntly conical tubercles,
these tubercles continues to fourth segment of the tail,
size increases towards posterior body and pronounced; 18
dorsal tubercles across mid dorsum; 36 paravertebral tu-
bercles; ventrolateral fold weak; ventral scales larger than
those of dorsal, flat, smooth, cycloid subimbricate to im-
bricate, largest towards belly; 40 mid-ventral scales be-
tween ventrolateral fold; seven precloacal pores arranged
in an inverted “V” shaped continuous series, followed by
five unpored, large scales below it, one enlarged unpored
scale present on right end of the PcP series.

Forelimbs and hindlimbs slender (FL/SVL =0.15, CL/
SVL = 0.18); digits strongly inflected at the joints, all
bearing large recurved claw, enlarged subdigital lamellae;
lamellae beneath digit IV of right and left manus (giv-
en as basal + distal) is 5+8; lamellae beneath digit IV of
right and left pes (given as basal + distal) is 6+8 and 5+8
respectively; dorsal scales on forelimbs smooth, subim-
bricate and heterogeneous, small and granular at elbow,
scales on forearm nearly rounded while those on hind arm
are posteriorly tapering; forearm scales intermixed with
enlarged rounded and bluntly conical tubercles; dorsal
scales of hindlimbs heterogeneous, intermixed with large,
rounded and bluntly conical tubercles, dense than those
on forelimbs; horizontally upper half of the thigh scales
are smooth, large and subimbricate, those on lower half
small granular; scales on tibia are small, granular juxta-
posed; ventral scales of forelimbs granular, juxtaposed,
mostly homogeneous; scales on palm heterogeneous in
shape and size, granular juxtaposed; scales on ventral
side of hindlimbs smaller than those of belly, smooth, cy-
cloid and subimbricate, but on the knee, above cloaca and
on thigh below the level of precloacal pores are smaller
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Figure 8. Cyrtodactylus namdaphaensis sp. nov. A-G holotype (WII-ADR1416), A dorsal, and B ventral view of the whole
body; C dorsal, D ventral, and E lateral view of head; F ventral view of left manus and G left pes; H precloacal pores of paratype
WII-ADR1417; I paratype WII-ADR1417, and J paratype WII-ADR1415 in life. Scale bar: 10 mm. I, J not to scale.
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and granular; scales on soles heterogeneous, granular,
juxtaposed to subimbricate.

Tail regenerated (TL = 79 mm), slender, gradually ta-
pering towards tip, segments indistinct, in the original
part of the tail dorsal scales small, granular, juxtaposed at
the base, posteriorly size increases, flat, smooth, subim-
bricate, heterogeneous in shape and size; in the regener-
ated part of the tail, scales are irregular in shape and size;
large feebly keeled scales upto fourth segment of the tail,
those on basal segment are pronounced; subcaudal scales
smooth, subimbricate, wider than that of dorsal, hetero-
geneous in shape and size; no enlarged plate like series of
subcaudal scales; two and four bluntly conical spurs on
right and left side of the tail base respectively.

Colouration in preservative. Top of head pale-brown,
upper eyelids grey; neck and dorsum dorsally grey-
ish-brown; two brown stripes with irregular edge on dor-
sal side of the neck continuing to the level of forelimb
insertion, and another stripe on each lateral side of the
neck; seven pairs of slightly dark-brown elongated spots
of irregular shape and size on dorsum, these spots are out-
wardly connected to a narrow, brown dorsolateral stripe;
tail dorsally pale-brown with broad dark-brown cross bars
of irregular shape and size on the original part, the first
bar broken into two elongated spots, regenerated part of
the tail is plain pale-brown; ventrally head, trunk and tail
pale-cream coloured, a few irregular brown spots on tail.

Colouration in life. (Based on paratype WII-ADR1417)
(Fig. 8I); head dorsally brown with irregular dark-brown
patches, a pair of pale-yellowish spots on loreal in front
of anterodorsal corner of eyes, lips slightly paler than
dorsal head colour with irregular pale-yellowish spots; a
pale-brown postorbital streak; pale-brown irregular spots
on dark-brown background on neck; upper eyelids grey-
ish-brown; slightly dark-brown large spots of irregular
size and shape on dorsal and lateral side of the trunk, in-
terspaced with pale-brown patches, dark-brown spots on
dorsal side of the trunk giving appearance of continuous
stripes up to middle of the trunk; anterior two third of dor-
sal side of the tail with alternative broad dark-brown and
narrow pale-brown bands, those dark-brown bands an-
teriorly diffused and posterior edge zigzagged, posterior
one third brown with dark-brown marbling; limbs brown
with irregular pale spots and dark-brown reticulation;
digits with alternative dark-brown and pale-brown bands.

Morphological variation. Morphological variations are
given in Table S2. Except for those, the dorsal marking
pattern varied among the collected specimens. The dorsal
spots of WII-ADR 1417 are in the form of two continuous
stripes starting from neck, posteriorly broken; a spot at
the middle of occipital region followed by a dark cross
bar on the nape; WII-ADR3067 and WII-ADR3281 has
four dorsal stripes starting from neck to the level of hind
limb insertion; WII-ADR3068 has four stripes on neck,
followed by five irregular and zigzag cross bars on dor-
sum; in WII-ADR1790, dorsal spots are indistinct and
irregular; WII-ADR1415 has three pairs of dark spots

posteriorly bordered with white spots on neck, cross bars
on dorsum narrower, irregular and posteriorly with white
(Fig. S2); WII-ADR3060 has six dark brown cross bands
on back between the level of axilla and groin, consists of
irregular shaped enlarged individual spots, mid dorsally
these spots are remarkably disjunct,. Precloacal pores in
females are smaller than that of males.

Comparison. Cyrtodactylus namdaphaensis sp. nov.
differs from C. mombergi by fewer dorsal tubercle rows,
DTR 17-19 (vs. DTR 23-27), by fewer precloacal pores,
PcP 7-9 (vs. PcP 10-11). Morphological differences
with other members of khasiensis group is presented in
Table 2.

Sequence divergence. Cyrtodactylus namdaphaensis
sp. nov. has a moderate genetic divergence of 6.2—-7.9%
from the closely related C. mombergi. The intraspecific
divergence among the thirteen samples of C. namdaph-
aensis sp. nov. ranges between 0.1-5%.

Etymology. The specific epithet is a toponym named af-
ter its type locality Namdapha Tiger Reserve in Arunachal
Pradesh, India.

Suggested common name. Namdapha bent-toed gecko.

Distribution and natural history. So far, Cyrtodacty-
lus namdaphaensis sp. nov. has been recorded within an
elevational range of 400—650 m a.s.l. inside Namdapha
Tiger Reserve. All the localities are south of Noa-Dihing
River in Changlang District, Arunachal Pradesh, India.
We recorded this species between May and September
2022. Individuals were recorded on tree bark, ferns, and
riparian vegetation and along forest trails between 18:00—
23:00 hrs. The forest type can be classified as Assam
Valley Tropical Evergreen Forest. The area had a distinct
understory with a thick covering of leaf-litter. Current-
ly the species has been recorded from 25 Mile, Burma
Nullah (40 Mile), Gibbons Land, Motijheel trail and at
Hornbill camp located at the north bank of Noa-Dihing
River within the Namdapha Tiger Reserve. We also re-
corded this species on rocks and vegetation near Kamlang
River at Sinabrai, near the Kamlang Tiger Reserve, at an
elevation of 470 m a.s.l. We observed juveniles of this
species on the forest floor in the leaf litter during May,
2022. During 2023, adult individuals were seen on the
ferns overhanging first order streams. At the slightest dis-
turbance, the lizards would drop into the thick vegetation
below. Other arboreal reptile taxa from the area included
Ptyctolaemus sp., Japalura sp. and Pareas sp.

cayuensis clade

Diagnosis. Members of the cayuensis clade can be diag-
nosed by the following set of morphological characters:
SVL 61.2-83.5 mm in adult males and SVL 59.4-83.6 mm
in adult females; 8—13 supralabials and 8—12 infralabials;
15-26 rows of tubercles across mid-dorsum; 2638 para-
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vertebral tubercles between the level of axilla and groin;
28—45 mid-ventral scales; 13-21 subdigital lamellae on
fourth finger; 11-23 subdigital lamellae on fourth toe;
6—10 precloacal pores in males; 7-10 small precloacal
pores in females; ventrolateral skin fold on trunk present.

Cyrtodactylus siangensis Boruah, Naraya-
nan, Aravind, Deepak & Das sp. nov.

https://zoobank.org/B53EA935-E7F2-480B-8771-
240B3A6E9939

Figure 9; Tables 2, S2

Holotype. Adult female (WII-ADR1177; Fig. 9A, B,
E-I), from Kalek stream (28.1711°N; 95.2420°E, eleva-
tion 210 m a.s.l.; Fig. 3A); 1.8 km (aerial distance) north-
west from Bodak village, East Siang District, Arunachal
Pradesh, India collected by Bitupan Boruah on 23 Octo-
ber 2021.

Paratypes. Two adult females (WII-ADR1581 and WII-
ADR1582; Fig. 9C, D) from a hill slope near Kalek
stream, East Siang District, Arunachal Pradesh, India col-
lected by Bitupan Boruah on 15 June 2022.

Diagnosis. Medium-sized gecko (SVL 70.1-72.1 mm
in females); males unknown; supralabials 8-12 and in-
fralabials 9—12; tubercles on dorsum weakly keeled and
bluntly conical, 26-32 paravertebral tubercles between
the level of axilla and level of groin; 15 or 16 dorsal tu-
bercle rows at mid body; 40-45 mid ventral scale rows;
8—10 small precloacal pores in a continuous series; 13—
17 subdigital lamellae on finger IV and 14-19 subdigi-
tal lamellae on toe IV; six or seven irregular and broken
dark-brown bands on dorsum between the level of axilla
and level of groin, or irregular dark-brown reticulation
on dorsum.

Description of the holotype. Holotype well preserved
except an incision below left axilla ventrolaterally. Snout-
vent length 72.1 mm. Head moderately large (HL/SVL =
0.26), dorsoventrally depressed, longer than width (HW/
HL = 0.72), distinct from neck, broader at occipital re-
gion; snout rounded in both dorsal and lateral view; loreal
region convex; canthus rostralis rounded, indistinct; in-
terorbital space flat, a longitudinal furrow on dorsal sur-
face of the snout, snout short (SO/HL = 0.39), longer than
orbit (OD/SO = 0.73); nostril nearly rounded, opening
directed posterolaterally; ear opening oval and oblique;
scales on head heterogeneous, largest on snout and lore-
al region, posteriorly smaller in upper eyelid, interorbital
space and occipital region, granular juxtaposed; scales
on upper eyelids heterogeneous; supraciliaries outwardly
sharp giving serrated appearance in dorsal view, size an-
teriorly and posteriorly decreases, largest at approximate-
ly anterior one third of it; rostral wide, a short groove at
the middle on top, rostral connected with nasals, suprana-
sals, an internasal and first supralabials; a single scale be-

tween the supranasals, larger than the rest of the granular
snout scales; granular scales at parietal region and occipi-
tal region intermixed with slightly large rounded granular
tubercles, dense in occipital and temporal region and size
increases towards nape; supralabial eight on right and 11
on left side, supralabials upto midorbit seven on right and
eight on left side, size decreases towards angle of jaw; a
series of scales nearly rounded, granular and slightly larg-
er than the loreal scales present above the supralabials;
mental as wide as rostral, triangular, connected with first
infralabials, inner postmentals; 10 infralabials on right
and nine on left side, size decreases towards angle of jaw,
first infralabials connected with mental, second infralabi-
al, inner and outer postmentals; inner pair of postmentals
are larger than the outer postmentals, posterior margin of
the inner postmentals bordered by eight granular scales
of different size; one or two rows of enlarged scales along
the infralabials starting below the outer postmentals, pos-
teriorly size of those decreases, elongated and narrow;
rest of the gular scales are small, granular juxtaposed,
homogeneous, size increases towards throat where they
become imbricate.

Habitus slender (BW/SVL = 0.18, TRL/SVL = 0.45),
dorsoventrally depressed; dorsal scales granular, round-
ed, heterogeneous, intermixed with rounded, weakly
keeled and bluntly conical tubercles irregularly arranged,
starting from occipital region to fourth segment of the
tail, size increases towards posterior body, pronounced at
sacrum and base of the tail; 15 dorsal tubercles across
mid dorsum; 26 paravertebral tubercles; ventrolateral
fold weak; ventral scales larger than those of dorsal, flat,
smooth, cycloid subimbricate to imbricate, largest on bel-
ly; 40 mid-ventral scales between ventrolateral fold; very
small, 10 precloacal pores arranged in an inverted “V”
shaped continuous series, followed by 7 unpored, large
scales below it, largest at the apex.

Forelimbs and hindlimbs slender (FL/SVL =0.14, CL/
SVL = 0.17); digits strongly inflected at the joints, all
bearing large recurved claw, enlarged subdigital lamel-
lae, lamellae beneath digit IV of right and left manus
(given as basal + distal) is 6+11 and 6+10 respectively,
the second most lower lamellae of the basal series of dig-
it IV of both sides are divided (not included in lamellar
count); lamellae beneath digit IV of right and left pes
(given as basal + distal) is 7+11 and 6+10 respectively;
dorsal scales on forelimbs heterogeneous, granular jux-
taposed, smooth and subimbricate at distal end of fore-
arm; forearm intermixed with a few rounded, large tuber-
cles; dorsal scales of hindlimbs granular intermixed with
large, rounded, bluntly conical tubercles; scales on thigh
towards knee smooth subimbricate; ventral scales of fore-
limbs granular, juxtaposed, mostly homogeneous; scales
on palm heterogeneous, granular juxtaposed; scales on
hindlimbs smaller than those of belly, smooth, cycloid
and subimbricate; scales on the knee, above cloaca and
on thigh below the level of precloacal pores are small-
er and granular; scales on soles heterogeneous, granular,
juxtaposed to subimbricate.

Tail complete, regenerated (TL = 80 mm), slender,
gradually tapering, segments indistinct; dorsal scales
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Figure 9. Cyrtodactylus siangensis sp. nov. A, B, E-I holotype (WII-ADR1177), A dorsal, and B ventral view of whole body;
C paratype (WII-ADR1582); D paratype (WII-ADR1581); E dorsal, F ventral, and G lateral view of the head (WII-ADR1177);
H ventral view of left manus, and I left pes (WII-ADR1177); J an uncollected male in natural habitat from Jorsing, East Siang,
Arunachal Pradesh. Scale bar: 10 mm. J not to scale.

small, granular, juxtaposed at the base, posteriorly size  segment of the tail at the distal end of each segment,
increases, flat, smooth, subimbricate, heterogeneous in  those on basal segment are pronounced; subcaudal scales
shape and size; large feebly keeled scales up to fourth  smooth, subimbricate, wider than that of dorsal, heteroge-
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neous in shape and size; below cloaca scales are granular,
smaller than the rest of the tail scales; no enlarged plate
like series of subcaudal scales; three bluntly conical spurs
on each side of the tail base present.

Colouration in preservative. Top of head, limbs and tail
pale-brown; dorsum pale-greyish-brown; a slightly dark-
brown stripe radiating from posterior orbital border to
occipital region, medially “W” shaped; an another short
dark-brown stripe at the middle of the head; a short, pos-
teriorly diffused dark-brown stripe starting from posterior
corner of the upper eyelids; a faint brown stripe on the
loreal region; rostral and mental scale, labial scales dark-
greyish-brown with white patch posteriorly; short and ir-
regular shaped, longitudinal dark-brown stripe on dorsal
side of neck; six irregular shaped, zig-zagged dark-brown
bands on dorsum; irregular shaped, large dark-brown
spots on sacrum and tail base; zig-zagged dark-brown
bands on anterior part of the tail, posterior half of the
tail (regenerated part) with brown speculation; indistinct
brown reticulation on dorsal side of the limbs; ventrally
head, body and limbs creamy-white with brown specu-
lation; chin scales and scales below infralabials heavily
speckled; lamellae, palm and feet heavily speckled with
brown; indistinct brown patches on ventral side of the
tail.

Morphological variation. Detailed morphological vari-
ations among the collected individuals of Cyrtodactylus
siangensis are provided in Table S2. Dorsal dark brown
markings in the two paratypes are variable in the form
of irregular zig-zagged bands to reticulation; reticulation
on limbs of the two paratypes distinct than the holotype;
cross bands on tail of WII-ADR1581 darker posteriorly

(Fig. 9).

Comparison. Morphologically Cyrtodactylus siangensis
sp. nov. is close to C. cayuensis, however, phylogeneti-
cally it is distinct from the later (Fig. 2; Table S3), also
the type locality of the new species is separated by Siang
River from the C. cayuensis localities recorded in this
study (Fig. 3B). Morphological differences with other
members of khasiensis group is presented in Table 2.

Sequence divergence. Cyrtodactylus siangensis sp. nov.
has a high genetic divergence of 11.7-17.0% from its
closely related and the only other species in the clade,
C. cayuensis.

Etymology. The specific epithet is a toponym derived
from the name of the river “Siang”. The type locality of
this species lies in the Siang valley of Arunachal Pradesh.

Suggested common name. Siang Valley bent-toed gecko.

Distribution and natural history. Cyrtodactylus sian-
gensis sp. nov. is currently only known from the type
locality, Bodak, East Siang District. It appears to be un-
common, and likely a habitat generalist. The holotype
was encountered on a shrub at the edge of Kalek stream

(a tributary of Siang River) at a height of approximately
one meter above the ground, at 18:15 hrs. The stream at
the time of survey was flowing at a moderately speed,
was approximately 10 m in width and contained boulders
(sedimentary rock) and fallen logs. The two paratypes
were recorded on a small tree at a height of 2.0 m on the
slope of a hill close to the collection site for the holo-
type. The type locality is ca. 300 m from Siang River and
approximately 150 m from the road connecting Pasighat
and Yinkiong.

Expanded description of Cyrtodactylus
cayuensis Li, 2007

Figures 10, S3; Tables 2, S4

Chresonyms.

Cyrtodactylus khasiensis cayuensis — Li (2007)
Cyrtodactylus cayuensis — Agarwal et al. (2018: 337)
Cyrtodactylus arunachalensis — Mirza et al. (2021)

Materials examined. (Fig. 10). Arunachal Pradesh: one
male (WII-ADR1219) and one female (WII-ADR1218)
collected from Balek village (28.0624°N; 95.2721°E;
elevation 450 m a.s.l.), East Siang District on 29 Octo-
ber 2021 by Bitupan Boruah; one male (WII-ADR1213)
collected from Ramsing (28.6563°N; 94.9795°E; eleva-
tion 600 m a.s.l.), Mouling National Park, Upper Siang
District on 27 October 2021 by Bitupan Boruah; one
female (WII-ADR1199) collected from Syrnyup stream
(28.5340°N; 95.0305°E; elevation 890 m a.s.1.), Jengging,
Mouling National Park, Upper Siang District on 26 Oc-
tober 2021 by Bitupan Boruah; two males (WII-ADR695
and WII-ADR696) and two females (WII-ADR697
and WII-ADR698) collected from Potin (27.3478°N,
93.8497°E, elevation 900 m a.s.l.), Lower Subansiri Dis-
trict on 5 October 2019 by Bitupan Boruah; one female
(WII-ADR3017) collected near Glaw lake (27.6960°N;
96.4456°E; elevation 1200 m a.s.l.), Kamlang Tiger Re-
serve, Lohit District on 2 September 2022 by Abbhijit
Das, Bitupan Boruah and Naitik G. Patel; one male (WII-
ADRI1682) and one female (WII-ADR1681) collected
from Ezengo (28.1565°N; 95.8638°E; elevation 560 m
a.s.l.), Lower Dibang Valley District on 3 August 2022
By Bitupan Boruah; three females (WII-ADR453, WII-
ADR454 and WII-ADR459) collected from Jengging (
28.5499°N; 95.0537°E; elevation 760 m a.s.l.) by Abhijit
Das on 5 October 2018; one female (WII-ADR478) and
one male (WII-ADR473) collected from 6 km northwest
to Pasighat (28.0945°N; 95.2682°E; elevation 410 m
a.s.l.) by Abhijit Das on 2 October 2018.

Revised diagnosis. Medium-sized gecko, SVL 61.2—
83.5 mm in adult males and SVL 59.4-83.6 mm in adult
females; 8—13 supralabials and 8—12 infralabials; 18-26
rows of bluntly conical and feebly keeled enlarged tuber-
cles across mid-dorsum; 27-38 paravertebral tubercles
between the level of axilla and groin; 28—44 mid-ventral
scales; 13—21 subdigital lamellae beneath the fourth digit
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Figure 10. Cyrtodactylus cayuensis from India showing the variation in dorsal marking pattern. A WII-ADR1219 (Balek),
B WII-ADR1681 (Ezengo), C WII-ADR1199 (Jengging), D WII-ADR1218 (Balek), E WII-ADR454 (Jengging), F WII-ADR1213
(Ramsing), G WII-ADR698 (Potin), H WII-ADR3017 (Glaw lake), I precloacal pores in WII-ADR698, and J precloacal pores in
WII-ADR478. Scale bar: 10 mm. I, J not to scale.
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of manus; 11-23 subdigital lamellac beneath the fourth
digit of pes; colouration and marking pattern variable;
dorsally greyish-brown, pale-brown or pale-yellow-
ish-brown; five to eight dark-brown bands consisting of
irregular shaped and sized enlarged spots on back be-
tween axilla and groin, or dorsum with dark-brown retic-
ulation; tail with 9—13 dark and 9—12 light bands alterna-
tively arranged on top.

Description based on newly collected materials. Medi-
um-sized gecko, SVL 61.2-75.1 mm in males (n = 6) and
SVL 59.4-83.6 mm in females (n = 11); head moderately
large (HL/SVL = 0.25-0.28), dorsoventrally depressed,
longer than width (HW/HL = 0.67-0.75), distinct from
neck, broader at occipital region; snout rounded in both
dorsal and lateral view; loreal region convex; canthus
rostralis rounded, indistinct; interorbital space flat, a
longitudinal furrow on dorsal surface of the snout, snout
short (SO/HL = 0.38-0.43), longer than orbit (OD/SO =
0.49-0.78); nostril opening directed posterolaterally; ear
opening oblique; scales on head heterogeneous, largest
on snout and loreal region, posteriorly smaller in upper
eyelid, interorbital space and occipital region, granular
juxtaposed; scales on upper eyelids heterogeneous; su-
praciliaries outwardly sharp giving serrated appearance
in dorsal view, size anteriorly and posteriorly decreases;
rostral wide, a short groove at the middle on top; granular
scales at parietal region and occipital region intermixed
with slightly large rounded granular tubercles, dense in
occipital and temporal region and size increases towards
nape; 9—13 supralabials present, size decreases towards
angle of jaw; a series of scales, slightly larger than the
loreal scales present above the supralabials; 8—12 infral-
abials, size decreases towards angle of jaw; two or three
rows of slightly enlarged and narrow scales along the in-
fralabials, posteriorly size of those decreases; rest of the
gular scales are small, granular juxtaposed, nearly homo-
geneous, scales on throat are imbricate.

Habitus slender (BW/SVL = 0.16-0.22, TRL/SVL =
0.41-0.47), dorsoventrally depressed; dorsal scales gran-
ular, heterogeneous, intermixed with rounded, weakly
keeled and bluntly conical tubercles irregularly arranged,
continuing up to third or fifth segment of the tail, size
of the tubercles increases towards posterior body, pro-
nounced at sacrum and base of the tail, posteriormost
rows indistinctly keeled; 15-21 rows of dorsal tubercles
across mid dorsum; 27-38 paravertebral tubercles; ven-
trolateral fold present; ventral scales on chest and belly
larger than those of dorsal, flat, smooth, cycloid, sub-
imbricate to imbricate; 34—44 mid ventral scales; seven
or nine distinct precloacal pores in male and 7-10 small
precloacal pores in female; PcP followed by three to six
unpored enlarged scales below.

Forelimbs and hindlimbs slender (FL/SVL = 0.13—
0.15, CL/SVL = 0.16-0.18); digits strongly inflected at
the joints, all bearing large recurved claw and enlarged
subdigital lamellae, dorsal scales on forelimbs hetero-
geneous, granular juxtaposed, smooth and subimbricate
at distal end of forearm; forearm intermixed with a few
rounded, large tubercles; dorsal scales of hindlimbs gran-

ular intermixed with large, rounded, bluntly conical tu-
bercles; thigh scales towards lateral and dorsolateral side
are smooth and subimbricate; ventral scales of forelimbs
granular, juxtaposed, mostly homogeneous; scales on
palm heterogeneous, granular juxtaposed; scales on ven-
tral side of hindlimbs slightly smaller than or nearly equal
to those of belly, smooth, cycloid and subimbricate; scales
on the knee, above cloaca and on thigh below the level of
precloacal pores are smaller and granular; scales on soles
heterogeneous, granular, juxtaposed to subimbricate.

Tail slender (TL = 58-97 mm), gradually tapering,
segments indistinct; dorsal scales small, granular, juxta-
posed at the base, posteriorly size increases, flat, smooth,
subimbricate, heterogeneous in shape and size; large
feebly keeled scales up to third to fifth segment of the
tail, those on basal segment are pronounced and poste-
rior rows with indistinct keel; subcaudal scales smooth,
subimbricate, wider than that of dorsal, heterogeneous in
shape and size; no enlarged plate like series of subcaudal
scales; two to four bluntly conical spurs present at the
base of the tail. Detailed morphological characteristics of
the collected samples are provided in Table S4.

Sequence divergence. The intraspecific divergence with-
in C. cayuensis ranges between 0.1-6.4%. Among the
two clades identified by bPTP, both clades have an in-
traspecific divergence between 0.1-4.3% and 0.2-2.4%,
respectively. The divergence between these two clades
range between 3-6.4%.

Colouration in life. Dorsal colour and marking pattern
variable (Fig. S3). Head and body greyish-brown, pale-
brown to pale-yellowish-brown on top; head on top ir-
regularly mottled with dark-brown, slightly enlarged
dark-brown irregular patches may be present on occip-
ital area; dark-brown postorbital stripe and loreal stripe
present; a light stripe above loreal stripe and postorbital
stripe may be visible; a few pale-yellow spots may be
present on temporal and occipital region; supraciliary
yellowish-brown; neck with short dark-brown streak
with irregular edge or with irregular shaped patches;
trunk dorsally with five to eight dark-brown bands con-
sisting of irregular shaped and sized enlarged spots and
posteriorly pale-yellowish or light-edged, these bands
mid dorsally interrupted, or dorsum with dark-brown re-
ticulation; limbs dorsally greyish-brown or pale-yellow-
ish-brown or pale-brown with distinct or indistinct dark-
brown reticulation; a dark-brown band on sacrum, band
mid dorsally intersected; tail dorsally with 9—13 dark and
9-12 light bands alternatively arranged, bands are with
irregular edged, anterior one or two dark bands may be
mid dorsally intersected, dark bands are broad and light
bands are comparatively narrow, dark bands are poste-
riorly becomes black or more dark-brown, while light
bands become whitish; light bands may have a few dark-
brown spots.

Distribution and natural history. The type locali-
ty, Xizang (Tibet), China by C. cayuensis also appears
to be widely distributed in Arunachal Pradesh, India
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(Fig. 3B), within an elevational range of 410-1200 m
a.s.l. Cyrtodactylus cayuensis is widespread in the foot-
hills of Arunachal Pradesh from the western part of the
state, at Seijusa (Pakke Tiger Reserve) to the eastern part
(Kamlang Tiger Reserve) and it has successfully spread
across major tributaries of the Brahmaputra River, i.e.,
the Subansiri, Siang, Dibang, Lohit up to at least north
of Noa-Dihing. Populations of C. cayuensis have been
recorded in degraded evergreen forest as well as in undis-
turbed semi-evergreen and evergreen forests. Cyrtodac-
tylus cayuensis is particularly abundant in the vegetation
close to the picturesque Glaw Lake in the Kamlang Tiger
Reserve. We observed individuals at night on shrubs and
bedrocks (sedimentary rock) along small forest streams.
We also encountered them on small trees up to a 2.0 m
inside the forest at Jengging, Kamlang Tiger Reserve and
Mehao Wildlife Sanctuary.

Discussion

The description of six new species of Cyrtodactylus from
northeastern India demonstrates the hidden diversity and
reiterates the need for further exploration of this region.
With the addition of these new species, Cyrtodactylus
now comprises 364 species out of which 10% (35 spe-
cies) are in the khasiensis group. Earlier, Agarwal et al.
(2014) defined the khasiensis clade as a clade distribut-
ed south of Brahmaputra River, but Mirza et al. (2021)’s
samples from the north of this river fell within this clade
and showed the presence of what they thought was a dis-
tinct lineage (C. arunachalensis syn. nov.) north of the
Brahmaputra River. Based on the current findings, we
now report another species, C. siangensis sp. nov. from
north of Brahmaputra River.

Our decision on the status of C. arunachalensis, and
considering that clade as a single species C. cayuensis is
conservative at this time. All the samples from this clade
(excluding the new species, Cyrtodactylus siangensis sp.
nov.) are from the low to mid elevations and the minor ge-
netic variations within the clade could be due to the pres-
ence of river barriers and/or sampling gaps. Additionally,
some low elevation species are known to be widespread
compared to their more montane congeners (Grismer et
al. 2012, 2014; Vogel et al. 2022). Conversely, several re-
cently described species within the khasiensis group and
other gekkonid genera were based on a 3—5% threshold
in the ND2 sequence divergence (Agarwal et al. 2018a,
2018b; Chomdej et al. 2023). Although the clade from
the East Siang (Balek, Jenging and Ramsing), is 3-6.3%
distinct from the other samples of C. cayuensis, describ-
ing it as a distinct species would result in a disjunct dis-
tribution of C. cayuensis (Table S3). Therefore, due to
sampling gaps observed in other lower elevation species
in Arunachal Pradesh, we refrain from splitting this clade
into multiple species at this time. Furthermore, after ex-
amining specimens and comparing them with C. cayuen-
sis there were no diagnostic morphological characters

that separated the subclades in the lower elevations. Ad-
ditional and a much denser sampling in the regions north
of Brahmaputra River will help in our better understand-
ing of the relationships between the lower elevation pop-
ulations.

Out of the six new species described here, C. barai-
lensis sp. nov. and C. manipurensis sp. nov. are based
on single specimens. In the morphological context, C.
barailensis sp. nov. differs from its sister C. namtiram
in having fewer dorsal tubercle rows (DTR 17 vs. DTR
21), dorsal marking pattern (dark-brown reticulation on
dorsum vs. seven pairs of dark-brown blotches on the
dorsum) and they are geographically separated from each
other by 58 km (aerial distance), and C. manipurensis sp.
nov. by fewer dorsal tubercle rows, DTR 17 and paraver-
tebral tubercles, PVT 32 (vs. DTR 21 and PVT 37) (Table
2). It is also pertinent to add that several other Cyrtodac-
tylus species in the recent past were described based on
single specimens, that are genetically distinct (Agarwal
et al. 2018b; Grismer et al. 2018; Mahony and Kamei
2021; Chomdej et al. 2023). Despite these two species
being genetically distinct, we do acknowledge that their
morphological diagnoses may be incomplete. Addition-
al sampling may show that some of these characters are
not diagnostic just as additional sampling may indicate
that others are. This has no bearing on the delimitation of
these species in the phylogeny.

The genus Cyrtodactylus has its southwestern-most
distribution in Sri Lanka and eastern-most distribution
in the Solomon Islands (Grismer et al. 2021) showing
their ability to radiate across biogeographic barriers. In
the Himalayan region (including Bhutan, Nepal, and Pa-
kistan) and northeast India, there are a total of 39 spe-
cies but there is stark contrast in the number of species
in these two regions. The Himalayas are depauperate
(nine species) compared to northeast India (28 species)
(Agarwal et al. 2014; Schleich and Kistle 2002). This
pattern could be due to various factors including rain-
fall, temperature, seasonality, and vegetation type (Fig.
11). Furthermore, the Eastern Himalayas exhibit faunal
exchanges with Indo-Burma and the Western Himalaya
and the distribution of Cyrtodactylus terminates in the
Western Himalayas. Among the four clades of khasien-
sis group found in northeastern India, the gansi clade is
most diverse with 13 species entirely distributed south
of Brahmaputra River. The khasiensis clade contains 11
species in the region and except for C. septentrionalis,
all the members are also distributed south of Brahmapu-
tra River. While the cayuensis clade now contains two
species, from which C. cayuensis is widely distributed
along the Himalayan foothills north of Brahmaputra
River and eastern part of the region in Dibang valley.
The mombergi clade has one Indian species, which we
described here is distributed in the eastern part of the
region along Noa-Dihing River and Lohit River valley
(Fig. 3). Most species found in the Northeast Hill region
appear to be endemic and highly cryptic. Identification
of such hidden diversity appears to be crucial for setting
conservation values of biodiversity hotspots which are
threatened by rapid deforestation.
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Figure 11. Habitats of newly described species of Cyrtodactylus from northeastern India. A landscape view of Kiphire near the type
locality of C. kiphire sp. nov.; B forest cover of Barail hills near type locality of C. barailensis sp. nov.; C view of hills at Namdapha
Tiger Reserve and D forest trail at Kamala Valley, type locality of C. namdaphaensis sp. nov.; E low land forest stream at Ngengpui
Wildlife Sanctuary, type locality of C. ngengpuiensis sp. nov., F landscape view of Saing River and Adi hills at the type locality of

C. siangensis sp. nov.
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