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Abstract

A new species of the genus Cnemaspis Strauch, 1887 is described from the Rajgad fort in the northern Western Ghats of Maharashtra,
India. The new species, belonging to the flaviventralis clade, is one of the smallest known Indian Cnemaspis and can be distinguished
from other congeners by its genetic distinctiveness and few key morphological characters. The new species can be diagnosed from all
other Indian congeners by its small body size (SVL <27 mm), the absence of conical and spine-like tubercles on flank; heterogeneous
dorsal pholidosis; presence of only femoral pores and no precloacal pores in males; weakly keeled scales on the ventral surface of
neck, pectoral, abdominal region and limbs; granular scales on the tail with whorls of slightly enlarged, strongly keeled tubercles; and
the absence of enlarged median subcaudal scales. The new species is currently known to inhabit the man-made historical structures
from a single locality in Rajgad, Maharashtra, where it is presumed to be uncommon.
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Introduction

Western Ghats of India is a known global biodiversi-
ty hotspot with high levels of endemism (Myers et al.
2000). The Western Ghats (WQ) is a long but interrupted
chain of mountains stretching from southern Gujarat to
the southern part of Kerala and Tamil Nadu. This long
mountain chain is interrupted by three main gaps, which
divide the WG into the northern, central and southern
WG. The Northern Western Ghats (NWGQG) starts from the
Dang Range of Gujarat in the north and extends up to
Goa in the south (Jog et al. 2002). Although, the northern
WG is thought to be depauperate compared to the south-
ern WG (Gunawardene et al. 2007), ongoing taxonomic

research are continuously adding new species of rep-
tiles and amphibians to the endemic diversity of this re-
gion (e.g. Sharma 1976; Padhye et al. 2013; Mirza et al.
2014; Deepak et al. 2016; Sayyed et al. 2016; Giri et al.
2019a, b; Khandekar et al. 2019).

The genus Cnemaspis Strauch, 1887 is one of the
most diverse clades of geckos in India and recent stud-
ies have indicated that the diversity documented within
this clade is far from complete (Khandekar 2019; Agar-
wal et al. 2020; Cyriac et al. 2020). The diversity of
Cnemaspis is also exceptionally high in the NWG and
recent studies have been describing several new species
from the region (Sayyed et al. 2016, 2018; Khandekar
et al. 2019; Sayyed and Sulakhe 2020). Currently 11
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species of Cnemaspis are known from NWG of Maha-
rashtra which fall into three separate clades — wynaden-
sis clade, goaensis clade and giri clade. These include
C. amba Khandekar, Thackrey & Agarwal, 2019, C.
kolhapurensis Giri, Bauer & Gaikwad, 2009 and C. ran-
ganaensis Sayyed & Sulakhe, 2020 in the Kolhapur
region; C. agjijae Sayyed, Pyron & Dileepkumar, 2018,
C. koynaensis Khandekar, Thackrey & Agarwal, 2019
and C. girii Mirza, Pal, Bhosale & Sanap, 2014 in the
Satara region; C. amboliensis Sayyed, Pyron & Dileep-
kumar, 2018, C. limayei Sayyed, Pyron & Dileepkumar,
2018 and C. flaviventralis Sayyed, Pyron & Dahanukar,
2016 in the Sindhudurg region; C. mahabali Sayyed, Py-
ron & Dileepkumar, 2018 from Pune and C. goaensis
Sharma, 1976 from southern Maharashtra and Goa. Ex-
cept for C. goaensis and C. mahabali, all the species
from NWG are known to have restricted ranges around
their respective type localities.

The NWG in Maharashtrtra, popularly known as San-
hyadri, has been a region of strategic importance in sev-
eral historical events due to its unique climatic conditions
and geographic features. Many empires have occupied
and ruled Maharashtra building more than 300 forts in
NWG at vantage points on the lofty cliffs of the NWG,
which are surrounded by dense forests (Pai 2005; Ak-
kalkot 2009). Most of these forts are accessible only on
foot, and are protected under the law as archeologically
important sites making them and the surrounding areas
naturally protected areas from extensive developmental
activities. Thus, providing sanctuary to several endemic
flora and fauna. The fortified structures, having several
crevices, provide ideal habitats for several species of rep-
tiles (Pal et al. 2013; Sayyed and Sulakhe 2020). During
one of our surveys of the herpetofauna of these forts, we
came across a distinct population of Cnemaspis from Ra-
jead fort, closely resembling C. ajijae. Using an integrat-
ed taxonomic approach, we here describe this population
as a new species.

Materials and methods
Sampling

Specimens were collected during September 2020, in
parts of Rajgad Fort, Pune District, Maharashtra, India.
A single adult male and two gravid females were collect-
ed by hand, photographed in life, and euthanized using
halothane. Tail clips were collected as tissue sample and
stored in absolute ethanol for genetic analysis, after which
specimens were fixed in 4% formaldehyde for 24 hours,
washed in water, and transferred to 70% ethanol for long-
term storage. Scalation and other morphological charac-
ters were recorded using a Lensel stereo microscope. The
materials referred to in this study are deposited in the col-
lection of the Bombay Natural History Society (BNHS)
in Mumbai.
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Molecular analysis
DNA extraction, amplification and sequencing

Total genomic DNA was extracted from muscle tis-
sue (tail clips) using a MACHEREY-NAGEL Nucle-
oSpin DNA Insect kit following the manufacturer’s
protocols. A 550-600 base pair (bp) fragment of the
mitochondrial 16S rRNA gene was amplified by stan-
dard 3-step polymerase chain reaction (PCR) using
published primers (Palumbi et al. 1991). The fragment
were amplified by 16SF (CGCCTGTTTATCAAAAA-
CAT) and 16SR (CCGGTCTGAACTCAGATCACGT)
primers with the following condition: 95 °C — 3 min, 1
cycle, 95 °C — 30 sec, 50 °C — 30 sec, 72 °C — | min,
35 Cycles, 72 °C — 7 min. We then sequenced the for-
ward and reverse DNA strands using BDT v3.1 Cy-
cle sequencing kit on ABI 3730x] Genetic Analyzer.
Sequences were manually checked and consensus se-
quence of 16S gene were generated from the forward
and reverse sequence using BioEdit.

Sequence alignment

We added the newly generated sequences (see Table 1)
to the 16S rRNA sequence matrix generated by Cyriac
et al. (2020) for the Indian Cnemaspis. We excluded the
sequence of C. nilagirica (MT217036) from the analy-
sis, since it was found to be contaminated (Sayyed et al.
2020). Since out-group selection can influence phyloge-
netic reconstructions (Wheeler 1990; Gatesy et al. 2007),
we used four species of Lygodactylus and three species of
Phelsuma as out-groups following Cyriac et al. (2020).
Accordingly, 60 in-group taxa, including the newly gen-
erated sequence of the new species, and seven out-group
taxa were aligned using the MUSCLE algorithm (Edgar
2004) implemented in MEGAX (Kumar et al. 2018) us-
ing default parameters. The final alignment contained 72
sequences each of 604 bp length. We also calculated the
pair-wise uncorrected p-distance for the 16S rRNA gene
between sequences after complete removal of gap sites
using MEGAX (Kumar et al. 2018).

Table 1. Voucher numbers and GenBank accession numbers for
the sequence data generated in this study and used in the phy-
logenetic analysis.

Species Voucher  GenBank Locality
Number  accession
number

Cnemaspis girii ASPC6  MW682860 Morewadi, Satara
Cnemaspis girii ASPC8  MW682861 Morewadi, Satara
Cnemaspis sp. ASPCI1  MW682862 Amba Ghat, Kolhapur
Cnemaspis sp. ASPC12 MW682863  Amba Ghat, Kolhapur
Cnemaspis koynaensis ~ ASPC10  MW682864 Humbarali, Koyana, Satara
Cnemaspis koynaensis ASPC9  MW682865 Humbarali, Koyana, Satara

Cnemaspis rajgadensis BNHS 3100 MW682866
sp. nov.
Cnemaspis rajgadensis BNHS 3101 MW682867
Sp. nov.

Rajgad fort, Pune

Rajgad fort, Pune
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Molecular phylogenetic analysis

We removed ambiguously aligned positions from the
16S rRNA sequence matrix using GBlocks v.0.91b
(Castresana 2000). We then used PartitionFinder2
(Lanfear et al. 2016) on the 457 bp dataset to determine
the best-fit substitution model. The dataset was not par-
titioned by codon position, given the non-protein cod-
ing nature of the marker. We performed a Maximum
Likelihood analysis in IQ-tree (Nguyen et al. 2015) un-
der the GTR + I + G model of sequence evolution, and
branch support was tested using 1000 non-parametric
standard bootstrap pseudo-replicates. Bayesian trees
were generated using MrBayes v.3.2.6 (Ronquist et al.
2012) with two independent runs performed for five
million generations sampling every 500 generations
under the GTR + I + G substitution model. We ensured
convergence of the two MCMC runs by ensuring that
the standard deviation of split frequencies was less
than 0.001 and by checking the trace plots in Tracer
v. 1.7 (Rambaut et al. 2003). We also ensured that the
ESS values for all the parameters were above 200. We
discarded the first 25% of the trees and the best evolu-
tionary hypothesis was inferred using the 50% majority
consensus rule.

Morphological study

Morphological data were taken using a Yamayo
digimatic calliper, a Mitutoyo 500, or a Tesacalip 64
to the nearest 0.1 mm. Morphological data recorded
included the snout-vent length (SVL), distance from
tip of snout to anterior margin of vent; trunk length
(TRL), distance from axilla to groin; trunk width (TW),
maximum width of the body; eye diameter (ED), hori-
zontal diameter of the eye; eye-to-nares (EN), distance
between anterior point of the eye to the posterior part
of the nostril; snout length (ES), distance from anteri-
or margin of the eye to the tip of the snout; eye-to-ear
(ET), distance from posterior margin of the eye to the
anterior margin of the ear opening; internarial distance
(IN), least distance between the inner margins of the
nostrils; ear opening diameter (EOD), horizontal dis-
tance from the anterior to posterior margin of the ear
opening; head length (HL), distance from tip of snout
to posterior edge of mandible; head width (HW), max-
imum width of the head; head depth (HD), maximum
depth of the head; interorbital distance (10), shortest
distance between the superciliary scale rows; upper
arm length (UAL), distance from axilla to elbow, lower
arm length (FAL), distance from elbow to wrist; palm
length (PAL), distance from wrist to the tip of the lon-
gest finger; finger length (FL), distance from the tip
of the finger to the nearest fork; femur length (FEL),
distance from groin to the knee; tibia length (TBL),
distance from knee to heel toe length (TOL), distance

from tip of 1* toe to the nearest fork; tail length (TL),
distance between posterior margin of vent to the tip of
the tail.

Meristic data recorded for all specimens included
number of supralabials (SupL) and infralabials (InfL)
on left (L) and right (R) sides; number of supracili-
aries (SuS); number of interorbital scales (InO); num-
ber of scales between eye to tympanum (BeT), from
posterior-most point of the orbit to anterior-most point
of the tympanum; number of the postnasal (PoN),all
scales posterior to the naris; number of postmentals
(PoM);number of posterior postmentals (PoP), scales
that are surrounded by the posterior-postmentals and
between infralabials; number of supranasal (SuN),
excluding the smaller scales between the larger su-
pranasals; number of canthal scales (CaS), number of
scales from posterior-most point of naris to anterior
most point of the orbit; number of dorsal paravertebral
scales (PvS), between pelvic and pectoral limb inser-
tion points along a straight line immediately left of the
vertebral column; number of mid-dorsal scales (MbS),
from the centre of mid-dorsal row diagonally towards
the ventral scales; number of mid-ventral scales (MvS),
from the first scale posterior to the mental to last scale
anterior to the vent; number of mid-body scales (BIS),
across the ventral between the lowest rows of dorsal
scales; femoral pores (FPores), the number of femoral
pores; poreless scales (PS), number of poreless scales
between left and right femoral pores; lamellae under
digits of manus (MLam) and pes (PLam) on right (R)
side, counted from first proximal enlarged scansor
greater than twice width of the largest palm scale,
to distal most lamella at tip of digits; lamellaec under
fourth digit of pes (LamplIV). Morphometric data are
given as % of SVL.

Morphometric analysis

We performed a multivariate analysis on morphomet-
ric variables collected from 19 specimens of the flavi-
ventralis clade, which included eight specimens of C.
ajijae and C. flaviventralis each and three specimens
of the new species. We included only 15 of the 17 vari-
ables in this analysis because we were unable to obtain
data for a few variables due to missing tails or digits
(see Table 3). We carried out a Principal Component
Analysis (PCA) in R v. 3.5.2 (R Core Team 2016) on
the 15 variables after scaling all the variables in the
data using the mean and standard deviation of the entire
vector to reduce the dimensionality of the dataset and
to identify variables contributing to the observed vari-
ation. We selected the first three principal components
(PC), which together explained most of the variation
and plotted the first and second, and the first and third
PCs to visually examine the morphospace of the new
species and the morphologically similar members of the
Aaviventralis clade.
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Results
Phylogenetic relationships

The phylogenetic analyses recovered largely similar to-
pologies for the Maximum Likelihood (ML) and Bayes-
ian analyses. However, several clades were unresolved
in both analyses. The new species from Rajgad fort was
sister to C. agjijae with strong support (Bootstrap: 96;
Posterior probability: 1.0) and together formed a clade
with C. flaviventralis with moderate support (Bootstrap:
79; Posterior probability: 0.9). This clade formed a strong
sister relationship with other members of the girii clade
(C. mahabali, C. amba, C. limayei, C. koynaensis and
C. girii), thus we ascribe the new species, C. ajijae and
C. flaviventralis to a separate flaviventralis clade. Within
the girii clade, (C. girii + C. koynaensis) and C. limayei
formed a strongly supported clade which together was
sister to C. mahabali with strong support. Interestingly,
our samples collected from Amba village were nested
within C. mahabali.

Uncorrected pairwise sequence divergence indicated a
deep genetic divergence in the 16S rRNA gene between
the flaviventralis clade and the rest of the Cnemaspis
(p-distance > 7.7%). Intraspecific genetic divergences
estimated for members of the flaviventralis clade were
ca. 0.7% for C. flaviventralis and 0-1.45% for C. agjijae
(Table 2). The new species was found to be deeply diver-
gent from C. flaviventralis (p-distance = 7.0-7.4%) but
showed shallow to moderate divergence with C. ajijae
(p-distance = 1.9-2.7%) (Table 2).

Table 2. Comparison of intraspecific and interspecific un-
corrected p-distance for three closely related species of the
Cnemaspis flaviventralis clade (C. flaviventralis, C. ajijae and
C. rajgadensis sp. nov.) for the 16S rRNA gene. ‘N’ indicates
number of pairwise comparisons.

Pair-wise comparisons N Mean (%) Range (%)
Within C. flaviventralis 1 0.72 NA
Within C. ajijae 15 0.68 0-1.45
Within C. rajgadensis sp. nov. 1 0.24 NA
C. flaviventralis — C. ajijae 12 7.33 7.0-7.73
C. flaviventralis — C. rajgadensis sp. nov. 4 7.25 7.0-7.49
C. gjijae — C. rajgadensis sp. nov. 12 2.29 1.93-2.66

Morphometric analysis

Principal component analysis (PCA) on the 15 variables
indicates that the first three variables explained 85.9%
of the variation (Table 3). PC1 explained ca. 66% of the
variation and described larger body sizes with large and
broad heads, and longer legs. PC2 explained ca. 11% of
the variation and described broader tails and shorter in-
ternasal distance. PC3 explained ca. 9.5% of the variation
and was described by shorter and slender trunks. Plotting
the first two PCs show that there is considerable differ-
ence in the morphospace of the new species compared to
Cnemaspis ajijae and C. flaviventralis along PC1 but not
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PC2. However, there was partial yet considerable over-
lap in the morphospace of C. gjijae and C. flaviventralis
along PC1 and PC2. The morphospace of C. gjijae and
C. flaviventralis also showed partial overlap along PC1
and PC3, however, the new species was outside the 95%
confidence interval estimated for the morphospace of
C. gjijae and C. flaviventralis. Given these data and those
from the phylogenetic analyses we describe the new pop-
ulation from Rajgad fort as a new species and describe
the same below.

Table 3. Loadings obtained from the Principal Component Anal-
ysis on 15 morphometric variables collected for the Cnemaspis
Aaviventralis clade. Bold values indicate strong loading with
correlation > 0.5.

Character PC1 PC2 PC3
SVL 0.8825 -0.0015 -0.3526
TRL 0.8656 -0.0582 -0.3186
™ 0.6393 -0.4388 -0.5745
TLW -0.0772 0.6070 -0.7035
HL 0.8347 -0.2506 0.0132
HW 0.8659 0.3021 -0.1239
HD 0.8458 -0.0941 -0.0452
FL 0.8244 0.0044 0.1845
TBL 0.9352 -0.1007 0.1505
ED 0.8005 0.4294 0.2876
EN 0.9308 0.1877 -0.0319
ES 0.9418 0.2659 0.0089
ET 0.8876 0.0467 0.3868
IN 0.4838 -0.7485 -0.0733
10 0.8894 0.0548 0.2527
Eigen values 9.8661 1.5932 1.4278
Standard deviation 3.1410 1.2622 1.1949
Proportion of Variance 0.6577 0.1062 0.0952
Cumulative Proportion 0.6577 0.7640 0.8591

Taxonomy

Family Gekkonidae Gray, 1825
Genus Cnemaspis Strauch, 1887

Cnemaspis rajgadensis sp. nov.
http://zoobank.org/E4F61F55-8716-4BF3-9951-7728B24056EF
Figs 1-7, Tables 1-5

Type material. Holotype: INpIA « &, adult; Rajgad
fort, Pune District, Maharashtra State; 18°14'46N,
73°40'S5E; 1324 m a.s.l; 27 Sept. 2020; Amit Sayyed
leg.; BNHS 3100.

Paratypes: INDIA * 2 Q, adults; same data as for holo-
type; Abhijit Nale, Kiran Ahire and Mahesh Bandgar leg.;
BNHS 3101, 3102.

Diagnosis. A small-sized Cnemaspis with adult SVL
< 27 mm,; 7-7 supralabials; 6—7 infralabials; dorsal
scales heterogeneous with small, granular, weakly keeled
scales, intermixed with randomly arranged, weakly
keeled, slightly larger tubercles; conical and spine-like
tubercles absent on either side of the flanks but a row
of enlarged tubercles present on the lower flanks; dor-
sal paravertebral scales 80-92; mid-dorsal scales 62—67;
ventral surface of neck, pectoral, abdominal region, un-
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Figure 1. Phylogentic relationships showing the topology from the Bayesian analyses for Indian species of Cnemaspis based on 16S
rRNA gene. Values along the nodes are bootstrap support values from the Maximum Likelihood analysis and posterior probabilities
from the Bayesian analyses respectively. The lineage in red indicates the phylogenetic cluster of the new species.

der limbs, and tail weakly keeled; mid-ventral scales
123-141; ventral scales across mid-body 28-29; subdig-
ital lamellae under fourth digit of manus 15, under fourth
digit of pes 18; males with 3 femoral pores and absence
of precloacal pores; dorsal scales of tail granular, weak-
ly keeled, roughly same in size and shape to those on
mid-body dorsum, gradually becoming larger, flattened,
blunt, sub-imbricate posteriorly, intermixed with whorls
of slightly enlarged, strongly keeled tubercles; scales on

ventral aspect of original tail imbricate, weakly keeled,
without a series of enlarged sub-caudal scales, roughly
same in size of those on dorsal tail; a single enlarged post-
cloacal spur on each side.

Comparisons. Cnemaspis rajgadensis sp. nov. dif-
fers from all other Indian species of Cnemaspis by hav-
ing the following suite of characters: dorsal scales het-
erogeneous (vs. homogeneous in C. adii Srinivasulu et
al., 2015, C. assamensis Das & Sengupta, 2000, C. boiei

evolsyst.pensoft.net
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Gray, 1842, C. indica Gray, 1846, C. jerdonii Theobald,
1868, C. kolhapurensis Giri et al., 2009, C. littoralis
Jerdon, 1853, C. mysoriensis Jerdon, 1853, C. nilagirica
Manamendra et al., 2007, C. palakkadensis Sayyed et al.,
2020, C. zacharyi Cyriac et al., 2020); conical and spine-
like tubercles absent on flanks (vs. conical or spine-like
tubercles on the flanks in C. amboliensis Sayyed et al.,
2018, C. anandani Murthy et al., 2019, C. assamensis,
C. flaviventralis Sayyed et al., 2016, C. goaensis Sharma,
1976, C. gracilis, C. jerdoni, C. koynaensis Khandekar et
al., 2019, C. littoralis, C. monticola Manamendra et al.,
2007, C. mysoriensis, C. nilagirica, C. otai, C. rishivall-
eyensis Agarwal et al., 2020, C. stellapulvis Khandekar
et al., 2020); presence of only femoral pores (vs. pres-
ence of femoral and precloacal pores in C. adii, C. agar-
wali Khandekar, 2019, C. amboliensis, C. andersonii
Annandale, 1905, C. australis Manamendra et al., 2007,
C. bangara Agarwal et al., 2020, C. goaensis, C. graci-
lis Beddome, 1870, C. graniticola Agarwal et al., 2020,
C. monticola, C. otai Das & Bauer, 2000, C. rishivalley-
ensis, C. shevaroyensis Khandekar et al., 2019, C. thac-
kerayi Khandekar et al., 2019, C. wicksii Stoliczka, 1873,
C. yelagiriensis Agarwal et al., 2020, C. yercaudensis
Das & Bauer, 2000; presence of only precloacal pores in
C. aaronbaueri Sayyed et al., 2019, C. avasabinae Agar-
wal et al., 2020, C. anamudiensis Cyriac et al., 2018,
C. beddomei Theobald, 1876, C. maculicollis Cyriac et
al., 2018, C. nairi Inger et al., 1984, C. ornata Beddome,
1870; no femoral or precloacal pores in C. assamensis and
C. boiei; a continuous series of precloacal femoral pores
in C. kolhapurensis); SVL less than 27 mm (vs. > 40 in
C. aaronbaueri, C. anamudiensis, C. anandani, C. ban-
gara, C. beddomei, C. chengodumalaensis Cyriac et al.,
2020, C. graniticola, C. heteropholis Bauer, 2002, C. kol-
hapurensis, C. kottiyoorensis Cyriac & Umesh, 2014,
C. maculicollis, C. magnifica Khandekar et al., 2020,
C. nairi, C. nilagirica, C. ornata, C. sisparensis Theo-
bald, 1876, C. thackerayi, C. wynadensis Beddome, 1870,
C. yelagiriensis, C. zacharyi).

C. rajgadensis sp. nov. closely resembles members
of the girii and flaviventralis clade, all of which are
small-sized species (SVL < 40 mm), have heterogeneous
mid-dorsal scales, 2—5 femoral pores in males and having
median subcaudals not enlarged. However, the new spe-
cies can be differentiated from members of the girii clade
by its higher number of ventral scales (28—29) across mid-
body (vs. 22-24 in C. amba, 26-28 in C. girii, 20-26 in C.
koynaensis, 26-27 in C. limayei and 26-27 in C. mahab-
ali), absence of spine-like tubercles on flanks (vs. pres-
ence of spine-like tubercles in C. koynaensis), presence of
enlarged tubercles row on lower flanks (vs. absence of tu-
bercles on lower flanks of C. girii, C. limayei, C. mahaba-
li), and by the weakly keeled ventral scales (vs. smooth in
all members of the girii clade except C. mahabali).

The new species can be differentiated from C. gjijae
and C. flaviventralis by its adult size (< 27 mm SVL vs. >
30 mm in C. gjijae and C. flaviventralis); short and wider
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than long head [HL 16.6% of SVL, HW 110.6% of HL]
(vs. elongated in C. flaviventralis [HL22% of SVL, HW
81.8% of HL]); small eyes [ED 11.4% of HL] (vs. larger
eyes in C. flaviventralis [ED 18.9% of HL] and C. gjijae
[ED 21.6% of HL]); short snout [ES 68.7% of HL] (vs.
long snout in C. ajijae [ES 82.4% of HL]); short and broad
trunk [TW 61.5% of TRL](vs. slender in C. gjijae [TW
50.8% of TRL)). C. rajgadensis sp. nov. can also be differ-
entiated by the weakly keeled ventral scales as opposed to
the smooth scales in C. ajijae and C. flaviventralis.
Description of the holotype. Adult male generally
in good state of preservation, albeit slightly dehydrated
(Fig. 1A, B). SVL 25.7 mm, head short (HL/SVL 0.16),
wide (HW/HL 1.1), not depressed (HD/HL 0.67), dis-
tinctly larger from neck. Loreal region slightly inflated,
canthus rostralis not prominent. Snout slightly longer
than half of head length (ES/HL 0.67); scales on snout
and canthus rostralis small, round, weakly keeled, jux-
taposed, slightly larger than those on forehead and inter-
orbital region; occipital and temporal region with much
smaller, weakly keeled, granular scales (Fig. 2A). Eye
small (ED/HL 0.17), with round pupil; supraciliaries
not elongate. Tympanum deep, ear-opening very small
(EOD/HL 0.04); eye to ear distance much longer then
diameter of eye (ET/EOD 11.5). Rostral much wider
(1.1 mm) than high (0.4 mm), incompletely divided dor-
sally by a strongly developed rostral groove; single en-
larged supranasal on each side, twice in the size of post-
nasals, separated from each other by triangular enlarged
single internasal scales; rostral in contact with supralabi-
al I, nasal, supranasal and internasal; nostrils small, oval,
bordered by postnasals, supranasal and rostral; two rows
of small scales separate the orbit from the supralabials
(Fig. 2C). Mental enlarged, subtriangular, not pointed
posteriorly, wider (1.5 mm) than long (0.9 mm); two
pairs of postmentals, inner pair slightly large, separated
by single large scale, postmentals bordered posteriorly
by eight smaller, rounded scales; gular scales granular,
slightly raised; throat scales keeled to weakly keeled,
flat(Fig. 2B). Supralabials up to angle of jaw seven on
the right and left side; supralabial I largest, slightly de-
creasing in size posteriorly; infralabials up to angle of
jaw seven on the right and left side; infralabial I and II
equal in size. Canthal region with 13 scales on both sides;
supraciliaries separated by 27 scales at midorbit. Body
relatively short, trunk less than half of SVL (TRL/SVL
0.38) without ventrolateral folds. Dorsal scales small,
granular, weakly keeled, intermixed with randomly ar-
ranged, weakly keeled, slightly larger tubercles which
increase in size towards the lower flanks and are more
pronounced towards the posterior end (Fig. 1C); dorsal
paravertebral scales 80; number of mid-dorsal scales 62;
conical and spine-like tubercles absent on either side
of the flanks, (Fig. 1E). Granular scales on nape weak-
ly keeled, slightly smaller than those on paravertebral
rows, smaller still on occiput. Scales on ventral surface
of neck, chest, arm, pes and tail weakly keeled; mid-ven-
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Figure 2. Morphospace occupied by members of the flaviventralis clade including Cnemaspis rajgadensis sp. nov. as obtained from
the Principal Component Analysis (PCA) along with distribution of the species. A Plot of PC1 and PC2, B Plot of PC1 and PC3,
C — Map showing the type localities of C. rajgadensis sp. nov., C. ajijae and C. flaviventralis from northern Western Ghats of India.

tral scales 123, mid-body scales 29 across the ventral
between the lowest rows of dorsal scales (Fig. 1D); three
femoral pores on each thigh (Fig. 2D),separated by 25
poreless scales; precloacal pores absent; forelimbs mod-
erately long, slender; dorsal scales of brachium weakly
keeled, slightly raised; scales of forearm weakly keeled,
imbricate, smaller than those on brachials; ventral scales
of brachium smooth, rounded, juxtaposed, smaller than
those on forearm; scales beneath forearm, weakly keeled,
flat, juxtaposed, slightly raised; palmar scales smooth,
juxtaposed, raised; claws slightly recurved; dorsal scales
of thigh and tibia weakly keeled, imbricate, slightly
raised; ventral scales of thigh and tibia flat, imbricate;
subtibial scales weakly keeled, imbricate; plantar scales
smooth, juxtaposed, raised; digits long with an inflected
joint; subdigital lamellae unnotched; lamellaec beneath
first phalanges slightly widened; slight interdigital web-
bing (Fig. 2E, F); subdigital lamellae on finger I: 9, fin-
ger II: 12, finger III: 15, finger IV: 15, finger V: 12; toe I:
8, toe II: 13, toe III: 18, toe I'V: 18 and toe V: 18. Relative
length of digits, fingers: IV (2.4 mm) > III (2.2 mm) >V
(2.1 mm) >1I (1.9 mm) > I (1.6 mm); toes: IV (4.3 mm)
> 1 (3.5 mm) >V (3.3 mm) > II (2.3 mm) > I (1.0 mm).
Tail entire and original, cylindrical, moderately slender,
flattened beneath, slightly longer than snout-vent length
(TL/SVL 1.0) (Fig. 3A, B). Dorsal scales at tail gran-
ular, weakly keeled, roughly same in size and shape to
those on mid-body dorsum, gradually becoming larger,
flattened, blunt, subimbricate posteriorly, intermixed
with slightly enlarged, strongly keeled tubercles forming
whorls; scales on ventral aspect of original tail imbricate,
weakly keeled, without a series of enlarged sub-caudal

scales, roughly same in size of those on dorsal tail; scales
on tail base slightly smaller, imbricate and smooth, a sin-
gle enlarged postcloacal spur on each side.

Colouration in life (Fig. 4A, B). Dorsal ground co-
lour of head, body, limbs, and tail light brown to grey-
ish-brown; head with dark-brown marking, supralabials
yellow, infralabials brown, supraciliaries brownish-yel-
low, brille dusty-orange, iris orange coloured, pupil black;
dark brown patch between orbit and nostril, dark-brown
markings on temporal and occiput; dark-brown triangular
mark surrounded by brown dorsally between the forelimb
insertion; dorsum with five brown and white diffused
vertebral blotches, from forelimb insertion to hind-limb
insertion along with yellow scattered dark small blotches
on lateral sides of the body; dorsum of forelimb and hind-
limb with alternating dark-brown bands with some yel-
lowish blotches; digits with alternating dark-brown and
yellow markings; dorsum of original portion of tail with
alternating dark-brown and whitish markings; postcloa-
cal spur yellow; ventral surface of body, limbs, and tail
off-white, surrounded with mottled brown. Females are
dull in overall colouration on dorsal body, ventral surface
of body, limbs, and tail white.

Colouration in preservative (Fig. 1A, B). Dorsum
of the body, limbs and tail with brown to greyish-brown
which turns into dark brown, white and yellow markings
in life turns into grey in preservation; ventral side of head,
body white, tail greyish-white.

Etymology. The species epithet is derived from the
Rajgad fort of Pune District, Maharashtra, India, from
where the type series was collected. Rajgad is a hill fort
and historical place, which was the capital of the Maratha
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Figure 3. Cnemaspis rajgadensis sp. nov. holotype, adult male, SVL 25.7 mm (BNHS 3100): dorsal (A), ventral (B) views of spec-
imen; dorsal (C), ventral (D), lateral (E) views of mid-body.
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Figure 4. Cnemaspis rajgadensis sp. nov., holotype, adult male, SVL 25.7 mm (BNHS 3100): dorsal (A), ventral (B), lateral (C)
views of head; view of femoral and precloacal region (D); ventral view of lamellae under right menus (E) and ventral view of
lamellae under right pes (F).
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Figure 5. Cnemaspis rajgadensis sp. nov. holotype, adult male, SVL 25.7 mm (BNHS 3100): dorsal (A) and ventral (B) views of tail.

Empire under the rule of Chhatrapati Shivaji Maharaj for
almost 26 years during the 17" century. Previously known
as Murumdev, Rajgad fort is located around 60 km to the
south-west of Pune and about 15 km west of Nasrapur
village in the range of northern Western Ghats.

Suggested common name. Rajgad Dwarf Gecko

Distribution. Currently, Cnemaspis rajgadensis sp.
nov., is known from only its type locality — Rajgad fort,
Pune District, Maharashtra.

Natural history. The new species was found on the
walls of old stone structure of Rajgad fort (Fig. 5). Rajgad
fort is a hill fort situated about 1324 m above the sea level
in the Pune district of Maharashtra, India. All the speci-
mens were found active during the evening around 18.30
hrs. at one meter above ground on the rock wall and old
man-made structures of the fort, they are uncommon as
we encountered only three individuals during our field
survey. Both the female specimens collected during our
survey were gravid and had two developing eggs each,
suggesting that September, when these specimens were
collected, falls within the reproductive period of the spe-
cies. The new species is rupicolous and has currently
been observed only on rock structures. Although we were
unable to find individuals in the surrounding shrub forest,
we presume that the species may also be found in rocky
outcrops in the surrounding region. The surrounding area
of the fort is covered with grass land slopes and shrub
Strobilanthes callosa with few large trees. The types were
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Table 4. Mensural data for the type series of Cnemaspis ra-
Jjgadensis sp. nov. *= gravid female, * = broken tail, — = pores
not present. Measurements are in mm.

Measurements Holotype Paratype Paratype
(BNHS 3100) (BNHS 3101) (BNHS 3102)

Sex male Female*” Female*
SVL 25.7 26.8 26.3
AG 10.0 12.1 11.5
™ 6.0 7.5 7.2
ED 0.5 0.5 0.5
EN 2.5 2.6 2.6
ES 29 3.0 3.1
ET 2.3 2.3 2.3
IN 1.0 1.1 1.1
EOD 0.2 0.2 0.2
HL 43 43 4.5
HwW 4.7 4.8 5.0
HD 29 33 3.6
10 2.0 23 32
UHL 3.0 34 34
FAL 4.2 39 3.5
PAL 4.0 4.0 39
PAL 4.0 4.0 39
FL1 1.6 1.6 1.4
FL2 1.9 2.0 2.0
FL3 2.2 23 23
FL4 24 3.0 29
FLS 2.1 22 22
FEL 4.6 43 43
TBL 3.4 4.0 3.9
TOL1 1.0 1.1 1.3
TOL2 23 2.0 1.9
TOL3 3.5 4.1 3.6
TOL4 43 4.6 3.9
TOLS 33 2.7 22
TL 27.6 28.9 29.8
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Figure 6. Cnemaspis rajgadensis sp. nov. holotype, adult male, SVL 25.7 mm (BNHS 3100) in vivo habitus (A) and female in vivo
habitus (specimen not collected) (B) from type locality.
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Pl

Table 5. Morphometric and meristic data of the type series of
Cnemaspis rajgadensis sp. nov. *= gravid female, * = broken
tail, — = pores not present.

Character Holotype Paratype Paratype

(BNHS 3100) (BNHS 3101) (BNHS 3102)

Sex male Female*” Female*

SupL R/L 77 77 /7

InfLR/L 77 6/6 77

SuS 15 16 14

InO 27 29 28

BeT 18 17 17

PoN 2 2 2

PoM 2 2 2

PoP 8 9

SuN 3 3 3

CaS 13 13 12

PvS 80 92 86

MbS 62 67 65

MvS 123 127 141

BIS 29 28 29

FPores 3/3 - -

PS 25 - -

MLam R 9/12/15/15/12 10/12/15/15/14 9/12/15/15/13

PLam R 8/13/18/18/18 9/13/18/18/18 9/13/16/18/18

found sympatrically with Cyrtodactylus deccanensis
(Giinther), Hemidactylus maculatus Dumeril & Bibron
and Hemidactylus cf. murrayi Gleadow.

Discussion

The topology of our phylogenetic tree based on the 16S

rRNA gene was more similar to that of Cyriac et al. (2020)
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Figure 7. Habitat of Cnemaspis rajgadensis sp. nov. from the type locality at Rajgad fort, Pune, Maharashtra, India.

than that of Sayyed et al. (2018). We found some discor-
dance in the tree topology between the ML and Bayesian
analyses, particularly in the position of the Cnemaspis
amboliensis. The phylogenetic position of C. ambolien-
sis was sister to the goaensis + gracilis clade with strong
support in the Bayesian analysis. However, relationships
between C. amboliensis + goaensis + gracilis were unre-
solved with low support values in the ML analysis. Both
ML and Bayesian analyses found C. rajgadensis sp. nov.
to be sister to C. gjijae, which together formed a sister
relationship with C. flaviventralis. This clade, was deeply
divergent from members of the girii clade and had higher
number of ventral scales across mid-body (28-30) com-
pared to members of the girii clade (22-28). Thus, we
ascribe the C. flaviventralis, C. ajijae and C. rajgaden-
sis sp. nov. to the flaviventralis clade. Interestingly the
two new sequences generated in this study (ASPCII,
ASPC12) from Amba village were found to be nested
within the cluster of C. mahabali (BNHS 2451, BNHS
2451) collected from Bhira with moderate to strong sup-
port (Fig. 1). Sayyed et al. (2018) reported C. mahabali to
be a widespread species inhabiting costal hill forests and
hilly regions from Tane in the north to Ratnagiri district
in the south. The current specimens from Amba, in Kol-
hapur district, are morphologically similar to C. mahabali
and shows little to no genetic divergence between speci-
mens of C. mahabali (uncorrected p distance = 0-0.4%).
Based on these, we confirm the presence of C. mahabali
in Amba village of Kolhapur district extending the known
range of the species.
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The new species, Cnemaspis rajgadensis sp. nov.,
would be the twelfth species of the genus Cnemaspis de-
scribed from the northern Western Ghats, India, thus un-
derlining the endemic diversity of this region. This study
also marks the importance of forts in Maharashtra as po-
tential habitats for micro fauna. Although these forts are
man-made intrusions into natural habitats, these sites be-
ing of archaeological importance, are currently protected
by law from extensive infrastructure and developmental
activities. Most of these forts being situated in the rugged
terrains of the northern Western Ghats remain inaccessible
to extensive human activities and potentially have con-
servation implications in protecting local flora and fauna.
The current study, as well as the recently described C. ran-
ganaensis from Rangana fort, near Kolhapur, Maharashtra
indicate rich bio-diversity of endemic reptile fauna occu-
pying these forts. These forts have always been protected
for their archaeological importance, however have never
been considered for conservation due to lack of data. Ded-
icated biodiversity surveys of these forts in Maharashtra
is much needed to highlight the importance of these struc-
tures and also draft appropriate conservation plans.
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