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Abstract

We use mitochondrial sequence data to identify divergent lineages within the gekkonid genus Cyrrodactylus in northeast
India and use morphological data to describe six new species from within the Indo-Burma clade of Cyrrodactylus. The
new species share an irregular colour pattern but differ from described species from the region in morphology and mito-
chondrial sequence data (>11 % uncorrected pairwise sequence divergence). Three new species are from along the Brah-
maputra River and three are from mountains south of the Brahmaputra, including the largest Cyrtodactylus from India and
the fifth gecko to be described from a major Indian city, Guwahati.
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Introduction

Among the most spectacular landscapes on Earth, the Himalayas were formed by the collision of the northward
drifting Indian Plate and Eurasia, which began ~ 50 million years ago (Ali & Aitchinson 2008; Bouilhol et al.
2013). The Himalayan region includes the tallest mountains in the world and is a topographically and climatically
heterogeneous landscape, overlapping with the Himalaya Hotspot and part of the Indo-Burma Hotspot
(Mittermeier et al. 2004). Indicative of how little is known of the biodiversity of the region, several
morphologically distinct vertebrates have been described in the last two decades from the Himalayas and Indo-
Burma (Slowinski & Wiister 2000; Bauer 2002, 2003; Sinha et al. 2005; Athreya 2006; Mahony 2009a; Das et al.
2010; Sondhi and Ohler 2011; Kamei et al. 2013; Datta-Roy et al. 2013; Mahony et al. 2013; Grismer et al. 2018
a,b,c; Agarwal et al. 2018a, b; Britz et al. 2018).

The most diverse reptile genus in the circum-Himalayan region is Cyrtodactylus Gray, with 50 species
distributed across Bangladesh, southern China (Tibet), Myanmar, Nepal, Pakistan and the western Himalayas and
northeast of India (Schleich & Kastle 2002; Li 2007; Mahony et al. 2009; Shi & Zhao 2010; Bauer et al. 2013;
Agarwal et al. 2018a, b; Grismer et al. 2018a, c; Uetz et al. 2018). Over two-thirds of these species have been
described since 2000 — and Myanmar is notable for the dramatic increase in Cyrfodactylus species diversity. Just
six species were known in 2001, before the description of nine species in 2002—-2003 (Bauer 2002, 2003) and 18
species from 2009-2018 (Mahony 2009b; Connette et al. 2017; Grismer et al. 2018, 2018b) — for a total of 33
currently recognized species in mainland Myanmar (Mahony 2009b; Grismer et al. 2018a, b). The increase in
species diversity has largely been driven by surveys by the California Academy of Sciences and La Sierra
University, USA. Myanmar is also the only region in which the Indo-Burma and Southeast Asian clades co-occur
(Grismer et al. 2018a, ¢).
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West of Myanmar are northeast India and Bangladesh, where the Himalaya and Indo-Burma Biodiversity
Hotspots abut. In sharp contrast to Myanmar, only five species of Cyrtodactylus are currently recognized from
northeast India and Bangladesh, all from within the Indo-Burma clade (Agarwal et al. 2018a, b). Genetic data from
across the region, on the other hand, have revealed several undescribed lineages (Agarwal et al. 2014; Agarwal et
al. 2018a, b), with the historical lumping of many lineages with superficially similar colour patterns from across
the region into the catchall species Cyrrodactylus khasiensis (Jerdon) (e.g. Smith 1935; Pawar and Birand 2001;
Das et al. 2007; Agarwal et al. 2010; Purkayastha er al. 2011), obfuscating the true range of morphological
variation within C. khasiensis. The recent descriptions of two new Cyrtodactylus species from northeast India, the
circumscription of described species to specific ranges of characters and distributional data, and a backbone
phylogeny (Wood et al. 2012; Agarwal et al. 2014), allows the formal description of unnamed populations. In this
paper, we use morphological data to describe six genetically divergent lineages of Cyrrodactylus as new species,
from within the mountain and lowland clades in northeast India as identified by Agarwal et al. (2014).

Material and methods

Molecular data. Our alignment included the ND2 gene (1038 nucleotides) for members of the mountain and
lowland clades (or clades M, N; Agarwal et al. 2014) from within the Indo-Burma clade of Cyrtodactylus, which
include the six new species. The most closely related species outside this group, Cyrtodactylus “sp. CHNG”
(Agarwal et al. 2014), from eastern Arunachal Pradesh was used as the outgroup (Table 1). Uncorrected % pairwise
sequence divergence (p-distance) between members of clades M and N was calculated in MEGA 5.2.2 (Tamura et
al. 2011). As our dataset had just a single individual per population, we did not conduct species delimitation
analyses and used the 8% uncorrected p-distance cutoff for ND2 that Agarwal et al. (2014) applied to identify
putative new species. A maximum-likelihood phylogeny was constructed with codon partitioned ND2 data and the
GTR + G model of sequence evolution using the raxmIGUI 1.3 (Silvestro and Michalak 2012) that implements
RAxXML HPC 7.4.2 (Stamatakis 2006), with 10 independent ML runs and support assessed with 1000 rapid
bootstraps.

Morphology. We examined specimens using a stereo microscope and took measurements and scale counts on
the right side of the body where possible (Appendix 1 has a list of material examined). We recorded the following
measurements to the nearest 0.1 mm with calipers (as defined by Bauer 2003): BW, body width; CL, crus length;
EE, orbit to ear distance; EL, ear length; FL, forearm length; HH, head height; HL, head length; HW, head width;
IN, internarial distance; 10, interorbital distance; NE, nostril to eye distance; ED, eye diameter; SE, snout to eye
distance; SVL, snout to vent length; TL, tail length; TRL, trunk length; TW, tail width; and (maximum) width of
postmentals. We also counted the number of longitudinal rows of tubercles around the body at mid-body (dorsal
tubercle rows, DTR), ventral scale rows (MVSR; counted at midbody, between ventrolateral folds or when fold
was absent, as demarcated by lowest row of tubercles/ transition of granular juxtaposed dorsal scales to ventral
subimbricate scales), paravertebral tubercles (PVT, from posterior edge of forelimb insertion to anterior edge of
hindlimb insertion), and noted the presence or absence of a ventrolateral fold. Digits are numbered from inner (I) to
outer (V); SL and IL counted from the labial in contact with the rostral and mental scale on each side, respectively,
to the angle of the jaw; numbers in parentheses following SL indicate count at mid-orbit. We counted precloacal
pores (PcP, pores only in preclocacal series), precloacofemoral pores (PcFP, when a continuous or near continuous
series extends onto femurs) and femoral pores on each thigh (FP, separated from PcP by at least three poreless
scales). Transversely expanded subdigital lamellae were counted in a basal series (from the base of the digit to and
including the large scale at inflection) and a distal series (from the large scale at inflection and up to but not
including the claw sheath). Smaller scales at the base of the digit and near the inflection were excluded from these
counts. Colour descriptions were made from digital photographs of specimens in life or based on preserved
material if life fphotographs were unavailable.

Comparisons were made with material in the collections of the Bombay Natural History Society, Mumbai,
India (BNHS); California Academy of Sciences, San Francisco, USA (CAS); Centre for Ecological Sciences,
Bangalore, India (CES); Natural History Museum, London, UK (NHMUK; formerly British Museum of Natural
History, BMNH); and Zoological Survey of India, Kolkata, India (ZSI). We used published measurements and
characters for a few species that we could not examine (Darevsky et al. 1997; Li 2007). We limit comparisons to
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congeners that are geographically proximate (distributed in northeast India, eastern Nepal and Myanmar, west of
the Salween River), including those that are demonstrated to be phylogenetically closely related members of the
clades to which the new species belong (Figs. 1 & 2).

Results

We recovered the same topology as Agarwal et al. 2014, with moderate support for the south of Brahmaputra clade
(Fig. 2). A basal split within the south of Brahmaputra clade separates a mountain (clade M in Agarwal et al. 2014)
and lowland clade (clade N), which contain a total of seven, unnamed divergent lineages. The lowland clade
includes taxa from lowlands south of the Brahmaputra—the species C. ayeyarwadyensis Bauer, C. khasiensis, and
C. tripuraensis Agarwal, Mahony, Giri, Chaitanya and Bauer; and the new species C. guwahatiensis sp. nov., C.
kazirangaensis sp. nov., and C. septentrionalis sp. nov. The mountain clade has three species from Myanmar, C.
brevidactylus Bauer, C. chrysopylos Bauer, and C. gansi Bauer; and the new species C. jaintiaensis sp. nov., C.
montanus sp. nov., C. nagalandensis sp. nov. and the unnamed C. sp. Mizoram from mountains in northeast India.
ND2 p-distance results are provided in Table 2 and are discussed below in comparisons sections. We describe six of
these genetically divergent lineages from across the lowland and mountain clades as new species below.

Taxonomy

Cyrtodactylus guwahatiensis sp. nov.
Figs. 3-5.

Holotype. Adult male (BNHS 2146, field number CES09/1127), collected from Hengrabari Road, Guwahati City,
Kamrup Metropolitan district, Assam state, India (26.16193°N, 91.78298°E, elevation < 100 m asl.) by Ishan
Agarwal, 11 June 2009.

Diagnosis. Cyrtodactylus guwahatiensis sp. nov. can be distinguished from all congeners by: its moderate
body size (SVL up to at least 67.8 mm); 10 supralabials; nine infralabials; 23 or 24 longitudinal rows of bluntly
conical, feebly keeled dorsal tubercles; tubercles extending till third segment of tail; 35 paravertebral tubercles;
~34 ventral scales between ventrolateral folds; no precloacal groove; 26 precloacofemoral pores in a discontinuous
series interspersed by 11 unpored scales; a row of enlarged scales above and below precloacal pore-bearing scales,
slightly larger than pore-bearing scales; 16 total subdigital lamellae beneath toe IV of pes; subcaudal scalation of
original tail without enlarged plates; dorsal pattern of 8—10 transverse rows of two or three pale buff blotches
outlined by thick dark reticulations. Tail with alternating dark and lighter bands.

Etymology. The specific epithet is a toponym for the type locality of the species, Guwahati, the largest city in
Assam and northeast India.

Description of holotype. Holotype in generally good preservation condition except folds on abdomen, head
bent towards right, tail tip removed as tissue voucher, constriction just anterior to hind limb insertion due to
overzealous tag tying. Adult male, SVL 67.8 mm. Head long (HL/SVL 0.26; HW/HL 0.67), dorsoventrally
depressed (HD/HW 0.58), distinct from neck; loreal region somewhat inflated, interorbital area flat, canthus
rostralis not prominent; snout short (SE/HL 0.43), twice as long as orbit diameter (ED/SE 0.51); scales on
forehead, canthus rostralis and snout homogeneous, those on forehead smaller, roughly hexagonal, juxtaposed,
weakly pointed; scales on interorbital and occipital region heterogeneous, granular, intermixed with larger,
rounded, conical tubercles which are two to three times larger than adjacent granules, enlarged tubercles sparse on
interorbital region and dense on occiput, single row of enlarged pointed tubercles on the eyelids, one or two scale
rows from supraciliaries on each side. Eye small (ED/HL 0.22); pupil vertical with crenulated margins;
supraciliaries small, mucronate, decreasing in size towards posterior and anterior end of orbit, largest about one-
third the way from anterior edge of orbit; ear opening oval, obliquely oriented; eye to ear distance approximately
half eye diameter (ED/SE 0.51). Rostral wider (2.7 mm) than deep (1.7 mm), partially divided dorsally by weakly
developed rostral groove; single much enlarged supranasal on either side, separated by single small internasal,
approximately same size as enlarged scales on snout; rostral in contact with supralabials I, nostrils, supranasals and
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an internasal; nostrils semicircular, laterally oriented, posterior half covered by nasal pad, each in broad contact
with rostral and surrounded by supranasal, supralabial I, and 3—4 postnasals; three or four rows of scales separate
orbit from supralabials; mental wider (2.3 mm) than long (2.0 mm), triangular, two well-developed postmentals on
either side, inner pair in broad contact (1.2 mm) behind mental, twice the size (2.1 mm) of and separating outer pair
(1.0 mm); inner postmentals bordered by mental, infralabial I, outer postmental and eight gular scales; outer
postmental bordered by inner postmental, infralabials 1 and I, and five gular scales of dissimilar sizes on either
side; eight supralabials to midorbital position and 10 supralabials to angle of jaw on each side, bordered by a row of
large, flat, keeled, elongate scales; nine infralabials on each side, infralabials II to VI bordered by one or two rows
of enlarged scales, increasing in size anteriorly.

Body slender, short (TRL/SVL 0.47) with ventrolateral folds; dorsal scales heterogeneous, mostly rounded
granules, intermixed with irregularly arranged, enlarged tubercles, bluntly conical and keeled throughout,
becoming more conical and slightly smaller towards flanks, ventrolateral folds with single row of scattered
enlarged, smooth tubercles; tubercles extend from occipital region posteriorly onto tail base; tubercles on nape
smaller than those of dorsum; enlarged tubercles on tail flat, weakly pointed and feebly keeled; 23 or 24 dorsal
tubercles across mid-dorsum; 35 paravertebral tubercles; ventral scales much larger than dorsals, smooth, cycloid,
imbricate to subimbricate; slightly smaller in size under thighs, two rows of enlarged scales between precloacal
pores and vent; ~34 ventral scales between ventrolateral tubercle rows; gular region with small granular scales
throughout except a few anterior scales bordering the postmentals that are larger, juxtaposed. Eleven distinct pore-
bearing precloacal scales in a continuous series, separated on each side by one unpored scale from a discontinuous
series of smaller pore-bearing femoral scales; six femoral pores on the right and nine on the left with five and four
unpored scales in each series, respectively; no precloacal groove; hemipenal bulge distinct.

Fore and hind limbs slender, short (FL/SVL 0.14, CL/SVL 0.16); digits short, strongly inflected at each joint,
all bearing robust recurved claws; five subdigital lamellae in basal series and nine in distal series with two non-
lamellar granules at inflection (digit IV, right manus); seven basal and nine distal lamellae with three non-lamellar
granules at inflection (digit I'V, right pes), inter-digital webbing absent on manus, rudimentary between toes I to 1V;
relative length of digits: [ <II <V <IIIl <1V (right manus) and [ <II <III <V <1V (right pes); scales on palms and
soles smooth, flat, subimbricate; scales on fore limbs heterogeneous, composed of flat, weakly pointed, feebly
keeled, subimbricate scales on upper arms, those on forearms heterogeneous, granular close to elbows with slightly
enlarged tubercles, becoming flat, smooth and subimbricate anteriorly, ventral portion covered with small granular
scales; scales on hind limbs heterogeneous, dorsal part of thighs and shanks with larger, conical granular scales,
intermixed with scattered, enlarged, conical, feebly keeled tubercles; anterior portion of thighs and ventral aspect
of hind limbs with much enlarged, smooth, imbricate scales.

Tail original, incomplete, rounded, slender, tapering; divided into indistinct caudal segments; two to three rows
of enlarged, flat, weakly pointed, smooth, tubercles positioned transversely on first three segments of tail,
remaining dorsal caudal scales smooth, rounded, subimbricate, similar in size dorsally but becoming larger on
lateral aspect; subcaudal scales larger, smooth, imbricate and heterogeneous in size, no enlarged plates. Three
enlarged, smooth, conical post cloacal spurs on each side of tail base.

Colouration in life (Fig. 3) Dorsal ground colour of body, limbs and tail dark-brown, head brown; top of head
with indistinct light yellow blotches forming larger indistinct paired markings on occiput; labials lighter than
dorsum of head; two light yellow narrow postorbital streaks not extending as far as ear opening; neck with pair of
light tan spots, 8—10 transverse rows of two or three indistinct pale buff coloured blotches outlined by thick dark
reticulations extending from above fore limb insertions to tail base, mid-dorsal line confluent with central light
spots; limbs with indistinct crossbars and a few lighter blotches; eight dark and seven light caudal bands, dark
bands approximately twice as wide as light bands; iris grey-silver with dark reticulations, pupil bordered by brown.

Colouration in preservative (Figs. 4 & 5). Dorsal ground colour of body, limbs and tail light-brown, head
brown; top of head with indistinct light blotches forming larger indistinct paired markings on occiput; labials
similar in shade to dorsum of head; two light narrow postorbital streaks not extending as far as ear opening; neck
with pair of light tan spots, 8—10 transverse rows of two or three indistinct pale buff coloured blotches outlined by
thick dark reticulations extending from above fore limb insertions to tail base, mid-dorsal line confluent with
central light spots; limbs with indistinct crossbars and a few lighter blotches; eight dark and seven light caudal
bands, dark bands approximately twice as wide as light bands.
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FIGURE 1. Elevation map of Indo-Burma showing the type localities of the new species and Cyrtodactylus species included in
comparisons. Members of the mountain clade marked by triangles, the lowland clade by squares, and other species by circles.
1, Cyrtodactylus markuscombaii and C. martinstolli; 2, C. himalayicus; 3, C. bhupathyi; 4, C. gubernatoris; 5, C.
septentrionalis sp. nov.; 6, C. guwahatiensis sp. nov.; 7, C. kazirangaensis sp. nov.; 8, C. nagalandensis sp. nov.; 9, C.
jaintiaensis sp. nov.; 10, C. khasiensis; 11, C. tripuraensis; 12, C. montanus sp. nov.; 13, C. sp. Mizoram; 14, C. wakeorum; 15,
C. ayeyarwadyensis; 16, C. gansi; 17, C. slowinskii; 18, C. annandalei; 19, C. brevidactylus; 20, C. chrysopylos; 21, C.
mandalayensis; 22, C. russelli; 23, C. tamaiensis; 24, C. cayuensis. Major rivers are labelled.
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Cyrtodactylus guwahatiensis sp. nov. BNHS 2146 (6)

Cyrtodactylus septentrionalis sp. nov. BNHS 1990 (5)

—9
Cyrtodactylus tripuraensis (11)
N L Cyrtodactylus ayeyarwadyensis (15)
Cyrtodactylus khasiensis (10
Lowland y i’ (19)
clade Cyrtodactylus kazirangaensis sp. nov. BNHS 2147 (7)
Cyrtodactylus montanus sp. nov. BNHS 2231 (12)
' Cyrtodactylus sp. Mizoram (13)
Cyrtodactylus jaintiaensis sp. nov. BNHS 2248 (9)
Cyrtodactylus nagalandensis sp. nov. BNHS 2253 (8)
A Cyrtodactylus chrysopylos (20)
Mountain Cyrtodactylus brevidactylus (19)
clade )
Cyrtodactylus gansi (16)
0.05

FIGURE 2. Maximum likelihood phylogeny showing relationships between the mountain and lowland clades (Agarwal et al.
2014). Numbers in parentheses reference localities in Figure 1 and Table 1, solid circles at nodes indicate bootstrap support
>75%, outgroups not shown.

L 7% - say ¢

FIGURE 3. Cyrtodactylus guwahatiensis sp. nov. in life (adult male holotype, BNHS 2146).
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FIGURE 4. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult male holotype (BNHS 2146) of
Cyrtodactylus guwahatiensis sp. nov. Scale bars 10 mm.

Distribution and Natural History. This species is only known from a degraded moist deciduous forest on a
small hill, completely surrounded by the urban sprawl of Guwahati, Assam. The holotype and only known
specimen was collected near a seepage on a muddy wall along a hill road about 1.5 hours after sunset.

Comparisons. Cyrtodactylus guwahatiensis sp. nov. is a member of the lowland clade and is sister to C.
septentrionalis sp. nov., the clade also including C. ayeyarwadyensis, C. tripuraensis, C. khasiensis and C.
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kazirangaensis sp. nov. The p-distance analysis demonstrated that the ND2 gene of the new species is 11.3%
divergent from that of C. septentrionalis sp. nov. and 13.0-19.7% divergent from others in the clade (Table 2).
Cyrtodactylus guwahatiensis sp. nov. can be diagnosed by the total number of precloacofemoral pores (26 PcFP)
on males from C. khasiensis (1012 PcP) and C. tripuraensis (29—37 PcFP); further differs from C. tripuraensis by
having slightly more DTR (23 or 24) and fewer MVSR (34) vs. (19—21 DTR, 35-43 MVSR). The new species
differs in colouration from C. ayeyarwadyensis (no white punctuations or narrow band following dark dorsal
markings) Cyrtodactylus guwahatiensis sp. mov. is diagnosed from C. kazirangaensis sp. mov. and C.
septentrionalis sp. nov. after the descriptions of the latter two species. Major diagnostic characters for the new
species and other regional congeners are summarized in Table 3.

A

FIGURE 5. Head of Cyrtodactylus guwahatiensis sp. nov. (adult male holotype, BNHS 2146), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.

Cyrtodactylus kazirangaensis sp. nov.
Figs. 6-9.

Holotype. Adult male (BNHS 2148, field number CES09/1137) collected from near Hatikhuli Tea Estate, Golaghat
district, Assam state, India (26.57810°N, 93.40701°E, 100 m asl.) by Ishan Agarwal on 11 November 2009.

Paratypes. Adult males (BNHS 2147, BNHS 2149) bear the same collection data as the holotype.

Etymology. The specific epithet is a toponym for Kaziranga National Park, which is adjacent to the type
locality. Kaziranga, a World Heritage Site, is best known for having most of the world’s surviving Indian one-
horned rhinoceros, though it has high biodiversity across taxonomic groups.

Diagnosis. Cyrtodactylus kazirangaensis sp. nov. can be distinguished from all congeners by its moderate
body size (SVL to at least 80.0 mm); 11 or 12 supralabials; 9-11 infralabials; 22 or 23 longitudinal rows of
rounded, feebly keeled dorsal tubercles; tubercles not extending beyond first segment of tail; 3638 paravertebral
tubercles; 3743 ventral scales between ventrolateral folds; no precloacal groove; 10 or 11 precloacal pores and no
femoral pores in males; 14—19 total subdigital lamellae beneath toe IV of pes; subcaudal scalation of original tail
without enlarged plates; dorsal pattern composed of six or seven irregular light and dark crossbars; tail with
alternating dark and light bands.

510 - Zootaxa 4524 (5) © 2018 Magnolia Press AGARWAL ET AL,



FIGURE 6. Cyrtodactylus kazirangaensis sp. nov. in life (adult male paratype BNHS 2149).

Description of holotype. Holotype in good preservation condition: tail curved toward left and tail tip removed
as tissue voucher, fourth digit of right pes broken at inflection, constriction just anterior to hind limb insertion due
to overzealous tag tying. Adult male, SVL 79.0 mm. Head long (HL/SVL 0.27; HW/HL 0.69), somewhat
depressed (HD/HW 0.55), distinct from neck; loreal region somewhat inflated, interorbital region flat, canthus
rostralis not prominent; snout short (SE/HL 0.45), twice as long as orbital diameter (ED/SE 0.49); scales on snout
and canthus rostralis granular, juxtaposed, homogenous in shape, with scales on snout being slightly larger; scales
on interorbital region, dorsal surface of eyelids, forehead and occipital region slightly smaller, granular, juxtaposed,
with those on forehead and interorbital region interspersed with slightly larger tubercles that are rounded, smooth
and two to three times the size of adjacent granules; enlarged tubercles sparse on forehead and dense on occipital
region. Eye small (ED/HL 0.22); pupil vertical with crenulated margins; supraciliaries large, decreasing in size
towards posterior and anterior ends of orbit, largest about one-third the way from anterior edge of orbit; dorsal
surface of eyelids covered with granular scales, row of tubercles bordering supraciliaries absent. Ear opening oval,
obliquely oriented, large; eye to ear distance slightly more than eye diameter (ED/EE 0.73). Rostral much wider
(3.2 mm) than deep (1.4 mm), partially divided dorsally by weakly developed rostral groove; single much enlarged
supranasal on either side, separated by one slightly smaller, circular internasal, which is twice the size of enlarged
scales on snout; rostral in contact with supralabial I, nostrils, supranasals and internasals; nostrils oval, laterally
oriented, posterior half covered by a nasal pad, each in broad contact with rostral and surrounded by supranasal,
supralabial I, and four smaller, granular postnasal scales; seven rows of granular scales between midorbital position
and supralabials; mental wider (2.8 mm) than deep (2.0 mm), triangular, two well-developed postmentals on either
side, inner pair in broad contact (1.5 mm) behind mental, larger (2.2 mm) than and separating outer pair (1.3 mm);
each inner postmental bordered by mental, infralabial I, outer postmental and two enlarged gular scales; outer
postmentals bordered by inner postmentals, infralabials I and II, a large, roughly hexagonal scale posteriorly and
four gular scales; eight supralabials to midorbital position and 12 to angle of jaw on each side, bordered by a row of
flat, somewhat elongated scales, slightly larger than their adjacent granules; 10 infralabials on each side.
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FIGURE 7. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult male holotype (BNHS 2148) of
Cyrtodactylus kazirangaensis sp. nov. Scale bars 10 mm.

Body slender (BW/TRL 0.42), short (TRL/SVL 0.44); dorsal scales heterogeneous, mostly rounded granules,
intermixed with irregularly arranged enlarged tubercles that are rounded and feebly keeled, flatter and more
strongly keeled towards vertebral region; tubercles extend from forehead posteriorly onto base of tail; tubercles on
nape smaller than those of dorsum; 22 dorsal tubercles across mid dorsum; 36-38 paravertebral tubercles;
ventrolateral folds covered by scattered enlarged, smooth scales; ventral scales much larger than dorsals, smooth,
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rounded, juxtaposed; smaller under thighs; two rows of enlarged subimbricate scales along posterior border of
precloacal pores; 39 or 40 ventral scales between ventrolateral folds; gular region with much smaller granular
scales throughout, except two rows of larger, flat, juxtaposed scales originating from the posterior margin of the
outer postmentals and bordering infralabials. Eleven precloacal pores in a continuous series; femoral pores absent;
no precloacal groove; hemipenal bulge distinct.

Fore and hind limbs slender; forearm (FL/SVL 0.15) and tibia (CL/SVL 0.17) short; digits short, strongly
inflected at each joint, all bearing robust recurved claws; five subdigital lamellae in basal series and 10 in distal
series with four non-lamellar granules at inflection (digit IV, right manus); eight basal and 11 distal lamellae with
four non-lamellar granules at inflection (digit IV, right pes); inter-digital webbing absent on manus, rudimentary
between toes | to 1V; relative length of digits: [ <II <V <III <1V (left manus) and [ <II <V <III <1V (left pes);
scales on palms and soles smooth, flat, juxtaposed; scales on fore limbs heterogeneous, composed of rounded,
granular, juxtaposed scales on upper arms, those on forearms heterogeneous, granular, becoming flat, smooth and
subimbricate anteriorly, sparsely interspersed with slightly enlarged rounded tubercles; ventral portion covered
mostly with flat, granular, juxtaposed scales; scales on hind limbs heterogeneous, dorsal part of thighs and shanks,
with small, slightly pointed granular scales, intermixed with scattered, enlarged, rounded tubercles; ventral aspect
of hind limbs with enlarged, smooth, subimbricate scales.

FIGURE 8. Head of Cyrtodactylus kazirangaensis sp. nov. (adult male holotype, BNHS 2148), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.

Tail original, tip missing, somewhat rounded, slender, tapering, divided into indistinct segments; six or seven
rows of enlarged, flat, weakly pointed, feebly keeled, tubercles on base and first segment of tail only, remaining
dorsal caudal scales smooth, rounded, subimbricate, similar in size dorsally but becoming larger on lateral aspect;
subcaudal scales larger, smooth, imbricate; with no distinct mid-ventral series of paired scales. Five enlarged,
smooth post cloacal spurs on each side.

Colouration in life (for paratype BNHS 2149, Fig. 6). Dorsal ground colour of body, limbs and tail brown;
top of head pale brown with scattered dark brown streaks; labials darker than dorsum of head; a preorbital streak
and two light yellow narrow postorbital streaks that do not extend as far as ear opening; occiput with light yellow-
buff blotches; neck with light tan blotches forming indistinct wavy cross-bar flanked by a pair of dark blotches,
light mid-dorsal marking extends from occiput to tail base, seven light and seven dark bands from fore limb
insertion to tail base; ventral surfaces immaculate; limbs with indistinct crossbars and a few lighter blotches;
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regenerated tail light brown with dark spots dorsally, light grey and tan ventrally; iris green-brown with darker
reticulations, pupil outlined in orange-red

Colouration in preservative (Figs. 7 & 8). Dorsal ground colour of body, limbs and tail brown; top of head
mottled brown; labials about as dark as dorsum of head; two indistinct light narrow postorbital streaks that do not
extend as far as ear opening, preorbital streak indistinct; occiput with light blotches; neck with light tan blotches
forming indistinct cross-shaped marking bar flanked by a pair of dark blotches, light mid-dorsal marking
discontinuous from occiput to tail base, seven light and seven dark bands from fore limb insertion to tail base;
ventral surfaces immaculate; limbs with indistinct crossbars and a few lighter blotches; regenerated tail light brown
with dark spots dorsally, light grey and tan ventrally.

Variation (Fig. 9). Dorsal colour pattern of six or seven irregular light and dark crossbars on types; BNHS
2147 darker in ground colouration, without clear mid-dorsal markings; crown-shaped light marking on nape;
regenerated portion of tail dirty brown; ventral surfaces dirty white, subcaudals dark with some lighter, and yellow
spots. Both paratypes have a continuous series of 10 precloacal pores (Table 4).

Distribution and Natural History. Cyrrodactylus kazirangaensis sp. nov.is known only from its type locality,
which lies at the northern edge of the Mikir Hills. The entrance to Kaziranga National Park is less than 5 km away,
and it is likely that this species also occurs in the park itself. The type series was collected together emerging from
drainage holes in a concrete wall on the edge of a patch of degraded deciduous forest/plantations, facing a small
stream, about an hour after sunset.

Comparisons. Cyrtodactylus kazirangaensis sp. nov. is a member of the lowland clade and differs from other
species by 14.7—19.7 % uncorrected genetic distance. Cyrtodactylus kazirangaensis sp. nov. can be diagnosed by
the presence of 10 or 11 precloacal pores and absence of femoral pores on males from C. ayeyarwadyensis (10-28
PcP-PcFP), Cyrtodactylus guwahatiensis sp. nov. (26 PcFPs in a discontinuous series), and C. tripuraensis (29-37
PcFP). Cyrtodactylus kazirangaensis sp. nov. can be further diagnosed by having more ventral scales (3743
MVSR) than C. ayeyarwadyensis (32-37 MVSR). Cyrtodactylus kazirangaensis sp. nov. is very similar
morphologically to C. khasiensis from which it differs in the ear to eye distance being proportionately less than
snout to eye distance (EE/SE 0.67-0.69 vs. 0.70-0.77), and ear to eye distance proportionately less than nostril to
eye distance (EE/NE 0.81-0.88 vs. 0.90-1.01). Cyrtodactylus kazirangaensis sp. nov. is diagnosed against C.
septentrionalis sp. nov. after its description. Major diagnostic characters for the new species and other regional
congeners are summarized in Table 3.

Remarks. Wood et al. (2012) included a specimen of C. “khasiensis” (MFA 50083) from “Kaziranga, Assam”
and the ND2 sequence (JX440543) was found to be 99% similar to the sequence (KM255170) of the paratype of
Cyrtodactylus kazirangaensis sp. nov. in a BLAST search (results not shown), and thus is referable to this species.
This sequence was also included in Brennan et al’s (2017) phylogenetic study as C. “khasiensis .

Cyrtodactylus septentrionalis sp. nov.
Figs. 9—11.

Holotype. Adult female (BNHS 1990), collected from near Abhayapuri town, Bongaigaon district, Assam state,
India (26.345417°N, 90.677875°E, 40 m asl.) by Varad Giri and Kedar Bhide on 13 November 2009.

Paratype. Adult male (BNHS 1989), bears the same collection details as holotype.

Etymology. The specific epithet is a nominative, masculine, singular, Latin adjective meaning “northern”, as
this species is the only known member of the lowland clade (Agarwal et al. 2014) that is found north of the
Brahmaputra River, the other five known species of the clade are found south of the Brahmaputra River.

Diagnosis. Cyrtodactylus septentrionalis sp. nov. can be distinguished from all congeners by its moderate
body size (SVL to at least 65.2 mm); nine or 10 supralabials; nine infralabials; 23 or 24 longitudinal rows of
bluntly conical, feebly keeled dorsal tubercles; tubercles extend onto first three tail segments; 38—42 paravertebral
tubercles; 3538 ventral scales between ventrolateral folds; no precloacal groove; 14 fine precloacal pores and no
femoral pores on males; 15-20 total subdigital lamellae beneath toe IV of pes; subcaudal scalation of original tail
without enlarged plates; dorsal colour pattern of 6-9 rows of paired dark blotches, tail with alternating dark and
lighter bands.

Description of holotype. Holotype generally in good preservation condition: trunk curved to left, folds of skin
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along either side of ventrolateral aspect, constriction just anterior to hind limb insertion due to overzealous tag
tying. Adult female, SVL 65.2 mm. Head long (HL/SVL 0.30), slightly wide (HW/HL 0.70), not depressed (HD/
HW 0.63), distinct from neck; loreal region somewhat inflated, interorbital region flat, canthus rostralis not
prominent; snout short (SE/HL 0.50), twice as long as orbital diameter (ED/SE 0.50); scales on snout and canthus
rostralis granular, juxtaposed, homogenous in shape with scales on dorsum of snout being slightly larger; scales on
interorbital region, forehead and occipital region slightly smaller, granular, juxtaposed; forehead sparsely and
occipital region densely interspersed with larger tubercles that are rounded, smooth, and two times the size of
adjacent granules. Eye small (ED/HL 0.20); pupil vertical with crenulated margins; supraciliaries flat, smooth,
roughly triangular, decreasing in size towards posterior and anterior ends of orbit, largest about one-third the way
from anterior edge of orbit; a single row of enlarged tubercles bordering supraciliaries present on dorsal surface of
upper eyelid. Ear opening oval, obliquely oriented, large. Eye to ear distance slightly larger than diameter of eye
(ED/EE 0.70). Rostral wider (2.7 mm) than deep (1.7 mm), divided dorsally by a weakly developed rostral groove;
single much enlarged rounded supranasal on either side, separated by two rows of three granular scales; rostral in
contact with supralabials I, nostrils, supranasals and three scales separating supranasals; nostrils oval, laterally
oriented, posterior half covered by a conspicuous nasal pad, each nostril in broad contact with rostral and
surrounded by internasal, supralabial I, and four smaller, granular postnasal scales; three rows of granular scales
separate orbit from supralabials; mental wider (2.3 mm) than deep (2.0 mm) triangular, two well-developed pairs of
postmentals on either side, inner pair in broad contact (1.2 mm) behind mental, twice the size (2.1 mm) of and
separating outer pair (1.0 mm); each inner postmental bordered by mental, infralabial I, outer postmental and three
gular scales, outermost of which is largest; outer postmentals bordered by inner postmentals, infralabials I and II, a
large, roughly hexagonal scale posteriorly and four gular scales; seven supralabials to midorbital position on each
side; supralabials to angle of jaw, nine on right side and 10 on left side, bordered by a row of flat, somewhat
elongated scales slightly larger than adjacent granular scales; nine infralabials on each side, infralabials 11-V
bordered by one or two rows of enlarged scales, anteriormost largest.

Body slender (BW/TRL 0.4), short (TRL/SVL 0.40); dorsal scales heterogeneous with mostly rounded
granules intermixed with irregularly arranged, enlarged tubercles that are rounded, slightly conical, feebly keeled; a
distinct ventrolateral fold on either side with enlarged, rounded, flat tubercles interspersed by one or two slightly
enlarged, flat, juxtaposed scales; tubercles extend from forehead posteriorly onto base of tail; tubercles on nape
smaller than those of dorsum; 23 or 24 dorsal tubercles across mid-dorsum; 38 paravertebral tubercles; ventral
scales much larger than dorsals, smooth, cycloid, juxtaposed; slightly smaller in size under thighs; a row of slightly
enlarged, flat, subimbricate scales along posterior border of precloacal scales; 36-38 ventral scales between
ventrolateral folds; gular region with small granular scales throughout, except for one or two rows originating from
posterior margin of outer postmentals, bordering infralabials, which are larger, flat, juxtaposed. A continuous series
of 14 indistinct depressions in precloacal scales, no pores, no precloacal groove.

Fore and hind limbs slender; forearm (FL/SVL 0.20) and tibia (CL/SVL 0.20) short; digits short, strongly
inflected at each joint, all bearing robust recurved claws that are slightly longer than claw sheath; six subdigital
lamellae in basal series and nine in distal series with three non-lamellar granules at inflection (digit IV, right
manus); five basal and 10 distal lamellae with four non-lamellar granules at inflection (digit IV, right pes); slight
inter-digital webbing between toes [-111, absent between fingers; relative length of digits: | <1l <V <III <1V
(right manus) and I <II <IIl <V <IV (right pes); scales on palms and soles smooth, flat, juxtaposed, with those on
sole being slightly larger; scales on fore limbs heterogeneous, composed of large, granular, juxtaposed scales
becoming flatter, smooth and subimbricate anteriorly, sparsely interspersed with slightly enlarged rounded, feebly
keeled tubercles; ventral portion covered mostly with granular, rounded, juxtaposed scales; scales on hind limbs
heterogeneous, with large, subimbricate, flat scales, scattered densely with rounded, enlarged, conical, strongly
keeled tubercles; ventral aspect of hind limbs with enlarged, smooth, subimbricate scales.

Tail original with regenerated tip, somewhat rounded, slender, tapering, not divided into segments; about ten
rows of enlarged, rounded, feebly keeled tubercles on tail base and 1-4 rows on the first three segments; remaining
dorsal caudal scales smooth, roughly rectangular, subimbricate throughout without a single row of tubercles along
the posterior edge of the first three segments; subcaudal scales larger, smooth, imbricate; no distinct mid-ventral
series; three enlarged smooth post cloacal spurs on each side.

Colouration in life. Not documented.

Colouration in preservative (Figs. 10 & 11). Dorsal ground colour of body, head, limbs and tail light brown;
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top of head scattered with few dark brown markings including longitudinal streak extending from occiput to nape;
labials pale cream with fine black stippling; dark postorbital streak flanked by lighter markings that extend to ear
openings, dark preorbital streak present extending to nostrils; neck with three longitudinal dark markings; dorsal
pattern of six or seven pairs of dark elongated blotches from fore limb insertion to tail base; ventral surfaces
immaculate; limbs with dark blotches; original portion of tail with eight dark and light markings that circle tail;
regenerated portion of tail light brown, with a few dark spots.

Variation (Fig. 9). BNHS 1989 is a male with 13 fine precloacal pores and nine pairs of dark dorsal markings;
six dark and light markings on incomplete but original tail; broadly agreeing in scalation with the holotype (Table
4).

Distribution and Natural History. Cyrtodactylus septentrionalis sp. nov. is only known from the vicinity of
Abhayapuri town, close to the base of Bamun Gaon Pahar (a small hill). Nine individuals of this species were
observed during a single night of search. They were found on open rocks along a small stream running through
degraded forest near a human settlement.

FIGURE 9. Paratypes of the new species described in this paper. From left to right, top panel: Cyrtodactylus kazirangaensis
sp. nov. (BNHS 2147, 2149), Cyrtodactylus jaintiaensis sp. nov. (BNHS 2246), Cyrtodactylus montanus sp. nov. (BNHS
2234), and Cyrtodactylus jaintiaensis sp. nov. (BNHS 2247); bottom panel: Cyrtodactylus nagalandensis sp. nov. (BNHS
2254), Cyrtodactylus septentrionalis sp. nov. (BNHS 1989), and Cyrtodactylus montanus sp. nov. (BNHS 2231-2233).

516 - Zootaxa 4524 (5) © 2018 Magnolia Press AGARWAL ET AL,



FIGURE 10. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult female holotype (BNHS 1990) of
Cyrtodactylus septentrionalis sp. nov. Scale bars 10 mm.

Comparisons. Cyrtodactylus septentrionalis sp. nov. is a member of the lowland clade and differs from other
members of the clade by 11.3-18.6 % uncorrected genetic distance. Cyrtodactylus septentrionalis sp. nov. can be
diagnosed by the presence of 14 precloacal pores and the absence of femoral pores on males from C.
ayeyarwadyensis (1028 PcP—PcFP), Cyrtodactylus guwahatiensis sp. nov. (26 PcFP in discontinuous series),
Cyrtodactylus kazirangaensis sp. nov. (10 or 11 PcP), C. khasiensis (10-12 PcP), and C. tripuraensis (29-37
PcFP). Cyrtodactylus septentrionalis sp. nov. further differs from C. khasiensis in having more dorsal tubercle
rows (23 or 24 vs. 19-23). Major diagnostic characters for the new species and regional congeners are summarized
in Table 3.
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FIGURE 11. Head of Cyrtodactylus septentrionalis sp. nov. (adult female holotype, BNHS 1990), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.

Cyrtodactylus jaintiaensis sp. nov.
Figs. 9 and 12-14.

Holotype. Adult female (BNHS 2248, field number CES09/1228), collected from the vicinity of Tyrshi Falls near
Jowai town, West Jaintia Hills district, Meghalaya state, India (25.46956°N, 92.18313°E, 1350 m asl.) by Tarun
Khichi, Aniruddha Datta-Roy and Ishan Agarwal on 15 November 2010.

Paratypes. Adult males (BNHS 2246 & BNHS 2247), bear the same collection data as holotype.

Etymology. The specific epithet is a toponym named after the type locality of the new species in the Jaintia
Hills, West Jaintia Hills district, Meghalaya.

Diagnosis. Cyrtodactylus jaintiaensis sp. nov. can be distinguished from all congeners by its large body size
(SVL to at least 96.2 mm); eight or nine supralabials; nine or 10 infralabials; 19 or 20 longitudinal rows of rounded,
conical, feebly keeled dorsal tubercles; tubercles extending to third tail segment; 30—34 paravertebral tubercles;
4042 ventral scales between ventrolateral folds; no precloacal groove; 11 or 12 precloacal pores on males and
females, no femoral pores; a row of enlarged scales posterior to precloacal pore-bearing scales, slightly larger than
pore-bearing scales; 15—18 total subdigital lamellae beneath toe IV of pes; subcaudal scalation of original tail
without enlarged subcaudals; dorsal pattern of indistinct light and dark blotches; tail with alternating dark and
lighter bands.

Description of holotype. Holotype in good preservation condition: tail tip removed for tissue voucher,
constriction just anterior to hind limb insertion due to overzealous tag tying. Adult female, SVL 96.2 mm. Head
long (HL/SVL 0.26), slightly wide (HW/HL 0.69), somewhat depressed (HD/HW 0.57), distinct from neck; loreal
region somewhat inflated, interorbital region flat, canthus rostralis not prominent; snout short (SE/HL 0.42), twice
as long as orbital diameter (ED/SE 0.54); scales on snout and canthus rostralis granular, juxtaposed, homogenous
in shape with scales on snout larger; scales on interorbital region, forehead and occipital region smaller, granular,
juxtaposed; forehead and occipital region interspersed with larger tubercles that are rounded, smooth and twice the
size of adjacent granules, enlarged tubercles sparse on forehead, denser on occipital region. Eye small (ED/HL
0.23); pupil vertical with crenulated margins; supraciliaries similar in size and shape to adjacent granules, weakly
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pointed; dorsal surface of eyelids covered with small granular scales, row of enlarged tubercles bordering
supraciliaries absent. Ear opening oval, obliquely oriented, large; eye to ear distance larger than diameter of eye
(ED/EE 0.71). Rostral wider (3.6 mm) than deep (2.0 mm), partially divided dorsally by a weakly developed rostral
groove; single much enlarged, rounded supranasals on either side, in contact with each other; rostral in contact with
supralabial I, nostrils and supranasals; nostrils oval, laterally oriented, posterior half covered by an indistinct nasal
pad, each in broad contact with rostral and surrounded by supranasal, supralabial I, and five smaller, granular
postnasal scales; five rows of granular scales between mid-orbit and supralabials; mental wider (2.8 mm) than deep
(2.2 mm), two well-developed postmentals on either side, inner pair in broad contact (1.6 mm) with each other
behind mental, twice size (2.3 mm) of and separating outer pair (1.1 mm); each inner postmental bordered by
mental, infralabial I, outer postmental and three gular scales; outer postmentals bordered by inner postmental,
infralabials I and II, a large, roughly hexagonal scale posteriorly and three or four slightly enlarged gular scales;
seven supralabials on each side at midorbital position; supralabials to angle of jaw, eight on right side and nine on
left side, bordered by a row of flat, somewhat elongated scales slightly larger than their adjacent granules;
infralabials, 10 on left side, infralabials II-VI bordered by two rows of enlarged scales, anteriormost largest.

Body slender (BW/TRL 0.42), short (TRL/SVL 0.48); dorsal scales heterogeneous, mostly rounded granules,
intermixed with irregularly arranged, enlarged tubercles, tubercles rounded, feebly keeled, flatter and more keeled
towards vertebral region, more pointed toward flanks; indistinct ventrolateral fold on either side covered by a
single row of enlarged smooth scales interspersed with much smaller granules; tubercles extend from occipital
region to anterior half of remaining portion of tail; tubercles on nape smaller than those of dorsum; 20 dorsal
tubercles across mid-dorsum; 34 paravertebral tubercles; ventral scales much larger than dorsals, smooth, cycloid,
subimbricate; slightly smaller under thighs; two rows of enlarged subimbricate scales along posterior border of
precloacal pores; 40 ventral scales between ventrolateral folds; gular region with much smaller granular scales
throughout, except two rows which are twice as large, flat and juxtaposed, and run from posterior margin of outer
postmentals, bordering infralabials; 12 minute precloacal pores in a continuous series; femoral pores absent; no
precloacal groove.

Fore and hind limbs slender; forearm (FL/SVL 0.14) and tibia (CL/SVL 0.16) short; digits short, strongly
inflected at each joint, all bearing robust recurved claws that are slightly longer than their claw sheath; five
subdigital lamellae in basal series and 11 in distal series (digit [V, right manus); seven basal and 10 distal lamellae
with three non-lamellar granules at inflection (digit 1V, right pes); slight inter-digital webbing between toes I-1V,
absent between fingers; relative length of digits: [ <II <V <III <1V (right manus) and [ <1l <V <III <1V (right
pes); scales on the palms and soles smooth, flat, juxtaposed, with those on soles being slightly larger; scales on fore
limbs heterogeneous, comprising rounded, granular, juxtaposed scales becoming larger, flat, smooth and
subimbricate anteriorly; granules of forearms sparsely interspersed with slightly enlarged rounded tubercles;
ventral surfaces covered mostly with flat, granular, juxtaposed scales; scales on hind limbs heterogeneous, dorsal
part of thighs and shanks with small slightly pointed granular scales, intermixed with scattered, rounded, enlarged,
feebly keeled tubercles; ventral aspect of hind limbs with much enlarged, smooth, subimbricate scales.

Tail tip absent, two thirds original, somewhat rounded, slender, tapering, divided into indistinct segments;
seven rows of enlarged, rounded, feebly keeled tubercles scattered on tail base; four to six rounded, flattened
tubercles at end of first to third segments; remaining dorsal caudal scales smooth, rounded, subimbricate, similar in
size dorsally getting larger on lateral aspect; subcaudal scales larger, smooth, imbricate; no distinct median series;
three enlarged smooth post cloacal spurs on each side.

Colouration in life (for paratype, BNHS 2246, Fig 12). Dorsal ground colour of head, body, limbs and tail
grey-brown, strongly mottled with tan, yellow and white; top of head strongly mottled toward occiput; labials
lighter than head dorsum and with some yellow streaks; a light yellow narrow postorbital streak that does not
extend as far as ear opening; neck and back with black light grey spots forming a reticulate pattern of thick
markings, numerous light and dark brown tubercles on dorsum; limbs with light tan spots; ten dark and nine light
caudal bands on complete original tail, dark bands more than four times as wide as light bands; rest of ventral
surfaces immaculate; iris green-grey with dark reticulations, pupil bordered by orange-red.

Colouration in preservative (Figs. 13 & 14). Dorsal ground colour of head, body, limbs and tail light-brown;
top of head strongly mottled with fine dark markings; labials similar to top of head bearing scattered darker spots; a
light narrow postorbital streak does not extend to ear opening; nape and dorsum bear black and light-grey spots,
numerous light and dark brown tubercles on dorsum; limbs with slightly darker reticulate markings; four dark and
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three light bands on original portion of tail, darker bands wider than light, regenerated portion colouration and
markings similar to limbs; rest of ventral surfaces dirty white.

Variation. The two adult male paratypes have 11 or 12 distinct precloacal pores and a distinct hemipenal
bulge, and are similar in colour pattern to the holotype except there are approximately eight dark and nine light
caudal bands on BNHS 2247, and ten dark and nine light caudal bands on BNHS 2246. Variation in scale counts
and morphometrics is summarized in Table 4.

A

FIGURE 12. Cyrtodactylus jaintiaensis sp. nov. in life (adult male paratype, BNHS 2246).
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FIGURE 13. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult female holotype (BNHS 2248) of
Cyrtodactylus jaintiaensis sp. nov. Scale bars 10 mm.

FIGURE 14. Head of Cyrtodactylus jaintiaensis sp. nov. (adult female holotype, BNHS 2248), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.

SIX NEW CYRTODACTYLUS FROM NORTHEAST INDIA Zootaxa 4524 (5) © 2018 Magnolia Press - 523



Distribution and Natural History. The species is only known from the vicinity of Tyrshi Falls, in the Jaintia
Hills. The geckos were spotted at night by eye-shine on vertical rock faces. The landscape is made up of patches of
forest in an agricultural matrix.

Comparisons. Cyrtodactylus jaintiaensis sp. nov. is a member of the mountain clade and is the poorly
supported sister lineage to C. montanus sp. nov. and C. sp. Mizoram, and is separated from members of the clade
by pairwise uncorrected genetic distance of approximately 18.7-21.4%. Cyrtodactylus jaintiaensis sp. nov. can be
diagnosed by its large body size (SVL up to 96 mm), and the presence of 11 or 12 precloacal pores in a single series
in males from C. chrysopylos (SVL up to 79 mm, enlarged pore-bearing post-precloacal scales in males), and C.
gansi (SVL up to 63 mm, 16-29 PcFP). Cyrtodactylus jaintiaensis sp. nov. can be diagnosed by its reticulate dorsal
pattern from C. brevidactylus (3—dark dorsal blotches between nape and sacrum). The differentiation of C.
Jjaintiaensis sp. nov. from C. montanus sp. nov., and C. nagalandensis sp. nov. is detailed following their
descriptions. Major diagnostic characters for the new species and regional congeners are summarized in Table 3.

Cyrtodactylus montanus sp. nov.
Figs. 9 and 15-17

Holotype. Adult female (BNHS 2235, field number CES09/1215), collected from near Phuldungsei village in the
southern Jampui Hills, Kanchanpur subdivision, North Tripura district, Tripura state, India (23.82257°N,
92.26034°E, 850 m asl.) by Tarun Khichi, N.P.I. Das, Aniruddha Datta-Roy and Ishan Agarwal on 3 November
2010.

Paratypes. Adult males (BNHS 2232-2234) and an adult female (BNHS 2231), bear the same collection data
as the holotype.

Etymology. The specific epithet is a nominative, masculine, singular, Latin adjective meaning “pertaining to a
mountain” as this species is a member of the mountain clade, and is restricted to a mountainous region in
northwestern Tripura.

Diagnosis. Cyrtodactylus montanus sp. nov. can be distinguished from all congeners by its moderate body size
(SVL to at least 78.2 mm); eight or 10 supralabials; 8—10 infralabials; 21-23 longitudinal rows of rounded, conical,
feebly keeled dorsal tubercles; tubercles extending posteriorly to at least third tail segment; 37—43 paravertebral
tubercles; 21-23 ventral scales between ventrolateral folds; no precloacal groove; 8—10 precloacal pores in males,
no femoral pores; a row of enlarged scales posterior to precloacal pore-bearing scales, slightly larger than pore-
bearing scales; 13—18 total subdigital lamellae beneath toe IV of pes; subcaudal scalation lacking enlarged median
plates; dorsal colour pattern of thick dark reticulations enclosing lighter blotches; tail with alternating dark and
lighter bands.

Description of holotype. Holotype in good preservation condition: tail tip removed for tissue voucher, toe V
of pes missing, constriction just above hind limb insertion due to overzealous tag tying, small abrasion on gular
region, and folds of skin on dorsal surface of head, all artefacts of preservation and storage. Adult female, SVL
58.8 mm. Head long (HL/SVL 0.28), slightly wide (HW/HL 0.66), dorsoventrally depressed (HD/HW 0.58),
distinct from neck; loreal region inflated, interorbital region flat, canthus rostralis not prominent; snout short (SE/
HL 0.39), twice as long as orbital diameter (ED/SE 0.57); scales on snout and canthus rostralis, granular,
juxtaposed, homogenous in shape with scales on snout being slightly larger; scales on interorbital region, forehead
and occipital region slightly smaller, granular, juxtaposed; forehead and occipital region interspersed with larger
tubercles that are rounded, smooth and two to four times size of adjacent granules; dense enlarged tubercles slightly
smaller on forehead and larger on occipital region. Eye small (ED/HL 0.22); pupil broad, vertical with crenulated
margins; supraciliaries only slightly larger than adjacent scales, weakly pointed; upper eyelids covered with small
granular scales, row of enlarged tubercles bordering supraciliaries absent. Ear opening oval, obliquely oriented,
large; eye to ear distance less than twice diameter of eye (ED/EE 0.69). Rostral wider (2.3 mm) than deep (1.1
mm), partially divided dorsally by a weakly developed rostral groove; single enlarged rounded supranasal on either
side, separated from each other by two rows of two smaller granular internasal scales; rostral in contact with
supralabials I, nostrils, supranasals and two small internasals separating supranasals; nostrils oval, laterally
oriented, posterior half covered by a distinct nasal pad, each in broad contact with rostral and surrounded by
supranasal, supralabial I, and five small granular postnasal scales; five rows of granular scales between mid-orbit

524 - Zootaxa 4524 (5) © 2018 Magnolia Press AGARWAL ET AL.



and supralabials; mental wider (1.8 mm) than deep (1.2 mm), triangular, two well-developed postmentals on either
side, inner pair in broad contact (1.4 mm) behind mental, twice as large (1.8 mm) and separating outer pair from
each other (0.9); each inner postmental bordered by mental, infralabial I, outer postmental and a row of two or
three gular scales; outer postmentals bordered by inner postmental, infralabial I and II, a large, roughly hexagonal
scale posteriorly and three gular scales that are twice size of other gular scales; seven supralabials at midorbital
positionand 10 to angle of jaw, bordered by a row of flat, somewhat elongated scales slightly larger than their
adjacent granules; eight infralabials on left side, ten on right side, infralabials I-V bordered by one or two rows of
enlarged scales, anteriormost largest.

iy

FIGU 15. Cyrtodactylus montanus sp. nov. in life, adult females; top panel paratype BNHS 2231; lower panel uncollected
female from the type locality.

Body slender (BW/TRL 0.39), short (TRL/SVL 0.49); dorsal scales heterogeneous, mostly rounded granules
intermixed with enlarged tubercles that are irregularly arranged, rounded, feebly keeled to slightly conical, and
more or less homogenous in shape and size throughout dorsum; an indistinct ventrolateral fold on either side
comprises a single row of small conical tubercles; tubercles extend anteriorly onto eyelids and frontal region;
tubercles on nape smaller than those of dorsum; 21 or 22 dorsal tubercles across mid-dorsum; 40 paravertebral
tubercles; ventral scales much larger than dorsals, smooth, cycloid, subimbricate; slightly smaller in size under
thighs; a row of enlarged subimbricate scales along posterior border of precloacal scales; 42 ventral scales between
ventrolateral folds; gular region with much smaller granular scales throughout, except two rows bordering
infralabials originating from posterior margin of outer postmentals, which are larger, flat and juxtaposed. A
continuous series of eight enlarged precloacal scales, each with a shallow depression, no precloacal or femoral
pores, no precloacal groove.

Fore and hind limbs slender; forearm (FL/SVL 0.15) and tibia (CL/SVL 0.18) short; digits short, strongly
inflected at each joint, all bearing robust recurved claws that are only slightly longer than their respective claw
sheaths; four subdigital lamellae in basal series and eight in distal series with one non-lamellar granule at inflection
(digit IV, right manus); six basal and 10 distal lamellae with one non-lamellar granule at inflection (digit IV, right
pes); inter-digital webbing absent; relative length of digits: [ <II <V <III <1V (left manus) and [ <II <V <III <
IV (left pes); scales on the palms and soles smooth, flat, juxtaposed; scales on fore limbs heterogeneous, composed
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of rounded, granular, juxtaposed scales, becoming flat, smooth and subimbricate anteriorly; granules of upper arms
and forearms densely interspersed with slightly enlarged rounded tubercles; ventral portion covered mostly with
flat, granular, juxtaposed scales; scales on hind limbs heterogeneous, dorsal part of thighs and shanks with small

slightly pointed granular scales, intermixed with scattered, enlarged, weakly pointed tubercles; ventral aspect of
hind limbs with enlarged, smooth, subimbricate scales.

A

FIGURE 16. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult female holotype (BNHS 2235) of
Cyrtodactylus montanus sp. nov. Scale bars 10 mm.
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Tail original with tip removed, somewhat rounded, slender, tapering, divided into indistinct segments; about
ten rows of enlarged keeled sub-trihedral tubercles scattered on tail base; 2—5 conical tubercles at end of first to
third segments; remaining dorsal caudal scales smooth, rounded, subimbricate, similar in size dorsally and on
lateral aspect; subcaudal scales larger than dorsal, smooth, imbricate; no distinct mid-ventral series of enlarged
subcaudals; three enlarged smooth post cloacal spurs on each side.

Colouration in life. Not documented for holotype.

Colouration in preservative (Figs. 16 & 17). Dorsal ground colour of head, body, limbs and tail brown; top of
head with indistinct darker markings; labials darker than head dorsum with about one light brown blotch per labial;
a discontinuous light postorbital streak extends to above ear opening; neck with two longitudinal discontinuous
dark streaks; dorsum and dorsolateral aspect with about eight rows of four dark paravertebral blotches; limbs with
light grey and tan spots; seven dark and light caudal bands, dark bands twice as wide as light bands; rest of ventral
surfaces off-white, immaculate.

A

FIGURE 17. Head of Cyrtodactylus montanus sp. nov. (adult female holotype, BNHS 2235), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.

Variation (Fig 9). Compared to the holotype, BNHS 2231 has much thicker dark dorsal markings, regenerated
tail without spots, an inverted light chevron shaped marking on occiput flanked on either side by a similar coloured
spot; postorbital streaks interrupted but meet on base of head; dark and light bands on tail of approximately equal
width in some types. The male paratypes have a continuous series of 8—10 precloacal pores (Table 4), except
BNHS 2233 which has four pores on each side separated by a median unpored scale.

Distribution and Natural History. Cyrtodactylus montanus sp. nov. is known only from its type locality, in
the Jampui Hills. We collected the type series from rocky roadside cuttings on a mountain-top in approximately
one-half of an hour of searching after dark. This high elevation region has a small patch of montane evergreen
forest, as opposed to deciduous forest at lower elevations where C. fripuraensis is distributed. A couple of
additional populations were observed but not collected in other parts of the Jampui Hills. These populations are
provisionally referred to this species due to overall morphological similarity with the type series. One female was
found near the peak (~23.8098°N, 92.2610°E, ~920 m asl.) of Betalongchhip (or Thaidawr: highest peak in Tripura
state) approximately 1 km south of Phuldungsei. The individual was located during dusk emerging from a tree hole
at approximately 1.5 m above ground level within a forest patch. Two additional populations photographed but not
collected were observed ~20 km north of the type locality near Vanghmun (~24.0055°N, 92.2817°E, ~600 m asl.).
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Eight adult individuals (three males and five females) were observed on an old brick wall after dusk on consecutive
nights during the months of June to mid August, after which this population appeared to have dispersed from the
wall, as none were observed on the wall during several visits in late August. Nearby the old brick wall was a large
dense bamboo brake. Adults spent the day concealed within holes in the wall, emerging only after dusk where they
were observed in the open, typically spaced >1.5 m apart. This population had considerable variation in dorsal
markings. Elsewhere near Vanghmun, a male and female were observed on a steep rocky roadside embankment
about 1 h after night-fall. Three females observed during late August were gravid with a large pair of eggs (visible
through the skin).

Comparisons. Cyrtodactylus montanus sp. nov. is a member of the mountain clade and is sister to C. sp.
Mizoram from which it differs by 10.1% uncorrected ND2 p-distance, separated from other members of the clade
by p-distance of 19.0-21.5%. Cyrtodactylus montanus sp. nov. can be diagnosed by the presence of 8§-10
precloacal pores in a single series (or separated medially by a single scale) in males only from C. gansi (16-29
PcFP) and Cyrtodactylus jaintiaensis sp. nov. (11-12 PcP on both males and females), also distinguished from the
latter by its slightly smaller size (SVL up to 78.2 mm vs. up to 96.2 mm); and by the number of dorsal tubercle
rows (21-23) from C. brevidactylus (27 DTR) and C. chrysopylos (16 DTR). Cyrtodactylus montanus sp. nov. is
distinguished from Cyrtodactylus nagalandensis sp. nov. after its description. Major diagnostic characters for the
new species and regional congeners are summarized in Table 3.

Cyrtodactylus nagalandensis sp. nov.
Figs. 9 and 18-20.

Holotype. Adult female (BNHS 2253, field number CES09/1233) collected from near Khonoma village, Kohima
district, Nagaland state, India (25.65818°N, 94.02142°E, 1450 m asl.) by Ishan Agarwal on 23 October 2009.

Paratype. Adult female (BNHS 2254) bears the same collection information as holotype.

Etymology. This is the first endemic gecko from Nagaland, and the specific epithet is a toponym for the state.

Diagnosis. Cyrtodactylus nagalandensis sp. nov. can be distinguished from all congeners by its moderate body
size (SVL to at least 72.0 mm); 10—12 supralabials; 8—10 infralabials; 16—18 longitudinal rows of rounded, conical,
feebly keeled dorsal tubercles; tubercles extending posteriorly to third tail segment; 35-37 paravertebral tubercles;
34 or 35 ventral scales between ventrolateral folds; no precloacal groove; six depressions in precloacal series but
no precloacal or femoral pores on females, male condition unknown; 16 total subdigital lamellae beneath toe IV of
pes; subcaudal scalation of original tail with paired enlarged subcaudals not forming median plates; dorsal pattern
of indistinct light and dark blotches forming longitudinal markings on neck and forebody; tail with alternating dark
and lighter bands.

Description of holotype. Holotype in good preservation condition: tail tip removed for tissue voucher, tail
curved towards left, with folds of skin along either side of ventrolateral aspect; constriction around midbody due to
overzealous tag tying, toes on left and right pes recurved; all artifacts of preservation. Adult female, SVL 72.0 mm.
Head long (HL/SVL 0.30), slightly wide (HW/HL 0.70), dorsoventrally depressed (HD/HW 0.59), distinct from
neck; loreal region inflated, interorbital region flat, canthus rostralis not prominent; snout short (SE/HL 0.40),
twice as long as orbital diameter (ED/SE 0.50); scales on snout and canthus rostralis granular, juxtaposed,
homogenous in shape, with scales on snout being slightly larger; scales on interorbital region, forehead and
occipital region slightly smaller, granular, juxtaposed; forehead and occipital region interspersed with larger
tubercles that are rounded, smooth and two to four times the size of adjacent granules; enlarged tubercles smallest
on anterior and central parietal regions, increasing in size laterally and posteriorly. Eye small (ED/HL 0.20); pupil
vertical with crenulated margins; supraciliaries roughly triangular, pointed, decreasing in size towards posterior
and anterior ends of orbit, largest about one-third the way from anterior edge of orbit; dorsal surface of eyelid
primarily covered with small granular scales except a single row of granular scales bordering anterior supraciliaries
are enlarged relative to adjacent granular scales. Ear opening oval, obliquely oriented; eye to ear distance almost
twice diameter of eye (ED/EE 0.60). Rostral wider (2.7 mm) than deep (1.8 mm), partially divided dorsally by a
weakly developed rostral groove; single enlarged rounded supranasals on either side, separated by a smaller,
roughly hexagonal internasal scale which is about three times size of granules on snout; rostral in contact with
supralabials I, nostrils, supranasals and a single internasal; nostrils oval, laterally oriented, posterior half covered
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by a conspicuous nasal pad, each in broad contact with rostral and surrounded by supranasal, supralabial I, and four
smaller granular postnasal scales; one to three rows of granular scales separate orbit from supralabials; mental
wider (3.1 mm) than long (1.8 mm), triangular, two pairs of well-developed postmentals on either side, inner pair in
broad contact (0.9 mm) with each other posteriorly behind mental, inner pair larger (1.8 mm) than and separating
outer pair (1.2); each inner postmental bordered by mental, infralabial I, outer postmental and a row of four or five
gular scales of similar size to other gulars; outer postmentals each bordered by inner postmental, infralabials I and
I, a large, roughly hexagonal scale posteriorly and four or five gular scales; eight supralabials to midorbital
position and 10 to angle of jaw on each side, bordered by a row of flat, somewhat elongated scales slightly larger
than their adjacent granules; infralabials, 10 on right side and eight on left side, infralabials II to V bordered by a
row of enlarged scales, anteriormost largest.

2

ale holotype, BNHS 2253).

(adult fem

s 9
FIGURE 18. Cyrtodactylus nagalandensis sp. nov. in li

Body slender (BW/TRL 0.4), short (TRL/SVL 0.50); dorsal scales heterogeneous with mostly rounded
granules, intermixed with irregularly arranged enlarged tubercles, rounded, conical, feebly keeled, decreasing in
size towards vertebral region; tubercles extend anteriorly to interorbital region; tubercles on nape smaller than
those of dorsum; dorsal tubercles in 16 or 17 longitudinal rows at mid-dorsum; 35 paravertebral tubercles; a
distinct ventrolateral fold on either side covered by a series of slightly enlarged, flat, granular scales; ventral scales
much larger than dorsals, smooth, cycloid, subimbricate; a row of enlarged subimbricate scales along posterior
border of precloacal pores; 36 ventral scales between ventrolateral folds; gular region with much smaller, granular
scales throughout except for one or two rows originating from posterior margin of outer postmentals bordering
infralabials, which are larger, flat and juxtaposed. A continuous series of six enlarged precloacal scales each with a
shallow depression, precloacal and femoral pores absent, no precloacal groove.

Fore and hind limbs slender; forearm (FL/SVL 0.20) and tibia (CL/SVL 0.20) short; digits short, strongly
inflected at each joint, all bearing robust recurved claws that are slightly longer than their associated claw sheath;
five subdigital lamellae in basal series and seven in distal series with four non-lamellar granules at inflection (digit
IV, right manus); five basal and 11 distal lamellae with one non-lamellar granule at inflection (digit IV, right pes);
slight inter-digital webbing between toes 111, absent between fingers; relative length of digits: [ <II <V <III <
IV (right manus) and [ <II <V <III <1V (right pes); scales on palms and soles smooth, flat, juxtaposed, with those
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on soles being slightly larger; scales on fore limbs heterogeneous, composed of large, rounded, granular,
juxtaposed scales becoming flatter, smooth and subimbricate anteriorly; granules of upper arms larger than those
on forearms, sparsely interspersed with slightly enlarged rounded tubercles; ventral portion of fore limbs covered
mostly with flat, granular, juxtaposed scales; scales on hind limbs heterogeneous, dorsal part of thighs and shanks

with small, rounded, granular scales, scattered densely with rounded, enlarged, feebly keeled tubercles; ventral
aspect of hind limbs with enlarged, smooth, subimbricate scales.

FIGURE 19. Dorsal view (A), ventral view (B), and details of dorsal pholidosis (C) of adult female holotype (BNHS 2253) of
Cyrtodactylus nagalandensis sp. nov. Scale bars 10 mm.
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Tail original with tip removed, somewhat rounded, slender, tapering, divided into indistinct segments; eight
rows of enlarged, sub-trihedral, strongly keeled tubercles on tail base; approximately four rounded, flattened
tubercles form a transverse row at posterior border of each of first three segments; remaining dorsal caudal scales
smooth, rounded, subimbricate, similar in size dorsally getting slightly larger on lateral aspect; subcaudal scales
larger, smooth, imbricate; a distinct mid-ventral series comprising of two large scales; enlarged smooth post cloacal
spurs, three on left side and two on right side.

Colouration in life (Fig. 18). Dorsal ground colour of head, body, limbs and tail buff-brown; top of head with
numerous dark spots; labials strongly suffused with yellow; a dark postorbital streak that extends beyond ear
opening; neck and back with black spots that form longitudinal markings on neck and forebody; limbs with
indistinct darker bars and spots; 11 dark and 10 light caudal bands, dark bands more than twice as wide as light
bands; rest of ventral surfaces immaculate; iris green-grey with dark reticulations, pupil bordered by orange-red

Colouration in preservative (Figs. 19 & 20). Dorsal ground colour of head, body, limbs and tail buff-brown;
top of head with numerous dark spots; labials suffused with lighter markings; a dark postorbital streak that extends
beyond ear opening; neck and back with black spots that form longitudinal markings on neck and forebody; limbs
with indistinct darker bars and spots; 11 dark and 10 light caudal bands, dark bands more than twice as wide as
light bands; rest of ventral surfaces immaculate except some mottling toward flanks.

Variation (Fig 9). Female paratype (BNHS 2254) similar to holotype in general colouration but with less
distinct longitudinal markings on neck; 10 dark bands on tail. Refer to Table 4 for further variation.

Distribution and Natural History. Cyrtodactylus nagalandensis sp. nov.is known only from the vicinity of
Khonoma village, in the Naga Hills. The type series was collected from a road cutting after dark. We only saw two
specimens of this species in two nights of searching. The surrounding forest habitats were mainly secondary forest.

Comparisons. Cyrtodactylus nagalandensis sp. nov. is a member of the mountain clade and is poorly
supported as sister to the other Indian species in this clade, with uncorrected p-distance between the new species
and other members of the clade 18.0-21.7%. Cyrtodactylus nagalandensis sp. nov. can be diagnosed by the
number of ventral scales (36 or 37 MVSR) from C. brevidactylus (45 MVSR), and Cyrtodactylus jaintiaensis sp.
nov. (40-42 MVSR); by having fewer dorsal tubercle rows (16—18) from C. gansi (20-25 DTR) and Cyrtodactylus
montanus sp. nov. (21-23 DTR); by its irregular dorsal colour pattern from C. chrysopylos (dorsal pattern of
alternating brown and white bands). Major diagnostic characters for the new species and regional congeners are
summarized in Table 3.

A

FIGURE 20. Head of Cyrtodactylus nagalandensis sp. nov. (adult female holotype, BNHS 2253), dorsal (A), lateral (B), and
ventral (C) view. Scale bars 10 mm.
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Discussion

The description of these six new species brings the total number of Cyrtodactylus in the Himalayas and mainland
Indo-Burma to 56, including 15 Indian species. This makes Cyrtodactylus one of the most speciose and micro-
endemic groups of terrestrial vertebrates in the region, as is the case for the genus across much of its range (e.g.
Bauer 2002, 2003; Agarwal et al. 2014, 2017; Grismer et al. 2018a, c). As predicted by Bauer (2003), most
Cyrtodactylus in Indo-Burma appear restricted to individual mountains or hill ranges; the exceptions being the low
elevation species C. ayeyarwadyensis and C. tripuraensis (Bauer 2003; Agarwal et al. 2017). The type locality of
C. montanus sp. nov. and the most proximate locality of C. tripuraensis are less than 55 km apart, C. guwahatiensis
sp. nov. is < 120 km from the type locality of C. septentrionalis sp. nov. and < 100 km from the type localities of
C. khasiensis and C. jaintiaensis sp. nov., the type localities of the latter two species ~50 km apart; indicative of
fine scale distributional ranges and potentially undiscovered diversity. In fact, another undescribed species of
Cyrtodactylus is distributed within 20 km of the type locality of C. guwahatiensis sp. nov. (Purkayastha, Agarwal,
Bauer unpubl. data). Remarkably, the type series of the six new species, albeit small, are the result of just seven
nights of fieldwork by a small team with an hour of sampling each night. The known elevational limit of
Cyrtodactylus in India and Myanmar is ~1500 m (Cyrtodactylus nagalandensis sp. nov.), which implies there is a
vast area of unsampled lowland and mountain habitat. The data thus far clearly indicate that many more
Cyrtodactylus species remain to be discovered in northeast India.

Three of the new species are from along the Brahmaputra River and three are from mountains south of the
Brahmaputra, including the largest Cyrtodactylus from India and the fifth gecko to be described from a major
Indian city, Guwahati (Gill 1997; Giri et al. 2009; Agarwal et al. 2016; Agarwal 2016). The new species described
in this paper are members of the mountain clade (elevation averaged by species 740 m, range 340—1300 m) and
lowland clade (average 170 m, range 6-900 m) (Agarwal et al. 2014). The lowland clade includes the only
representatives of the south/east of Brahmaputra clade that are widely distributed, C. ayeyarwadyensis and C.
tripuraensis, as well as the only species found north/west of the Brahmaputra, Cyrtodactylus septentrionalis sp.
nov. The only species from the lowland clade to have made it into Myanmar is the coastal C. ayeyarwadyensis, and
high mountains potentially act as barriers for this group (Agarwal ef al. 2014). The mountain clade is more
contiguously distributed across the Arakan-Yoma ranges in Myanmar and adjacent northeast India, but is restricted
to areas south/east of the Brahmaputra (Agarwal ef al. 2014).

The high species diversity in Myanmar is a combination of recent sampling efforts and the overlap in the
region of both the Indo-Burma and Southeast Asia clades, the latter of which includes many recently discovered
micro-endemic karst-associated species (Grismer er al. 2018a, b, c¢). The high diversity in Myanmar is also
accompanied by a high degree of morphological variability, even within the Indo-Burma clade alone (e.g. Bauer
2002, 2003). Cyrtodactylus species in northeast India, however, are superficially similar in dorsal colouration and
markings—grey or brown with irregular paired spots, bands or reticulations. However, these species are not
cryptic—with a number of characters that separate the species including body size, the number of precloacal and
femoral pores and variation in dorsal tuberculation (Table 3). Primary field surveys and the collection of large
series of specimens will help stabilize the morphological characters of the new species described herein and
contribute to understanding the biodiversity of this rich landscape. Though some of our diagnoses are based on
minor pore differences and small sample sizes, it is likely that larger series of specimens will bear these results out.
For example, in 11 of the 12 species described by Grismer et al. (2018a) that have a sample size of at least two,
eight species have precloacal pore ranges that differ by 0-2 pores, only two have a range of 3 and one has a range
of 4. The description of these six new species leaves just Cyrtodactylus sp. Mizoram unnamed from within the
mountain and lowland clades sampled by Agarwal ef al. (2014), the description of which is also in preparation
(Lalrinchhana, Agarwal, Giri unpubl. data).
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APPENDIX 1. List of material examined

Cyrtodactylus ayeyarwadyensis: CAS 226154 (male holotype); CAS 216506, CAS 226149-226150, CAS 226153 (male
paratypes); CAS 226147. USNM JBS8637, CAS 226152, CAS 226156 (female paratypes).

C. annandalei: CAS 215722 (male holotype); CAS 215757, CAS 215749 (female paratypes).

C. bhupathyi: BNHS 2255 (holotype); BNHS 2256 (paratype), females.

C. brevidactylus: CAS 214104 (male holotype); CAS 214120, CAS 214105 (female paratypes).

C. chrysopylos: CAS 226141 (female holotype).

C. gansi: CAS 222414 (male holotype); CAS 222411-22242, CAS 222414 (male paratypes); CAS 222413 (female holotype).
C. gubernatoris: ZS1 K17275 (male holotype); BNHS 2207 (male), BNHS 2208-2210 (females).

C. himalayicus: ZS1 K15716 (male holotype); ZSI K19546 (female).

C. khasiensis: BMNH 1906.8.10.4 (female lectotype); ZSIK6199 (female paralectotype); BNHS 22492252

C. mandalayensis: BMNH 1900.9.20.1 (male holotype).

C. russelli: CAS 226137 (male holotype); CAS 226140 (female paratype).

C. slowinskii: CAS 210214 (male holotype); CAS 210217, CAS 210219, CAS 215474, CAS 215661, USNM 548142 (male
paratypes); CAS 210212-210213, CAS 210215-210216, CAS 210218 (female paratypes).

C. tamaiensis: BMNH 1946.823.22 (male holotype).

C. tripuraensis: BNHS 2244 (male holotype); BNHS 22362238, BNHS 2242-BNHS 2243, BNHS 2245 (male paratypes),
BNHS 2230, BNHS 2239-2241 (female paratypes).

C. wakeorum: CAS 221935 (female holotype).
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