Zoosyst. Evol. 96 (1) 2020, 123-138 | DOI 10.3897/zse.96.48431

© PENSOFT,

o N

NATURKUNDE
BERLIN

A new species of green pit vipers of the genus Trimeresurus
Lacepede, 1804 (Reptilia, Serpentes, Viperidae) from western
Arunachal Pradesh, India

Zeeshan A. Mirza!, Harshal S. Bhosale?, Pushkar U. Phansalkar®, Mandar Sawant?,
Gaurang G. Gowande*®, Harshil Patel®

National Centre for Biological Sciences, TIFR, Bangalore, Karnataka 560065, India

Bombay Natural History Society, Mumbai, Maharashtra 400001, India

A/2, Ajinkyanagari, Karvenagar, Pune, Maharashtra 411052, India

Annasaheb Kulkarni Department of Biodiversity, Abasaheb Garware College, Pune, Maharashtra 411004, India
Department of Biotechnology, Fergusson College, Pune, Maharashtra 411004, India

o W N

Department of Biosciences, Veer Narmad South Gujarat University, Surat, Gujarat 395007, India
http.//zoobank.org/F4D892E1-4D68-4736-B103-F1662B7D344D

Corresponding author: Zeeshan A. Mirza (snakeszeeshan@gmail.com)

Academic editor: Peter Bartsch ¢ Received 13 November 2019 ¢ Accepted 9 March 2020 ¢ Published 15 April 2020

Abstract

A new species of green pit vipers of the genus Trimeresurus Lacépede, 1804 is described from the lowlands of western Arunachal
Pradesh state of India. The new species, Trimeresurus salazar, is a member of the subgenus Trimeresurus, a relationship deduced
contingent on two mitochondrial genes, /6S and ND4, and recovered as sister to Trimeresurus septentrionalis Kramer, 1977. The new
species differs from the latter in bearing an orange to reddish stripe running from the lower border of the eye to the posterior part of
the head in males, higher number of pterygoid and dentary teeth, and a short, bilobed hemipenis. Description of the new species and
T. arunachalensis Captain, Deepak, Pandit, Bhatt & Athreya, 2019 from northeastern India in a span of less than one year highlights

the need for dedicated surveys to document biodiversity across northeastern India.
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Introduction

The pit vipers of the genus Trimeresurus Lacépede, 1804
are charismatic venomous serpents, with morphological-
ly as well as ecologically diverse species (Sanders et al.
2004). They are distributed across east and southeast Asia.
At least 48 nominate species (Gumprecht et al. 2004;
Whitaker and Captain 2004; Wallach et al. 2014; Captain
etal. 2019) are known, of which at least 15 occur in India.
Of the species recorded from India, seven species occur
in northeastern India (Whitaker and Captain 2004; Cap-
tain et al. 2019). The most recent compilations on Indian
snakes, listed the following species from northeastern In-

dia, namely: 7. erythrurus (Cantor, 1839), T. gumprechti
David, Vogel, Pauwels & Vidal, 2002, 7. medoensis Zhao,
1977, T. septentrionalis Kramer, 1977, T. albolabris
Gray, 1842, T. popeorum Smith, 1937, and T. yunnanen-
sis Schmidt, 1925 (Ao et al. 2004; Gumprecht et al. 2004;
Whitaker and Captain 2004; David and Mathew 2005).
In addition to the these, a new species, 7. arunachalensis
Captain, Deepak, Pandit, Bhatt & Athreya, 2019 was re-
cently described from Arunachal Pradesh. The diversity
of pit vipers is likely underestimated, as several species
are morphologically cryptic making it difficult to distin-
guish them in the field (Malhotra and Thorpe 2000, 2004;
Zhong et al. 2015; Zhu et al. 2016; Mulcahy et al. 2017).
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For the delimitation of cryptic species, multiple lines of
evidence are imperative, including morphology as well
asmolecular and ecological data (Sanders et al. 20006;
Mirza et al. 2018).

During a herpetological expedition, Arunachal Pradesh
was visited between 25 June 2019 and 5 August 2019.
Arunachal Pradesh belongs to the Himalayan biodiversity
hotspot and shows a high degree of heterogeneity in its
landscape with elevation ranging from 100 to 7000 m and
distinct climatic regimes that harbour diverse flora and
fauna. Most of the state is part of the undulating terrain
of the Himalayas, intersected by numerous rivers, which
flow from the Himalayas and form a longitudinal network
of parallel flowing rivers, which ultimately meet the River
Brahmaputra. The lowland area bordering Assam mostly
shares a similar biotope to that of northern Assam. During
the expedition, near Pakke Tiger Reserve, we collected
two specimens of a green pit viper, which resembled 77i-
meresurus septentrionalis and Trimeresurus albolabris in
the number of dorsal scale rows and colouration. Howev-
er, these specimens differed in the colouration of the lat-
eral stripe on the head and the body in males. Comparison
of the specimens from near Pakke Tiger Reserve with 70
septentrionalis and T. albolabris (specimens examined =
11) housed in the collection of the Bombay Natural His-
tory Society (Mumbai, India), Natural History Museum
(London, UK), and the data presented in the literature
(Smith 1943; Gumprecht et al. 2004) revealed that the
specimens from near Pakke Tiger Reserve represent a
new species. Molecular data for the specimens corrobo-
rate our morphological findings and allow us to describe
a new species of green pit vipers from northeastern India.

Material and methods
Morphology

The study was conducted under permit no. CWL/
Gen/173/2018-19/Pt.V11/2421-33 and CWL/
Gen/173/2018-19/Pt.V11/2434-43 issued by the Forest
Department of Arunachal Pradesh. Two specimens of the
new species were collected by hand in the field, photo-
graphed, and later euthanized with halothane within 24 h
of capture following ethical guidelines for animal eutha-
nasia (Leary et al. 2013). The specimens were fixed in
8% formaldehyde buffer and later stored in 70% ethanol.
Liver tissue was collected for molecular work and stored
in molecular grade ethanol prior to specimen fixation.
The specimens have been deposited in the collection of
the Bombay Natural History Society (BNHS), Mumbai.
Measurements were taken with the help of digital calli-
pers to the nearest 0.1 mm and those for snout to vent
length (SVL) and tail length (TaL) were taken with a
string, which was then measured using a scale. Ventral
scales (V) were counted as directed by Dowling (1951).
Dorsal scales at midbody were counted at midway of the
SVL. Cephalic scales (CEP) number was counted on a
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straight line between the middle of the supraoculars; lon-
gitudinal cephalic scales (LCS) number of scales counted
from the posterior border off the internasals to the neck
(which is here defined as the dorsal scale row, which cor-
responds to the first ventral scale). Abbreviations used
in the description: TL = total length, HL = head length
measured from snout tip to the angle of the jaw, VED =
vertical extent of the eye, DEYE = diameter of the eye
measured between edges of scales surrounding it, DEL
= distance between lower eye margin and the edge of lip.
Morphological data for the new species were compared
with the types of the sister taxa based on molecular data
and original descriptions of sister species were referred
to, too. Morphological data from literature were largely
derived from Gumprecht et al. (2004), Kramer (1977) and
Regenass and Kramer (1981).

Micro-CT scan were generated for the male holotype
using a Bruker Skyscan 1272 (Bruker BioSpin Cor-
poration, Billerica, Massachusetts, USA). Head of the
specimen was scanned for 210 minutes at resolution of
5.4 pm and recording data for every 0.4° rotation for
360° with (AL) 1 mm filter. The source voltage for the
scan was 65 kV and source current was 153 uA. Volume
rendering was performed with CTVox (Bruker BioSpin
Corporation, Billerica, Massachusetts, USA) and imag-
es were edited in Adobe Photoshop CS6. Osteological
description is based on volume renders retrieved from
CTVox following terminology of the skull described by
Heatwole (2009).

Institution acronyms

BNHS Bombay Natural History Society, Mumbai, India;

MNHN Muséum national d’Histoire naturelle, Paris,
France;

NCBS Collection Facility of the National Centre for
Biological Sciences, Bangalore, India;

NHM  Natural History Museum, London, UK

ZMUC Zoological Museum University of Copenha-

gen, Denmark.
Comparative material examined:

Trimeresurus albolabris NHM 1946.1.19.85, lectoype,
China; BNHS 2652-2653, Taungyi Myanmar; BNHS
2654, Mayniyo, Myanmar; BNHS 2655, Myanmar;
BNHS 2656, Bangkok, Thailand; BNHS 2659, Mou-
linein, Myanmar; BNHS 3304, Car Nicobar, India;

Trimeresurus  erythrurus NCBS-AG767, NCBS-
AG776, NCBS-AG781-782, Tripura, India

Trimeresurus gumprechti MNHN 1999.9072 holo-
type & MNHN 1999.9073 paratype, Loei, Loei Province,
Thailand, paratype;

Trimeresurus popeiorum NHM 1872.4.17.137, lecto-
type, Khasi hills, Meghalaya, India; BNHS 2638-2640,
Tindharia, Darjeeling, West Bengal, India; BNHS 2637,
Tura, Garo Hills, Meghalaya;
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Trimeresurus septentrionalis NHM 1937.3.1.15 para-
type, Kullu District, Himachal Pradesh, India; paratype
NHM 1937.3.1.15, paratype NHM 1955.1.13.82;

Trimeresurus yunnanensis BNHS 2634, Shillong, Me-
ghalaya; BNHS 2635, Tura, Assam; BNHS 2636, Tindh-
aria, Darjeeling, West Bengal, India.

Molecular analysis

Genomic DNA was isolated from the preserved tissues
of the type specimens using QIAGEN DNeasy kits fol-
lowing protocols directed by the manufacturer. Molecular
methods largely follow Mirza et al. (2016) and Mirza and
Patel (2018). A fragment of the mitochondrial 16S rRNA
(16S) and NADH-ubiquinone oxidoreductase, subunit 4
(ND4) gene were amplified using primers used by Pyron
et al. (2013) and Mirza et al. (2016). A 22.4 pl reaction
was set for a bi-directional Polymerase Chain Reaction
(PCR), containing 10 pl of Thermo Scientific DreamTaq
PCR Master Mix, 10 pl of molecular grade water, 0.2 pl
of each 10 uM primer and 2 pl template DNA, carried
out with an Applied Biosystems ProFlex PCR System.
Thermo-cycle profile used for amplification were as fol-
lows: 95 °C for 3 min, (denaturation temperature 95 °C
for 30 sec, annealing temperature 60 °C for ND4, and
45 °C for 16S for 45 sec, elongation temperature 72 °C
for 1 minutes) x 36 cycles, 72 °C for 10 min, hold at 4 °C.
PCR product was cleaned using QIAquick PCR Purifi-
cation Kit and sequenced with an Applied Biosystems
3730 DNA Analyzer. In addition to this, /6S and ND4
sequences of Trimeresurus spp. available on GenBank
were downloaded for molecular phylogenetic reconstruc-
tions (Appendix I), and the sequences were concatenated
using SequenceMatrix. Taxa for molecular phylogenetics
were selected based on the tree topologies recovered by
Figueroa et al. (2016). Sequences were aligned in MegaX
(Kumar et al. 2018) using ClustalW (Thompson and Gib-
son 2002) with default settings. For optimal partitioning
strategy and evolutionary substitution model, aligned data
was analyzed using PartitionFinder v. 1.1.1. (Lanfear et
al. 2012), implementing a greedy search algorithm under
the Akaike Information Criterion (AIC). Dataset was par-
titioned as per-codon position for the ND4 gene, whereas
the /6S region was not partitioned per-codon position.
Maximum Likelihood (ML) analysis was carried out using
raxmlGUI (Silvestro and Michalak 2012), 1000 non-para-
metric bootstrap pseudo-replicates were performed with
rapid ML search option. Bayesian Inference (BI) was im-
plemented in MrBayes 3.2.2. (Ronquist and Huelsenbeck
2003) and was run for 10 million generations and sam-
pled every 1000 generations. BI run included five paral-
lel chains, three hot and tow cold chains. The standard
deviation of split frequencies of the analysis reached were
below 0.01, after which the analysis was not continued
further. Twenty-five percent of trees generated were dis-
carded as burn-in. Data were subjected to phylogenetic
reconstructions with generalised time-reversible (GTR)

model as the sequence substitution model, based on the
optimal partitioning scheme suggested by PartitionFinder
for both ML and BI. Uncorrected pairwise p-distance (%o
sequence divergence) was calculated in MegaX (Kumar
et al. 2018) with pairwise deletions of missing data and
gaps. Details of sequences and GenBank accession num-
bers are presented in supporting files (Appendix I).

Results

Trimeresurus salazar sp. nov.
http://zoobank.org/6C165D3E-D3F2-43CA-A62E-E753E6B7FC22
Figs 1-5,7

Holotype. BNHS 3554, adult male, collected from
outskirts of Pakke Tiger Reserve, 0.64 nautical miles
(1.19 km) north of Seijosa, East Kameng district,
Arunachal Pradesh (26.968790N, 93.013984E, elevation
172 m a.s.l, datum WGS84), India by Harshal Bhosale,
Pushkar Phansalkar, Mandar Sawant, and Zeeshan Mirza
on 1 July 2019

Paratype. BNHS 3555, adult female same data as for the
holotype but collected on 5 July 2019.

Referred material. ZMUC R69255 & ZMUC R69256,
males, from Assam, India purchased by B.W. Westermann.

Etymology. The specific epithet is a noun in apposition
for J.K. Rowling’s fictional Hogwarts School of Witch-
craft and Wizardry’s co-founder, Salazar Slytherin. He
was a Parselmouth that links him to serpents. Suggested
common name: Salazar’s pit viper.

Diagnosis. A species of the genus Trimeresurus with
(1) I* supralabial fused with nasal; (2) 19-21 moderate-
ly keeled dorsal scale rows at midbody; (3) dorsal co-
louration greenish yellow in both sexes; (4) an orange to
reddish stripe extends from the posterior borders of the
preocular, running through the lower margin of the eyes
to the lateral side of the nape in males; (5) ventrolater-
al stripe predominantly yellow with a faint orange at the
base in males, yellow in females; (6) tail to total length
ratio (TaL/TL) 0.18 in males, 0.14 in females; (7) short,
bilobed hemipenis reaching 8" caudal scale; (8) 6 pala-
tine, 15 pterygoid and 19 dentary teeth.

Comparison. The new species is here compared to
all species of the genus Trimeresurus for differing and
non-overlapping characters: first supralabial fused with
nasal (vs separate in 7. macrolepis Beddome, 1862,
T. trigonocephalus (Latreille, 1801), 7. malabaricus
(Jerdon, 1854), T. strigatus Gray, 1842, T. gramineus
(Shaw, 1802), T. stejnegeri Schmidt, 1925, T. hageni
(Lidth de Jeude, 1886), T. phuketensis Sumontha, Kun-
ya, Pauwels, Nitikul & Punnadee, 2011, T. nebularis
Vogel, David & Pawels, 2004, T. truongsonensis Orlov,
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Ryabov, Thanh & H. Cuc, 2004, T gunaleni Vogel, Da-
vid & Sidik, 2014, T. sabahi Regenass & Kramer, 1981,
T. popeorum, T. yingjiangensis Chen, Zhang, Shi, Tang,
Guo, Song & Ding, 2019, T_ sichuanensis (Guo & Wang,
2011), T. nebularis Vogel, David & Pauwels, 2004, and
T. yunnanensis); dorsal scale rows 19-21 (vs >23 rows
in T. andersoni Theobald, 1868, T. cantori (Blyth, 1846),
T. erythrurus, T. gracilis Oshima, 1920, T. gumprechti,
T labialis (Steindachner, 1867), T. purpureomaculatus
(Gray, 1832), T’ vogeli David, Vidal & Pawels, 2001, T.
stejnegeri, and T arunachalensis); eye sized in relation
to head not large, DEYE 2.33 (DEYE 4.03—4.46 rela-
tively large eyes in 7. cardomomensis Malhotra, Thrope,
Mrinalini & Staurt, 2011, 7 macrops Karmer, 1977, and
T. rubeus Malhotra, Thrope, Mrinalini & Staurt, 2011),
dorsum green with a yellow tinge bearing a yellowish
ventrolateral stripe along the body lacking any dorsal
markings (vs dorsum reddish brown to grey, black, or
green with dark markings in 7. tibetanus Huang, 1982,
T. flavomaculatus (Gray, 1842), T. fasciatus (Bouleng-
er, 1896), T. arunachalensis, T. malabaricus, T. strig-
atus, T. kanburiensis Smith, 1943, T. puniceus (Boie,
1827), T. schultzei Griffin, 1909, T. mutabilis Stoliczka,
1870, T. honsonensis (Grismer, Ngo & Grismer, 2008),
T. malcolmi Loveridge, 1938, T. wiroti Trutnau, 1981,
T. venustus, Vogel, 1991, T. mcgregori Taylor, 1919, T.
sumatranus (Raffles, 1822), T. andersonii, T. labialis, T.
andalasensis David, Vogel, Vijaykumar & Vidal, 2006,
T. borneensis (Peters, 1872), T. brongersmai Hoge,
1968, T. cantori); 167—171 ventrals (vs 136—150 in T
brongersmai, 141-149 in T. gracilis, 133143 in T. mac-
rolepis, 143—158 in T. malabaricus, 138-149 in T. me-
doensis, and 128-150 in T. strigatus).

The new species is most similar to 7. septentrionalis,
T insularis Kramer, 1977, and T. albolabris in its sca-
lation but differs in bearing an orange to reddish stripe
from the lower margin of the eye to the posterior of the
posterior border of the mouth in males (vs a white stripe
from the posterior border of the nasal to posterior part of
the head in 7. septentrionalis and T. albolabris); hemip-
enis short and bilobed (vs long and deeply forked in 7.
septentrionalis and T. albolabris); palatine with six teeth
(vs five in T albolabris, T. insularis, and T. septentrion-
alis); pterygoid with 15 teeth (vs 11 in T septentrionalis,
16 in T insularis, and 12 in T. albolabris); 19 dentary

teeth (vs 11 in T septentrionalis, 12 in T albolabris, and
14 in T. insularis). A comparison of selected characters is
presented in Table 1.

Description of holotype male BNHS 3554. The speci-
men is in a good state of preservation, set in a coil with its
head placed out of the coil (Fig. 1a). The left hemipenis is
everted, and the specimen bears three ventral longitudinal
incisions (Fig. 1b). The skin of the specimen seems a bit
loose, likely an artifact of preservation.

Body long and thin, SVL 415 mm; head triangular
and elongate, head length 16.2 mm (HL/SVL 0.04);
head width 12.6 mm; (HW/HL 0.77) clearly distinct
from neck; distance between nostrils 3.2 mm; distance
between preoculars 6 mm; distance between tip of snout
and anterior border of eye 6.6 mm; distance between
nostril to eye 4.8 mm. Canthus rostralis distinct; four
scales between internasal and supraocular. Rostral sub-
triangular, slightly visible when viewed from above;
nasal and first supralabial fused, with only a trace of
a suture, sub-pentagonal, wider than high (2.7 mm
high, 3.2 mm wide); a pair of subrectangular interna-
sals aligned in a straight manner bordered by six scales
on its posterior margin; second supralabial and two
preoculars encompass the loreal pit; the lower preocu-
lar forms the lower margin of the loreal pit (Fig. 2a, b);
one elongate and narrow supraocular (0.8 mm wide, 3.9
mm long); cephalic scales (CEP) small, much irregular,
subimbricate, smooth; LCS 35, more elongate near the
neck; 12 CEP between supraoculars (Fig. 2d); occipi-
tal scales smooth; four to five rows of scales between
the internasals and anterior border of the supraoculars
flat and irregular in their shape; the rows posterior to
these have a slight dome shaped appearance; temporals
smooth and subequal; subocular crescent shaped; 11/11
supralabials; 1% supralabial fused with nasal scale, 2%
as high as the 1% supralabial, nearly of the same width
throughout; 3™ supralabial longest among the supral-
abials, lower preocular, subocular and 4" supralabial,
4 gupralabial small, separated from the subocular by a
single row of smooth scales; 5" supralabial in contact
with temporal; the remaining supralabials slightly de-
creasing in size posteriorly and in contact with temporal
scales; 12/13 infralabials, the first pair in contact with
each other; the first three pairs in contact with anterior

Table 1. Summary of selected characters for members of the clade containing 7. albolabris.

Species Dorsal colouration  Colour of lateral Dorsal scale TaL/TL Ventrals Subcaudals  Hemipenis
stripe on head  rows at midbody
T. albolabris Green White 21 0.19-0.24 149-173 48-67 bilobed, long
T. andersonii Brown or black - 23 or 25 0.16 171-183 53-74 bilobed, long
T. cantori Green or brown White 27 or 31 0.12-0.20 170-176 44-73 bilobed, long
T. erythrurus Green White 23 0.16/0.21 151-174 49-67 bilobed, long
T. fasciatus Brown - 21 0.18-0.21 158-163 63-65 bilobed, long
T. insularis Green or blue - 21 0.21-0.22 156-167 54-75 bilobed, long
T. purpureomaculatus ~ Black to dark brown - 23 to 27 0.16-0.19 152-183 54-79 bilobed, long
T. septentrionalis Green White 21 0.19-0.24 160-181 55-83 bilobed, long
T. salazar sp. nov. Green Reddish orange 190r21 0.14-0.18 163-171 59-74 bilobed,
short
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Figure 2. Trimeresurus salazar sp. nov. holotype male BNHS 3554. A. Right view of head; b. Left view of head; ¢. Ventral view of
head; d. Dorsal view of head. Not to scale.

chin shields; six pairs of chin shields, each pair in con-
tact medially; separated from infalabials by 1-5 scale
rows (Fig. 2c). Palatine with six teeth; pterygoid with
15 teeth; 19 dentary teeth (Fig. 4).

Body scalation: 21 dorsal scales one head length behind
the head; 19 dorsal scales at midbody; 15 dorsal scales
one head length anterior to the vent; dorsal scales rhom-
boid, moderately keeled except for the first row which is
smooth; three preventrals; 167 ventral scales; 71 subcau-
dal scales; paired; anal shield entire. Eye large, with VED/
DEL ratio 0.85; tail short; ventrally depressed; Tal 94 mm;
TaL/TL 0.18. Tail prehensile. Hemipenis short, bilobed,
not deeply forked, extending to the 8" caudal scale.

Colouration in life (Figs 5a, b, 7): dorsum green with
a yellow tinge; ventrum creamy white with the dorsal
green colour diffusing into the ventral scales on the ven-
tral scale margins. Head dorsally dark green, which fades

to lighter green to yellowish green on the nasal, labials,
and preoculars. A reddish orange stripe extends from the
posterior borders of the preoculars, running through the
lower margin of the eyes to the lateral side of the nape.
Dorsal scales yellowish green except for the first dorsal
scale row, which is yellowish white and bears a faint or-
ange patch; the yellow and the orange appears as a bic-
oloured lateral stripe running form the neck to the vent.
Tail rusty red dorsally and orange ventrally. Juveniles
are brightly coloured, and the lateral stripe on the head is
more prominent (Fig. 7).

Colouration in preservative (Figs la, b, 2a—c): green
on dorsum has turned darker and the yellow has faded to
white. In some patches, the green has turned light blue.
The orange stripe along the head and along the body is
not visible. The tail is reddish brown and has lost all trace
of the orange tinge.
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Figure 3. Trimeresurus salazar sp. nov. holotype male BNHS 3554 in life. a. Body habitus; b. Left lateral view of head.
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Figure 4. Micro-CT volume rendered images of the skull and mandibles of the holotype male BNHS 3554. a. Dorsal view; b. Left

lateral view; ¢. Ventral view (lower jaw clipped for representation purpose). Scale bars: 2.5 mm (a, b); 2 mm (c).
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Figure 5. Trimeresurus salazar sp. nov. paratype female BNHS 3555 in life. a. Body habitus; b. Left lateral view of head.
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Trimeresurus albolabris
Trimeresurus insularis
Trimeresurus fasciatus
Trimeresurus septentrionalis
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Trimeresurus salazar holotype

Figure 6. ML phylogeny of selected members of the subgenus Trimeresurus based on partial sequences of mitochondrial /65 and
ND4 gene generated through 1000 non-parametric bootstrap pseudoreplicates under the GTR + G model of sequence evolution.
Numbers at nodes represent ML bootstrap support and BI posterior probabality. See Appendix III for a complete tree.

Variation: the paratype female BNHS 3555 agrees
with the description of the holotype in most aspects ex-
cept for the following difference: 21 dorsal scales rows at
one head length posterior to head and at midbody; 15 dor-
sal scale rows one head length anterior to vent; 10 CEP;
32 scales in a longitudinal row from internasals to neck;
10/10 supralabials; 13/12 infralabials; 171 ventral scales
(+3 preventral scales); 59 paired subcaudal scales; SVL
363mm; TaL 60mm; TaL/TL 0.14. The species is sexu-
ally dichromatic; the male bears a reddish orange stripe
running from the margin of the eye and subocular through

zse.pensoft.net

the temporal region, and from the neck to the vent as a
lateral stripe, which the female lacks (Fig. 5a, b). See Ap-
pendix III for images of the paratype. Two male speci-
mens from Assam, ZMUC R69255 bore ventrals 164 (+2
preventrals) and 74 subcaudals, and ZMUC R69256 ven-
trals 163 (+2 preventrals) and 71 paired subcaudals.
Natural history notes: the type specimens were found
during night search between 1800-2200 hours along a
road. Both individuals were found coiled on shrubs along
the road. A third individual was seen but escaped in the
thick undergrowth. Three individuals were seen during
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Figure 7. Trimeresurus salazar sp. nov. juvenile male from Pakke Tiger Reserve photographed in 2008. Photo by Aamod Zambre

and Chintan Seth, Eaglenest Biodiversity Project.

night searches in six nights. Other serpent species ob-
served at the locality include Boiga gokool (Gray, 1834),
Boiga cyanea (Duméril, Bibron & Duméril, 1854), and
Lycodon jara (Shaw, 1802). For now, the new species
is known only from the type locality. The specimens,
ZMUC R69255 & ZMUC R69256 were collected from
Assam and it is likely that the new species may occur in
the adjoining state sharing similar biotope.

Discussion

Phylogenetic relationships within the genus Trimeresurus
are resolved, and the studies by Malhotra and Thorpe
(2000, 2004) and Giannasi et al. (2001) have demonstrat-
ed presence of distinct clades which have been assigned
subgeneric status. David et al. (2011) suggested valuable
amendments in the nomenclature of the generic splitting,
and in following them, we thus assign the new species

to the subgenus Trimeresurus Lacépede, 1804. There is
a broad gap in our knowledge of the species diversity in
India, especially in northeastern India, as we lack molecu-
lar data for samples across the northeastern Indian states.
However, based on a short fragment of /65 and ND4 gene,
the new species was recovered as sister to 7. septentrion-
alis (Fig. 6), with moderate support (ML bootstrap 58 and
BI posterior probability 0.74), from which it differs by an
uncorrected pairwise sequence divergence (p-distance) of
6% on ND4 (Appendix II). Furthermore, the new species
is recorded from an elevation of 172 m a.s.l. and is distrib-
uted in the eastern parts of the Himalayan range, whereas
T. septentrionalis is distributed between above 700-3050
m a.s.l. from central Nepal to Himachal Pradesh in the
Western Himalayas (Kramer 1977; Regenass and Kramer
1981; Whitaker and Captain 2004; Sharma et al. 2013).
This is the second species of snake discovered after 7ra-
chischium apteii Bhosale, Gowande & Mirza, 2019 (Bho-
sale et al. 2019) from the Arunachal Pradesh expedition
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led by the authors, which merely reflects the poor nature of
biodiversity documentation across northeastern India. Fu-
ture dedicated surveys conducted across northeastern In-
dia will help document biodiversity, which is under threat
from numerous development activities that include road
widening, agriculture, and hydro-electric projects.
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Appendix III

ML phylogeny of Trimeresurus based on partial sequences of mitochondrial 16S rRNA and ND4 gene generated
through 1000 non-parametric bootstrap pseudoreplicates under the GTR + G model of sequence evolution. Numbers
at nodes represent ML bootstrap support. Appendix IV
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Images of female paratype of T_ salazar sp. nov.

zse.pensoft.net

.



Zoosyst. Evol. 96 (1) 2020, 123-138 137

zse.pensoft.net



138 Mirza, Z.A. et al.: A new Trimeresurus from Arunachal Pradesh

zse.pensoft.net



	A new species of green pit vipers of the genus Trimeresurus Lacépède, 1804 (Reptilia, Serpentes, Viperidae) from western Arunachal Pradesh, India
	Abstract
	Introduction
	Material and methods
	Morphology
	Institution acronyms
	Molecular analysis

	Results
	Trimeresurus salazar sp. nov.

	Discussion
	Acknowledgements
	References
	Appendix I
	Appendix II
	Appendix III

