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Abstract

Lycodon deccanensis Ganesh, Deuti, Punith, Achyuthan, Mallik, Adhikari, Vogel, 2020 was recently described from the Mysore
plateau of Karnataka based solely on morphology but lacking in-depth descriptions and comparisons. A scrutiny of the description
reveals that the type series, of two specimens, comprise specimens of two different species along with discrepancies throughout the
paper. Surveys conducted near the type locality of the species led to the discovery of additional specimens, which allow us to provide
an elaborate description of the species and present data on its phylogenetic relationship with members of the genus and comments
on the systematics of Lycodon of India. Results from molecular phylogenetics suggest that Lycodon deccanensis is a member of
the L. aulicus clade based on molecular data for mitochondrial cytochrome b gene and shows an un-corrected p-distance (sequence

divergence) of 14—17% from other members of the Lycodon aulicus clade.
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Introduction

Snakes of the genus Lycodon Boie, 1826 commonly called
‘wolf snakes’, are small to medium-sized colubrids that
are generally nocturnal in nature (Whitaker and Captain
2004). They comprise 66 currently recognized species
(Wallach et al. 2014, Uetz and HoSek 2020) which are
distributed from central Asia and eastern Iran to southern
and eastern China and Japan, southwards, across the en-
tire Indo-Chinese Peninsula, and into the Indo-Australian
Archipelago and the Philippines (Lanza 1999). The genus
has been shown to be paraphyletic and due to the lack of
complete sampling in terms of species as well as number
of molecular markers, phylogenetic relationships with

regard to related genera, especially Dryocalamus and
Dinodon remain unclear (Figueroa et al. 2016, Zaher et al.
2019). In the last five years, eight new species of Lycodon
+ Dryocalamus have been described from the countries
of Indonesia (Wostl et al. 2017), Laos (Luu et al. 2020),
Vietnam (Janssen et al. 2019, Luu et al. 2019), Thailand
(Vogel and David 2019), Sri Lanka (Wickramasinghe
et al. 2020) and India (Ganesh et al. 2020a). Peninsular
India currently has nine recognized Lycodon species:
L. aulicus (Linnaeus, 1758), L. striatus (Shaw, 1802),
L. nympha (Daudin, 1803), L. gracilis (Gunther, 1864),
L. anamallensis Gunther, 1864, L. travancoricus (Bed-
dome, 1870), L. flavomaculatus Wall, 1907, L. flavicollis
Mukherjee & Bhupathy, 2007 and the recently described
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Lycodon deccanensis Ganesh, Deuti, Punith, Achyuthan,
Mallik, Adhikari, Vogel, 2020. Of these species,
L. aulicus, L. anamallensis, L. flavicollis, L. gracilis, and
L. striatus have been recorded from the dry forests of
southeastern Karnataka (pers. obs.). Ganesh et al. (2020a)
described Lycodon deccanensis based on two unsexed
specimens BNHS 3596 from Devarayanadurga, Karnata-
ka and ZSI 13271 from South Arcot district, Tamil Nadu.
The new species was diagnosed in being distinct from all
Indian Lycodon in bearing an undivided anal shield and
loreal in contact with the internasal. However, a close
scrutiny of the description revealed that the paratype ZSI
13271 depicted in fig. 2b of Ganesh et al. (2020a) had
loreal shield was not in contact with the internasal and
the preocular separated the supraocular and prefrontals a
set of character states seen in L. travancoricus (Ganesh et
al. 2020b, Smith 1943). The description was rather brief,
the holotype was not depicted in the publication neither
in preserved state nor in life and the sex of the type spec-
imens were not specified. Ganesh et al. (2020a) aimed to
resolve the confusion within the Indian Lycodon, how-
ever, ironically, added more complexity by designating a
specimen of L. travancoricus (ZSI 13271) as a paratype
of the new species. Furthermore, the specimen numbers
in the text and figure captions did not match the num-
bers depicted on the museum tags within the figures (see
fig. 4 of Ganesh et al. 2020a) and multiple spellings of
L. travancoricus were used.

Recent fieldwork conducted near the type locality,
yielded additional specimens of Lycodon deccanensis
that permit us to report additional details of the species
and assess its phylogenetic relationships as per current
standards in systematics.

Material and methods
Morphology

Two specimens were captured by hand and euthanized
with Halothane as per the directive outlined by standard
euthanasia protocols (Leary et al. 2013). The specimens
were fixed in 4% formalin and later stored in 70% ethanol
and deposited in the collection of the National Centre for
Biological Sciences (NCBS), Bangalore and the Bom-
bay Natural History Society (BNHS), Mumbai. Mea-
surements were taken with digital calipers to the nearest
0.1 mm and total length was measured using a non-elastic
thread with an error of 5 mm.

Morphological data for related species were compared
with Smith (1943) and Ganesh and Vogel (2018) and
material examined from natural history museums listed
below. Ventral scales were counted following Dowling
(1951b). The number of dorsal scale rows was counted
at approximately one head length behind the head (at 10
ventral), at midbody, and at about one head length before
the vent (10" ventral before the cloacal plate), respective-
ly. The dorsal scale reduction formula follows Dowling
(1951a) with modifications as proposed by Das et al.
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(2010) and Mirza et al. (2016). Subcaudal counts report-
ed here do not include the terminal scale. The style of de-
scription follows Mirza et al. (2016) with some modifica-
tions. Abbreviations used to describe scalation and other
comparable characters are: V, ventrals; PrV, preventrals;
SC, subcaudals; DSR, dorsal scale rows; SVL, snout-vent
length; TaL, tail length; TL, total length. Images were
taken with the help of a Canon 700D camera using a Can-
on 100-mm macro lens and illumination using two Canon
430exII Speedlite flashes.

Lycodon deccanensis is primarily compared to the
Lycodon species occurring in India and especially with
members of the clade that Lycodon deccanensis belongs
to, based on the molecular data. Abbreviations used in
the manuscript: Bombay Natural History Society, Mum-
bai (BNHS); Muséum national d’Histoire naturelle, Paris
(MNHN); National Centre for Biological Sciences, Banga-
lore (NCBS); Natural History Museum, London (NHM).

Molecular analysis

Genomic DNA was isolated from the preserved tissues
of Lycodon spp. using Qiagen DNAeasy kits follow-
ing protocols provided by the manufacturer. Sequences
were generated for the two specimens of the Lycodon
deccanensis, L. striatus from Savandurga, Karnataka and
L. flavicollis from Devarayanadurga, Karnataka. A frag-
ment of the mitochondrial cytochrome b (cyf b) gene was
amplified. Published primers L14919 & H16064 (Bur-
brink et al. 2000) were used. A 22-ul reaction was set
containing 10 pl of Thermo Scientific Dream Taq PCR
Master Mix, 9 ul water, 0.5 pl of each primer, and 2 pl
template DNA, carried out with an Eppendorf Mastercy-
cler Nexus GSX1. Thermo-cycle s used for amplification
were as follows: 94 °C for 5 min (denaturation tempera-
ture 94 °C for 30 s, annealing temperature 48 °C for 50 s,
elongation temperature 72 °C for 1 min) x 30 cycles, 72
°C for 10 min, hold at 4 °C. PCR product was cleaned us-
ing a QIAquick PCR Purification Kit and sequenced with
an AB 3730 DNA Analyzer. Taxa selected for the molec-
ular phylogenetic analysis followed Zaher et al. (2019).
Downloaded sequences were aligned in MegaX (Kumar
et al. 2018) using ClustalW (Thompson et al. 1994) with
default settings. For optimal partitioning strategy and
evolutionary substitution model, aligned data was ana-
lyzed using PartitionFinder v. 1.1.1. (Lanfear et al. 2012).
We conducted a Maximum Likelihood (ML) analysis to
assess phylogenetic relationship with RAXML v. 1.5bl
(Silvestro and Michalak 2012). Data were subjected to
phylogenetic reconstruction with the GTR+I+G model
as the sequence substitution model, based on the optimal
partitioning scheme suggested by PartitionFinder for both
ML and Bayesian Inference (BI). ML was run for 1000
non-parametric bootstrap replicates with rapid ML search
option. Bayesian Inference (BI) was implemented in Mr-
Bayes 3.2.2 (Ronquist and Huelsenbeck 2003) and was
run for 10 million generations and sampled every 1000
generations. A BI run included five parallel chains, three
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Figure 1. Lycodon deccanensis male NCBS NRC-AA-0010, (a) dorsal aspect, (b) ventral aspect. Scale bars: 10 mm.

hot and two cold chains. The run was terminated after
the standard deviation of split frequencies of the analysis
reached were < 0.05. Twenty-five percent of trees gener-
ated were discarded as burn-in. The tree was visualized
and edited in FigTree (Rambaut 2012). The same dataset
was subjected to phylogenetic analysis on the IQ-TREE
(http://igtree.cibiv.univie.ac.at) online portal (Minh et al.
2020) as it allows incorporation of several models not
available in RAXML. Results from the IQ-TREE run are
presented in the paper as the support values for the clades
are higher than those form RAXML. Sequence accession
numbers for sequences used in the phylogenetic analy-
sis are listed in Suppl. material 1. A summary of the se-
quence substitution model used for different approaches
for phylogenetics in presented in Suppl. material 5.

Results

Molecular phylogenetics based on 1111bp of the mito-
chondrial cytochrome b gene, Lycodon deccanensis was
found to be a member of the genus Lycodon and was
embedded within the L. aulicus clade. Morphological
characters that include 17 DSR, laterally angulate ventral
scales, loreal touching internasal and the arched maxilla
(Smith 1943, Guo et al. 2013) further attest the relation-
ship recovered based on molecular data. There is no intra-
specific divergence observed for cyt b gene between the
two specimens whereas interspecific divergence with its
congeners is 14-17% (Table 1).

Examination of the images of the holotype BNHS
3596 shared by the Bombay Natural History Society con-
firms that the specimens collected by us are conspecific
with Lycodon deccanensis in bearing an undivided anal
shield, loreal in contact with internasal, preocular not in
contact with frontal and the dorsal banding pattern. As per
the description the holotype was preserved for eight years
and has lost its dark colouration and has faded to light

creamy brown and the bands are not as distinct (Ganesh et
al. 2020a). However, the image of the holotype shared by
the Bombay Natural History Society shows a specimen
which clearly does not look old nor has the dark coloura-
tion faded (Suppl. material 6). It is unclear if the specimen
whose images were sent to us is really the holotype as the
holotype was not depicted in the paper. The paratype (ZSI
13271) of Lycodon deccanensis from South Arcot district,
Tamil Nadu depicted in fig. 2b of Ganesh et al. (2020a)
shows that the loreal shield is not in contact with the inter-
nasal and the preocular separates the supraocular and pre-
frontals a set of character states seen in L. travancoricus
(Ganesh et al. 2020b, Smith 1943) and we here consider
this specimen conspecific with L. travancoricus. In the
variation section, Ganesh et al. (2020a) stated that the
paratype agrees with the holotype, but as discussed ear-
lier, it clearly does not. The authors provided a range of
ventral and caudal scale counts but did not provide details
for each individual. Given that the scale number ranges
also included the range of L. travancoricus, these ranges
cannot be relied upon and hence we here provide details
of the freshly procured specimens.

Systematics

Lycodon deccanensis Ganesh, Deuti, Punith,
Achyuthan, Mallik, Adhikari, Vogel, 2020

Figs 1-4, Table 1

Material examined. adult male, NCBS NRC-AA-0010
collected from Devarayanadurga, Tumkur District,
Karnataka, India (13.375778°N, 77.210972°E, elevation
1093 m, datum WGS84) by Yatin Kalki, Sachin Gowda,
Manu Agnivamshi, Karthik Singh and Zeeshan A. Mirza
on 17 June 2020. Adult female, BNHS 3601, collected
from the same locality by Manu Agnivamshi, Sachin Gow-
da, Yatin Kalki and Zeeshan A. Mirza on 19 June 2020.
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Figure 2. Lycodon deccanensis male NCBS NRC-AA-0010 showing head, (a) dorsal aspect, (b) ventral aspect, (¢) right lateral

aspect, (d) left lateral aspect.

Table 1. Uncorrected p-distance (sequence divergence) for members of the Lycodon aulicus clade.

1 2 3 4 5 6

7 8 9 10 11 12 13 14 15 16 17 18

1 KCO010346 Lycodon aulicus

2 KC010348 Lycodon aulicus 0.03

3 KC010350 Lycodon aulicus 0.05 0.05

4 KCO010355 Lycodon capucinus 0.05 0.05 0.03

5 KC010356 Lycodon capucinus 0.05 0.05 0.02 0.04

6  KC010359 Lycodon capucinus 0.03 0.00 0.05 0.05 0.05

7 KC010376 Lycodon effraenis 0.18 0.19 0.19 0.19 0.18 0.19
8 KC010364 Lycodon effraenis 020 020 020 0.20 020 0.20
9  KCO010367 Lycodon jara 0.17 0.15 0.16 0.17 0.16 0.15
10 KCO010368 Lycodon laoensis 0.18 0.17 0.17 0.17 0.17 0.17
11 KC010370 Lycodon laoensis 0.18 0.17 0.17 0.17 0.17 0.17
12 AF471040 Lycodon zawi 0.15 0.14 0.14 0.14 0.14 0.14
13 KCO010386 Lycodon zawi 0.13 0.12 0.14 0.13 0.13 0.12
14 HQ735416 Lycodon aulicus 0.14 0.13 0.15 0.15 0.15 0.13
15 MWO006489 Lycodon striatus 0.17 0.17 0.17 0.17 0.17 0.17
16 MWO006488 Lycodon flavicollis ~ 0.12  0.11 0.11 0.12 0.11 0.11
17 MWO006486 Lycodon deccanensis 0.16 0.16 0.17 0.17 0.17 0.16
18 MWO006487 Lycodon deccanensis 0.16 0.16 0.16 0.16 0.16 0.16

0.14
0.21
0.16
0.16
0.18
0.17
0.20
0.17
0.19
0.18
0.18

0.19
0.15
0.15
0.19
0.18
0.20
0.16
0.19
0.19
0.18

0.18
0.18
0.17
0.15
0.17
0.16
0.17
0.16
0.16

0.02
0.17
0.16
0.18
0.13
0.17
0.17
0.17

0.17
0.16
0.18
0.13
0.16
0.17
0.16

0.02
0.09
0.16
0.12
0.16
0.16

0.09
0.15
0.11
0.15
0.15

0.17
0.08
0.17
0.17

0.15
0.14 0.16
0.14 0.15 0.00

Diagnosis (based on recently collected material). A
small sized species of the genus Lycodon measuring SVL
300-350 mm, bearing 17 smooth DSR at midbody. Lore-
al in contact with internasal and preocular not in contact
with frontal. Nine supralabials of which 3 to 5" touch
eye. Anal shield undivided. Ventrals 204-214 and sub-
caudals 66—-69. Hemipenis cylindrical, not forked, with
long spikes in distal half.

Comparison. Lycodon deccanensis differs from
congeners recorded from India and those bearing 17 DSR
from south Asia, in bearing the following different or non-
overlapping characters: 17 smooth DSR at midbody (vs.
13 and 15 DSR in L. nympha and L. gracilis respectively,
DSR keeled in L. fasciatus (Anderson, 1879), L. gammiei
(Blanford, 1878) and L. septentrionalis (Gunther, 1875)),
nine supralabials (vs. eight in L. striatus, L. mackinnoni
Wall, 1906 and L. fasciatus, 6 or 7 in L. nympha
and L. gracilis) ventrals 204-214 (vs. 174-186 in
L. anamallensis, 165-183 in L. flavomaculatus, 167-188
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in L. jara (Shaw, 1802), 218-237 in L. tiwarii Biswas
& Sanyal, 1965, 176206 in L. travancoricus, 154—195
in L. striatus, 163—187 in L. laoensis Gunther, 1864),
anal plate undivided (divided in L. aulicus, L. flavicollis,
L. nympha, L. gracilis, L. striatus, L. anamallensis,
L. flavomaculatus, L. hypsirhinoides (Theobald, 1868)),
a single preocular present (vs. preocular absent in
L. subcinctus Boie, 1827), loreal in contact with internasal
(vs. not in contact in L. travancoricus and L. zawi
Slowinski, Pawar, Win, Thin, Gyi, Oo & Tun, 2001).

Description of male NCBS NRC-AA-0010 (Fig. 1).
The specimen is in good condition preserved in a coil
with its head resting outside the coil. The specimen bears
two longitudinal incisions and hemipenes are partially
everted (Fig. 1a, b).

Head short, measuring 12.3 mm from snout tip to the
constriction at neck, comprising 3.39% of total length;
high, 3.5 mm, with steeply domed snout in lateral view;
upper jaw visible from ventral side. Head distinctly broad-
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head (b). Photo by Zeeshan A. Mirza.

er (5.9 mm) than neck (3.7 mm). Snout gradually tapering
to blunt, rounded tip in dorsal view (Fig. 2a). Rostral sub-
triangular, slightly visible when viewed from top; wider
(1.3 mm) than deep (0.6 mm). Nostrils small, elliptical
shaped, present in the basal region of the subtriangular na-
sal. Paired internasals, slightly wider (1.5 mm) than long

o, Y -

Figure 3. Lycodon deccanensis male NCBS NRC-AA-0010 in life showing dorsal patterning and colouration (a), close-up of the

(1.1 mm); smaller than prefrontals. Prefrontals, almost
as long (1.8 mm) as wide (1.8 mm). Frontal bell shaped,
2.1 mm at the widest anterior border, median length
3.2 mm. Parietals 3.7 mm long, 2.6 mm at its widest ante-
rior, 1.0 mm at its posterior border. Temporals 2+3+3 on
right side and 2+3+4 on left side, subequal in size, poste-
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rior one inserts deeply between supralabial sixth, seventh
and eighth. Six nuchal scales, slightly larger than adjacent
dorsal scales, bordering parietals. Supraocular larger than
preocular; preocular large, deeper (2.2 mm) than wide
(1 mm). Loreal longer (1.4 mm) than high (0.7 mm). Two
postoculars, upper one larger. Eye circular, 2.1 mm diam-
eter with an elliptic pupil. Nine supralabials, third, fourth
and fifth in contact with orbit (Fig. 2c, d). Supralabial I-
IIT subequal in height and, apart from second supralabial,
contacts only rostral and nasal. Second supralabial in con-
tact with nasal, loreal and first + third supralabials. Fourth
and fifth supralabials wider than high. Third supralabial in
contact with preocular, second and forth supralabials and
loreal. Sixth supralabial as high as the third supralabial.

Mental short, triangular. Infralabials 10, first really
long, 1II to VI infralabials short and thin, fifth onwards
larger (Fig. 1b). Seventh infralabial broadest and ninth
much longest. First seven infralabials in contact with the
genials. Anterior genials almost twice as long (2.4 mm) as
wide (1.1 mm); posterior genials 1.1 mm long and 1 mm
wide and in contact (Fig. 2b).

Body laterally compressed, ventral surface distinctly
flattened. Dorsal scales in 17-17-15 rows. First lateral re-
duction observed after the 10™ ventral is at 70% of the
ventrals where third and fourth DSR are involved in re-
duction from 17 DSR to 15 at ventral 143. Dorsal scales
imbricate, regularly arranged, vertebral scales not en-
larged. All body scales smooth and glossy, with apical pit.
Ventral scales 204 in number excluding three preventrals.
Anal shield undivided, slightly larger than last ventral
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Figure 4. Lycodon deccanensis female BNHS 3610 in life showing dorsal patterning and colouration. Photo by Zeeshan A. Mirza.

—
e

scale. Subcaudals paired, 68 in number. Tail terminates
in a sharp, tapering apical spine. Total length 375 mm,
tail length 75 mm, tail/total length ratio 0.2. Hemipenis
cylindrical, not forked, with long spikes in distal half.
Colouration in preservative (Figs 1, 2). Background
colour brown throughout, with more than 42 creamish
white bands from the neck to the tail. The first band in at
the neck forming a broad collar. Bands on the body about
two dorsal scale width and the bands break-up towards the
posterior part of the body to form reticulated pattern. Bel-
ly white lacking mottling or any marks. First two supral-
abials light brown with the rest predominantly white with
a diffused brown patch in the center of each scale. Head
shield darker than the labial scales. Three rows of scales
bordering the pareital scales form the light collar band.
Colouration in life more vivid and bright (Figs 3, 4). The
dorsum is much darker and the dorsal bands are cream
coloured. The colouration has faded after preservative.
Variation. The female BNHS 3610, agrees with the
description of the male NCBS NRC-AA-0010 but dif-
fers in the attributes presented here: SVL 350 mm, TaL
78.5 mm, TL 428.5 mm, TaL/TL 0.18, V 214, Sc 66.
Scale reduction from 17 DSR to 15 DSR observed at ven-
tral 153 where scale rows 3 and 4 are involved.
Distribution. Lycodon deccanensis is currently re-
corded only from the type locality, Devarayanadurga,
Karnataka, India, between elevations of 1000 meters and
1190 meters. Other locality records provided by Ganesh
et al. (2020a) require verification based on voucher due
to the misidentification of specimens as discussed above.
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Figure 5. ML phylogeny of selected members of the genus Lycodon based on 1110 bp of mitochondrial cytochrome be gene recon-
structed with IQ-TREE online portal. Numbers at nodes represent ML bootstrap support and BI posterior probability. For a complete
tree, check supplementary material. Taxa marked with an “*’ were generated in the present study.

Natural History. A total of six individuals have been
found, one on 14 July 2019 and the remaining five be-
tween 10 June 2020 and 25 June 2020. All individuals
were found between 2000 h and 0200 h, suggesting that
the species is nocturnal like other Lycodon spp. Ventral
scales with angulate lateral edges assist L. deccanensis in
scaling the vertical surfaces of rocks, cliffs and walls. We
observed one individual two meters high climbing on a
relatively smooth wall and another individual 1.5 meters
high that had taken refuge in a crevice in a stone pillar.
One individual, which we kept in a container overnight,
fed on a Cnemaspis cf. mysoriensis that it was offered. The

following species have been observed in the same micro-
habitat sympatrically with L. deccanensis: Cnemaspis cf.
mysoriensis, Hemidactylus frenatus, H. parvimaculatus,
H. whitakeri, Uperodon taprobanicus, U. variegatus,
Boiga flaviviridis, Lycodon flavicollis, and L. gracilis.

Discussion
Phylogenetic relationships recovered in the present study are
congruent with that of Zaher et al. (2019) and Wostl et al.

(2017) and Lycodon deccanensis is recovered as a member
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of the L. aulicus group of Wostl et al. (2017) with high sup-
port for ML (bootstrap 99) with poor support in BI (posterior
probability 0.62) (Fig. 5, Suppl. material 1-4). Due to lack of
molecular data for most Indian representatives, relationships
recovered in the present work may however change. Based
on morphology, Lycodon deccanensis shows affinity to
Lycodon aulicus sensu lato in bearing 17 DSR and the broad
contact between the loreal and internasal shield. However,
differs from all members of Lycodon aulicus s. I. in bear-
ing an undivided anal shield a character state known only in
L. travancoricus (Smith 1943, Ganesh and Vogel 2018, Patel
et al. 2019). Lycodon deccanensis however, diftfers from all
members of the L. aulicus clade in showing an un-corrected
pairwise sequence divergence of 14—-17% (Table 1).

The description of Lycodon deccanensis by Ganesh
et al. (2020a) was a noteworthy attempt, however, the
work presents erroneous voucher numbers, unsexed type
specimens, multiple species in the type series, and a lack
of molecular data.

Additionally, the recent revision of the L. aulicus
group contingent on morphology alone by Ganesh and
Vogel (2018) lacks molecular support to the taxonomic
amendments and hence in our opinion cannot be relied
upon largely because the group is morphologically cryp-
tic and the study further lacks details of skull and denti-
tion. Results based on molecular data are at odds with the
current taxonomy and a detailed revision of the Indian
members of the genus is needed.

Description of a distinct Lycodon deccanensis by
Ganesh et al. (2020a) merely highlights the poor nature of
documentation of snakes in a country as the whole, as sev-
eral new species have been described in the last five years
(Mirza et al. 2016, 2020, Giri et al. 2017, 2019, Bhosale et
al. 2019, Deepak et al. 2020). Most of these descriptions
were from biodiversity hotspots like the Western Ghats and
the Himalayas whereas areas that lie outside biodiversity
hotspots receive little attention. It is hoped that attempts
are made to document the diversity of snakes across the
country, especially in areas that are situated in unprotected
dry lands or outside biodiversity hotspots. Recent herpe-
tofaunal explorations of the Mysore plateau have demon-
strated distinct and unique biota (Agarwal 2016, Mirza et
al. 2018, Agarwal et al. 2020) and we advocate dedicated
efforts to study the biodiversity of this region.
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