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1 INTRODUCTION

AMARASINGHE

Abstract

We reviewed the systematics of Lycodon striatus (Shaw, 1802), including all avail-
able name-bearing types of its synonyms after evaluating phylogeographic (genet-
ics), morphological (morphometry, meristic, and hemipenes), osteological and
distribution evidence. Lycodon striatus sensu lato is widely distributed through-
out South and Central Asia and mimics elapids. Based on phylogenetic analyses
of mitochondrial DNA, we demonstrate that populations from (i) eastern and
central Peninsular India plus Sri Lanka and (ii) south-western parts of Central
Asia form two different clades representing two distinct species: L. striatus sensu
stricto and L. bicolor comb. nov. respectively. These two clades are sisters to L.
deccanensis (in the case of L. striatus) and L. jara (in the case of L. bicolor) and
together form two main sister radiations. Although the external morphological
variability is high in both species, the genetic variability is higher only in L. stria-
tus but not distinct enough to represent more than one species if using the phy-
logenetic or biological species concept. The phylogeny of the L. aulicus group
hints at Sri Lankan L. striatus, likely having evolved in continental Asia through
a probable overland dispersal across the Bay of Bengal (present Palk Strait) into
Sri Lanka. This dispersal may have been facilitated by low sea levels during the
Pleistocene glaciations when Sri Lanka was connected to mainland India. After
considering genetic divergence (with a p-distance of 1.8% 2.1% in the mitochon-
drial cytochrome b gene) and morphological evidence, we synonymize the Sri
Lankan subspecies, L. s. sinhaleyus Deraniyagala, 1955, with L. striatus sensu
stricto. The eastern and central Indian L. striatus (i.e. L. striatus sensu stricto) is
morphologically distinct and deeply divergent genetically compared to Tajik and
Pakistani L. bicolor with a p-distance of 13.6% in cytochrome b gene (mtDNA).
Interestingly, L. bicolor is conspecific (p-distance 1.4%) with L. mackinnoni, a
western Himalayan endemic, and it reveals intraspecific clinal variation.

KEYWORDS

Asia, iconotype, Lycodon mackinnoni, Lycodon striatus sinhaleyus, neotype, nomen dubium,
subspecies

The striated (barred) wolf-snake, Coluber striatus
Shaw, 1802, is currently considered a widely distributed
species in South and Central Asia, including peninsular
India, Sri Lanka, Nepal, Pakistan, Iran, Turkmenistan,
Uzbekistan, West Tajikistan and possibly Afghanistan
(Sindaco et al., 2013; Wallach et al., 2014; Wagner et al.,
2016). Shaw (1802: 527) named the species based on a
14-inch (~356 mm) specimen illustrated and described by
Russell (1796) as Gajoo Tutta (page 22 and plate 16), hence
an iconotype. Russell (1796: 22) further stated the spec-
imen was found from Vizagapatam (=Visakhapatnam,
Andhra Pradesh), India, although it was rare and had 174
ventrals and 40 subcaudals. A year after the description

of C. striatus, Daudin (1803) named the same species de-
picted and described by Russell (1796) as C. malignus. In
the same publication, Daudin (1803) named another spe-
cies C. galathea based on another illustration on plate 26
in Russell’s publication (1796: page 32). Russell (1796: 32)
stated that this specimen was found in Hyderabad, India,
and had 171 ventrals and 41 subcaudals. Later, Wall (1921)
synonymized both species with Shaw's Lycodon striatus.
Dumg@ril et al. (1854: 384) described another possibly
similar species as L. napei based on a single specimen in the
Mus@um National d'Histoire Naturelle Paris (MNHN-RA),
but without any data on its origin or pholidosis. This spe-
cies was also synonymized with L. striatus by Wall (1921).
Another species similar to L. striatus was described by
Nikolsky (1903: 96) as Contia bicolor based on two specimens
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from Persia and Transcaspia, and he stated that one of them
had 202 ventrals and 65 subcaudals. Later, it was placed in
the genus Lycodon and considered a subspecies of L. striatus
by subsequent authors (e.g. Khan, 2002, 2003; Lanza, 1999;
Minton, 1966). Deraniyagala (1955) described two subspe-
cies (i) L. s. sinhaleyus from Rajagiriya (Colombo), Sri Lanka,
and (ii) L. s. nordicus from Baluchistan, Persia, Transcaspia
(i.e. Turkmenistan) towards Calcutta (Northeast India).
Deraniyagala (1955) stated that the Sri Lankan subspecies
had 144 160 ventrals and 35 40 subcaudals, while L. s. nor-
dicus had 163 195 ventrals and 44 58 subcaudals. In these
early descriptions, the males and females were not separated
for meristic characters. However, the latter subspecies was
synonymized with the forma typica by Lanza (1999).

Although there were several attempts to understand the
morphological variation using the number of body scales,
e.g. ventrals and subcaudals (e.g. Deraniyagala, 1955;
Wall, 1921, 1923; Smith, 1943), L. striatus has long been
considered a single species widely distributed in South
and Central Asia (Boulenger, 1891; Wallach et al., 2014).
Therefore, based on the type material and additional
voucher specimens from India and Sri Lanka, we re-
visit the taxonomic status of L. striatus sensu lato which
involves the examination of the type material of all its
synonyms. After taking morphological, meristic, and
morphometric characters into consideration with the geo-
graphical distribution of examined specimens (n = 73), we
recognize that L. striatus represents a species complex that
needs comprehensive taxonomic evaluation.

2 MATERIALS AND METHODS

For this study, we collected morphological, osteological,
genetic, and distribution data for Lycodon striatus sensu
lato, which we compared to publicly available data. We
compared the type specimens (or iconotypes) of all the spe-
cies/subspecies (including synonyms) of Lycodon striatus
sensu lato, with specimens and the descriptions of other
known congeners (see Appendix S1). When diagnosing
and re-describing the species, we scored specimens for the
same morphological and morphometric characters used
in recent descriptions of the genus Lycodon (e.g. Ganesh,
Amarasinghe, et al., 2020; Ganesh, Deuti, et al., 2020;
Ganesh & Vogel, 2018; Vogel & David, 2019).

2.1 | Tissue collection and specimen
examination

Our fieldwork in Central and South Asia took place from
1980 to 2022. We collected some specimens by hand, eu-
thanized the specimens with sodium pentobarbital, and

fixed the specimens in a 10% buffered formalin solution
prior to their storage in 70% ethanol. Prior to fixation, we
preserved tissue samples for DNA analysis in 95% etha-
nol, and the respective vouchered specimens were de-
posited in the herpetological collection at the Pakistan
Museum of Natural History, Islamabad, Pakistan (PMNH);
Department of Zoology, Comenius University in Bratislava,
Slovakia (CUHC); Department of Vertebrate Zoology,
Biological Faculty, Lomonosov Moscow State University,
Moscow, Russia; and the National Museums of Sri Lanka,
Colombo (NMSL). We also examined specimens (see
Appendix S1) from the Bombay Natural History Society,
Mumbai, India (BNHS); California Academy of Sciences,
San Francisco, USA (CAS); Carnegie Museum of Natural
History, Pittsburgh, USA (CM); Field Museum of Natural
History, Chicago, USA (FMNH); Museum of Comparative
Zoology, Harvard University, Cambridge, USA (MC2);
Departmental Museum of Zoology, Mizoram University,
Aizawl, India (MZMU); the Natural History Museum,
London, UK, (NHMUK); Naturhistorisches Museum Wien,
Vienna, Austria (NHMW); National Museum of Sri Lanka,
Colombo, Sri Lanka (NMSL); Pakistan Museum of Natural
History, Islamabad, Pakistan (PMNH); Naturmuseum
Senckenberg, Frankfurt am Main, Germany (SMF);
Zoologisches  Forschungsmuseum  Alexander Koenig,
Bonn, Germany (ZFMK); Zoologicheskii Institut, Rossiiskoi
Akademii Nauk, St. Petersburg, Russia (ZISP); Museum f r
Naturkunde, Berlin, Germany (ZMB); Zoological Museum
of Mikhail V. Lomonosov, Moscow State University,
Moscow, Russia (ZMMU); and Zoological Survey of India,
Kolkata, India (ZSI). Museum acronyms are those of
Sabaj (2020). We obtained morphological, morphometric,
and meristic data for species comparisons, and distribution
data from examined specimens, published literature as well
as georeferenced photographic vouchers from iNaturalist, a
citizen science platform.

2.2 | Genetic data

Total genomic DNA was extracted from the tissue sam-
ples (blood, liver, or muscle biopsies from ethanol-
preserved museum specimens and road-killed animals)
using the NucleoSpin Tissue kit (Macherey-Nagel, D ren,
Germany) following the manufacturer’s instructions.
For molecular genetic analyses, we used fragments of
cytochrome b (Cyt b) using primers L14910 and H16064
(Burbrink et al., 2000). We used standard PCR protocols
with annealing temperature and elongation time of 46 C
and 1:30 min. The purified PCR products were sent for se-
guencing to Macrogen Inc. (Amsterdam, The Netherlands;
http://www.macrogen-europe.com or Seoul, South Korea;
http://macrogen.com).
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New sequences of Cyt b (1096 bp) generated for this
work were deposited in GenBank and combined with
data taken from previously published studies (Table S1;
Dubey et al., 2012; Kalki et al., 2020; Pyron et al., 2013;
Siler et al., 2013; Nawani et al., 2021; Wang et al., 2021).
Following sequences AF471054 (Ptyas mucosa),
KC347453 (Ahaetulla nasuta), and KF732930 (Oligodon
chinensis) were used as outgroups (Lawson et al., 2005;
Lei et al., 2014; Pyron et al., 2013). The sequences were
aligned in MEGA 7 (Kumar et al., 2016) using ClustalwW
(Thompson et al., 2003) with default settings.

The Bayesian inferences (BI) and maximum likeli-
hood (ML) methods were adopted for constructing the
phylogenetic trees. We used MrBayes v3.2.6 (Ronquist
et al., 2012) to construct Bl tree and RAXML GUI v1.5
incorporated into RAXML v8 (Randomized Axelerated
Maximum Likelihood; Stamatakis, 2014) to construct
ML tree. We carried out a log-likelihood ratio test with
and without enforcing the molecular clock in MEGA 7.
The molecular clock test rejected the null hypothesis at
a 5% significant level, and hence, a relaxed clock under
log-normal distribution was used as the prior for the clock
model. We ran the output .xml file constructed in BEAUTI
v2.6.3 in Markov Chain Monte Carlo (MCMC) algorithm
for 100 million iterations, sampling every 10,000 genera-
tions in Yule Coalescent model. The effective sample size
(ESS) values for the priors were checked using Tracer
software v1.7.1 (Rambaut & Drummond, 2009), and a
value >200 was used as the threshold. The initial 10% of
the trees were discarded as the burn-in, as suggested by
Tracer v1.7.1, and we produced the maximum clade cred-
ibility tree at mean heights in Tree Annotator (Rambaut
& Drummond, 2009). We also employed DensiTree v2.2.7
(Bouckaert, 2010) to come by the different topologies in
the sets of Cyt b gene trees. For the partitioned Bl phylog-
eny, the MCMC was run with four chains (one cold and
three hot chains) for 20 million generations by sampling
every 5000 generations with a relative burn-in of 25% of
the trees in MrBayes v3.2.6 (Ronquist et al., 2012). For
the partitioned Bl tree inference, PartitionFinder v1.1.1
(Lanfear et al., 2012) was used to determine the best nu-
cleotide substitution model and the best partitioning
scheme using the all algorithm under the Bayesian infor-
mation criterion (BIC). The software selected the models
HKY + 1+ G for the first and second codon positions and
GTR+ G for the third codon position.

The ML analysis was also performed based on the
partitioned Cyt b dataset by allowing FreeRate heteroge-
neity (Soubrier et al., 2012) at 10,000 Ultrafast Bootstrap
(UFB) replicates (Minh et al., 2013) using the best parti-
tioning schemes selected by PartitionFinder. The models
selected (GTR+1+G for the first and second codon po-
sitions; GTR + G for the third codon position) were based

on BIC values in PartitionFinder. Trees obtained from
ML and BI analyses were visualized using FigTree v1.4.3
(Rambaut, 2014).

The uncorrected p-distances were calculated in MEGA
7 and DnaSP 6 (Rozas et al., 2017), and missing data and
gaps were dealt with using the pairwise deletion option.
For presentation of intra-lineage variability of two de-
tected lineages representing L. s. bicolor, L. mackinnoni, L.
striatus and L. s. sinhaleyus, we built haplotype networks
using PopArt (Leigh & Bryant, 2015) with the imple-
mented parsimony network algorithm of TSC (Clement
et al., 2000), with a 95% connection limit.

2.3 | Morphological character data

We measured the following characters with a Mitutoyo
digital caliper and Leica M50 (Leica Microsystems Inc.)
or AmScope SM-1BZ-RL (10 90 ; United Scope LLC) or
Carl Zeiss DRC 475003 9902 dissecting microscope (Carl
Zeiss AG): eye diameter (ED, horizontal diameter of eye);
eye nostril length (distance between anterior-most point
of eye and middle of nostril); snout length (ES, distance be-
tween anterior-most point of eye and snout tip); internar-
ial distance (IN, least distance between nostrils measured
dorsally); interorbital width (1O, least distance between
upper margins of orbits); head length (HL, distance be-
tween posterior edge of mandible and tip of snout); head
width (HW, maximum width of head measured dorsally);
snout vent length (SVL, measured from tip of snout to an-
terior margin of vent) and tail length (TL, measured from
posterior margin of vent to tail tip).

Meristic characters were taken as follows: supralabi-
als (SUP) and infralabials (first labial scale to last labial
scale bordering gape); dorsal scale rows [DSR, counted
around the body from one side of ventrals to the other in
three positions: (i) one head length behind neck, (ii) mid-
body and (iii) one head length prior to cloacal plate]. We
counted ventral scales without preventrals according to
Dowling’s method (Dowling, 1951) and subcaudal scales
from the first subcaudal scale following the cloacal plate
to the scale before the tip of the tail, the tail tip scale being
excluded from the count.

Sex of the specimens was identified by examining
everted hemipenes or by ventral tail dissection. We ex-
amined the basic structure and systematic characteristics
of the hemipenes according to the method described by
Dowling and Savage (1960). We evaluated the dorsal cross
markings, especially the number of black cross markings
of each individual. The number of cross marks on the body
was counted from the first band posterior to the marking
on the nape up to the last marking clearly visible and
separated from the background colouration. Body colour
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pattern is considered a reliable character only when a
drawing/description/photograph of a live animal or dead
specimen is available to us. We considered the number of
vertebral scales in between cross markings at the anterior
body as a reliable character for species diagnosis.

We examined features of the skull and counted the
number of maxillary, palatine, pterygoid and mandibu-
lar teeth of Lycodon striatus sensu lato based on MicroCT
scans of museum specimens. MicroCT scan was generated
using a Bruker Skyscan 1272 (Bruker BioSpin Corporation)
scanner. The head was scanned for 210 min at a resolution
of 5.4 m and we recorded data for every 0.4 rotation for
360 with (AL) 1 mm filter. The source voltage for the scan
was 65kV and the source current was 153 uA. Volume
rendering was performed with CTVox (Bruker BioSpin
Corporation) and images were edited in Adobe Photoshop
CS6. The osteological description is based on volume ren-
ders retrieved from CTVox following terminology of the
skull described by Gans et al. (2008).

2.4 | Morphometric analysis

Statistically informative tests could not be performed
on separate sexes due to the smaller sample sizes of fe-
males representing the different regions, insufficient for
this purpose. Juveniles were excluded to avoid the bias
of allometry for statistical analysis. Boxplots were gener-
ated for tail ratio (TL/total length) to visualize the range,
mean, median, and degree of differences between dif-
ferent populations bearing statistically different mean
values. We performed separate Kruskal Wallis one-way
analysis of variance tests on the tail length ratio to detect
any significant difference between different populations,
(i) eastern and central India = 13, (ii) Pakistan = 9 and
(iii) Sri Lanka = 14. We used this test due to the small
sample size (Zar, 2010). Variation in adult size was nor-
malized using the following equation: logX,q; = log(X)

[log(SVL) 109(SVL nean)], Where X, = adjusted value;
X = measured value; = unstandardized regression coef-
ficient for each population and SVL,,.,, = overall average
SVL of all populations (Chan & Grismer, 2022; Lleonart
et al., 2000) prior to multivariate analyses on seven mor-
phometric characters, SVL, TL, HL, HW, ES, ED and IO.
The scaled morphometric characters were treated as the
dependent variable and the population as the predictor
variable for multivariate analysis.

Multivariate analysis was conducted using princi-
pal component analysis (PCA) to reduce the highly
correlated multidimensional data matrix into a few un-
correlated variables, i.e. principal components (PC). We
used the princomp function in the R statistical software
program (v4.0.4; R Core Team, 2021). A biplot of the first

Zoologica Scripta €

two principal component scores was used to examine
the degree of the relative influence of each morphomet-
ric character on the data set. All statistical analyses were
conducted using the R statistical software program (v4.0.4;
R Core Team, 2021). Boxplots were generated for tail ra-
tios (TL/total length) to visualize the range, mean, me-
dian, and degree of differences between the above three
populations.

3 | RESULTS

3.1 | Molecular phylogenetic and genetic
variability

The molecular analyses of mitochondrial DNA using
maximum likelihood (ML) and Bayesian inference (BI;
Figure la and Figure S1) showed eight lineages within
the Lycodon aulicus group. These lineages represent dif-
ferent taxa with sequence divergence (uncorrected p-
distances) between 8.5% (L. flavicollisand L. aulicus) and
18.2% (L. aulicus and L. carinatus; Table 1 and Table S2).
The basal position of the L. aulicus group, represent-
ing a single-clade sister to the L. lacensis+ L. carinatus
lineage, includes eight lineages: (1) L. mackinnoni+L.
striatus sensu lato in Central Asia (now L. bicolor comb.
nov. see below) from India and Pakistan, respectively,
(2) L. jara from Myanmar, (3) L. deccanensis from India,
(4) L. striatus sensu stricto + L. s. sinhaleyus from Sri
Lanka, (5) L. capucinus from West Malaysia, (6) L. fla-
vicollis from India, (7) L. zawi from Myanmar and (8) L.
aulicus from India (Figure 1a and Figure S1). We tenta-
tively included L. laoensis+ L. carinatus also into the L.
aulicus group. The uncorrected genetic distance (%) be-
tween targeted taxa represents one evolutionary lineage.
For example, the uncorrected genetic distance between
L. mackinnoni from Mussoorie (type locality) in India
and L. striatus sensu lato from Tajikistan and Pakistan
(hereafter L. bicolor comb. nov.) is 1.4%, and the genetic
distance between L. striatus sensu stricto from India
and L. s. sinhaleyus from Rajagiriya (type locality), Sri
Lanka, is 1.8% 2.1% (Table 1 and Table S2). Therefore,
these should be considered as closely related entities,
representing intraspecific variability. This also supports
the results based on intra-lineage haplotype networks.
Sequences including L. mackinnoni and L. striatus sensu
lato from Pakistan are formed by four haplotypes the
Pakistani population is distant from the Indian by 11 to
14 mutation steps, whereas the difference between the
Pakistani and Tajik populations is only four to seven
mutation steps (Figure 1b). Similarly, the distance be-
tween L. striatus sensu stricto from India and L. s. sin-
haleyus from Sri Lanka is formed by 14 to 17 mutation
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(a) Maximum likelihood (ML) phylogeny of the genus Lycodon based on 1096 bp of the mitochondrial Cyt b gene. Topologies
sian analyses were similar (Figure S1). Haplotype networks reconstructed for (b) L. bicolor and (c) L. striatus.
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Uncorrected mean p-distance (sequence divergence) for mitochondrial cytochrome b gene calculated for members of Lycodon aulicus group and its basal sister species, L. laoensis

and L. carinatus.

TABLE

Species

12

11

10

Species

No.

L. laoensis

12.3

L. carinatus

13.9

14.6

L. mackinnoni

1.4
143

14.6

15.8

L. bicolor comb. nov.

14.8

16.5

18.0

L. jara

15.0 145 15.2 15.8

16.7

L. deccanensis

14.6 14.1 14.0 14.7 13.2

12.5

L. s. sinhaleyus

12.7 12.6 14.4 11.4 2.1
16.7

13.2

11.1

L. striatus s. str.

15.0

15.3 17.6 17.9 16.9 16.5

17.3

L. capucinus

15.6 14.7 16.2 16.6 15.2 14.0 12.6 15.1

16.7

L. flavicollis

10
11
12

14.8 14.5 15.7 15.9 15.5 13.7 13.2 13.7 11.7

16.7

L. zawi

18.2 17.1 18.0 17.2 17.4 16.0 14.8 15.1 8.5 8.9

18.1

L. aulicus

steps (Figure 1c). Together with the data obtained from
the morphology of these snakes, we thus propose taxo-
nomical changes for L. striatus sensu lato in the L. auli-
cus group as outlined below.

3.2 | Morphometric distinctness

Based on 36 examined specimens of Lycodon striatus sensu
lato (see map in Figure 2), five of six morphometric ratio
comparisons showed significant differences (p<.05) be-
tween western central Asian and central + eastern Indian
(forma typica) populations. However, the morphometric
ratios of the Sri Lankan populations were not significantly
different from the forma typica, except for the tail ratio
(TL/total length; 2 =7.05, p = .007; n = 12). Although
the tail ratio (13.3 17.0) of the Sri Lankan population
was generally smaller than the forma typica, and the dif-
ferences were statistically significant, the range of tail ra-
tios showed partial overlap with its forma typica in India
(Figure 3a). In contrast, the tail ratio (TL/total length) of
the western central Asian population (17.1 22.2, n = 9
with mixed sex) was significantly larger ( 2 =14.73,
p = .0001) compared to the tail ratio of the forma typica
(15.1 16.7, n = 12) and their range showed partial overlap.

The principal component analysis also showed distinct
overall differences in morphometric characters between
western central Asian and central + eastern Indian popu-
lations, with distinct and overlapping clusters (Figure 3b).
However, the cluster of the Sri Lankan population sig-
nificantly overlaps with the forma typica in the first two
principal components. Principal components 1 and 2
collectively explained 61.0% of the variation in the mor-
phometric data matrix (Figure 3b; Table S3). Scaled mor-
phometric ED and HL loaded negatively with both PCs,
whereas ES, 10 and HW only loaded negatively with PC1.

We present diagnostic morphological, morphometric,
and meristic data taken for each of the above three popu-
lations in Table 2 and compared them to the Lycodon spe-
cies in Sri Lanka and India in Table 3.

3.3 | Systematics

Currently, there are six junior synonyms under L. striatus
sensu lato (including nominotypical subspecies): Coluber
malignus, C. galathea, L. napei, L. striatus bicolor, L. s. sin-
haleyus and L. s. nordicus. Except for the syntypes of L.
bicolor, our attempts to trace type specimens of other taxa
in other depositories (e.g. MNHN-RA, NHMUK, NMSL,
ZSl, etc.) proved unsuccessful. Therefore, the only availa-
ble original materials for those nomina are the original de-
scriptionsand associated illustrations based on the original
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specimens. Coluber striatus was described based on a spec-
imen depiction by Russell (1796: plate 16; see Figure S2A).
The illustration was based on a single specimen (holo-
type by monotypy), and we examined the available dry
skin catalogued as holotype (NHMUK 1904.7.27.67; not
holotype fide Bauer, 2015). We restrict the type locality
of L. striatus to Visakhapatnam, Andhra Pradesh, India,
based on the holotype (now lost) fide Russell (1796) and
Shaw (1802), and consider its distribution as being from
eastern towards northwest and south India including Sri
Lanka. Coluber malignus was described based on the same
specimen illustrated (iconotype) of C. striatus, hence it is
to be regarded as a junior objective synonym of C. stria-
tus. Coluber galathea was also described based on speci-
mens depicted by Russell (1796: plate 26; see Figure S2B).
The illustration was probably based on several specimens
(syntypes; holotype fide Bauer, 2015), and we examined
two available dry skins catalogued as syntypes (NHMUK
1904.7.27.61-62; not syntypes fide Bauer, 2015). After ex-
amining several live specimens, and studying several pho-
tographic materials, we reveal that C. galathea most likely
corresponds to a juvenile life stage of C. striatus sensu
stricto. In contrast, we have observed some adult indi-
viduals from south-central India (surrounding Bangalore)
that have similar colouration resembling the juvenile col-
ouration of C. striatus. Therefore, we only tentatively syn-
onymize C. galathea with C. striatus sensu lato, leaving
it for future taxonomists to further examination and re-
evaluation of inter-population distinctions using addi-
tional integrative taxonomic approaches. Lycodon napei
is a dubious species where neither a type specimen nor a
type locality has been recognized. Although the original
description implies that it might be a Lycodon species, it
is impossible to assign it with certainty to any taxonomic
group because the description is insufficient for identifica-
tion and the type specimen no longer exists. Therefore, we
consider the nomen L. napei as a nomen dubium.

A comparison of the syntypes of Contia bicolor
with the other known members of the genus Contia
showed that C. bicolor shares characteristics with the
genus Lycodon and not with the genus Contia. Based
on phylogeny as well as skull morphology, e.g. the cur-
vature characteristic in maxillary bone with different-
sized teeth separated by a diastema (i.e. toothless) gap
in C. bicolor vs. subequal-sized teeth with no dias-
tema in the genus Contia, we assign the species to the

genus Lycodon, restrict its type locality to Kurkulab in
Turkmenistan based on Nikolsky (1903) and consider its
distribution as being the region stretching from Pakistan
towards Central Asia. Furthermore, the comparison of
Lycodon bicolor comb. nov. with L. striatus sensu stricto
from eastern India and other known Lycodon species
(Table 2) leads us to recognize it as a distinct species.
Therefore, we resurrect C. bicolor from the synonymy of
L. striatus and elevate it to the species level. The subspe-
cies, L. s. nordicus proposed by Deraniyagala for Central
Asia and northeast India has no designated type mate-
rial and the nomen was referred to the specimens exam-
ined by Wall (1921). The assigned subspecies represents
both species L. bicolor comb. nov. and L. striatus sensu
stricto in pholidosis as well as its biogeographic distri-
bution; hence, we synonymize it with both species.

Interestingly, the syntypes of L. bicolor comb. nov. and
the individuals from Tajik and Pakistani populations have
no distinctive morphological or meristic character varia-
tions. Therefore, it is confirmed that L. bicolor comb. nov.
is a widely distributed species see distribution under
species account below. Further comparison between the
specimens of L. bicolor comb. nov. (including the syn-
types) and L. mackinnoni (including the syntypes; see
Appendix S1) revealed that there are no distinct morpho-
logical characters to distinguish these two species, ex-
cluding the colouration (colour morphs) and, mainly, the
dorsal striated pattern (see Figures 4 and 6).

Moreover, the uncorrected genetic distance between L.
mackinnoni from Mussoorie (type locality) in India and
L. striatus sensu lato from Tajikistan and Pakistan (here-
after L. bicolor comb. nov.) is 1.4% and thus represents the
same evolutionary lineage. Based on both morphological
and genetic evidence, we consider L. mackinnoni as con-
specific to L. bicolor comb. nov. Therefore, in accordance
with the principle of priority sensu Article 23 of the Code
(ICZN, 1999), here we synonymize L. mackinnoni with L.
bicolor comb. nov.

The Sri Lankan population of L. striatus shows several
minor differences in body colouration and meristic char-
acters (e.g. lower number of subcaudals). Therefore, such
populations can be re-evaluated to see the overall pattern
of genetic divergence through phylogenies of both the mi-
tochondrial and autosomal DNA, and we leave it to future
taxonomic workers to re-evaluate the inter-population dis-
tinctions with further integrative taxonomic approaches.

FIGURE

Current distribution showing the museum collection/personal observation/photographic evidence localities of Lycodon

striatus sensu stricto in blue and green circles; and L. bicolor comb. nov. in red and yellow squares. The type locality of C. galathea (L.
striatus) shows in an open square. The localities of L. mackinnoni (now a junior synonym of L. bicolor comb. nov.) are marked with yellow
squares. The symbols with dots in the middle represent the type locality of the respective species. Imprecise localities retrieved from
historical publications are marked with a ? symbol. The localities of genetic samples are marked with GenBank accession numbers.
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FIGURE (a) Boxplots showing the
tail ratio of Lycodon striatus sensu lato in
eastern India, central western Asia, and
Sri Lanka; top, middle and bottom lines
of the boxes indicate 75th percentile,
median and 25th percentile respectively.
Principal component analysis (PCA)
biplot of morphometric variation between

A
1

Tail Ratio (TL/Total length)
0

0.14

—

the above three populations with (b1)
combined sexes shows the morphological
distinctiveness; (b2) the same base biplots
with vectors associated with species

T
Sri Lanka
Population

T
central western Asia

T
central and eastern India

clusters. Each point in bl represents an
individual specimen, and the relative

(b1) (b2)

%

.
%

PC2 (25.8%)
PC2 (25.8%)

ajeos’Ol

distance between two points is equivalent
to the amount of dissimilarity. ED, eye
diameter; ES, snout length; HL, head
length; HW, head width; 10, interorbital
width; PC, principal component; TL, tail
length.

PC1 (35.2%)

Hence, here we state that (i) a name-bearing type is needed
to define this nominal taxon objectively due to the designated
holotype by monotypy of L. s. sinhaleyus (NMSL RS.15, fide
Deraniyagala, 1955) and the other vouchers listed as lost,
(ii) the available description is not detailed enough for fu-
ture taxonomic comparisons, especially with the remaining
populations in Peninsular India, and (iii) the clarification
of the taxonomic status of the nomen sensu Article 75.3.1
(ICZN, 1999) through neotype designation qualifies with
all the conditions of Article 75.3 (ICZN, 1999). The herein
designated neotype (NMSL 2022.03.01) is consistent with
what is known of the former name-bearing type according
to its original description sensu Article 75.3.5 (ICZN, 1999),
and it is distinguishable from the other known Lycodon spe-
cies (Article 75.3.2, ICZN, 1999). In agreement with Article
75.3.6 (ICZN, 1999), the designated neotype was collected
from the holotype’s type locality. The neotype is already de-
posited at NMSL following Article 75.3.7 (ICZN, 1999), and
we provide its description based on external characters (see
Appendix S2), satisfying the requirements of Article 75.3.3
(ICZN, 1999). See Appendices S3 S6 for English translations
of the historical species descriptions (including synonyms)
that were originally written in languages other than English.

The Sri Lankan population of L. striatus sensu lato (i.e.
L. s. sinhaleyus), including the designated neotype, is mor-
phologically and genetically conspecific with L. striatus
sensu stricto. Therefore, in accordance with the principle

0 1 2 3

PC1 (35.2%)

of priority sensu Article 23 of the Code (ICZN, 1999), we
synonymize L. s. sinhaleyus with L. striatus. Based on cur-
rent evidence, we thus consider L. striatus sensu stricto as
awidely distributed species from central and eastern India
(including some lower elevations of northern and north-
eastern India) to Sri Lanka.

3.4 | Taxonomy

34.1 Lycodon striatus (Shaw, 1802) sensu
stricto (Figures 1 5, S1 S3; Tables 1 and 2)

Holotype (by monotypy)

An adult specimen of ~356mm SVL (now lost, prob-
ably a female due to its high ventral count, 74 fide
Russell [1796:22]) collected from  Vizagapatam
(now Visakhapatnam; 17 41 12.54 N, 83 13 06.53 E,
datum = WGSB84; 169 m above sea level), Andhra Pradesh,
India. The specimen was depicted by Russell (1796) on
Plate 16 (see Figure S2A).

Diagnosis (redefined herein)

Lycodon striatus sensu stricto is distinguished from other
congeners by having the following combination of char-
acters: adults reach maximum SVL of 355mm; a single
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FIGURE Live photographs of ()
L. bicolor comb. nov. from (a) Chanor,

Tajikistan, and (b) Sanghar, Khyber

Pakhtunkhwa, Pakistan; L. striatus

from (c) Jabalpur, Central India and

(d) Homagama, Colombo, Sri Lanka.

Photographs by AB, DJ, VRS, and SKB.

(©

preocular, not reaching frontal; two postoculars; a single
elongate loreal scale, in contact with internasal but not in
contact with eye; prefrontal not reaching postnasal but in
contact with supraocular; divided cloacal plate; divided
nasal scale, with anterior nasal slightly larger than posterior;
ventrals 142 178 (n = 21) in males and 149 178 (n = 12) in
females; undivided subcaudals 33 51 (n = 33) in both males
and females combined; temporals 1+2 or 2 +2; eight supral-
abials with 3rd 5th in contact with eye; dorsal scale rows
17 17 15; tail length 15.2% 18.6% of total length in males;
dark brown or black dorsum with around 8 16 clearly vis-
ibly white striated bands along the body with posterior
bands vaguely diffuse, compared to the anterior bands, in
both sexes; and collar band more prominent in Sri Lankan
population compared to the Indian population.

Redescription of the species (see Appendix S2)

Skull and dentition

A complete and robust skull displays a general colubrid
pattern (Figure 5); premaxilla single, round anteriorly,
with a broad ascending process, a flat nasal crest, and a
relatively long transverse process; nasals elongate, trian-
gular, lateral processes tapering anteriorly to form a blunt
process, but slightly bifurcates at the point of articulation
with the ascending process; and parietals rough, anterior
process curved backward. The anterior maxillary teeth
(three) and posterior maxillary teeth (six) are separated
by a diastema equal or greater in length to the longest
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(b)

(d)

anterior maxillary tooth; among the posterior maxillary
teeth, posterior most teeth (two) are enlarged; palatine
with 10 teeth; pterygoid with 14 or 15 teeth and mandible
with a total of 16 or 17 teeth separated by a narrow dias-
tema with anteriorly four enlarged teeth and posteriorly
12 or 13 teeth.

Hemipenis (based on Figure S3)

The organ is single and bulbous in shape, relatively long,
robust and non-capitate. The inverted hemipenis extends
to 13th subcaudal level; the simple oblique sulcus sper-
maticus shallow and centripetal extends directly to apex;
lobes blunt, apical lobe less evident; acalyculate organ
with a specialized ornamentation forms spines on the
proximal portion of the hemipenis greatly enlarged with
basal hooks; spines on the upper basal areas enlarged and
decreasing the size slightly towards the proximal portion;
the lobe is spinose on both the sulcate and asulcate sur-
faces; apical region not separated from the basal portion
and apical part of the hemipenis is spinose; and sulcate
and asulcate expansion pleat naked.

Distribution

Lycodon striatus sensu stricto is distributed in Sri Lanka,
southern and eastern India up to Nepal (Karunarathna
et al., 2010; Karunarathna & Amarasinghe, 2011, 2012;
Lohani et al.,, 2022; Mohapatra et al., 2021; Pandey
et al., 2018; Rawat et al., 2020) and some parts of Central
India (Figure 2), including northern parts of Andhra
Pradesh, Odisha, West Bengal, Bihar, Jharkhand,




















































































	Integrative approach resolves the systematics of barred wolf snakes in the Lycodon striatus complex (Reptilia, Colubridae)
	Abstract

	zsc12587-sup-0001-supinfo.pdf

