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Abstract
Descriptive accounts of the cranial osteology of snakes is important for systematics, functional morphology and also, to some extent, 
palaeontology. In the present study, we describe the skull of Argyrogena fasciolata, a south Asian colubrid snake, in detail. Bones of the 
snout unit of this snake are adapted for a fossorial mode of life whereas the braincase lacks any adaptations related to such an existence. We 
also compared its skull with other snakes belonging to sixteen other genera which together form the large clade containing Afrotropical, 
Palaearctic and Saharo-Arabian racers/whip snakes. The comparison shows that the cranium of A. fasciolata bears more similarity with 
that of Platyceps spp, differing mostly in three characteristics pertaining to premaxilla, nasal and pterygoid bones, than it does with crania 
of other genera. This suggests a closer relationship between those two genera. We also performed molecular phylogenetic analyses on three 
mitochondrial loci using Maximum Likelihood and Bayesian Inference optimality criteria. The resultant phylogenies indeed recover A. 
fasciolata as sister to Platyceps spp.
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Introduction

Argyrogena fasciolata (Shaw, 1802), commonly known 
as the banded racer, is a colubrid snake endemic to the 
Indian subcontinent, being found in India, southeastern 
Pakistan, Nepal, northern Sri Lanka and Bangladesh 
(Smith, 1943; Minton, 1966; Mertens, 1969; Whitaker 
& Captain, 2004; Das & Silva, 2005; Wallach et al., 
2014). Since its first description as Coluber fasciola-
tus, it has been assigned variously to different genera. 
Günther (1858) initially assigned it to Coryphodon but 
he subsequently (1864) transferred it to Zamenis, recog-
nizing its ‘Mediterranean’ affinities. Boulenger (1890, 
1893) also used Zamenis for this species but his Zamenis 
was, to some extent, a catch-all genus for several rath-
er distantly related snakes. Authors in the first half of 

the last century have classified it under either Zamenis 
(e.g. Wall, 1913, 1921) or Coluber (e.g. Smith, 1943; 
Constable, 1949). Smith (1943) included those species 
in Coluber which are currently classified under genera 
Hemorrhois, Platyceps and Spalerosophis and thus his 
scheme reflects the phylogenetic relationships better 
(these genera are indeed found to form a monophyletic 
clade in recent studies [e.g. SchӒtti & Utiger, 2001; 
Utiger et al., 2005]). Wilson (1967) studied Colu-
ber fasciolatus and felt the need to classify it under a 
monotypic genus. Werner’s (1924) Argyrogena (type 
A. rostrata, a junior subjective synonym of C. fasciola-
tus according to Smith [1928]) was available to serve 
that purpose. Since then most workers (e.g. Whitaker 
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& Captain, 2004; Wallach et al., 2014) followed Wil-
son in calling this species Argyrogena fasciolata. Utiger 
et al. (2005) suggested that A. fasciolata belongs to the 
clade of racers / whip snakes of predominantly Afrotrop-
ical, Saharo-Sindian and Palaearctic distribution (zoo-
geographic classification follows Holt et al. [2012]). 
However, though the close relationship of this snake 
with the racer / whip snake genera from the aforesaid 
realms has been recognized either implicitly or explicit-
ly by many authors, its exact phylogenetic relationships 
remain unknown. Even though two mitochondrial loci 
from this species were sequenced in a barcoding study 
(Khedkar et al., 2014), the sequences were not analyzed 
in the context of other racers / whip snakes. Therefore, 
an investigation into the evolutionary relationships of 
A. fasciolata is required.
	 Information on cranial osteology is of importance 
in studies focusing on systematics, functional morphol-
ogy, study of trait evolution and also, to a certain extent, 
palaeoherpetology. Identification of recent fossil materi-
als of squamates depends on skeletal anatomical data of 
extant taxa (Bell & Mead, 2014). Fraser (1937) gave 
a very short, incomplete and somewhat inaccurate de-
scription of the cranium of A. fasciolata. Smith (1943) 
illustrated a maxilla whereas Wilson (1967) illustrated 
a pterygoid and provided a cursory description of a few 
bones for the sake of comparison. Hence, it can be seen 
that accurate information available from literature on the 
cranial osteology of this snake is rather sparse. Moreover, 
absolutely no information on the variation of skull bones 
(except number of teeth) is available even though data 
on intraspecific variation in cranial osteological features 
is of much importance (Szyndlar & Rage, 2002; Bell 
& Mead, 2014). Hence, a detailed account of the cranial 
osteology of A. fasciolata, including the description of 
intraspecific variation, is also highly warranted. 
	 In the present study, we provide a detailed description 
of the cranial osteology of A. fasciolata. A comparison 
with the cranial features of other racers has also been 
given. We also investigate the phylogenetic relationships 
of this species using data from three mitochondrial loci 
and provide a discussion on its generic taxonomy.

Material and Methods

We studied dry osteological material either directly or 
from high quality photographs. All studied materials (see 
Appendix 1 for a list) belong to the holdings of following 
museums (abbreviations in parenthesis) – Natural His-
tory Museum, London (NHMUK), American Museum of 
Natural History, New York City (AMNH), Field Museum 
of Natural History, Chicago (FMNH), Louisiana State 
University Museum of Natural Science, Baton Rouge 
(LSUMNS), Presidency University Zoology Museum, 
Kolkata (PUZ) and University of Michigan Zoology Mu-
seum, Ann Arbor (UMMZ; materials belonging to this 

collection were studied from microCT scans on Mor-
phoSource). Studied materials (including MorphoSource 
media numbers and voucher specimen for molecular 
work) are listed in Appendix 1. No specimens have been 
collected or killed for the present study. Characters were 
noted with a Zeiss Stemi 2000C dissecting binocular 
microscope. Terminology used in the present work for 
cranial osteological features follow mostly Cundall & 
Irish (2008), Underwood (1967) and McDowell (2008). 
Citations were made at appropriate places whenever we 
used terminology derived from works other than the 
aforementioned ones.
	 Whole genomic DNA was extracted from liver tis-
sue dissected out from an ethanol preserved museum 
specimen (see Appendix 1) of Argyrogena fasciolata 
following the Phenol-Chloroform extraction protocol. 
PCR primers for amplification of mitochondrial 12s ri-
bosomal DNA and PCR conditions follow SchӒtti & 
Utiger (2001) and Sinaiko et al. (2018). PCR products 
were visualized in 1% agarose gel, purified with a Ther-
mo Scientific GeneJet PCR purification kit following the 
protocol provided by the manufacturer and then Sanger 
sequenced. The sequence has been deposited in GenBank 
under accession number MK329299.
	 Sequences of mitochondrial 16S ribosomal RNA and 
cytochrome C oxidase, subunit I (COI) genes of Argyro-
gena fasciolata were obtained from the Barcode of Life 
Database (BOLD systems) (Ratnasingham & Hebert, 
2007). Sequences of the three aforesaid genes for all 
genera which were recovered within the clade of Afro-
Tropical, Palaearctic and Saharo-Arabian racer / whip 
snakes in recent, large scale studies (Pyron et al., 2013; 
Figueroa et al., 2016), were downloaded from GenBank. 
Three Oriental rat / trinket snakes of genera Coelogna-
thus, Elaphe and Ptyas were also added. Natrix natrix 
was used as the outgroup to root the phylogenetic tree. 
The BOLD and GenBank numbers of the sequences are 
provided in Appendix 2. The sequences were aligned 
with clustalW (Thompson et al., 1994) in MEGA X 
(Kumar et al., 2018). The alignments were checked with 
eye and adjustments were made where necessary. The 
alignments were trimmed where necessary and then con-
catenated in sequencematrix 1.8 (Vaidya et al., 2011). 
The concatenated dataset was 1973 bp long. Partition-
ing scheme for this dataset (Table 1) was determined on 
the basis of Akaike Information Criterion (corrected) 
with partitionfinder 2 (Lanfear et al., 2016). Bayesian 
Inference (BI) analysis to infer phylogeny was carried 
out in mrbayes 3.6 (Ronquist & Huelsenbeck, 2003). 
The MCMC generations was initially set to 20 million 
generations with a sample frequency of 200. The stopval 
command was set to 0.01. Apart from the stopval com-
mand, convergence was also checked using Tracer 1.6. 
The burn-in frequency was set to 25%. The BI analysis 
was conducted on XSEDE in CIPRES Science Gateway 
(Miller et al., 2010). A Maximum Likelihood analysis 
under GTRGAMMA model with 1000 rapid bootstrap 
replicates was also performed with RAxML 8.2 (Stama-
takis, 2014). 
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Results

Osteology

We first describe the cranial osteology of Argyrogena fas-
ciolata on the basis of six crania. One of these (PUZ 322) 
has also been disarticulated for describing intracranial 
characteristics. Subsequently, the cranial osteological 
features of this snake has been compared to those of other 
genera belonging to the clade of Afrotropical, Palaearctic 
and Saharo-Arabian racer / whip snakes.

Cranial Osteology of Argyrogena fasciolata 
(Shaw, 1802)

Dermatocranium

Premaxilla. The edentulous premaxilla resembles a half 
circle when viewed from above (Fig. 1A). The postero-
dorsally directed ascending process is robust and subtri-
angular with a rounded apex. There is no nasal process. 
Transverse processes are broad based, short and curved 
backward (Fig. 1C). The triangular vomerine processes 
are separated by a narrow U-shaped gap. The anterior tip 
and the lateroventral rim of the premaxilla is somewhat 
‘hanging’ downward.

Nasal. The nasals are paired bones consisting of a hori-
zontal and a median vertical lamina (Fig. 1A, 2A). The 
anterior half of the horizontal lamina is narrow whereas 
the posterior half markedly expands laterally into a lat-
eral process which bends slightly downward. The rostral 
ends of the horizontal laminae diverge slightly from each 
other, thus leaving a V-shaped space between their tips. 
The proximal tips rest firmly on the ascending process of 
the premaxilla. The anterior margin of the well-developed 
vertical lamina shows a slight semicircular emargination. 
The posterior ends of the vertical laminae, which take 
part in forming the prokinetic joint, are robust, directed 
a little downward and slightly ventrolaterally expanded 
(Fig. 2A).

Septomaxilla. The rostral ends of the vertical laminae of 
the septomaxillae remain separated from the ascending 
process of the premaxilla by a small soft tissue filled gap. 
The septomaxilla widens laterally and somewhat ventral-
ly at about its midlength (Fig. 2C and D). The dorsal sur-
face of this expanded region is convex in shape whereas 
the ventral surface is concave and forms the vomeronasal 
cupola with the vomer. The anterolateral edge of this ex-
panded portion gives rise to a dorsolaterally directed con-
chal process. Caudad to this vomeronasal cupola part, the 
septomaxilla narrows abruptly into a medially ascending 
flange (so termed by Rieppel [2007]) which is somewhat 
ventrally bent and bears a laterally and ventrally expand-
ed condyle abutting the septomaxillary process from the 
frontal. 

Vomer. The anterior processes of the vomers firmly un-
derlap the septomaxillae but stops short of reaching the 
vomerine process of the premaxilla (Fig. 1C). The invert-
ed comma shaped vomeronasal fenestra opens up ven-
trally. The part of the vomer enclosing the vomeronasal 
organ resembles an anteriorly inclined deep cup (Fig. 2B) 
whose open end remains covered by the ‘lid’ formed by 
the septomaxilla. The posterodorsal region of the vomer, 
immediately lateral to its vertical lamina, is perforated by 
several small foramina through which pass vomeronasal 
nerve branchlets (Fig. 2A). The dorsal edges of the verti-
cal laminae of the vomers (Groombridge, 1979; intercho-
anal septum of Cundall & Irish [2008]) intrude between 
medially ascending flanges of the septomaxillae. A large 
foramen perforates the ventral half of the vertical lamina. 
The ventral edge of the vertical lamina turns somewhat 
laterally but does not form a horizontal lamina. There is 
no medial vomeronasal fenestra between this bone and 
the septomaxilla.

Frontal. Frontals are paired elements forming the anterior 
braincase (Fig. 1A and B). The lateral margin of frontal, 
being wide at both proximal and distal ends and narrower 
at the centre, looks concave in dorsal view. The suture 
between the frontals, however, is straight. A supraorbital 
ridge demarcates orbital lamina of frontal from the dorsal 
horizontal lamina. The orbital laminae converge toward a 
crest (intertrabecular crest of McDowell [2008]) on par-
asphenoid’s cultriform process, resulting in a little clasp-
ing of the dorsal edge of that crest. The posteroventral 
margin of orbital lamina forms the anterior border of the 
optic foramen. A medial frontal pillar (Fig. 3B) descends 
down from anterior medial part of each frontal which 
fuse with the lateral frontal flange without leaving any 
suture. From the subolfactory part of lateral flange, an 
anterolaterally directed septomaxillary process (Fig. 3A 
and B)) projects out. The anterior surfaces of the mesial 
frontal flanges are a little concave for receiving the pos-
terior ends of the nasal vertical laminae. The anterolateral 
surface of the frontal bears a ridge (which is a medially 
turned continuation of the supraorbital ridge), a concavity 
beneath that ridge and an anterolaterally directed process 
immediately below the concavity. This surface forms a 
complex interlocking articulation with prefrontal. 

Parietal. The parietal is a single, large element consti-
tuting the roof of the braincase (Fig. 1A, B and C). The 
descending processes of the parietal articulate with the 
prootic along its posterior border and with the lateral 
wings of the parabasisphenoid ventrally. The posterior 
dorsal end of the parietal slightly overlaps the anterior 
edge of the supraoccipital. The dorsolateral ridges for 
the external adductor origin converge posteriorly toward 
each other but do not meet at their ends. These ridges 
are more pronounced in larger skulls. The levator crest is 
small and remains separated from a well-developed pos-
torbital process by a small notch. Anteriorly, the descend-
ing processes turn medial to form concave postorbital 
laminae (which are continuous with the dorsal surface of 
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the bone) whose lower medial region is emarginated to 
form the posterior boundary of the optic foramen.

Jugal. The jugals (Fig. 1A and B; these bones, formerly 
known as the postorbitals [e.g. Rieppel, 1977; Cundall 
& Irish, 2008], were shown to be the homolog of lizards’ 
jugal by Palci & Caldwell [2013]) are curved bones, 
tapering at the dorsal end and widening towards the mid-
dle portion and again tapering at the ventral free end. The 
dorsal half sits on the postorbital process of the parietal, 
its posterior margin touching the anterior end of the leva-
tor crest. This bone does not contact the frontal.

Prefrontal. The prefrontal (Fig. 1B) has well-developed 
lateral lamina which extends anteriorly. The lateral lam-
ina is perforated by a small foramen (absent on left side 
in PUZ 322) near its base. The orbital lamina is concave 
to accommodate the eye and is perforated by a lachrymal 
foramen which is wider caudally but narrows a little as 
it approaches the anterior opening. The bony roof of the 
lachrymal canal gives rise to an anterodorsally directed 
small conchal process. The ventral lamina is subrectan-
gular and has a ligamentous connection with the palatine 
and maxilla. There is a notch at the dorsal junction be-
tween the lateral and the orbital laminae to receive the 
laterally directed process from the frontal.

Maxilla. The maxilla (Fig. 1A, B, C, 4A and B) has its 
proximal and caudal ends bent slightly medially. The 
anterior tip of the maxilla does not reach the transverse 
process of premaxilla and is located ahead of the rostral 
end of the palatine. There are 14 – 16 maxillary teeth 
(lowest count given as 12 by Wall [1921]) of which the 
last two slightly larger teeth are separated from the others 
by a small 1/2 teeth socket wide diastema. Anteriormost 
teeth are a little smaller than the rest. The maxilla gives 
rise medially to a somewhat ventrally bent palatine pro-
cess below the site of its association with the prefrontal. 
Though the palatine process is in close proximity to the 
maxillary process of the palatine, these two do not actu-
ally meet or overlap. At the posterior end, the maxilla 
expands medially into a quadrangular ectopterygoid pro-
cess.

Palatine. The palatine is a slender bone supporting 8 – 10 
teeth (the highest count given by Wall [1921] was 11), 

the posterior ones being a little smaller than the anterior 
ones. The palatine teeth are either subequal to or a little 
smaller than the maxillary teeth. The palatine has a trian-
gular maxillary process whose lateral apex is somewhat 
posteriorly directed. The maxillary nerve (the maxillary 
branch of the trigeminal nerve) canal perforates and pass-
es through the base of this process. Behind this process, 
the dorsal surface of the palatine gives rise to a choanal 
process with a medially curved dorsal tip. The thin cau-
dal end of the palatine overlaps the proximal end of the 
pterygoid.

Pterygoid. The anterior end of pterygoid underlaps the 
palatine; however, the proximal end of the former has 
a small notch within which fits a V-shaped ridge situ-
ated on the ventral surface of the palatine. The pterygoid 
teeth are very small and run along the medial side of the 
bone. There are 12 – 15 teeth (the upper limit given by 
Wilson [1967] is 17) and the teeth row does not extend 
behind the level of the posterior end of the ectopterygoid. 
The pterygoid expands into a weakly developed mesial 
transverse process (Fig. 4A and B) (in terms of Rieppel 
[1978]) below the basipterygoid ridge. A weak ridge is 
present on the dorsal surface of the quadrate ramus of the 
pterygoid. The distal end of this bone takes a lateral turn 
and then tapers off.

Ectopterygoid. The ectopterygoid extends from ptery-
goid to the maxilla (Fig. 4A). The posterior two thirds 
of this bone are slender. It articulates to the pterygoid by 
overlapping the latter. The widened anterior end overlaps 
the caudal end of the maxilla. The extent of emargination 
at the anterior end is intraspecifically variable – being of 
an almost truncated appearance in PUZ 322 to slightly 
but distinctly emarginated in the crania of the others.

Supratemporal. This compressed bone is located above 
the trigeminal foramina and the fenestra ovalis, on the 
posterior lateral wall of the prootic (Fig. 1A and C). Its 
anterior end does not extend beyond the prootic. Nearly 
one third of its posterior end projects back beyond the 
braincase. This section is lower in height than the ante-
rior and middle part. The caudal end also curves slightly 
medially. More than half of the articulation surface with 
the quadrate is situated posterior to the braincase. While 
we followed Cundall & Irish (2008) in identifying this 

→ Fig. 1. Dorsal (A), lateral (B) and ventral (C) views of skull (PUZ 322) and lateral (D) and medial (E) views of mandible of Argyrogena 
fasciolata. Abbreviations: Ad.Pa, adductor ridge; Ad.Qa, adductor crest on quadrate; Ang, angular; Ant.L.F, anterior labial foramen; Ar, 
articular; Bo, basioccipital; Ch.F, chorda tympani foramen; Ch.Pl, choanal process of palatine; Ch.Sm, conchal process of septomaxilla; 
Clt.Ps, cultriform process of parasphenoid; Dn, dentary; Ec, ectopterygoid; Ec.Mx, ectopterygoid process of maxilla; Eo, exoccipital; 
Ex.M.F, external mental foramen; Fr, frontal; Jg.Fm, jugular foramen; Ju, jugal; La, lachrymal foramen; La.Pf, lateral lamina of prefron-
tal; Ls, laterosphenoid;  Lv, levator crest; McG, meckelian groove; Mst.Pt, mesial transverse process of pterygoid; Mx, maxilla; Mx.Pl, 
maxillary process of palatine; Na, nasal; Oc, occipital condyle; OpF, optic foramen; Or.Fr, orbital lamina of frontal; Or.Pf, orbital lamina 
of prefrontal; Pa, parietal; PBs, parabasisphenoid; Pf, prefrontal; Pl, palatine; Pl.Mx, palatine process of maxilla; Pm, premaxilla; Po, 
prootic; Po.M.F, posterior mylohyoid foramen; Pra, prearticular; Pt, pterygoid; Qa, quadrate; Qa.R.Pt, quadrate ramus of pterygoid; Rt.Pr, 
retroarticular process; Sm, septomaxilla; Sp, stapes; So, supraoccipital; Spl, splenial; St, supratemporal; Sur, surangular; Tr.Pm, transverse 
process of premaxilla; V2, anterior trigeminal foramen; V3, posterior trigeminal foramen; Vnf, vomeronasal nerve foramina; Vo, vomer; 
Vo.Pm, vomerine process of premaxilla; scale bar 5 mm.
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bone as a supratemporal, we note that different homo
logy hypotheses for this bone were proposed by different 
authors (e.g. McDowell 2008; Warneburg & Sanchez-
Villagra 2015). 

Compound bone. This bone, together with the dentary, 
forms the mandible (Fig. 1D and E). This bone is com-
posed of the dermatocranial surangular, prearticular and 
the splanchnocranial articular which are fused to each 
other without leaving any suture. The articular is strongly 
concave in order to receive the mandibular condyle of 
the quadrate. The anterior dorsal end of the articular is a 
little bilaterally flared. The medially turned retroarticular 
process is somewhat smaller that the articular and bears 
a chorda tympani foramen on its medial surface, imme-
diately behind the articular. The medial prearticular and 
lateral surangular crests border the well-developed (oc-
cupying nearly half of the compound bone) mandibular 
or adductor fossa. An anterior labial foramen is situated 
on the dorsolateral edge of the compound bone, rostrad to 
the fossa. The alveolar canal runs through the compound 
bone. The dorsolateral edge of the anterior end of this 
bone is pointed and wedged between the posterior dorsal 
and ventral processes of the dentary.

Dentary. The dentary (Fig. 1D and E) bears 15 – 16 teeth 
(14-18 according to Wilson [1967]). The anteriormost 
teeth are the smallest. The teeth immediately behind 
the anteriormost ones are the largest and progressively 
become smaller posteriorly. The posterior dorsal denti-
gerous process extends posteriorly more than its ventral 
edentulous counterpart. The rostral end of dentary is rath-
er medially turned. The meckelian canal is open along 
the medial surface of the dentary and stops about four 
teeth short of the rostral tip of this bone. The external 
mental foramen is situated on the lateral surface of den-
tary, about half way between the anterior ends of it and 
the compound bone (which is wedged between the poste-
rior dorsal and ventral processes of the dentary).

Angular. This is an elongated triangular bone which is 
situated medial to the rostral end of the compound bone 
(Fig. 1E). A posterior mylohyoid foramen perforates this 
bone. The anterior end contacts the splenial.
Splenial. The splenial is elongated and triangular. It is ar-
ticulated on the medial side of the dentary (Fig. 1E). The 
bone is not perforated by mylohyoid foramen.

Chondrocranium

Parabasisphenoid. The parabasisphenoid is a fusion be-
tween the anterior dermatocranial parasphenoid and pos-
terior chondrocranial basisphenoid. The posterior half of 
this bone is shield like (Fig. 5A) and the widest part of 
the lateral wing is situated between the trijunction point 
of the parietal, prootic and parabasisphenoid. From the 
widest point of the lateral wing a basipterygoid ridge (it 
is more of a ridge than a process) originates and proceeds 
toward the midline and upon turning rostrad subsides 

into the basisphenoid. This ridge is less pronounced in 
smaller skulls. The posterior vidian canal perforates the 
basisphenoid near its posterior lateral corner (Fig. 5A). 
This runs through the bone as a closed canal and opens 
through a primary anterior opening (as defined by Riep-
pel [1979]), piercing the basipterygoid ridge. The dorsal 
surface bears a deeply concave pituitary fossa and the 
dorsum sellae somewhat overhangs the fossa (Fig. 5B). 
The abducens nerve foramen passes through the crista 
sellaris caudad and laterad to the fossa. The anterior end 
of the parabasisphenoid is drawn into a narrow cultriform 
process which does not expand anteriorly nor is its proxi-
mal end emarginated. A longitudinal, shallow concavity 
or groove runs along the ventral surface of this process. 
On the dorsal surface there is a pronounced ridge, the 
intertrabecular crest (Fig. 5B), which terminates rostral-
ly by an emargination. The parabasisphenoid forms the 
lower boundary of the optic foramen. Below the optic 
foramen, the parabasisphenoid suddenly expands later-
ally and also slightly ventrally into a suborbital flange on 
each side (Fig. 3B and 5B).

Prootic. The prootic is situated caudad to the lateral 
wall of the parietal and rostrad to the exoccipital. It is 
bound ventrally by the basisphenoid and the basioccipital 
whereas dorsally it meets the supraoccipital. There is a 
large aperture – trigeminofacialis chamber – on the me-
dial surface of prootic which gets divided into anterior 
and posterior trigeminal foramina (Fig. 1B and 5C) by a 
laterosphenoid as the chamber opens on the lateral sur-
face. The laterosphenoid is laterally convex whereas the 
region immediately below it abruptly becomes concave 
and is perforated by a small foramen. The hyomandibu-
lar nerve foramen opens within posterior trigeminal fora-
men. There is a very small foramen below the anterior 
trigeminal foramen. Immediately below the surface for 
articulation with the supratemporal there is a small hori-
zontal tuberosity which acts as a supporting shelf for the 
anterior end of the supratemporal. The posterior border of 
prootic is deeply emarginated to form the anterior margin 
of the fenestra ovalis. The prootic also partly contributes 
to the crista circumfenestralis dorsalis which surrounds 
the fenestra ovalis dorsally. 

Exoccipital. The exoccipitals form the posterior dorsal 
margin of the cranium. The exoccipitals also contribute 
partly to the crista circumfenestralis dorsalis. The crista 
circumfenestralis ventralis, which surrounds the fenestra 
ovalis ventrally, is formed entirely by the exoccipital. 
The stapedial shelf of the crista interfenestralis demar-
cates a more posteroventral apertura lateralis for reces-
sus scalae tympani (Fig. 5C). The crista interfenestralis 
expands into a small tuberosity below the juxtastapedial 
recess which abuts ventrally a similar convexity from the 
basioccipital. The jugular foramen is situated behind the 
juxtastapedial recess and is separated from the latter by 
a bony strut (Fig. 1B and 5C). Within the jugular fora-
men, there are three are foramina opening – one large 
anterior foramen for the vagus nerve and two small pos-
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terior foramina, situated one above the other (these two 
may act as passageways for the hypoglossal nerve; two 
similar foramina in Boaedon virgatus were described as 
such by McDowell [1987]). Caudad to jugular foramen 
the exoccipital expands into a small posteriorly directed 
triangular process. Above this process is a small trian-
gular paroccipital expansion. A small foramen is present 
behind this paroccipital process. The exoccipitals con-
tribute laterally to the occipital condyle.

Supraoccipital. The supraoccipital (Fig. 1A) is a single 
bone between the parietal and exoccipital. The posterior 
border looks like a curly bracket with its closed end fac-
ing the caudal end of the braincase. A strong transverse 
crest is present across this bone.

Splanchnocranium

Quadrate. This is an elongated, triangular bone (Fig. 1B) 
from which the mandible remains suspended. The ce-
phalic condyle, the dorsalmost part articulating with the 
supratemporal, is well-developed and somewhat point-

ed anteriorly. Along the anterolateral edge of the bone 
runs an adductor crest. The mandibular condyle is het-
erocoelous. There is a concavity immediately above the 
mandibular condyle, on the anterior surface of the bone. 
There is a small foramen opening within this concavity. 
The ovoid articulatory facet for the stapes is situated on 
the medial surface of the quadrate, at about the midheight 
position of the bone. 

Stapes. The stapes is a very slender, elongated bone 
(Fig. 1B and 5A) with a small rounded footplate. The 
stapes, in its natural articulated position, is somewhat 
posteroventrally slanted to meet the articulatory facet on 
the quadrate (though the contact is mainly established 
through soft tissue). 

Comparison of the cranial osteological  
features

The cranial features of Argyrogena fasciolata is com-
pared here with those of all other genera forming the 
clade of Afrotropical, Palaearctic and Saharo-Arabian 

Fig. 2. Snout bones of Argyrogena fasciolata (PUZ 322). A. Posterolateral view of snout; B. lateral view of right vomer; C. dorsal surface 
of septomaxilla; D. ventral surface of septomaxilla. Arrows indicate the anterior end. Abbreviations: Sm.M.FL, medially ascending flange 
of septomaxialla; SmVnc, vomeronasal cupola part of septomaxilla; Vo.V.Lm, vertical lamina of vomer; Vo.Vnc, vomeronasal cupola part 
of vomer; see legend of Fig. 1 for the rest of the abbreviations.
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racer / whip snakes in the phylogenies inferred by Pyron 
et al. (2013) and Figueroa et al. (2016) (We would like 
to note here that the aforesaid clade was not monophyl-
etic in our molecular phylogenetic analyses (see the next 
section) but this most probably reflects the need for more 
data to resolve the deeper level relationships of this clade 
rather than its non-monophyly).

Argyrogena fasciolata differs from Platyceps, the genus 
which is said to approach the former taxon very closely 
in external morphology (Wilson, 1967), in possessing a 
backwardly curved transverse process (vs. laterally di-
rected, narrow transverse process in Platyceps [Szunyo-
ghy, 1932; present study]), an elongated nasal horizon-
tal lamina (vs. shorter nasal in Platyceps; however, the 
basic shape of the nasal horizontal lamina of Platyceps 
and Argyrogena is similar – concave anterior and convex 
posterior margins [when seen from above] of the lateral 
expansion of the horizontal lamina [Szunyoghy, 1932; 
present study]) and a mesial transverse process of the 
pterygoid (vs. no such mesial expansion of the pterygoid 
in Platyceps). 
	 The three characters which distinguish Argyrogena 
fasciolata from Platyceps serves to distinguish the for-
mer also from Dolichophis, Eirenis, Hierophis, Hemor-
rhois, Hemerophis, Orientocoluber and Spalerosophis 
(Phisalix, 1922; Szunyoghy, 1932; SchӒtti & Utiger, 
2001; Mahlow et al., 2013; Sadeghi et al., 2014; present 
study). A. fasciolata can be further diagnosed from Hi-
erophis and Orientocoluber by having a nasal dominated 
prokinetic joint (vs. nasal playing a minor if any role in 
forming the prokinetic joint; this character may hold true 
for other genera mentioned above [except for Platyceps 
and probably also Spalerosophis] but this requires a thor-
ough study). The emarginated proximal end of the ec-
topterygoid of A. fasciolata serves to distinguish it from 
Dolichophis, Eirenis, Hierophis and Orientocoluber (in 
Dolichophis the anterior lateral process is elongated 
[Szunyoghy, 1932] whereas in other genera the anterior 

end of ectopterygoid is deeply forked to produce anterior 
lateral and medial processes; see McDowell [1986] for a 
definition of those character states). The cultriform pro-
cess of the parasphenoid is more or less the same width 
throughout its length and without any emargination at 
the proximal end in Argyrogena whereas in Dolichophis, 
Eirenis, Hierophis, Hemorrhois, Hemerophis, Oriento-
coluber, Platyceps collaris and Platyceps rhodorachis 
(but not so in other Platyceps spp. examined by us) the 
cultriform process expands towards the anterior end and 
is strongly emarginated (not emarginated in Hierophis 
viridiflavus) (Szunyoghy, 1932; SchӒtti, 1987; SchӒtti 
& Utiger, 2001; present study). There is a lack of distinct 
diastema in the maxillary dentition which further distin-
guishes Spalerosophis from Argyrogena (Smith, 1943; 
present study).

Argyrogena fasciolata is separable from Rhynchocala-
mus and Muhtarophis, whose skull has been described 
by Avci et al. (2015), in the following ways; the anterior 
end of the maxilla is located well in front of the prefron-
tal (vs. the proximal end of maxilla is situated below the 
prefrontal in both Rhynchocalamus and Muhtarophis), 
possesses higher number of maxillary (12 – 16) and pala-
tine teeth (8 – 11) (vs. less than 8 maxillary and 5 pala-
tine teeth in Rhynchocalamus and Muhtarophis), mesial 
transverse process on pterygoid (vs. no such process in 
Rhynchocalamus and Muhtarophis), mandibular teeth 
(vs. less than 10 teeth in Rhynchocalamus and Muhtaro-
phis), a supratemporal-quadrate articulation that extend 
beyond the exoccipital (vs. this articulation does not ex-
tend beyond the exoccipital in the latter two genera) and 
a narrow cultriform process (vs. a wide process in both 
Rhynchocalamus and Muhtarophis). A. fasciolata further 
differs from Rhynchocalamus in having an ascending 
process of the premaxilla (vs. no ascending process in 
Rhynchocalamus, well-developed jugal (vs. a very small 
one in the latter) and a teeth bearing pterygoid (vs. eden-
tulous pterygoid in Rhynchocalamus).

Fig. 3. Frontal bones of Argyrogena fasciolata (PUZ 322). A. lateral view; B. medial view after removal of the right frontal. Arrows indi-
cate the anterior end. Abbreviations: Md.Fr.Pl, medial frontal pillar; P.O.Pr, postorbital process of parietal, visible after removal of jugal; 
Sr.Pf, surface for prefrontal articulation; Sm.Pr, septomaxillary process; So.Fl, suborbital flange; see legend of Fig. 1 for the rest of the 
abbreviations.
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Argyrogena fasciolata is distinguished from Mopanvel-
dophis zebrinus in having a lower number of maxillary 
teeth (the maximum number of maxillary teeth known 
to occur in the former is 16 whereas in the latter it is 19) 
(Broadley & SchӒtti, 2000). Other cranial osteological 
characteristics of the monotypic genus Mopanveldophis 
are unknown.
	 Another monotypic genus Bamanophis containing a 
single species B. dorri is distinguishable from Argyro-
gena fasciolata in possessing a slightly higher number 
of maxillary teeth (15 – 19) (SchӒtti & Trape, 2008), a 
rounded palatine process of the maxilla (Chippaux, 2006; 
SchӒtti & Trape, 2008) (vs. a distinctly triangular pro-
cess in A. fasciolata) and a cultriform process of the par-
asphenoid with an expanded and emarginated proximal 
end (Fig. 3 of SchӒtti & Trape [2008]).

Macroprotodon spp. are characterized by having a maxil-
la with 6 teeth followed by a diastema, 2 – 5 smaller teeth 
and finally 2 rear fangs (Wade, 2001; Geniez, 2018) and 
these dentitional characteristics help to distinguish mem-
bers of this genus from Argyrogena fasciolata. Other 
characters pertaining to the cranium of Macroprotodon 
are not known.

Lytorhynchus is distinguishable from Argyrogena in that 
the former possesses a cruciform premaxilla, only 6 – 9 
teeth on the maxilla (Smith, 1943; present study), poorly 
developed lateral lamina of the prefrontal (vs. well-de-

veloped lateral lamina with an anteriorly directed apex 
in A. fasciolata), a supratemporal-quadrate articulation 
that does not extend beyond the exoccipital caudally and 
lacks any mesial transverse process of pterygoid.
	 Presence of 9 teeth on the maxilla of Wallaceophis 
gujaratensis (Mirza et al., 2016) distinguishes this spe-
cies from Argyrogena fasciolata. Apart from maxillary 
and palatine dentition, no other information on cranial 
osteology is available for W. gujaratensis. Cranial osteol-
ogy Wallophis brachyura – the sister taxon of W. guja-
ratensis (Mirza & Patel, 2018) – remains unknown bar-
ring its maxillary dentition (Smith, 1943) which does not 
effectively diagnose it from A. fasciolata.
	 The comparison presented above shows that among 
those genera for which complete, near complete or at 
least considerable amount of osteological data are avail-
able (namely Dolichophis, Eirenis, Hierophis, Hemor-
rhois, Muhtarophis, Orientocoluber, Platyceps, Rhyn-
chocalamus and Spalerosophis), it is Platyceps which 
is the least dissimilar to Argyrogena. In the phylogeny 
(Fig. 6; also see the next section) inferred from molecu-
lar data, A. fasciolata is sister to all other Platyceps spp. 
However, we cannot find any unambiguous synapomor-
phy in cranial characters supporting the sister relation-
ship between Argyrogena and Platyceps apart from the 
overall phenetic similarities. Mesial transverse process 
of the ectopterygoid appears to be an autapomorphy of 
A. fasciolata. 

Fig. 4. Palatomaxillary arch bones of Argyrogena fasciolata (PUZ 322). A. dorsal view of palatomaxillary arch; B. ventral view of the 
palatomaxillary arch; Arrows indicate the anterior end. Abbreviations: Mx.N.C, maxillary nerve canal; see legend of Fig. 1 for the rest of 
the abbreviations.
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Phylogeny

The Bayesian Inference analysis hit the inbuilt conver-
gence diagnostics (i.e. value of average standard devia-
tion of split frequencies below 0.01) after 13.94 million 
generations. In the BI tree (Fig. 6) Argyrogena fasciolata 
is recovered as basal to Platyceps spp. with moderate 
support (posterior probability 0.82). 
	 The Maximum Likelihood analysis (lnL = –14342.5) 
returned a phylogenetic tree (not shown) which is mostly 
identical with the BI topology. Argyrogena fasciolata is 
again recovered as sister to Platyceps spp., though boot-
strap support was somewhat low (52 %).
Arygyrogena + Platyceps spp. belongs to a clade of me-
dium to large sized Afrotropical, Palaearctic and Saharo-
Arabian racers, diadem snakes and whip snakes belong-
ing to genera, apart from the two aforementioned ones, 
Spalerosophis and Hemorrhois. This clade was also re-
covered in other works (e.g. Schӓtti & Utiger 2001; Nagy 
et al. 2004; Utiger et al. 2005), albeit without A. fascio-
lata.
	 The clade of Afrotropical, Palaearctic and Saharo-
Arabian snakes was not recovered to be monophyletic 
with respect to the Oriental rat and trinket snakes (genera 
Coelognathus, Elaphe and Ptyas); this, however, indi-
cates a need to incorporate more loci, preferably nuclear 
ones, into the analysis. However, the subclade to which 
Argyrogena fasciolata belongs to shows relationships 

consistent with those demonstrated in other studies as has 
already been mentioned.

Generic systematics of Argyrogena fasciolata 
(Shaw, 1802) 

George Shaw described this species as Coluber fascio-
latus on the basis of a plate by Patrick Russell. Two 
more nomina, namely Coluber hebe Daudin, 1803 and 
Coluber curvirostris Cantor, 1839, were synonymized 
with Coluber fasciolatus by Günther (1864) who as-
signed the species to Zamenis. Cope (1862) was most 
probably the first to suspect that the affinity of this spe-
cies lies with palaearctic racers or whip snakes as can 
be deduced from his usage of the generic epithet Tyria 
Fitzinger, 1826 (this was preoccupied by Tyria Hübner, 
1819, a lepidopteran genus, and therefore a homonym). 
Günther (1864) was the first to explicitly express that 
this snake is closely related to the racers of the ‘Mediter-
ranean genus’ – Zamenis in this case. He included spe-
cies currently classified under the genera Platyceps and 
Spalerosophis, apart from C. fasciolatus, in Zamenis in 
his 1864 contribution on herpetofauna of British India. 
Boulenger (1893) placed this species under Zamenis 
but Boulenger’s Zamenis was a polyphyletic hotchpotch 
of several disparate Afrotropical, Nearctic, Neotropical, 

Fig. 5. Chondrocranial bones of the cranium of Argyrogena fasciolata (PUZ 322). A. ventral view of braincase showing parabasisphenoid 
and basioccipital (outlined in black); B. dorsal view of parabasisphenoid; C. lateral view of otic region (crista circumfenestralis cut away); 
Arrows indicate the anterior end. Abbreviations: Al.Rsct, apertura lateralis of recessus scalae tympani; BPr, basipterygoid ridge; PVo, 
posterior vidian canal opening; Int.Cr, intertrabecular crest; Pt.Fos, pituitary fossa; Sp.S, stapedial shelf; Tr.PrI, tuberosity of processus 
interfenestralis. see legend of Fig. 1 for the rest of the abbreviations.
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Saharo-Arabian, Palaearctic and Oriental genera. For the 
first half of the twentieth century this species has vari-
ously been assigned to either Zamenis (e.g. Wall, 1924) 
or Coluber (e.g. Smith, 1943), in association with Saha-
ro-Arabian and Palaearctic racers and whip snakes. Wil-
son’s (1967) comparison of the morphological features 
of this snake with those of other species then classified 
under Coluber led him to opine that this species differs 
enough from others to warrant placement in a monotypic 
genus; therefore he revived Argyrogena Werner, 1924. 
The comparison presented by Wilson shows that A. fas-
ciolata share some external morphological similarities 
with the species belonging to the Platyceps group of In-

ger & Clark (1943). However, neither Wilson nor work-
ers from the pre-cladistics era presented any phylogeny 
with this species included. Utiger et al. (2005) also con-
sider that A. fasciolata is a member of the clade to which 
the Afrotropical, Palaearctic and Saharo-Arabian racers 
belong, however the specific relationships of A. fascio-
lata within this clade remain unknown. Our cranial os-
teological comparison suggests that it is comparatively 
more similar to Platyceps than it is to any other racer 
genera – in fact, the skull of A. fasciolata is essentially 
a Platyceps skull with fossorial adaptations in the bones 
of the snout and the prokinetic joint. The phylogenies 
inferred for the present study from mitochondrial DNA 

Fig. 6. Bayesian Inference phylogeny of Afrotropical, Palaearctic and Saharo-Sindian racers, including Argyrogena fasciolata. Values 
besides nodes are posterior probabilities. 
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data also recovers Argyrogena as basal to other Plat-
yceps. Together A. fasciolata and Platyceps spp. form a 
monophyletic clade and hence the former can be assigned 
to Platyceps (in which case the specific epithet should be 
spelt as fasciolatus), thus making the former genus more 
inclusive. Some systematists (e.g. Platnick, 1976; Avci 
et al., 2015) object to the use of monotypic genera from a 
cladistic point of view with which we concur. However, 
as has already been stated in the Introduction for the last 
four decades most systematists have followed Wilson’s 
arrangement. Furthermore, it is not nested within Plat-
yceps and thus does not render the latter paraphyletic. 
Therefore, we keep the species under discussion in Argy-
rogena to maintain stability, in keeping with the spirit of 
the ICZN general recommendations (Appendix B of the 
Code, fourth version [ICZN, 1999]). 

Discussion

As Bell & Mead (2014) discussed, a shortcoming ob-
served in many studies on squamate osteology is that 
these studies are based on very few (often only one or 
two) specimens. The present study attempts to overcome 
this by studying as many skulls of Argyrogena fasciolata 
as can be accessed. Our study on six skulls shows the 
presence of intraspecific variation in the shape of the an-
terior end of the ectopterygoid and variation in the num-
ber of teeth. Variations observed in adductor ridges on 
the parietal and basipterygoid ridges on the parabasisphe-
noid seems to be related to the age of the individuals as 
these are more pronounced in the skulls of individuals of 
larger size. Previously Wilson (1967) commented upon 
fossorial adaptations in the premaxilla, nasal and coun-
tersunk lower jaw of this snake. We note here that the 
prokinetic joint is dominated by the nasal rather than the 
septomaxilla which is more common in colubrids (Riep-
pel, 2007; Cundall & Irish, 2008); the nasals make con-
tact with almost the entire height of the mesial frontal pil-
lars, thus making a strong nasofrontal joint. This type of 
prokinetic joint characterizes fossorial snakes (Rieppel, 
2007) and A. fasciolata is known to have much more of 
a predilection for a semifossorial mode of life (Minton, 
1966). However, the A. fasciolata skull is remarkable in 
that the cranial feature caudad to snout shows none of 
the common fossorial adaptations listed by Cundall & 
Irish (2008) for burrowing colubrid skulls. It seems pos-
sible that this snake uses its snout to poke through loose 
soil (Minton reports that A. fasciolata resides in habitats 
with loose soil dotted about with rodent burrows) in front 
of the narrow entrance of burrows in search of rodents 
and hence, the burrowing adaptations are limited mostly 
to snout region. However, observation of live snakes in 
their natural habitat and functional morphological studies 
are needed in order to elucidate just how they use their 
snout. Future studies can also focus on the inner ear mor-
phology of A. fasciolata and related Platyceps spp. as the 

osteological features of this region were shown to be cor-
related, to some extent, with mode of living in snakes 
(Palci et al. 2017).
	 Cranial osteology suggests close relationships of 
A. fasciolata with racers of the genus Platyceps and this 
is found to be the case in the molecular phylogenies in-
ferred. Among all the species belonging to the Afrotropi-
cal, Palaearctic and Saharo-Arabian racer / whip snake 
clade, this is the species which achieves the easternmost 
distribution, being distributed in eastern India and Bang-
ladesh. Apart from this species, only two species belong-
ing to genus Playceps – namely Platyceps bholanathi 
and Platyceps gracilis – extend well into the Oriental 
realm, being found in peninsular India (Wallach et al., 
2014). Other species belonging to Platyceps are mainly 
distributed in Afrotropical, Saharo-Arabian and adjacent 
Palaearctic regions (Wallach et al., 2014; Geniez, 2018; 
Spawls et al., 2018). The same also applies mostly to 
Spalerosophis, Hemerophis and Hemorrhois (Chippaux, 
2006; SchӒtti et al., 2009; Geniez, 2018). So, it appears 
that the three aforesaid realms have been the main centre 
of radiation of the Platyceps-Argyrogena-Hemorrhois-
Spalerosophis-Hemerophis clade with a few short dis-
tance incursions into the Oriental realm (for instance, 
Platyceps ventromaculatus and Spalerosophis atriceps in 
northwestern India [SchӒtti & Schmitz, 2006]) and at 
least two (may be three if P. bholanathi and P. gracilis 
are not each others’ sister; these two species have never 
been included in a phylogenetic analysis) instances of 
deep intrusion into the Orient, namely by the two species 
of Platyceps mentioned above and A. fasciolata.
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Appendix 1

Osteological materials (including the voucher specimen 
for molecular taxonomy):

Argyrogena fasciolata: LSUMNS 9524 (‘Pakistan’), LSUMNS 34120, 
NHMUK 1930.5.8.420 (‘Bombay Presidency’), NHMUK 
1930.5.8.421 (‘Thana, India’), NHMUK 1930.5.8.423 (‘Hosar, 
near Bangalore’), PUZ 322 (voucher specimen for molecular 
taxonomy; dry skull plus wet preserved specimen)

Eirenis decemlineatus: AMNH R-68159 (‘Palestine’)
Hemorrhois nummifer: UMMZ Herps-67200 (MorphoSource Me-

dia: M29188)
Hierophis gemonensis: NHMUK 1930.5.8.416
Hierophis viridiflavus: AMNH R-67986, NHM 1964.1196 (‘France’)
Lytorhynchus diadema: FMNH 164704 (‘Egypt’)
Lytorhynchus maynardi: FMNH 167666 (‘Pakistan’)
Orientocoluber spinalis: AMNH R-4974, NHMUK 1930.5.8.413
Platyceps collaris: UMMZ Herps-127487 (‘Croatia’) (Morpho-

Source Media: M29180)
Platyceps florulentus: AMNH R-21795 (‘Egypt’), FMNH 153054 

(‘Egypt’), NHMUK uncatalogued (‘Egypt’)
Platyceps rhodorachis: AMNH R-85578 (‘Karachi, Pakistan’)
Platyceps variabilis: NHMUK 1930.3.7.5 (‘Dthala, Aden Hinter-

land’)
Platyceps ventromaculatus: NHMUK 1930.5.8.392-393 (‘Chitral’), 

NHMUK 1930.5.8.394 (‘Chitral’)
Spalerosophis diadema cliffordii: AMNH R21793 (‘Tunisia’), 

FMNH 22777, FMNH 153046 (‘Egypt’)

Appendix 2

Table 1. Used partitioning scheme.

Partition name Model
12S ribosomal DNA GTR + I + G
16S ribosomal DNA GTR + I + G
COI 1st codon position SYM + G
COI 2nd codon position F81 + I
COI 3rd codon position TVM + G




