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ABSTRACT—Rhynchocephalia, a once diverse clade of bzard-like reptiles, had a nearly global distribution during much of
ihe Mesozoic. By the Late Cretoceous rhynchocephalians underwent & marked reduction in their diversily and iogeographic
ranpe, with sparse records of only deeply nested taxa (e.g.. Sphenodontinae ) found in the Upper Cretaceous-Paleocene of
Patagonia and the Miocene-Recent of Mew Zealand. Here we describe a partial dentary with teeth of a rhymchocephalian
from the Naskal locality, an intertrappean deposit within the Deccan Traps Voloinic Provines in peninsuler India. This
discovery represents the frst Cretaceous—Paleogene (K-Pg) record of a rhynchocephalian outside of Pategonia and: (i)
demonstrates the clade had a broader Gondwanan distribution during the Cretacecus than previously appreciated and (i)
reinforces the emerpging pattemn that Rhynchocephalia were confined to Gondwana after the Early Cretaceous This
further extends the rhynchocephalian record in Indis, which now spans most of the Mesozoic (Late Triassic to ca. K-Pg
boundary). The Naskal rhynchocephalion iz a member of Acosphenodontin based on its mpmhmd, acrodont marginal
dentition, Its hatchling teeth appear to be unique (epg., crowns mesially tippad, distinct break in slope along distal margin)
and most similar in morphology to those of Godavarisaurus LareefE from the Lower-Middle Jurassic of India. Althoogh the
Niskal intertrappesn most likely was deposited during the latest Mustrichtian, pdditional fossil sampling across the K-Pg
boundary in India s needed to determine whether the Naskal rhynchocephalisn was @ vicim or survivor of the end-
Cretaceons mass extinction.
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INTRODUCTION

Rhynchocephalia are a clade of lizard-like reptiles that
together with their sister taxon Squamata form crown-group
Lepidosauria (Gauthier et al, 1988; de QOueiroz and Gauthier,
2020). Whereas Squamata today comprise over 11,000 species
globally (Uetz et al, 2022), Rhynchocephalia include only the
tuatara (Sphenodon punciatus), which i restricted to New
Zealand (Cree, 2014). The striking contrast in the diversity and
peographic distribution of modern ians and squa-
mates is the product of a deep Mesozaoic history that extends to at
least the Middle Triassic, when the first rhynchocephalians are
recorded (Jones et al, 2013). By the Late Triassic, Rhynchoce-
phalia achieved a nearly global distribution (Jones et al,, 2009),
and by the Cretaceous were both diverse in form and size
and had occupied multiple habitats {see below). Available
records suggest that much of this distribution had diminished
by the early Cenozoic to a small region of South America
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(Apesteguia et al, 2014), and possibly Antarctica’New Zealand
(Apesteguia and Jones, 2012). The rhynchocephalian range con-
traction might have been related to the global expansion of
modern lizard clades (e.g, Jones, 2006a, 2013; Hemrera-Flores
ef al, 2021), expansion/contraction of preferred environments
(Evans, 1995, 1998; Rauhut et al, 2012), or both.

The general geographic pattern of expansion and coniraction
of Rhynchocephalia parallels that of their taxonomic and eco-
morphaological diversity. During much of the Mesozoic rhyncho-
cephalians were diverse (e.g., Jones, 2006a, 2006b, 2008, 2009;
Jomes et al., 2009), including small, pracile, terrestrial insectivores
(e.g., Gephyrosaurus; Evans, 1980, 1981), larpe, robust, terrestrial
berbivores (e.g., Priosphenodon; Apesteguia and Novas, 2003;
LeBlanc et al, 2020}, and aguatic forms with elongate bodies
and short limbs (eg., Plewrosawrns; Carroll, 1985). Peak taxo-
nomic dchness occurred during the Late Triassic (> 22 named
species in 11 genera) and Late Jurassic (> 18 named species in
14 genera; paleobiodb.org, accessed 5 February 2022). In the
Early Cretaceous, rhynchocephalian diversity declined to only
about eight species, with fewer records in North and South
America, Enrope, and South Africa (eg, Throckmorton et al,
1981; Evans and Si u-Russell, 1997; Reynoso, 1997, 2001
Evans et al,, 2001; Apestegnia and Carballido, 2014; Cau et al,
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2014). By the end of the Late Cretaceous, there were only two
rhynchocephalian species, both from the upper Campanian-
lower Maastrichtian of Argentina: Kawesphenodon expectatus
from the Los Alamitos Formation (Apesteguia, 2005) and
Lamarquesauris cabazai from the Allen Formation (Apesteguia
and Rougier, 2007). Other unnamed taxa from the same geologic
units are based on highly incomplete material and may not be
taxonomically distinct from K. expecrarus and L. cabazai (Marti-
nelli and Forasiepi, 2004; A pesteguia, 2005). The spatial contrac-
tion and drop in diversity of rhynchocephalians may have been
accompanied by a decline in evolutionary rates (Simdes et al,,
2020).

The Cenozoic record of Rhynchocephalia is limited to a few
southern landmasses. Kawasphenodon peligrensis from the
Paleocene of Patagonia represents the omly rhynchocephalian
penus known to have survived the Cretaceous—Paleogene (K-
Pg) mass extinction ca. 66 million years ago (Apestegufa et al.,
2014; see Aupé and Rage, 2006, for a tentative rhynchocephalian
record from the Paleocene of Moroceo). After an approximately
40 Ma gap, Rhynchocephalia reappeared in the Miocene-late
Pleistocene of New Zealand, where the clade today is rep-
resented by a single species, Sphenodon punctatus (eg., Jones
et al, 2009; Cree, 2014).

The record of Rhynchocephalia in India (Fig 1A) mirrors
their global record, with occurrences concentrated in the
early part of the Mesozoic. Records from the Upper Triassic
(Camian-MNorian) Tiki Formation are highly incomplete and
include an indeterminate rh halian represented by a
partial maxilla with teeth (Ray et al, 2016fig. 7f-h) and two
other tooth-bearing elements that, in our opinion, are not
unequivocally rhynchocephalian (see Ray et al, 2016:fig. 71
Jitendra and Milankumar, 2019:pl. I, fips 5-8). The long and
slender dentary identified by Ray et al. (2016) as a possible
new thynchocephalian is more similar to that of the Late Trias-
sic lepidosauromorph Sophineta cracoviensis (Evans and
Borsuk-Bialynicka, 200%fig. 8) than it is to basally diverging
thynchocephalians  (eg., Gephyrosaurus bridensis, Ewvans
1980; Diphydontosauris avonis, Whiteside, 1986) in its deeply
pleurodont tooth attachment, continuous tooth replacement,
and moderately spaced, tall, slender, conical teeth, and dorsally
positioned dentary symphysial articulatory surface. Other puta-
tive Tiki records include undescribed and unfigured spheno-
dontian teeth (Datta et al, 2004). Unambignons
rhynchocephalian specimens from the Lower-Middle Jurassic
Kota Formation (Rebbanosaurus joini and Godavarisaurus
lareefi; Evans et al, 2001) are more abundant, better preserved,
and complete enough to incorporate into etic ana-
lyzes, 'qi'hEl‘E they nrgh commonly recovered nmﬁlgmpbem—
dontia: the dade that includes devosaurs, pleurosaurs,
saphaeosaurs, eilenodontines, and sphenodontines (e.p., Apes-
tegufa et al, 2012; Herrera-Flores et al, 2018; Romo de
Vivar et al,, 2020; Simdes et al., 2020, 2022; DeMar et al., in
press). A pnm‘bl& third rhynchocephalian from the Kota For-
mation, Bkmmgm rebbanensis, was originally considered
an ﬂu’nduntun iguanian (Evans et al, 2002), but it was recently
hypothesized to be a rhynchocephalian (Conrad, 2018).

Here we describe the first thynchocephalian ocourrence from
the Cretaceous—Paleogene of India, which represents the only
such record outside of Patagonia. The specimen, a partial
dentary with teeth, is from the Naskal intertrappean locality in
the south-central state of Telangana in peninsular India. The
Naskal taxon is an acrosphenodontian and most similar morphao-
logically to Godavarisaurus. The presence of the Naskal taxon is
consistent with Rhynchocephalia being found only on the
southern landmasses after the Early Cretaceous and has impli-
cations for the K—Pp mass extinction.

Institutional ~ Abbreviations— GSVPAL/SR,  Geological
Survey of India, Palacontology Division, Southern HRegion,

gt'dcrubad. India; YPL/IJU/KR, Kota Reptile Collection, Ver-
rate Palacontology, University of Jammu, India.

MATERIALS AND METHODS
Mensuremenis

Measurements are straight-line values taken from high-resol-
ution digital images in [magel 1.53c (imagej.nih.gov/ij/). The
digital images were captured using a Leica MZ9.5 bmuculn dis-
secling microscope, with Clemex imaging hardware and software
including Captiva Entry-Level Image Analysis v. 7.0.700.

Microcomputed Tomography

GSISR/PAL-NR-0101 was scanned using a Bruker SkyScan
1172 Micro-CT scanner for virtual 3D reconstruction at a resol-
ution of 821740 pym and with a source voltage and current of
48 kV and 208 uA, respectively. GSUSR/PAL-NR-0101 was seg-
menied and volumetrically 31 rendered in 3D Slicer v. 4.6.2 and
4.11.0 (shicer.org).

Anatomical Terminology and Clade Definitions

The anatomical used here primarly follows
Robinson (1976), Evans et al (2001), and Apesteguia et al
{2012). The marginal dentition of most rhynchocephalians that
are more deeply nested than Diphydonrosaurus avonis (ie.,
Acrosphenodontia as defined in Chambi-Trowell et al, 2021) is
divided into three regions of acrodont teeth. These include (i)
the immature hatchling testh that typically alternate in size, (i)
the mesially positioned, more mature successional teeth that in
some taxa become enlarped and caniniform (e.g., Sphenodon
punctatus), and (iii) the additional teeth, which are added one
by one behind the hatchling series as the jaw grows (Robinson,
1976; Reynoso, 2003},

(lade names used herein follow the definitions presenied in
Chambi-Trowell et al. (2021).

GEOLOGICAL AND PALEONTOLOGICAL SETTING

of volcano-sedimentary rocks of the sontheastern
part of the main Deccan Traps Volcanic Province (DTVF)
occur in the Vikarabad District of Telangana State, about 70
km west of Hyderabad. Detailed geological ing of the
area and its surroundings (Dutt, 1975) has identified nine volca-
nic flows and four intervening “intertrappean” sedimentary
deposits This volcano-sedimentary sequence overlies either Pre-
cambrian Bhima Group rocks or Archean gneisses and graniies
The intertrappean section that yielded the fossil described herein
is located about 2 km northeast of the village of Naskal (17°14°21°
‘N, 77°53'16"'E; Wilon Mantilla et al, 202:figs. 1, 3-5; Fig. 1A).
This ~2.7 m thick section was deposited between flows “3a™ and
“4" of the Deccan Traps and comprises mudstones, shales, cherts,
limestones, marlstones, and clays (Wilon Mantilla et al., 2022-fig.
5; Fig. 1B). In the 1990s, a team led by the Geological Survey of
India (GSI), Southern Region collected ~18,000 kg of bulk sedi-
ment from multiple units in this section. Underwater screen-
washing of samples from the ~30 cm thick white marlstone to
mudstone unit has yielded a rich vertebrate microfossil assem
blage of ~3000 specimens, including a variety of fish jaws,
teeth, and otoliths, anuran postcranial elements, ver-
tebrae, mirtle shell, crocodilian teeth, and mammalian teeth,
incomplete jaws, and postcranial elements (e.g, Das Sarma
et al., fli;ﬁ:i; Enanﬂmrunm and Das Sarma, 19'?7% Wilson et al.,
2007; Wilson Maniilla et al., 2022). No definitive dinosaur speci-
mens have been reported from our Maskal collections or those
from other workers (e.g., Prasad and Sahni, 198%; Khajuria and
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FIGURE 1. A, map of India showing peographic positions of fossil thynchocephalian localities from the Tiki (Upper Triassic) and Kota ( Lower-
Middle Jurassic) formations and the Naskal Intertrappean locality (uppermost Cretnceous/lowermost Paleocenc)). B, sedimentological log of the Geo-

logical Survey of India (GSI) Naskal Quarry. Abbreviation: DTVF, Deccan Traps Volcanic Province. The map and

of the DTV are modified

from Wilson et al. (201%: fig. 1) and Wilkon Mantilla et al. (2022:fip. 1). The sedimentological lop is modified from Wilson Mantilla et al (20226, 5, top

right).

Prasad, 1998; Prasad, 2012). Wilson Mantilla et al. (2022} pro-
vided more geolopical details, reviewed evidence for the age of
the locality, and presented new “Ar/™Ar data that indicate a
most probable latest Cretaceous age for the site (66.136-66.056
Ma), but an earliest Paleocene age caomot be ruled out. Note
that the geographic coordinates for the Naskal locality provided
bere and in the “Geological setting” and fig. 3 of Wilson Mantilla
et al. (2022} are correct, but those in the *Systematic Paleontol-
ogy™ section of Wilson Mantilla et al. (2022} are incorrect.

SYSTEMATIC PALEONTOLOGY

LEPIDOSALRIA Haeckel, 1866 sensu Evans, 1984
RHYNCHOCEPHALIA Gilnther, 1867 sensu Gauthier,
Estes, and de Queiroz, 1988
SPHENODONTIA Williston, 1925 sensu Chambi-Trowell,
Martinelli, Whiteside, Romo de Vivar, Soares, Schultz, Gill,
Benton, and Rayfield, 2021
ACROSPHENODONTIA Chambi-Trowell, Martinelli,
Whiteside, Romo de Vivar, Soares, Schultz, Gill, Benton, and
Rayfield, 2021
ACROSPHENODONTIA indet.
(Figs. 2, 3)

Referved Specimen— A partial right dentary with teeth (GSI/
SR/PAL-NR-0101}),

Locality and Horizon— The locality is near Naskal, Telangana,
India (17°14'21"'N, 77°5316"'E; Fig. 1A). Fossils were found in
the white marlstone to mudstone below the dark clay with
sandy lenses and clasts and above the loose, yellowish, shaly/car
bonate mudstone to marlstone at the GS5I Naskal quarry (Fig.
1B). Application of Monte Carlo methods and Bayesian con-
straint to *Ar/"*Ar ages of the bounding lavas (Wilson Mantilla

et al, 2022) indicates that the permissible age range of the Naskal
intertrappean is between 66.136 and 66.056 Ma, at 68% confi-
dence. Additional data are available from Wilon Mantilla
et al. (2022) and the GSL

DESCRIFTION

GSLSR/PAL-NR-0101 is an anterior portion of a right dentary
with nine partial to complete tecth (Figs 2, 3). The maximum
preserved lenpgth and height of the specimen (excluding the
teeth) 8 2.9 mm and 12 mm, ectively. The complete
den.h::}runghthwtwnlpmmﬁkmgi%h symphyss is
not preserved. The jaw is gracile, with its greatest mediolateral
width approximately 65% of its estimated total length.

Portions of the surface of the booe and some of the teeth are
pitted and cormroded (eg., Fig 3E-G), a condition typical of
many of the mammal teeth found at the Naskal locality (e.g.,
Prasad and Sahmi, 1988; Prasad et al, 1994; Wilson Mantilla
et al,, 2022). This pitting might have been the result of the phys-
ical and chemical processes of pedogenesis at the Naskal locality
(Khajuria and Prasad, 1998) or digestive corrosion by camivore
gastric fluids (e g, Smith et al, 2021).

Dentary

Dentary GSISR/PAL-NR-0101 is elongate in dorsal view (Fg.
2CC). Itz lateral margin is nearly straight, and its medial margin is
broadly concave. The tooth-bearing portion of the dentary
widens posteriorly to accommodate the larger distal teeth, and,
along that surface, the teeth become increasingly offset li
The three smallest teeth are positioned in line with the labial
of the larger teeth. The ventral margin of the dentary is broadly
convex in transverse section, and its surface is smooth, with
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FIGURE 2. Digital photographs and virtwal 3D renderings of the right dentary (GSUSR/PAL-NR-0101) of an indeterminate scrosphenodontian from
the Maskal locality, central India. A, B, digital photographs in A, medial and B, lateral views. C—G, virtual 3D stereopairs in C, dorsal, I, medial, E,
lateral, F, oblique anterolateral and dorsal, and G ventrolateral views. Abbreviations: den.vlip, ventral lip of the dentary; dep, depression; flt, flattensed
surface; for, foramen; gr, groove, ise, inferior abveolar canal, mk.gr, Meckelian groove; psym.lam, postsymphyseal lamina; sh, strip of secondary bone;
scanrk, scour mark; sabdori, subdental ridge; wi, wear facet. All scale bars equal 1 mm.

several faint, mediolaterally narrow grooves that extend a short  obliquely across the medial surface of the subdental ridge
distance anteroposteriorly (Fig. 2G). (Figs 2A, D, 3E). The swrface of the dentary is shallowly

In medial view, the subdental ridge is moderately deep dorso- concave above this strip of secondary bone, with weak linear
ventrally and deepest at the preserved anterior extreme of the and crescent-shaped ridges (Figs 2A, 3E); there is no indication
jaw (Fig. 2A, D). A thickened strp of secondary booe extends of occlusal wear from the palatine dentition on this surface.
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FIGURE 2. External and internal features of the right dentary andits teeth (GSVSR/PAL-NR-0101 ) of an indeterminate scrosphenodontian from the
MNaskal locality, central India. A, virtual 30 ing in laleral view showing location of the obligue coronal sections B” and C (dashed lines) of the
pCT slices shown in B and C, respectively. Black boxes H' and I delimit the region of the jaw shown enlarped at H and [, respectively. B, C, pCT shce
imapges. I, 70% transparent, virtual 3D rendering in lateral view showing the internal pulp cavities and the channel(z) that connect them to the inferior
alveolar canal. E, digital image of the dentery teeth in lingusl and shight occlusal views; the dashed lines filled with 50% transperent gray mdicate the
broken portions of the betier-preserved tzeth. F, hatchling tooth "H3" oriented as in E showing pitted/comroded tooth enamel. G, haichling tooth “HS
in labial view showing large pitted/cormoded surface. H, closeup of the two dorsolateral marks adjacent teeth H/A and Al. I, closeup of the ventro-
lateral scour mark. Abbreviastions: A, additional teeth; ch, channel; dst.car, distal carina; disJin.ri, distolingual ridge; for, foramen; H, large hatchling
tooth; h, small hatchling tooth; HIA, distalmost hatchling or mesislmost additional tooth; iac, inferior slveolar cenal; lat, latem]l, med, medial;
mesdab.cr, mesiolabial crest; meslind, mesiolingual ridge; mi.gr, Meckelisn groove; mrk, undetermined taphonomic mark; pe, pulp cavity; pit/
cor, pittedicomoded surface; d, ridee; sh, strip of secondary bone; sc.mrk, scour mark; sed, sediment; thuont, tooth/bone contact; wf, wear facet.

Scale bars aqual 1 mm, except where noted.

Below this strip of secondary bone, the postsymphyseal lamina is
triangular and tapers posteriorly (Fig. 2A, D). Anteriorly, a
shallow groove extends the length of the first three tooth pos-
itions along the contact between the postsymphyseal lamina
and secondary bone. Within the lower half of the dentary, the
Meckelian groove deepens posieriorly in both dorsoveniral and
mediolateral directions. It is bordered dorsally by the subdental
ridge/postsymphyseal lamina and ventrally by the ventral lip of
the demaryﬁ. 2A, D). The Meckelian groove opens medially
and trends slightly anteroventrally, such that its ventral margin
approaches the veatral lip of the dentary anteriorly. No splenial
facets are apparent along the preserved portions of the upper and
lower margins of the Medkelian groove, which likely indicates
the absence of that bone (& synapomorphy of Rhynchocephalia;
Gauthier et al., 1988). Similarly, no angular facet is present on the
ventral lip of the dentary, which indicates that the jaw was broken
anterior to the angular articulation with the dentary.

The ventral margin of the dentary is straight in lateral view,
whereas the dorsal margin appears slightly convex; as preserved,

there is no apparent anterior or posterior tapering of the jaw
(Fig. 2B, E). The lower one-fourth of the height of the lateral
surface of the dentary is perforated by four auwrugsteﬁorly
elongated, ovoid foramina that pierce the floor of the imferior
alveolar canal (Fige 2B, E, G, 3A, B, D, 1). These foramina are
arranged parallel to the veniral margin of the dentary and posi-
tioned between the level of the second and seventh preserved
dentary teeth. They are evenly spaced from one another, separ-
ated by a pap not much greater than the diametier of each
foramen. Al this row of foramina, a pair of sinuous, parallel
grooves and ddges are present on the middle one-third of the
lateral surface of the dentary (Fig. 2B, E-G). The grooves are
deepest anteriorly, shallowest posteriorly, and oriented slightly
posteroventrally. The dorsolateral surface of the dentary below
the teeth and above the dorsal-most lateral groove is mostly
smogth. There is no prominent layer or lip of secondary bone
om the lateral surface of the jaw, which may indicate that GSI/
SR/PAL-NRO101 is from an immatore individual (see
Driscussion).
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Maxillary tooth wear facets are carved into the dorsolateral
surface of the dentary adjacent to the first four teeth (Figs. 2E-
G, 3A, C). The most prominent facet is oriented vertically and
extends upward onto the mesiolabial surface of the base of the
fourth tooth. This facet s coontinuous with the shallower ooe
adjacent to the larger third tooth. A pair of faint, vertically
oblique ridges of unwom/less worn bone occurs lateral to the
first and second teeth. These ridges separate the shallow wear
facets between the first three teeth and the one that is broken
off mesial to the first preserved tooth, When combined, these
four facets form a nearly continnous, weakly undulate, and ante-
roposteriorly elongate wear facet with an outer margin that is
weak ly convex posteriorly and nearly straight ventrally. Poor sep-
aration of the mdividual wear facets sugpesis a low degree of
proal jaw motion (i.e., a forward stroke of the dentary after
jaw closure; see Jones el al., 2012), but the major motion was
likely orthal (scissor-like). The height of this wear surface is
shorter anteriorly and slightly taller posteriorly and extends
downward for about the upper one fourth of the height of the
dentary. As discussed below, the deep scowr marks on the
dentary adjacent to the antepenultimate and penultimate teeth
are most likely not maxillary tooth wear facets

Dentary Teeth

Nine teeth are preserved in GSISR/PAL-NR-0101. The
second and fourth teeth are the best preserved, but most show
some level of pre- and/or postmortem breakage, wear, or cor-
rmlun {ﬁg“ Fig. JE-G). Thus, aspects of the teeth that are

rtant in diagnosing rhynchocephalian taxa cannot
fully be dpi:?mmﬁ'jted here {e.“g flange size and shape), limiting
our ability to make more reliable inferences about the lower-
level taxonomic affinities of GSI/SR/PAL-NR-0101.

The teeth are acrodont in their mode of attachment, ankylosed
io the crest of the dentary. The three smallest teeth are set more
shallowly onto the bone. There is no thickened layer of second-
ary bone covering the bases of the teeth (Fig. 3E-G), and our
pCT scan slices reveal no distinct demsity differences between
the tooth enamel, dentine, and adjacent dentary bone (Fig. 3B,
C). Three-dimensional modeling of the jaw and teeth reveals
that most teeth have a central pulp cavity that is connected to
the inferior alveolar canal via a single, narrow vascular canal in
smaller teeth, or a network of vascular canals in larger teeth
(Fig. 3B-D).

The nine teeth include at least six mesial teath that alternate in
sive and represent the hatchling series, at least two poorly pre-
served distal teeth that likely represent the anterior additionals,
and a ial tooth positioned between them that either rep-
resents the last haichling tooth or the first additional (Fig. %
Mo successional teeth are observed. The smaller hatchling teeth
are placed in line with the labial half of the larger haichling
ieeth (labeled “h” and “H,” respectively in Fip. 3E). The teeth
are not crowded along the tooth row, but in some cases, they
nearly abut or weakly overlap each other at their bases.

The larger hatchling teeth are variably broken mesially, dis-
tally, and apically; the distal most small hatchling tooth (hG)
also is broken apically (Fig. 3E). This damage has formed
sharp edges that, in some cases falsely resemble flanges and
crests (eg., “H3" in Fg 3E, F). Regions of the enamel oo
these larger teeth are variably pitted and unevenly eroded
down to the dentine layer, which is most prominent lingually
on H3 (Fig. 3F) and labially on HS (Fig. 3G). Where the
enamel is preserved, the surface is smooth and withowut vertical
striag. Despite the lavel of damage to each of the larger hatchling
teeth, we interpret them as having been scaled-up versions of the
smaller haichling teeth (i.e., hZ and h4).

The hatchling teeth, as exemplified by h2 and h4, are labiolin-

pually compressed, mesially tipped cones with weak crests and

carinae. The lingual or labial profile of the triangular crown of
h2 and h4 is slightly concavoconvex (Le., mesially concave and
distally convex, respectively), and their mesial margins are
more vertically oriented, whereas their distal margins are
oriented more obliquely. Consequently, the cown apex is
offset to the mesial side of the tooth. The distal margins of h2
and h4 have a distinct break in slope below the triangular
crown, which is nearly vertical in orientation and skghtly
concave in contour. The mesiolabial edge of h2 and h4 forms a
labiolingually thin crest (Fig. 3E), and the mesiolingual surface
of the crown is indented with a shallow vertical depression
(Fig. 2D). The relatively larger first hatchling tooth (H1) has a
similarly narrow mesiolabial crest, but the surface lingual to it
is only weakly concave. The distal half of both h2 and hd pos-
scsses a weak distolabial carma that extends basalward from
the crown apex to the base of the triangular crown and where
the break in slope begins (Fig. 3E).

The lingual and labial crown faces of h2 and h4 are convex in
horizontal section (Fig. 2C). Each tooth tapers toward the mesial
and, to a lesser extent, distal edge. The cross-section of tooth ho is
rounded. Relative to b2 and h4, the mesiolabial crest in bé is
reduced to a carina but retains the distolabial carina. In occlusal
view, b2, bd, and hé are set at a slightly oblique angle (more so in
h6) to the long axis of the tooth row such that the mesiolabial
crest/carina is positioned more labially than is the distolabial
carina. The hasal cross-section of each of the larger hatchling
teeth (H1, H3, HS) and H/A is ovoid in marginal outline and
longer mesiodistally than wide labiolingually. The mesiodistal
length of each of the smaller hatchling teeth is between about
two-thirds to one-half that of these larger teeth; each of the
smaller teeth i8 up to nearly three-fourths the labiolimgual
width of the larger ones. In peneral, the basal length and width
of the haichling teeth increase distally along the tooth row, and
we suspect crown height similarly increased.

The lingual face of HS (and perhaps H3) has a pair of dull, ver-
tical ri one each on the mesiolingual and distoli ed
of ﬂn‘dgmtmth (Figs. 2C, D, 3E). Cclmaqg:‘:uﬂy, this tm mgcs
pyramidal in form relative to the other hatchling teeth, which
are essentially mesially leaning, labiolingually compressed
cones. Most of the labial surface of HS is eroded, uneven, and
not polished by attritional wear (Figs. 2B, 3G), and the mesiola-
bial and distolabial margins are worm away toward the apex (Fig.
3E). This wear has obscured the true marginal outline of this
tooth, which appears symmetrical as preserved but more likely
was asymmetrical as observed in the better-preserved hatchling
teeth. The deeply incised and vertically oblique scour mark on
the labial side of H/A and the dentary at that level reveals the
internal layers of and contact between the tooth and bone
(Fige. 2B, C, E-G, 3A, H). Here, the cracks in the tooth
deniine are vertically orienied, whereas the cracks in the
dentary are horizontally oriented. H/A is ventrally convex
along its basal contact with the dentary (Fig. 3H). Ventral to
and in line with the scour mark that is adjacent to H/A is a
similar looking mark that is positioned behind the fourth
furamenm the ventrolateral side of the dentary and is oriented
G, 3A, I). This ventrolateral scour mark also reveals hmmunlnl
cracks in the dentary bone. Both the ventrolateral scour mark
and the one carved into and adjacent H/A appear to have origi-
nated from the same or similar mechanical source, given their
similar size, shape, depth, and lateral position anteroposteriorly.
Because the ventrolateral scour mark cannot be the result of
attritional wear from the Naskal rhynchocephalian’s own maxil-

teeth, it follows that the one adjacent H/A likely is not a
Il:u?ﬁlll;ry tooth wear facet either. dpacen o

The two additional teeth (A1, A2) are poorly preserved (Figs
Z, 3E). Only the base of Al and a little of the enamel from its
distal surface are preserved. In occusal view, the base of this
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tooth is similar in size to the base of H/A (Fig. 2C). On its disto-
labial side and down onto the dorsolateral surface of the dentary
is a relatively shallow, vertically oblique mark with an uneven
surface (Figs. 2B, E, F, 3A, H). This mark does not appear to
be a maxillary tooth wear facet given its unpolished surface
(e, compare with the polished wear facet adjacent Hl-h4 in
Figs. ZE-(, 3A). The surface may have been chipped during col-
lection or screenwashing. The second additional tooth (A2) pre-
serves the lower half of the crown, but its distal portion is broken
off. As a result, the pulp cavity is exposed (eg., Fig. 3D). The
enamel surface is smooth on the labial, mesiolingual, and
upper lingual surfaces of the tooth, Most of the lingual side of
this tooth is pitted, and its surface is flattened (Figs. 2C, D, 3E).
Mo natural flanges are apparent.

COMPARATIVE ANATOMY

The Maskal rhynchocephalian (GSUSR/PAL-NRO101} is a
member of Acrosphenodontia based on its regionalized, acro-
dont marginal deotition (e.g., Chambi-Trowell et al, 2021;
DeMar et al, in press). It s difficult to determine its lower-
level taxonomic affinities because there are few preserved fea-
tures for comparison. Additionally, GSISR/PAL-NR-0101
appears to be from an immature individual, based on its small
size, the minor attribonal wear of its teeth, and the thin or
absent secondary bone on the dentary and around the bases of
its teeth (Robinson, 1976; Fraser, 198K). Furthermore, becaunse
the hatchling series typically wears down with age and, in some
cases, is completely lost in mature individuals (g, Robinson,
1976; Fraser, 1988; Simbes et al, 2022), co 5 of these
teeth are mostly restricted to immature mdl uals. Lastly, rela-
tive to the successional and additional teeth in most rthynchoce-
phalians, the hatchling teeth are smimple structures (eg.,
labiolingually compressed cones that aliernate in size) and
provide few distinguishing characters for comparative anatomy
and taxonomy. Despite these complicating factors, we make com-
parisons of GSI/SR/PAL-NR-0101 with the few other acrosphe-
nodontians that have reasonably well-preserved hatchling teeth
(as described and figured in the litemtu.te and based on the orig-
inal high-resolution images of Rebbanosauris jaini and Godavar-
isawrns lofeefi in Evans et al, 2001).

The altemating-sized hatchling teeth in GSI/SR/PAL-NR-0101
are distinct from all other acrosphenodontians in possessing the
following combination of features (as observed in some or all
these teeth): teeth not crowded; enamel smooth; teeth labiolin-
goally compressed in occlusal view, with oweid, teardrop-
shaped, or rounded bases; distinct break in slope along distal

ﬁ': (ie., obligue orientation to nearly vertical); labial
profile of crown concave mesially and convex distally (i.e., conca-
voconvex); crown apex offset mesially; mesiolabial crest and
weak distolabial carina present; and crown mesiolingual
surface vertically indented with shallow depression. The Naskal
taxon clearly differs from the basally branching acrosphenodon-
tian Planocephalosaurus robinsonae from the Upper Triassic of
the UK. (Fraser, 1982; Hemrera-Flores et al, 2018) and the

Cretaceous Pamizinsawras  tlaywaensis of Mexico
(Reynoso, 1997) in lacking vertically striated hatchling teeth
The Naskal taxon also differs from the following acrosphenodon-
tians in laddng simple, cone-shaped hatchling teeth with a cen-
tered (or at least not mesially offset) crown apex
Lanceirosphenodon ferigoloi (Late Triassic, Brazil; Romo de
Vivar et al, 2020); Cynosphenodon huizachalensis (Early Juras-
sic, Mexico; Reynoso, 1996, 2003); Clevosaurus convalis (Early
Jurassic, UK; S3ild, 2005); Sphenocondor gracilis (Middle Juras-
sic, Pataponia, Argentina; Apestepufa and Jones 2012); Tingitana
anoualee (Early Cretaceous, Morocco; Evans and Sigogneau-
Russell, 1997); and Sphenodon punctamue (Robinson, 1976).
The hatchling teeth in juvenile Clevosaurus hudsormi (Late

Triassic, UK) bear a distinct mesial and distal flanpe (Fraser,
1988), which are lacking in the Naskal taxon.

The Naskal taxon differs from Rebbanosawrus jaini and God-
avarisairus lateefi (Evans et al, 2001), both collected from the
Lower-Middle Jurassic Kota Formation about 300 km northeast
of Naskal (Fig. 1A). The Naskal taxon differs from R jaini in
having a subdental shelf that decreases in height posteriodly
(vs. being tall along its full length) and a Meckelian groove that
deapens domsoventrally posteriorly (ve staying the same height
and being limited to the ventral border of the dentary). Few com-
plete hatchling teeth are preserved in R. jaini, limiting further
COmM parisons,

The Naskal taxon differs from the juvenile dentary of Goda-
varisaurus lateefi (VPL/AU/KRIY; Evans et al, 2001fig. 14E, F)
in lacking a diastema between the haichling and additional
teeth but resembles it in the decreasing height of the subdental
shelf and the decpening of the Meckelian groove. It is
unknown whether a diastema is a juvenile feature in G. latesf,
because the re w&mn between the haichling and additional teeth
is not preserved in any of the five larger, more mature dentaries
currently known (see Evans et al, 2001). Therefore, the absence
of the diastema in the Naskal taxon s only a tentative difference
between it and G. lateefi.

The small hatchling teeth of the Naskal taxon (ie., h2, b4, and
hii} differ from the two small mesial ones in Godavarisaurus
farzafi (VPL/JU/KR3S, *h2" and ‘h4") in having a distinct break
in slope along the distal margin, a concavoconvex crown
profile, a mesially offset crown apex, and a distinct but shallow
vertical ion on the mesiolingnal surface of the crown.
The distal-most small hatchling tooth in G. lateefi (VPLAOLY
KR39, "h6") mosi closely resembles those in the Naskal taxon
in having a mesially offset crown apex and a distinci break in
slope along its distal margin ( assuming the tooth crown and pos-
teriorly adjacent portion of the jawbone are not broken in VPL/
JU/KR39). Comparisons with the larper hatchling teeth are more
difficult to make due to the broken crowns in G! 'AL-NR-
0101 (Fig. 3E-H), but the shared presence of a weak mesiolin-
gual and distolingual vertical ridge can be seen on the fifth pre-
served tooth from the anterior (H5 and ‘HS') in both the
Naskal taxon (GSUSR/PAL-NR-0101) and G. lateefi (VPLIUY
KR39); a distinct distolingual ridge is alo present on "HY' in
VPLIJLVKRIS. Both ‘HF and ‘HS in G lareefi (VPLOU/
KR3%) also have concavoconvex profiles, but only in the latter
tooth is its crown apex mesially offset. The Naskal taxon (GSV
SR/PAL-NR-0101) and & Jareefi (VPL/TU/KRIY) also have a
lingually flattened additional tooth (Figs. 2C, D, 3E vs. Evans
et al, 2001-fig. 14F). Overall, the Naskal taxon appears to be
more similar in morphology to G. lefesfi than to any other
acrosphenodontian.

DISCUSSION AND CONCLUSIONS

The discovery of GSUSR/PAL-NR-0101 indicates that the
record of Rhynchocephalia in India spans most of the Mesozoic,
from the early Late Triassic {Carnian)) to the latest Cretaceous or
earliest Paleocene (< 100 kyr interval spanning the K-Pg bound-

ary). This temporal range is surpassed only by the record in
Arpentina, which extends from slightly eardier in the Carnian
to the Paleocene (Apesteguia et al., 2014; Hsiou et al., 2019).

The broad temparal separation of the three horizons preser-
ving rhynchocephalians in India (Tiki and Kota formations,
Naskal intertrappean) and the fragmentary nature of the speci-
mens collected to date make it extremely difficolt to track their
evolution on the subcontinent, but coarse taxonomic assessments
are possible. The Tiki Formation maxilla (Ray et al., 2016:fig. 7TF—
H)) and Naskal dentary have uncertain phylogenetic relationships
with Rebbanosaurus jeini and Godavariseurus lateefs, whose phy-
logeneiic positions are currently in a state of flux (e.g., see
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cladograms in Romo de Vivar et al., 2020; Chambi-Trowell et al,,
2021; DeMar et al, in press). Nevertheless, one feature that
might link the Tiki Formation rhynchocephalian to Rebbano-
saitrus faini is the shared presence of radially arranged, apicoba-
sally striated, acrodont additional maxillary teeth, which is not
known in the Naskal taxon nor present in Gedevarisairus
(Ray et al, 2006fig. TF-H vs. Evans et al., 2001:fig. 3K).
However, this combination of features is also present in taxa
from outside India (eg.. Plwmocephalosaurus robinsonas
Fraser, 1982; Pamizinsaurns tayuaensis: Reynoso, 1997, Micro-
menodon pint: Sues and Schoch, 2021). Likewise, the Naskal
taxon might be closely related to Godavarisaurus lateefi as dis-
cussed above, but more complete material is needed to test this
hypothesis.

Discovery of the Naskal rhynchocephalian reinforces the
emerging paitern that the group was confined to the southern
landmasses of Gondwana after the Early Cretaceous (Evans
el al., 2001; Apestegufa and Novas, 2003; Martinelli and Fora-
siepl, 2004; Apesteguia, 2005; Apesteguia and Rougier, 2007;
Apesteguia and Jones, 2012; Apesteguia et al., 2014, 2021; Apes-
teguia and Carballido, 2014; Gentil et al., 2019; Fig. 4). All but the
Naskal tuxon are from South America and considered members
of the deeply nested clades Sphenodontinae and Opisthodontia
or Eilenodontinae (eg., Apesteguia et al, 2014, 2021; Gentil
et al., 2019; Chambi-Trowell et al., 2021). The possible relation-
ship between the Naskal taxon and Godavarisawrus would
suggest that the Naskal taxon is phylogenetically near the base

@ Campanian—early Maas. [l Palsocene
# Maastrichtian/7Psleocerne A Miocens—Presant

FIGURE 4. Map of the southern hemisphere during the latest Cretac-
eous (Magstrichtian, ~66 Ma) showing the palecbiogeographic distri-
butions of unambigeous Rhynchocephalin from the Campanian o
Present (map redrawn and modified from Apesteguia et al, 2014).
Fossil reconds for esch taxon are; Kawasphenodon (Apesteguin 2005,
Apesteguin et al 214), Lemarquesqurus cabezai (Apesteguia and
Rougier, 2007), (cL) Sphencdon (= ol Sphenodon sp. and & punctioius)
(Jones et al., 2008), and the Maskal taxon (this stody). Continental
shelves are shaded medium gray. Abhreviations K, exp, Kewasphenoden
expecigiy, K. pel, Kowasphenodon peligrensiy, L. eab, Lamarquesaurus
cabazai; M, Madagascar; Mass., Magsinchiion; NZ, New Fealand; 5
Am, South America.

of Acrosphenodontia, well outside the clades that contain the
Late Cretaccous South American forms (e.g, Romo de Vivar
et al, 2020; Chambi-Trowell et al, 2021; DeMar et al, in
press). Thus, the Naskal taxon might represent a late-surviving
relic species.

Little is known about the effects of the end-Cretaceous mass
extinction on rhynchocephalian diversity. Non-marine squamates
in the Western Interior of North America suffered high spedes
extinctions (81-83%) across the K-Pg boundary (Longrich
et al., 2012; DeMar, 216}, whereas only two rhynchocephalian
lineages are known to have survived the extinction event (Apes-
teguia et al., 2014), The survivors include the genus Kawaspheno-
don from Patagonia (Apesteguia, 2005; Apestepuia et al., 2014)
and the lincage that ultimately gave rise lo Sphenodon punctatus.
The Naskal taxon might represent a third surviving lineage, which
not only woukd represent higher species-level survivorship, but
also higher clade-level survivorship given its possible relationship
to Godavarisaurus. Ultimately, the validity of this hypothess
depmﬁmﬂnmlpnffesﬂﬂﬂkta:;y,wﬁch:,cmb
comsidered most likely uppermost Cretaceous but possibly lower-
maost Paleocene (< 100 kyr spanning the K-Pg ; Wilson
Mantilla et al., imhdmmmﬁufpﬂmehr
mmlnﬂl(e.;,,ﬂa]pu and Thewissen, 2002; Rana et al,
2005; Bajpai et al., 200%; Rose et al., 2019; Kapur et al., 2022).
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