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Abstract Although the Late Cretaceous lizard fauna of China and Mongolia is relatively
well-known, information on Paleocene lizards from the same region is currently limited.
Several species of lizards have been reported from the Paleocene Wanghudun and Doumu
formations of Qianshan Basin on the basis of fragmentary specimens, namely Agama sinensis
Hou, 1974, Anhuisaurus huainanensis Hou, 1974, Angingosaurus brevicephalus Hou, 1976,
Changjiangosaurus huananensis Hou, 1976, Qianshanosaurus huangpuensis Hou, 1974, and
Tinosaurus doumuensis Hou, 1974. In this paper, we review all the reported material of these
taxa with the aid of new technology, including CT scanning, and according to current views of
squamate relationships and classification. Revised descriptions and classifications are given for
each taxon, leading to changes in our understanding of faunal composition. This, in turn, reveals
greater morphological and ecological diversity among the Paleocene lizards of the Qianshan
Basin, including the occurrence of a varaniform (IVPP V 22767), and the reinterpretation of
Angingosaurus as a possible burrower. Further work on the Paleocene Qianshan lizards is ongoing
and the discovery of new specimens may help to solve the puzzles these strange lizards have
posed.
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1 Introduction

The Paleocene is a key period for our understanding of the extent of the end-Cretaceous
faunal turnover and the evolution and diversification of modern lineages (Alroy, 1999,
Longrich et al., 2012, Brusatte et al., 2015, Sibert and Norris, 2015), including squamates
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(lizards, snakes and amphisbaenians). However, Paleocene lizard fossils are very scarce outside
North America (Gilmore, 1942, Estes, 1976, Sullivan, 1982, Sullivan, 1991, Sullivan and
Lucas, 1996), with fragmentary material reported from Belgium (Folie et al., 2005), Romania
(Gheerbrant et al., 1999), Morocco (Gheerbrant, 1994, Augé and Rage, 2006), and Bolivia
(Rage, 1991). In Asia, there are currently only four known Paleocene squamate localities: a
marine locality in Kazakhstan yielding sea snake remains (Averianov, 1997), one in Pakistan
with Gondwanan madtsoiid snake remains (Rage et al., 2014), and the Nei Mongol Subeng
section and Qianshan Basin of China. The latter two localities are the only Paleocene localities
in Asia that have yielded lizard fossils (Hou, 1974, Hou, 1976, Van Itterbeeck et al., 2007).

The Qianshan Basin yields one of the important Paleocene deposits in the world. The
horizons include the Early to Middle Paleocene Wanghudun Formation and the overlying
Middle Paleocene Doumu Formation (Qiu et al., 1977, Wang et al., 2016). It has produced
several key mammal genera, such as Mimotona and Heomys (Li, 1977), as well as six
species of lizards, namely Agama sinensis Hou, 1974, Anhuisaurus huainanensis Hou,
1974, Angingosaurus brevicephalus Hou, 1976, Changjiangosaurus huananensis Hou,
1976, Qianshanosaurus huangpuensis Hou, 1974, and Tinosaurus doumuensis Hou, 1974.
In this paper we re-assess the existing material of each lizard taxon using both traditional
paleontological methods and high-resolution micro-CT scanning. The new data obtained
permit us to re-evaluate the position of each taxon within the current phylogenetic framework

for squamates.

2 Materials and methods

All the specimens included in this paper were originally reported and named in Hou (1974,
1976) from the Early to Middle Paleocene Wanghudun and Doumu formations of Qianshan
Basin (see Table 1).

To obtain additional anatomical data, several of the fossils (IVPP V 4450, 4450.1, 4452,
22767) were scanned using 225 kV micro-computerized tomography (developed by the
Institute of High Energy Physics, Chinese Academy of Sciences (CAS)) at the Key Laboratory
of Vertebrate Evolution and Human Origins, CAS. Two scans were conducted. The specimens,
V 4450, 4450.1, and V 4451 were scanned once with a beam energy of 130 kV and a flux
of 100 uA at a detector resolution of 10.98 um per pixel using a 360° rotation with a step
size of 0.5° and an unfiltered aluminium reflection target, whereas the specimen V 22767
was scanned with a beam energy of 150 kV and a flux of 100 uA at a detector resolution of
39.20 um per pixel. A total of 720 transmission images were reconstructed for each scan in a
2048x2048 matrix of 1536 slices using a two-dimensional reconstruction software developed
by the Institute of High Energy Physics, CAS. Models were rendered using VG Studio 2.1
and Mimics Research 17.0, and the 3D models were manipulated in Meshlab (http://meshlab.
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sourceforge.net/) and Meshmixer (http://www.meshmixer.com/).

Table 1 The Paleocene lizard-bearing horizons of the Qianshan Basin and
the species yielded from each horizon

Horizon Lizard pits Taxon Systematic position
Upper M., Doumu Fm. 71017 Anhuisaurus huainanensis Squamata incertae sedis
Varaniformes gen. et sp. indet. Varaniformes
71018 Tinosaurus doumuensis Iguania, Acrodonta
Lower M., Doumu Fm. 71079(72) Agama sinensis Iguania, Acrodonta
Upper M., Wanghudun Fm. 70021 Qianshanosaurus huangpuensis Iguania, Acrodonta
Lower M., Wanghudun Fm. 71001 Angingosaurus brevicephalus Squamata incertae sedis
Changjiangosaurus huananensis Squamata incertae sedis
71002 Qianshanosaurus huangpuensis Iguania, Acrodonta

Note: The correlation between the horizons and the fossil pits is taken from Qiu et al. (1977).

Abbreviations add.fs, adductor fossa; an, angular; an.pr, angular process; ar,
articular; ar.s, articular surface; a.san.f, anterior surangular foramen; bsp, basisphenoid; cho.
fs, choanal fossa; co, coronoid bone; condy, condyle; den, dentary; deps, depression; diap,
diapophysis; ds.fl, descending flange; ecpt.ft, ectopterygoid facet; for, foramen/foramina; f.pr,
facial process; fr, frontal; frpa.st, frontoparietal suture; fr.pr, frontal process; frprf.st, fronto-
prefrontal suture; im.s, intramandibular septum; in.pr, incisive process; io.ca, infraorbital
canal; j.ft, jugal facet; j.pr, jugal process; la.ft, lacrimal facet; man, mandible; max, maxilla;
max.ft, maxillary facet; Mk.gr, Meckel’s groove; mt.f, mental foramina; ne.sp, neural spine;
n.pr, nasal process; occ, occipital; on.fl, orbitonasal flange; o.s.a.c, opening for superior
alveolar canal; ot.cap, otic capsule; p.pr.an, posterior process of the angular; p.pr.as, pit for
processus ascendens; p.san.f, posterior surangular foramen; pa, parietal; pal, palatine; pal.
slf, palatal shelf; par, prearticular; pmax.pr, premaxillary process; popa.pr, postparietal
process; prf, prefrontal; pro, prootic; prsa, presacral; przygo, prezygapophysis; pt, pterygoid;
qu, quadrate; ra.pr, retroarticular process; sa, sacrum; san, surangular; sbd.rg, subdental
ridge; sbd.slf, subdental shelf; sc.ca, semicircular canal; so, supraoccipital; spl, splenial;

sy, symphysis; synap, synapophysis; ver.col, vertebral column; v.pr, vomerine process.

3 Systematic paleontology

Squamata Oppel, 1811
Iguania Cope, 1864
Acrodonta Cope, 1864
Agama sinensis Hou, 1974
Holotype IVPPV 4454, an incomplete right maxilla (Fig. 1).
Locality and horizon Fossil pit 71079(72), 300 m south of Hanlaowu (Hanhuawu),
Huangpu Village, Qianshan County; Lower Member, Doumu Formation (Middle Paleocene).
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Diagnosis (of Hou, 1974) Small
agamid with the following characteristics:
teeth acrodont and heterodont, laterally
compressed and conical, and enlarged from
front to back; maxilla with one foramen
at the base and developed posterior jugal
process that extends postero-laterally;
jugal positioned below the orbit.

Description The holotype is the
posterior part of a poorly preserved right
maxilla, including part of the facial process

Fig. | Agama sinensis Hou, 1974, the holotype and palatal shelf, the jugal process, and
IVPP V 4454, right maxilla in labial (upper) and five teeth.

ventromedial (lower) views . . ..
( ) The facial process is missing except

for the base, the broken edge of which demonstrates the original thickness. The lower part of
its posterior margin is gently sloped and seems intact. At the level of the first preserved tooth,
along the junction of the facial process and the palatal shelf, there is a large foramen. The
jugal process is nearly complete, and tapers into an edentulous posterolateral tip. The process
is dorsoventrally compressed, providing facets for the jugal and probably the ectopterygoid.
The facets face dorsally, indicating that the jugal bone was positioned right below the orbit.
The lateral edge of the jugal process extends beyond that of the tooth row. In medial view, the
palatal shelf is visible, but incomplete. It grades posteriorly into the horizontal jugal process.

The five acrodont teeth are all monocuspid, and are laterally compressed cones with
relatively broad bases. The teeth are enlarged successively from front to back. Their bases do
not overlap, although they seem tightly spaced in lingual view (well spaced in labial view).
The teeth are tightly ankylosed with the maxilla, with a dorsolingual attachment so that tooth
height appears greater in lingual view. In this view, the tooth is fan-shaped, with a slight central
bulge. There are no discernible resorption pits, indicating that this part of the tooth series was
not replaced.

Remarks Hou (1974) reported that IVPP V 4454 was from the Upper Member of the
Wanghudun Formation. However, a combination of locality data and geology (Qiu et al., 1977)
suggests the specimen was actually from the Lower Member of the Doumu Formation.

The taxonomic position of Agama sinensis has been problematic for a long time due to
its poor preservation. Attribution to the genus Agama was based on ‘the strongly developed
posterior part, the placement of the jugal below the orbit, the laterally compressed acrodont
and heterodont teeth which are enlarged from front to back’ (Hou, 1974). Scott Moody (1980;
in litt.) stated that this specimen (V 4454) more closely resembled Mimeosaurus (q.v.) from
Late Cretaceous Gobi Desert than the Agama/Stellio group species (Estes, 1983), but without
any morphological discussion. Li et al. (2008) suggested that the specimen could be put into
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other families because its teeth are homodont and pleurodont.

Placement of the specimen has to be based on its morphological characteristics. Among
living taxa, acrodont teeth are found only in acrodontan lizards, trogonophid amphisbaenians,
and rhynchocephalians. The non-overlapping arrangement of the teeth, their lingual placement,
and the absence of anterior and posterior flanges excludes Rhynchocephalia, whereas jaw
length (allowing for breakage) renders amphisbaenian attribution unlikely. The specimen is
therefore likely to be acrodontan. It is broadly comparable with Chamaeleontidae (Evans,
2008, Anderson and Higham, 2013), and members of the “Agamidae” such as Leiolepidinae
(Smith, 2011), Amphibolurinae (Hocknull, 2002) and Agaminae (Xiong and Wang, 2006,
Fathinia et al., 2011, Baig et al., 2012). However, attribution to the Cretaceous Priscagaminae
(Borsuk-Biatynicka and Moody, 1984) cannot be ruled out, although the jugal may be fused
to the maxilla in members of this group (e.g. Mimeosaurus, IVPP V 10031-10037). V 4454 is
therefore too fragmentary to classify and Agama sinensis should be treated as a nomen dubium.

Qianshanosaurus huangpuensis Hou, 1974

Holotype IVPPV 4448, a nearly complete lower jaw (Fig. 2A).

Paratype IVPPV 4449, a pair of incomplete lower jaws (Fig. 2B).

Referred specimens IVPP V 22768, an incomplete right maxilla (Fig. 2C); V 22769,
part of a vertebral column (thirteen trunk vertebrae), a possible pelvic element and a possible
quadrate (but see Remarks with respect to this specimen).

Type locality and horizon Fossil pit 70021, about 300 m east of Lijialaowu, Huangpu
Village, Qianshan County, Anhui; Upper Member, Wanghudun Formation (Early-Middle
Paleocene).

Distribution Type locality and Fossil pit 71002 (about 100 m northwest of Haixingdi,
Huangpu Village, Qianshan County); Lower and Upper Members of Wanghudun Formation,
Early-Middle Paleocene.

Revised diagnosis Large acrodontan that is distinguished from other living and fossil
acrodontans by the following character combination: posterior position of dentary symphysis;
coronoid process of the dentary present; splenial large; coronoid bone without labial process;
angular strongly developed with great expansion at the level of the coronoid process; adductor
fossa small; prearticular process broad; teeth sub-rectangular in lateral or medial view with low
apices and lingual attachment.

Description (based on all the available specimens) The dentary is robust with a deep
anterior end. There seems to be a small notch as the lower part of the dentary protrudes
anteriorly. The labial surface is perforated by four foramina, running in a line from the anterior
notch (V 4449). Posteriorly, the dentary extends posterior to the apex of the coronoid bone. The
anterior surangular foramen is located in the suture between the dentary and the surangular.
Lingually, the well-developed symphysial surface (right mandible of V 4449) is oval and
anteroposteriorly elongated, facing medially. Its position on the dentary is specialized, in that
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Fig. 2 Qianshanosaurus huangpuensis Hou, 1974
A. the holotype IVPP V 4448, a lower jaw: photograph (A1) and line drawing (A2) in lateral view; photograph
(A3) and line drawing (A4) in medial view; B. photographs of the paratype V 4449, a pair of lower jaws in
lateral (B1) and medial (B2) views; C. photographs of the referred right maxilla V 22768 in lateral (C1) and
medial (C2) views. The red lines in the line drawings are the sutures between different elements

it lies slightly posterior to the anterior tip of the dentary, rather than along the margin. The
subdental shelf is consistently deep until it narrows sharply from the level of the eighth/ninth
tooth. Meckel’s groove is open ventrally below the symphysis but is closed by the splenial
along the posterior half of the bone. The ventral edge of the dentary is inturned medially to
form the floor of Meckel’s groove.

There are eighteen dentary teeth, all similar in shape, but increasing somewhat in size
posteriorly. The teeth are closely spaced and those in the posterior part of the row overlap
to a small extent. The teeth are acrodont and laterally compressed. In labial view they are
rectangular with a low central cusp, but in lingual view the teeth expand from a restricted,
columnar base to a broad, shovel-like crown. There are no obvious resorption pits at the tooth
bases, indicating that the marginal teeth were not replaced.

The splenial is large and subtriangular. The posterior end of the bone reaches the level of
the coronoid process.
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The coronoid bone bears a tall dorsal process, a well-developed posteromedial process,
a posterior process, but no labial process. The anteromedial process is not preserved on any
specimen. A ridge runs from the apex of the dorsal process toward the ventral end of the
posteromedial process, marking the line of attachment of the pseudotemporalis posterior
muscle. The posterior process extends horizontally, overlying the dorsal margin of the
surangular.

The surangular is short and deep, with a slightly concave lateral surface. Its dorsal border
is broad, but overlain by the posterior process of the coronoid bone. The posterior surangular
foramen is located anterior and dorsal to the articular surface. The medial adductor fossa is
unusually small and shallow.

The angular is highly developed. It lies mainly on the medial surface of the mandible,
where it expands gradually from the level of the tenth tooth, reaching its greatest depth just
anterior to the level of the coronoid process. From there, the angular is twisted onto the lateral
surface of the lower jaw and extends posteriorly to reach the articular.

The articular bears a deep prearticular process whose depth is greater than half of the
depth of the lower jaw at the same level. The articular surface faces dorsally and slightly
medially. There is no ridge or tubercle in front of the joint surface. The retroarticular process is
broad-based, and narrows posteriorly, but it is incomplete. Only the base of the angular process
is preserved, but it appears to extend posteroventrally from the base of the prearticular process.

Taken together, the features of the lower jaw of Qianshanosaurus huangpuensis are
suggestive of an unusual feeding mechanism in which the main external and posterior adductor
muscle mass (attaching to the surangular and adductor fossa respectively) may have been less
important than the internal adductors (pseudotemporalis and pterygoideus, attaching to the
coronoid flange and angular process respectively).

The maxilla (Fig. 2C) has a deep premaxillary process, the anterior tip of which is raised
to form the articular facet for the premaxilla. A large foramen, probably the opening of the
superior alveolar canal, penetrates the horizontal lamina of the process. The facial process has
a wide base, and its anterior margin is angled more steeply than the posterior margin. The jugal
process points laterally and posteriorly, and the jugal facet faces dorsally and laterally. The
broad palatal shelf rotates clockwise along its junction with the alveolar margin, creating an
acute angle between the palatal shelf and the facial process. The maxillary teeth are similar to
those of the dentary.

A possible partial quadrate (V 22769) lies on the left side of the vertebral column. The
slightly concave bone fragment may represent the anterolateral lamina of the quadrate, but no
further interpretation is possible.

The preserved vertebral column (not figured) is composed of thirteen successive trunk
vertebrae, nine of which are preserved on a sandstone block in ventral view, and the four
preceding articulated vertebrae were prepared out from the same sandstone block. The
vertebrae show no features of particular interest. The centra are procoelous, elongated, and
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slightly tapered posteriorly. The ventral surface of each centrum is smooth (i.e. without ridges).
The neural arches of the separate four vertebrae preserve bases of the spines along the midline
(the neural spines are incomplete). It is difficult to tell whether the anterior margin of the arch
is notched, or whether the zygosphene is present, due to the preservation. The synapophysis is
small, and elongated along an axis from posterodorsal to anteroventral, on the pedicle of the
prezygapophysis.

On the same side of the vertebral column as the quadrate, a small piece of bone bears a
depression and may be the acetabulum of the pelvis.

Remarks The maxilla (V 22768) was described by Hou (1974), but not given a
catalogue number. It was recovered from the fossil pit 71002 within the Lower Member of
Wanghudun Formation. As mentioned above and in Hou’s (1974) paper, the maxilla can be
assigned to Qianshanosaurus huangpuensis based on the similarity of the teeth to those of
the holotype dentary. The vertebral column (V 22769) was originally included in the paratype
specimen and, according to Hou (1974) was discovered together with the paratype (a label of
V 44438, the holotype number, was attached to the specimen, but must be a mistake). However
there is no evidence that the paratype (a pair of lower jaws) or the vertebral column came from
the same individual and it is better to treat them separately. Therefore a new catalogue number
has been given to the vertebral specimen. Moreover, as the vertebral column was on a separate
block there is also no certainty that it is referable to Q. huangpuensis. There were three more
vertebrae in the original paper (see Hou, 1974: pl.I), which are not available now.

When the posterior half of the holotype lower jaw was glued to the anterior half, it was
misaligned slightly posteriorly and ventrally. However, the specimen has not been re-prepared
to avoid further damage.

Hou (1974) assigned Qianshanosaurus to the Iguanidae (Pleurodonta) based on the
homodont and pleurodont teeth, the large dentary, the medial expansion of the coronoid bone,
and the long anteromedial process of the coronoid which reaches the level of the penultimate
tooth. Estes (1983) considered Qianshanosaurus to be incertae sedis, and Li et al. (2008)
followed this opinion, although they agreed with Hou (1974) in interpreting the teeth as
pleurodont. We regard the teeth of Qianshanosaurus as acrodont based on the complete
coalescence between the teeth and the tooth-bearing bones, although they do show a lingual
rather than apical attachment. The development of the coronoid process of the dentary and the
homodont and acrodont (or pleuroacrodont) teeth support the recognition of Qianshanosaurus
as an acrodontan lizard similar to Uromastyx. This partly agrees with the opinion of Alifanov
(2009) who referred Qianshanosaurus, Creberidentat from Middle Eocene of China, and
Acrodontopsis, Agamimus, Graminisaurus, Khaichinsaurus, Lavatisaurus and Lentisaurus
from Middle Eocene of Mongolia to the acrodontan family Changjiangosauridae (Superfamily
Uromastycoidea). The similarity of these taxa to one another, in the morphology of dentary,
maxilla and teeth, does suggest they are closely related to each other and probably to the extant

Uromastyx. However, these taxa do not share any derived characters with Changjiangosaurus
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(see below), so without evidence of relationship they should not be regarded as belonging to
Changjiangosauridae.

Tinosaurus doumuensis Hou, 1974

Holotype IVPPV 4453, a nearly complete left maxilla, a nearly complete left lower jaw,
and a possible fragmentary pterygoid (Fig. 3).

Locality and horizon Fossil pit 71018, 150 m southwest of Chongliwu, Huangpu
Village, Qianshan County, Anhui; Upper Member, Doumu Formation (Middle Paleocene).

Diagnosis (revised from Hou, 1974) Medium-sized acrodontan lizard with the
following characteristics: heterodont, anterior teeth pleurodont and cone-like, and posterior
teeth subacrodont and laterally compressed; maxillary acrodont teeth triangular, unicuspid, and
isodont; dentary acrodont teeth tricuspid with the large main cusp slightly separated from the
small lateral cuspids; lower jaw slender anteriorly; Meckel’s groove open medially.

Fig. 3 Photograph of Tinosaurus doumuensis Hou, 1974 (holotype, IVPP V 4453)
The maxilla and lower jaw are disarticulated from each other

Description Although the maxilla and the lower jaw are disarticulated from each other,
their close approximation on the same block indicates they are likely to be from the same
individual, as does their similarity in size and texture.

The maxilla bears a relatively short premaxillary process which is inturned medially to
form a horizontal lamina. The anterior tip of the maxilla is broken and therefore it is impossible
to determine whether there was a dorsal projection from the horizontal lamina, or whether the
two maxillae met in the midline behind the premaxilla. The facial process has a broad base,
with shallow anterior and posterior margins. The jugal process is long with a horizontally
positioned jugal facet, but it only extends a short distance beyond the tooth row. There is a
medial palatal shelf, and, probably, a maxillary lappet (Evans, 2008).

There are at least four anterior pleurodont teeth separated by a short gap from the
posterior acrodont series. The pleurodont teeth are small and cylindrical due to the broken tips.

The acrodont teeth increase gradually in size posteriorly and the spacing between individual
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teeth narrows, so that the dentition changes from being loosely spaced to closely spaced
posteriorly. The acrodont teeth are laterally compressed, and triangular in labial view.

The dentary is slender and narrows anteriorly to the symphysis, but this surface is
obscured by matrix. A subdental shelf is present, but it is not clear how well developed it is.
The suture between the dentary and the post-dentary elements is indistinct and therefore the
shape of the posterior margin of the dentary is unknown. The dentary dentition is composed of
four anterior pleurodont teeth and a posterior acrodont series, probably separated by a gap. The
acrodont teeth number eight or nine according to the preserved bases and the gaps between
them. The second acrodont tooth, preserved unbroken, is laterally compressed and triangular in
labial view. Two weak cuspids seem to be present to the sides of the main cusp.

The coronoid bone only preserves the anteromedial process which reaches the level of the
third tooth from the rear. Judging from the position of the anteromedial process, there seems to
be no gap between the tooth row and the dorsal process.

The posterior part of the surangular is preserved, with the posterior surangular foramen
located anterior and ventral to the articular surface. The adductor fossa is small and faces
medially.

The articular surface is horizontally oriented, and is divided by a weak ridge into the
lateral and medial halves. A retroarticular process is not preserved.

There is a fragmentary bone posterior to the maxilla, which bears a small but deep
circular depression. The depression suggests this may be a fragment of the pterygoid where the
epipterygoid was articulated.

Remarks The species was diagnosed on the basis of the small, conical pleurodont
teeth on the maxilla and dentary, the absence of any overlap between the acrodont teeth, the
triangular maxillary acrodont teeth, the slender lower jaw, and the non-triangular facial process
of the maxilla (Hou, 1974). However, the facial process of Tinosaurus doumuensis is broken,
and it is difficult to determine its general shape. A re-examination of 7. lushiensis from China,
represented by the posterior part of the maxilla preserved in medial view, found no obvious
differences between T. doumuensis and T. lushiensis. Moreover, the genus Tinosaurus seems to
be a ‘waste-bin’ taxon, that probably includes more than one genus (Estes, 1983, Smith et al.,
2011). The assignment to Tinosaurus is generally based on the general similarity of teeth and
the geological age. In T. doumuensis, the uncertainty of the tricuspid nature of the teeth cast
further doubt on its attribution. Nonetheless, herein we retain the original attribution pending

revision of Tinosaurus as a whole.

Anguimorpha Fiirbringer, 1900
Varaniformes Conrad, 2008 gen. et sp. indet.
Material IVPP V 22767, a nearly complete right dentary, partial vertebral column with
six articulating vertebrae, and a sacrum with an associated last presacral (Fig. 4).
Locality and horizon Fossil pit 71017, Yangxiaowu, Qianshan County, Anhui; Upper
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Fig. 4 Varaniformes gen. et sp. indet.
A. photograph (A1) and 3D rendering from CT scans (A2) of IVPP V 22767, the arrows point out
the precondylar constriction of the centra; B. the partial vertebral column in right lateral view;
C. the right dentary in labial (C1) and lingual (C2) views; D. the last presacral and first sacral
vertebrae in dorsolateral view. B, C and D are not to scale

Member, Doumu Formation (Middle Paleocene).

Description The partial vertebral column (Fig. 4A, B) consists of six posterior trunk
vertebrae exposed in ventral view. The ventral surfaces of the centra are flat and without
ridges, and there is a clear precondylar constriction. The specimen was CT-scanned and the
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reconstruction of the column reveals the lateral and dorsal parts of the vertebrae, and the
depressed shape of the condyles, which are otherwise indiscernible. Each condyle faces
mainly dorsally. Laterally, the synapophysis is seen to be located on the pedicle of the
prezygapophysis. It is small and short mediolaterally, and its lateral end does not extend
beyond the lateral edge of the prezygapophysis, which is different from the condition in
Varanus (IVPP Anatomy Lab specimen). The synapophysis is elongated along an axis from
posterodorsal to anteroventral. A lateral view of the column shows the low, broad neural spines.
Each spine inclines posteriorly, but does not extend beyond the level of the postzygapophyses.
It has a straight dorsal edge bearing an epiphysis. The posterior neural spines show gently
sloped anterior edges, which, if correctly reconstructed (the possibility that it is artifact of
segmentation cannot be ruled out), is different from that of Varanus where the anterior edge is
nearly vertical. There is no sign of a pseudozygosphene, which is present in Saniwa ensidens
(Rieppel and Grande, 2007), and the anterior margin of the arch is not notched.

The last presacral and the first sacral vertebrae are preserved posterior and to the right
of the column (Fig. 4D), the two being loosely articulated with a slight displacement. Both
centra and the left transverse process of the sacral are missing. The last presacral bears a small
synapophysis which is better preserved on the right side, and a low neural spine bearing an
epiphysis on the dorsal edge. The right pre- and post-zygapophysis are complete, and are
oriented vertically rather than horizontally. The right sacral transverse process (diapophysis)
has a forked distal end which would have articulated with the ilium in life. The neural spine is
taller in the first sacral than in the last presacral and also bears an epiphysis.

A nearly complete dentary (Fig. 4C) is preserved on the left side of the column, with its
anterior tip overlapped by the column. The posterior and ventral margins are partially broken.
The dentary is slender, with its anterior tip medially curved. The labial surface is smooth and
delineated with several foramina that connect with the internal alveolar canal. The posterior
margin was probably vertical as in most varaniforms. The shape and degree of development
of the symphysis is unknown due to poor preservation. Meckel’s groove, opening ventrally
due to the development of the subdental shelf, extends to the anterior tip of the dentary. The
intramandibular septum is well developed, lacking a ventral free margin as in Anguidae.
The subdental shelf is deep but a subdental ridge is lacking. The depth of the subdental shelf
decreases posteriorly and ends in a narrow tip, suggesting that the dentary, at least its dorsal
part, is nearly complete. The ventral border of the dentary shows a probable articulation facet
for the splenial in its midsection, indicating that the splenial might extend anteriorly to at least
the level of the third tooth. Medially, the deep alveolar border bears four sharp, recurved, and
laterally compressed pleurodont teeth which are widely spaced along the anterior half of the
dentary. Based on the length of the dentary, there would not have been more than ten teeth in
total. No further detail of tooth morphology (e.g. the presence of plicidentine) is available due
to the preservation and scan resolution.

Remarks This specimen (V 22767) was originally included in the holotype of
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Anhuisaurus huainanensis. Hou (1974) wrote that the specimen IVPP V 4450 consists of “an
incomplete skull, partial mandibles and a section of vertebral column”, although the vertebral
column is actually preserved in a separate block. Our re-examination showed that the partial
vertebral column was varaniform whereas the holotype skull of Anhuisaurus was clearly not
(see below). The vertebral column specimen was therefore given a new catalogue number. In
Hou (1974), the sacrum and dentary were described as part of the pelvic girdle and hind limb
respectively and were not given a detailed description due to the poor preservation.

The precondylar constriction, the dorsally facing condyle, and the sub-rectangular shape
of the neural spines suggest the partial vertebral column is that of a varaniform lizard. The
size and morphology of the two disarticulated vertebrae (the low neural spine of the presacral
and the absence of the pseudozygosphene) are consistent with those of the rest of the vertebral
column. The dentary is also varaniform and its size is consistent with that of the vertebrae (based
on the dimensions of a specimen of Varanus sp. in the Anatomy Lab of the IVPP). Therefore
the three parts of the specimen are here considered to represent a single individual.

Squamata incertae sedis
Anhuisaurus huainanensis Hou, 1974

Holotype IVPP V 4450, rostral portion of the skull (premaxilla, maxilla and dentary)
(Fig. 5A).

Paratype IVPP V 4450.1, anterior part of the skull (maxilla, dentary, prefrontal and
palatine) (Fig. 5B).

Locality and horizon Fossil pit 71017, southwest of Yangxiaowu, Huangpu Village,
Qianshan County, Anhui; Upper Member, Doumu Formation (Middle Paleocene).

Revised diagnosis Medium to large lizard that differs from other named species in the
following combination of characters: slender and long nasal process of the premaxilla; incisive
process of the premaxilla present, ventrally directed, and single; broad horizontal lamina of
the premaxillary process of the maxilla; smooth oblique anterior narial margin of the maxilla;
five pleurodont teeth on maxilla and premaxilla, and six on dentary, followed by a series of
apparently acrodont teeth that increase in size from anterior to posterior.

Description (based on both the holotype and the paratype) The premaxilla is preserved
on the holotype (Fig. 5C) and is rotated along its mediolateral axis so that the alveolar
plate is horizontally positioned. The premaxilla is unpaired, and its nasal process is slender
and triangular in section. If it were restored to its original position, the preserved nasal
process would be directed dorsally rather than posteriorly, suggesting the skull was tall. The
premaxillary palatal shelf is well-developed and a single, ventrally directed incisive process is
located on the posterior margin of the shelf. The articulation between the premaxilla and the
maxilla cannot be reconstructed due to poor preservation and the resolution of the CT images.
The alveolar border bears four preserved pleurodont teeth and one vacant tooth position.

Parts of the maxillae are preserved on both specimens, but the right maxilla of the
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paratype (Fig. 5D) is the most complete, although it probably preserves only the anterior
half. The premaxillary process bears a broad horizontal lamina, the anterior part of which is
slightly upturned. The facial process is not completely preserved in any of the maxillae, but
the narial margin is seen to slope gradually and smoothly into the premaxillary process, and

Fig. 5 Anhuisaurus huainanensis Hou, 1974
A. the holotype IVPP V 4450, rostral portion of the skull: photograph (A1) and 3D rendered CT
image (A2) in dorsal view; B. the paratype V 4450.1, anterior part of the skull: photograph (B1)
and 3D rendered CT image (B2) in dorsal view; C. 3D rendering of the premaxilla in V 4450 in
posterior view; D. 3D rendering of the right maxilla of V 4450.1 in labial view; E. restored 3D
rendering of the left prefrontal and palatine of V 4450.1 in posterior (E1) and anterior (E2) views;
F. 3D rendering of the left dentary of V 4450 in lingual view. C, D, E, and F are not to scale



Dong et al. — Taxonomic revision of lizards from Paleocene Qianshan Basin 257

to curve medially into a lamina that is continuous with the dorsal surface of the premaxillary
process. At the base of the narial margin there is a medial foramen (opening of the superior
alveolar canal) through which the maxillary nerve and accompanying blood vessels passed.
In lingual view, the palatal shelf is seen to be well-developed (Fig. 5A2). The alveolar border
bears five anterior pleurodont teeth. Based on the dentary morphology (see below), we would
expect to find a series of acrodont maxillary teeth posterior to the pleurodont ones, but none
were discernible despite careful analysis of the CT images. This is probably an artefact of
preservation. The alveolar border extends ventrally and becomes deeper behind the pleurodont
teeth.

The left prefrontal (Fig. SE) is partly preserved on the paratype, but is displaced. The
frontal process is missing, but the orbitonasal flange is complete and can be brought into
articulation with the palatine. In lateral view, there is a small depression on the antero-ventral
corner, which is probably the facet for the maxilla or the lacrimal. The lateral margin of the
orbitonasal flange is smooth, suggesting that a lacrimal foramen was present between it and the
lacrimal (or the maxilla).

The left palatine (Fig. SE) is also preserved on the paratype. It is broad, with anterior
vomerine, lateral maxillary, and posterior pterygoid processes, although the latter is not
complete. A choanal fossa is evident on the palatal surface, and dorsally the bone bears a ridge
that articulates with the prefrontal. At the base of the ridge is a groove that extends laterally
into the infraorbital canal, which is closed by the maxilla. Based on the original position of the
palatine, the interpterygoid vacuity probably extended between the palatines, but whether it
reached the vomers is uncertain. There were no palatine teeth present.

The dentary (Fig. 5F) is best preserved in the left side of the holotype. It is rather
shallow, with a more or less straight ventral border. The narrow anterior tip bears a relatively
large medial symphysial surface (clear in the paratype left dentary, Fig. 5B2) that forms an
anteroposteriorly elongated oval. Meckel’s groove runs along the ventral border of the dentary
from the ventral margin of the symphysis to the level of the last pleurodont tooth. Posterior
to that point, the groove is partially floored by the medially curved labial wall of the dentary
and faces medially. A splenial or angular may have been present to close the groove, but there
is no discernible facet for either of these elements. A subdental ridge is present. The dentition
is well preserved on the holotype left dentary. There are six anterior pleurodont teeth, the last
three of which are angled slightly posteriorly. The fourth is the largest, but it is not caniniform
compared with the rest. Posterior to this, there are a maximum of six acrodont teeth preserved
in the available specimens. These teeth increase in size from front to back and are well spaced.
Each tooth is compressed laterally and is triangular in labial view. The posterior tooth crowns
appear tricuspid, but this may be an artefact of the CT image.

Remarks Anhuisaurus was referred to the Agamidae by Hou (1974) based on the
acrodont and heterodont nature of the dentition. The original diagnosis also included the
shallow and elongated nature of the skull, the posterior inclination of the posterior teeth, few
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teeth, wide premaxilla, straight maxillary anterior margin, subrectangular maxillary facial
process, straight dentary lower border, broad dentary symphysis, procoelous vertebrae and
conical centra. However, as noted above, the vertebral features are based on the misassociation
of a varaniform specimen.

Estes (1983) cautioned that it was difficult to interpret the features due to the
poor preservation of the specimens and raised the possibility of Anhuisaurus being an
amphisbaenian due to the short tooth row in the holotype. Li et al. (2008) considered
Anhuisaurus to be incertae sedis.

The phylogenetic position of Anhuisaurus has remained uncertain due to the ambiguous
interpretation of its anatomy. To aid clarification, we CT scanned both the holotype and
paratype. The digital renderings show that the anterior marginal teeth are pleurodont, instead
of acrodont, but that acrodont teeth are present posteriorly where there were thought to be
no teeth (Hou, 1974, Estes, 1983, Li et al., 2008). Therefore the dentition in Anhuisaurus is
heterodont. The tooth row is longer than that found in known amphisbaenians.

The heterodont dentition and the posterior acrodont teeth, as well as the configuration
of Meckel’s groove and the morphology of the palatine suggest Anhuisaurus could be a basal
acrodontan, as Hou (1974) suggested, but as some of these features (tricuspidy, shallow
alveolar shelf, strongly implanted posterior teeth) are also found in teioid/polyglyphanodontid
lizards, the phylogenetic position of this lizard remains uncertain pending the recovery of more

complete material.

Angingosaurus brevicephalus Hou, 1976

Holotype IVPPV 4452, an incomplete skull (Fig. 6).

Locality and horizon Fossil pit 71001, about 150 m southeast of Wangdawu, Huangpu
Village, Qianshan County, Anhui; Lower Member, Wanghudun Formation (Early Paleocene).

Revised diagnosis (after Hou, 1976) Small squamate showing the following characters:
deep skull; unpaired frontal with cristae cranii developed anteriorly but not meeting in the
midline; interdigitated frontoparietal suture; parietal foramen present; descending flange of the
parietal not contacting the prootic; postparietal process of the parietal slender; articular surface
of mandible facing posteriorly; maxillary and dentary teeth pleurodont and tooth row short.

Description The specimen is poorly preserved and its small size also hinders the
delicate preparation. It is also coated with preservative which obscures some of the details.

As preserved (Fig. 6A), the skull is deep with a short, pointed preorbital region. Although
the premaxilla is missing/damaged, along with the nasals and the anterior part of the frontal,
the presence of the anterior parts of the dentaries shows that very little of the snout is missing.
The maxilla has a well-developed facial process and teeth are visible along the alveolar
margin. The orbit is framed anteriorly by a poorly preserved prefrontal and dorsally by the
preserved parts of the frontal, but all other framing elements (e.g. the posteroventral part of
the maxilla, jugal, or postorbital bones) appear to be missing. The frontal is unpaired and the
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Fig. 6 Skull of Angingosaurus brevicephalus Hou, 1976, the holotype IVPP V 4452
A. photographs in dorsal (A1) and left lateral (A2) views; B-I. CT scanning images: B. coronal section
through the frontal-prefrontal suture; C. horizontal section through the frontoparietal suture; D. sagittal section
through the descending flange of the parietal; E. horizontal section through the otic capsule; F. horizontal
section through the basisphenoid; G. sagittal section through the quadrate-articular joint; H. coronal section
through the adductor fossa; B’~H’ show the location of each section in the specimen; I. sagittal section through
the region of the maxillary teeth. CT scanning images are not to scale
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parietal is long, with two slender postparietal processes (supratemporal processes) that run
posterolaterally along the lateral margins of the braincase, which is therefore partly exposed
in dorsal view. The posterior margin of the parietal is incomplete, but the pit for the ascending
process of the supraoccipital is exposed. The supraoccipital bears no ridge or crest. The lower
jaw is shallow anteriorly and deepens posteriorly. The sutures between elements are unclear
but the coronoid bone is visible. The quadrate is straight and apparently narrow, and its ventral
end articulates with the articular of the lower jaw.

The specimen was CT-scanned in an attempt to clarify its morphological features.
However, the images obtained were too poor to segment out individual elements and the
following description is based mainly on data from individual CT section images (Fig. 6B-I).
Nonetheless, these do provide some important new data.

A palatal shelf is visible on the maxilla and the maxillary teeth are revealed to be
pleurodont (Fig. 61) rather than acrodont as described in the original paper (Hou, 1976). The
teeth are large and few (seven teeth in total). The cristae cranii (descending processes) of the
frontal extend ventrally to a relatively greater extent anteriorly than posteriorly, providing
a broad facet for the prefrontal (Fig. 6B). Posteriorly the lateral margins of the frontal are
thickened rather than crested. The frontoparietal suture is strongly interdigitated (Fig. 6C).
The adductor shelf of the parietal is well-developed and bears a descending flange (Fig. 6D),
although this does not reach the braincase (prootic). The adductor surface, where the adductor
muscles originate, faces laterally in the anterior part of the bone where the descending flange
of the parietal is well-developed, but the surface faces ventrally posterior to that. The parietal
table extends laterally only to a small extent, restricting the surface of origin for adductor
muscles. The parietal foramen is present within the parietal.

The central pillar of the quadrate is nearly straight (Fig. 6G), and the posterior end of the
pterygoid reaches it. The braincase is long and the anterior margin of the basisphenoid reaches
forward beyond the level of the frontoparietal suture. The otic capsule is huge, and there is
little development of the paroccipital processes (shown by the close positions of the quadrate
and the otic capsule). The semicircular canals run close to the internal surface of the vestibule
(Fig. 6E). The crista sellaris of the basisphenoid is well-developed, but the basipterygoid
processes seem short (Fig. 6F). The basioccipital preserves a small anterior part, and the suture
between the basisphenoid and basioccipital is preserved as reversed V-shaped in ventral view.

The lower jaw has a broad ventral border. Meckel’s groove is large and is walled
medially by different elements, splenial anteriorly, splenial and angular in the middle, and
splenial, angular and coronoid bone posteriorly. There are seven dentary teeth that are large
and pleurodont. The coronoid bone bears a well-developed dorsal process, an anteromedial
process and a posteromedial process, but not a labial process. The anteromedial process is
longer than the posteromedial one. The splenial is large, extending posteriorly beyond the level
of the coronoid process, and overlapping the angular quite extensively in its anterior part. The
surangular walls a large adductor fossa laterally (Fig. 6H). The articular surface of the articular
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bone faces posteriorly rather than dorso-posteriorly (Fig. 6G). This suggests the quadrate met
the lower jaw at an oblique angle. There is a ridge dividing the articular surface into lateral and
medial halves, as well as an erect tubercle just in the front of the articular surface, to prevent
the anterior displacement of the quadrate condyle. The retroarticular process is present but
small, and it lies medial and ventral to the articular surface.

Remarks Hou (1976) referred Angingosaurus to Chamaeleonidae based on its
(apparently) acrodont teeth, deep skull, large prefrontal, rough sculpture, and the absence
of a retroarticular process. This interpretation was followed by Estes (1983) who noted that
the quadrate in Angingosaurus appeared vertical and columnar, as in chameleons, and that
the postdentary region of the mandible is enlarged. However, a recent review of chameleon
history (Bolet and Evans, 2014) concluded that Angingosaurus did not show any definitive
characteristics of Chamaeleonidae.

The CT-scan section images reveal several key characters, such as the posteriorly
oriented articular surface for the quadrate, the strongly interdigitated frontoparietal suture, the
short tooth row (and therefore short preorbital skull), and the relatively large otic capsule, all
of which suggest that Angingosaurus may have been a burrower. Unfortunately, its postcranial
skeleton remains unknown. To assess the phylogenetic position of Angingosaurus within
Squamata, it is first compared with extant burrowing squamates.

Angingosaurus and amphisbaenians (Zangerl, 1944, Montero and Gans, 1999, Kearney et
al., 2005, Bolet et al., 2014) share the strongly interdigitated frontoparietal suture, posteriorly
facing articular surface, and short tooth row. However, Angingosaurus is distinguished from
known amphisbaenians by the weaker descending flange of the parietal (Miiller et al., 2011),
laterally expanded parietal table, slender postparietal processes, unpaired frontal, well-
developed basipterygoid processes, and large adductor fossa. Dibamids (Rieppel, 1984) and the
burrowing gekkotan Aprasia (Stephenson, 1962) show clear differences from Angingosaurus,
in that their frontoparietal suture is straight, the parietal is snake-like in having descending
laminae, the dentary is tube-like. The frontals are also paired in dibamids. Burrowing scincoids
like Acontias (Rieppel, 1981, Evans, 2008) also differ from Angingosaurus in having a
straight or less interdigitated frontoparietal suture and cristae cranii meeting in the midline.
The dissimilarity between Angingosaurus and the burrowing anguid Anniella (Bellairs, 1950)
is even greater. Anniella has paired frontals with the cristae cranii meeting in the midline, a
W-shaped frontoparietal suture, a descending flange of the parietal meeting the braincase,
and an anteriorly open Meckel’s groove. Angingosaurus most closely resembles burrowing
members of the Gymnophthalmidae (e.g. Bachia), based on shared frontal and parietal features
such as the interdigitated frontoparietal suture and weak descending flange of the parietal.
However, herein we treat Angingosaurus as incertae sedis due to its poor preservation and lack
of detailed morphology. More specimens and different methods are needed to understand this
species, but it is clearly not a chamaeleonid or stem-chamaeleonid.
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Changjiangosaurus huananensis Hou, 1976

Holotype IVPPV 4451, a pair of incomplete lower jaws and a left quadrate (Fig. 7).

Locality and horizon Fossil pit 71001, about 150 m southeast of Wangdawu, Huangpu
Village, Qianshan County, Anhui; Lower Member, Wanghudun Formation (Early Paleocene).

Revised diagnosis This taxon is distinguished from all other lizards by a unique
combination of characteristics: dentary elongated posteriorly, bearing a coronoid process;
splenial large; coronoid bone lacking labial process; angular with a huge posterior process
creating a deep posterior emargination in the lower jaw; adductor fossa reduced; prearticular
process broad; retroarticular process well-developed.

Fig. 7 Changjiangosaurus huananensis Hou, 1976, the holotype IVPP V 4451
A. left lower jaw and quadrate in lateral (A1) and medial (A2) views; B. right lower jaw:
photograph (B1) and line drawing (B2) in lateral view; photograph (B3) and line drawing (B4) in
medial view. The dashed red lines are sutures

Description In labial view (Fig. 7B), the dentary is seen to be long, extending
posterior to the level of the coronoid process and having a triangular posterior margin. A
coronoid process is present but it is only slightly elevated. The process bears a ridge along its
anterodorsal margin, and this ridge forms the dorsal border of a depression that crosses the
labial surface of the lower jaw. In lingual view, there is no development of the subdental shelf,
and the seven preserved teeth are very small in relation to the depth of the underlying bone.
They are tightly spaced, pleurodont, and cylindrical in shape.

The splenial is broad and would be triangular if complete. It lies dorsal to the anterior

process of the prearticular and extends posteriorly almost to the level of the coronoid process.
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The coronoid bone has dorsal, anteromedial, posteromedial and posterior processes, but no
labial process. The dorsal process is small and triangular, even allowing for damage. It bears
a lateral ridge that runs anteroventrally from its tip and is continuous with the ridge on the
dentary. The anteromedial process is short and deep, barely reaching below the posterior end
of the tooth row. Posteriorly it grades into the flanged posteromedial process, but this is broken
on both jaws so it is unclear whether the ventromedial border of the coronoid was straight or
divergent. The posterior process is also small and most of it is positioned on the medial side of
the surangular. The large robust angular forms the ventral border of the mandible as preserved,
and is unique in its morphology. It is lamina-like anterior to the level of the coronoid process,
but expands and branches into a large flange which projects posteroventrally. This flange tapers
from base to its posterior tip, and is almost as long as the articular/retroarticular process above
it, creating a deep emargination in the posterior border of the mandible.

The lateral surface of the surangular bears a large deep depression that continues on to the
rear of the dentary and marks the insertional area for external adductor muscles. Posteriorly,
the surangular bears an upturned tubercle that lies immediately in front of the articular surface
for the quadrate and would have limited forward movement of that bone. Medially, the
surangular borders a narrow, but probably deep, adductor fossa. The long, laminar prearticular
extends anteriorly from the articular. Anteriorly, the prearticular extends forward beyond the
posterior end of the tooth row and posteriorly it floors the adductor fossa. On the articular,
the surface for the quadrate faces dorsally and slightly posteriorly. It is subcircular and
mediolaterally elongated. A weak ridge extends from the posterior tip of the surangular and
divides the articular surface into medial and lateral parts. The laminar retroarticular process is
broad and concave. The posterior half of the process is twisted so that the dorsal surface faces
slightly medially.

The preserved ventral part of the quadrate is narrow and straight, and its articular condyle
is not expanded.

Remarks Hou (1976) established the family Changjiangosauridae based on
Changjiangosaurus, which is unique in the possession of the large flange-like posterior process
of the angular.

Estes (1983) concluded that Changjiangosaurus and Qianshanosaurus were probably
related, based on the greatly expanded projecting flange of the angular. However, the angular
of Changjiangosaurus has a robust, posteriorly projecting process that is separated from
the main body of the angular and creates a deep notch at the back of the mandible, whereas
that of Qianshanosaurus is expanded ventrally to form broad lamina. Based on tooth
morphology, Alifanov (2009) included Changjiangosaurus, Qianshanosaurus, Creberidentat
from the Paleogene of China, and several species from the Middle Eocene of Mongolia (e.g.
Acrodontopsis, Agamimus), into the Changjiangosauridae, and placed the family within an
extended Uromastycoidea. As described above, the teeth of Changjiangosaurus are different
from the large, laterally compressed teeth of Qianshanosaurus and other related genera,
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and are instead small, cylindrical, and pleurodont. We follow Li et al. (2008) here and treat
Changjiangosaurus as Squamata incertae sedis.

In the majority of lizards, the angular process, where present, is actually part of the
prearticular and extends medially, ventromedially, or anteroventrally. It serves for the
attachment of part of the bulky pterygoideus muscle that wraps around the posterior part of the
mandible. The large process in Changjiangosaurus is not homologous to the angular process
because it is an extension of the angular rather than the prearticular, but from its position it
must also have been associated with the pterygoideus muscle. The large size of the process
suggests the pterygoideus was particularly well developed. Combined with a strong external
adductor mass (as suggested by the deep labial depression), this suggests Changjiangosaurus
had a strong bite force (Daza et al., 2011, Groning et al., 2013). However, this is not
consistent with the small cylindrical teeth, and suggests this lizard had a highly specialised
diet. Resolving the anomaly requires material of the skull and upper jaw as well as further

comparative work among extant lizards.

4 Discussion

This revision of the Qianshan Paleocene lizards changes our understanding of the faunal
composition. There are three acrodontans (Acrodonta, Iguania), Agama sinensis (nomen
dubium), Qianshanosaurus huangpuensis, and Tinosaurus doumuensis; the problematic
heterodont Anhuisaurus huainanensis; a undetermined varaniform V 22767; an enigmatic
burrower, Angingosaurus brevicephalus; and the bizarre Changjiangosaurus huananensis. The
taxonomic diversity is higher than previously recognized. The assignment of Qianshanosaurus
to Acrodonta eliminates the record of Pleurodonta (Iguania) in the Paleocene of the Qianshan
Basin (Hou, 1974), whereas the recognition of a varaniform (V 22767) provides the earliest
Cenozoic record of this group in China. The revision also increases the ecological diversity
represented by the Paleocene lizards from China. The sharp and recurved teeth of the
varaniform suggest the individual was probably a small carnivore, like its extant relative
Varanus (Pianka et al., 2004). The homodont acrodont teeth of Qianshanosaurus, combined
with strong jaws and well-developed pterygoideus muscle, may be indicative of a plant-eater,
like the extant Uromastyx, whereas the other acrodontans may have been insectivorous. The
morphology of Angingosaurus (short snout, strongly interdigitated frontoparietal suture)
suggests it may have been a burrower, exploring the subterranean environment. This would
also be the only record of burrowing squamate in China, other than Sineoamphisbaena from
the Late Cretaceous (Wu et al., 1993). The high morphological and ecological diversity
suggests that lizards formed a successful component of the fauna in the Paleocene of the
Qianshan Basin.

The similarity of the Paleocene Qianshanosaurus to Creberidentat and Acrodontopsis

from the Middle Eocene of China and Mongolia respectively, opens the possibility that
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a group of acrodontan lizards similar to Uromastyx was widespread in Asia during the
Paleocene—Eocene period. Moreover, other Asian records of Paleogene Uromastyx-like lizards
(Uromastycinae) (Averianov and Danilov, 1996, Holmes et al., 2009, Rage and Augé, 2015)
suggest this group originated in Asia.

Furthermore, the recognition of a Paleocene varaniform in the Qianshan Basin of
South China provides new data on the historical biogeography of that group. Very few
Paleocene occurrences of Varaniformes have been reported, and most are from North America
(Sullivan, 1982, Sullivan, 1991). The new Chinese record expands the biogeographic range
of varaniforms in the Paleogene and increases our knowledge of the group after the end-
Cretaceous mass extinction.

In recent years, much of the paleontological work on Asian lizards has focused on the
Cretaceous, especially the very rich and diverse Late Cretaceous faunas of the Gobi Desert
(Gao and Norell, 2000). Very little is known of the post-Cretaceous fate of lizards in Asia. The
Qianshan fossils, although fragmentary, provide an important glimpse of this fauna and suggest
it was already diverse and successful in Paleocene. More work is needed to be done on these
interesting Paleocene lizards, including phylogenetic analysis and functional morphology. The
recovery of more material from the Paleocene Qianshan Basin and other regions is crucial in
order to build up a more complete picture of the Paleocene lizard fauna of Asia.
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