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Abstract

The lizard genus Bainguis was originally described from the Upper Cretaceous of Mongolia
and attributed to Anguimorpha. The same genus was later reported from the Upper
Cretaceous of Bayan Mandahu, Nei Mongol, China on the basis of a partial skeleton showing
some similarities in osteoderm morphology. Re-examination of this specimen with the aid of
MCT scanning suggests that it is, in fact, attributable to Parmeosaurus, a scincoid lizard
described from the Ukhaa Tolgod locality, Mongolia, as do two new specimens from Bayan
Mandahu. Moreover, some of the Mongolian material originally attributed to Bainguis appears
also to belong to Parmeosaurus. And our new phylogenetic analysis confirms that
Parmeosaurus is positioned on the stem of Scincoidea. Taken together, these specimens add
new data to our understanding of Parmeosaurus but also raise questions as to the affinities of
Bainguis.
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In 1984, Borsuk-Biatynicka described several new lizard taxa from the Upper Cretaceous
locality of Bayn Dzak, Mongolia, and attributed them to Anguimorpha. One of these,
interpreted as a stem-anguimorph (‘pre-anguimorph grade’), was Bainguis parvus. The
designated holotype skull (Institute of Paleobiology, Polish Academy of Sciences, Warsaw,
ZPAL MgR-11/46) has osteodermal encrustation on the cranial bones and rectangular
osteoderms covering the dorsum of the neck. A second, juvenile, skull (ZPAL MgR-11/90) was
referred to the same species on the basis of proportional similarities with the holotype. In
addition, Borsuk-Biatynicka attributed three postcranial fragments (ZPAL MgR-II/9, 11/10, 11/11)
to Bainguis based on osteoderm shape. These postcranial fragments were not described in
the journal article, but vertebrae and osteoderms from ZPAL MgR-11/11 were figured (Borsuk-
Biatynicka, 1984: plates 2:1e and 13:5, respectively [but note that the figure caption on p.99
denoted the first of these as 2:2]). In 1996, Gao and Hou described new lizard material from
the Chinese Nei Mongol locality of Bayan Mandahu (Upper Cretaceous, Campanian). Among
these specimens was an incomplete postcranial skeleton (Institute of Vertebrate Paleontology
and Paleoanthropology, Beijing, IVPP V 10080) enclosed in rectangular, imbricate
osteoderms, but with parts of the axial skeleton, pectoral and pelvic girdles, and limbs
exposed. On the basis of the rectangular osteoderms, Gao and Hou referred the skeleton to
Bainguis and, therefore, to Anguimorpha. In 2000, Gao and Norell described a new Late
Cretaceous (Campanian) lizard from the Ukhaa Tolgod locality, Mongolia, under the name
Parmeosaurus scutatus (holotype, Institute of Geology, Mongolian Academy of Sciences,
Ulaanbaataar, IGM 3/138). Parmeosaurus also had rectangular osteoderms, with those of the
dorsum being described as twice the width of those on the venter. Gao and Norell referred
Parmeosaurus to the Scincoidea, a position supported by the analyses of Gauthier et al.
(2012), Reeder et al. (2015), and Pyron (2017), although Conrad (2008) placed it in a more
stemward position.

Two different lizard taxa, with similar rectangular osteoderms, have therefore been described
from the Campanian of Mongolia and Chinese Nei Mongol: a putative stem-anguimorph,
Bainguis, and a stem-scincoid, Parmeosaurus. This raises the possibility of misattribution if

incomplete specimens are identified on the basis of osteoderm shape. Herein, we re-describe
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IVPP V 10080, incorporating new uCT scan data, and reassess its attribution to Bainguis. We

also describe two new osteoderm-bearing specimens from Bayan Mandahu.

Abbreviations

acet, acetabulum; add.fs, adductor fossa; aip, anterior inferior process of prootic; am.pr,
anteromedial process (of coronoid); an, angular; an.ft, angular facet; an.pr, anterior process
(of interclavicle); ar.pro, alar process of prootic; a.san.f, anterior surangular foramen; asca,
astragalocalcaneum; a.vc, anterior opening of vidian canal; bo.co, basioccipital condyle; bpt,
basipterygoid process; b.tb, basal tubercle; cla, clavicle; co, coronoid; ch.ty.n, chorda tympani
nerve opening; cr.pro, crista prootica; cr.se, crista sellaris; den.ft, dentary facet; ds.pr, dorsal
process (of coronoid); dt3, distal tarsal 3; dt4, distal tarsal 4; ecpt, ectopterygoid; ept,
epipterygoid; fem, femur; fib, fibula; f.6, foramen for abducens nerve; f.7, foramen for facial
nerve; f.12, foramen for hypoglossal nerves; f.ed, foramen for the endolymphatic duct; fs.c,
fossa columellae; f.vb, fenestra vestibuli; hsc, horizontal semicircular canal; hum, humerus;
icf, internal carotid foramen; icla, interclavicle; icond.gv, intercondylar groove; il, ilium; isc,
ischium; isc.tb, ischial tubercle; ju, jugal; L, left; la.pr, lateral process (of astragalocalcaneum);
Irst, lateral opening of recessus scalae tympani; man.co, mandibular condyle; md.cr, median
crest (of supraoocipital); mrst, medial opening of recessus scalae tympani; mt, metatarsal,
mt5, metatarsal V; obtu.f, obturator foramen; oc.r, occipital recess; osd, osteoderm; pa,
parietal; pacet.pr, preacetabular process; pa.f, parietal foramen; p.as, processus ascendens;
p.av, posterior opening of vidian canal; p.co, primary coracoid emargination; pect.tb, pectineal
tubercle; pm.pr, posteromedial process (of coronoid); pob, postorbital; pocc, paroccipital
process; psp, parasphenoid; pt, pterygoid; pub, pubis; pub.l.pr, pubic lateral process; p.san.f,
posterior surangular foramen; qu, quadrate; R, right; rad, radius; rap, retroarticular process;
san+ar, surangular+articular; sa.v, sacral vertebrae; scco, scapulocoracoid; scco.f,
scapulocoracoid foramen; spl.ft, splenial facet; sq, squamosal; st, supratemporal; stg.pr,
supratrigeminal process; st.pr, supratemporal process (of parietal); tib, tibia; tr.v, trunk

vertebrae; ty.cr, tympanic crest

Material and Methods
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Bayan Mandahu (Fig.1) is one of several Upper Cretaceous localities in the Gobi Basin of
China, and Mongolia that have yielded lizards, including the enigmatic burrowing
Sineoamphisbaena (Wu et al., 1996). The fossiliferous beds at Bayan Mandahu are referred
to the Djadochta Formation which is considered to be Campanian in age (~75 Ma,
Jerzykiewicz et al., 1993), although there are debates as to the correlation between the
Mongolian Djadochta fossil-bearing beds and the Bayan Mandahu beds. Some researchers
have argued that the beds at Bayan Mandahu are equivalent to the lowest Upper Cretaceous
red beds exposed in the Gobi area of the Mongolian Plateau (i.e., Bayan Mandahu
fossiliferous beds are lower than those in Mongolia) based on the faunal composition
(Makovicky, 2008; Xu et al., 2013). The environment has been reconstructed as arid or semi-
arid (Eberth, 1993), and the locality has yielded turtles (e.g. Brinkman and Peng, 1996),
dinosaurs (e.g. You and Dong, 2003; Pittman et al., 2015), dinosaur eggs (Dong and Currie,
1996), and mammals (Ladevéze et al., 2010; Meng, 2014), as well as lizards (Gao and Hou,
1996). The lizard fauna shows similarities to that from the Mongolian Gobi Basin, with the
genera Priscagama, Mimeosaurus, Adamisaurus and Carusia present at both localities (Gao
and Hou, 1996; Gao and Norell, 2000). However, three genera, Xihaina, Anchaurosaurus,
and Sinoamphisbaena (Gao and Hou, 1995, Wu et al., 1993) are known only from Bayan
Mandahu, whereas some common lizards from the Mongolian Gobi Basin, such as Slavoia
(Tatanda, 2016) are unrecorded from Bayan Mandahu.

IVPP V 10080 (Fig. 2) is the postcranial skeleton (including the integument) of a
medium-sized lizard, in which the pectoral girdles and part of a humerus have been prepared
free from the rest of the skeleton which is covered by osteoderms. More recent (2012)
fieldwork at Bayan Mandahu yielded two small blocks (IVPP V 23897, V 23898) (both under
the same field number 12WL-7) from the site of E106°44'45.9", N41°44'18.5". Both
specimens bear osteoderms identical to those on [IVPP V 10080. One contains postcranial
material and the other a partial skull. The blocks were found together (under the same field
number), are of similar size, and have non-overlapping elements. They are therefore
probably, but not irrefutably, from the same individual. Separate catalogue numbers were

given to the blocks, to be cautious.
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IVPP V 10080 and IVPP V 23897 (Fig. 3) were scanned at the Key Laboratory of
Vertebrate Evolution and Human Origins, Chinese Academy of Sciences (CAS) at IVPP,
using 225 kV micro-computerized tomography (developed by the Institute of High Energy
Physics, CAS, Beijing) with a Phoenix X-ray source. IVPP V 10080 was scanned along the
longitudinal axis of the specimen twice successively with a beam energy of 130 kV and a flux
of 120 uA at a detector resolution of 53.30 um per pixel using a 360° rotation with a step size
of 0.5° and an unfiltered aluminium reflection target, whereas the specimen IVPP V 23897
was scanned with a beam energy of 110 kV and a flux of 170 uA at a detector resolution of
16.50 um per pixel. A total of 720 transmission images were reconstructed for each scan in a
2048 x 2048 matrix of 1536 slices using a two-dimensional reconstruction software developed
by the Institute of High Energy Physics, CAS. Surface models were rendered using VG Studio
2.1 and Mimics Research 18.0.

One of us (LD) also re-examined the type and referred material of Bainguis at the
Institute of Paleobiology, Warsaw, Poland. A scanned skull of Parmeosaurus scutatus (IGM
3/139) (The Deep Scaly Project, 2009) was referenced for comparison and phylogenetic

analysis.

Systematic Palaeontology

Squamata Oppel, 1811

“stem Scincoidea” Gauthier et al., 2012

Parmeosaurus scutatus Gao et Norell, 2000

1996 Bainguis sp., cf. B. parvus Gao et Hou, p. 589, Fig. 6

2000 Parmeosaurus scutatus Gao et Norell, p. 74, Fig. 24, 25

Holotype: IGM 3/138, well-preserved skull with articulated postcranial skeleton (Gao and
Norell, 2000).

Type locality and horizon: Ukhaa Tolgod, Mongolia; Upper Cretaceous Djadochta Formation.
New material: IVPP V 10080, articulated postcranial skeleton enclosed by osteoderms (Gao

and Hou, 1996, referred by them to Bainguis); IVPP V 23897, partial skull with a few dorsal
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osteoderms; IVPP V 23898, humerus, with some ventral osteoderms. All new material is from
the Bayan Mandahu locality, Nei Mongol, China, which is Campanian in age.
Distribution: Ukhaa Tolgod, Mongolia; Bayan Mandahu, China; Djadochta Formation

(Campanian)

Differential diagnosis (revised from Gao and Norell, 2000): Small to medium-sized lizard
resembling scincoids (members of Scincoidea sensu Gauthier et al., 2012) in the combination
of the following characteristics: dorsal and ventral osteoderms present, with ventral elements
compound (duplex); cephalic osteoderms present; palpebral ossification present; small lateral
coronoid process of the dentary extending on to anterolateral surface of coronoid;
retroarticular process inflected medially with small flange on medial margin; subdental ridge of
the dentary well-developed; marginal teeth fully pleurodont and densely spaced. Differs from
other scincoid taxa in having a narrow elongate skull with a laterally compressed rostrum;
parietal table with well-developed lateral flange for dorsal origin of adductor musculature;
marginal teeth robust with tricuspid crowns; autotomy fracture plane positioned posterior to

caudal transverse processes.

IVPP V 10080

The specimen comprises a partially prepared postcranial skeleton of a medium-sized lizard.
The skull and neck are missing and much of the internal skeleton is obscured by the overlying
body armour, but the pectoral girdles and part of a humerus have been prepared free from the
rest of the skeleton, and some osteoderms were removed to reveal the pelvic girdles and
parts of the limbs. The uyCT scan has revealed additional details of the dorsal, sacral and
caudal vertebral column and ribs, as well as of the limbs and their girdles. The description
below is based primarily on the yCT data, supplemented with details observed directly from

the specimen.

Axial skeleton: The uCT scan (Fig. 4) revealed an articulated series of 13 dorsal, 2 sacral and
12 anterior caudal vertebrae. Based on the position of the pectoral girdle, we estimate there

would have been a minimum of five further dorsal vertebrae. Assuming a typical cervical
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count of 7-8 cervicals, this would give an estimated presacral count of 25-26. The vertebrae
are procoelous, with roughly triangular centra, rounded condyles, and no precondylar
constriction. The second dorsal centrum preserved has a length of 3.71 mm and an anterior
width of 4.5 mm, and the other dorsals are of similar proportions. The neural spines are
rectangular, posteriorly placed on the neural arch, and of medium elevation. Judging from the
scan reconstructions, the vertebrae appear to possess weakly developed accessory
articulations. The dorsal ribs are long and slender, but it is not clear whether free ribs were
present on the last dorsal vertebrae. The two sacral vertebrae have short centra and robust
sacral ribs, the first being expanded mainly in the dorso-ventral plane and the second in the
horizontal plane. Together they form a somewhat triangular surface that is apposed to the
medial side of the iliac blade. The first four anterior caudal vertebrae have unusually long,
slender transverse processes (central length 3.0-3.4 mm; width from mid-point of centrum to
tip of transverse process, 6.9 mm). These anterior caudals are followed by five vertebrae of
gradually increasing central length and decreasing width, and then by a further series of
vertebrae with longer centra and little or no transverse processes (preservation precludes
measurement). The yCT scans have also confirmed the presence of an autotomy septum
lying behind the caudal rib and starting at the ninth caudal vertebrae (Fig. 4; Supplementary
Video). Haemal arches are present from the second caudal as there is clearly a pair of
pedicles present at the distal end of each centrum for the attachment of the haemal arch. The
pedicles lie immediately anterior to the condyle so that the haemal arches were almost
intercentral in position. Several haemal arches are preserved in the tail region, but are
separated from the vertebrae. The arches are Y-shaped distally but one more proximal
element preserves the intercentral bar. The two haemals more distally on the tail lack the
cross-bar.

In the area of the ischiopubic (thyroid) fenestra a long tapering element is preserved that
looks like a displaced posterior trunk rib. Two similar elements lie further distally below the

second and third caudals, and below the tenth caudal vertebra respectively.

Pectoral girdle and forelimb. The pectoral girdle (Fig. 2) was on a small block that has been

removed from the main block. The humerus was broken into two parts, with one part
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remaining on the main block and thus allowing the small block to be positioned. The girdle
displays a gracile, cruciform interclavicle (Fig. 2C) with a well-developed anterior process and
long lateral processes that terminate in a small posteriorly directed hook. The anterior process
separates the clavicles in the midline. The ventral ends of the clavicles are expanded and
perforate, and the bones taper gradually toward their dorsal ends. The endochondral part of
the girdle is represented by a fully fused scapulocoracoid that preserves the glenoid cavity for
the humerus and, anterior to it, a scapulocoracoid foramen, and a primary coracoid
emargination. The proximal head of the left humerus is preserved in articulation with the
glenoid. It is well ossified but the proximal epiphysis appears to be separate, suggesting that
the animal may not have been fully mature, despite the fusion of the girdle elements. The
remainder of the humerus is on the main block. Its shaft is of medium length (reconstructed at
~16.48 mm) and ends in a well-ossified distal head on which the condyles are fully ossified
(i.e. no separate epiphyses). No epipodials are in articulation with the humerus, but two

slender bones (10.6 mm) displaced posteriorly may be the radii.

Pelvic girdle. The pelvic girdle is nearly complete on both sides, except the posterior tip of the
ilium. The three elements, ilium, pubis, and ischium, are fully fused (there is no hint of suture
present on the uCT section images) (Fig. 4C). The ilium has a long gracile blade with a
tapering tip and a well-developed anterior preacetabular tuberosity for the ilio-pubic ligament
(Snyder, 1954). Medially, the sacral rib attachment lay a short distance posterodorsal to the
acetabulum, a position regarded by Borsuk-Biatynicka (2007) as primitive for squamates. The
ischium and pubis enclose a large thyroid fenestra (Fig. 4A,B). The two pubes are angled
anteromedially. Each is relatively long and tapering, meeting in the ventral midline at a narrow
symphysis. A well-developed triangular processus lateralis pubis (sensu Russell and Bauer,
2008) is placed roughly half way along the margin of the bone. It extends into a distinct
incurved crest that runs along the medial margin of the pubis to its tip, thereby creating a
medial recess. The anteriormost extremity of the acetabulum bears the pectineal tubercle

anteriorly and in frontal of the tubercle is the obturator foramen. The ischium is roughly
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trapezoidal, with a distinct but short posterodorsal angulation. The lamina is concave

ventrally.

Hind limb. Gao and Hou (1996) reported the left hind limb to be preserved in IVPP V 10080.
In fact, the limb they figured is the right, the left is represented only by the proximal end. The
epiphyses of the right femur are fully developed and, unlike those of the humerus, are fused
with the rest of the bone (Fig. 4C). Proximally, the femoral head is well-rounded and
separated from the internal trochanter by a deep intertrochanteric fossa. The bone is strongly
built, of medium length (20.8 mm, ~126% humerus), and sigmoid in shape. The distal end
displays a shallow intercondylar groove between the mesial and the slightly larger lateral
condyles. The tibia is also robust (14.6 mm, 70% of femoral length), and has a proximal head
that is triangular in cross-section. The fibula is equal in length to the tibia but is less than half
its diameter and there is a slight sigmoid twist to the shaft. The astragalus and calcaneum are
fully fused to form a proximodistally short but wide element in which the tibial and fibular
facets are well separated by a notch. Posteriorly, there is a lateral process. Distally, the
astragalocalcaneum has a large concave articular surface for an enlarged fourth distal tarsal
(DT4), which is preserved close to its original position. A hooked fifth metatarsal (MT5) is
preserved in articulation with DT4. It has a small outer process and well-developed lateral and
medial plantar tubercles. The shaft is short and slightly twisted. Distal to DT4 and MT5 are a
possible third distal tarsal, and the proximal heads of three other metatarsals. These
represent either MT1, 2, 3 or, more probably given their size, MT1, MT3 and MT4. Nothing is

preserved of the remainder of the foot.

Osteoderms: Osteoderms cover the whole body, including the limbs and tail. The dorsal
osteoderms (Fig. 2D) are rectangular and anteroposteriorly imbricate, with the glide surface
covering roughly one-third of the surface of each osteoderm. These osteoderms do not
overlap on their lateral borders, but appear rather to be loosely sutured along their margins.
There is a small amount of variation in the size of the dorsal osteoderms but most are 1.64—
1.79 mm in medio-lateral width and 2.58-2.89 mm in anteroposterior length. The ventral

osteoderms of the body and limbs, also with their anterior one-third as the glide surface, are
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narrower (0.79-0.93 mm) and somewhat shorter (1.79—2.1 mm). They are thus about half the
width of the dorsal ones, but, in each case, two narrow ventral components, slightly subequal
in size and shape (Fig. 2E), are sutured to form a single rectangular element of similar size to
a dorsal osteoderm. The dorsal osteoderms on the tail are consistent in morphology with

those on the body, whereas the ventral osteoderms on the tail are different from those on the

trunk, but are similar to the dorsal osteoderms.

IVPP V 23897 and IVPP V 23898

Two small blocks were collected from a single pit at Bayan Mandahu in 2012. Both show the
same fine sandstone matrix as IVPP V 10080. One block, IVPP V 23898 bears ventral
osteoderms like those on the ventral surface of IVPP V 10080 (i.e. long and narrow), as well
as a complete right humerus. The second block, IVPP V 23897 bears dorsal osteoderms
identical to those on the dorsal surface of IVPP V 10080, in association with a lizard skull,
preserved mainly in dorsal view. The osteoderms are preserved just above the left squamosal
and quadrate and by the left side of the parietal. Although the bones on the two small blocks
are of comparable size, we cannot be fully certain that these blocks represent parts of a

single individual.

IVPP V 23897. The new skull (Figs. 3, 5) seems to be depressed (contra the description in
Gao et Norell, 2000 “laterally compressed”) probably due to preservational distortion. Without
further preparation, only the preserved skull roof, postorbital, and the lateral sides of the
mandibles are exposed, as well as some dorsal osteoderms identical to those on the dorsum
of IVPP V 10080 and in association with the posterior end of a lizard skull. However the uCT
scans allow a more complete reconstruction and description. Most of the bones, except the
mandibular elements, are slightly displaced from each other.

The parietal (Figs. 3A,B; 5A,C,D) is incomplete, missing its anteriormost part. It has a
relatively narrow table that is constricted at the midpoint of the bone as preserved (i.e.
posterior to the midpoint of the parietal table itself). The crests separating the skull table from
the lateral flanges are very weak. The lateral flanges are extensive and are oriented at a

relatively shallow angle to the parietal table so that their surfaces are as much dorsal as

10
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lateral. These flanges extend posteriorly and slightly laterally into supratemporal processes
with no change in the orientation of their surfaces, thus leaving a large continuous surface of
origin for the adductor muscles. The posterior margin of the parietal is roughly U-shaped
between the supratemporal processes, and there is no distinct flange or shelf present along
the posterior nuchal margin. A small parietal foramen perforates the skull table close to the
anterior edge of the preserved parietal (Gao and Norell, 2000, described the parietal foramen
as being located slightly anterior to the centre of the table), and there is no trace of
sculpturing. This suggests that the overlying dorsal osteoderms and skin were not closely
attached to the skull bones. The parietal table as a whole is thickened in the mid-section, but
the anterior region and the bases of the supratemporal processes are slightly concave
ventrally. The pit for the processus ascendens of the supraoccipital is visible in dorsal view as
a notch. It invades the ventral surface of the parietal table for the posterior one quarter of its
length, extending deeply due to the thickening of the parietal table. Each supratemporal
process projects posterolaterally to a tapered tip, and there is an acute angle between the two
processes (less than 90°). In transverse section, the supratemporal process is laminar, rather
than triangular, in shape. A crest divides the dorsal surface of the process into lateral and
much narrower medial parts.

A small, slender rod-like bone fragment is preserved on the right side of the
specimen, and is part of the postorbital ramus of the jugal (Figs. 3A,C; 5A,B,C,D). Although
we cannot confirm that the jugal met the postorbital (or postfrontal) in this specimen, the jugal
is known to have formed a complete postorbital bar in one of the Mongolian specimens
referred to Parmeosaurus (IGM 3/139) (Gao and Norell, 2000; The deep scaly project, 2009).
On the left side of the parietal, the supratemporal arch is complete with an articulated
postorbital and squamosal (Fig. 5A,D), both of which are laminar rather than rod-like. The
postorbital bears an anteroventral process that probably met the jugal, and therefore the bone
is slightly wider anteriorly in dorsal view. The resolution of the yCT images precludes
identification of a facet with certainty. Medially, the postorbital does have a facet for the
postfrontal. The postorbital tapers posteriorly, and articulates medially with the squamosal
close to its posterior end. The squamosal is a slender bone with a pointed anterior tip, but it

widens posteriorly before curving posteroventrally and ending in a pointed tip (probably fitting

11
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into the squamosal notch of the quadrate). The posteromedial surface of the squamosal bears
a facet for the supratemporal (Fig. 5A,D). This bone is small and laminar. Its anterior part
appears triangular in lateral view, but the bone widens in its mid-section and the ventral edge
folds medially to wrap partially under the ventral margin of the parietal supratemporal process.
The supratemporal narrows again posteriorly and forms a weak notch that articulates with the
cephalic condyle of the quadrate.

The quadrate (Figs. 3A,C; 5A,B,C,D) is stout, with a slender central pillar that is
straight in the lower half and curves dorsally. The dorsal and lateral margins, thickened
slightly to form a tympanic crest, fold posteriorly to create a deep conch together with the
central pillar. The medial lamina is only slightly concave, and is expanded ventrally, with a
distinct pterygoid lappet. The medial lamina narrows dorsally and lacks a dorsal border. The
dorsal cephalic condyle is small and ovoid, and there seems to be a notch between the
condyle and the tympanic crest. The ventral mandibular condyle is mediolaterally elongate,
with a very weak groove dividing the condyle into lateral and medial parts. The lateral part is
slightly wider anteroposteriorly than the medial one, although it is also slightly smaller in size.
Dorsal to the mandibular condyle and on the ventral part of the central pillar, there are two
foramina, a small one on the posterior surface (possibly vascular), and a large one on the
anterior surface that might have been the exit for the chorda tympani nerve. The two foramina
are not connected directly, but open from a cavity within the quadrate.

The palate of IVPP V 23897 preserves only the pterygoids and the right
ectopterygoid. The pterygoids (Figs. 5A,B,C,D) are complete except for the tips of the palatine
processes. Each is generally Y-shaped, with the ectopterygoid process much shorter than the
palatine process. Between the two processes, there is a broad lamina whose anterolateral
border contributes the medial and posterior margins of the suborbital fenestra. Two rows of
prominent teeth are closely aligned along the medial border of the relatively broad palatine
process, and this dentate area reaches to the level at which the ectopterygoid process
diverges from the palatine process. The ectopterygoid process is vertically positioned. It forms
a prominent posterolateral flange of the main pterygoid lamina in ventral view and a small low
flange in dorsal view. The flange bears a medial facet for the ectopterygoid. The joint surface

for the basipterygoid process of the basisphenoid lies at almost the same level as the
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convergence of the palatine and ectopterygoid processes. An anteroventral shelf extends
from the rounded neck of the pterygoid, between the triangular anterior part and the quadrate
process, to buttress the movement of the basipterygoid process. The posterior quadrate
process is deep, laminar, and vertically positioned. The medial surface is concave, and
accommodates the pterygoideus muscles. The pointed posterior tip contacts the pterygoid
lappet of the quadrate. Dorsally, at the level of the basipterygoid socket, there is a deep fossa
columellae which becomes gradually shallower posteriorly, suggesting that the epipterygoid
may have been posteriorly inclined. The epipterygoid itself is long and slender. It is expanded
dorsally, where it met either the parietal or the prootic.

The right ectopterygoid (Fig. 5A) is not complete and is represented by the
posteromedial ramus that articulated with the pterygoid. The bone is curved as a whole. Its
pterygoid ramus bifurcates into a vertical ventral process and a horizontal dorsal process that
partially encloses an open medial cavity which accommodated the ectopterygoid process of
the pterygoid.

The braincase (Figs. 5G,H) is completely preserved, and has been reconstructed
from the uCT slice data. However, the resolution of the CT images makes it difficult to
determine clearly the border between the bone and matrix, especially when the bones are
thin. For this reason, the reconstructed margins of the bone and some fine structures should
be treated with caution. The sutures between the elements, as well as the internal structures,
could not be reconstructed. Nevertheless, the uCT reconstruction provides a significant
amount of information. The presence of processes and foramina have been checked on both
sides, as well as on the uCT slices, to ensure they are genuinely present or absent. Where
there is uncertainty, we have been conservative and treated the morphology as unknown.

Two small laminar bones, of similar size, are associated with the braincase. One lies
medial to the right epipterygoid and anterior to the main body of the braincase; the other is
ventral to the left paroccipital process. Each is roughly pentagonal in shape. Their
identification remains uncertain. Orbitosphenoids are a possibility but these are usually
triradiate or triangular in shape.

The suture between the basisphenoid and basioccipital is not discernible from the

MCT images of IVPP V 23897. This would be consistent with the account of Gao and Norell
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(2000) who described the basisphenoid and basioccipital as completely fused in the
Parmeosaurus specimen IGM 3/140. The floor of the braincase is smooth and without any
obvious concavity. The basipterygoid processes are robust and expanded at their distal ends,
projecting anterolaterally and slightly ventrally. The angle between the two basipterygoid
processes is acute (less than 90°). In the midline, an ossified parasphenoid rostrum is present
for a short length. Gao et Norell (2000) wrote that the rostrum in their Parmeosaurus material
was well ossified and proportionally robust, but based on this description and the figures, we
cannot tell whether the rostrum is long and completely ossified, or it is ossified only
posteriorly, with the cartilage trabeculae continuing forward unsupported. The dorsum sellae
continues dorsally as the crista sellaris and the crest inclines anteriorly, forming a deep
anterior hypophysial cavity. The dorsum sellae is pierced by the abducens foramina, of which
posterodorsal and anterior openings are connected by a very short canal. On each side of the
hypophysial fossa, the internal carotid foramen is located ventral and medial to the abducens
foramen, opening from the vidian canal. The anterior opening of vidian canal is positioned at
the junction of the basipterygoid process and the basisphenoid main body (dorsal to the
parasphenoid), and the posterior opening is located on the lateral side of the basisphenoid,
about halfway between the basipterygoid process and the basal tubercle. The ventral surface
of the braincase is elongate and widens posteriorly to the level of the basal tubera, at about
three quarters of the braincase length. The tubera point ventrolaterally, and the tubercular
crest is weakly developed leaving the occipital recess shallow. Posterior to the tubera, the
basioccipital narrows abruptly into the neck of the occipital condyle. The articular surface of
the condyle is visible in ventral view with a rounded outline. How much the exoccipitals
contributed the occipital condyle is unknown. In posterior view, lateral to the foramen magnum
and dorsal to the occipital condyle, there is a depression, the medial wall of which is pierced
by a large vagus foramen. Two smaller foramina for the hypoglossal nerve (CN12) lie at the
level of the dorsal edge of the occipital condyle, with the two foramina aligned
anteroposteriorly. The paroccipital process of the opisthotic is moderately long and extends
laterally, ending in a slight expansion.

The supraoccipital bears a median crest which is deep anteriorly and becomes

shallower posteriorly towards the dorsal border of the foramen magnum. The anterior border
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of the bone bears an extension that creates a median notch anterior to the medial crest. This
suggests there was a cartilaginous process (ascending process of the supraoccipital)
continuing forward to the pit in the parietal. The rounded eminence of the posterior
semicircular canal is visible on the surface of the supraoccipital, whereas the anterior and
lateral semicircular canals are visible on the lateral side of the braincase. Anterolaterally,
there is a well-developed crista prootica, sheltering a depression that is pierced by a single
facial foramen. The anterior inferior process of the prootic is prominent and, together with the
well developed alar process, encloses a deep notch (incisura prootica) for the trigeminal
nerve. This notch is divided into two by a supratrigeminal process that extends from the
medial surface of the prootic at the approximate level of the lateral semicircular canal. Further
posteriorly, the fenestra vestibuli is rounded and slightly larger than the elongated lateral
opening of the recessus scalae tympani. Along the lateral margin of lateral semicircular canal
and anterior to the supratemporal facet there is a small process that may be an extra point of
articulation for the quadrate.

On the medial surface of the braincase, the exit foramen for the endolymphatic duct is
visible, as well as an acoustic recess for the foramina of the vestibulocochlear nerve (CN8).
However, whether there are one or two acoustic foramina is uncertain.

Both lower jaws (Figs. 5E,F) are incomplete and neither the dentaries or splenials are
preserved, although there are facets for them on the surangular, coronoid and the angular.
The posterior end of the dentary was clearly deeply notched with dorsal and ventral rami of
equal length. The facet for the splenial on the coronoid shows that a splenial was present and
that its posterior termination almost reached the postero-dorsal end of the dentary. The
coronoid bone bears anteromedial, posteromedial and dorsal processes, but no labial or
posterior process. The anteromedial process is long, and is separated by a deep notch from
the posteromedial process that borders the adductor fossa anteriorly. The dorsal coronoid
prominence is high, with an oblique and thickened antero-dorsal border, a posterolateral
recess, and a vertical posterior margin. The prominence is also rotated slightly medially. A
crest runs from the dorsal tip of the eminence to the ventral end of the posteromedial process,
dividing the process into anterior and posterior parts. As a result, the posteromedial process

is triangular in section. The angular is slender and long, almost reaching the level of the
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anterior margin of the articular facet. Anteriorly for a short distance, it is exposed only on the
medial view of the mandible. In its midsection, it is visible in both medial and lateral views (on
the ventral border of the mandible), and then only in lateral view posterior to the coronoid
bone. The surangular and articular seem to be fused. The two enclose a large adductor fossa,
with a small anterior contribution from the coronoid bone. The surangular suspends the
dentary and the coronoid anteriorly. Posteriorly the dorsal border of the surangular thickens
gradually and forms a triangular platform in front of the articular facet. Laterally, the
surangular is pierced by a large anterior surangular foramina at the level of the highest point
of the mandible, and a small posterior surangular foramina at the level of the posterior end of
the angular. The prearticular process is long, extending anterior to the posterior end of the
dentary. There is no angular process. The articular surface is roughly rectangular in shape,
longer than wide, and wider medially than laterally. It is orientated with a posteromedial
inclination. A very weak ridge separates the surface into medial and lateral parts. The
retroarticular process is strongly developed. It is broad, and expanded posteriorly, with a
triangular lamina that faces almost medially. The main body is directed posteriorly and is
concave dorsally.

A few cranial osteoderms are preserved lateral to the right supratemporal process of
the parietal. They are similar to the dorsal body osteoderms of IVPP V 10080 in size and
shape. The most completely preserved one is 1.76 wide and 2.69 long (falling within the
range of variation of the body osteoderms on IVPP V 10080). Like the dorsal osteoderms, the
cranial ones are imbricate anteroposteriorly, with the elevated anterior one-third forming the

gliding surface, and they suture laterally.

IVPP V 23898. The second small block has little exposed other than osteoderms and a
complete right humerus. As noted above, the osteoderms are about half the width of those on
the dorsum of the skull block, but these are almost certainly ventral osteoderms. The humerus
is of a size that would be consistent with the animal on the skull block. The proximal humeral
head is partly obscured by the overlying osteoderms, but appears to have a well-developed
deltopectoral crest. The shaft is long and quite slender. The distal head is similar in width to

the proximal head, and lies in roughly the same plane. The distal end has a very small
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ectepicondyle (but there is no trace of a foramen), a protuberant radial condyle, a smaller
rounded ulnar condyle, and a large imperforate entepicondyle. Proximal to the condyles, there

is a deep fossa.

Phylogenetic analysis

Gao and Norell (2000) tentatively attributed Parmeosaurus to the Scincoidea. Most
subsequent phylogenetic analyses (Gauthier et al., 2012; Reeder et al., 2015; Pyron, 2017)
have supported this attribution, placing Parmeosaurus on the scincoid stem. An exception
was the analysis of Conrad (2008) which placed Parmeosaurus as the sister taxon of
Autarchoglossa (sensu Estes et al., 1988).

We first ran an analysis to test whether the Bayan Mandahu material could be
grouped together with the Mongolian Parmeosaurus scutatus. The original codings in
Gauthier et al. (2012), based on the specimens described by Gao and Norell (2000), were
used with some revisions (see Table1), and we coded the new material as a second
Parmeosaurus. The analysis was conducted in TNT version 1.5 (Goloboff and Catalano,
2016), with Gephyrosaurus as the outgroup, the full range of taxa coded by Gauthier et al.
(2012), and with 128 of the characters ordered (as Gauthier et al., 2012 described). Wagner
trees were first obtained, followed by a “New Technology Search: (Sect. Search, Ratchet, and
Tree fusing) with the options “Random addition sequences: 1000 number of addseqs”, “20
total number of iterations” for Ratchet, and all the other options as default. One TBR was
conducted at the end to search for additional most parsimonious trees. The strict consensus
tree of the 192 most parsimonious trees placed the new material and the Mongolian
Parmeosaurus as sister taxa, which is consistent with the reference of new Bayan Mandahu
material to Parmeosaurus (see Discussion below).

Following from the results of the first analysis, we combined the data from the Mongolian and
Bayan Mandahu specimens and ran a second analysis, using the same parameters as the
first. A strict consensus tree of the 96 most parsimonious trees (Fig. 6) places Parmeosaurus
on the stem of Scincoidea, one node below the Jurassic-Cretaceous genus Paramacellodus.
This is the same as the maximum parsimony strict consensus tree in Gauthier et al. (2012) (in

Reeder et al., 2015 and Pyron, 2017, Parmeosaurus is also grouped with Paramacellodus).
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Note that although Figure 6 shows only the scincoid part of the strict consensus tree, the full
range of squamate taxa coded by Gauthier et al. (2012) was run in the analysis (see

supplementary figure).

Discussion

a) Attribution of IVPP V 10080

Gao and Hou (1996) attributed IVPP V 10080 to Bainguis based on its rectangular
osteoderms and on a small suite of features which they interpreted as anguid
synapomorphies, on the premise that Bainguis was an anguid. However, of the features they
listed most occur more widely within squamates and one is of questionable interpretation:

i) presence of ventral body osteoderms — also occurs in scincoids (e.g. scincids, many
cordyliforms), the Jurassic-Cretaceous paramacellodids, and some geckos (Paluh et al.
2017).

i) rectangular osteoderms that enclose body and tail — also occurs in some scincoids and
paramacellodids.

iii) osteoderms that deeply imbricate anteroposteriorly and moderately imbricate laterally. This
osteoderm morphology also occurs in paramacellodids and in Parmeosaurus (Gao and
Norell, 2000).

iv) a relatively long pubis with an elongated and anteriorly directed symphysial process — a
derived squamate character but not unique to anguids.

v) the presence of a lateral body fold. This feature is found in some but not all living anguids.
However, we could not confirm its presence in IVPP V 10080. There is a lateral cleft but we
consider it to be a preservational artefact.

There is therefore no unequivocal support for an anguimorph attribution for IVPP V 10080.
However, this alone would not rule out its attribution to Bainguis, as the phylogenetic position
of that taxon is currently equivocal. Although Borsuk-Biatynicka (1984) interpreted Bainguis as
a stem-anguimorph (‘pre-anguimorph grade’) on the basis of the dentition and a small suite of
skull characters, she recognised that none of these characters constituted an unambiguous

anguimorph synapomorphy. Moreover, she noted that many of the characteristics of Bainguis
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could, equally, be used to support attribution to ‘scincomorphs’ or even a position on the stem
of Autarchoglossa (sensu Estes et al., 1988). This ambiguity has been reflected in the results
of subsequent cladistic analyses. Gao and Norell (1998), reviewing anguimorph relationships,
classified Bainguis within anguine anguimorphs, although they were unable to score the
genus for many of the relevant characters. More importantly, they designated Iguania,
Gekkota, and Scincomorpha as outgroups, thereby automatically grouping Bainguis with
anguimorphs rather than testing its attribution to that clade. The only large morphological data
matrix that included Bainguis was that of Conrad (2008). His analysis placed Bainguis with
lacertoids rather than anguimorphs. Conrad et al. (2011) omitted Bainguis, as did Gauthier et
al. (2012) and Reeder et al. (2015). Pyron (2017) incorporated the Conrad matrix into a
calibrated combined data analysis which placed Bainguis within scincoids, on the stem of
xantusiids.

Whether Bainguis had duplex ventral osteoderms is currently unknown, but the
presence of these structures in IVPP V 10080 provides an unambiguous synapomorphy with
Scincoidea. This, in turn, suggested a relationship with Parmeosaurus.

Gao and Norell (2000) attributed Parmeosaurus to Scincoidea based on two main
characters: 'fronto-maxillary contact’; and 'enlarged coronoid process of dentary overlaps
lateral process of coronoid'. They observed that the ventral osteoderms of Parmeosaurus
were only half the size of the dorsal ones, but did not discuss the potential significance of this
observation. Gauthier et al. (2012), however, suggested that the narrower ventral osteoderms
might represent components of compound osteoderms, a conclusion we reached separately
in IVPP V 10080. Thus IVPP V 10080 and Parmeosaurus appear to share the possession of
similar duplex ventral osteoderms. There are further similarities in the general morphology of
the vertebral column and limbs. The anterior caudal vertebrae of both the Parmeosaurus
holotype and IVPP V 10080 have caudal ribs, although there is no published information on
the length of those ribs in Parmeosaurus, and in both specimens the caudals have an
autotomy septum lying behind the caudal rib. Based on the scale bar in Gao and Norell's
(2000) figure 24, the femur of the Parmeosaurus holotype is of similar length to that of IVPP V
10080 (~20.5 mm), suggesting that these lizards were also of equivalent size and proportions.

There is thus more evidence linking IVPP V 10080 to Parmeosaurus than to Bainguis.
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b) Attribution of IVPP V 23897 and V 23898

The two small blocks provide an additional link between IVPP V 10080 and Parmeosaurus.
As in both IVPP V 10080 and the Mongolian Parmeosaurus specimens, the dorsal
osteoderms (IVPP V 23897) are twice the size of the ventral ones (on IVPP V 23898),
suggesting the latter form parts of compound osteoderms. The humerus on the IVPP V 23898
block resembles that revealed by uCT scans of IVPP V 10080. Moreover, the mandibles of
IVPP V 23897 closely match the description of those of the Mongolian Parmeosaurus with
respect to the shape of the coronoid bone, the angular (narrow anteriorly but expanding
posteriorly to form roughly half the jaw depth), retroarticular process (short and wide with a
medial deflection and medial tubercle), and the shape of posterior extremity of the dentary
(single surangular notch). The parietal (on IVPP V 23897) also matches that of Mongolian
Parmeosaurus in having large sloping lateral margins for the attachment of adductor muscles.
The quadrate on IVPP V 23897, like that in IGM 3/139, has a large lateral conch. In the
posterior palate, the pterygoid bears a double row of teeth, as described for Mongolian
Parmeosaurus, and the braincase is also closely similar. No difference is observed between
IVPP V 23897, IVPP V 23898 and the reported Mongolian Parmeosaurus specimens. There
thus seems little reason to doubt that the new specimens can also be attributed to
Parmeosaurus. This attribution (of IVPP V 10080, V 23897, V 23898) to Parmeosaurus is also

supported by the phylogenetic analysis.

c) The relationship between Bainguis and Parmeosaurus

Although the original descriptions of Bainguis and Parmeosaurus place them into different
major squamate clades, the equivocal placement of Bainguis in recent analyses (Conrad,
2008; Pyron, 2017) raises new questions with respect to their relationship. As described and
imaged, Bainguis and Parmeosaurus share many cranial features including: a rather narrow
skull; cranial osteoderms; a series of supraorbitals along the frontal margins; well-developed
subolfactory processes on the paired frontals; a maxilla that is triangular in lateral view;
adductor muscles arising from lateral edges of the parietal; a jugal meeting the lacrimal

anteriorly; a jugal with no posterior spur and a relatively slender postorbital process that forms
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most of postorbital border; a separate postfrontal and postorbital, with the postorbital making
little orbital contribution but having a long posterior process; and a splenial that is anteriorly
long and posteriorly short. In Bainguis, the parasphenoid is said to be posteriorly extended to
cover most of basioccipital ventrally (Borsuk-Biatynicka, 1984). Gao and Norell (2000) were
unable to discern a suture between the basisphenoid and basioccipital in Parmeosaurus, a
condition that could result from a posteriorly extended parasphenoid. However, there are also
some points of difference in the descriptions, most notably:

i) Bainguis was described (Borsuk-Biatynicka, 1984, p.25) as having 'low, broad, conical'
maxillary teeth and mandibular teeth that were longer and more slender, but too badly
damaged for detailed comparison. In contrast, Parmeosaurus is said to have only 4-5 conical
teeth anteriorly, followed by bicuspid, then robust tricuspid teeth (Gao and Norell, 2000).
Although specimens of Parmeosaurus are somewhat larger than the holotype of Bainguis, the
size difference would not account for the difference in the dentition if adults or even sub-
adults are being compared. However, the figured lower jaw of Bainguis (Borsuk-Biatynicka,
1984; fig. 6) seems to be based on that of a much smaller juvenile skull (MgR-I1/90, as figured
in Borsuk-Biatynicka, 1984: plate 3.3a) that was referred to Bainguis mainly on the basis of
proportional similarities. Re-examination of the Bainguis specimens by one of us (LD) found
too few points of comparison to confirm the attribution of the juvenile skull to Bainguis. For the
present, therefore, discussion of Bainguis should be limited to the holotype in which the lower
jaw has around 12 tooth positions. As preserved, the teeth are relatively homodont and
conical, but the tips are eroded. This makes comparison with Parmeosaurus difficult.

ii) As figured (Borsuk-Biatynicka, 1984; fig.6), the lower jaw of Bainguis is more gracile than
that of Parmeosaurus, with a much longer retroarticular process. However, if this
reconstruction is based on the referred juvenile MgR-11/90, then it may not be comparable for
the reason outlined above. The jaw of the Bainguis holotype is also relatively gracile but
appears to have a short (or incomplete) retroarticular process (Borsuk-Biatynicka, 1984; plate
3: 2a, b).

iii) Bainguis was described as having no alar process on the prootic, whereas Parmeosaurus

has one. Our re-examination of Bainguis confirms this distinction.
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iv) Bainguis was figured as having the nasal meeting the prefrontal to exclude the frontal from
the maxilla, whereas Parmeosaurus was described as having the frontal meeting the maxilla.
Our re-examination of the Bainguis holotype confirms this distinction.

v) The original description of Bainguis noted the presence of postcranial material but this was
not described and the only elements figured were a group of attributed vertebrae (Borsuk-
Biatynicka, 1984: plate 2:1e). The postcranial specimens were referred to Bainguis on the
basis of associated rectangular osteoderms, but re-examination of this material by one of us
(LD) suggests that the postcranial material in the ZPAL collections is more likely to represent
Parmeosaurus. The morphology of the hind limb, size and shape of the osteoderms (larger
than those on the neck of the Bainguis holotype), and the pattern of autotomy septa in the tail

all provide a better match with the figured holotype of Parmeosaurus (Gao and Norell, 2000).

Conclusions

Re-assessment of IVPP V 10080 suggests it is a stem-scincoid, rather than an anguimorph
as originally proposed (Gao and Hou, 1996). It most closely resembles Parmeosaurus (Gao
and Norell, 2000) as currently diagnosed, and phylogenetic analysis supports its attribution to
that taxon. IVPP V 23897 and V 23898 are also attributable to Parmeosaurus based on the
similarity of the parietal, palate and braincase, as well as the postdentary mandible. The lizard
faunal list for Bayan Mandahu must therefore be revised. Bainguis and Parmeosaurus appear
to be distinct genera, but postcranial material originally referred to the former is probably
attributable to the latter, and the status of a juvenile skull referred to Bainguis is also
uncertain. Determining whether Bainguis, as represented by the holotype skull, is an
anguimorph or a scincoid related to Parmeosaurus will require the recovery of more complete

adult material.
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759

Table 1 Codings for Parmeosaurus scutatus. (A=0 or 1; B=1 or 2)

760  Gauthier et al. (2012) 1000001200 0000020220 0220000000
761 0002201010 0002020230 0000021107 2001000000 0202002220
762 0222022100 2200021002 0110000020 0223012000 0000000100
763 0000022222 2001200020 0002221027 2222202202 0202221200
764  1B00?02?2?22 2220200211 2000222222 20?02?1221 0020002201
765 2000022222 2022100003 2021001222 0000200020 21022000720
766 0020222020 2002122000 1022220020 0022222222 0200002222
767 20012120072 0202220220 2201220002 3020001100 0000300000
768 1002101202 0210200000 0000100001 0010000033 3000000000
769 0002020222 2222222227 2222222222 0227021227 02222220727
770 2222222002 22722222227 222722272220 22227202220 000072002?
771 22272222222 2222222020 22?7122222 2222222771 0010202212
772 0102222222 2222222222 22222272222

773  New codings based on all available material 1000001200 00000202720
774 0220000000 0002201010 0002020230 0000021102 2001000000
775 0200000102 0B200?20100 0200031007 01100000A0 02?3012000
776 0000000100 0000022222 2001200020 0001021000 000010000A
777 0200001100 1B00402222 2230200211 2000222222 2020221221
778 0020002201 20000272227 2022100003 2021001B?? 0000200000
779 0020201000 0102200020 2002121000 1020010000 0002222220
780 02000072272 2001210002 0000220000 2101220002 3020001100
781 0000300000 1001101202 0210200000 0000100001 00B0O000033
782 3000000000 0002020222 2222222222 22?20B0000? 0?22?2021A02
783 00002120227 2222222002 ?2??22122202 1220001110 1110100220
784 0000720072 22222272227 22222272000 2227110000 22202722271
785 0010202212 0102222227 22222227222 22272222227

786

787  We checked the character codings for the Mongolian Parmeosaurus from the description in
788  Gao et Norell 2000 and the surface model from The Deep Scaly Project 2009, and revised a
789 small number of these. The revised characters in the Gauthier et al. (2012) matrix are shown
790  in bold.
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Figure 1 Map of fossil localities that yield Bainguis and Parmeosaurus material (indicated by
stars). The Parmeosaurus material reported by Gao and Norell (2000) is from Ukhaa Tolgod,
Mongolia; The new Parmeosaurus material here in this paper is from Bayan Mandahu, China;

The Bainguis material (Borsuk-Biatynicka, 1984) is from Bayn Dzak, Mongolia.

Figure 2 Parmeosaurus scutatus, referred specimen IVPP V 10080. A, B. postcranial skeleton
in dorsal (A) and ventral (B) views; C. pectoral girdle part in ventral view; D. dorsal
osteoderms; E. ventral osteoderms. The squares in A and B indicate the area where D and E

are from. Scale bars =5 mm.

Figure 3 Parmeosaurus scutatus, referred specimen IVPP V 23897 in dorsal (A), ventral (B),

right lateral (C) and left lateral (D) views. Scale bar = 10 mm.

Figure 4 Parmeosaurus scutatus, referred specimen IVPP V 10080, 3D rendering of the CT
scan data. A, B. postcranial skeleton in dorsal (A) and ventral (B) views; C. right pelvis and

hind limb reconstructed on the posterolateral view.

Figure 5 Parmeosaurus scutatus, referred specimen IVPP V 23897, 3D rendering of the CT
scan data. A, B. the complete specimen in dorsal (A), ventral (B), right lateral (C), left lateral
(D) views; E, F. the preserved right lower jaw in lateral (E) and medial (F) views; G, H. the
braincase segmented out from the specimen in anterior (G) and lateroventral (H) views; Scale

bar=10 mm; E, F, G, H are not to scale.

Figure 6 The scincoid part of the strict consensus tree showing the position of Parmeosaurus
scutatus. The analyses adopted Gauthier et al. (2012)’s matrix, revised the coding of
Parmeosaurus, used the “new technology search” method, and got 96 most parsimonious
trees. Bootstrap values above each branch and Bremer values below each branch were
obtained in TNT by the embedded bootstrap command and Bremer. run script respectively.

The consensus tree failed to resolve the relationship between the large groups, but is stable,
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820  as far as the scincoid part is concerned. The complete result of the analysis see

821  supplementary Figure.
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