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MACROCEPHALOSAURIDAE AND POLYGL YPHANODONTIDAE
(SAURIA) FROM THE LATE CRETACEOUS OF MONGOLIA

(Plates VIII-XXVII)

Abstract - Large Late Cretaceous lizards from the ?Santonian Djadokhta Formation, ? Middle Campanian Barun Goyot
Formation and informally designated ? Middle Campanian Khermeen Tsav formation of Mongolia, belonging to the
two families Macrocephalosauridae novo and Polyglyphanodontidae GILMORE, 1942 are described and figured. The
Macrocephalosauridae are represented by Macrocephalosaurus ferrugenous GILMORE, 1943-from the Djadokhta Formation
and the following species from the Barun Goyot Formation : Macrocephalosaurus gilmorei sp.n., M. chulsanensis sp.n,
and Darchansaurus estesi gen.n., sp.n. from the Khermeen Tsav formation . Polyglyphanodontidaeare represented by
Erdenetesaurus robinsonae gen.n. , sp.n. and Cherminsaurus kozlowskii gen.n., sp.n, from the Khermeen Tsav formation .
On the basis of the well preserved material of M . gilmorei and M . chulsanensis, a new diagnosis of Macrocephalosaurus
is given. Ofall the new species described in this paper M . chulsanen sis is represented by the most complete and best preserved
osteological material and its skull, including the structure of the brain case and kinetism as well as the postcranial skeleton
are described in full detail. Macrocephalosauridae differ from all known Sauria in having a contact of the vorners with the
pterygoids, known otherwise in such primitive groups as the Eolacertilia, Rhynchocephalia and Eosuchia. In many respects
the Macrocephalosauridae show more resemblances to the Scincomorpha than to the Iguania, and are tentatively referred
to the former. The morphology of the dentition and the manner of tooth replacement in the Macrocephalosauridae is
of the iguanid type, whereas the heterodont dentition and elongate frontal proportions are scincomorph characters.
If the assignment of the Macrocephalosauridae to the Scincomorpha proves to be correct, they will be the first Upper
Cretaceous representatives of this infraorder known from Asia. Cherminsaurus gen.n., and Erdenetesaurus gen.n. are
referred to the Polyglyphanodontidae, a family previously known only from the Maastrichtian (North Horn Formation)
of North America. Cherminsaurus known from the Khermeen Tsav formation is more primitive than the North American
representatives of this family in the Latest Cretaceous. Polyglyphanodontidae with except of Erdenetesaurus gen .n.,
show a dental morphology unusual for the Sauria, they are placed here as primitive scincomorphid lizards, but cannot be
referred definitively to the Teiidae as suggested earlier by HOFFSTETIER (1955, 1962) and ESTES (1964).
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INTRODUCTION

BASIN

s\-\ EREGEEN

The first lizards discovered in Late Cretaceous sediments of Mongolia were found by
the Central Asiatic Expeditions of the American Museum of Natural History (GILMORE,
1943b). The collection assembled by these expeditions, housed in the American Museum of
Natural History in New York, includes 18 specimens, half of which derive from the Late
Cretaceous Djadokhta Formation of Bayn Dzak in the Gobi Desert (referred to in North
American literature as Shabarakh Usu) the remainder from the Tertiary beds. From the
Djadokhta Formation GILMORE (1943b) described new five genera and species. These were:
two large species, M acrocephalosaurus ferrugenous and Conicodontosaurus djadochtaensis, which
were assigned tentatively to the Agamidae on the basis of the acrodont dentition; Mimeosaurus
crassus 1, assigned tentatively to the Chamaeleonidae; and Isodontosaurus gracilis and Tel
masaurus grangeri, both assigned to the infraorder Anguimorpha. The specimens described
by GILMORE are mostly fragmentary and badly preserved. From GILMORE'S collection only
the skull of Macrocephalosaurus ferrugenous is discussed in this paper.

100km

Pig. 1
Upper Cretaceous Saurian localities in the Gobi Desert, Mongolia: 1 - Bayn Dzak, 2 - Khulsan, 3 - Nemegt (Red

Walls, Red and Southern Monadnocks), 4 - Khermeen Tsav I, 5 - Khermeen Tsav 11.

The Polish-Mongolian Palaeontological Expeditions to the Gobi Desert assembled be
tween 1964-1971 a large collection of Late Cretaceous lizards from the Djadokhta Formation
(KIELAN-JAWORowSKA & DOVCHIN, 1969; KIELAN-JAWOROWSKA& BARSBOLD, 1972), from the
younger Barun Goyot Formation (known also as the Lower Nemegt Beds) - (GRADZINSKI,
1970; GRADZINSKI, KAiMIERczAK&LEFELD, 1969; GRADZINSKI&JERZYKIEWICZ, 1972, 1974; LE-

1 GINSBURG (1970, p. 1241) erroneously cited the presence of Mimeosaurus in theLate Cretaceous beds of North
America.



MACROCEPHALOSAURIDAE AND POLYGLYPHANODONTIDAE 27

FELD, 1965, 1971), as well as from its stratigraphical equivalent, informally designated as the
Khermeen Tsav formation (KIELAN-JAWOROWSKA, 1975). The age of the Djadokhta Formation
has been estimated on the basis of the differentiation of the multituberculates by KrnLAN
JAWOROWSKA (1970) as ?Coniacian or Santonian, but later the same author referred to the
age of the Djadokhta Formation on the basis of the further studies of multitubercuIates as
?Santonian, while the age of the Baron Goyot Formation has been estimated on the same
basis as ? Middle Campanian (KIELAN-JAWOROWSKA, 1974).

The collection of the Late Cretaceous lizards assembled by the Polish-Mongolian Pa
laeontological Expeditions, housed at the Palaeozoological Institute of the Polish Academy
of Sciences in Warsaw, embraces about 100 specimens from the Djadokhta Formation of
Bayn Dzak and over 130 specimens from two localities in the Barun Goyot Formation,
Khulsan and Nemegt within the Nemegt Basin and about 160 specimens from the Khermeen
Tsav formation, Khermeen Tsav I and Khermeen Tsav II, situated some 40 km south-westwards
from the westernmost corner of the Nemegt Basin (Text-fig. 1). In the collection of lizards
from these formations there are representatives of the following infraorders: Gekkota, Iguania,

. Scincomorpha and Anguimorpha. So far only one genus and species from this collection
has been described: Adamisaurus magnidentatus assigned tentatively to the family Agamidae
(SULIMSKI, 1972); the remaining part of the collection is still in process of study.

Terminology used in the morphological descriptions is that of OELRICH (1956) and
ROMER (1956). It concerns also the abbreviations in the present paper. The systematic
arrangement is that of KUHN (1939, 1963, 1967). The following abbreviations are used for
the institutional collections:

AMNH - American Museum of Natural History (New York).
CNHM - Chicago Natural History Museum (Chicago).
USNM - United States National Museum (Washington).
ZPAL - Palaeozoological Institute of the Polish Academy of Sciences (Warsaw).
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DESCRIPTIONS

Class REPTILIA LAURENTI, 1768
Subclass LEPIDOSAURIA HAECKEL, 1868

Order SQUAMATA OPPEL, 1811
Suborder SAURIA MAC CARTNEY, 1802

(= LACERTILIA WAGLER, 1830 (GONTHER, 1867»
Infraorder SCINCOMORPHA CAMP, 1923

Family MACROCEPHALOSAURIDAE nov.

Type genus : Macrocephalosaurus GILMOR E, 1943

pm4+m24-28
Diagnosis. - Dental formula d26- 30 . Large, tetrapod, terrestrial lizards , herbi- or

insectivorous. Skull 60-120 mm in length . Premaxilla and parietal unpaired. Lacrimal small,
externally visible. Maxilla vertically or almost vertically arranged in relation to the naso
-prefrontal and palatal regions. .Postfrontal and postorbital separated. Palate toothless. Sub
orbital fenestrae reduced to small hollows. Pterygoids in contact with vomers. Epipterygoids
rod-like , strong. Postorbital arch composed of postfrontal only. Squamosal short, wide,
roughly triangular. Supratemporal fused to squamosal. Quadratum high, movable, with
a wide external conch. Parietal foramen in parietal or on fronto-parietal suture. Postero-ven
tral process of the jugal strong , sharply pointed or developed as a short spine or eminence.
Lower jaw massive or more slender, but always deep in the angular region. Splenial wide,
triangular and long, almost completely covering Meckel's groove. Anterior inferior alveolar
foramen present in middle-length of the splenial. Symphysis short. Dentition subpleurodont
or pleurodont, heterodont, well or weakly developed caninelike anterior teeth of the maxilla.
Cheek tooth morphology and method of tooth replacement of iguanid type. Vertebral num
ber: 8 cervicals, 27 presacrals , 2 sacrals and about 45-50 caudals . -Shoulder girdle strong and
compact. Clavicle much ventrally widened, with a large perforation. Interclavicle cruciform
with anterior process bent upwards. Humerus shortened with wide epiphyses. Forearm
shortened and wide. Phalangeal formula of manus 2.3.4.5.3. Pelvic girdle normal with no
tendency to reduction. Hind limbs well developed with IV finger longest and V considerably
shortened. Phalangeal formula of pes 2.3.4.5.4. Tail relatively long, probably longer than
the body.

Assigned genera: Macrocephalosaurus GILMORE, 1943 and Darchansaurus gen. n.

Stratigraphical and geographical range. - Late Cretaceous (Djadokhta Formation, Barun
Goyot Formation and Khermeen Tsav formation) of Mongolia.

Genus MACROCEPHALOSAURUS GILMORE,_1943

Type species: Macrocephalosaurus fe rrugenous GILMOR E, 1943

pm4+m24-25
Revised diagnosis. - Dental formula d26-28 . Length of skulls from 70 to 120 mm.

Maxillary segment much more prominent than the occipital one. External nares large, obliquely
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Fig. 2

Macrocephalosaurus chulsanensis sp.n . - Skull and lower jaw (schematical drawing). Skull: A - lateral view,
B - dorsal view, C - ventral view, D - occipital view; lower jaw : E - lingual view, F - lateral view. All
about nat . size. Abbrev iations: an - angular, apo - postorbital arch, apt - posttemporal arch, ar - articular,
ast - supratemporal arch, bo - basioccipital, bs - basisphenoid, c - coronoid, cad - adductor crest, cex
external quadrate conch, co - occipital condyle , cso - supraoccipital crest , d - dentary, ep - epipterygoid,
ec - ectopterygoid, ex - exoccipital , [-frontal, [a - adductor fossa, [d - dental foramen, ftpt - interpterygoid
vacuity, ft - lacrimal forarnen , [M - Meckelian foramen , [m - foramen magnum, [ne - external narial forarnen,

- fpln - palato-narial vacuit y, [p - pa rietal foramen, [pt - posttemporaI fenestra, [so - suborbital fenestra,
[sp - splenial foramen, fst - supratemporal fossa, [v - vagus forarnen, fvn - vomero-nasal foramen, j - jugal,
I - lacrimal, Id - dental lamina, m - maxilla, n - nasal, 0 - orbit, op - opisthotic, p - parietal, pbo - bdsi
occipital process , pbpt - basipterygoid process, pd - dorsal premaxillar process, p[- postfrontal, pj - jugal j

process, pi - palatine, pm - premaxilla, po - postorbital, pot - prootic, ppoc - paroccipital process, ppt 
posterior pte rygoid proce ss, pr[ - prefrontal, prt - retroarticular proce ss, ps - para sphenoid, pt - pterygoid,
q - quadrate; sa - surangular, sip - fronto-parietal suture, sm - septomaxilla, so - supraoccipital, sp - splenial,
sq - squamosal, ss - sagittal suture, st - supratemporal, sy - symphysis, svpt - vornero-pterygoid suture,
v-vomer.
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,
situated. Premaxilla with a long dorsal process. Septomaxilla well developed. Maxilla vertically
arranged in relation to the naso-prefrontal and palatal regions. Nasals unfused, nearly equilate
ral. Frontals unfused, long, with weak orbital excavations. Sculpture of roofing bones weakly
developed. Parietal short, but wide, with long posterior processes arran-ged at an angle of about
60-95°. Descending processes of frontals developed as low oblong borders. Prefrontal large,
trapezoidal in outline with considerable lateral crest. Postfrontal short, forked proximally and
distally, with a well developed parietal process. Orbits very large, anteroposteriorly distinctly
elongated. Jugal with a strong , sharply pointed postero-ventral process. Postorbital anteropo
steriorly much elongated, dorsoventrally flattened, reaching the posterior border of the upper
temporal fossa. Upper temporal fossa considerably smaller than the orbit, anteroposteriorly
elongated, narrowing towards the back. Parietal foramen entirely within parietal or close, or
on the fronto-parietal suture. Suborbital fenestrae in the form of small hollows with a perfo
ration or completely overgrown bybone. Coronoid process well developed, small, vertical or
directed slightly backwards. Subpleurodont or pleurodont dentition with considerably enlarged
canine-like anterior teeth of maxilla. Cheek teeth lateromedially flattened, without distinct den
ticles or well denticulated on the cutting edges. Metakinetism well marked, mesokinetism

I much limited.

Assigned species: .Macrocephalosaurus ferrugenous GILMORE, 1943, M. gilmorei sp. n. and
M. chulsanensis sp. n.

Discussion. - See page 37.

Macrocephalosaurus ferrugenous GILMORE, 1943
(Text-fig. 3)

1943 b. Macrocepha/osaurus f errugenous n.gen., n. sp.; C. W. GILMORE, pp. 362-364, Figs 1-2.

Material. - Holotype AMNH 6520 from the Djadokhta Formation, Bayn Dzak; an
incomplete skull with part of the right lower jaw. Skull strongly distorted by the dorso-ventral
crushing. Anterior part of the left side, occiput, palatal region and brain case are missing. To this
species probably belong the part of the shoulder girdle with a fragment of the clavicle, the
posterior cervicals and the proximal part of the humerus - ZPAL MgR-IIJ59.

Measurements and description.~ See GILMORE (1943b).
Discussion.-In the collection of lizards from the Djadokhta Formation, housed in

the Palaeozoological Institute in Warsaw, Macrocephalosaurus ferrugenous is not represented,
except for the partial shoulder girdle (ZPAL MgR-IIJ59), tentatively assigned to this species.
The fragment of humerus preserved together with the shoulder girdle is large and strong but
not larger than the same bone in M. chulsanensis. The same concerns the bones of the shoulder
girdle. As Macrocephalosaurus ferrugenous is the only species of large lizard known from
the Djadokhta Formation, and the here discussed shoulder girdle from the same formation
belongs to a large lizard, it seems probable that it belongs to M. ferrugenous. The present
author has not had the opportunity to examine the holotype of this species, housed in the
American Museum of Natural History in New York. However; a comparison of the de
scription and figures of the holotype given by GILMORE (1943b) with the rich and well preserved
material of M. gilmorei and M. chulsanensis from the Khermeen Tsav formation and Barun
Goyot Formation have shown that the three species are closely related . The comparison of the
structure of these species enabled the writer to make the new reconstruction of the skull
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of M. ferrugenous, figured here as Text-fig. 3 B. The comparison of M. ferrugenous and both
species - M. gilmorei and M. chulsanensis and remarks on the structure of M. ferrugenous
are given on page 39.
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Fig. 3
Macrocephalosaurus ferrugenous GILMORE, 1943, AMNH 6520 - holotype. A - Skull in dorsal view (after GILMORE,

1943). B - The reconstruction of the same skull. Abbreviations see Fig. 2.

MacrocepbaIosaurus gilmorei sp. n.
(PIs. VIII-X; Text-figs SE, 6, 14G)

Holotype: ZPAL MgR-II1/1S - Almost complete skull with lower jaws. Upper dentition, right jugal, supra
temporal arch and the base of the brain case are missing. Quadrates in the form of cephalic condyles. Khermeen Tsav I.

Type horizon and locality: Upper Cretaceous, ? Middle Campan ian, Khermeen Tsav formation , Khermeen Tsav I,
Gobi Desert, Mongolian People's Republic.

Derivation of the name: Named in honour of Dr . CHARLES GILMORE, who first described Mongolian fossil lizards.

Material. -ZPAL MgR-l/19-Anterior part of a skull with .premaxilla, palate and part
of the occipital regions preserved. Lower jaws fragmentary. It is not certain whether this spe
cimen comes from the locality of Nemegt, Barun Goyot Formation or from the locality of
Khermeen Tsav I, Khermeen Tsav formation.

Khermeen Tsav formation, locality Khermeen Tsav I: ZPAL MgR-Ill/I? - Skull with
lower jaws lacking the anterior and posterior ends. Left jugal and premaxilla missing, right
quadrate well preserved, lower dentition incomplete, brain case damaged. Five thoracal
vertebrae in line. ZPAL MgR-III/15 - Left side of a skull, much deformed , with fragments
of upper and lower jaws, frontals and part of occipital preserved. ZPAL MgR-III/IO
Strongly deformed skull with fragments of lower jaws, zygomatic arches, right quadrate and
part of postcranial skeleton preserved. ZPAL MgR-III/16 - Considerably deformed frontal
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Measurements in mm:
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Table I

Macrocephalosaurus gilmorei sp. n.

ZPAL cat. nos.
MgR-Ill/IS

Holotype

Mg R-III/17

Skull:
Condylo-basal length
Total length
Width at the level of the jugals
Width at the supratemporal arch es
Ratio of the width to the length
Length of the naso-prefrontal region
Width of the naso -prefrontal region
Posterior width of frontals
Length of frontals (lateral)
Length of frontals (midline)
Ratio of the width to the length
Angle betwee n the posterior parietal proce sses
Length of supratemporal arches
Length of the palate
Width of the palate
Ratio of the width to the length
Height of the pa late floor
Height of the skull with the lower jaws in the occip ital region
Vertical orbit diameter
Horizontal orbit diameter
Length of the supratemporal fossa
Anter ior width of the supra temporal fossa
Length of nasals (midline)
Anterior width of nasals
Length of the parieto-occipital region
Length of the maxillary segment
Ratio of the length of both segments
Length of the parietal (mid line)
Wid th of the parietal (at cen ter)
Distance between the paroccipital processes
Least interorbital space
Height of the quadrate
Antero-posterior diameter of the head
Height of the maxilla
Length of the postfrontal with processes
Width at the center
Length of the jugal process
Length of the postorbital (lateral)
Posterior width of the postorbital
Length of the squamosal
Posterior width of the squamosal
Length of vomers
Width of vorners

75.0
SO.O
46.0
37.0
0.6

23.0
26.0
IS.0
32.0
27.0
0.6

95°
22.0
40.0
2S.0
0.7

10.0
50.0
20.0
2S.0
14.0
9.0

16.0
17.0
21.0
52.0
0.4

1\.0
11.0
35.0
9.0

20.0
12.0
2\.0
12.0
2.0

ea . 5.0
25.0

5.0
20.0
17.0
2S.0
10.0

70.0
40.0
24.0
0.57

23.0
20.0
14.0
35·0
2S.0
0.5

60°
IS.0
35.0
20.0
0.6

ea . 9.0

IS.0
25.0
13.0
7.5

IS'O
14.0

ea. 20.0
ea. 50.0

0.4
10.0
9.0

30.0
ea. 8.5

10.0
20.0

20.0
5.0

19.0
15.0

ea. 26.0
ea . 9.0

cont.
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ZPAL cat. nos. IMgR-IIJ/18

\

MgR-IIIJI7

Holotype

Length of the palatine 17.0 16.0
Width of the palatine 8.0 7.5
Length of the pterygoid 40.0 ea. 38.0
Length of the epipterygoid 19.0 -
Length of the basioccipital and basisphenoid together 20.0 ca. 18.0
Length of upper tooth row 40.0 35.0
Length of the canine-like tooth 4.0 -
Antero-posterior diameter of this tooth 2.0 -
Average number of the teeth in 1 cm 8 8

Lower jaw:
Length with the retroarticular process 70.0 70.0
Height below the coronoid process 20.0 18.0
Length of anterior section 40.0 38.0
Length of posterior section 30.0 30.0
Posterior height of the dentary 20.0 ea. 18.0
Length of the dentary 35.0 ea. 33.0
Height of the coronoid process (lateral) 7.0 7.0
Length of the surangular 25.0 -
Height of the surangular below the coronoid process 15.0 -
Length of the angular 30.0 ca. 30.0
Width of the angular 8.0 6.0
Length of the splenial 35.0 ea. 34.0
Posterior height of the splenial 11.0 -
Length of lower tooth row 36.0 33.0
Average number of the teeth in 1 cm 8 8

part of skull containing a fragment of lower jaw. ZPAL MgR-IlIj21 - Large skull, strongly
mineralized. Frontal part of parietal, part of frontals, prefrontals, part of supratemporal
arch, part of right quadrate, fragment of lower jaw and left jugal with posterior process pre
served. ZPAL MgR-Illj20 - Fragment of small skull with palatal region, maxillae without
teeth, part of occipital and the base of the brain case. ZPAL MgR-IIlj8 - Almost complete
left lower jaw with dentition, without retroarticular process. ZPAL MgR-BIj7 - Strongly
damaged frontal part of a skull including part of palate and lower jaws with teeth. ZPAL
MgR-IlIj9 - Frontal part of a skull containing left lower jaw, strongly deformed and
mineralized. ZPAL MgR-IlIjll - Strongly deformed skull with postcranial skeleton. Bones
displaced and strongly mineralized. ZPAL MgR-IIlj28 - Fragment of left lower jaw without
teeth. ZPAL MgR-IlIj29 - Fragment of right lower jaw without teeth. ZPAL MgR-IIIj13
Fragment of right lower jaw without teeth.

Diagnosis. - Length of skulls not exceeding 80 mm. Sculpture of the roofing bones
often developed in the form of delicate irregularly arranged tubercles. Jugal with postero
ventral process developed as a tuber or outwardly, tilted, widened spur. Parietal foramen
close to the fronto-parietal suture. Pleurodont dentition with well developed anterior canine
like teeth of the maxilla. Cheek tooth cutting edges with well developed denticles of iguanid
type. Lower jaw massive, high, with much ventral angular swelling. Retroarticular process
short, wide, sharply pointed.

Measurements. - See Table 1.
Description. - Skull as a whole. The holotype skull is slender with a distinct naso

prefrontal expansion. Sculpture of roofing bones developed in the form of irregularly arranged
3 - Palaeon'tologia Polonica No. 33
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tubercles (see PI. VIII and Text-fig. 4) on the nasals, prefrontals, anterior part of parietal,
and as tubers or eminences on the prefrontals.

Cranial roof Premaxilla with eight teeth and a long dorsal process reaching to the anterior
edges of the nasals. Width of premaxilla, in dorsal view, is smaller than that of the naso
prefrontal region. External nares large and diagonally situated. Nasals comparatively short
forming together an equilateral triangle, sometimes elongated posteriorly. Anteromedially,
the nasals enfold the extremity of the dorsal process of the premaxilla, widely surround the
upper border of the external nares join laterally with the maxillae have a short contact with
the prefrontals posterolaterally, and posteriorly by means of an overlapping wedge suture,
meet the frontals. Frontals are not fused. Anterior ends of frontals sutured with nasals, their
postero-lateral processes wedged between nasals and prefrontals. No fronto-maxillary contact.
Frontals are long, widened in the fronto-parietal suture region. Lateral borders of these bones
from mid-length of the orbits of even width, not widening anteriorly. Posteriorly, the frontals
join the parietal by means of an irregular suture, and at their postero-lateral expansion meet
the frontal process of the postfrontal. Postfrontal and prefrontal do not meet above the orbit.
The ratio between the posterior width of both frontals to their maximal length is 0.5. On the
ventral side the frontals have distinct lateral ridges, which formed the lateral borders for the
olfactory trunk. Parietal only slightly wider than its sagittal length. Posterior processes long,
diverging at an angle of about 90°. The bone is Joined anteriorly by an irregular suture with
the frontals, anterolaterally with the parietal process of the postfrontal, its posterior processes
being joined to the squamosaIs and paraoccipital processes. In the central part of the bone,
on the ventral side, distinct prominent swellings occur at the contacts with the epipterygoids
and supraoccipital. The parietal surrounds the supratemporal fossa laterally and forms
posteriorly, by means of posterior processes, the posttemporal arch and fossa. No sagittal
crest on parietal. In all specimens parietal foramen occurs just behind the fronto-parietal
suture; occasionally its anterior border meeting frontals directly. Septomaxilla fragmentary.
Part of the right bone shows the presence of a posterior process, reaching to the vomer.

Maxillary region. (PI. VIII-IX; Text.-fig. 4 A4) . Prefrontal strongly developed, trapezoidal in
dorsal view. The prefrontal meets the frontal medially by a long, straight suture, has a short
anterior contact with the nasal, anterolaterally joins the maxilla and contacts ventrally the
small plate-like lacrimal. The prefrontal has two surfaces - dorsal and lateral; the .former,
together with nasals and anterior parts of frontals, forming the wide and ..flat naso-pre
frontal region characteristic of all representatives of Macrocephalosauridae. In M. gilmorei
it forms, in relation to frontal region, a gentle curve, without a crest. Posterior surface of
prefrontal forms the antero-ventral floor of the orbit; reaching the palatine medioventrally.
Viewed from the front, maxilla oriented almost at right angle to naso-prefrontal and
palatal regions. Maxilla high, with highest point of its dorsal process near suture with
nasal and prefrontal. On the bone surface small foramina for nerves and blood vessels
are visible. Maxilla with three processes: dorsal (described above); antero-ventral, sutured to
the premaxilla; and posterior, joining the jugal and extending under the orbit. Anteriorly,
the maxilla surrounds the postero-lateral margin of the external nares and posteriorly, by means

Fig. 4
Macrocephalosaurus gilmorei sp.n., ZPAL MgR-I1I/I8 - holotype. A - Skull, lower jaw and dentition: 1 - skull,
dorsal view, 2 - ventral view, 3 - occipital view, 4 - lateral view, 5 - left lower tooth row fragment, lingual view.
ZPAL MgR-I11/8. B -left lower tooth row, lingual view. Iguana iguana LINNAEUS, 1758. Recent. C - Lower tooth
row fragment, lingual view (after EDMUND, 1969). Macrocephalosaurus gilmorei sp.n., ZPAL· MgR-I/19. D - Right

upper tooth row: 1 -lateral view, 2 -lingual view. Abbreviations see Fig. 2. A 1-4 nat. size; A 5, B-D X 5.
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of a long suture, it joins the jugal and lacrimal. Lacrimal situated in the antero-ventral
rim of orbit, dorsally joined to the prefrontal, anteriorly to the maxilla, ventrally to the jugal
and in the orbital floor to the palatine. Lacrimal bone with a single lacrimal foramen. Jugal
forms a pronounced arch , anteriorly connected by a long suture to the maxilla and lacrimal
and by means of a narrowed process to the postfrontal and squamosal. Present on the postero
ventral part of the bone, just behind the ending of the posterior maxillary process, is a tuberous
jugal process, directed slightly outwards. The upper edge of the jugal serves as the lower border
of the orbit, and its medial side as the latero-ventral floor of the orbital cavity. The joining
between jugal and postfrontal is a straight, vertical suture , which seems to have been movable.
Jugal surface uneven, providing places of attachment for external muscles.

Temporal region (PIs VIII-IX; Text-fig. 4A}). Postfrontal not large, but longer than that
of M. chulsanensis and Darchansaurus estesi. Frontal and parietal processes widely divergent,
embracing medially the frontal and parietal in their suture. Lateral part of the postfrontal
narrower than the medial, its processes being more vertically arranged, embracing dorsally
the anterior, tuberal part of the postorbital. Postfrontal forms a strong, rather long post
orbital arch, separating the large orbital cavity from the supratemporal fossa. Postorbital
long, dorsoventrally compressed and rather wide, anteriorly entering the posterior part of
the orbit. On the surface where it joins the postfrontal and jugal , a rugose eminence occurs.
Posteriorly, the postorbital is joined to the squamosal by an overlapping suture. Posterior
end of the bone reaches beyond the posterior boundary of the supratemporal fossa. The strap
like posterior process in M. gilmorei is of almost uniform width on its whole length . Squamosal
large, roughly triangular, with three processes. The anterior process joins the jugal, under
lapping the postorbital; its posterior part widely covers the cephalic condyle of the quadrate,
and its posterior end reaches the paroccipital process, forming together with the quadrate
a syndesmotic joint. The dorsal process of the squamosal is directed upwards and forwards,
and closes the supratemporal fossa from the back. Between the posterior end of the postorbital
and the posterior parietal process, parallel to the latter, occurs a delicately marked groove
indicating that the dorsal process of the squamosal is actually a fused supratemporal. Supra
temporal fossa rather large, roughly triangular with rounded angles. It is delimited anteriorly
by the postfrontal, medially by the parietal, posteriorly by the squamosal and laterally by
the postorbital. Orbits large with antero-posterior dimension larger than the dorso-ventral.
The axis of the orbit is laterally oblique at an angle of 45°. Quadrate has a strong, wide cephalic
condyle, its dorsal surface strongly bent backwards, joining the paraoccipital process. The
external conch has a strong, rather wide, roughened crest, almost vertical to the cephalic
condyle. The posterior crest is strong , wide, ventral to the cephalic condyle, ventrally narrowing
to join the lower articular condyle. The medial conch is also wide, wider than the external
one, especially in the ventral part of the bone. Both conches have strong ventral excavations.
Distal condyle widely bifurcated. In the ventral part of the medial conch occurs an articular
facet for attachment with the tip of the pterygoid . The distal tubercle of the tympanic crest
is weakly developed.

Palatal region (PIs VIII-IX ; Text-fig. 4A2) . Vomers are connected by means of a weak but
extensive midline suture. These bones are wide and rather long. In anterior part they are nar
rowed with distinct incisions for the vomero-nasal organs, but posteriorly widened. The anterior
process of the vomer joins to the premaxilla and septomaxilla, while from the back the bone
is joined medially, by a narrow process, to the pterygoid and laterally by the same process
to the palatine. The lateral wing of the vomer almost reaches the maxilla, separating the
anterior part of the internal nares from the posterior. On the midline, at the vomero-pterygoid



MACROCEPHALOSAURIDAE AND POL YGL YPHANODONTlDAE 37

contact, distinct, strong ventral raphae of vomers (raphae vomeri ventralis) are present on
both bones, about 2-2.5 mm in height. In the central part, the lateral borders of vomers are
rised upwards forming in cross-section a paiaeochoanate type of bone arrangement (see GUIBE,

1970, pp. 89-91, Fig. 80; SINITZEN, 1928). Palatine relatively long and not very wide. Anteriorly
and posteriorly the bone surrounds the endochoanal foramen, and with its long antero-lateral
process joins the maxilla. The palatine lies in the same plane as vomer. Posteriorly, the bone
arches and reaches the ventral side, and together with anterior part ofpterygoid forms the poste
rior palatal roof. Medially the palatine joins the posterior vomerine process and anteriorproces
ses of the pterygoid, laterally it joins both maxilla and ectopterygoid. lhe palatine together with
the ectopterygoid and part of the pterygoid process forms, at the place of their sutural con
nection; a distinct hollow, which is a reduced suborbital fenestra. The palatine is edentate . The
palatal roof is high, placed considerably above the level of the posterior pterygoid processes, the
difference in level being about 10 mm in known specimens. Pterygoid not completely preserved,
but the extent of the posterior process and the shape of anterior part of the bone can easily
be reconstructed. Pterygoid massive, especially in comparison with the vomer and palatine.
The pterygoid has three processes: the vomerine process, slender, reaching anteromedially
and joining with the pterygoid process of the vomer; the transverse process, wide, laterally
joining the ectopterygoid and reaching into the suborbital fenestra; and the posterior process,
joining the quadrate by means of a wide, lateromedially flattened end. In the central part,
a marked sharp transverse ridge occurs, which is a postero-ventral rim of the palatal roof.
The transverse process together with the ectopterygoid form a strong and wide, distinctly
ventrally directed tuber or process. On the lateral side of this united process a wide syndes
motic articular surface is visible that connects with the lingual side of the coronoid process.
Medially the pterygoid surrounds a rather wide interpterygoid vacuity. The area of the inter
pterygoid vacuity is divided posteriorIy by a long calcified parasphenoid process. Along
the ventral surface of the pterygoid, almost at an angle of 90°, a prominent crest extends
diagonally, 'which, behind the joining with basipterygoid process, reaches the lateromedially
compressed extremity of this bone. On the dorsal side, above the basipterygoid joint, a socket
for the articulation of epipterygoid is visible. Posterior ends of pterygoids reach the distal
medial articular facet of the quadrate. Pterygoid teeth absent. Ectopterygoid elongated, narrow,
roughly triangular, with three processes. Generally, as with the rest of the representatives
of the family, the bone is reduced in size. Maxillary process of the ectopterygoid is sutured
by a long suture to the maxilla, medially to the palatine, and posteriorly it joins the large
transverse process of the pterygoid. The ectopterygoid, together with the palatine and the
pterygoid, form the suborbital fenestra. Epipterygoid is reduced to a long rod-like support be
tween the pterygoid and parietal, oval in cross-section. The posterior border of the bone rests
on the alar process of the prootic.

Occipital region (PIs VIII-IX; Text-fig. 4A3) . Supraoccipital wide, with strong, sharp
occipital crest. From below, in the place of the suture with the paroccipital process, distinct
horizontal margins are present, these being places of attachments for the internal muscles
of the neck. Supraoccipital borders the foramen magnum ventrally and laterally joins the
prootic. Dorsally, the supraoccipital connects, by means of a syndesmotic joint, the thickened
descending processes of parietals. Exoccipital fused with opisthotic, surrounds laterally the
foramen magnum and passes outwards into a strong and wide paroccipital process. The latter
process joins the squamosal, posterior process of the parietal and posterior apex of the
cephalic condyle of the quadrate, forming in this place an intercalary cartilage (see VERSLUYS,

1912; REESE, 1923; JOLLIE, 1960). Angle between paroccipital processes obtuse, about 75°. Occipital
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condyle distinctly dividing into three parts, with a concave dorsal surface for the glenoid
surface of the odontoid process of the axis.

Basicranium (Pls VIII-IX; Text-fig. 4A2) . Basicranium composed of three unpaired bone
elements united completely in the adult stage. In young specimens there is a distinct suture
between the basioccipital and basisphenoid bones. Parasphenoid process ossified at base,
forming lateral trabecular attachments, Basisphenoid bears anteriorly two strong, short and
distally widened basipterygoid processes, arranged at an angle of about 90°. Basioccipital
is incompletely.preserved, but the basioccipital processes are very well developed and strong.
On the medial sides of these processes distinct central hollows are present. Latero-sphenoid
margins well marked with a deep central groove between. Brain case badly preserved.

Lower jaw - (PI. X; Text-fig. 5E/.2) as a whole massive, relatively short, high at the
level of the coronoid and angular bones, anteriorly narrowing abruptly up to symphysis.
Dentary long, very wide distally, slightly overlapping to the lingual side of the jaw.
On the lateral surface occur 5 to 6 small mental foramina . Posteriorly, the dentary joins the
surangular, angular and coronoid , while on the lingual side it is joined by a direct suture,
above and below, to the splenial. On the alveolar margin 26-28 cheek teeth are fused to the
lateral dentary wall. Alveolar margin, viewed from above, is slightly sinusoidally bent. Sym
physis short, not widened. Coronoid well developed, with a rather low dorsal process in
relation to the height of the jaw, widened at its base and ending in a rather prominent, blunt
point. Anterior margin of the process directed backwards, the posterior one almost vertical.
Labial process of the coronoid small, extending anteriorly to overlap the dentary and the
anterior part of the surangular. Medially, the anterior process joins the dentary, splenial and
prearticular, the posterior one being long and bent posteroventrally, surrounding the anterior
rim of the adductor fossa and joining the articular bone below. A distinct crest is run
ning from the tip of the dorsal process ventrally along the posterior process for pseudotemporal
muscles. Surangular high and short, on the lateral side covering almost the whole space
between dentary and articular bone. From the postero-dorsal angle of the bone, under
the glenoid cavity of the articular, an oblique crest begins, continuing downwards, towards
the front and vanishing by the border of angular suture. This crest serves the insertion
of the strong external adductor muscles of the jaw. On the lingual side, the surangular is
joined by a vertical suture to the articular bone and from the front to the coronoid process.
The suture between surangular and prearticular indistinct. Angular laterally well visible,
forming a strong, ventral angular swelling of the jaw. It is dorsally sutured to surangular,
anteriorly to dentary and posteriorly to articular. Lingually it underlies the prearticular and
anteriorly contacts the splenial and dentary. Articular wide, short from the ventral side, it
forms a curved surface, gently passing over to the lingual side and posteriorly . Anteriorly
the bone joins the surangular, from below it joins the angular and on the lingual side it is
completely fused with prearticular. Behind the glenoid fossa the bone is wide, concave and
terminates in a short and wide retroarticular process. Glenoid fossa has two hollows and
a gentle medial crest arranged almost transversally to the long axis of the jaw. Splenial,
a comparatively thin, flat, triangular plate of bone covering the whole region between upper
and lower dentary edges and also covering the Meckelian canal. Apex of bone placed just
behind the anterior Meckel's foramen. On the splenial, almost at mid-point and close to the
upper dentary suture, a large oval anterior inferior alveolar foramen is visible. On the lateral
side splenial not visible.

Dentition (PIs VIII-X; Text-figs 4A j,B, D/_2 , 14G). An alinost complete lower and upper
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marginal dentition in M. gilmorei is represented only by the specimen ZPAL MgR-I/19.
The remaining specimens have gaps in dental series. ·

Premaxillary teeth, 8 in number, have conical, sharply pointed crowns and do not extend
as far ventrally as the cheek teeth. In the anterior part of the maxilla, two, three, or sometimes
four large canine-like teeth occur. The longest of these teeth is the second in the series. Its
crown three or even four times higher than the crowns of the cheek teeth. The crowns in
cross-section oval or round , without posterior and anterior cutting edges. The first tooth has
sometimes a slight swelling on the crown, which also may occur in the third and fourth tooth
in the series. All have one apex and are considerably higher than the cheek teeth. The
latter are rather small with slender, round shafts, while their crowns are latero-medially
flattened. The crowns are of lancet-like shape with sharp denticulate cutting edges.
On both sides of the largest, central tuber, 2 or 3 small dentic1es occur, as in Sauromalus,
Iguana and Dipsosaurus. The lateral sides of the shafts of the premaxillary and maxillary
teeth are fused to the internal wall of the bone ;at the tooth bases, irregularly situated re
sorption pits occur. On the lower jaws only two types of teeth are differentiated - incisiform
and cheek teeth. The anterior, incisiform teeth are 3-5 in number, and have simplified crowns,
usually with one apex and without tendency to enlargement. The structure of crowns and
shafts of cheek teeth is the same as that in the upper jaw. In the lower dental series significant
reduction of posterior cheek teeth is not observed. The type of crown morphology of cheek
teeth resembles that seen in such iguanids as Dipsosaurus. Heterodontism is especially visible
in the upper dentition (three types of teeth). In lower dentition it is less distinct (only two types
of teeth). The tooth replacement according to EDMUND (1960, 1969) is of iguanid type.

Postcranial skeleton. This is preserved only in specimens ZPAL MgR-Ill/tO, 11 and 17
and is incomplete and poorly preserved. Individual bone elements are displaced and fragmentary
and description is not possible.

Discussion. - M. gilmorei from the Barun Gyot Formation differs from M. ferrugenous
from the Djadokhta Formation by its smaller dimensions. Length of skull in M. ferrugenous
is 120mm whereas in M . gilmorei it is only 70-80mm. Other differences concern the proportions
of the skulls, in particular of the frontals; in M. gilmorei width/length ratio of the frontals
is 0.4, whereas in Mi ferrugenous this ratio amounts to 0.5. Consequently, the skull of Mi ferru
genous is relatively wider than in M. ·gilmorei. The jugal process is in M. ferrugenous much
longer, tapering posteriorly, while in M. gilmorei it is comparatively short and rather tuber
like, bent outwards. Further differences concern the structure of the dentition and the mode
of implantation. Cheek teeth in M. ferrugenous are latero-medially flattened, but with no
distinct cusps or denticles on their cutting edges. Shafts of these teeth are rather shallowly
attached to the dental groove in a subpleurodont implantation. The teeth of M. gilmorei,
however, have prominent denticles on the crowns and slender shafts distinctly attached by
their lateral surfaces in a distinctly pleurodont implantation. The mode of tooth replacement
of M. ferrugenous is unknown. The presence of resorption pits within M. gilmorei indicates
the iguanid·mode of replacement (see EDMUND, 1960, p. 60). It is possible that a similar con
dition was present in M. ferrugenous. Differentiation of the teeth of both species is distinct
and is especially indicated in the strong development of the anterior canine-like teeth of the
maxilla. Similarities occur also in the general structure of skulls, placement of the parietal
foramen, arrangement . of fronto-parietal suture and posterior parietal processes, structure
of temporal region and it seems also in the construction of naso-prefrontal region, which
can be stated in spite of the fact that in M . ferrugenous it is not completely preserved. Lack
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of evidence of the structure of the palatal region and internal morphology of lower jaws in
M. ferrugenous does not allow one to complete the description and compare it with the skulls
of M . gilmorei.

GILMORE (1943b) described, but not very clearly, a fragment of M.ferrugenous tempora
region, which he named the postorbital bone. According to GILMORE "there is a single element
uniting the jugal with the parietal and frontal at their junction" and he stated also that "whether
it is the postfrontal or postorbital or a fusion of the two, there is no way of determining, but
as studies of recent Sauria have shown that the postfrontal is absent in most Agamidae, it
will here be designated as postorbital" (GILMORE, I. c., p. 364). It can be stated, on the basis
of the illustration given by GILMORE, that between the jugal and the bone fragment directed
towards parietal and frontal , an oblique suture separating two distinct bone elements is
present (see temporal region in M. gilmorei, M. chulsanensis and Darchansaurus estesiy i.e. 
postorbital and postfrontal. The former borders the orbit posteriorly, joining the jugal and
postfrontal, and with a long and flat posterior process joins the squamosal. The postorbital,
as in M. gilmorei, forms the supratemporal arch. The latter bone is small, both sides forked
and joins the frontal and parietal to the supratemporal arch, forming a rather short postorbital
arch. The quadrate in M. ferrugenous is of the same structure as in M . gilmorei. It is slightly
larger, possessing a stronger cephalic condyle and wider external conch with distinct tympanic
crest. The lacrimal of both species is small, and externally visible. The prefrontal of M. ferru
genous is deformed, displaced and suggests a different morphology of this bone than in
M. gilmorei. The maxilla, in spite of dorso-ventral crushing, is rather high and vertically
arranged in relation to the palatal region (see GILMORE, I. c., Fig. 1B). The anterior part of

.the maxilla has a rather high notch, which forms the posterior border of a large and oval
external nares.

The incomplete dentition in M. ferrugenous indicates, according to GILMORE , an old
specimen with worn-down tooth crowns. However, it seems, on the basis of GILMORE'S

sentence, that the teeth were not worn down while the animal was still alive "a long replacement
tooth in the maxillary near the center of the series has an unworn crown that is bluntly chise1
shaped, with a steep internal bevel" (GILMORE, I. c., p. 364). The crowns of the fourth, seventh
and eighth teeth of the maxilla and also the two first lower teeth (counting from the front
of the drawing - see GILMORE, I. c., Fig. 2) appear normally developed, laterally compressed,
without distinct denticles on their cutting edges. The teeth of both jaws in M . ferrugenous
are not typical for agamids, which have as a rule an acrodont mode of implantation. The
distinct marking between the crowns and shafts on one side and the bones of the jaw on the
other seems to indicate that these teeth were not very deeply fused with the lateral wall of
the dental parapet. Therefore a subpleurodont mode of implantation is suggested. The lack
of data on the structure of the lower jaws, maxilla and the internal morphology of teeth in
M. ferrugenous does not allow a closer comparison with M. gilmorei. Characteristic for
M. ferrugenous and M. gilmorei is the presence of large canine-like teeth in the anterior part
of the maxilla. The largest of them in the former species seem to lack a natural crown. Ac
cording to GILMORE this tooth rapidly became worn and also "its crown was more or less
flattened, except the low cusps, which in this specimen have been in size reduced by wear"
(GILMORE, I. c., p. 364). However, one can see from the illustration (I. c., Fig. 2) that the
tooth was broken and the uneven surface being irregular, which may have suggested to him
that cusps were present. This tooth as well as the slightly smaller one preceding it must have
had normal, high canine-like crowns and have been lateromedially compressed. Similar
maxillary teeth are also present in M. gilmorei but are in that species more oval in cross-section.
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Macrocephalosaurus chulsanensis sp. n.
(pIs XI-XXII; Text-figs 2; 5-11, 141)

41

Holotype: ZPAL MgR-I jI4 - Complete skull with the postcranial skeleton. Distal end of tail, left humerus,
a part of anterior autopodium and dorsal elements of the scapulae missing. Barun Goyot Formation, Khul san.

Type horizon and locality: Upper Cretaceous , ? Middle Campanian, Barun Goyot Formation, Khul san, Nernegt
Valley, Gobi Desert, Mongolian People's Republic.

Derivation of the name: From Khulsan, the name of the type locality.

Material. - All specimens come from the Baron Goyot Formation.
Southern Monadnocks, Nemegt: ZPAL MgR-21 - Skull complete, sculptured and with

almost entire postcranial skeleton preserved. The distal part of the tail, some ribs and some
limb elements missing.

Khulsan: ZPAL MgR-I/2S - Skull large, almost complete with the postcranial skeleton.
Shoulder and pelvic girdles incomplete. ZPAL MgR-I/1S - Skull without the left maxilla,
lower jaws and the postcranial skeleton. ZPAL MgR-l/16 - The occipital fragment of the
skull without lower jaws. Quadrate, a fragment of right zygomatic arch , fragment of parietal
and right supratemporal arch preserved. ZPAL MgR-Ill 7 - Anterior part of the skull
together with fragments of lower jaw. The specimen badly preserved, mineralized. ZPAL
MgR-I/18 - Anterior part of the postcranial skeleton with shoulder girdle. ZPAL MgR-Ij20 
Strongly deformed skull of a young specimen. ZPAL MgR-I/22 - Fragment of postcranial
skeleton with its pelvic girdle, caudals showing autotomy and parts of hind limbs preserved.
ZPAL MgR-I/23 - Almost complete pelvic girdle. ZPAL MgR-I/24 - Skull with right lower
jaw, a fragment of the left jaw and a part of the postcranial skeleton preserved; a young spec
imen. ZPAL MgR-I/26 - Brain case, slightly damaged. ZPAL MgR-I/27 - Skull, strongly
mineralized and eroded. ZPAL MgR-I/28 - Anterior part of the skull with no dorsal roofing
bones, dentition preserved. ZPAL MgR-I/29 - A fragment of right lower jaw with teeth
preserved. ZPAL MgR-I/30 - A fragment of right lower jaw without teeth. ZPAL MgR-I/31 
Anterior fragment of lower jaws with teeth, joint in symphysis.

Diagnosis. - Length of skulls about 40 mm in the case of young specimens and 70-80 mm
for adult ones. Skull slender, with widened naso-prefrontal region. The ratio of occipital to
maxillary segments is 1: 3 and width to length of frontals - 0.5. Parietal foramen always
on the fronto-parietal suture. Surface of naso-prefrontal region forms a plane, slightly inclined
anteriorly in relation to the fronto-parietal surface. Sculpture of covering bones often well
developed in [he form of regularly arranged cusps and rosettes. Parietal process of the post
frontal poorly developed, frontal long and slender. Jugal process wide, short and sharply
pointed, slightly bent outwards. Suborbital fenestrae reduced to small perforated hollows.
Anterior teeth of the maxilla, four-five in number, enlarged, canine-like, but not so well
developed as in M. gilmorei. Anterior teeth of the lower jaw, five-six in number , are unicuspid
and are equal in height to cheek teeth. Lower jaw slender and not so deep in the angular
region, as in M . gilmorei. Teeth in both jaws numerous, about 27 or 28; 8 premaxillary teeth
are present. Scapulo-coracoid of iguanid type with three fenestrae.

Measurements. - See Tables Nos. 2-3.
Description. - Skull as a whole (PIs XII , XIV ; Text-figs 2, SA-D). The skull of the type

specimen is completely preserved, only slightly damaged. In lateral view the skull is roughly
triangular in shape with its fronto-nasal region rounded. Parietal and frontals are in one plane,
while the naso-prefrontal region is slightly diagonally arranged, directed forward and down
wards. Cranial arches well developed and strong. Lower jaw at level of angular region deep,
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Measurements in mm:
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Tabl e 2

Macrocephalosaurus chulsanensis sp. n.
(Skulls)

I
I

I IZPAL cat. nos.
MgR-I /14

I
MgR-I/21 MgR-I /25 MgR-I/24

Holotype Young

Skull: I
Condylo-basal length 65.0 67.0 72.0 ea. 32.0
Total length 70.0 70.0 77.0 ca. 39.0
Width at the level of the jugals 35.0 36.0 39.0 22.0
Width at supratemporal arches 30.0 30.0 31.0 19.0
Rat io of the width to the length 0.42 0.44 0.40 0.48
Length of the naso-prefrontal region 25.0 25.0 28.0 ca. 14.0
Width of the naso-prefrontal region 25.0 25.0 26.0 ea. 14.0
Length of frontals (lateral) 30.0 · 30.0 35.0 20.0
Length of frontals (midline) 25.0 25.0 28.0 15.0
Posterior width of frontals 15.0 15.0 17.0 ca. 9.0
Ratio of the width to the length (mid.) 0.6 0.6 0.6 0.6
Angle between the posterior parietal pr. 90° ea. 90° ea. 80° ca. 90°
Length of supratemporal arches 19.0 21.0 24.0 ea. 11.0
Length of the palate 40.0 40.0 42.0 -
Posterior width of the palate 28.0 ea, 27.0 25.0 -
Ratio of the width to the length 0.7 ca. 0.7 ca. 0.6 -
Height of the palate floor 10.0 10.0 ca. 11 0 -
Height of the skull with lower jaws at the occipital region 31.0 31.0 35.0 ea. 19.0
Height of the skull with lower jaws at the frontal region 35.0 36.0 40.0 ea . 24.0
Vertical diameter of the orbi t 17.0 17.0 18.0 11.0
Horizontal diameter of the orbit 24.0 25.0 26.0 14.0
Antero-posterior length of the supratemporal fossa 11.0 11.0 14.0 5.0
Anterior diameter of the supratemporal fossa 8.0 8.0 9.0 3.5
Length of 'nasals (midline) 16.0 18.0 22.0 10.0
Anterior width of nasals ' 16.0 17.0 18.0 9.0
Length ' of the parieto-occipital region 18.0 18.0 19.0 ea. 8.0
Length of the maxillary segment 48.0 48.0 53.0 ea. 27.0
Ratio of the length of both segments 0.37 0.37 0.35 ea. 0.3
Length of the parietal (midline) 9.0 9.0 12.0 5.5
Length of the- parietal with posterior processes 19.0 20.0 22.0 11.0
Width of the parietal at the center 10.0 12.0 12.0 8.0
Distance between paroccipital processes 35.0 34.0 38.0 ea. 18.0
Least interorbital space 7.5 7.5 8.5 4.0
Height of the quadrate 19.0 19.0 19.0 -
Antero-posterior diameter of the head 12.0 12.0 12.0 -
Height of the maxilla 19.0 19.0 22.0 ca. 10.0
Length of the postfrontal with processes 8.0 9.0 ea. 10.0 5.0
Width of the post frontal at the center 2.5 3.0 3.5 1.5
Length of the jugal process 2.0 3.0 4.5 -
Length of the postorbital (lateral) 23.0 24.0 27.0 ea. 11.0
Posterior width of the postorbital 4.0 4.0 4.0 2.0
Length of the squamosal 15.0 15.0 18.0 ca. 8.0
Posterior width of the squamosal 10.0 10.0 13.0 ca. 5.0
Length of vomers ea. 23.0 - ca. 25.0 -
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ZPAL cat. nos. I
MgR-IjI4

I
MgR-Ij21

I
MgR-Ij25 I MgR-Ij24

Holotype Young

Width of vomers ea. 13.0 - ca. 17.0 -
Length of the palatine ca. 11.0 - ea. 12.0 -
Posterior width of the palatine ca. 9.0 - ea. 10.0 -
Length of the pterygoid 37.0 ea. 39.0 45.0 ea. 17.0
Posterior width of the pterygoid 13.0 ca. 12.0 13.0 ea. 7.0
Length of the ectopterygoid ea. 13.0 ea. 12.0 ea. 12.0 ea. 4.0
Length of the epipterygoid 18.0 18.0 21.0 -
Length of the basioccipital and basisphenoid together 19.0 19.0 20.0 12.0
Width of the same 7.5 7.5 8.0 6.0
Length of upper tooth row 37.0 37.0 39.0 ea. 21.0
Length of the canine-like tooth 2.0 - 3.0 -
Antero-posterior diameter of the same 1.0 - 2.0 -
Average number of the teeth in 1 cm 8 8 8 ?

Lower jaw:
Length with the retroarticular process 65.0 65.0 72.0 ca. 30.0
Height below the coronoid process 14.0 14.0 15.0 -
Height of the coronoid process (lateral) 5.0 5.0 5.0 -
Length of the anterior section 40.0 40.0 40.0 -
Length of the posterior section 25.0 25.0 32.0 -
Length of the dentary ea. 38.0 ea. 37,0 ea. 40.0 -
Posterior height of the dentary ca. 12.0 ea. 12.0 ea. 14.0 -
Length of the surangular 21.0 20.0 ca. 2?0 -
Height below the coronoid process 10.0 10.0 ea, 11.0 -
Length of the angular 30.0 30.0 36.0 ea. 12.0
Width of the same 8.0 8.5 10.0 ea. 3.0
Length of the splenial ea. 34.0 ca. 35.0 ea. 38.0 -
Posterior height of the splenial 10.0 10.0 ea. 12.0 -
Length of lower tooth row 36.0 36.0 ca. 40.0 -
Average number of the teeth in 1 cm 8 8 8 ?

,
lower; it is slender, especially in its anterior part and relatively short in the posterior one.
The articular part with retroarticular process is shortened and rather wide. The skull of
M. chulsanensis is kinetic, especially in the occipital region (metakineticism) .

Cranial roof. Premaxilla (Text-figs 2A-B, 5A-C) has 'well-developed postero-lateral maxil
lary processes which surround the external nares and join posteriorly the antero-ventral processes
of the maxillae. Dorsal process of premaxilla extends upwards between the nares, reaching
the nasals. Posterior extremity of this process overlaps the anterior nasal parts, forming on
the sagittal suture slight articular depression. Postero-lateral maxillary processes on the
dorsal surface are perforated by small blood vessel foramina. On the alveolar margin, pleu
rodont, unicuspid , sharp, conical teeth - four on each side - occur. Dorsal surface of dorsal
process of premaxilla smooth, without sculpture. Nasal bones are joined by means of a straight
sagittal suture, which in forms with well developed sculpture, is apparently overgrown and
hidden . The bones form an almost equilateral triangle with the anterior side surrounding
from above the external nares and joining on the midline the dorsal process of the premaxilla.
The posterior angle of this triangle, situated on the sagittal suture, wedges between the fromals ,
overlapping the latter. In the remaining sides of the triangle, slightly anteriorly, oblique,
medially directed fissures are present which do not reach the sagittal line of the skull. The
nasals join anterolaterally with the bent parts of the dorsal processes of the maxilla and
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laterally have a small contact with the prefrontals. Dorsal surface of nasals slightly concave and
generally sculptured with tubercles or regularly arranged rosettes composed of small tubercles
(Text-fig. 5B l ) . Frontal is anteroposteriorly elongated and widened anteriorly, forming the dorsal
margin of the orbit. Lateral sides of both bones slightly concave, posteriorly joined by means
of irregular sutures to the parietals and postero-laterally to the frontal processes of the post
frontals. Anteriorly they underly the nasals and anterolaterally join the prefrontals. The
frontals meet one another on a long sagittal suture; the dorsal surface often covered by
"delicate tuberosities. Postero-medial processes of nasals wedged between frontals and at the
same time the latter, by means of the antero-lateral processes, are wedged between the nasals
and prefrontals, not reaching the nasal processes of the maxillae. On the midline, between
frontals and parietal, a parietal foramen is situated. Sutures between frontals and parietal
and also between the frontals, form an irregular line. Lateral margins of frontals slightly thi
ckened and rounded. Anteriorly and posteriorly two small indentations indicate the sutural
joining of frontals to prefrontals and postfrontals respectively. Ventral surface of frontal
posteriorly flat, the antero-lateral orbital borders gradually elongating anteriorly and
downwards, forming low descending ridges on each side of the cavity for the olfactory tract.

Parietal is an unpaired, quadrangular bone with four processes. The fromal process
together with the antero-medial part of frontals form a mesokinetic hinge joint. Posterior parietal
processes (supratemporal processes) are long and diverge at an angle of about 90° in adult
specimens and 60° in young specimens. On both sides of the central depression of the parietal
numerous ventral descending swellings occur, which laterally are sutured to dorso-lateral
margins of the supraoccipital bone. Anterior, sharp extremities of these swellings join the
proximal epipterygoid ends. The anterior part of [he parietal is concave from its ventral side
and forms a dorsal cover for the cerebral hemispheres and optic lobes. Attachments of the
pterygoid levator muscles poorly visible. Dorsal parietal surface is rather weakly sculptured.
More distinct sculpture of the covering bones of the skull may indicate male specimens.
Sagittal crest not present on the parietal bone. Medial parts of posterior processes possess
slight longitudinal depressions.

Septomaxilla is a small bone, covering the vomero-nasal organ and embracing the
anterior part of the olfactory cavity. The septomaxiIla is joined by means of a ventral septal
process to the dorsal process of the vomer. It forms a rather thin, flat bone with three surfaces.
The dorsal surface is directed anterolaterally, medially it reaches the nasal septum, suturing
laterally to the antero-ventral process of the maxilla, and posterolaterally joining the anterior
margin of the external nares. Medial septum wide and flat, directed ventrally, reaching to
the medial vomer margin.

Maxillary region (Text-figs 2A, 5A 3) . Prefrontal has an irregular shape, and three
processes and three external surfaces. The postero-dorsal process extends posteriorly along
the side of the frontal. The palatal process is directed ventrally and sutures to the maxillary
process of the palatine. The third, anterior process, reaches the suture, joining the nasal bone
with the dorsal process of the maxilla. The medial margin of the bone sutures to the lateral

Fig. 5
Macrocephalosaurus chulsanensis sp.n ., ZPAL MgR-I/I4 - holotype . A - Skull and lower jaw : 1 - skull, dorsal view,
2 - occipital view, 3 - lateral view, 4 - ventral view, 5 - lower jaw, lingual view, 6 - lateral view. ZPAL MgR-I/21.
B - Skull with the sculpture : 1 - dorsal view, 2 -latero-occipital view. ZPAL MgR-I/24. C - Skull of the young
individual , dorsal view. ZPAL MgR.I/22. D - Upper tooth row, lateral view. Macrocephalosaurus gilmorei sp.n.,
ZPAL MgR-IIl/I8 - holotype. E - lower jaw: 1 - lingual view, 2 - lateral view. Abbreviations see Fig. 2. A-C, E

nat, size, D x 5.
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margin of the frontal and .anteromedially has a short contact with the nasal. The antero
lateral margin joins the maxilla and ventroposteriorly the lacrimal. Dorsal surface of pre
frontal is trapezoidal and situated on the same plane as the nasal bone. The lateral surface
of the bone forms a small area situated slightly over the lacrimal and growing into the vertical
wall formed by the maxilla. Ventro-posterior (palatal) process of prefrontal concave, smooth
and forming antero-medial floor of orbit. Medial margins of the palatal process of the
prefrontal, together with frontal and palatine, form part of a wide orbito-nasal foramen.
Dorsal surface of prefrontal with the same sculpture as the nasal bone.

Maxilla deep, almost vertically-arranged in relation to palatal surface and to naso
prefrontal region. Posteriorly it joins, by means of a long suture, the jugal and partly underlies
the anterior part of the orbit at about one-third the length from the front of the orbit. Surface
of the maxilla not sculptured. Dorsally the maxilla joins the lacrimal, prefrontal and nasal,
and anteriorly the antero -ventral processes are joined to the maxillary processes of the pre
maxilla. Maxilla outline roughly triangular, with its highest apex situated at mid-length of
the alveolar margin. The alveolar margin of the maxilla is slightly arched downwards, pos
sessing one row of numerous pleurodont teeth. The premaxillary process is mediolaterally
flattened and laterally overlaps the maxillary process of the premaxilla. Medially it sutures
to the anterior process of the vomer. On the dorsal surface of the process, in its medial part,
a small crest for attachment of the anterior transversal lamina is present. The jugal process
joins dorsally a small lacrimal, medially meets the ectopterygoid, and forms the medio-Iateral
part of the orbital cavity floor. The naso-prefrontal process is a thin bony lamina, which on
reaching the nasal and prefrontal bones bends at almost right angles. This process forms the
lateral wall of the nasal capsule, posterior margin of the external nares and dorsally sutures
to the nasal and prefrontal bones. The bent upper parts of the naso-prefrontal processes,
together with the prefrontals, nasals and anterior parts of the frontal bones, form the naso
prefrontal region, which is sometimes covered by tubercles . The maxilla does not contact the
frontal. On the external surface of the maxilla, in the lamina of the naso-prefrontal process, small
foramina for nerve endings are visible. Over the alveolar margin occur six, sometimes seven
foramina for the skin branches of the alveolar nerves and for the maxillary artery. Inter
pretation of the medial part of the maxilla is difficult, as this part of the bone is considerably
damaged or not accessible. On the ventro-medial side a suture joining the maxilla and maxillary
process of the palatine is present.

Lacrimal is a small, flat bone situated in the anterior margin of the orbit. It sutures
dorsally and medioventrally to the prefrontal, anteriorly to the nasal process of the maxilla
and from the ventral side to the jugal. The medial bone surface is separated from the palatal
process of the prefrontal by a rather large dorsoventrally fissure-shaped lacrimal foramen,
while the antero-medial surface is elongated towards the nasal capsule. Jugal is very much
elongated, anteriorly widened and strongly narrowed posteriorly. By means of an anterior
broad process it is joined by a diagonal suture to the maxilla, anterodorsally to the lacrimal
and to the maxillary process of the palatine, and medioventrally to the ectopterygoid. The
temporal process of the jugal is connected with the postfrontal, and its flattened end inserts
into the squamosal. The postero-ventral process of the jugal is wide, slightly outwardly
directed and pointed with a spine dorsally visible. Dorso-mesial surface of jugal forms the
underlying rim of the orbit. The ridge beginning at the postero-lateral process of the prefrontal
bone extends backwards across the dorsal part of the lacrimal, continuing on the dorso-lateral
side of the jugal and reaching the postfrontal, forming the sharp rim of the orbit. This ridge
is often uneven and possesses rather numerous swellings. Lateral surface of the jugal per-



MACROCEPHALOSAURIDAE AND POLYGL YPHANODONTIDAE 47

forated anteriorly by a few small foramina, which are the continuation of the alveolar foramina
present on the maxilla. Medially to the jugal is a recess for the coronoid process. The postero
ventral part of the jugal process forms an elongation of the alveolar margin of the maxilla.
The temporal process forms a lateral strut for the postorbital arch, where it joins the post
orbital and postfrontal , as well as forming a strut for the supratemporal arch at the joining
of the postorbital and squamosal bones. ,

Temporal region (Text-figs 2B, 5A l , B l , C). The supratemporal fossa is separated by
a supratemporal arch composed mainly of the postorbital and the anterior part of the squa
mosal. Between the parietal, partly squamosal bone and occipital segment of the skull occurs
a broad flattened posttemporal fossa.

Postfrontal is short , forked on both sides, possessing two pairs of processes - proximal
frontal and parietal processes and distal postorbital processes. The _postfrontal is the
main element of the postorbital arch, joining the frontal and parietal bones to the supra
temporal arch : Dorsal surface of postfrontal smooth, with no traces of sculpture . By means
of a long frontal process it is sutured to the frontal, and by a short parietal process to the
parietal bone. Both processes embrace the lateral widenings of the corresponding bones in
the fronto-parietal suture. Postorbital processes of postfrontal meet the postorbital in a forked
suture. Postorbital is anteroposteriorly elongated, dorsoventrally flattened. The anterior
part forms a small area of the rim of the posterior orbital ridge. Remaining part of the bone
is anteroposteriorly elongated, surrounding laterally the supratemporal fossa and dorsally
reaching slightly behind its posterior boundary. In the region of postorbital arch, the post
orbital bone is sutured to the postfrontal intruding between its lower processes. Laterally
the postorbital is joined by means of a straight suture to the laterally flattened end of the jugal.
On the dorsal surface of the anterior part of the postorbital tuberosities occur. The posterior
bone section is smooth and dorsally overlaps the anterior part of the squamosal bone. The
posterior end of the postorbital bone is slightly widened and rounded.

Squamosal is roughly triangular with three processes and two surfaces. The antero
ventral process joins with its narrowed end the posterior extremity of the jugal, ventrally under
lies the postorbital. The posterior process follows the direction of the cephalic condyle of
the quadrate, is sharply pointed, intrudes with its ventral swelling between the medial surface
of the cephalic condyle of the quadrate and the lateral ending of the posterior process of the
parietal. The third process is formed from a fused supratemporal, and joins the posterior
parietal process at the syndesmoticjoining of the paroccipital process with the cephalic condyle
of the quadrate. The dorsal squamosal surface is smooth, without sculpture. Supratemporal
absent. Quadrate is deep and in lateral view, has a slender shaft with a strongly posteriorly
bent cephalic condyle and rather wide double distal condyle. The bone is free and movable
(streptostylic). The distal condyle is mediolaterally wide with a smooth and lateromedially
concave articular surface. The medial tuber of the condyle is slightly shifted posterad, while
the lateral one is placed under the lower cusp of the tympanic crest. Dorsal extremity of the
quadrate semicircular, and viewed from above, with a triangular outline and a slight longi
tudinal ridge for joining with the concaveventral side of the squamosal. The posterior extremity
of the cephalic condyle reaches to the lateral tip of the paroccipital process and attaches to
the supratemporal section of the squamosal bone. The anterior surface of the quadrate is
slightly mesiolaterally concave, narrowed from above and widened ventrally. Above the
place where the quadrate joins the posterior extremity of the posterior process of the pterygoid
occurs a small foramen. The posterior surface of the quadrate is strongly concave and divided
by a posterior crest into a medial and lateral part. This crest begins from the top of the ce-



48 ANDRZEJ SULIMSKI

phalic condyle and disappears ventrally, passing into the distal condyle. The medial conch
has a strong ridge to which part of the posterior adductor muscle is attached. At the dorsal
end of the medial conch occurs a triangular small surface to which the ligament of the
posterior process of the prootic bone was attached, giving some stability to the quadrate
bone. Over the articular facet with the posterior process of the pterygoid occurs a small
swelling. The place of attachment of extracolumella above on the posterior crest is faintly
visible. On the lateral side the quadrate has a distinct tympanic crest and a deep concavity
extending laterally to the posterior crest. Below the lower cusp of the tympanic crest a small
notch or groove for the attachment of the parallel ligament is present.

Palatal region (Text-figs 2C, 5A 4) . Vomers form the anterior part of the palate,
medial margins of the external vomero-nasal fenestrae and medial edges of the exo
choanal fenestrae. Both vomers are closely sutured together. Pterygoid process of
the vomer and vomerine process of the pterygoid separate the palatines from the sagittal
line. Ventral surface of the vomer is slightly convex. In anterior section, on the lateral
margin of the vomer, an incision or recess occurs, which forms the medial margin of
the vomero-nasal canal. Dorsal surface of the bone slightly concave. On both vomers, along
the sagittal line, occur ridges lower than on the ventral side. To these ridges reached
the narial septae. Structure of the nasal capsule in M. chulsanensis is not well known since
the internal bone elements are damaged . Palatine is relatively wide, anteroposteriorly elongated
and has four processes. The vomerine process is sutured anteriorly to the vomer, the maxillary
process joins anterolaterally the medial maxillary border, the ectopterygoid process joins
posterolaterally the medial ectopterygoid margin , while the sharply pointed pterygoid process
is joined from the back to the pterygoid by means of an overlapping suture . Vomer and
palatine bones together form the dorsal palatal floor while with the ectopterygoid and pterygoid
bones they participate in the formation of the antero-posterior orbital floor and posterior
region of the nasal capsules. Vomerine process surrounds medially the vomerine process of
the pterygoid bone and laterally and posteriorly - the fenestra exochoanalis. Maxillary process
long, intruding between the ectopterygoid and fenestra exochoanalis , and joins the maxilla
in a straight suture. The ectopterygoid process reaches to the suborbital concavity, where
it joins the pterygoid process of the ectopterygoid, which overlaps with a wide wedge the
anterior region of the pterygoid. Sutures of the palatine, ectopterygoid and pterygoid bones,
meet in a well marked concavity or depression, where in Recent lizards a more or less wide
suborbital fenestra occurs. This fenestra in Recent lizards is surrounded by at least four or
five bones of the palatal region. In M. chulsanensis this foramen has more the character of
a concavity which may be perforated. The suborbital concavity is anteriorly surrounded by
the palatine, medially and posteriorly by the pterygoid and laterally by the ectopterygoid.
The dorsal palatal floor, at the site of the pterygoid process of the palatine, breaks into an
arch towards the ventral side and reaches the transverse crests of the pterygoids. The latter
structural elements form the postero-ventral margin of the palatal vault, which is placed about
10 mm dorsally to the level of the more posterior pterygoid region. If a foramen was present
in the suborbital concavity, it was according to OELRICH (1956, p. 26) the place where the
superior alveolar nerve and infraorbital artery were probably passing. On the posterior
maxillary process of the palatine occurs a small, elongated depression. The ventral surface
of the bone is smooth, without traces of teeth or denticles. On the dorsal palatine surface small
depressions are present , through which perhaps the inferior nasal artery and medial palatal
branch of the facial nerve ran.

Pterygoid is anteroposteriorly elongated, and in posterior part bent laterally . Anteriorly
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the bone is dorsoventrally concave, in the central part forming an antero-posterior rectangular
ventral surface. Posteriorly the bone is mediolaterally flattened, tilted outwards the quadrate
bone at an angle of 45° in relation to the central part. The pterygoid bone bears four main
processes. The antero-medial vomerine process (pI. XII; Text-figs 2C, 5A4) reaches medially
to the pterygoid process of the vomer, joining it obliquely. Distinct (up to 2.0 mm in height)
ventral ridges on the ventral, vomero-pterygoid raphae are present. Vomerine process of
pterygoid laterally joins the palatine and medially adjacent pterygoid bone. Palatine process
rather short, intruding between the palatine and ectopterygoid bones and together with them
forms a small hollow. This hollow, at the side of the suborbital concavity, is sometimes
punctured by a small foramen . The third or ectopterygoid process extends almost transversally
to the long palatal axis and is strongly sutured to the posterior part of the ectopterygoid bone.
Together with the latter bone it forms a lateral articular surface distinctly directed downwards,
connecting with the medial depression of the coronoid process. The latter fourth process is
the longest and mediolaterally flattened. At its base and where it bends a medial articular
swelling occurs, to which the condyle of the basipterygoid process is sutured. Posterior end
of pterygoid syndesmotically joins, the disto-medial part of the medial conch of the quadrate
bone. On the dorsal side of the pterygoid, slightly forward , over the angular bend of the
posterior process, a small articular socket for the distal end of the epipterygoid is present.
Vomerine, palatine and ectopterygoid processes of the pterygoid, together with its anterior
part, form a posterior floor of the oral cavity. The transverse crest in the anterior part of the
pterygoid shaft, together with a similar crest on the opposite side, form the posterior margin
of this floor. In the pterygoid bone, dentition is not present. Dorsal surface of the palatine
process forms the ventro-medial part of the orbit floor. On the dorsal side of the oral cavity,
vomerine processes intruding between the palatines are visible. Posteriorly, between the medial
edges of the pterygoids, at about the mid-length of the vomerine processes, a rather wide
and not very long interpterygoid vacuity occurs. This vacuity is divided by thin processus
cultriformis of the parasphenoid. On the dorsal surface of the posterior section of the pterygoid
bone, almost behind the articular hollow of the epipterygoid, a small swelling is situated.
Posteriorly, on the medial side of the process, occurs an elongated hollow. Lateral side of
the posterior process smooth and slightly convex.

Ectopterygoid is small, joined medially to the palatine, posteriorly to the ectopterygoid
process of the pterygoid and laterally to the jugal and maxilla. Palatine process (anterior)
is long, sharp and wedged from the ventral side between the palatine and maxilla. The posterior
section of the palatine suture ventrally passes into the suborbital concavity. Postero-medial
process of the ectopterygoid bone extends from the suborbital concavity into a ventrally
directed pterygo-coronoid process. Lateral surface of the ectopterygoid is sutured to the
medial surface of the jugal and medio-posterior surface of the maxilla. Dorsally, the ecto
pterygoid forms a part of the orbital cavity floor. The postero-lateral hollow in the ecto
pterygoid bone is a recess into which the apex of the coronoid process intruded during closing
of the jaws.

Epipterygoid has the shape of a long and strong rod, placed between the pterygoid
below and the parietal above-.The distal end is set into an articular socket on the dorsal
pterygoid surface and the proximal extremity reaches the sharp ending of the descending
swelling of the parietal bone. The upper part of the bone rests posteromedially on the alar
process of the prootic. The bone shaft is oval in section.

Occipital region (PI. XIII; Text-figs 2D, 5Al ) . The brain case forms a wide wedge, in
serted ventrally, between the pterygoids, posteriorly, between the postero-lateral extremities
4 - Palaeontologia Polonica No . 33
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of the temporal region bones and dorsally extending under the parietal. The brain case is
connected by means of the basipterygoid processes with the pterygoids and by the calcified
extremity of the ascending process of the supraoccipital to the ventral descending swellings
of the parietal; by the extremities of the paroccipital processes it is syndesmotically sutured
to the posterior parietal processes, squamosals and quadrates. Anteriorly the brain case is
widely open.

Supraoccipital has the shape of a roughly triangular cone, opened from the front. It
forms the dorsal margin of the fora men magnum and the postero-dorsal cover of the skull
cavity. Anteriorly it articulates with the lateral edge of the alar process of the pro otic bone
and posteriorly with the exocciptal bone. It was also joined, .while the animal was living, to
the parietal by means of a cartilaginous connection. The dorsal surface of the bone is smooth,
its lateral walls steeply directed downwards from the occipital crest. On both sides of the
anterior part of the occipital crest occur roughly triangular, slightly concave, surfaces. Lower
down are the wide hollows of the supraoccipital bone. The posterior part of the supraoccipital
bone, surrounding from above the foramen magnum , is almost horizontal; the anterior part
of the bone reaches to the ventral swellings of the parietal bone, which surround it laterally.
The anterior margin of the supraoccipital bone has the shape of an inverted V. Dorsal ex
tremities of the bone in specimens of M. chulsanensis are damaged, but it is probable a small
ascending process was present here, which intruded into the ventral hollow between the
swellings of the parietal bone. The morphology of this region indicates that as in living lizards,
this region of the supraoccipital bone formed a flexible joint between the occipital and
maxillary segments (FRAzETTA, 1962). Ventral surface of supraoccipital widely concave,
covering dorsally the posterior part of the brain cavity. Posteriorly, on the medial walls of
the bone, distinct swellings for the internal ear occur. The suture between supraoccipital and
exooccipital posteriorly and prootic bone anteriorly is completely fused. The foramen of the
endolymphatic canal, present on the dorsal part of the internal ear swelling, is poorly visible.
Anteriorly from this swelling extends an arch-like thickening, in the recess of which the medial
cerebral vein was situated. The orbito-temporal part included to a large extent only mem
branous elements, which have not been preserved with the exception in one specimen of
a small calcified fragment of orbitosphenoid. Exooccipital in adult specimens of M. chulsanensis
is fused to the opisthotic bone. It forms the postero-lateral wall of the skull cavity and the
lateral part of the occipital condyle. Branching off from the lateral rim of the fora men magnum
is a long, wide and posterolaterally directed paroccipital process, by means of which the
occipital segment joins the maxillary segment. Both processes branch off at a very obtuse
angle. The extremities of these processes are dorsoventrally widened, with articular facets
present on the lateral sides. These facets are dorsally joined to the posterior apexes of the
posterior parietal processes, ventrally to the medial surface of the posterior squamosal process
(with supratemporal part of this bone) and to the medio-dorsal part of the cephalic condyle
of the quadrate. The suture joining the lateral part of the paroccipital process to the posterior
prootic process is poorly visible. Present under the widened end of the paroccipital process
is a long and deep recess, extending into a wide prootic jugular vein recess. In this recess
a fenestra ovalis occurs, its anterior part being formed by the prootic bone. The stapes in
M. chulsanensis is not preserved, but probably it was well developed. Fenestra ovalis and
fenestra rotunda are separated by a ventrally widened interfenestral crest. The deep occipital
recess, drop-shaped, contains a fenestra rotunda, internally placed. A small recess is placed
in the hollow of the exoccipital bone, beneath the fenestra rotunda. This recess medially borders
the perilymphatic foramen, which opens into the skull cavity. The postero-medial surface
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of the exoccipital bone forms the triangular part of the occipital condyle and medial surface
of the paroccipital process. The articular surface of the occipital condyle forms a diarthritic
joint with the sides of the atlas and is included in the recess for the atlas and for the attachment
of the atlanto-occipital ligament. Below the occipital condyle occurs the posterior, vertical
surface of the tuberal crest. In .a deep recess between the occipital condyle and the medial
part of the occipital bone, two small ventrally-placed hypoglossal foramina occur. A larger,
dorsoventrally elongated vagus foramen is visible above them. Medially in relation to the
vagus foramen occurs a small recess. Lateral ridges, running obliquely and slightly posteriorly
from the foramen magnum, divide the posterior surface of the paroccipital process into upper
(wide) and lower (narrow) recesses. A small hollow occurs in the lateral wall of the foramen
magnum . On the medial concave surface of the exoccipital bone, several more foramina are
present. A large, oval perilymphatic foramen for the glossopharyngeal nerve is placed in the
anteroventral corner of the lateral surface. Posteriorly from this foramen three small openings
occur for the roots of the hypoglossal nerve.

Prootic (PI. XIII) is an antero-lateral element of the occipital segment and forms the
wall of the skull cavity. Prootic sutured to basioccipital and basisphenoid from below as well
as to the three occipital segment bones -.:. exo- par- and supraoccipitaI. Large alar process
present, but rather short. Postero-dorsal border of this process joins supraoccipitaI. Alar
crest arches from the trigeminal notch to sutural articulation with the supraoccipitaI. Inferior
prootic process, situated under the alar process, forms the ventral margin of the trigeminal
notch. The ventral margin of the inferior process, joined to basisphenoid and basioccipital,
forms at its exooccipital edge part of the margin of the fenestra ovalis. Posterior process of
prootic bone with long, rather wide extremity is directed posteriorly, joining the antero-1ateral
surface of the paroccipital process and exoccipital bone. Laterally, by the extremity of the
posterior process of the prootic, there is a small hollow, which is syndesmotically joined to
the medial crest of the quadrate. The smooth lateral surface of the prootic ventrally passes
into an oblique pro otic crest. The prootic crest runs towards the front, reaching the inferior
ventral process and bends laterally. Under the prootic crest, a wide and deep recess for the
jugular vein is present. A small, posteriorly directed foramen for the facial nerve occurs on
the lateral wall of the prootic bone (n. VII). The wide jugular vein recess forms part of the
wall of the tympanic cavity. In the internal wall of the pro otic bone, at the base of the alar
process, occurs a distinct recess for the medial cerebral vein. This recess dorsally passes into
the prolongation of the supraoccipital recess. Medially to the recess runs a small thickened,
forwardly directed, bluntly-ended swelling of the supratrigeminal process. In Recent Ctenosaura
pectinata (see OELRICH, 1956, p. 16), a similarly situated, long and sharply-ended process is
clearly visible between the alar and inferior processes. The internal wall of the prootic bone,
behind the supratrigeminal process, is distinctly widened, forming a swelling for the inner ear.
Ventrally to this swelling is a deep, but not wide acoustic recess (see PI. XIII). This recess
has three openings, two of which are placed dorsally, transmitting the branches of the
auditory nerve to the anterior ampullar recess (posterior foramen; n. VIII), and leading to
the canal of the semicircular labyrinth (anterior foramen) . The third foramen, placed ventrally,
transmits the facial nerve (n. VII). In Ctenosaura pectinata, in the acoustic recess, occurs an
additional posterior "semiforamen", supplemented by the exoccipital margin; it transmits
the posterior branch of the auditory nerve to the capsular cavity. No such additional "semi
foramen" is present in the M. chulsanensis.

Basicranium (Text-figs 2C, 5A4) . Basioccipital forms the ventro-posterior part of the
skull cavity and the medial part of the occipital condyle. Anteriorly it is fused with the
4"
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Table 3

Macrocephalosaurus chulsanensis sp. n.
(Postcranial skeleton)

Measurements of the holotype ZPAL MgR-I/14 (in mm) I

Vertebral column
Length of the whole preserved vertebral column 200'0

(estimated)
Attention: Length and width of vertebrae see Text-fig. 8

Subregions of presacral vertebrae
I

No of ribs

I
Length

(presacrals)

Posterior cervical 5 25.0
6 27.0
8 50.0

Sternal 9 50.0
10 55.0
13 68.0--

Anterior thoracal 16 70.0
18 60.0
19 50.0
20 40.0

-

Posterior thoracal (lumbar) 23 30.0
26 15.0
27 10.0

Pectoral girdle
Dorso-ventral length of the scapulo-coracoid 35.0
Maximal length of the coracoid 30.0
Maximal length of the scapula 30.0
Length of the clavicle 38.0
Ventral width of the clavicle 13.0
Dorsal width of the clavicle 8.0
Length of the interclavicle 45.0
Distance between the lateral processes 33.0
Length of the anterior process 9.0

Humerus Ulna
Length 46.0 Length 3.7
Width of proximal end 18.0 Width of proximal end 7.5
Width of distal end 20.0 Width of distal end 6.5
Diameter of the shaft 5.0 Least diameter of the shaft 3.4

Radius Metacarpals (length)
Length 31.0 I 7.5
Width of proximal end 7.5 11 10.0
Width of distal end 7.5 III · 12.0
Least diameter of the shaft 2.5 IV 10.0

V 9.0

cont.
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Digitis (outer length) Pelvic girdle (pelvis)
I 25.0 Length of ilium-pubis 73.0

11 31.0 Length of the ilium 37.0

III 32.5 Length of the ischium 24.0

IV 30.0 Length of the pubis 35.0

V 23.0 Distance between the ilium spines 60.0

Femur Tibia
Length 65.0 Length 48.0
Width of proximal end 19.0 Width of proximal end 14.0
Width of distal end 20.0 Width of distal end 10.0
Least diameter of the shaft 7.0 Least diameter of the shaft 5.0
Diameter of the head 12.0

Fibula Metatarsals (length)
Length 49.0 I 16.5
Width of proximal end 8.0 11 21.0
Width of distal end 7.0 III 27.0
Least diameter of the shaft 3.0 IV 32.0

V 11.0

Digits (outer length)
I 14.0

11 24.0
III 32.0
IV 50.0
V 23.0

basisphenoid, dorsally joining the lower prootic processes and the interfenestral and tuberal
crests of the exoccipital. The dorsal basiooccipital is widely concave. In the postero-dorsal
section of the foramen magnum occur a pair of small openings (probably nutrient foramina).
Posteriorly to these small openings is a small hollow - the place of attachment for the ligament
of the odontoid process. The ventral part of the occipital recess, present in basioccipital, and
the dorsal part of this recess in exoccipital, form together a large entrance to the fenestra
rotunda. Basisphenoid forms the ventro-anterior part of the skull cavity. It is fused to the
basioccipital, dorsally joins the antero-ventral prootic process and ventrally, by means of
widely forked basipterygoid processes (at an angle of about 90°) it is sutured to the posterior
pterygoid processes. In the anterior part of the dorsal depression of the basisphenoid, on
both sides, occur small paired openings that lead to the canals of the abducens nerves (VI n.),
The latter obliquely pierce the antero-dorsal edge of the dorsum sellae to emerge in the lateral
hollows, forming the lateral wings of this saddle. The basipterygoid processes are short but
wide, with strong articular condyles. From the base, in the sagittal line of the dorsum sellae
the bony part of parasphenoid together with its paired trabecular crests extend forwards.
Between the small alar processes extends a slightly concave sellar crest. The dorsum sellae
in M. chulsanensis forms a transverse , deep hollow, composed of two lateral depressions,
limited by well marked retractor crests and a central depression (sella turcica) with a vertical
crest situated on its posterior wall. Lateral depressions - retractor pits, placed under the
small alar processes. Here emerge the small openings of the abducens nerve canals. In the
central part of dorsum sellae the elongated, large openings for internal carotid arteries emerge
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F ig. 6
Macrocephalosaurus chulsanensis sp.n., ZPAL MgR-I/14 - holotype. Nearly complete skeleton , before the final prepara

tion (see also PI. Xi). x 0.5. Dotted - cervicals, white - dorsals, black - sacrals, lined - caudals.
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laterally. Spanning these openings and the large foramina of the Vidian canals are bony ridges
of the retractor crests. Posterior edges of the basipterygoid processes and ventro-lateral
basisphenoid form high, strong, ventro-lateral crests, which build the anterior edges of the
tympanic cavity. Dorso-lateral surfaces of the small alar processes are flat and show insertion
surfaces of pterygoid muscles. Under the wings of the small alar processes, small notches
are visible. Over the basipterygoid processes occur small concave hollows. The basis
phenoid base, in relation to the- basioccipital, is directed sharply ventroanteriorly, pas
sing laterally into the bases of basipterygoid processes.

-Lower jaw (Text-figs 2E-F, 5As.6) ' Dentary is a slender bone, rather long, with a well
developed dorsal dental sulcus. The lateral wall of the dentary, to which are attached the
shafts of the cheek teeth, is rather high, and almost vertically oriented. Labially, over the
parapet, only crowns of the teeth are visible. Along the posterior edge of the lateral surface
of the demary extends a small groove, into which the anterior small process of the coronoid
inserts. On the external side of the dentary occur six or more small openings for the endings
of the lower alveolar nerve. Coronoid is well-developed, situated at 2/3 the length of the jaw.
Coronoid process rather high, almost vertical, ' with a rounded top. Anterior labial process
small, wedged between the suture joining the dentary to the surangular. The lingual processes
are rather long, the anterior one joined anteriorly to the dentary, anteroventrally to the
splenial and posteroventrally to the prearticular as well as to the surangular. The posterior
process, on the other hand, arches posteroventrally, joining the prearticular and posteriorly
the surangular bones. Posterior margin of this process forms the anterior rim of the adductor
fossa. Surangular is a flat bone, forming the lateral wall of the adductor fossa and together
with the articular and angular bones builds the posterior section of the Meckelian canal.
Dorsal margin of surangular rounded. Lateral surface of bone smooth and slightly concave.
In the articulo-surangular suture occurs a small posterior surangular foramen and in some
specimens, below the coronoid, a larger anteriorly-directed anterior surangular foramen is
visible. The ventral margin of the surangular is arranged at a right angle to the lateral wall
of the bone. On the lateral wall, from the cotylus, a sharp crest runs obliquely, disappearing
in the antero-ventral part of the surangular. This crest is the place of attachment for the
external adductor muscles. The anterior process reaches the dentary. Angular is a small ventral
element of the lower jaw, joined posteriorly to the articular, mediolaterally to the surangular
and anterolaterally to the dentary and splenial (anteromedially). Anterior process of the
angular situated on the ventral side, at the level of the posterior ending of a large anterior
inferior alveolar foramen. A small posterior mylohyoid foramen is also present. Articular
an irregular bone with a wide cotylus, small anterior process and a shortened retroarticular
section. In the posterior region occurs a wide, concave, transverse cotylus. From behind the
cotylus emerges a wide, shortretroarticular process, to which was attached (perhaps very well
developed here) a ligament of strong depressor muscle. Medially, the anterior process of the
articular is ~oncave and forms posteriorly the rim of the adductor fossa. Mesially to the cotylus,
an angular process of the articular is present. Splenial is very similar to that in M. gilmorei
but the anterior inferior alveolar foramen is situated more in the mid-length of the splenial.
The anterior Meckel's opening, situated by the symphysis, is long, slightly larger than in
M. gilmorei. The Meckel's groove in all specimens of M. chulsanensis is almost completely
covered by the splenial.

Postcranial skeleton (PI. XI, XV-XXII; Text-figs 6-11).
Vertebral column. The description of the postcranial skeleton is based on the best preserved

type specimen ZPAL MgR-IjI4. On this specimen, six subregions can be differentiated. The
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number of presacrals in M. chulsanensis is 27 (as compared with 29 in Polyglyphanodon
sternbergi, 24 in Iguana iguana,27 in Macroscincus cocteaui and 27 in Lacerta lepida). In the
type specimen (PI. XI, Text-fig. 6), between the seventh and eighth cervical vertebrae occurs
a small gap, caused by a natural crack in the rock. The seventh vertebra is damaged in the
posterior part. A second gap in the vertebral column occurs between the seventeenth and eight
eenth presacrals, but not damage in the vertebrae is observed. Almost all ribs on the specimen
are preserved with the exception of several ribs in the cervical and the posterior dorsal sub
regions .

Cervical subregion (Text-figs 6, 7A l -4 ' B l _] ) . The atlas in the type specimen is not completely
preserved, but is well preserved in specimen ZPAL MgR-I/2!. This vertebra is basically of
the same structure as similar vertebrae in genera Iguana, Tupinambis or Varanus. It is composed
of three elements - hypocentrum and paired lateral neurapophyses, surrounding the neural
canal. Also present are small zygapophyses for joining with the axis. In the anterior part of
the atlas, on the antero-dorsal side of the hypocentrum and on the antero-medial side of each
neurapophysis, a semicircular depression (articular facet) for joining to the occipital condyle
is visible. On the dorsal side of the hypocentrum occurs a distinct sulcus for the odontoid
process of the axis. This latter process rests also on the dorsal sulcus of the occipital process.
Ventral crest well developed in the form of a small keel present on the hypocentrum. Axis
has a long centrum, its anterior part is elongated and widened, forming dorsally the odontoid
process. The articular surface of the anterior part of the centrum is widely rounded, the
centrum itself being in this place wider than higher. Ventrally, the centrum is rounded
and beneath it, anteriorly, occurs a medial process, directed downwards; (in the specimen
this process is broken). The hypocentrum is not fused with the centrum and this applies also
to the hypocentra between the succeeding anterior cervical vertebrae. On the lateral sides
of the centrum, small diapophyses are visible. Their position is situated more towards the
front than in Polyglyphanodon or Iguana. Prezygapophyses and postzygapophyses are well
developed. Spinal process on the axis large, long, almost the same length as the centrum.
Posterior section of this process reaches behind the posterior boundary of the centrum.
Establishment of the boundary between the cervical and the thoracal sections was often
difficult. Many authors gave the average number of neck vertebrae as six on the assumption
that vertebrae joined to the sternum belong to the dorsal section, while those not joined to
the sternum belong to the cervicals. This interpretation was maintained by COPE, 1892; CAMP,

1923 ; WILLINSTON, 1925; GILMORE, 1942; ROMER, 1945, 1966b and others. Later investigations,
however, suggested that the average number of neck vertebrae could be eight (HOFFSTETTER

& GASC, 1967/68, 1969; GUIBE, 1970; GASC, 1971). Specimen ZPAL MgR-I/21 (Text-fig. 7A l _] )

has a completely preserved section of cervical vertebrae, with all structural elements well
developed. The vertebrae with prominent hypocentra (free in four anterior vertebrae and
coalesced in the two last ones) differ distinctly from the remaining vertebrae, i.e. the sternal

Fig. 7
Macrocephalosaurus chulsanensis sp.n., ZPAL MgR-I/21. A - Cervical vertebrae and atlas : 1 -lateral view, 2 - dorsal
view, 3 - atlas, anterior view, 4 - lateral view. ZPAL MgR-I/14 - holotype. B - axis , thoracal and posterior presacral
vertebrae: 1 - ventral view, 2 -lateral view, 3 - middle thoracal vertebra, dorsal view, 4 -lateral view, 5 - ventral
view, 6 - anterior view, 7 - posterior view, 8 - two posterior presacral vertebrae, lateral view. The same specimen.
C - Sacral vertebrae : 1 - dorsal view, 2 - ventral view, 3 -latero-dorsal view, 4 - distal ends of transversal processes
(in outline). The same specimen. D - First caudal vertebrae, tail and chevron: 1 - lateral view, 2 - proximal part of the
tail, lateral view, 3 - ventral view, 4 - do rsal view, 5 - chevron, anterior view, 6 - posterior view, 7 -lateral view.
ZPAL MgR-I/22. E - Proximal part of the tail with the autotomy septae, dorsal view. A 1-2, B 1-7, D 1 - x 2; B 8,

C 1-3 - x 2.5; 3-4 - x 3; D 2-4, E nat. size.
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vertebrae , in the build of the shafts, the emplacement of synapophyseal prominences, the
structure and arrangement of the spinal processes. These vertebrae are shorter, dorsally and
ventrally more square . Their spinal processes are shorter, slender and more slanted posteriorly.
The para- and diapophyses of the anterior cervical vertebrae (from the third to the fifth) are
connected to one another to form elongated, thick and obliquely arranged crests ~ syna
pophyses, which in the last vertebrae are developed as round tubercles . The hypocentra on
the axis and on the third, fourth and fifth vertebrr.e are not fused to the centra and are placed
in the antero-vemral end of the centrum. In the remaining cervical vertebrae, the hypocentra
are firmly fused to the centra, forming laterally well visible lateral compressed processes.
In the described specimen, between those vertebrae with hypocentra and the vertebra situated
behind them, occurs a small gap, caused by the post-mortem separation of the spine. The first
dorsal vertebrae, belonging to the sterna I subregion, are without hypocentra, their synapophyses
having the form of a small, oval tubercle . Differentiation between the anterior and posterior
thoracal subregions is based, according to GASC (1971), on the differences in the length of the
ribs attached to these vertebrae. The measurements of the length and width of vertebrae,
given as a diagram (Text-fig. 8), form in M . chulsanensis a characteristic curve. The anterior
part of this curve confirms the morphological differences between the neck and the thorax.
For comparison a diagram for Iguana iguana L. (see HOFFSTETTER & GASC, 1969, p. 248;
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Fig . 39; GASC, 1971, p. 7, Fig. 3) is also given, where similarly the curve breaks between the
eighth and ninth presacrals.

The boundary between the neck and the thorax in Polyglyphanodon sternbergi (GILMORE,
1942) is marked, as mentioned by GILMORE, by a different structure of the spinal processes.
However, according to that author, the presence of long ribs joined to the seventh and eighth
vertebrae seems to indicate that these vertebrae were attached to the sternum as in Iguana
and thus belong to the thorax. According to HOFFSTETTER &GAse (1969), Gxsc (1971) and
the observations of the present author, Iguana iguana has 8 distinct cervical vertebrae. While
describing the thoracals, GILMORE (1942) stated that the first and second thoracals, i.e. seventh
and eighth presacrals have narrowed spinal processes and distinctly differ from the processes
of the succeeding thoracals. It can be definitely stated 'that the vertebrae of the cervical section
in Polyglyphanodon sternbergi, as in M. chulsanensis and Iguana iguana, end at the eighth
presacral. The main modifications in the structure of cervicals are as stated above: the presence
of lateral prominences - diapophyses and parapophyses. These prominences between the
third and sixth vertebrae gradually enlarge to the last cervicals, when they again become
smaller. On the axis occurs a small single tubercle, to which a strongly reduced rib might
have been attached. In the following vertebrae para- and diapophyses are coalesced, forming
synapophyses of an elongated tubercle shape. Ribs were attached by means of their slightly
forked proximal extremities to these tubercles. In the specimen ZPAL MgR-IjI4 only ribs
of vertebrae fifth and sixth are preserved. On the last cervicals the synapophyses are more
rounded. Shafts of the cervicals are square and shorter than the thoracals. The ventral surface
of the shafts is rounded, a slight, wide crest being present. The zygospheno-zygantral articulation
on the vertebrae is well marked. Spinal processes of the cervicals are slender, with thickened
posterior and sharp anterior margins. All processes are . distinctly bent posteriorly.

Sternal subregion in M. chulsanensis has been established on the basis of the work of
Gxsc (1971) and includes presacrals 9 to 13. In the type specimen, placing of the boundary
between the sternal and anterior thoracal subregion is possible only on the basis of the small
differences in the rib course and their distal extremities. The ribs of the sternal subregion are
long, more bent than the ribs of the succeeding subregion and their endings are only slightly
widened.

Anterior thoracal subregion. Beginning from the fourteenth and ending on the twentieth
or twenty-first presacrals includes longer, straighter ribs evenly truncated distally.

Posterior thoracal subregion. Begins from the twenty-first or twenty-second presacrals
and ends with the twenty-seventh, last vertebra, differing from the previous ones in a distinctly
shortened shaft. The ribs of this subregion are distinctly shortened and almost straight. All
the ribs of the above mentioned three subregions are unicephalic, this being indicated by the
tuberous synapophyses. The centra of the thoracals are posteriorly distinctly narrowed. On
the ventral side, the centra are flattened, with a wide keel visible. All presacrals, with the
exception of the cervical ones, possess anteroposteriorly wide spinal processes, with almost
vertical posterior and slanted anterior margins. Height of the spinal processes is more or less
even on the whole presacral section. The last presacrals have stronger and wider spinal processes.
Length of the sterno-thoracal vertebrae, beginning from the second, gradually gets bigger
to reach the maximum at the eleventh-fourteenth vertebrae; then it gradually decreases, until
at the eighteenth and nineteenth vertebrae their length is almost the same as that of the first
vertebrae of this section of the vertebral column. The last presacral vertebra is distinctly shorter
than the previous ones. On the lateral side, the sterno-thoracal vertebrae have a distinct rounded
edge, extending from the synapophysis obliquely, ventrally and posteriorly. The centra below



60 ANDRZEJ SULIMSKI

this edge are slightly depressed. Such a structure of the shafts is found in almost the whole
series of the described section of the vertebral column. Over the synapophyseal margin and
the margin joining the prezygapophyses and postzygapophyses occurs a depression, widened
posteriorly. Synapophyses protrude laterally from the centra and are situated between the
neurapophyses and the centra . Articular facets for the ribs, which are present on the anterior
vertebrae of the sterno-thoracal section, are elongated, oval and slightly obliquely arranged.
The largest f cets are placed on the first five vertebrae , gradually decreasing in size up to the
eleventh vertebra. From the twelfth vertebra the shape of the synapophyses and facets dis
tinctly changes. The ribs also change in this section, being shorter and more straight. The
ribs of the posterior thoracal subregion are almost 5 or 6 times shorter than these of the sternal
subregion and the anterior ribs of the anterior thoracal subregion. The zygospheno-zygantral
joining is well developed in the whole sterno-thoracal section. This section in M. chulsanensis
is about 200 mm in length.

Sacral subregion (Text-figs 6,7 C l -4)' The sacral section of the vertebral column is always
composed of two unfused vertebrae, joinded in a similar manner as the vertebrae mentioned
above. Centra of the sacrals are distinctly shorter and possess strong condyles. The anterior
vertebra is slightly shorter and wider than the posterior one and has stronger transverse
processes. These latter processes are completely fused with the centra. The processes of the
anterior vertebra are so arranged in relation to the processes of the posterior vertebra, that
their anterior margin is raised upwards, and the posterior margin~ downwards, at an angle
of 45°. On the other hand, the anterior margin of the posterior vertebral processes is slanted
downwards and the posterior one - upwards, at an angle of about 30°. Posterior margins
of the processes of the anterior vertebra are in contact (but not fused) with the anterior margins
of the processes of the posterior vertebra. Medially, towards the vertebral centra and between
the processes, occur distinct transversally elongated sacral foramina. Ventral surfaces of both
pairs of transverse processes are situated slightly over the lower border of the centra. The
processes, by means of wide distal extremities, join the internal surfaces of the ilium bones.
In the anterior vertebra, the transverse processes run vertically from the centrum, while in
the posterior one they are directed slightly towards the front. Close to the centra of both
vertebrae, on the ventral side, small depressions are visible, with openings for the arteries
and nerve branching. From ventral side, the centra of both vertebrae are transversally rounded
and possess a distinct keel. Spinal processes are slightly anteroposteriorly shortened, but
are equal in height to the spinal processes of the thoracal vertebrae. The zygospheno-zygantral
articulation is well developed.

Caudal subregion (PI. XX, Text-figs 6, 7 D l -4 ' E). The caudal region is incomplete. The
distal part, which comprises up to two-thirds of the whole tail, is missing. The maximum
number of vertebrae preserved in M. chulsanensis is eleven, these being joined to the rest of
the vertebral column (ZPAL MgR-I/22) (Text-fig. 7E). The first caudal vertebra in its di
mensions does not differ from the posterior sacral, but the transverse processes are distinctly
inclined backwards. Beginning from the fifth or sixth vertebra, autotomic septae occur (these
septae are probably present also on the third and fourth caudal vertebra , but these latter are
badly damaged). The fracture planes at the same position as in M. chulsanensis occur also in
Scincus scincus (EI-Toubi, 1938).The centra of the caudal vertebrae , beginning from the second,
are gradually elongated, so that the sixth-eighth have centra 2 to 3 times longer than wide.
Transverse processes, from the second caudal vertebra, are rather rapidly shortened to a small
spur, present on the last preserved vertebra. Zygapophyses strong and short. The zygospheno-
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zygantral articulation present in the anterior vertebrae. The spinal processes gradually disappear
to form a small, anteroposteriorly elongated crest, present on the distal vertebrae. On the
ventral side of the centra of the proximal vertebrae occur small, paired articular cusps, situated
just by the anterior end of the centrum. To these cusps chevr-ons were attached.

Ribs (PI. XI; Text-fig.6). All presacral vertebrae with the exception of the first (atlas) and
probably of the second (axis), possess ribs. The axis has small lateral tubercles, but with no di
stinct articular facets. Visible on the third-cervical; are well developed diapophyses with traces
of articular facets. Vertebrae 4 and 5 have well developed, but short ribs with slightly forked
proximal extremities. Distally, the rib-shafts rapidly become wedge-shaped. Ribs of cervicals
six-eight have strong and rather long shafts. They are distinctly longer than those of the former.
The ribs of the thoracals together with the sternaI ones have already been described. It should
be mentioned that the proximal sections of these ribs are slightly widened, but are connected
to the centrum by only a single joining.

Chevrons (PI. XIX, Text-fig. 7 DS_7) of the anterior caudal section are long, slender
and distinctly longer than the spinal processes. Chevrons are attached to the cusps present
on the centra by means of paired processes (pedincules) often coalesced with each other. The
chevrons are placed almost intercentrally. The first chevron, judging by the preserved articular
tubera on the centra, was attached to the third caudal vertebra.

Pectoral girdle (PIs XVI-XVIII , Text-fig. 9). The scapulo-coracoid part is preserved
almost completely in the type specimen. Only the dorsal endings of the scapulae are missing.
Scapula is slender, rather long, with one rather deep emargination. The upper ending of the
scapula is distinctly widened. In ZPAL-MgR-I/25 this region is completely preserved with
large and trapezoidal suprascapulae and well developed emarginations in scapulo-coracoid
section (PI. XXII, Fig. 1d). In the young specimen - ZPAL MgR~I/24, over the upper
margin of the scapula, a small bone fragment occurs, which may correspond to a part of the
suprascapula. Posterior margin of the scapula is slightly concave. In the type specimen, the
prescapular process and part of the scapula, situated under it, are missing. On the lateral
surface of the scapula, from the apex to the coracoid, runs a wide and rounded margin. The
upper part of the glenoid fossa is developed as a tuber. In this specimen, the suture running
between the scapula and the coracoid is almost invisible. In a young specimen, on the other
hand, this suture is distinctly marked and runs from the scapulocoracoid emargination to
the glenoid fossa, over the precoracoid process. The scapulo-coracoid emargination is well
developed and deep, with the long and slender scapular andprecoracoid processes surrounding
it from above and below. The coracoid bone in the type specimen is completely preserved.
This bone has one anterior emargination - deep and wide. In the specimen ZPAL MgR-I/18
(PI. XVIII, Text-fig. 9F) the left coracoid has a slightly marked additional emargination,
placed on the ventral side. This is probably due to the disappearance of a second coracoid
emargination, existing in the early ontogenetic development. Between the posterior
margin of the large coracoid emargination and the glenoid fossa, occurs a large coracoid
foramen. Beneath it, a rounded margin is present, running from the anterior process to the
lower tuber of the glenoid fossa. The preglenoid process is thick and broadly rounded. Ventral
margin of coracoid long and strongly arched. In many legwans scapulo-coracoid has
four emarginations, but in scincomorphid lizards as a rule there are three (HOFFSTETTER,

1964, Fig. 4) as in M. chulsanensis. The dorsal parts of the clavicles in the type specimen are
damaged. They are in the natural position, contacting the scapulo-coracoid and the inter
clavicle. The clavicles are strongly built, massive, with widened ventra-medial parts; in these
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latter, large oval perforations occur. The dorsal part of the clavicle is almost twice as narrow
as the ventral part, bending arch-like to surround the scapula laterally and anteriorly. Antero
dorsal margin of the clavicle widely rounded, the postero-ventral margin sharp. On the external
surface, the shaft of the clavicle is slightly depressed on the whole length. Viewed from below
(pI. XVII, Text-fig. 9A 4) , the clavicles ventrally join, forming there a strong, sharp keel. From
the internal side, between the keel-like incision of the clavicles, intrudes an anterior interclavicle
process, widened and bent upwards. Interclavicle in the holotype is almost complete, cruciform,
with a well developed anterior process. This process is slender at the base, widening laterally
and bending arch-like upwards (in specimen ZPAL MgR-I/21 this widening of the process
has three distinct margins, two lateral and one medial, however the , ending of the process
is not forked). Similar crests occur in the Pleistocene skink - Didosaurus mauritianus
(HOFFSTETTER, 1949, Fig. 14). On the dorsal side of the process runs a sharp, medial
keel, flanked by elongated surfaces. These surfaces ,are tightly, internally connected by
the keel-like bent parts of the clavicles, forming together a compact hinge. Lateral proces
ses of the interclavicle are rather short compared with the shaft, dorsoventrally flattened
with slight, elongated swellings. These processes grow almost vertically from the axis of the
shaft. The shaft of the bone is long, compressed in the medial part and posteriorly sharply
ended. The extremity of the shaft reaches beyond the posterior endings of the coracoids. Along
the shaft, on ventral side, from the anterior process extends the prolongation of the rounded
elongated keel.

Fore limb (PI. XVI, Text-fig. 9A-D, 11 B). The humerus and forearm bones in the
holotype are anatomically arranged; the carpus, metacarpals and fingers are in a sligh
tly contracted position, lying on the dorsal surfaces of the bones on the rock. Left
limb incomplete. Humerus is strong, with wide extremities and a shortened slender shaft,
almost round in cross-section. Surfaces of both articular extremities arranged at an angle
of about 45° to each other. The proximal extremity directed towards the external side, the
distal - towards the internal. Articular surface of the proximal extremity is oval and convex
in both directions, especially anteroposteriorly, reaching to the posterior part of the bone.
Externally, on the proximal section of the bone shaft, occurs a distinct deltoid crest, while
on the internal side, close to the upper articular facet, a swelling is present. To the above
mentioned prominent deltoid crest strong muscles were attached, binding the massive part
of the scapulo-coracoid with the front limb. Anterior or ventral surface of the proximal
epiphysis is deeply concave and wide. Articular surfaces on the anterior side for the forearm
bones are directed strongly upwards. A large and strong external condyle for attachment
to the ulna occurs, mainly 'on the ventral side, while a smaller one, for the radius, is present
on both sides of the extremity. On the ventral side, over both condyles a depression is visible.
The entepicondyle and 'ectepicondyle well developed, the former placed slightly lower and
possessing a wide rounded surface. The latter, lower one, is situated slightly higher. Over

Fig. 9
Maeroeephalosaurus chulsanensis sp. n., ZPAL MgR-I/I4 - holotype. A - Pectoral girdle with right fore limb: 1 - dorsal
view, 2 - ventral view, 3 -lateral view, 4 - anterior view. The same specimen. B - Humerus : 1 - posterior view,
2 -lateral view, 3 - anterior view. The same specimen. CoD - Ulna and radius: lateral view. The same specimen.
E - Interclavicle: 1 - ventral view, 2 -lateral view. ZPAL MgR-IllS. F - Pectoral girdle, ventral view. Nat size.
Abbreviations: cH - humeral head, c/- clavicle, cor - coracoid, erd - radial condyle, eu - ulnar condyle, dlm
deltoid margin,fep - ectepicondylar foramen,fner - coracoid fenestra,fnse - scapulocoracoid fenestra,fer - coracoid
foramen, fse - scapular fenestra, H - humerus, ic/ - interclavicle, picl - anterior interclavicular process, plicl-

lateral interclavicular process, R - radius, se - scapula, sse - suprascapula, U - ulna.
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its upper ending, a small ectepicondylar foramen is present. Between the distal extremity of
the humerus (sometimes in the intercondylar depression) and the proximal extremity of the
ulna occurs a small, irregularly shaped, sesamoid bone - patella ulnaris. According to CAMP

(1923) this bone is placed in the tendon of attachment of the triceps muscle, which is attached
to the end of the humerus and reaches olecranon. The radius, is slender, with almost equal
extremities. The proximal extremity is widened, with fossa-like depression for joining with
the radial condyle of the humerus . The shaft of the bone straight, rather long, rounded in cross
section. The distal extremity has an oblique, slightly concave articular surface. On the internal
(medial) side occurs a distinct process, which is joined to the depressed articular facet of the
radiale. The ulna is longer and stronger than the radius. The shaft is wider, the olecranon
long and strong, about 1/4 the length of the shaft . Proximal articular surface concave, crossing
over and upwards to the anterior surface of the olecranon. In this place, on the medial side,
occurs a depression into which the lateral part of the proximal extremity of the humerus
intrudes. The shaft of the bone almost even, slightly widened upwards, especially in the articular
surface and is slightly transversally compressed. The distal extremity of the bone widened,
articular surface convex, overlapping the anterior and posterior parts of the bone, joining
to the ulnare.

Carpus (Text-fig. 11 B). Radiale is large, irregular in shape, swollen posteriorly and
narrow anteriorly, and is distinctly displaced downwards and posteriorly relatively to its
natural position. In the middle of its antero-ventral surface occurs a small facet for attachment
to centrale 1. Externally to it occurs a second facet joining carpale 2. Ulnare is of a blocky
build and is the largest bone in the carpus. In the holotype occur 5 carpals and 2 centrals
placed above them and of more or less equal size. Between the radial and ulnar bones occurs
a rather irregular unfused intermed ium. In addition, on the lateral side of the carpus an oval
pisiform is present. Arrangement of the carpal bones differs from that of some Recent lizards
mainly in the presence of a small centrale 2, the lower surface of which, in the holotype, is
fused to carpale 2.

Manus (PI. XVI, Text-fig. 11 B). Autopodium in the holotype is almost completely pre
served only the distal phalanges of the fourth and fifth fingers are missing. Metacarpals in
their proportions more or less correspond to the proportions of the same bones in Iguana
iguana or Polyglyphanodon stembergi. Phalangeal formula of manus 2.3.4.5.3. The proximal
extremities of the phalanges are thicker and shorter than similar elements in Iguana and
Polyglyphanodon. The fore limb in relation to the hind limb is more strongly built, rather
wide and short. The phalanges are joined together by means of a tongue and groove articulation.
All fingers possess long and sharply pointed terminal phalanges. The latter are slightly bent,
arch-like and with long depressions at the sides, indicating the strong development of claws.
On the ventral side of the proximal part of these phalanges basal tubers are visible.

Fig. 10
Macrocephalosaurus chulsanensis sp.n ., ZPAL MgR-I/14 - holotype. A - Pelvic girdle and hind limb : 1 - right half
of pelvis, lateral view, 2 - medial view, 3 - left half of pelvis, lateral view, 4 - medial view. B - Pelvic girdle with
hind limb and posterior dorsal, sacral and anterior caudal vertebrae, dorsal view. C - Femur : 1 - anterior view, 2
medial view, 3 - posterior view, 4 - lateral view, 5 - proximal articular surface, 6 - distal articular surface. D
Zeugopodial and autopodial part: 1 - ventral view, 2 - dorsal view. E - Fourth and fifth fingers, dorso-Iateral view.
F - Distal phalanx: 1 - articular surface, 2 - ventral view, 3 - dorsal view, 4 - lateral view. G - Clawed phalanx:
1 - articular surface, 2 - dorsal view, 3 - ventral view, 4 - lateral view: A, C-G - nat.size; B - x 0.5. Abbreviations:
ac - acetabulum, cF - femoral head, cf - fibular condyle, fo - obturator foramen, ppb - pubic process , ptr
transversal process, si! - ilium spine, sis - ischiadic symphysis, spb - pubic symphysis, trm - trochanter major, D -

dorsal vertebra, S - sacral vertebra, Cd - caudal vertebra, 1-V - fingers. Other abbreviations see Fig. 11.

5 - Palaeontologia Polonica No. ~
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Pelvic girdle (PI. XIX , Text-fig. lOA-B) in the holotype is almost completely preserved
Only the distal part of the right pubis is missing. The structure of pelvis keeps to the classical
construction of its components as observed in most of the Recent large lizards, such as Varanus,
Iguana, Tupinambis or the fossil Polyglyphanodon . The ilium is an, elongated, rather wide and
bluntly ended bone , in relation to the long axis of the vertebral column, is slightly slanted
upwards and posteriorly. In the anterior part of the base, on . the dorsal side, occurs a tuber.
The shaft of the ilium does not show any swellings, whereas on the medial side distinct, elongated
prominences are present, to which the transverse processes of the sacrals are attached. The
ilium is joined by means of II distinct suture in the acetabulum to the ischium and pubis.
Gradually tapering posterior extremity of the ilium and an evenly wide shaft are observed
in Iguanidae, Teiidae and Varanidae. A similar situation is observed in M. chulsanensis.
Articular facet oval, the antero-posterior diameter being the largest. In .the holotype both
ischia are well preserved , with the exception of damage in the vicinity of the ischium tuber.
Below the ischium tuber, on the posterior margin of the bone, strong notch is visible.
Posterior margin of the ischium is very thin and easily damaged. For that reason the notch
may have been originally slightly smaller. Anterior end of the ischium directed ventroanteriorly.
The ventral margin of the bone is joined, in the medial line, to the ischium of the opposite
side. Anterior margin of the bone strongly concave , surrounding posteriorly a large pubo
ischiadic fenestra. In the proximal part, the ischium joins the ilium from above and the pubis
anteriorly, forming the acetabulum. In relation to the ilium the ischium is strongly oblique,
directed interiorly and downwards. The described bone differs in M. chulsanensis from the
ischia in Iguana, Varanus and Tupinambis in its more slender structure, more concave anterior
margin and in the presence of the ischium notch. Pubis in type specimen is almost completely
preserved in the left half of the girdle and is directed anteriorly, downwards and towards the
medial line. By means of a rather short pubic symphysis it joins the pubis of the opposite
side, anteriorly enclosing the pelvic girdle. The symphyseal end of the bone is not widened.
Externally, from the acetabulum, extends a distinct ridge, reaching to the pubic tubercle.
A small obturator foramen is present anteriorly on the acetabulum under the external crest.
In frontal view, the proximal part of the pubis , up to the pubic tuber, is strongly widened.
Just in front of the acetabulum and slightly over the obturator foramen a small tuber is visible,
to which the muscles bending the limb were attached. A similar tuber is well developed in the
genera Varanus, Iguana and Tupinambis. The pubis together with the ischium form a large
puboischiadic opening.

Hind limb (PIs XX, XXI ; Text-figs 10C-D, 11 A). Femur in the holotype is'well preserved,
being distinctly longer than the humerus, slender, with strong extremities. Compared to the
femur in Polyglyphanodon , it is distinctly more slender. The main difference lies in the different
position of the trochanter major in relation to the posterior surface of the bone. The trochanter
major in Polyglyphanodon is placed on the posterior side, while in M. chulsanensis it is more
medially directed. A similar situation is observed in the femur of Varanus and Tupinambis .
Much smaller differences in the proportions, position of the trochanter major, distal condyles
and articular head occur between the femora in Varanus griseus and M. chulsanensis. The
angle between the antero-posterior diameter of the articular head and the surface of the distal
condyles in M. chulsanensis is about 40-45°. A similar angle is observed in the genus Varanus.
The trochanter major is well developed , tuberous, with a thick edge underneath. Attachment
surface on the trochanter major is large, oval and directed upwards. Between the trochanter
major and the head of the femur occurs a large and rather deep depression, reaching to the
distal end of the bone at more or less mid-length. The middle part of the shaft of the fem ur
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is round in cross-section; laterally, the shaft is proximally straight and distally slightly-bent
backwards . The articular surface of the distal extremity, viewed from below, is trapezoidal
in outline, the surfacejoining the tibia larger, that joining the fibula smaller. Both surfaces
are separated by a strong, circular condyle,reaching well onto the posterior side of the bone.
The place of joining to the fibula is on the external side of the condyle. The intercondylar
fossa is shallow. Posteriorly, over the distal epiphysis, a depression is visible in the shaft of
the bone, in which a small, ' oval sesamoid bone (patella tibialis) is present. The epiphyseal
suture, occurring between the shaft and the distal articular surface, is visible from all sides,
similarly as the suture 'separating the articular surface of the head and the proximal end of
the shaft (the latter less marked). Tibia is best preserved in the right limb of the holotype.
It is by about one-fourth shorter than the femur. T~ proximal end of the boneiswide, with
irregular articular surface and rather long and slender shaft. The maximal diameter of the
proximal articular surface is directed .obliquely in relation to the long axis of the bone. Cnemial
crest not distinct; external edge of the crest slightly concave, the internal- convex. The
proximal condyles, especially the external one, distinctly reach beyond the posterior boundary
of the bone shaft. Distal end of the tibia is slightly widened, articular surface sub-oval, slightly
depressed externally and convex medially. No prominent angular differences observed between
the directions of the proximal articular surface and the distal articular facets. The distal ar
ticular surface rests directly on the strong internal part of the tibio-fibular bone (astragalo
calcaneum). Fibula (PI. XXI), together with the tibia, lies in proper anatomical position in
relation to the tarsus and manus. The fibula is slender, long and in structure resembles rather
the fibula in Varanus than in Iguana or Tupinambis. It is also longer than the tibia. The ar
ticularsurfaces of both extremities, on the other hand, are arranged obliquely to this axis.
Proximal extremity wider, with a swelling or tuber directed medially and a rather long crest
on the anterior side. Upper articular surface long and narrow, joining the fibular condyle
of the femur. On the external side of the proximal extremity runs a rather thick Crest. Distal
extremity is less widened, diagonally thickened. Articular surface of the latter extremity convex
and obliquely arranged. The shaft oval in cross section. Between the proximal extremity of
the fibula and the similar extremity of the tibia, where they laterally join, occurs a small
additional. bone, which can be considered as an interarticular sesamoid bone of the fibula.
This ,bone in Recent lizards is usually situated in the tibio-fibular ligament, which runs beneath
the wide attachment of the tendon rectus tibialis muscle. Usually in this ligament patella tibialis
is developed.

Tarsus (PI. XXI, Text-figs IOD, 11 A). The tarsal bones in the .type specimen are strongly
calcified, and -the small tarsus elements are. variable in structure. In the type specimen only
two small bones, situated between the coalesced tibio-fibulare and metatarsals are visible.
It is possible that the tarsus consisted of six or more bones. In the proximal row only a large,
wide tibio-fibulare is present. This bone includes intermedium which is fused without traces
of the joining. Articular surface of the tibial section is almost oval, biconcave and anteriorly
only slightly depressed. The distal articular facet of this bone is directed ventroanteriorly.
Posteriorly to the facet there is a riarrow articular surface, directed upwards to the posterior
side of the bone and reaching to almost mid-length. The lateral part - fibulare, is more
slender, with a concave upper articular surface for articulating to the fibula. This surface
is oblique in relation to the horizontal length of the bone. Ventral surface concave, with an
articular facet directed downwards and interiorly. At the extreme, distal end occurs a second
facet, which was perhaps joined to tarsal 5. A compressed, irregular bone element, placed
above metatarsal IV and laterally joined to metatarsal V, belongs to tarsal 4. Small medially
5'
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Fig. 11
Macrocephalosaurus chulsanensis sp.n., ZPAL-I/14 - holotype. A - The fore limb : 1- anterior view, in flexion,
2 - the same, in extension. B - The hind limb: 1 - antero-dorsal view, 2 - postero-ventral view. Nat. size. Abbrevia
tions: ag - astragalus, e - centrals, ea - carpals, eal- calcaneum, ep - proximal centrals, eT-tibial condyle,
f - fibular bone, F - femur, Fi - fibula, i - intermedium, me - metacarpals, mt - metatarsals, pi - pisiform bone,

r - radial bone, T - tibia, I - tibial bone. Is - tarsals. u - ulnar bone.
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directed bone element placed at tarsal 4 and joined to metatarsal III belongs to tarsal 3.
Pes (PI. XXI, Text-fig. 10D-G, 11 A). Length of the hind foot , measured along the IVth

finger, is about 80 mm. It is distinctly longer than the fore foot . Metatarsals gradually become
/

longer from the first to fourth finger. The latter is the longest in the series. On the other hand,
metatarsal V is here considerably shortened , strong, with a hooked widening in the upper
section. A similar metatarsal V, considerably shorter, occurs in the genus Varanus. In the
complete foot, the hooked widening of metatarsal V is directed interiorly, behind metatarsal IV,
where its upper margin joins the fibular and the internal bone element, possibly cuboideum.
In the living animal the fifth finger must have been distinctly bent posteriorly. Metatarsals
join in proximal section in such a way as to overlap, the postero-medial sides of the first bone
contacting the antero-Iateral side of the following one. On the ventral side, every metatarsal
on the proximal end possesses a distinct crest, especially well developed in metatarsal Ill.
In the remaining ones it is shaped as a tuber (metatarsal) , IV) or as an elongated eminence
(metatarsal 11). All fingers are terminated by long, sharply pointed clawed phalanges. The
structure of the clawed phalanges is similar to that of the fore limb, but they are distinctly
longer. The phalangeal formula of pes is 2.3.4.5.4.

Comparing the foot in M. chulsanensis with these of Recent lizards, for example Iguana
iguana or Varanus niloticus as well as with foot of the fossil Polyglyphanodon sternbergi, a great
similarity in the general structure of all bone elements, proportions of length , width of the
foot and slenderness of the whole hind limb may be seen. Such a structure of the foot and
limb is characteristic for almost aIJ terrestrial quadrupedal lizards, in which the tendency
to the bipedal locomotion was possible (see SNYDER, 1952, 1954). Differences refer mainly
to a lesser or greater coalescence of the proximal tarsus row, construction of metatarsal V
(more or less developed hook crest), length of the last finger, length of clawed phalanges
and arrangement of the last finger in relation to the remaining ones.

Discussion.- M. chulsanensis differs from M. ferrugenous and M. gilmorei in its smaller
dimensions, more delicate and slender structure of skull, strong construction of the pectoral
girdle and slightly different dentition. Dentition in the former species has a distinct pleurodont
method of implantation, while in M. ferrugenous the condition is distinctly subpleurodont.
In M. chulsanensis the tooth replacement pattern is of iguanid type (according to Edmund's
terminology; 1960, 1969) but in M. ferrugenous that mode is not known yet, the subple
urodont implantation indicates some modification of this pattern in line with the different
tooth structure, especially that of the cheek teeth. While in M. ferrugenous the crowns of
the cheek teeth seem to have no denticles on their cutting edges, in M. chulsanensis these
teeth are distinctly mediolaterally compressed and bear very well developed small denticles
on the cutting edges. A comparison of dentitions in M. chulsanensis with that of M. gilmorei
indicates differences in the dental serie~. While in M. gilmorei (and also in M. ferrugenous)
there are distinctly enlarged canine-like teeth in the front of the maxilla, in M. chulsanensis
these teeth are much smaller and not much higher than the crowns of the cheek teeth. More
over, while in M. ferrugenous and M. gilmorei the shafts of the cheek teeth are as a rule
covered by an external parapet, in M. chulsanensis often, in addition to the crown, the upper
parts of the shafts are externally visible. All three described species show distinct similarities
in the structure of the naso-prefrontal, temporal 'and palatal regions. These similarities
clearly indicate a very close relationship. Assigning them to a common family seems obvious.

M . chulsanensis differs more in structure and proportions of the skull from Darchansaurus
estesi. While in M. chulsanensis the skull is slender, well arched in the parieto-occipital part,
more evenly elongated, with a slight lowering of the naso-prefrontal region, a longer tem-
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poral region, with lower jaws more elongated, slender and rather low in the subcoronoid
region, in D. estesi the skull is distinctly short, massive, lowered in the parieto-occipital
region, angular in profile, with a strongly slanted naso-prefrontal region, shortened tempo
ral region (especially in the supratemporal arch), and with the lower jaws short and high
in the subcoronoid section. At the dorsal aspect, the skull of D. estesi is wide in the parieto
temporal region, while in M . chulsanensis this region is narrower, more slender and the supra
temporal arches longer and narrower. Besides, in M. chulsanensis the parietal fora men is
situated in the fronto -parietal suture, while in D. estesi it occurs in the parietal bone, just
behind the fronto-parietal suture. Dentition are generally the same in both species, with
iguanid type of replacement, pleurodont teeth implantation and similar morphology of all
tooth crowns of both jaws. Both compared genera unite the very characteristic structure of
the temporal and palatal regions (vomero-pterygoid contact) and the general structure of the
skulls. In this respect, it is also right to include both genera to one family.

It is interesting that a similar type of morphology of the cheek teeth crowns to that
observed in the above compared species is also found in some Recent vegetarian members
of the family Iguanidae as for example Iguana and Sauromalus (see EDMUND, 1960, p. 20,
Fig. 4; Fig. 13e; 1969, p. 154, Fig. 25) as well as in a genus of the family Scincidae - Macro
scincus (see HOFFSTETTER, 1949,p. 57, Fig. 7B) . In all three genera this type of crown morpho
logy is connected mainly with a .vegetarian diet (ROMER, 1956, 1966a, 1966b; HOTTON, 1955;
EDMUND, 1960, 1969; GUIBE, 1970; GRZIMEK, 1971). On this basis the Upper Cretaceous
species of Macrocephalosaurus should also be considered as vegetarian lizards, and such teeth
morphology solely as an adaptive feature.

M. chulsanensis differs greatly from the Upper Cretaceous species Polyglyphanodon
sternbergi not only in smaller dimensions and construction of skull (mainly the temporal and
palatal regions), but primarily in a distinctly different tooth morphology, implantation and
tooth replacement. These differences exclude the possibility of assigning M. chulsanensis to
the family Polyglyphanodontidae. Some similarities between them occur in the general structure
of the postcranial skeleton. It concerns mainly the vertebrae, pelvic girdle and construction
of the limbs. These similarities, however, are due only to a similar adaptation to a terrestrial
life. In the material belonging to M. chulsanensis, there is a small skeleton with a skull
ZPAL MgR-Ij24 (PI. XXII; Text-fig. 5e), of a young individual. No great differences were
observed between the individual parts of its postcranial skeleton and the corresponding parts
of adult animals. Differences occur only in the better marked sutures of the skull, especially
in the region of the fronto -parietal suture and angle between the posterior processes of the
parietal; in the postcranial skeleton a more slender clavicle can be observed, with well marked
perforation, as well as more delicate bone elements of the pelvic girdle, vertebrae and limb
bones (sutures of the extremities well marked). '

Genus DARCHANSAURUS novo

Type species : Darchansaurus estesi sp, n., the only species known.
Derivation of the name. - Mong. Darkhan - celebrated, Greek - sauros - lizard, reptile.

Ge . ... 1 c ut pm? 4+m 28 . . 1 dnenc and specific dlagnosis, - Denta rormu a d30 . Dentition p euro ont,

weakly heterodont. Iguanid tooth replacement. Skull short, wide, massive and strongly con
structed, with slanting naso-prefrontal region. Skull length about 56 mm, width 40 mm. Nasals
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short, roughly triangular.broad anteriorly. . Frontals anteriorly widened, bent at an angle
, I . •

in,relation to the fronto-parietal surface, posteriorly elongated, with distinct orbital ,notches.
Fronto-parietal suture with a medial anteriorly directed pro~iilence. Parietal foramen .situated
in the parietal: Parietal wide, short..Posterior processes forked at an angle of 105-110°. Maxilla

Fig. 12
Darchansaurusestesi gen. n., sp, n.,ZPAL MgR-III/12. A - Skull of the young individual, dorsal view.ZPAL MgR-III/6
holotype. B - Skull; lower jaw and atlas: 1 - skull, dorsai view, 2 - occipital view, 3 - ventral view, 4 -lateral
view,5 - palatal view(reconstruction), 6 - lower jaw, lingual view, 7 - atlas, ventral view, 8 - lateral view, 9 - dorsal

view. A, B '1-6 - nat, size; B 7-9 - x 5. Abbreviations see Figs. 2 and 11.

shortened but high, slightly inclined medially ventral. Jugals widely separated, with strong
postero-ventral tubers bent outwards. Orbits large, oval. Postfrontal short, wide, without
parietal process. Postorbital strong anteriorly, shortened, posteriorly widened. Squamosal
roughly triangular, widely joining the jugal. Supraoccipital with a distinct sagittal crest.



72 ANDRZEJ SULIMSKI

Paroccipital process dorsoventrally very wide. Supratemporal fossa small, roughly triangular.
Quadrate with a narrow external conch and a strong posterior crest. Vomers long and wide,
with distinct ventral raphae. Palate short, wide and high. Ectopterygoid strongly reduced.
Palatines wide and short. Basipterygoid processes short, with wide condyles. The lower jaw
short, massive, with a distinct angular outline. Retroarticular process short, wide, posteriorly
pointed. Splenial posteriorly wide, anteriorly sharply pointed. Coronoid process rather low
and straight.

Darchansaurus estesi sp. n.
(pI. XXI, XXIII, Text-fig. 12)

Holotype: ZPAL MgR-IIIj6 - A complete skull with lower jaws in occlusal position, atlas and axis in connection
with skull, distal fragments of humerus, crus and femur.

Type horizon and locality: Upper Cretaceous, ? Middle Campanian, Khermeen Tsav formation; Khermeen Tsav I,
Gobi Desert, Mongolian People's Republ ic.

Derivation of the name : Named in honour of Prof. RICHARD ESTES from San Diego State University (San Diego).

Material. - ZPAL MgR-III/12 - Partly damaged skull with fragments of postcranial
skeleton. Young specimen. :

Measurements. - See Table 4.
Diagnosis. - As for the genus.
Description.- Skull. The roofed bones of the holotype skull are naturally prepared from the

rock and smoothed by erosion, so that on many of them the spongy structure and sutures
are present on the skull and the lower jaws. The skull of a young specimen is well preserved,
but uncover ~d only on the surface.

Cranial roof (PIs XXI, XXIII; Text-fig. 12A, B,_s)' Premaxilla in type specimen not
fully preserved. Probably it was an unpaired element with a not very long dorsal process.
Nasals not fused, short, anteriorly wide. Both elements form an obtuse isosceles triangle, the
apex directed posteriorly, the base towards the front. They form the wide dorsal margin of
the large external nares, contacting, on a short antero-medial section, the end of the dorsal
premaxillary process, anterolaterally joining the maxilla and posteriorly, by means of a wedge
like suture, the frontals . The nasals contact the prefrontals only on a small section. The dorsal
surface of the bones little sculptured. Frontals long, distinctly narrowed in the orbital part,
widened anteriorly and posteriorly . By their antero-lateral processes the frontals embrace
the nasals, and laterally, by means of a straight suture, join the prefrontals. In the orbital
region, these bones form a thickened dorsal margin of the large orbits. Only a faint sculpture
of the dorsal surface present. Lateral descending margins developed on the anterior section
of the frontals, where they join the prefrontals. The fronto-parietal suture almost transverse
to the skull axis with a small medial curve, directed anteriorly. Parietal roughly rectangular,
short but wide. Parietal foramen placed completely in the parietal. Posterior processes long
and strongly diverging at an angle of about 105° to 110°. Dorsal surface of the parietal poorly
sculptured. Septomaxilla is a small, lamellar bone, covering from below the external openings
of the nares.

Maxillary region (PI. XXIII, Text-fig. 12B4) . Prefrontals widely trapezoidal, with long
dorsal processes and a wide dorsal surface, forming lateral part of the wide naso-prefrontal
region. The prefrontals are joined by their antero-medial ends to the nasals and by a straight and
long suture to the frontals . From below they are joined to the maxilla by an arch-like suture,
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Table 4

Darchansaurus estesi gen. n., sp. n.
Measurements in mm:

73

I
MgR-I1I/6 I MgR-I1I/12

IZPAL cat . nos.
Holotype I

Estimated length of skull 56.0 45.0
Width of skull at the level of the jugals 40.0 30.0
Width of skull at the supratemporal arches 31.0 24.0
Width of naso-prefrontal region 25.0 18.0
Posterior width of frontals 14.0 ea. 8.0
Length of frontals 30.0 ca. 20.0
Ratio of the width to the length of frontals 0.46 ca. 0.40
Angle between posterior parietal processes 105° 110°
Length of supratemporal arches 16.0 13.0
Length of palate ea. 25.0 -
Width of palate ea. 32.0 -
Height of skull with lower jaws in the occipital region 32.0 25.0
Height of skull with lower jaws in the frontal region 32.0 26.0
Vertical orbit diameter , 17.0 12.0
Horizontal orbit diameter 21.0 18.0
Length of supratemporal fossa 9.0 7.0
Anterior width of supratemporal fossa 6.5 5.0
Length of parieto-occipital region 17.0 12.0
Length of maxillary segment 40.0 32.0
Ratio of the length of both segments 0.42 ca. 0.37
Length of parietal 8.0 6.0
Width of par ietal 12.0 10.0
Occipital width of the skull 32.0 ea. 28.0
Minimal distance between the orbit s 7.5 5.0
Height of quadrate 19.0 -
Height of maxilla 17.0 14.0
Estimated length of the lower jaw 60.0 ea. 47.0

I
Height of lower jaw in the coronoid 20.0 ea. 11.0
Number of teeth in 1 cm 9 9

and to the lacrimals on the antero-lateral orbital floor. Maxilla high, short, anteriorly surrounds
the posterior margin of the large external nares, from above it is joined to the nasal, prefrontal
and small lacrimal, and posteriorly to the jugal, by means of a diagonal suture. The posterior
maxillary end reaches to half the antero-posterior diameter of the orbit. Lateral surface of the
bone slightly ventromedially to the midline directed. The naso-prefrontal region well developed,
arranged at an acute angle in relation to the lateral surface of the maxilla. Visible on the surface
of the maxilla are small foramina for the veins and nerves of the cheek region of the skull.
Lacrimal small, anteriorly sutured to the prefrontal, from below to the maxilla, posteriorly
to the jugal and, in the anterior part of the orbital floor, joins the palatine. Jugal strong ante
riorly and slender posteriorly. .Posterior processes of both jugals are laterally widely divergent.
Anterior part of the jugal is diagonally joined to the maxilla, its posterior process joining
the squamosal and postorbital. Postero-ventral section of the bone possesses a distinct tuber,
slightly bent outwards.
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Temporal region (PI. XXIII, Text-fig. 12BJ) . Postfrontals form short, postorbital arches
with no parietal processes joining the parietal. These bones are short, rather wide, with distinct
and rather long frontal processes. From below they embrace in a fork-like way the anterior
part of the postorbitals. Postorbitals strong and wide in the anterior part (surrounding the
orbits posteriorly), with wide posterior processes, joining the squamosals, by means of an
overlapping sutures. Posterior processes rounded at extremities. Squamosal short, roughly
triangular with a well' developed supratemporal section. Anteriorly this bone underlies the
postorbital, reaches the jugal, the ventral surface covering the head of the quadrate. Posteriorly
the squamosal joins the posterior parietal and paroccipital process. Quadrate is high, slender,
with a wide cephalic condyle. The external conch narrow, narrower than the conch .in M. chulsa
nensis. ,The tympanic crest rather wide, the posterior surface of the quadrate supplied with
a strong posterior crest. The distal condyle widely divided, with a distinct medial articular
depression. Distal part of the internal conch joins the wide dorso-ventral ending of the posterior
process of the pterygoid. The head of the quadrate bears on its dorsal surface an antero
posterior swelling which intrudes into the ventral depression of the squamosal.

Palatal region (PI. XXIII, Text-fig. 12Bs). Vomers wide and long, with distinct pterygoid
processes and ventral raphae present in the midline. In the anterior section, vomers possess
small openings. Where the vomers join the septomaxillae, there are distinct small lateral de
pressions (notches) for transmission of the vomero-nasal organs. Posteriorly the vomers join
the palatines, laterally surrounding long and narrow palato-narial vacuities. The vomero
pterygoid contact is very distinct here. Palatine is a short and wide bone. The both palatal
bones do not join in medial line, they surround posteriorly the palato-narial openings,
anteriorly joining the vomers. These bones are medially joined to the vomerine processes
of the pterygoids and posteriorJy, by means of an irregular overlapping suture, to the anterior
processes of the pterygoids . The palatines together with the reduced ectopterygoids form
the suborbital concavities. The palatal floor high, wide and short . Pterygoid is of an irregular
shape with three distinct processes present. Vomerine process, situated medially, joins the
pterygoid process of the vomer and anteriorly joins the palatine. The ectopterygoid process
of this bone is sutured to the ectopterygoid bone and the longest posterior process goes to
the distal part of the internal conch of the quadrate. Medially the pterygoid surrounds the
short but wide interpterygoid vacuity. At about mid-length of the posterior process, on the
medial side, there is an articular facet in contact with the condyle of the basipterygoid process.

. On the dorsal surface, over this facet, occurs a small socket for joining with the epipterygoid.
In the central part of the pterygoid, runs a transverse margin, directed towards the ectopterygoid,
forming the postero-ventral margin of the palatal floor. Ectopterygoid bears a long, sharp
anterior process, which is joined to the maxilla. This bone, together with the transverse
pterygoid process, forms a rather long and wide articular tuber, directed downwards, intruding
into the medial depression in the coronoid. Laterally, where the ectopterygoid, palatine and
pterygoid join, they form an suborbital concavity. Epipterygoid rod-like, with the distal end
placed in the articular socket of the pterygoid and the proximal end, attached to the des
cending swelling of the parietal. Cross-section of the bone round, without ridges.

Occipital region (PI. XXIII, Text-fig. 12B2) . The occipital region in Darchansaurus estesi
has a similar construction as that on Macrocephalosaurus chulsanensis. Supraoccipital is rather
high, with a distinct sagittal crest running from the apex of the bone to the dorsal margin
of the foramen magnum. Where it joins the parotic process, a long margin is visible. Apex
of the supraoccipital is joined to the descending swellings of the parietal by means of a cal-
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cified process. The paroccipital process is dorsoventrally wide and runs almost vertically
to the axis of the skull towards the squamosal and quadrate. Exooccipital together with
the basioccipital, assists in the structure of the reniform occipital condyle and laterally
borders the foramen magnum ;

Basicraniurn is composed of the fused basioccipital and basisphenoid , dorsally joined
to the paired prootic and opisthotic bones, which together with the supraoccipital form
a strong, posteriorly closed cranial cavity. All bone elements are similar in structure to those
in M. chulsanensis. This also refers to the arrangement and direction of the openings for skull
nerves. Differences occur in the stages of development of the condyles of the basipterygoid
processes, direction of paroccipital processes and stronger development of basioccipital
condyles.

Lower jaw '(PI. XXIII , Text-fig. 12B4•6) . Branches of the lower jaw strong, rather short
and high in the region of coronoid and angular bones. Anterior section - from the symphysis
to coronoid - is almost twice as long as posterior section. The sutures between bones of
the jaw well visible. The retroarticular processes have been broken of in the holotype . Dentary
occupies almost half the length of the whole jaw. The alveolar margin of the bone bears
about 30 teeth. On the external surface occur six or seven small mental openings. Symphysis
small, oval. The suture between the dentary and surangular runs in front of the anterior margin
of the coronoid process. On the lingual side, the bone is joined dorsally and ventrally to the
splenial. Coronoid on the external side is almost three times lower than the jaw in this place.
The lateral process is very small, not intruding between the dentary and surangular. The
anterior margin of the coronoid is bent backwards, while the posterior margin is almost straight.
The apex of this process is slightly bent backwards . Postero-internal process long, rather
wide and arch-like, directed downwards and posteriorly. On this process runs a distinct,
elongated sharp edge. The anterior lingual process is short, anteriorly joining the dentary,
from below sutured -to the splenial, surangular and prearticular. Internal depression of the
coronoid process joins the ventral, wide articular tuber composed of the ectopterygoid and
pterygoid processes. Surangular is rather short and wide. The diagonal crest for attachment
of the external adductor muscle well developed, but disappears at mid-length of the bone .
Below and slightly anteriorly to the cotylus occurs a small posterior foramen, in the antero
dorsal angle of the bone, an anterior fora men is also present (anterior surangular foramen 
MESZOELY, 1970, p. 96). The latter is situated below the suture between the coronoid process
and surangular. On the lingual side one can see a suture joining the surangular to the articular,
running in the posterior margin of the adductor fossa (ROMER, 1956). The adductor fossa is
short and distinctly deep. Angular in forming the base of the jaw is bent ventrally at a distinct
angle. The bone is joined by means of the antero-medial process to the dentary and splenial,
and posteriorly to the surangular as well as articular bones. Articular is rather small with
a short but strong and wide retroarticular process. The cotylus transversally wide with a not
very high, rounded intercondylar ' crest. Behind the cotylus, the retroarticular process runs
posteriorly in agreement with the jaw axis. On the lingual side, the articular strongly concave,
on the lateral side covered by the angular, with the exception of the postero-ventral section;
which forms the base of the retroarticular process. Splenial posteriorly wide, reaching to the
symphysis and covering almost completely the Meckelian groove. Dorsally and ventrally
it is joined by means of straight sutures to the dentary. On mid-length of the bone, just under
the dorsal suture, a largeanteroposteriorly elongated anterior inferior alveolar foramen is
visible (OELRICH, 1956, Fig. 28, and MESZOELY, 1970, Fig. 4 at the place of anterior mylohyoid
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foramen). Between the symphysis and the anterior ending of the splenial occurs a small anterior
opening for transmission of anterior veins and nerves of the jaw (anterior foramen of the
Meckelian canal) .

Dentition. The morphology of cheek teeth, mode of implantation and tooth replacement
are the same as for M. chulsanensis. Differences occur in the less developed heterodontism
and greater reduction of anterior canine-like teeth of the maxilla.

Vertebral column. Atlas (Text-fig. 12B7•9) is almost complete with all its elements well
preserved. The hypocentrum possesses a distinct ventral keel. Lateral neurapophyses with
zygapophyseal processes. In relation to the atlas in M. chulsanensis, this vertebra is only
somewhat wider and slightly longer. Axis in the holotype is damaged in neural arch and much
rounded from the ventral side in front of the centrum a mark is visible, where the keel-like
hypocentrum was broken off. On the sides of the centrum occur small tubercles - initial
diapophyses . Anterior part of the centrum widened with a well visible odontoid process.

The limb bones. Humerus is only fragmentarily preserved in the type specimen. The
distal extremity with well developed articular condyles does not differ from the same bone
in M. chulsanensis. One can only state that the bone is more slender and delicate in construction.
Femur is distally uncovered in the holotype . The structure of the distal end and its articular
surfaces almost the same as in M. chulsanensis. Also in the latter species, in the intercondylar
depression occurs a small, oval sesamoid bone - patella tibialis. Tibia with the exception
of the distal end and part of proximal extremities is well preserved. The shape of the preserved
bone and proportions are similar to those in M. chulsanensis. Differences occur only to less
important details in the morphology. Fibula besides a slightly damaged shaft is well preserved.
Both ends are more or less equally widened and the shaft is long and slender. On the proximal
part of the shaft occurs a ligamentary crest and a tuber on the opposite side.

Discussion. - Darchansaurus estesi differs from the three species of the genus Macro
cephalosaurus in having a smaller skull, shortened facial and occipital regions, stronger de
velopment of the naso-prefrontal region, a greater slant towards the fronto-parietal surface,
lack of large canine-like teeth in the maxilla, shorter nasals, a short and wide parietal, larger
angle between the parietal processes, ventrad to the midline directed maxillae in relation to
the palatal level, shortened and tuberal jugal process, lack of the parietal process on the
postfrontal, shortened and wide postorbital, smaller supratemporal fossa, narrower external
conch on the quadrate, proportionally wider and longer vomer, shorter and wider palatines,
more reduced ectopterygoids, suborbital concavities and a shorter lower jaw.

D. estesi differs from M. chulsanensis in addition to its shortened skull, also in a stronger
development and greater incline of the naso-prefrontal region, reduction of canine-like teeth
in the maxilla, arrangement of the maxilla in relation to the naso-prefrontal and palatal regions,
shorter palatal bones, especially palatines and ectopterygoids, long and wide vomers, position
of the parietal foramen, shorter and wider nasals, larger angle between the parietal processes,
lack of parietal process on the postfrontal, shortened and wider postorbital, distinct crest
present on the supraoccipital, wider paroccipital processes, a smaller supratemporal fossa,
narrower external conch on the quadrate, short and wide basipterygoid processes, a shorter
and lower jaw, lower coronoid process and more reduced suborbital concavities . These species
resemble each other not only in general construction of the skull and lower jaws, but also
in the same type of tooth replacement and implantation, construction of the temporal region
and its elements, weaker heterodontism, long Jugal spines reduced to tubers, large and oval
orbits , roughly triangular and short squamosals and large, and well developed splenials.
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In Darchansaurus estesi one can notice stronger development of the naso-prefrontal
region, widening and shortening of theparieto-occipital region. The angle between the parieto
occipital surface and the alveolar margin of the upper jaw is about 200

, the angle between
the parieto-frontal and naso-prefrontal surfaces - 400

• The fronto-parietal surface is almost
parallel to the ventral base of the lower jaw. The relation between the width and length of the
frontals is 0.4, and the relation between the length of the parieto-occipital region and that
of the maxillary region - 0.7. Such structure of the skull, with a strong facial region, rather
wide in the occipital part possessing widely directed parietal processes, must have been furnished
with strong musculature, especially in the region of the neck. The wide anteriorly bent surface
of the naso-prefrontal region may indicate a specific.mode of action for this region and for
the skull while, most probably, getting plant food from under the ground. Dentition is this
species is, as in almost all representatives of the family Macrocephalosauridae disproportionally
small in relation to the massive jaws. The presence on the palate in Darchansaurus estesi of
strongly developed ventral raphae is also interesting. Probably their presence is connected
with the breaking up hard plant food as for example hard-shelled fruits or rhizoms. It is also
possible that this lizard, as probably also other representatives of the family Macrocephalo
sauridae lived on a diet of bird eggs. The wide and capacious nasal capsule indcates a very
well developed olfactory organ (presence of well marked depressions arid emarginations on
the vomers also indicates a well developed vomero-nasal organ). The large orbits, and also
strongly bent and depressed external conch of the quadrate, suggest highly developed organs
of hearing and vision.

Family POLYGLYPHANODONTIDAE GILMORE, 1942

Type genus: Polyglyphanodon GILMORE, 1940

R • • • pm2-3+mI8 11 . ular ] l'evised diagnosis. - Dental formula d18 -19-' Sku subtnang ar m out me, deep,

anteroposteriorly elongated with slightly tapering snout. Cheek teeth morphology varia
ble - crowns transversely expanded, diagonally arranged to the longitudinal jaw axis or
normally situated with latero-medial flattening. Cutting edges transverse, harp or
with 5-6 or more, low, bluntly pointed cusps. Tooth replacement of agamid or
iguanid type. Subacrodont, subpleurodont to pleurodont implantation. Resorption pits
at tooth bases poorly or well developed. Anterior teeth small, conical with round
shafts, unicuspid and bluntly pointed. Canine-like teeth in maxilla absent. Posterior
cheek teeth reduced in size. Premaxilla and parietal, and sometimes frontals, fused.
Nasals anteroposteriorly elongated , nearly rectangular or triangular in shape. Frontals strap
shaped of almost equal width for their whole length, relatively short or widened posteriorly
and narrowed anteriorly, sculptured. Lateral descending ridges of frontals low. Parietal very
short, wide, transversely constricted or long, widened anteriorly. Parietal foramen in fronto
parietal suture or in parietal bone. Naso-prefrontal region not expanded. Prefrontal and
postfrontal not in contact above the orbit. Lacrimal small with one foramen. Maxilla deep,
triangular in shape, slightly sloping dorsally toward the midline. Contact between maxilla
and frontal absent. Jugal with long, sharply pointed postero-ventral spur or with short, bluntly
ended tuber. Postfrontal trapezoidal in shape or with proximally and distally forked processes.
Postorbital arch composed by postfrontal and antero-dorsal part of postorbital or by post-
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frontal only. Postorbital with short, wide posterior process not-extending to posterior end
of supratemporal fossa. Squamosal long, dorsoventrally deep and with squarely truncate
posterior end or wide, short and triangular in shape. Supratemporal bone small, squamous,
or completely reduced. Supratemporal fossa relatively large and roughly triangular. Vomero
nasal organ separated. Vomers, palatines and pterygoids toothless. Suborbital fenestra reduced
in size, small and anteroposteriorly elongated. Lower jaw strong, slender, not high in angular
region. Surangular short and deep. Diagonal external ridge on surangular present. Splenial
large, almost completely covers the Meckelian groove. Coronoid process high with the top
decidedly or slightly backwards bending. Retroarticular process wide and massive. Vertebrae
procoelous with tapering centra. Zygospheno-zygantral articulation present. 8 cervicals and
21 presacrals . Autotomy septa present. Clavicles not expanded, perforated. Interclavicle
cruciform .with bifurcated anterior process. Ilium with rectangular upper extremity. Ischium
and pubis iguanid-Iike in structure. Limbs moderately long. Osteodermal structures not present.

Assigned genera. - Polyglyphanodon GILMORE, 1940, Paraglyphanodon GILMORE, 1940,
Erdenetesaurus gen. n., and Cherminsaurus gen. n.

"Stratigraphical and geographical range. - Lower Maastrichtian (North Horn Formation)
of D .S.A. , ? Middle Campanian (Khermeen Tsav formation) of Mongolia.

Genus ERDENETESAURUS novo

Type species: Erdenetesaurus robinsonae sp.n. - the only species known.
Derivation of the name. - Mong. Erdenete - precious, Greek - sauros -lizard, reptile.

pm?3+m ?18
Generic and specific diagnosis. - Dental formula d? 19 • Skull high, well arched.

Parieto-occipital region elongated. Maxilla moderately high, slightly inclined medially dorsal.
Postfrontal with poorly developed distal processes. Supratemporal fossa small, oval, slit shaped.
Supratemporal bone squamous, .vestigial. Parietal foramen in parietal. Posterior processes
of the parietal diverge at an angle of about 80°. Frontals partially fused, posteriorly widened.
Descending thickening of the parietal well developed. Ectopterygoid with a long anterior
process. Lower jaw slender with slight posterior backward inclination of coronoid process.
Retroarticular process wide and long. Dentition pleurodont, almost homodont. Tooth re
placement of iguanid type. Cheek tooth crowns rounded in outline, mediolaterally compressed
with six-seven radially arranged denticles. . .

Discussion. - See p. 80.

Erdenetesaurus robinsonae sp. n.
(Pis XIII, XXIV, Text-fig. 14£)

Holotype: ZPAL MgR-IHjI9 - SkuIl with lower jaws. The nasal s, frontals, parietal, part of palatines, fragment
of the left supratemporal arch, quadrates, brain case and maxillae with teeth are preserved. To this specimen belong
the anterior part of the postcranial skeleton with the set of cervicals and anterior dorsals, bone fragments of the fore limb
(radius, ulna and metacarpals), loose dorsals and several ribs. Pectoral and pelvic girdle s and the tail not found.

Type horizon and locality: Upper Cretaceous, ? Middle Campanian, Khermeen Tsav formation , Kherrneen Tsav H,
Gobi Desert, Mongolian People's Republic.

Derivation ofthe name; Named in honour of Dr. Pamela L. Robinson (Department of Zoology, Uni versity CoIlege,
London University).



MACROCEPHALOSAURIDAE AND POL YGL YPHANODONTIDAE 79

Material. - ZPAL MgR-IIIj22 - Anterior part of the skull with nasals, frontals,
maxillae and lower jaws.

Diagnosis. - As for the genus.

Table 5

Measurements. - Given in mm

25
ca. 32

15
32

Length of the frontals
Width of the skull
Height of the quadrate
Height of the skull with lower jaws

Estimated length of the skull 55
Estimated length of the lower jaw 52
The least space between the orb its 7

Description. - Skull as a whole. The skull is well arched, high. The profile of the
facial region gentle, with no bend between the naso-prefrontal and fronto-parietal regions.

Cranial roof (Text-fig. 14£2) ' Premaxilla not preserved in the holotype , but well developed
in the specimen ZPAL MgR-IIIj22. This bone is symmetrical, with a .long dorsal process
directed more upwards than in, for example, M. chulsanensis. Nasal rather narrow, long,
nearly rectangular in outline. Antero-lateral processes of the nasals surround the upper margin
of the external nares, laterally however, they are joined to the high naso-prefrontal process
of the maxilla, and posteriorly joined to the frontals, by means of a wedged suture. The nasals
not sutured to the prefrontals. Frontals are partially fused, long, anteriorly narrow and widened
posteriorly. Laterally these bones border the upper margin of the orbit. Width in relation
to the length of the frontals - 0.6. Parietal is a comparatively long bone, rather narrow than
long. The parietal foramen is situated behind the fronto-parietal suture. The latter is slightly
digitating and transverse . The posterior processes of the parietal long, diverging at an angle
of about 80°.

Maxillary region (Text-fig. 14£/). Prefrontal roughly triangular with a long posterior
process. Medially it joins the fro'ntal,' anteriorly and from below the maxilla and lacrimal,
and posteriorly it borders, by means of a long, postero-dorsal process the anterior part
of the orbit, and form its antero-ventral floor. Maxilla rather high, slightly inclined medially
dorsal. The dorsal process of the bone extends to the nasal. and anterior part of the frontal
wedging between both bones. Alveolar margin straight. Posteriorly the maxilla meets with
a small lacrimal and rather slender jugal. Anterior process of the bone rather long and slender.
The external narial openings large, more vertically oriented. Jugal widened anteriorly where
it joins the maxilla, forms the ventral orbital border and by means of a slender posterior
process reaches the postorbital and squamosal. Probably the jugal process does not occur.

Temporal region (Text-fig. 14£2)' Postfrontal small, forked on both sides. Proximal
processes well developed, distal ones weaker and short. The postfrontal forms a short, but
strong postorbital arch, Proximal processes include lateral widenings of the parietal and
frontal in their suture. Postorbital has a slightly different structure than in the representatives
of the Macrocephalosauridae. Anteriorly the bone is rather wide and borders the orbit from
the back; the posterior process overlaps the squamosal, and terminates about two-thirds
of the length of the supratemporal arch . Posterior part of postorbital flat and obliquely arranged,
with the dorsal surface directed towards the side of the skull. Squamosal triangular, long
and posteriorly wide. Anteriorly it extends under the postorbital and is joined to the jugal.
From the back, the bone, by means of a wide lamella, covers the head of the quadrate and
joins the posterior end of the parietal. On the medial side, in the posterior border of the
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supratemporal fossa and the lateral surface of the parietal posterior process occurs a small,
lamellar bone fragment, which is designated as the supratemporal. Quadrate high with
a narrow external conch; shaft of the bone slender, the head strong and much arched pos
teriorly. The tympanic crest well developed and the posterior surface of the external conch
strongly depressed. The distal condyle divided by a deep groove. Head of the quadrate joins
the squamosal medially and by means of a small roughly triangular facet meets the paroccipital
and parietal processes. The joining with the posterior end of the pterygoid well visible on
the internal conch.

Palatal region (Text-fig. 14E4) . In the palatal region in the holotype only the posterior
parts of the palatines, anterior processes of the pterygoids and parts of ectopterygoids are
preserved. The outline of the palato-narial vacuities is only partly visible. In the holotype
the vomerine processes of the pterygoids and pterygoid processes of the vomers are
damaged , but the general appearance of the region indicates that pterygoids and vomers
may have not met as in all representatives of the familly Macrocephalosauridae. Ectopterygoid
is a small element with a long, sharp anterior process joined to the maxilla and partly to the
jugal. Between the ectopterygoids, pterygoids and palatines occur narrow, anteroposteriorly
elongated suborbital fenestrae. The structure of the brain case in Erdenetesaurus robinsonae is
generally very similar to that in M . chulsanensis (PI. XIII). The internal structure, placement
of openings for the nerves of the skull is also almost the same as in M~ chulsanensis.

Lower jaw (PI. XXIV, Text-fig. 14E3) . Lower jaw is slender, rather long with no distinct
angular bend . Dentary takes up almost half the length of the jaw. Coronoid rather low, slightly
bent posteral. Splenial wide with a large anterior inferior alveolar opening. Remaining bone
elements of the jaw are unrecognizable. Preserved retroarticular process is wide and rather long.

Dentition (PI. XXIV, Text-fig. 14E5-6 )' In examined specimens the presence of teeth
on the palatal bones was not confirmed. The anterior teeth to the fourth in both jaws, are
unicuspid, conical with slightly swollen crowns. Crowns of cheek teeth distinctly mediolaterally
compressed, with the inner slope steeper than the external. On the cutting edges six or seven
delicate, radially arranged denticles are visible. The last two cheek teeth are smaller than the
preceding cheek teeth. All cheek teeth crowns rounded in outline with no visible main cusp
present. Mode of implantation of the teeth pleurodont, the shafts ingrown to the shallow
dental sulcus and the lateral wall of the dentary. Tooth replacement of iguanid type. At the
base of the shafts wide resorption pits occur with crowns of young teeth in them. Complete
number of teeth present in the upper jaw is probably not greater than eighteen and in the
lower jaw not more than nineteen.

Postcranial skeleton. The structure of the atlas and axis does not differ much from the
structure of similar vertebrae in M . chulsanensis or D. estesi. These vertebrae are only slightly
smaller and possess more delicate processes. It includes also the cervicals and anterior dorsals.
Eight cervicals occur. The remaining bone elements belonging to this species are fragmentary,
therefore their detailed description is not possible.

Discussion. - Erdenetesaurus robinsonae differs from Cherminsaurus kozlowskii in having
distinctly smaller dimensions, a different tooth morphology, more medially ventrad inclined
maxilla, slenderness of lower jaws and not completely fused frontals. The two species closely
resemble each other, however, in skull proportions, position of the parietal foramen in the
parietal, reduction of the suborbital fenestra, joining of the postorbital and squamosal, frontal
proportions, position of the posterior parietal processes, structure of the postfrontal and lack
of the jugal process are similar. The different tooth morphology, however, does not exclude
the Erdenetesaurus robinsonae from belonging to a common family. The same approximate
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tooth number, the shape of the skull, wide and long splenial, the reduction in the size of the
posterior teeth, the naso-prefrontal region no widened, the maxilla high lacking canine-like
teeth, general construction of the temporal region, and structure of palatal elements are similar
in Erdenetesaurus robinsonae and Cherminsaurus kozlowskii. From the species of the family
Macrocephalosauridae, Erdenetesaurus robinsonae differs in smaller dimensions of skull, un
expanded squamosal, probably short postorbital, position of the parietal foramen always
in the parietal , no more than 20 teeth in the jaws, rounded cutting edges with six or seven
delicate radially arranged dentic1es, different development of the naso-prefrontal region and
higher arching of the occipital part of the skull, laterally wide and strongly developed articular,
and long, wide prearticular process.

Genus CHERMINSAURUS novo

Type species: Cherminsaurus kozlowskii sp.n., the only species known.
Derivation of the name: From Khermeen Tsav locality name, Greek - sauros - lizard, reptile.

pm2+ml8
Generic and specific diagnosis. - Dental formula d?I8' C~eek teeth large,

with diagonally arranged crowns at a mean angle of about 30° to longitudinal jaw axis.
Cutting edges of cheek teeth with five or six low, bluntly pointed cusps. Tooth replacement
of iguanid type. Tooth implantation subpleurodont. Premaxilla with very short dorsal process.
Nasals rectangular in shape, with short medio-anterior ends and wedged suture to frontals.
Frontals relatively short , unfused, widened posteriorly and narrowed anteriorly. Parietal long
constricted centrally and widened anteriorly. Divergence between posterior processes of
parietal at about an angle of 60°. Anterior end of subtriangular prefrontal contacts nasal.
Jugal deep, with short, bluntly ended postero-ventral tuber. Jugal laterally connected with
postorbital and reaches squamosal. Postfrontal short with proximally forked processes.
Postorbital with very short antero-dorsal process. Squamosal short, triangular and more
dorsoventrally arranged. Supratemporal probably present. Posterior crest of quadrate pro
minent, long, but shorter than length of external conch and perpendicularly inward directed.
Inner side of quadrate without wing-like process. Supraoccipital with weak sagittal crest.
Paroccipital process with slender ends. Vomers wide and short. Low ventral raphae on the
midline of vomers present. Palatines long, wide, probably separated by vomers and
pterygoids from the midline of palate. Pterygoids strong with outwardly directed posterior
processes. Interpterygoid vacuity short, wide in posterior part and very narrow between
anterior parts of pterygoids. Suborbital fenestra small, reduced in size, anteroposteriorly
elongated. Coronoid process relatively high, with a slightly backwardly directed tip. Retro
articular process wide, long, massively constructed.

Discussion. - See page 87.

Cherminsaurus kozlowskii sp. n.
(pIs XXV-XXVII, Text-figs l3A , 14A)

Holotype: ZPAL MgR-IIIj24 - Skull with lower jaws in occlusal position, dorsolaterally depressed. Missing are:
a large part of maxilla, nasals and parts of frontal s (an impression in the rock is present), left jugal and a large part of the
occiput. Upper and lower dentit ion almost complete, well preserved.

Type horizon and locality : Upper Cretaceous , ? Middle Campanian Khermeen Tsavformation; Khermeen Tsav I,
Gobi Desert, Mongolian People' s Republic.

Derivation of the name: Dedicated in honour of my teacher, Prof. Roman Kozlowski.

6 - Palaeontologia Polonica No. 33
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Measurements in mm:

ANDRZEJ SULIMSKI

Table 6

Cherminsaurus kozlowskii gen. n., sp. n.

ZPAL cat. nos.

Skull:
Total length
Width at the level of the supratemporal arche s
Width at the level of the jugals
Ratio of the width to the length
Length of frontals (midline)
Width of frontals in the fronto-parietal suture
Ratio of the width to the length
Angle between the posterior parietal processes
Length of supratemporal arches
Length of the palate
Posterior width of the palate
Ratio of the width to the length
Height of the palate floor
Height of the skull with lower jaws at the frontal region
Vertical diameter of the orbit
Horizontal diameter of the orbit
Antero-posterior length of the supratemporal fossa
Anterior diameter of the supratemporal fossa
Length of the parieto-occipital region
Length of the maxillary segment
Ratio of the length of both segments
Length of the parietal (midline)
Width of the parietal at the center
Least interorbital space
Height of the quadrate
Antero-posterior diameter of the head
Height of the maxilla
Length of the postfrontal with processes
Width of the post frontal at the center
Length of the postorbital (lateral)
Length of the squamosal
Length of vomers
Width of vomers
Length of the palatine
Width of the palatine
Length of the pterygoid
Width of the pterygoid at the center
Length of the ectopterygoid
Length of upper tooth row
Average number of the teeth in I cm

Lower jaw:
Length with the retroarticular process
Height below the coronoid process
Height of the coronoid process (lateral)

MgR-1lI /24
Holotype

65.0
34.5
32.0
0.52

2\.0
15.0
0.7

60°
16.0
36.0
19.0
0.52
6.5 .

40.0
16.0
19.0
15.0
9.0

20.0
40.0
0.5
9.0
8.0
9.5

19.0
15.0

ea. 17.0
IJ.O
3.5

ea. 17.0
ea. 13.0

15.0
7.0

12.0
6.0

36.0
6.5

I \.0
29'0
6

65.0
12.0
7.0

cont.
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ZPAL cat. nos.

Length of the anterior section
Length of the poster ior section
Length of the sura ngular
Height below the coronoid pro cess
Length of the angul ar
Wid th of the same
Length of the splenial
Po sterior height of the splenia l
Length of lower tooth row
Average number of the teeth in 1 cm

Dentition:
Premaxillar tooth number
Maxillar tooth number
Mandibular tooth number

MgR-III/24
Holotype

32.0
33.0

ea. 20.0
11.0
25.0
4.0

30.0
8.5

28.0
6

4
18

18/19
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Diagnosis. - As for the genus.
Measurements. - See Table 6.
Description. - Skull. Cranial roof (PIs XXV-XXVI, Text-fig. 13A2) . Premaxilla is

a narrow element with four small, conical, bluntly pointed teeth. Shafts of these teeth ingrown
to internal wall of the bone in a shallow groove. Cross-section of shafts round. Nasals, judging
on the basis of their natural mold, in the rock were rather short, anteroposteriorly elongated,
and rectangular. The apex of both bones situated between the anterior processes of the frontals .
Frontals comparatively short with poor orbital emarginations, narrowed anteriorly and
widened posteriorly. These bones are joined by means of a weakly digitating suture to the
parietal, and anteriorly with their forked and underlapping processes embrace the posterior
endings of the nasals. Postero-lateral widenings ofthe frontals connected with the dorso-anterior
processes of the postfrontals. The dorsal surface of the frontals weakly sculptured. Parietal
long, narrowed centrally, possessing long, slender posterior processes diverging at an angle
of about 60°. In the anterior part of the parietal occurs a small, anteroposteriorly elongated
parietal foramen situated about 1.5 mm from the fronto-parietal suture. Laterally the parietal
joins the postero-dorsal processes of the postfrontals and, by means of posterior processes
the squamosals, paroccipital processes and the quadrate head.

Maxillary region (PI. XXV, Text-fig. 13A]). Prefrontals are incomplete, the preserved
fragments indicate that their shape was roughly triangular with anterior endings extending
to the nasals. Maxilla in the holotype is strongly damaged on both sides, but easy to reconstruct.
The bone has the shape of a high triangle with upper process reaching to the nasal bone,
and not possessing a posteriorly directed process inclined between the nasal and prefrontal.
Anterior margin of the maxilla forms a rather deep and wide notch , .indicating the presence
of large, obliquely arranged openings of the external nares. Maxilla joins the jugal by means
of an oblique, long suture, and with its posterior end almost reaches to half the antero
posterior diameter of the orbit. Internally the maxilla joins for a short contact the ectopterygoid
and palatine. Lacrimal small, well visible externally, with one foramen . Jugal in anterior
section high, strong and posteriorly slender and narrow. In the postero-ventral corner of the
jugaloccurs a short, bluntly ended tuber. The posterior section of the jugal underlaps laterally
6'
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and from below the orbit, reaches the postorbital and ventrally extends to the anterior process
of the squamosal.

Temporal region (PI. XXV, Text-fig. 13A2• 6) . Postfrontal is a short, wide bone with
proximally forked processes as in Macrocephalosauridae. Both proximal processes embrace
the lateral widenings of frontal and parietal at their common suture, the distal process
being joined to the anterior section of the postorbital. Postfrontal together with the anterior
part of postorbital forms a rather short but strong postorbital arch. Postorbital is an antero
posteriorly elongated bone , which in its anterior part forms the posterior margin of the orbit
and joins the postfrontal. With a posterior, rather short, overlapping suture the bone joins
the squamosal , terminating at about half way back on the length of the supratemporal fossa.
Postorbital and squamosal form a rather wide and strong supratemporal arch. Squamosal
subtriangular, short, posteriorly widened, and dorsoventrally flat. Quadrate high with a strong
anteroposteriorly arched head, a slender shaft and a prominent double distal condyle. The
posterior crest is well marked along the whole length. Dorsally the quadrate joins the squamosal,
intruding into its ventral depression and joining the ending of parietal and paroccipital process.
From below, by means of a diarthritic joint the bone joins the cotylus on the articular bone.
Medially and distally the quadrate is joined by means of a movable joint to the posterior
pterygoid process.

Palatal region (PI. XXVI, Text-fig. 13A j ) . Vomers in the type specimen not fused but
closely articulating each other. Anterior end of the vomer reaches the premaxilla and septo
maxilla. Laterally, just behind a small opening, a small vomero-nasal notch is visible. Posteriorly
the vomer widens, and laterally forms upward directed lateral wings. Posterolaterally the vomer
joins the palatine and towards the back its posterior process not joins the vomerine process
of the pterygoid. Palato-narial vacuity anteriorly slit-like, posteriorly widened, surrounded
by the maxilla (laterally), palatine (posteriorly) and the vomer (medially). Palatine irregular,
with an anteriorly deep groove for the palato-narial vacuity. The bone joins the maxilla laterally
and posterolaterally the anterior ectopterygoid process . Posteriorly the palatine joins, by means of
a wedged suture, the pterygoid and anteromediaIIy the vomer. Pterygoid is the largest bone in
the palatal region possessing three processes. The antero-medial not joins the posterior vomer
process, the Iatero-anterior joins the ectopterygoid and the longest posterior process joins
syndesmotically the quadrate. On the shaft of the bone occurs a transversally extending edge,
which forms the posterior margin of the palatal floor. The lateral pterygoid process adheres
to the distinct ectopterygoid process together forming a strong ventrally directed process.
The posterior pterygoid process is mediolaterally compressed, its end bent outwards. On the
dorsal margin of the pterygoid occurs a socket for joining to the epipterygoid. Articular surfaces,
medially situated on the posterior process are large, indicating a rather wide joining of' the
pterygoid and basipterygoid proces s. Ectopterygoid subtriangular with a long antero-lateral

F ig. 13
Cherminsaurus ko zlowskii gen.n. , sp.n., ZPAL MgR-1II /24 - holo type. A - Skull, lower jaw and other bone fragments:
1 - skull (recon struction), lateral view, 2 - dorsal view, 3 - palatal view (reconstruction), 4 - left quadrate, lateral
view, 5 -lower jaw, lingual view, 6 - temporal region ydorsal view. Polyglyphanodon sternbergi GILMORE, 1940, USNM
15477 - holotype. B - Skull, lower jaw and other bone fragmen ts: 1 - skull , lateral view, 2 - dorsal view, 3 - palatal
view, 4 -left quadrate, lateral view, 5 - lower jaw, lingual view, 6 - temporal region, dorsal view (after GILMORE,
1942). All about nar. size. Abbreviations: Temporal regions are schematically drawing - black postfrontal , thickly
dotted - postorbital, sparsely dotted - squamosal. The lower jaw and quadrate of Polyglyphanodon sternbergi GILMORE

are reversed for the bette r comparison . Other abbreviations see Fig. 2.
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process present. This bone joins, by means of a narrow anterior process the palatine, laterally
the maxilla and posteriorly, by means of a strong and ventrally very prominent coronoid
process it joins the pterygoid. Suborbital fenestra small, anteroposteriorly elongated, surrounded
only by palatine, ectopterygoid and pterygoid. Epipterygoid fragmentary, rode-like with no
distinct crests present. On the vomers, palatines, pterygoids and ectopterygoids no traces of
teeth occur. The low ventral raphae are present on the medial line in the vomero-pterygoid
region.

Occipital region. Occiput, apart from a small fragment of the occipital condyle, is only
partly preserved in the form of distal sections of the paroccipital processes and parts of the
exoccipitaI.

Basicranium in Cherminsaurus kozlowskii has only parts of the basipterygoid processes,
parts of the basisphenoid and a fragment of the basioccipital preserved . The basipterygoid
processes are wide, short and strong. In this region can also be seen parts of the brain case
and paroccipital processes. The basioccipital condyles are strong, large, with widely marked
recesses.

Lower jaw (PIs XXV-XXVII, Text-fig. 13As) in C. kozlowskii is strong, rather long,
slender (in relation to the skull), but also rather high, with no distinct angular curvature
present. Dentary long, occupying almost half the length of the jaw, in symphyseal part
slightly widened, posteriorly reaching to the anterior margin of the coronoid process. Symphysis
short, rounded. Behind the symphysis occurs a small anterior Meckelian foramen. The dentary
on the lateral side reaches to the coronoid process joining the surangular and from below,
the angular. In the anterior part there are five or six small mental foramina. Coronoid is
rather high, wide at the base with its upper apex bent slightly towards the back. The coronoid
is situated at almost mid-length of the jaw. The base of the coronoid has three processes, the
lateral one very small, the two internal ones well developed. Anterior lingual process joins
the dentary, splenial and partly the surangular. The posterior process is however the largest
with a well marked longitudinal crest. Surangular is a rather short, dorsoventrally wide
bone joining the angular, from below, posteriorly it reaches the articular and dorsoanteriorly
the coronoid. On the inner side, the surangular forms a lateral wall of a deep but not very
long adductor fossa. Angular forms the posterior base of the lower jaw and is poorly visible
on the lateral side. Anteriorly the bone joins the dentary, from below and above it reaches
the surangular, anteriorly and lingually it meets the splenial and posteriorly articular. In the
posterior part of the surangular, close to the angular suture one can see a diagonal, rather
prominent crest for attachment of the adductor muscles. Articular well developed with a bi
fossate cotylus present. The posterior section of the articular widened, lingually depressed
with a strong, long and wide retroarticular process. Splenial in Cherminsaurus kozlowskii
is large, posteriorly widened, narrowed anteriorly and almost completely covering the Meckelian
groove. Posteriorly the bone joins the coronoid and surangular. From above and below the
splenial is joined by means of long sutures to the dentary. At mid-length of the splenial, closer
to the upper dentary suture occurs a rather large foramen.

Dentition (PI. XXVII, Text-fig. 14A I _3) . Dentition in C. kozlowskii is unique, not found
in any other known Sauria. In anterior section of the jaws occur simply constructed, conical,
unicuspid teeth ; shafts of these teeth are straight, rather short and round in cross section.
The following teeth, beginning from the fourth in the series, rapidly increase in size, so that
largest are two or eventhree times larger than the anterior teeth. The crowns, beginning from
the sixth tooth in the series, are obliquely arranged, so that the cutting edges are at an angle
of about 30° to the long axis of the jaw. This angle is slightly smaller on the last teeth. Thus
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on the seventh, eighth and ninth teeth this angle is about 40°, on the tenth through fourteenth
it decreases to an average of 30°, and in the post erior teeth (fifteenth, sixteenth and seventeenth)
it is 20-25°. The last tooth (eighteenth) is small in both the lower and upper jaws. With the
exception of the front teeth and the last one, the crowns have an uniform plan. Distances
between individual teeth are very small , but well marked. The crowns are diagonally com
pressed, their lateral sides steeper, and their lingual sides with a more gently shaped slope. On the
cutting edge occurs a row of cusps variable in number. On the anterior cheek teeth (fifth-to
seventh in the series) occur two or three cusps , while in the central (from eighth to seventeenth)
the number of cusps is rather constant from four to six. These cusps are low
and rather wide. In the holotype the cusps bear distinct abrasion surfaces. The dentition of
the upper jaw does not differ materially from that of the lower jaw. Differences only refer
to the construction of the crowns, where the lateral and lingual sides are more or less similarly
slanted and the distances between teeth slightly greater. As in the lower jaw, last cheek tooth
is distinctly smaller than those preceeding it.

The mode of tooth implantation can be generally interpreted as more subpleurodont
than as subacrodont. From the lateral side, over the dentary parapet, one can see crowns
and shafts of more or less uniform height. It seems as if the teeth are directly grown to the
upper margin of the jaw. From the lingual side, however, one can distinctly see that the shafts
are slightly longer and are implanted along groove, and that parts of the shafts are attached
to the internal wall of the jaw. Distinct interdental septa or bone ridges that might indicate
a subacrodont mode of implantation are missing, and the lingual wall of the jaw is lower than
the lateral. It is possible that this type of implantation is more primitive than, for example
the subacrodont implantation observed in Polyglyphanodon sternbergi. Tooth replacement
in Cherminsaurus kozlowskii seems to be alternative. Tooth replacement in other species
described here IS of iguanid type, common in many Recent lizards. Well marked resorption
pits present at the bases of the teeth distinctly indicate this. However, the way in which the
older generations of teeth are replaced by new ones is not completely clear. It is probable
that there occurred some irregularity in the emergence of succeeding generations of teeth,
or an acceleration of the replacement process itself in some sections of the jaws. Such irre
gularities have been noted by EOMUNO (1960, 1969). One can distinctly see in some fossils
teeth, which have not yet become solidly attached to the jaw groove, new replacement
pits in the walls of these shafts are already marked. It may be that this disturbance of the
rhythm of replacement was rapidly compensated by the acceleration of the growth
of the tooth replacement and rapid resorption of the base of the old one. In this way in
C. kozlowskii a complete assemblage of functional teeth was preserved on the jaws throughout
the life of the animal. Direction of the replacement waves seems to have extended , as in most
Sauria, from the back towards the front.

Discussion. - The uncommon character of dentition in Cherminsaurus ko zlo wskii in
general outline resembles the dentition observed in Upper Cretaceous species - Polyglypha
nodon sternbergi, Paraglyphanodon gazini and P. utahen sis. It concerns on one hand, a more
or less similar number of teeth - not more than 20. On the oth er hand it concerns the simplifica
tion of the anterior teeth , and reduction of the last cheek tooth (see GILMORE, 1942, Figs 19,21).
Also the presence of sharp, transverse cutting edges or tubercles on these edges, transverse
or oblique arrangement of tooth crowns in relation to the jaw axis are rare in fossil and
Recent lizards. Presently the oblique tooth arrangement occur s only in living teiid Dicrodon
.and in fossil Peneteius. The dentition of Polyglyphanodon sternbergi and Paraglyphanodon
gazini shows a distinct similarity in the transverse arrangement of crowns with sharp cutting
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edges (GILMORE, 1940, Figs 1-2; 1942, Figs 19-22, and 1943a, Figs 8-9). According to ESTES

(1969, p. 4) "it is possible that Paraglyphanodon is only a small individual or the young of the
Polyglyphanodon." This conclusion based on the tooth morphology is not sufficient. The dif
ferences concerning the cheek teeth number and skull structure of mentioned above both
genera are connected with the individual variability. It refers as well as to the size of skulls.
Paraglyphanodon utahensis , however, from the same locality as P. gazini, differs in the specific
tooth morphology. Any decision on the taxonomic status of these specimens, however, must ·
await new study of the actual material and comparison with growth series of Recent species,
a project in course of preparation by Prof. R. ESTES.

Cherminsaurus kozlowskii differs from the species of both genera - Polyglyphanodon
and Paraglyphanodon in decidedly diagonal tooth crowns arrangement in relation to the jaw
axis, and presence of four, five or six cusps on cutting edges. Differences occur also in tooth
implantation (in C. kozlowskii - subpleurodont, in compared species - subacrodont mode
of implantation), in tooth replacement (in the former - iguanid, and in latter, rather
a agamid type, according to the terminology of EDMUND (1960, 1969) & COOPER et al. (1970).
They are also noted some differences in the morphology of skulls for (instance in the parietal
foramen position, the shape and arrangement of the frontals and postfrontals). Moreover, Cher
minsaurus kozlowskii from the Paraglyphanodon utahensis differs not only in greater dimensions
but above all in an entirely different structure of tooth crowns (see Text-fig. 14A I _3) .

In all members of the family Polyglyphanodontidae enlarged canine-like teeth are lacking,
which are rather characteristic for macrocephalosaurids and in many living macroteiids. There
fore heterodontism in polyglyphanodontids is less marked and occurs mainly as differentiation
of the crown character into two types - anterior small, unicuspid teeth and larger, complex
crowned posterior ones. The wide bases of tooth shafts in C. kozlowskii ingrown into a shallow
sulcus, and their lower parts into the inner side of the low labial wall. The teeth in Polyglypha
nodon sternbergi, Paraglyphanodon gazini, P. utahensis and Peneteius aquilonius are rather
grown to the alveolar margin (see GILMORE, 1942, 1943a; ESTES, 1969) or into very shallow
depressions. Resorption pits in C. kozlowskii are very well developed and rather regularly
arranged (PI. XXVII). In P. sternbergi in and papserh Paraglyphanodon gazini, these pits are

Fig. 14
Cherminsaurus kozlowskii gen .n., sp.n., ZPAL MgR-I11/24 - holotype. A - Dentition : 1 - two cheek teeth, lingual
view, 2 - occlusal view, 3 -latero-Iingual tooth section (all schematically drawing). Polyglyphanodon sternbergi GILMORE,
1940, USNM 15568. B - Teeth! 1 -lower fourteenth tooth, occlusal view, 2 -lateral view, 3 -lower fourth tooth,
lingual view, 4 - occlusal view (after GILMORE, 1942). Paraglyphanodon gazini GILMORE, 1943, USNM 16580 - holotype.
C - Upper cheek tooth, occlusal view (after GILMORE; 1943). Paraglyphanodon utahensis GILMORE, 1940, USNM 15668
holotype. D - Upper cheek tooth, occlusal view (after GILMORE, 1940). Erdenetesaurus robinsonae gen. n., sp , n., ZPAL
MgR-I11/19 - holotype. E - Skull, lower jaw and dentition: 1 - skull (reconstruction), lateral view, 2 - dorsal view
(reconstruction), 3 - lower jaw, lingual view (partly reconstructed) , 4 - palatal region (reconstruction), slightly enlarged,
5 - middle part of cheek tooth row, lingual view, 6 -lateral view. Ctenosaura pectinata (WIEGMANN, 1834). F - The
left lower tooth row fragment, lingual view (after OELRICH, 1956). Macrocephalosaurus gilmorei sp. n., ZPAL MgR-I1I/l7.
G - The left lower cheek tooth row, lingual view. Iguana iguana LINNAEUS, 1758. Recent. H - The right lower cheek
tooth row fragment, lingual view. Original. Chamops segnis MARSH, 1892. I - The right lower cheek tooth row fragment,
lingual view (after CAMP, 1923; EsTES, 1964). Macrocephalosaurus chulsanensis sp.n., ZPAL MgR-I/28 . J - The upper
tooth row fragment, lateral view. Macroscincus cocteaui DUMERIL & BIBRON, 1837. K - The right lower cheek tooth row
fragment , lingual view (after HOFFSTETTER, 1949). Tupinambis nigropunctatus SPIX, 1825 CNHM 31279. L - Three lower
cheek teeth, lingual view: I - anterior tooth, 2 - middle tooth, 3 - posterior tooth (after EOMUNO, 1960; JOLLlE,
1960, 1962; REESE, 1923). Sauromalus after DUMERIL & BIBRON, 1856 USNM 29294. M - The lower tooth row fragments,
lingual view: 1 - anterior teeth, 2 - cheek teeth (after EOMUNO, 1960). A, E 5-6, F-M - x 5; B-D ea. x 7; E 1-3

nat . size.
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very small and arranged in dentary bone below each tooth in almost the whole series (GILMORE,
1942, Fig. 20), as seen in Adamisaurus magnidentatus (SULI.MSKI, 1972) or in Dracaena guianensis
(EDMUND, 1960; VANZOLlNI & VALENCIA, 1965). In polyglyphanodontid species, on the lingual
side of lower jaws, occurs a wide, long, thin and roughly triangular splenial bone with an
anteroposteriorIy elongated and medially situated anterior inferior alveolar foramen (medial
Meckelian fora men). The splenial covers almost completely the wide Meckelian can al. Such
large and wide splenial occurs also in many living teiids . Well developed and relatively wide
splenial was noted also in Jurassic lizards included to different families (for example 
Dorsetisaurus, Becklesisaurus, Saurillus, M acellodus etc . - see HOFFSTETTER, 1966; SEIFERT,
1970). The splenial in Jurassic forms reaches posteriorIy the posterior margin of the coronoid
process, but in the front does not extend the symphysis, while in polyglyphanodontids this bone
'extends anteriorIy nearly to the anterior end of the lower jaw just behind the symphysis, and
ends below the anterior border of the coronoid process posteriorly.

Distinct differences in the morphology of dentition, in the mode of implantation and
skull morphology do not allow for the inclusion of the Mongolian species into the infraorder
Iguania. For the same reason they cannot be included to the family Macrocephalosauridae,
eventhough the presence of a postfrontal forked proximally and a similar structure of the
palatal region in C. kozlowskii may suggest it. In spite of similarities in the development of
the splenial, some analogies in dentition (general arrangement of individual sections of dental
series), simpl ification of anterior teeth and reduction of the last tooth (or teeth), as well as in the
roofed bones, especially frontals and the relation between their width and length, rule out
their inclusion to the family Teiidae. It seems more reasonable to include all polyglyphano
dontids in a group of primitive lizards in the infraorder Scincomorpha, quite possibly related
to teiids. Cherminsaurus kozlowskii considered here as polyglyphanodontid lizard is charac
terised by the possession of features which acclaim it as a more primitive form than the other
representatives of family Polyglyphanodontidae. ~

COMMENTS ON THE SYSTEMATIC POSITION AND RELATIONSHIPS
OF MACROCEPHALOSAURIDAE AND POLYGLYPHANODONTIDAE

A detailed analysis of the skulls in representatives of the Macrocephalosauridae shows
the presence of the vomero-pterygoid contact in the palatal region. A comparison of this
region with the same region in both Recent and advanced fossil lizards reveals that in none
of the latter Sauria s. s. does a joining between the vomers and pterygoids exist . Instead, both
bone elements are separated more or less by widely developed palatines (COPE, 1892; WILLlSTON,'
1925; ZITTEL, 1932; ROMER, 1956; HUENE, 1956; JORDANSKY, 1968; BELLAIRS, 1969; GUIBE,
1970). The vomero-pterygoid contact is without doubt a primitive feature found in many
fossil and some modern reptiles, among them in Eosuchia and Rhynchocephalia. In Eosuchia
the vomero-pterygoid contact occurs together with a number of other primitive characters,
for instance: palatal dentition, paired all cranial roof elements, presence of a ventral opi sthotic
process, large parietal fora men and presence of the quadratojugal bone. This contact is also
well marked in the Triassic genus Kuehneosaurus (ROBlNSON, 1962, 1967). In the latter case,
however, ROBINSON does not comment on the significance of thi s contact, but considers that
Kuehneosaurus in spite of its many primitive features, is already a very advanced lizard and
thus includes it in the suborder Sauria. This decision was based above all on the lack of
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quadratojugal bone, presence of free and movable quadrate, reduction of the ventral arm
of squamosal, and on the absence of the lower temporal arch. In spite of this, Kuehneosaurus
possesses a considerable number of primitive features such as the presence of the palatal
dentition, paired all bone elements of the skull roof, large lacrimal, well developed parietal
foramen in the fronto-parietal suture, a ventral opisthotic process as in Eosuchia, delicate,
slender and long lower jaws, and very large palatal fenestrae. It seems to be correct to include
the vomero-pterygoid contact also into these primitive characters. If the presence or absence
of this contact were to be accorded with a great diagnostic significance, then it follows that
the family Macrocephalosauridae novo should be placed in or near the eolacertilian forms.
However, the detailed studies of the skull structure in the both new species of Macrocephalo
saurus and in Darchansaurus estesi indicate, that, with the exception of the vomero-pterygoid
contact and primitive structure of the temporal region, there is a complete conformity of
features with almost all modern and advanced fossil Sauria.

In all macrocephalosaurids, typical saurian features can be observed, such as: lack of
palatal dentition, lack of quadratojugal bone and lower temporal bar, lacrimal is small almost
invisible externally, free and movable quadrate, reduced or small, but fused to the squa
mosal-supratemporal, normal metakinetic skull, lack of the ventral arm of the squamosal,
saurian construction of the brain case, premaxilla and parietal unpaired, differentiated den
tition, and mode of implantation and tooth replacement. In spite of the differences, which
occur in the structure of the palatal (vomero-pterygoid contact) and temporal region, one
can assign the family Macrocephalosauridae novo to the suborder Sauria. The described
macrocephalosaurids also possess the hinge-joint between the frontals and parietal, which
is much limited in movements. It perhaps has a certain significance in the skull kineticism,
but has not in all probability, such diagnostic importance as has generally been ascribed to it.
In the skull structure one can usually observe a more strongly developed facial region than
the parieto-occipital one, especially in the naso-prefrontal region. This latter region is wide,
flat and arranged at an angle to the fronto-parietal surface (see Darchansaurus). The elongated
facial region is observed in lizards which habitually use a crushing action of the jaws. This
may cause also the ventral directed expansion of a mesial flange of the prefrontal. As in many
modern lizards which crush large or hardshelled prey, in the macrocephalosaurids occurs
a well marked ventrally curved alveolar margin of the maxilla. On the strong crushing
action of the jaws indicate also a well developed coronoid, and ventrally directed pterygo
ectopterygoid expansion, to guide the action of the lower jaw.

In addition, in all macrocephalosaurids there occurs a characteristic arrangement of
bone elements of the temporal region and their relation to the quadrate. The postfrontal,
forked on both extremities, postorbital with a flat and long posterior process, and rather
large but short, roughly triangular and dorsoventrally compressed squamosal, are most typical
for the Macrocephalosauridae. The head of the quadrate is placed in the shallow but exten
sive hollow on ventral side of the squamosal as in Kuehneosaurus or Prolacerta. The
long head enables on a greater antero-posterior movements of the lower jaw in relation to
the neurocranium. Therefore, it seems -to be possible, that apart from the crushing action,
the cutting and shearing ones occur. The many living lizards retain the supratemporal which
articulates with the paroccipital process and squamosal, but in the opposition to the early
forms of lepidosaurus, is situated deeper, in the place of the antero-ventral border of the
posterior process of the parietal and it separates the squamosal from the paroccipital process.
It is interesting that , as stated by ROBINSON (1967, p. 4) "in all modern lacertilians which retain
the squamosal, the dorsal process is much abbreviated or absent altogether". In the genera
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of the Macrocephalosauridae, at this place, where the dorsal process of the squamosal in
the modern lizards occurs, a fused to the squamosal the supratemporal bone is found. Ro
BINSON (1967) has pointed out that in most modern lizards which retain the squamosal a little
bony peg and notch or hole in the quadrate are present. Detailed studies of the quadrate in
the two genera of the Macrocephalosauridae, do not indicate the presence either of the bony
peg or mentioned notch or hole. Instead, the anterior process of the squamosal is here well
developed as in the majority of lizards. The dorsal process of the squamosal in the living
iguanids and teiids is much abbreviated to a small vestigial projection or absent altogether.
Therefore , in both families the supratemporal opening is rounded posteriorly.

Lastly, and apart from the primitive saurian features in the skull structure (vomero
pterygoid contact, temporal and palatal regions), the dentition of the Macrocephalosauridae
demonstrates a typical pleurodont morphology, closely related to the iguanid lizards. The
dentition falls here into three categories - anterior, small, conical, unicuspid; medial (in
the maxilla) large, canine-like, and the posterior cheek teeth with a leaf-shaped, denticulate
pattern very similar to that in Iguana, Sauromalus, Dipsosaurus or in the skink - Macro
scincus (HOFFSTETTER, 1949). The teeth, in contrary to the high and strong jaws, are very
small and numerous. The lancet-like crowns of the cheek teeth perhaps have played an
important role in more efficient shearing action during the disintegration of the prey. In the
structure of the roof bones of the skulls, the uncoalesced, rather long and narrow frontals
are especially noticeable. The proportion of these bones, although paired correspond more
or less to these in some macroteiids as Dracaena, Teius and Tupinambis (REESE, 1923; JOLLIE,

1960, 1962; VANZOLINI& VALENCIA, 1965; WAHLERT, 1966).
In the Polyglyphanodontidae (with the exception of Paraglyphanodon) in the temporal

region the bone arrangement is different than in the Macrocephalosauridae. The postorbital
and squamosal are arranged almost vertically in relation to the head of the quadrate. In
Polyglyphanodon sternbergi the squamosal is "deep dorsoventrally, with a squarely truncate
posterior end" (GILMORE, 1942, p. 237). Similar arrangement of both bones occurs in Erde
netesaurus robinsonae and Cherminsaurus kozlowskii (Text-figs 13-14). Moreover, the repre
sentatives of the Polyglyphanodontidae differ from the genera of the Macrocephalosauridae
as well as from all other Sauria in the character of their dentition. In the dental series, two
distinct teeth categories may be differentiated ~ anterior, small, unicuspid, and posterior
cheek teeth with considerably enlarged crowns, arranged transversally or obliquely to the
jaw axis, possessing sharp transverse crest or low tubers on the cutting edges. The exception
here is Erdenetesaurus, in which crowns are lateromedially compressed and possess radially
arranged denticles on the cutting edges. The tooth number in all the polyglyphanodontids
is relatively constant (not more than 20). In upper dentition the enlarged, canine-like teeth
and widening and flattening of the naso-prefrontal region, so characteristic for the genera
of the Macrocephalosauridae, are not present in the representatives of the Polyglyphano
dontidae. In the palatal region of Cherminsaurus ko zlowskii there occurs a short medial process
of the pterygoid, which does not extend far forward. Unfortunately, this part of the palatal region
is incomplete in the only known specimen of this species. The same is true for Erdenetesaurus
robinsonae. A similar situation is found in Polyglyphanodon sternbergi, in which the same region
is damaged as a result of lateral distortion of the skull. According to GILMORE (1942, p. 239)
in Polyglyphanodon "the palatines appear to be narrowly separated on the midline at least
posteriorly; anteriorly they may have been in apposition as in Iguana". If this interpretation
is correct, the arrangement of the palatal bone elements is the same or similar to that of all
modern lizards. Lack of more complete material of Cherminsaurus and Erdenetesaurus does
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The most important osteological differences between the families Macrocephalosauridae
and Polyglyphanodontidae are as follows:

Characters
I

Macrocephalosauridae
I

Polyglyphanodontidae

Nasals triangular, short, contact with elongated, rectangular, contact with prefrontal absent
prefrontal present

Maxilla high , reaches frontal , vertically high , does not reach frontal, always outwardly ventrad sloping
arranged

Naso-prefrontal square-shaped , flat, wide convex dorsally, narrow
region

Palatines not in apposition in apposition

Ectopterygoid small, narrow large , wide

Pterygoid slender, shafts narrow massive , shafts wide

Suborbital reduced to a concavity, occasion- large, present as fenestra
fenestra ally perforated

Vomero- present lacking
pterygoid
contact

Postfrontal short, narrow, forked at extre- trapezoidal, sometimes proximally forked, wide
mit ies

Postorbital dorsoventrally compressed, flat , lateromedially compressed, short, reaching only midlength of
long, reaching end of supra- supratemporal arch, almost vertical
temporal opening, horizontal

Squamosal V-shaped, capping head of the squarely truncate posteriorly, vertical
quadrate, horizontal

Supratemporal fused to the squamosal separated, thin, squamous

Supratemporal long, horizontal , composed of long, vertical or oblique, composed of postorbital and squa-
arch postorbital and squamosal po - mosal in equal parts

ster iorly

Supratemporal small with rounded posterior end large with acute posterior end
opening

Postorbital arch consisting only of postfrontal consisting of postfrontal and antero-dorsal part of postorbital

Quadrate delicate, without medial process, robust, medial process distally expanded, head antero-
head anteroposteriorly long posteriorly short

Lower jaw massive, rather short, deep in massive but slender, without deep angular region
angu lar region

cont.
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I
IRetroarticular short, widened and pointed po- long, deep and rounded posteriorly

proce ss stcriorly

Tooth heterodont, iguanid type, crown s weak heterodontism, crown s tran sversely or obl iquely arranged
morphology flattened lateromedially, lancet - with sharp cutting edges or with low tubers (in exceptional

like and denticulated case flattened lateromedially, crowns with denticl es radially
arranged - Erdenetesaurus robinsonae)

Canine-like large, longer than cheek teeth lacking
teeth

Tooth iguanid type iguanid or agam id type
replacement

Number of teeth 28-32 18-19

not allow one to ascertain whether the vomero-pterygoid contact is rea lly present in these
genera or no t.

Dentition, especially the cheek teeth, of Cherminsaurus kozlowskii can be compared
to the cheek teeth of an Upper Cretaceous teiid lizard Peneteius aquilonius (ESTES, 1969).
In both species there is an oblique arrangement of crowns in relation to the jaw axis. However,
P. aquilonius in addition to its very small dimensions, differs from C. ko zlowskii in hav ing
only two tubers on the crowns. P. aquilonius shows some intermediate characters between
Polyglyphanodon an d such modern macroteiids as Teius or Dicrodon (although closer to the
later; ESTES, 1969; it was assigne d by this author to the family Teiidae). HOFFsTETTER (1955)
suggested the teiid relationship of Polyglyphanodon and Paraglyphanodon; he assigned them
later to the Teiidae (HoFFsTETTER, 1962). This conclusion was also confirmed by ESTES (1964)
and GUlBE (1970). The assignement of these genera to the Teiidae was at that time based
mainly on the structure of the roof bones of the skull, proportions of the skull, especially
those of the fronta1s. ESTES & PRICE U973) doubt whether the two mentioned genera could
be assigned to the Teiidae. It is pos sible that both fami lies - Macrocephalosauridae an d
Polyglyphanodontidae form two related groups of primitive Scincomorpha (with some teiid
characters). In both families a large number of progressive advanced features occur such
as: absence of quadrato-jugal, free, streptostylic quadrate, fused premaxilla and parietal,
small, reduced or fused to the squamosal supratemporal, lack of the palatal teeth, allowing
to include them into the suborder Sauria .
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EXPLANATION OF PLATES

PLATE VIII

Macrocephalosaurus gilmorei sp. n.

97

Page

31

Upper Cretaceous, ? Middle Campanian, Kherrneen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-III/18 - holotype, skull : a -lateral view, b - occipital view, c - dorsal view, d - palatal
view, x 1.5.

Photo: M. Czarnocka

PLATE IX

Macrocephalosaurus gilmorei sp. n.
Page

31

Upper Cretaceous, ? Middle Carnpanian, Khermeen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-Ill/I? - skull ; a -lateral view, b - occipital view, c - dorsal view, d - palatal view, x 1.5

Photo: M. Czarnocka

PLATE X

Macrocephalosaurus gilmorei sp. n.
Page

31

Upper Cretaceous, ? Middle Campanian, Khermeen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-Ill/IS - holotype; left lower jaw : a -lingual view, b -lateral view, c - occlusal view, X 1.
Fig. 2. ZPAL MgR-Ill/I? -left lower tooth row fragment: a ':- lingual view, b -lateral view, x 5.

Macrocephalosaurus gilmorei sp. n. 31

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Nemegt, Southern Monadnocks, Gobi Desert, Mongolia

Fig. 3. ZPAL MgR-I/I9 - skull fragment: a -lateral view, b - palatal view, c - the same specimen, right upper
tooth row fragment, lateral view, d -lingual view, a, b x 1.5; c, d x 5.

Photo: M. Czamocka, E. Mulawa

7 - Palaeorrtologla Polonica No . 33
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PLATE Xl

Page

Macrocephalosaurus chulsanensis sp. n.. . . . . . . . . . 41

Upper Cretaceous , ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert , Mongolia

Fig. 1. ZPAL, MgR-I/14 - holotype, skull with postcranial skeleton in situ, before the final preparation, x 0.5

Photo: M. Czarnock a

PLATE XII

Page

Macrocephalosaurus chulsanensis sp. n.. . . . . . . . 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan , Gobi Desert , Mongolia

Fig. 1. ZPAL MgR-I/14 - holotype, skull - stereo-photographs ; a - dorsal view, b - ventral view, c - , oc
cipital view, d - left lateral view, e - right lateral view, x 1.

'Photo: E. Mulawa

PLATE xnr

Erdenetesaurus robinsonae gen. n., sp. n.
Page

78

Upper Cretaceous, ? Middle Campanian, Khermeen Tsav formation, Khermeen Tsav 11, Gobi Desert , Mongolia

Fig. 1. ZPAL MgR-lII/19 - holotype, brain case; a -left half, medial view, b -lateral view, c - right half,
lateral view, d - medial view, x 3.

Macrocephalosaurus chulsanensis sp. n..

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia
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Fig. 2. ZPAL MgR-I/21 - brain case; a -lateral view, b - occipital view, c - ventral view, d - dorsal view, e
anterior view, x 2.

• hoto: E. Mulawa
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Macrocephalosaurus chulsanensis sp. n.. . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia
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Fig. 1. ZPAL MgR-Ij21 - skull in dorsal view, X 1.5.
Fig. 2.' The same specimen, lower jaw; a -lateral view, b -lingual view, X 1.
Fig. 3. ZPAL MgR-Ij14 - holotype, right upper tooth row in lateral view, X 5.
Fig. 4. ZPAL MgR-Ij28 - right upper tooth row in lateral view, X 5.

PLATE XV
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Photo: E. Mulawa
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Macrocephalosaurus chulsanensis Sp. n.. . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-Ij14 - holotype, dorsal fragment of the vertebral column with ribs, dorsal view, X 1.
Fig. 2. The same specimen, part of vertebral column with posterior dorsals , sacrals and proximal caudals: a - dorsal

view, b - ventral view, C - lateral view, X l ,

Photo: E. Mulawa
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Macrocephalosaurus chulsanensis Sp. n.. . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-IjI4 - holotype, pectoral girdle with the right fore limb, in situ: a - ventral view, b - dorsal
view, X 1.

Fig. 2. The same specimen, distal fragment of the humerus, ulna, radius and digits; a - ventral view, b - dorsal view,
X 1.5.

Fig. 3. The same specimen, clawed phalanges in lateral view: a - first 'digit, b - second digit, c - third digit, x 2.

Photo: E. Mulawa
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Macrocephalosaurus chulsanensis Sp. n.. . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia

Figv L ZPAL MgR-IjI4 - holotype, pectoral girdle: a - anterior view, b - ventral view, c - lateral view, X 2.

Photo: M. Czarnocka
7°
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PLATE XVIII
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Macrocephalosaurus chulsanensis sp. n. . . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khul san, Gobi Desert , Mongolia

Fig. 1. ZPAL MgR-IllS - pectoral girdle; a - ventral view, b - dorsal view, C - ventro-Iateral view, a, b x 2;
c x 1.

Fig. 2. ZPAL MgR-I/14 - holotype , pectoral girdle in ventro-lateral view, x 1.
Fig. 3. ZPAL MgR-I/2l - pectoral girdle, ventral view, x 1.
Fig. 4. ZPAL MgR-I/25 - scapulocoracoid, lateral view, x 1.

Photo: M . Czarnocka, E. Mulawa

PLATE XIX
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Macrocephalosaurus chulsanensis sp. n.. . . . . . . . .. 41

Upper Cretaceous , ?Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia.

Fig. 1. ZPAL MgR-I/14 - holotype, pelvic girdle, right half of pelvis: a -lateral view, b - medial view, x 1
Fig. 2. The same specimen, left half of pelvis; a - medial view, b -lateral view, x 1.
Fig. 3. The same specimen, chevron : a - posterior view, b :-Iateral view, c - anterior view, x 2.
Fig. 4. The same specimen, caudals: a - dorsal view, b - ventral view, x 1.
Fig. 5. ZPAL MgR-I/23 - pelvic girdle : a - dorsal view, b - ventral view, C -lateral view, d - anterior view, x 1

Photo: E. Mulawa
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Macrocephalosaurus chulsanensis sp. n. . . . . . . . . .. 41

Upper Cretaceous, ?Middle Campanian, Barun Goyot Formation, Khul san, Gob i Desert, Mongolia

Fig. 1. ZPAL MgR-I/22 - pelvic girdle fragment with the proximal part of caudals : a - dorsal view, b - the same
(caudals only), dorsal view, a x l ; b x 2.

Fig. 2. The same specimen, femur: a - anterior view, b -lateral view, C - posterior view, d - medial view, x 1.

Photo: M. Czarnocka

PLATE XXI

Darchansaurus estesi gen. n., sp. n.
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Upper Cretaceous , ? Middle Campanian, Khermeen Tsav formation, Khermeen Tsav I, Gobi Desert , Mongolia

Fig. 1. ZPAL MgR-III/2l - skull of the young individual: a - dorsal view, b -lateral view, C - palatal view, x 1.5.
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Fig. 2. ZPAL MgR-IjI4 - holotype, femur: a - anterior view, b - medial view, c - posterior view, d - lateral
view, X 1.

Fig. 3. The same specimen, tibia, fibula, tarsus, metatarsals and digits of the right hind limb : a - dorsal view, b - ventral
view, c - fourth and fifth digits of the left hind limb, ventral view, X 1.

Photo: E. Mulawa
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Macrocephalosaurus chulsanensis Sp. n.. . . . . . . . .. 41

Upper Cretaceous, ? Middle Campanian, Barun Goyot Formation, Khulsan, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-Ij24 - skull and postcranial elements of the young individual: a - skull, dorsal view, b - ventral
view, c - right lateral view, d - pectoral girdle in lateral view, e - '] tibia, f - pelvic girdle with femur, tibia
and caudals in ventral view, g - femur, tibia and fibula fragments, h - long bone fragments, i - autopodial
fragment of the hind foot, X 1.5.

Photo: E. Mulawa

PLATE XXIJI

Darchansaurus estesi gen. n., sp. n.
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Upper Cretaceous, '] Middle Carnpanian, Khermeen Tsav formation, Kherrneen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR~IJIj6 - holotype, skull with lower jaws: a - right lateral view, b -left lateral view, c 
occipital view, d - ventral view, e - dorsal view, X 1·5.

Fig. 2•. The same specimen, fragment of the right temporal region, X 2.

Photo: M. Czarnocka
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Upper Cretaceous, '] Middle Campanian, Khermeen Tsav formation, Khermeen Tsav lI, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-IIIjI9 - holotype, skull with left lower jaw: a - ventral view, b -lateral view, X 1.5.
Fig. 2. The same specimen, right lower tooth row: a -lingual view, b -lateral view; the same lower jaw: c -late

ral view, d -lingual view, a, b X 5; C, d X 1.5.

Photo: E. Mulawa
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PLATE XXV

Cherminsaurus kozlowskii gen. n., sp. n.
Page
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Upper Cretaceous, ? Middle Carnpanian, Kherrneen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-III/24 - holotype, skull with lower jaws: a - right lateral view, b - ventral view, c - dorsal view,
d - left lateral view, x 1.5.

Fig. 2. The same specimen, right lower jaw: a -lingual view, b -lateral view, x 1.5.

Photo: Czarnocka, E. Mulawa
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Cherminsaurus kozlowskii gen. n., sp. n.
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Upper Cretaceous, ? Middle Campanian, Khermeen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-III/24 - holotype, skull and lower jaw - stereo-photographs: a - dorsal view, b - ventral view,
c - right lateral view, d -left lateral view; right lower jaw, e -lateral view,.! -lingual view, x 1.

Photo : E. Mu/awn

PLATE XXVII

Cherminsauruskozlowskii gen. n., sp. n.
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Upper Cretaceous, ? Middle Carnpanian, Khermeen Tsav formation, Khermeen Tsav I, Gobi Desert, Mongolia

Fig. 1. ZPAL MgR-III/24 - holotype: a -left upper tooth row, lateral view, b -lingual view, c -left lower
tooth row, occlusal view, d - right lower tooth row, lingual view, e - occlusal view, f - lateral view, x 5.

Photo: E. Mulawa
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