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PREFACE

I hereby declare that, exceph where specific reference has been
made to the publications of other authors, the work embodied in this
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FOREWORD

The subject of the worl incorporated in this dissertation is a
collection of dicynodonts made in Tanganyika in 1933 by Mr. F. R. Parrington,
the present Director of the University Museum of Zoology in Cambridge, who
was also kind enough to accept responsibility for direct supervision of the
research., I should like to express my thanks to Mr. Parrington for the
unfailing stimulus of his advice and inbterest, and also for the loan of
his material. Inaddition, tlanks are also due to the Deparitment of
Scientific and Industrial Research, whose award made this research
possible, and to Professor Sir James Gray, F.R.S., the Supervisor appointed

by that Demrtment.
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1. INTRODUCTION

The first remins of dieynodonts, which were described by Owen in 1845 ’
came from Permian deposits in South Africa and, even today, the maj ority of
the knowm forms come from these deposits. But Permian rocks in other parts
of the world (Central and East Africa > Scotland, Russia,, India, Indo~China
and Chima) have also yiclded dicynodont remeins,and Triassic dicynedonts,
usually of very large size, have been found in Africa s Chima, North ard
South America and may also oceur in Burope. In many areas dicynodont remains
are the most common vertebrate fossil; this is especially marked in South
Africa, where the great abundance of % heir remains and the presence in the
same beds of less common and obviously camivorous theriodonts would alone
lead one to suppose that the dicynodonts were the main herbivorous group
at this time, a conclusion Supported by their peculiar demtal medifications,

The earliest workers on dicynodonts (Owen, Seeley, Lydekker amd Huxley)
confined their attention minly to the external surfaces oi‘ the skull, since
the techniques of development in use during the nineteenth century did not
permit an examimation of the deeper parts of the skull, and the post-cranial
remains of dicynodonts are far less common than their skulls,

The nmumber of named species of dicynodont greatly increased from 1899
omvards, largely due to the work of Broom, who published over fifty pepers
concerned with the group. Other major comtributors to the variety of known
forms bave been Haughton, von Huene, Broili and Schréder and Boonstra.

Though, scattered through the large mumber of papers puhlished by the
above-mentioned workers s there exists a fair amount of fragmentary information

as to the more detailed structure of the skull of dicynodonts, most of our
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present knowledge of this is due ‘o the work of Broili & Schrdder (1935a, b,

1936a, b, 1937) and to the results of sectioning by Sollas & Sollas (1913} 1916)

and Olson (1944).
Comprehensive accounts of the skull and post~cranial skeleton have been

given by Sushkin (1926a, b) for the Russian form Dicynodon amalitzlii, by

Pearson (1924a, b) for the South African Triassic fom Kannemeyeria amd by
Watson (1914, 1917) for the South African form Dicynodon halli. Watson's
1917 mper is one of the few to consider the possible musculature of
Dicynodon, vhile more recently he s surveyed the outlines of the evolubion
of the Dicynodontia (Wabson, 1948). The most recent work on the group
has been that of Toerien (1954a, 1955, 1956) who has revised part of the
classification, using the structure of the palate as a major taxonomic
character.

Thus, though over one hundred and fifty papers comerned with dicynodonts
have been published, and a large number of forms of dicynodont have been
namned, in only a few cases has the detailed structure of any form been
investigated. As a result, there is still insufficient information for
the comprehensive anatomical comparisons which alone will penni_t of a
satisfactory taxonomic and evolutiomary understamding of the group.

The following account is concerned with certain of the dicynodonts
collected by ¥r. F, R. Parringbton from the Karroo rocks of Tanganyika in
1933. The presence of Karroo deposits in the Rulmhu area of South-west
Tanganyika was first suggested by Stromer von Reichenbach (1896) and first
definitely established by Bornhardt (1900, summarised by Koert, 1913), who
found only plant remains, Further work was done by Dantz (1903) and Gillman
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(1927), but the first detailed study of the area ami correlation with the
South African series was made by Stockley (1932) who fourd both vertebrate
and invertebrate fossils in the course of a five-month survey in 1930,
Stockley divided the Karroo beds of the Ruhulm "into e ight distinct groups,
based on lithological differences and on malaeontological ard economic
grouxds!, He states that all these groups my contain bore, but that bone
is most common in two strata to which he refers as "Bone Beds", His use

of this term has simce been criticised by both Watson (discussion after
Haughton, 1932) aml Nowack (1937), as it is a tem that is nomally used to
describe a distinct and restricted horizon within which bones are exceedingly
aburdant. No such horizon is foumd in the Ruhuhu series; thus Stockley's
"Lower Bone Bed" is a stratum 300 f£t. thick, bone being found within this at
different levels at different localities, though some localities certainly
contain horizons at which bone is moderately abundant.. It therefore seems
better to follow Nowack in referring to these fossiliferous beds as the Lower
and Upper Bone-Bearing Strata. The fossils with which this work is concerned
come from the Lower Bone-Bearing Stratum.

The vertebrate fossils collected by Stockley were described by HBaughton
(1932). He concluded tlat the Upper Bone-Bearing Stratum, conﬁaining
diapsids and large dicyrodonts » was of Upper Triassic age, From the Lower
Bone-Bearing Stratum he identified parieasaurs, iarge and smll dicynodonts >
including endothiodonts, and gorgonopsids. This fauna led him to conclude
that the Lower Bone-Bearing Stratum is homotaxial with the middle part of
the Lower Beaufort Beds of South Africa » including parts of both the FEndothio-
don and Cistecephalus zones s and is thus Upper Permian in age.

|
|



The next work in the region was done by Parrington, who in five months
in 1933 made an extensive collection of vertebrate remains; work on this
collection has resulted in several mpers by Parrington (1936, 1946a, b,
1955) and Crompton (1955a). This was followed by Nowack, who in 1934-36
mde a collection of reptilian remins, ard who was also able to make more
detailed observations on the geology of parts of the area,

VWork on the fossils collected by Nowack has been done by Broili &
Schrdder (1936c) and von Huene (1942, 1944, 1950). von Huene agrees with
Haughton that both the Endothiodon amd Cistecephalus zones of South Africa
are represented in the Lower Bone-Bearing Stratum, b-ut. considers that it
includes only the lower part of the Cistecephalus zone and the uppermost
bourdary of the Endothiodon zone.

Boonstra (1953) s recently examined a further Ruhmhu area collection
sent to him by Stockley, but the remains are very fraginentary amd weathered
amd have not added to the known-extent of the fauna.
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2. BATERTAT, AND METHODS

Ur, F. R. Parrington collected dicynodont mterial from a large number
of localities which he numbered Bl - B35 in accordance with the localities
on Stockdey's map (1932). The bulk of the present work has been concerned
with mterial from B9, Kingori, but other remains came from B4, Katumvi
viwili and B1§, Yatomondo. ALL of bhese are in the Lover Bone-Bearing
Stratum.

The bones are preserved in nodules of siliceous mudstone; the matrix
is whibe, tinged with yellow or green, ard the bones are a re&dish-brown,
usually covered by a thin red layer, presumably of an iron oxide. The
nodules are often traversed by thin seams, along which calcite crystals
have become deposited. These seams do not represent lines of dislocation
and the bones are usuvally undistorted, the only damage being due to weathering
of the exposed portions. '

As is commonly the case with this group of aﬁimals, skulls form the
bulk of the material collected; however, with one skull is associated an
(incomplete) series of thirty-four vertebrae, with the proximal ends of the
ribs and the complete pectoral amd pelvic girdles.

It vould have been possible to describe the whole of the colleckion
of Permmian dicynodonts to the degree of detail found in most of the previous
literature but, considering the unsatisfactory taxonomic position that has
resulted, it vas decided that it would be more valuable to atbtempt to gain
a more complete knowledge of the anatomy of these animls by a detailed
investigation of a smaller number of specimens. The recent discovery of

the acetic acid technique (Toombs, 1948; Rixon, 1949) has greatly facilitated
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this more thorough type of investigation. After immersion for about twenty-
four hours in fifteen per cent. acetic acid, the specimen is washed in
running water for a similar period and is then dried. A solution of perspex
in chloroform is applied aml allowed to soak into the fossilised bone to
strengthen it and a stronger solution of this is used for mending broken
bones. In suitable cases, the i echnique makes possible the complete removal
of the matrix, even from within such internal cavities as the braincase, is
on the whole less time-consuming than the mechanical methods of preparation
and also permits of the preservation of the structure in finer detail,

The response of the matrix to the action of the acid varies greatly.
In some cases it was possible to remove the whole of the matrix, leaving
everywhere a clean bone-surface, so that the structure could be studied in
detail. At the other extreme, in specimen no.82 the matrix is far less
responsive; apart from the presence of a hard semi-crystalline acid-resistant
metrix over much of the skull and vertebral centra, the bons is everywhere
covered by a thin red acid-resistant layer, which mkes the detection of
sutures very difficult.

|
1
%
1
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3. THE OSTEOLOGY OF KINGORTA

A, Diagnosis of Kingoria, gen.nov,

The generic name refers to Kingori, the locality in which the type
species was collected,

Type species Xingoria nomacld (von Huene) .

Small dieynodont, without precanine or post-canine teeth; canines
present or absent. Skull oval in dorsal view » greatest width posterior
to level of pineal foramen. Breadth of interorbital bar greater than
breadth of intertemporal tar. Snout broad, without nasal ridges or bosses,
No pineal boss. No postfrontal bone. Long narrow pmpaﬁetal, surrounding
anterior part of pineal foramen. Postorbitals cover lateral portions of
intertemporal bar; parietals exposed bebween them, but this region is not
concave from side to side, parietals instead forming melian ridge, and there
is sharp transition between this region and occiput. Posterior end of
zygometic arch not expanded into lateral wing. Talular present, extending
2lmost to post-temporal fossa., Distinct tynmnic process on distal end of
posterior surface of paroceipital rrocess, Stapes without stapedial foramen.
Interpterygoid vacuity present, bordered by womer and pterygoids, Pterygoid
Separated from mxilla by ectopterygoid. Palatine not forming mrt of
secondary palate, does not meet premaxilla., No pair of stoubt ridges on
anterior surface of plate, but a mir of low sharp ridges on premaxilla
Just medial to its sutures with maxillae. Ascending portion of epipterygoid
very slender, apmrently not expanded dorsally to fom part of lateral wall

of braincase. Marked venous groove on anterior face of prootic. No un~

osgified zone between basioccipital and basisphenoid. Distinct sella
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turcica, entered by paired internal carotid camls, ]

Dentaries anteriorly form upmrdly-curving, blunt, tapering “beakt,
Lateral surface of dentary bears strong prominent wing. Articular bears
retro-articular process.

Six cervical vertebras. Atlas neural arch paired, each with neural
spine directed postero-dorsally and laterally. Dorsal vertebrae with well
developed metapophyses. Five sacral vertebrae. Cervical and anterior
dorsal ribs double-headed, other ribs single-headed. No cleithrum,

Coracoid foramen between scapula and precoracoid, ‘Well developed scapular
spine. No pelvic symphysis, Pubis and ischium posterior o ilium.
Ischium contacted by fourth sacral rib,

The genus contains two species, one from the Lower Bone-Bearing Stratum
of the Songea Series of the Karroo System, from a level apmrently equivalent
to the lower part of the Cistecephalus zone of South Africa, in which the

other species was found.

The gpecies Kingoria nowacki

The original description of this form, as Dicynodon nowacki, was given

by von Huene (1942). His specimens, in the Museum fir Geologie und
Paliontologie, TWbingen, were examined and found to be conspecific with
specimens nos 76 and 98 in the Cambridge co':llectiona A1l these specimens
vere extremely like specimens nos 82 and 84 in the Cambridge collection,
but differed in that these latter possessed tusks, which are not present in
the other specimens. A tusked skull (Cambridge specimen no. 84) ami a
tuskless skull (Cambridge specimen no. 76) were each prepared by the acetic
acid methoed, and a detailed comparison of the two showed them to be
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morphologically almost identical except for the difference in dentition,

A similar difference is lmown in several other types of dicynodont, ard it
appears likely tlat it was a sex-difference, the males rresumably being the
tusked sex. In Kingoria, eight tuskless skulls are known and two tusked;
a similar difference in mumbers is found in mny modern herbivares, the
femles being more numerous than the males,

It is therefore considered that the tusked specimens nos & and 84 in
the Cambridge collection are merely the males of von Huene's species
Dicynodon nowacki. They have been found to be sufficiently unlike other
forms to necessitate the erection of a nev genus, Kingoria, and the name

of the type species is thus Kingoria novacki (von Huene), Though, as will

be seen later, one other species of Dicynodon also belongs to this new genus,
its skull is so badly damaged and distorted that _it is not pogsible to
compare the two species in detail, and therefore no comprehensive specific
diagnosis of Kingoria nowacki can be given. However, it is felt that the
species is described and figured in the next section in sufficient detail
for it to be distinguished from any obher species of Kingoria which my
subsequently identified.

The following account is based upon the skull of specimen no, 84 in
the Cambridge collection, and the post-cranjal skeleton of specimen no. &2

in the same collection.
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B. The skull and lower jaw of Kingoria nowacki gen.nov.

Material

Specimen 84, from B 19, Kingori, consisted of an undistorted and nearly
perfect skull with both stapes and the lower jaw in place, The specimen
wag mreserved as a nodule, its dorsal surface amd the outer side of the
zygomtic arch and the ventral surface of the symphysial region of the lower
Jjaw being exposed. The median ridge along the intertemporal bar is damaged,
and the following parts of the sknll are missing: the extreme anterior epd
of the snout; the left zygomatic arch and post-orbital bar; the posterior
dorsal edge of the right zygomatic arch; the medial part of the right post~
orbital bar amd the lateral edge of the squamosal. The distal parts of the
canine tusks are also missing.

The acetic acid technigue has proved extremnely effective in this
specimen; the reddish-brown bone is everywhere completely freed of matrix,
ipcluding within the brain-case and nasal cavity, and its surface detail is
perfectly preserved, except anteriorly on the do::sal surface of the snoub
where some weathering has taken place. Subures can in nearly all cases
be traced with certainty.

Osteology of the skull

Dorsal view (Fig, 1).

The skull shape is that of an ellipse, tapering anteriorly towards a
blunt rounded snout and the squamosals curving imwards posteriorly. The
greatest length (baken in the midline from the snout to a line drawn between
the posterior margins of the squamosals) is about 15 (;ms. » and the greatest
width (which lies posterior to the pineal foramen) is 10,5 cms, The whole
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of the orbits and post-orbital bars lie in the anterior half of the skull.
The interorbital width (3,2 cms,) is considerably greater than the maximm
width of the intertemporal bar (2.4 cms.). The orbits face laterally and
forwards; they are somewhat triangular in dorsal view, their imer margin
being fomed by two curves which meet about half-way along the orbit. No
trace of sclerotic plates was found, The pineal foramen is of an elongated
oval shape.

In the anterior part of the skull the bore surface bears mimite wrinkles
ard pores, but the surface of the bones bounding the temporal vacuity is
smooth ard polished.

The premaxillae are fused together, there being no sign of a median
suture. The interdigitating sutures between the rremaxillae and the nasals
run backwards ard medially from the upper anterior corners of the nares, so
that the premaxillae form a median dorsal wedge between the masals, The
premaxilla meets the maxilla on the lower outer corner of the naris, and
thus forms the whole of its floor and anterior border. .

The geptomaxilla is a small bone lying within the posterior part of
the external naris; it was somewl;za’c. damaged during the premaration. From
its expanded base, resting on the premaxilla, arise two lamimae, one :‘u;terior
and slightly behind the other. These laminae extend gide by side uprards
ard oubtwards, their imer surface facing postero-medially., They fuse
dorsally after a short distance, and the ouber surface of the labteral lamims
curves slightly oubwards to meet the inner surface of the maxilla. Above
the fusion of the two laminae the dorsal end of the septomixilla curves
forrvards and outvards and butiresses against the innfar surface of the maxilla .




This complex form of the septomaxilla results in the rresence of two foramina,
each about 1 mm, wide; the outer foramen is between the maxilla and the
outer lamina, and is directed forwards; the inner foramen is between the

two lamellae and is ldirected forwards and imvards.

The nasal is large, extending from the extemal naris, whose upper
border it foxms, back to the level of the anterior border of the orbit.
Anteriorly the nasals mould the greater part of the form of the snoub; in
the longitudinal plane they curve gently and fairly regularly domvards ami
formards, ard in the transverse plane they curve strongly dowmwards at the
sides. Anteriorly there is a slight median longitudinal depression, in
the bottom of which runs the sinuous median nasal subture. Laterally the
nasal slightly overlaps the maxilla, lacrimal and rrefrontal, the edge of
the nasal being slightly irregularly scalloped. Poste;iorly there is an
interdigitating suture with the frontal. There are a mumber of small
foramina on the nasals, especially anteriorly on the latemal surface, and
the surface immediately behind the naris is finely rugose.

The frontal is large, extending from the anterior border of the orbit
back to 3.5 mm. in front of the pineal foramen, and forming about one centi-
metre of the orbital margin. Anteriorly the frontals have an interdigita-
ting suture with the prefrontals ard nasals and bear a slight median swelling,
which continues a short distance forwards as a wedge between the nasals.

The swelling fades oub fairly rapidly posteriorly, but continues as a very
slight median ridge on which is the sinuous median frontal suture. On
either side of this ridge the frontals are slightly concave, rising laterally
to the somewhat elevated orbital edge. " The smooth frontal-postorbital




suture runs along the crest of a ridge, which anteriorly fades oub towards
the orbitel margin (the actual margin is not preserved here), and posteriorly
runs back to join the median parietal ridge at about the level of the front
of the pineal foramen. Posteriorly the frontal has a short interdigitating
suture with the anterior end of the preparietal but contacts only a small
part of its lateral border, as the frontal is constyricted into a thin process
between two thin anterior processes of the parietal,

The frontal also forms the posterior part of the upper intermal orbital
wall, meeting the prefrontal anteriorly and the postorbital posteriorly.

Tt continues posteriorly as a narrowing strip of bone which extends to a
level 1.0 cm. in front of the pineal foramen; this it is contacted ventrally
by the sphenetlmoid and is overlapped dorso-laterally by the postorbital.

The premrietal is long and marrow, 18 mm, by 4~5 mm., Anteriorly it
has an interdigitating suture with the frontals, and this anterior part is
sunk between the paired frontal-postorbital ridges; the straight lateral
sutures between the preparietal and the frontal and parietal run along the
inner side of these ridges, so that the premarietal is concave in transverse
section. Posteriorly it curves upvards in front of the pineal foramen to
form the anterior end of the median parietal ridge, and borders the anterior
third of the pineal foramen,

The lacrimal forms the antero-ventral border of the orbit aml its outer,
facial, part is raised above the level of the surrounding bones, so that
there is a slight eircum~orbital ridge in this region. Dorsally the lacrimal
has an interdigitating suture with the prefrontal; +his subure is clear

on the skull roof, but within the orbit part of the bones is missing. The
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lacrimal is overlapped by the nasal for a short distance, and then has a
gently undulating suture with the maxilla. It has a short facial suture
with the maxilia; this subure continues on the floor of the orbit, running
medially for 1.5 cms, until it meets the palatine, and then continuing
slightly forwards to the edge of the antero-ventral orbital surface.

The elliptical lacrimal foramen, 3.5 mm. high by 1.5 mm. wide, pierces
the lacrimal at its extreme anterior end. The foramen is single, but a
second foramen opens within the lacrimal foramen and runs ventrmlly through
the roof of the chamber surrounding the root of the canine tusk., The
orbital surface of the lacrimel slopes gently downwards posteriorly towards
its sinuous suture with the jugal.

The jugal forms most of the ventral border of the orbit and anterior
root of the zygomatic arch, and exbends along the imner size of the zygomatic
arch to half-way along the temporal vacuity. . Anteriorly it has a simuous
suture with the orbital surface of the lacrimal, by which it is slightly
overlapped; extern2lly on the facial surface this suture continues for a
short distance and meets the maxilla, Medially the jugal meets and
slightly overlaps the palatine, the sinuous subure running posteriorly to
a point slightly in front of the palatal ramus of the pterygoid, the jugal
thus forming the whole of the anterior border of the temporal vacuity.

At the inner anterior corner of the temporal vacuity the jugal meets the
ectopterygoid; the suture between these two bones runs downwards, inwards
and forwards on the ventral aspect of the skull, the jugal having a rather
rnarrow grojection pointing towards the posterior end of the secondary

palate. The anterior border of this projection is slightly overlapped

by the maxilla, the sinuous subure rumning backwards, outwards and upmards
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until it reaches the ventro~lateral edge of the zygomatic arch and then
curving round upwards and forwards to the facial end of the jugal-lacrimal
suture,

More msteﬁorly, the jugal for a short distance forms the vwhole of
the thickness of the zygomatic arch, but the anterior process of the squamosa
reaches beyord the level of the post-orbital bar, making a deep groove in
the external surface of the Jugl. The jugal comtinues to be visible in
lateral view for a distance of over 1.0_ cm. behind the level of the post—~
orbital bar, clasping the ventral border of the squamosal, ©Part of the
dorsal side of the Jugal is covered laterally by the foot of the postorbital ,
whose immer side is covered by-the Jugal to a level 1.6 cms, vertically
above the ventral border of the zygomatic arch in this region. A small
corner of the jugal is visible in lateral view immediately behind the post-
orbital bar; posterior to this the Jugal continues to overlap the inner
surface of the squamosal, its border gradvally descending to the point
vhere it tums umler the ventral margin of the zygomtic arch,

The prefrontal is quadrilateral in dorsal view, having an interdigi-
tating subure anteriorly with the maxilla and posteriorly with the frontal s
and a sinuous medial suture with the nasal. It is somewhat concave from
side to side, rising medially towards the nasal, by which it is slightly
overhung, and laterally towards the elevated orbital margin. The prefrontal
forms about 1,0 cm. of the antero-dorsal border of the orbit and projects
dovnwards ard immards to form mrt of its upper internal wall. Tis suture
with the frontal runs posteriorly just under the orbital margin for 8 mm.

and then turns slightly imvards to reach the edge of the orbital wall.
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There is no trace of a postfrontal, The postero-medial edge of the
orbit is missing, but the medial base of the post-orbital bar is present
and shows no sign of any bone between the frontal and the postorbital,
either on its dorsal or ventral surface or in cross-section.

The ggstorbitai is an L-shaped bone which extends from halfway along
the orbit to the posterior end of the intertemporal bar. It forms almost
all of the post-orbital bar, the lateral end of vhich is covered intermliy
by the jusel ard meets the anterior process of the squamosal. The trans-
verse section of the post-orbital bar has the form of an ellipse, the long
axis of which is horizontal at each end but is vertigal mid-way along the
bar,

As already mentioned, the dorsal sature between the postorbital and
the frontal runs along the crest of a ridge which extends backwards and
imvards to meet the side of the median parietal ridge. However, from a
point 11 mm. in front of the pineal foramen, the immer side of the ridge
is formed by an anterior process of the rarietal, The postorbital
continues to fomn the lateral part of the ridge to a point 3.5 cm. in fromt
of the pineal foramen; here the upper border of the postorbital curves
downvards on the side of the median parietal ridge. The suture continues
posteriorly along the side of the parietal to the level of the dorsal apex
of the occiput; here it meebs the medial process of the squamosal, and it
then turns laterally and runs to the edge of the intertemporal bar.

The postorbital thus forms the lateral surface of the intertemporal
bar, resting on the parietal, Anteriorly, just behind the post-orbital

bar, this surface inclines imwards at an angle of about forty-five degrees
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to the horizontal, but it gradually becomes more horizontal 5 being at

about twenty-five degrees at the level of the anterior apex of the occiput.
Running posteriorly from the lower corner of the post-orbital bar is a low
rourded laterally-directed ridge which rapidly becomes more pronounced so
that, posteriorly from a level about 11.5 mm, in front of the pineal foramen,
the postorbital and the parietal (upon which it is resting) together form

a roof-like covering to the medial part of the temporal vacuity, This

roof extends outwards to a distance of 6-8 mm. lateral to the vertically
descending parietal wall of the braincase., On this roof are two low mounds 5
the anterior being more marked and situated at the level of the pineal
foramen and the other being a short distance behind it. The edges of the
roof are turned downwards, so that its ventral surface is concave,

The postorbital-frontal suture anteriorly turns over the edge of the
orbit and runs backwards and downwards more or less vertically below its
dorsal exposure, eventually reaching the anterior edge of the vertical
mrietal wall of the braincase. Here the postorbital meets the parietal,
the subure at first ruming slightly forwards and then curving dorsally and
posteriorly to run back along the ventral surface of the medial roof of the
tenporal vacuity. Until a level about halfway along the pineal foramen
the suture runs 2-3 mm. medial to the edge of this roof, but behind this
level it approaches close to this edge, so that nearly the whole width of
the postorbital is supported by the mrietal.

The parjetals are rused together, there being no sign of a median suture
along the broken surface resulting from the loss of the median parietal ridge.
The fused bone forms the border of the posterior half of the pineal foramen

s
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and extends forwards on each side nearly to the anterior border of the
parietal. On each side this anterior process is single as far as a level
3.5 mm, in front of the anterior border of the pineal foramen; nere it
divides into two thin processes which run on either side of the posterior
process of the frontal. The imer parietal process borders the preparietal
to near its anterior margin, the lateral process borders the postorbital
and forms the inner side of the raised ridge which runs back to the median
parietal ridge. lMost of the latter is missing, but the width of the broken
surface indicates that the ridge must have been fairly high, and the migsing
part has in the figures been restored as reaching the same level as the
urdaraged anterior preparietal component of the ridge. Though the sides
of the parietal are steeply sloping and, if conbimed upwards, would meeb
at about the level of the apex of the ridge as restored it is likely, as
shown below, that there was 2 median groove rumning down this ridge; such
a feature is common in the dicynmodonts.

The sides of the parietals are covered by the postorbitals, which
extend back to the level of the dorsal apex of the occiput. Here the
parietal meets the dorsal part of the medial process of the squamosal, and
more posteriorly it progressively disappears underneath this structure.

The squamosal at first covers only the more lateral part of the parietal,
but the squamosal widens posteriorly until it forms the whole dorsal surface
of the dorsal margin of the oceipub. The edges of the mrietal remain
visible on either side of this prt of the squamosal, and the parietal
extends back to a point 2.5 cm. from the dorsal apex of the occiput. This
whole region of the parietal rests anteriorly upon the interparietal , which

also forms a median dorsal wedge between the fused parietals; more
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posteriorly, the tabular interposes itself between the interparietal ard
the squamosal ,

The intermarietal is visible in dorsal view as a small wedge of bone
between the two diverging posterior wings of the fused parietals. This
dorsal exposure is a broken surface, anmd the interparietal thus probably
took part in the formation of the posterior end of the median parietal
ridge. The suture between the interparietal and the parietal disappears
anﬁeriorly, so that the two bones may be fused in this region. Dowﬁ the
middle of the dorsal surface of the intermrietal is a groove, guite similar
in appearance to the sutures on either side ard, like them, it disappears
anteriorly., It is possible that this is an é.rxiication bf a subure between
the two halves of the interparietal bone, but there is no sign of this on
the occipital exposure, This median groove disappears at a more dorsal
level than do the lateral sutures, and it seems likely thaft this is in fact
the extreme ventral end of a groove running down the middle of the inter~
temporal bar, |

The squamosal is complex in form. Radiating from the posterior apex
of the zygomtic arch are three components: an anterior ramus, forming most
of the posterior part of the zygomatic arch; a medial process, forming the
dorsal surface of the upper margin of the occipub and mich of the posterior
surface of the temporal vacuity; and a ventral ving, forming the lateral
part of the oceciput.

The anterior ramus extends to almost mid-way along the oxbit, but does
not contact the maxilla, It meets the jugal halfvay along the temporal
vacuity, and is received in a gradually deepening groove in the outer surface

of that bone, itself gradually tapering to a point anteriorly., The dorsal
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side of this point is touched by the lower end of the postorbital. Vhere
it borders the temporal vacuity, the squamosal forms a bar about 3.5 mm.
thick which lies at an angle so that its ventral border is slightly medial
to its dorsal border, its outer surface facing slightly dowmwards. The
dorsal margin of the posterior part of this bar is missing.

The medial process of the squamosal extends along the posteriorly
projecting rim of bone which forms the dorsal border of the occiput; it
runs forwards and imwards, covering the posterior end of the parietal, and
its anterior end contacts the postorbital. The medial process of the
squamosal meets the main body of the bone at its postero-dorsal é.pe:c.

The margins of this apex are missing, as is the dorsal margin of the posterior
mrt of the zygomatic arch and the outer margin of the lateral squamosal
component of the occiput. The probable outlines of these areas ave been
drawvm by restoring the missing parts in plasticine, which is then modelled

to produce a structure conformable to the preserved bone.

Ventral to this dorsally-fading surface there is an embayment in the
medial process of the squamosal (Fig. 5); this embayment is 5 mn. high
and extends laterally to a point above the post-temporal fossa. Below it,
the squamosal extends imwards, covering part of the anterior faces of the
interparietal and tabular and of the supraoceipital region of the occipital
plate, Hedian to this, the anterior exposure of these latter bones
separates the squamosal from the vertical component of the parietal.
Ventral to the supraoccipital, the squamosal meets the prootic, the suture
running laterally and slightly dovmnwards to reach the dorso-lateral corner

of the post-temporal fossa. Below this, the subture between the squamosal




21,

and the paroccipital process runs dowrvards from the outer corner of the
post-bemporal fossa to meet the loose union of the quadrate with the bones

of the occipital plate., The Squamosal sends a wedge of bone down for a
short distance between the quadrate and the distal surface of the raroceipita
process,

The medial process of the squamosal is merely an imvard extension of
the broad wing of the squamosal which forms the lateral part of the occiput,
The anterior face of this wing faces slightly cutwards and is slightly
concave, the degree of concavity increasing postero-dorsally, below the
root of the zygomatic arch. Ventrally it bears the quadratojugal, the
upper part of which slots closely into the squamosal and has a sutural
union with it.

Occipital view (Fig. 2)

A1l the cartilage-replacing bones of the occiput are fused together
to form a single unit, the occipital plate s but the sutures of the membrane
bones are quite clear, The occipital plate is itself fused to the prootic
and opisthotic.

As mentioned above, the edges of the lateral squamosal component of
the occiput are restored. The occiput is broad, its maximum width being
about 9 cms, and it is 5.85 cms. high in the midline. Dorsally the squamosal
projects backwards about & mm. beyond the level of the occiput, the under
surface of the projection being covered by the tabular and interparietal.
Above the foramen maznum the oceiput is slightly forwardly-sloping and
sunken; on either side of this it slopes dorso-laterally and slightly
backvards to reach the squamosal overhang. The foraxpen has a broadly

spatulate outline, 13.5 mm, high and 8.5 me, wide at its ventral, broader,
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end. The posterior openings of the post-temporal fossae run slightly
dowmvards and medially,

The interparietal is not merely a thin sheet of bone lying on the
dorsal surface of the occiput but forms the whole thickness of this region
of the occipital plate. In the midline its dorsal part faces posteriorly
and bears vertical ridges; below this its surface at first slopes postero-
ventrally and then again becomes vertical and overlaps the supracceipital,
This overlap in the midline is leaf-shaped, and on either side of this
there is the rather large opening of a bavity which runs forwards for a
short distance between the interparietal and supraoccipital. On either
side of the midline region, the interparietal extends ventro-laterally,
having subtures with the supraoccipital and the tabular. Its postero—~
ventral extremity is overlapped by the tabular. Its dorsal edge contacts
the parietal both in posterior view, along the posterior edge of the dorsal
overhanging mrgin of the oceiput, and in anterior view, where it has an
exposure medial to the anterior exposure of the tabular and squamosal, being
overlapped by the latter bone. However, between the anterior and posterior
contacts of the interparietal and parietal the two bones are serarated by
the dorsal process of the tabular,

The tabular covers the dorso-lateral mart of the occiput. Antero-
dorsally it overlaps the interparietal and sends two processes dorso-medially.
The more ventral of these is quite small, merely forming a slight projection
of the tabular dorso-medially between the interparietal and the supraoccipital,
The more dorsal process is much sironger and runs forvard in the overhanging
dorsal margin of the occiput to a point only a few millimetres from the
dorsal apex of the occiput. It is only visible in section, being covered

o
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anteriorly, ventrally and posteriorly by the interparietal and dorsally by
the mrietal (the posterior mrt of which is itself covered dorsally by the
squamosal),

The ventral suture of the tabular Tuns downwards and laterally, overlamed
by the supraoccipital region of the occipital plate, to a point above the
groove leading into the post-bemporal fossa s vhere it meets the squamosal.

At its most posterior lateral point there is the opening of a cavity which
runs dorso-medially between the tabular and the squamosal. The tabular does
not form any part of the margin of this fossa s the suture turning away upWards
ard forwards for over 1 cm.; this suture does not run straight to the edge
of the squamosal overhang however, but first turns backwards to form a marrow
process, 7 mm. long, which runs back along the edge of the sqﬁamosal.

Aprt from its oceipital exposure, the tabular is also visible in
anterior view on the posterior face of the temporal vacuity, where it appears
in the embayment of the ;zzedial process of the squamosal and lateral %o the
anterior exposur of the interparietal. The exact position of the suture
between the tabular and the interparietal cannot be seen due %o damage.

The oceipital plate is a complex structure formed by the fusion of the |
Supraoceipital, exoccipitals and basioceipital s and is itself also fused to
the prootic ami opisthotic.

The dorsal, supraoccipital > part of this plate extends upwards to meet
and be overlapped by the interparietal., Above the foramen magnum it forms
the whole thickness of the brain case, am is thus visible in anterior view,
between the anterior exposure of the intermriétal, the vertical component

of the parietal, the medial process of the squamosal. and the periotic region,
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being fused with the last mentioned, Overlapping the ventral edge of the
tabular, it extends far out to the sides and reaches a point dorso-lateral
to the post-temporal fossa s Where it meets the Squamosal, Above the fossa
is a marked ridge ruming upvards and outwards; the interdigitating suture
between the upper part of the occipital plate and the squamosal runs down
the upper side of this ridge for some distance; it then turns ventrally,
crosses the ridge and runs forwards through the post~temporal fossa.

The lower part of the oceipital plate meets the Squamosal laterally.
The suture runs laterally from the inner corner of the poust-temporal fossa
for 6 mm. in an overlapping but immovable suture, turns ventro-laterally
for a short distance, and finally follows a slightly curving course ventrally,
This latter part of its course commences as a sunken straight suture, the
occipital plate here being at a slightly lower level than the squamosal;
further ventrally, the contact rapidly becomes more and more open.

At a level slightly less than halfway up the foramen magnum are smll,
low, mired facets for the proatlas neural arches; these facets face back-
wards and slightly upvards. The two exoccipital condyles have a continuous
dorsal surface, vhich is smooth amd slightly concave from side to side;
the posterior surface of these condyles is comvex. The fla} basioceipital
component is slightly anterior to them. There is a very distinct central
notochordal pit. The jugular foramen is directed outwards, tackwards anq
domvards; it is of irregular circular outline s about 4 mm, in diamster.
The lower border of each Jugular foramen is thickened imto a rib ruming
into the comlyle; between this pair of ribs there is thus a hollowed area
imiediately below the bagioccipital cordyle. The basioccipital tubera in

occipital view form a pair of downvardly directed mrocesses, the inner borders




25,

of which together form a smooth parabolic curve, On the left side a faint
line can be seen running ventro-—]atera]ly from the jugular foramen to near
the dorso-~lateral edge of the tubera; this is probably the vestige of the
suture between the basioccipital and the opisthotic > bhe latter bone thus
forming the postero-lateral part of the border of the fenestra ovalis.

The paroceipital Process is expanded distally, buttressing against the
squamosal amd quadrate; dorsally it sutures with the Squamosal, but ventrally
it meets both the squamosal and the quadrate in a loose contact, as noted
above. Distally, its occipital surface is holl owed dorsally, but below
this the paroccipital Process projects posteriorly to form a tapering blunt
rounded process which mrojects about 7 mm, beyord the general J.evel of the
surrounding bones., The nature of this process will be discussed in a later
section; in the present section it will provisionally be referred to ag
the tympanic process.

The squamosal forms most of the border of the occipnt, - As noted
above, it projects dorsally over the occiput, lying over the interparietal;
its posterior apex in this region is restored (see above), It forms the
vhole of the lateml part of the occiput; nearly all of its onter margin
here is missing and has been restored, Above the post-temporal fossa, the
sSquamosal has an interdigitating sﬁture with the tabular and interparietal
and with the Supraoccipital region of the occipital plate; below the fossa s
its contact with the paroceipital process becomes i:rogressively more open.
Ventrally and ventro-laterally it overlaps the quadrate and quadratojugal,
this also being an open contact,

The post-temporal fossa lies at the lower and medial end of a deep

groove in the squamosal, vhich forms the whole of its outer and lower
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borders ard also forms most of the pronounced ridge above the i‘ossa. Near
the dorso-lateral emd of this ridge is a smll tubercle, and there is a
similar tubercle ventro-laternl to this, near the lower margin of the

groove, At the distal em of the groove on the right side is a small
groove rumning dorsally into a spall foramen. More ventrally, the squamosal
rises pogteriorly to buttress the outer side of the tympanic process.

Palatal view (Fiz. 3)

As already mentioned s the anterior border of the premaxilla is missing
and has been reconstructed; the posterior border of the secondary mlate
amd its junction with the vomer is also damaged an& has been restored.

The internal nares are sunk between high walls formed anteriorly by the
mlatines and posteriorly by the anterior rami of the pterygoids. The deep
cavity thus formed is narrowed posteriorly as the pterygoids approach one
another, but it does not become appreciably shallower, and s a mrrow but
steep posterior wall. The relic of the interpterygoid vacuity is long and
narrow (20 mm, by 2,5 mn.) anmd is bordered by the pterygoids aml ths vomer;
through it can be seen the ventral surface of the processus cultrifomis

of the parasphenoid,

The basioccipital can in palatal view be seen to form the large ventro-
laterally directed tubera which form a very marked vall round the anterior,
medial amd posterior margins of the fenestra ovalis. The apex of this wall
is rounded, but there is not a smooth transition into the cavity of the
Tenestra, as the wall is separated from it by a depressed flattened area for
the reception of the head of the stapes. The fenestra ovalis itself is of
oval form, 5 mm. by 3.5 mm.; the long axis of the oval is directed antero-

laterally, There is also a lower dorso-lateral vall to the fenestra ovalis;
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this wall is traversed by a small fissure leading to a snall foramen in the
ventral surface of the paroccipital process. This fissure and foramen
seem to mark the point of fusion of the mootic ard opisthotic, and on the
left side a faint suture can be seen ruming from here dors o-létera]ly up
the anterior face of the occipital plate to reach é slight embayment between
the distal end of the paroccipital process and the ventro-~medial corner of
the squamosal (see rFig, 5).

Between the two tubera is a smooth groove, vhich continues forwards
onte the posterior part of the parasphenoid. This latter has a suture
with the basioccipital in the midline some way in front of the level of the
fenestra ovalis, but more laterally it extends onto the ambero-medial rrt
of the wall surrourmding the fenestra ovalis » and in this region has a free
edge covering the basioccipital.

The parasphenoid and basisphenoid are, as is usual in the Synapsida,

fused together to form a v parasphenoid-basisphenoid complex"; it may be
presumed that the usual conmlition obtains here, the complex consisting of

a basisphenoid portion sheathed ventrally by the parasphenoid., The para~
sphenoid tiws forms the palatal exposure of the complex and, as described
above, meets the basioccipital posteriorly, From this wide posterior
exposure it tapers anteriorly due to its progressive ventral overlap by the
pterygoids, with which it has smoothly curving sutures, [From the tubera

2 pair of ridges run down the lateral sides of the parasphenoid; anteriorly
these ridges approach orne another, constricting the groove which separates
them, and fimlly join. The anterior parts of these ridges, together with
the median ridge resulting from their fusion, are convexly curved antero-

posteriorly., The paired foramina for the inbernal carotid arteries pierde
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these ridges on their ouber side, close to the parasphenoid~pterygoid
suture, and tlms open somewhat laterally.

Anteriorly there is a wide, coarsely interdigiteting suture rumming
down the posterior apex of the depression associated with the intermal nares;
it is not possible to be certain whether this suture represents a meeting
of the pterygoids in fromt of the parasphenoid, or whether it is their
subures with a narrow edge of the parasphenoid. Anterior to this, part of
the ventral surface of the parasphenoidal rostrum is visible through the
interpterygoid vacuity.

The pterygoid is a long, strongly curved bone. As noted above, it is
not ccrdain that the two pterygoids have any contact in the midline.

The central part of the pterygoid, from which both the quadrate ramus
and the anterior ramus diverge, has a pelatal surface which is almost flat
laterally but which medially rises up ventrally to flank the median para-
sphenoid ridge. At aboubt the level of origin of the quadrate ramus there
is a small anteriorly directed foramen in the pterygoid, close to its subure
with the parasphenoid; a bristle passed through this foramen emerges
dorsally through a foramen between the pterygoid and the lateral side of
the dorsal part of the parasphenoid-basisphenoid complex, The position of
this canal is exactly what might be expected if it lodged the palatine branch
of the facial nerve (see Parrington & Westoll, 1940) and it may be presumed
that this was in fact the case.

The quadrate ramus of the pberygoid diverges postero-laterally at an
angle of about sixty degrees from a position slightly in front of the

posterior conbact of the bons with the parasphenoid. It is rounded, and
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slightly compressed dorso-ventrally; distally it is slightly enlarged
ventro-posteriorly and approximates to an antero-medially directed recess
on the inner surface of the body of the quadrate. Distally it has an
unfinished surface, and was in life presumably joined to the quadrate by
cartilage, .

The anterior ramus of the pberygoid diverges laterally at an angle of
about eightesn degrees and fomms the wall of the posterior mrt of the
depression associated with the internal nares and the bourdary of the
posterior half of the interpterygcid vacuity. Posteriorly the flattened
surface of the cenbral part of the pterygoid extends forwards for a short
distance as a slight ledgze on the inner side of the ramus, but anterior to this
the ramus has an almost flat internal surface. This surface slopes
slightly outwards, so that its smoothly rounded ventral edge is more
lateral than its dorsal edge. Halfway along the interpterygoid vacuity
the pterygoid has an interdigitating suture with the vomer for a short
distance dorso-medially and, ventro-lateral to this, with the palatine,
vwhich extends about mlfway up the vall of the pterygoid ramus. The
ventral edge of the palatine covers the pterygoid, forming a slight ridge
which becomes progressively more marked anteriorly. Ventral to the
palatine, the pterygpid has a firm anterior suture with the ectopterygoid,
which slots very deeply into its anterior end,

The ectopterygoid is a rather small bone, similar morphologically to
the anterior ramus of the pterygoid and forming the anterior continuation
of that structure. ° Its inner surface forms part of the wall of the

depression associated with the internal nares; the palatine lies more
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dorsally on its inner side, but the two bones are almost completely separated
by a large foramen 5 mm, long, meeting only for a short distance anterior
to this. Anteriorly the ectopterygoid has an interdigitating suture with
the maxilla, and laterally is covered by the jugal.

The palatine, as described above, lies sunken within the middle part
of the depression associated with the internal nares s formming the dorsal
part of its wall and the lateral part of its roof. Tt has an interdigita~
ting suture with the pterygoid posteriorly. Laterally also it meets the
pterygoid; at the posterior end of this meeting the ;rentral edge of the
mlatine covers the pterygoid, forming a slight ridge, which becomes
progressively more marked anteriorly until it enlarges into the large foramen
between the ectopterygoid and the palatine. About 6 mm. dorso-medial to
the large foramen there is another smaller foramen 1 mm. in diamet er,
piercing the palatine, which here forms the whole thickness -oi‘ the roof of
the palate. Anterior to the large foramen the palatine meets the ectoptery-
goid for a short distance; beyond this it has an interdigitating suture
with the maxilla. This latber continues antero-dorsally for a short
distance and reaches the edge of the opening into the cavity containing the
roof of the canine tusk; this part of the suture is out of sight below
the premaxilla, which here covers the maxilla ventrally. The palatine
does not meet the premaxilla and takes no part in the formatich of the
secondary palate, forming only the concave side wall of the internal nares,
between the maxilla and the vomer; between these two bones it has a free
anterior edge, anterior to which the respiratory passage enters the nasal
cavity, Hedially the palatine covers the lateral part of the vomer, and

its antero-medial corner just contacts the sphenethmoid.



31,

The yomer is a single bone, there being no sign of a median suture,
Posteriorly it sends back a pair or narrow processes which border the
anterior llf of the interpterygoid vacuity and whose ends are subured
with the pterygoids. From these processes there are developed anteriorly
a pair of ridges s Which fuse in the midline, forming the anterior border
of the interpterygeid vacuity, and then descend antero-ventrally to form
the median septum between the internal nares, From here anteriorly the
voner is roughly T-shaped in cross-section, the cross bar of the T being
the roof of the depression associated with the internal nares s and its stem
being the median septum. This septum increases in height anteriorly until
it joins the premaxilia 5 1ibts junction with this is not preserved. The
roofing part of the vomer is overlain dorsally by the palatine except in
the midline, A% the level of the anterior border of the palatines the
antero~ventral surface of the Sphenethmoid contacts the dorsal surface of
the vomer, which also sends up slight wings clasping its sides, The vomer
here iS 5ti1l a fairly large element, and it seems very probable that it
extended for some distance further forwards - i.e. above the dorsal surface
of the Premaxilla, whose median dorsal ridge it bresumably contacted,

The maxilla covers the Jugal postero~laterally ard has an interdigi~
tating subure with the ectopterygoid and palatine éostero-—medial’l.y; medially
it is covered by the premaxilla, The maxilla forms the sides of the oral
cavity and its surface here is porous, there being a very large number of
gmall and minute foramina, Postero-medially it bears a smooth groove,
vwhich at first runs Posteriorly and is overhung by bone on each side, and

more posteriorly curves imwards and runms dorsally across the inner surface




32.

of the palatine to reach the internal nares, Just medial to this groove
the surface of the mxilla ig roughened. The root of the canine tusk is
sharply delimited by a groove which runs in a curve forwards and outwards
from near the antero-medial extremity of the Jugal; this groove conbinues
onto the facial surface of the maxilla (see below, p. )+ In front of
the canine the anterior edge of the maxilla runs antero-dorsa]ly; it does
not form a cutting edge, the transition from the palatal surface of the i
maxilla to its facial surface being a rounded edge. Near its anterior
end this edge is notched by a groove Tuming from a foramen on the facial
surface of the maxilla.

The premaxilla is not complete, its anterior edge and junction with
the vomer being missing, Unlike the platal surface of the maxilla, which
it covers laterally, the surface of the premaxilla is not porous. It
bears a median posterior ridge which runs forward from the Jjunction of the
Premaxiltla and the vomer, and a pair of low lateral ridges. These latter
run just medial to the maxilla-premaxilla suture; they are 1.5 - 2.0 mn,
kigh, with a sharp edge, ard gradually subside posteriorly, disappearing
Just in fromt of the level of the base of the canine tusk, These ridges
do not seem to be equivalent to the more medial, rmired, stout anterior
mlatal ridges found in mny dicynodonts, and there is no sign of the latter
strucbures, The only other structural feature of the palatal surface of
the premaxilla is a mir of low roughened areas at its postero~lateml corners.

Side view (Fig. 44, B)

The skull is of rather a long, low shape, the dorsal outline graduvally

sloping dowrnards anteriorly, The large canine tusk is slightly curving
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amd projects at a forward angle., The posterior part of the ventral margin
of the palate runs more or less parallel to the dorsal surface of the skull,
bub a2 short distance behind the pterygoid-ectopterygoid suture it suddenly
turns more dorsally. Posteriorly the lateral pterygoid component of the
convex ridge on the anterior part of the palatal exposure of the parasphenoid
is visible below the quadrate ramus of %he pterygoid. Posteriorly the dorsal
mrgin of the zygomatic arch las a progressively greater outward slope, so
that there is a hollowing between this part of the squamosal and its ventral
wing. This ventral wing is set at a marked angle s thus being more or less
at right angles to the force transmitted through the comivles by the action
of the muscles attached to the lower jaw,

The maxilla is a very large bone, extending from the nostril to a level
halfway along the orbit. It forms the outer border of the naris; from
about halfway up the posterior border of the naris the nasal-maxilla suture
runs backwards, uprards and slightly imvards, the maxilla being slightly
overhung by the scalloped edge of the nasal. When the maxilla meets the
anterior edge of the lacrimal the suture curves round outwards and dovmwards
and then runs backwards, more or less following the curve of the lower border
of the orbit. The maxilla continues for a short distarce behind the lacrimal,
contacting the jugal and forming the ventro-lateral portion of the anterior
end of the zygomatic arch.

The form of the surface of the maxilla is complex. Ventrally it is
markedly convex about the root of the canine, anl from this area dorsally.
the surface is concave, rising to a rounded ridge along the anterior pmart

of the maxilla-nasal suture., There is a low wide ridge ruming a short
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distance downwards and forwards from the middle part of the maxilla-lacrimal
suture, and the maxilla is very slightly concave on either side of this,
rising upmards dorsally to the rounded extension of the maxilla between the
nasal and lacrimal, and rising ventmlly towards a very marked thickening,
which is the conbtinuation onto the maxilla of the root of the zygomatic arch.
Finally, there is a groove rumning round the postero-dorsal edge of the root
of the canine and continuing upwards end forwards; within this groove there
is a series of four foramina, decreasing in size dorsally, These foramina
are directed downwards and postero-laterally; immediately above the most
dorsal foramen of the series, and at the anterior end of a hbrizontal groove,
is another foramen directed upwards., The surface of the maxilla anterior and
ventral to these foramina is sculptured into fine ridges amd grooves, mny
of the latter running forwards from small foramira or pits. Opening near
the anterior end of the maxilla there is another foramen, from which a groove
runs onto the mlatal surface of the mxilla, causing a notch in the margin
of the bone: a bristle passed into this foramen emerges through an internal
foramen a short distance in front of the root of the canine tooth.

The distal parts of the large canine tusks are missing, but they were
apparently about 2.2 cm. long (measured along the posterior side). They are
round in cross-gsection, and the diameter at the base of the tusk is 8 mm.

The tusks project forwards and are slightly curved. Their surface is smooth,
with no sign of longitudinal grooves or of wear-facets, There is no evidence
of a replacing canine,

The ectopterygoid is in side view separated from the maxilla by the
antero~ventral portion of the jugal, by which it is overlapped. Posteriorly
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it is firmly wedged inbo the anterior end of the anterior ramus of the
pterygoid. Though it forms about one centimetre of the ventral mrgin of

the mlate, the pberygoid am Jugal almostr meet above the ectopterygoid,
which is thus roughly triangular in side view. On the dorsal surface of

the palate is the upper opening of the large foramen between the ectopberygoid
and the mlatine,

The palatine forms the imer and anterior borders to this foramen, apd
meets the ectopterymid for a showrt distance at its antero-lateral corner.
Imediately above this contact there is a small foramen rumning antero-
laterally into the cavity surrounding the root of the canine tusk; this
foramen lies between the mlatine and the Jugal, the suture between these
bones running antero-dorsally onto the floor of the orbit, This antero-
lateral part of the palatire s an anterior interdigitating suture with
the lacrimal and forms a short length of the inte;nal border oi‘ the £loor
of the orbit. This border and the anterior border of the main mrt of the

- palatine both run into the border of a large foramen vhich runs antero-
medially into the nasal cavity; the foramen is incomplete, having no antero-
dorsal border. The main rart of the palatine is convex transversely; its
anterior border is damaged but it was probably contacted by the antero~
ventral wing of the sphenethmoid. Medially it overlaps the vomer, laterally
and posteriorly it meets the pterygoid.

The sphenethmoid (Fig. 4C) consists of a body which is extended posteriorly
to form a trough-like floor for the olfactory nerves; there is no sign of
Serarate orbitosphenoid and mesphenoid ossifications s either superficially

or in section. The body is thickest in transverse section along a line




approximately halfway between its dorsal and its ventral borders, amd also
becomes thicker anteriorly. The dorsal edge posteriorly contacted the

ventral surface of the Lrontal roof, aml was presumably expanded at this

point, though its most dorsal part is damaged. Anterior to this > it becomes
thin ard descends antero—ventmlly, finally turning in a more ventral direction
and expanding to form an anteriorly-directed triangular surface. The edge
now turns sharply postero-ventrally, S0 that there is a wide antero-ventrally
directed surface, vhich is slightly concave in horizontal gsection; this
surface is smooth and is closely clasped by the dorsal surface of the vomer,
vhich serds up slight vings on either side of the sphenethmoid, In this
region the sphenethmoid is also Just contacted by the antero-medial corners

of the palatines, Posterior to this, the edge of the sphenethmoid turns
sharply rostero-dorsally; this edge is hollowed in transverse section, so
that there are two ridges enclosing a depression which faces postero-ventrally.
This depression probably received the anterior end of a cartilage vhich rested
on the grooved processus culbriformis of the rarasphenoid and which thus
completed the inter-orbital septum. The ridges enclosing the depression
converge and meet posteriorly, so that the depression is drop-shaped; +the
resulting median ridge turns dorsally and runs onto ’che‘ ventral surface of,

the posterior trough~like expansion of the sphenethmoid.  The dorso-lateral
mrgins of this trough meet the edges of the orbital components of the frontals
and extend inside them to rest on the ventral surface of the frontal roof.

The posterior edge of this trough is not preserved but was presumbly free,

The parasphenoid-basisphenoid complex runs forward nearly to the level

of the anterior border of the palatine, Posteriorly its close suture viith
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the braincase runs antero-dorsally onto the periotic region, passing a few
millimetres in front of the foramen for the facial nerve. The moxe dorsal
part of the subure is not very distinct, bub it appears to reach the edge
of the cranial cavity just anterior to the base of the pila antotica, which
is thus ossified from the prootic region,and just posterior to the sella

turcica.

The dorsal border of the parasphenoid-basisphenoid complex runs antero
dorsally from the periotic until it terminates abruptly, baving an anterior
poorly ossified face which drops to the level of the parasphenoidal rostrum
or processus cultriformis. The thin-walled U-shaped rostrum runs mrallel
to the dorsal side of the palate, separated from it by a distance of about
2 mm.

In front of the sella furcica the dorsal surface of the parasphenoid-
basisphenoid complex is flat and 3-4 mm. wide; the sides at first drop
vertrelly at right angles to this surface, bubt then curve ventro-laterally .
to meet the pterygoid. There is thus a groove rumning antero-dorsally from
the tase of the quadrate ramus of the pberygoid; +this groove was probably
occupied by the anterior part of the vena capitis lateralis. The parasphenoid-
basisphenoid complex overlaps the pberygoid, the suture posteriorly ruming
antero-laterally onto the base of the quadrate ramus of the pterygoid, so
that there is an extremely short contact between the complex amd the epipbery-
goid, and then running antero-dorsally parallel to the upper border of the
complex. There is a foramen in this suture at a level slightly behind the
posterior end of the interpterygeid vacuity; as mentioned above (p.28), this
is probably the dorsal opening of the canal for the palatine branch of the

facial nerve. The inner side of the foramen is formed by a slight dorsal
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pterygoid lamella applied to the side of the parasphenoid-basisphenoid complex,

The prootic region of the bmincase is the only part of the periotic
that is visible in side view, but if is more clearly seen in an anterior view
of the occipital plate (Fig, 5). Dorso-laterally it is overlapped by the
medial process of the squamosal, dorso-medially it is fused to the supra-
occipital region of the occipital plate, and antero~dorsally it is sutured to
the posterior edge of the vertical parietal wall of the braincase. The
postero-laterally directed foramen for the facial nerve is overhung by a
glight dorsal ridge; it opens on the ventro-lateral surface of the prootic,
a few millimetres behind its suture with the parasphenoid-basisphenoid complex.
Immediately posterior to the dorsal end of this suture, the anterior margin
of the prootic is extended into a long antero-dorsally directed process;
this is the pila antotica, which is apparently ossified from the prootic.
The trensverse hypophysial vein presumably ran across the cranial caviby
anterior to the pila antotica, vhilst the trigeminal nerve and vena cerebralis
media left the cranial cavity posterior to it. Behind the notch for these
latter structures, the anterior wall of the prootic runs upwards to mest
the parietal; at the meeting-place of the two there is a distinct smll
notch in the anterior wall. This notch lies at the anterior emd of a very
mrked groove, about 4 mm. wide, vhich runs inwards, upwards aml forwards
- from the anterior opening of the post-temporal fossa; the function of these
structures will be discussed in a later section,

The parietal in side view continues vertically downwards below the
postorbital to form the anterior part of the wall of the braincase, This
wall is a thin lamima, the ouber surfece of which is not smooth, and subures

are difficult to distinguish, The anterior edge of the lamina runs postero-

@
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ventrally for some distance and then turns upwards in a slightly concave arc
ard meets the anterior part of the prootic region. Between this are and
the anterior edge of the lamina there is thus a downwardly projecting wedge.
On the outer side of the lower part of the wedge rests a piece of bone which
appears to be the dorsal end of the epipterygoid. However, dorsal to this
wedge there is a small opening in the bone lamina, and it is possible that
the whole of the wedge is part of the epipterygoid and that the opening
represents an unossified gap bebween the epipbterygoid and the parietal,
Posterior to the wedge, the posterior suture of the parietal runs dorsally,
bordering first the supraoccipital-periotic region and then the interparietal,
finally reaching the ventral surface of the postorbital.

The epipberygoid las an expanded lamelliform base 15 mm. iong, resting
on the quadrate ramus of the pterygoid; ~medially this base has a very short
contact with the lateral edge of the parasphenoid-basisphenoid complex.
Rising antero-dorsally from near the anterior end of this base is its
ascending process or columella cranii, a slender rod of bone Whoée dorsal
end contacts the parietal; as discussed above, it is probable that it takes
no part in the formation of the vertical side wall of the anterior part of
the braincase, the whole of this being ossified by the parietal.

The guadratojugal is a laminar bone; its upper portion faces anteriorly
amd is slotted immoveably into the anterior face of the squamosal (Fig. 5) 5
but its lower portion faces antero-laterally and is fused to the dorsal
surface of the outer quadrate condyle. This ventral portion is separated
from the body of the quadrate by the quadrato-jugal i‘ora.men, and the quadrato-
jugal thus has a free anterior border here., The quadrato-jugal foramen is

almost completely closed posteriorly by the quadrate approaching the quadrato-
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Jugal and by the Squamosal overlapping the posterior surface of both these
bones.  The ventral mrt of the postero-lateral border of the quadratojugal
runs in a concave curve laterally am dorsally, forming a distinet embayment
in the border of the occiput, the edge of which it here forms. Further
dorsally it runs in a convex curve latem1ly and dorsall;v, still forming the
edge of the occiput s> ard then runs more medially across the anterior face
of the squamosal, to meet the dorsal edge of the quadratojugal,

The quadrate consists of a large dorsal body and two ventral condyles,
the outer condyle bearing the quadratojugal dorsally. The mather bulbous
body fits into a pocket bordered internally by the Squamosal and paraoccipital
process and externally by the squamosal and adratojugal (Fig. 5). Tn
cross-section it can be seen to be composed of spongy bone; its lateral
surface has a good superficial ossification, but the medial surface is very
rough, amd it is apmrent that the gap between the quadrate and the para-
occipital process and Squamosal was in life filled by cartilage. On its
inner side, near to vhere it merges ventrally with the inner condyle, is a
slight antero-medially directed recess for the recepbion of the cartilaginous
end of the quadrate mrocess of the pterygoid,

Both condyles are convex antero-posteriorly, am the tangent to this
convexity is directed upwards and forwards. The outer condyle is broad,
slightly convex in the tranaverse plane and faces slightly imwards., Tt
meets the inner condyle about 5 mm. dorsal to the articular surface of the
latter and the articular surfaces of the two cordyles are thus joined by a
Surface, facing laterally and somewhat ventrally, which meets the outer
condyle at a right-angle and meets the long mrrow articular surface of the

inner condyle at an acute angle (about seventy-five degrees), The imner
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condyle projects posteriorly for about 3.5 mm. beyond the occipital surface
of the squamosal and is visible through an embayment in the posterior edge
of the squamosal apd quadratojugal Jjust above the outer condyle, On its
rnedial surface, below the distal emd of the paroceipital, there is an antéro-
posterior ridge which lies slightly dorsal to the articular surface of the
condyle; this is the stapedial ridge, against which lies the distal end of
the stapes.

Stapes (Fig, 6)

Both stapes were preserved in position and virtually undame ged except
for the loss of the postero-lateral corner of the left stapes,

The stapes expands proximally to form the footplate and distally to
buttress against the quadrate; both the anterior and posterior borders are
thus concave in dorsal and ventral view, but the concavity of the posterior
border is more marked. At its marrowest point the shaft of the stapes is
4 mm, in width and 2 mm. thick; there is no stapedial foramen,

The ventral surface is slightly convex in the antero-posterior plane;
proximally it drops s]:ightly to form the thick ventral portion of the foot-
plate. In proximal view, the footplate ms the outline of a dorsally
flattened circle; dorso-medially there is a slight hollow, anterior to which
is a very low rounded boss. The footplate las a thick rounded border on
all sides except antero-dorsally where the dorsal surface, which here rises
upvards, meets the proximal surface at an acute angle, On the dorsal
surface can be seen the very marked dorsal process, which rises latero~
dorsally from the most distal third of the bone; its anterior mrgin
originates from about the midline of the stapes. The distal end of the

dorsal process is flattened, facing dorsally and sli'ghtly laterally, and
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touwches the ventral surface of the parcccipital process, In distal view,
there is a groove along nearly the whole length of the end of the stapes;
posteriorly, the dorsal border of this groove meets the base of the dorsal
process.  This surface of the stapes contacts the stapedial ridge on the
medial surface of the inner quadrate condyle. On the right stapes this
groove conbinues posteriorly onto a short posterior process of the stapes,
so tlat there is a postero-laterally directed facet; this region is damaged
in the left stapes. It seems likely that this facet is for the base of the
extrastapedial cartilage; this point will be discussed in a later section.

Braincase (Fig. 7)

The sutures within the braincase cannot be traced with certainty.

The height of the braincase increases anteriorly; just anterior to the
fora:nen.nagnum, which is 13.5 mm. high, this increase is quite gradual, but
after about 4 mm. the height increases more rapidly to about 30 mm., after-
waxrds increasing slightly until the internal opening of the pineal foramen
is reached. The width of the braincase similarly increases anteriorly,
being 8.5 mm, wide at the foramen magnum and 15 mm. wide at the level of
the prootic incisure,

The dorsal surface of the occipital condyles is concave, and this
concavity continues forwards along the posterior floor of the braincase.
Just behind the level of the internal openings of the jugular foramina a
median ridge develops; at the level of the fronb edge of the internal
auditory meatus this splits into two for a short distance to enclose a small
median oval hollow 2 mm. long. Anterior to this a pair of ridges diverge
to run antero-dorsally towards the pilae antoticae; the medial surfaces

of these ridges are slightly concave. Though they are rather far behind




the sella turcica s it seems likely that these ridges represent the dorsum
sellae medially and » more laterally, the alae basisphenoidales or clinoid
processes, which norwally run onto the bases of the pilae antoticae., T4
is further possible that the corcavity in front of these ridges is concerned
with the retractor group of eye-muscles > whose origin extends into the
pituitary region in some reptiles (Vara.nus, Sphenodon, Save—Sl!derbergh, 1946).
In front of these ridges, the floor of the braincase runs forwards and slightly
downwards to the posterior edge of the sella turcica,

There is no sign of any unossified Zone in the floor of the braincase,
The himd border of the sella turcica is slightly in from of the level of
the bases of the pilae antoticae, and the sella is about 2 mm, wide. The
internal carotid arteries run separately from a postero~ventml direction
into the floor of the sella; this floor slopes strongly upwards and forwvards
and is continuous anteriorly with the dorsal surface of the parasphenoid-
basisphenoid complex, so that no anterior limit to the sella can be defined,

The anberior edge of the ossified braincase commences dorsally at the
venous notch between the parietal and the prootic (the function of this notch
Wwill be discussed in a later section). Below this notch the anterior edge
Tuns ventrally ard slightly posteriorly, to form the posterior edge of the
prootic incisure; this incisure, posterior to the pila antotica, is a normal
feature of the repbile braincase amd transmits the trigeminal nerve and the
vena cerebralis media. Anterior %o this incisure the pila antotica rises
antero-dorsally; anterior to this, the anterior edge of the braincase descends
slightly to reach the level of the opening of the sella turcica in the floor

of the braincase.



There are various foramina and openings in the wall of the braincase,
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Posteriorly, at the ventro-lateral corner of the foramen magnum, are the two
hypoglossal foramina, the posterior foramen being slightly larger than the

anterior; these run ventro-laterally into the jugular foramen. The Jugular

camal runs antero-dorsally and medially to open just anterior to the hypo-
glossal foramina. Lateral to this canal is a thin sheet of bone which
separates it from the vestibule of the imner ear; at its anterior end s the
lower edge of this sheet of bone is nobched for the fenestra rotunda,

The opening of the vestibule of the immer ear into the braincase is
quite large and is at the ventral end of the wall of the braincase; its
border shows various features. Postero-ventrally, as just mentioned, there

is a notch for the fenestra rotunda, which opened into the jugular foramen., !

Further forward along its ventral border and separated from the fenestra
rotunda by a distinct prominence is another notch, which probably transmitted
the posterior branch of the auditory nerve; the anterior branch of this
nerve probably ran in a small foramen just anterior to the anterior end of
the opening of the vestibule. From the dorsal edge of the opening of the
vestibule a marked groove runs up the wall of the braincase; this groove
probably lodged the ductus endolymphaticus.

There is no sign of any division of the vestibule into portions for
the utriculus, sacculus and cochlea. Ventrally it continues ventro-laterally
%0 the fenestra ovalis as a tube about 3 mm. in diameter. Anteriorly and
posteriorly the vestibule exterds a short distance beyond its opening into
the braincase to join the ampullar recesses, Dorsally the crus communis

canalium runs into the vestibule just above the dorsal margin of its opening

into the braincase; it is thus just lateral to the groove for the ductus
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endolymphaticus and medial to most of the vestibule,

Anterior to the opening of the vestibule lies the intermal opening of
the canal for the facialis nerve; the straight canal rups ventrally and
slightly postero-laterally to its external opening., The only other feature
on the wall of the braincase is the subarcuate fossa » vhich lodged the
floccular portion of the brain. This runs ventrally and postero-laterally
into the side vall of the braincase just antero-dorsal to the vestibule;
there is no communication between the fossa and the ves"bibule. The fossa
tapers as it runs into the bone, it being about 5 m. deep and its opening
into the braincase being about 4 mm. in diameter,

Osteolozy of the lower jaw (Figs 8 and 9)

The lower jaw is almost perfectly preserved. Tis antero~posterior
length, measured to the mid-line at the level of the posterior end of the
articular region, is 20.2 cms. As is uwsuwal in the Dicynodontia, there is
no coronoid; no sutures are visible between the posterior ends of the
articular, the prearticular and the surangular,

The dentary is by far the largest bone. The two dentaries are fused
anteriorly and together form the upturned “beak", which in lateral view has
2 slightly convex antero-ventral surface, rising to a blunt point which
extends dorsally above the level of tre posterior mart of the bone, The
dorsal outline is thus concave anteriorly, and in this region the edges of ‘
the beak are rounded am Tugose. Further posteriorly, where the Jjaw ramus ‘
herges into the beak, there is a flattened dorsal surface vhich, when the
Jaw is articulated with the skull, contacts the ventral surface of the ecto~
pterygoid and maxilla behind the root of the canine; the medial part of this

flattened surface is slightly rugose. In dorsal view the beak tapers



nedian groove which becomes progressively deeper and wider posteriorly,
From the level of the flatbened dorsal area mentioned above, the dorsal

mrein of the dentary divides into two ridges, The Slightly higher medial

wing which brojects dorso-laterally from the side of the déntary.

The ventral edge of the dentary anteriorly has ap intemigitating
suture with the splenial; more Posteriorly these two bones are sefarated by
the anterior end of the angular., The ventral edge of the dentary thence runs
postero-dorsally, having a smooth overlapping meeting with the angular, to
2 point near the most posterior extremity of the dentary, where it diverges
slightly from the angular to leave a very small fenestra which opens internally
into the meckelian fossa, Above this fenestra the dentary extends backwards
for a short distance and again contacts the angular at the mostg dorsal point
of the latter bone,

In internal view, the fused Symphysial region has a vertical posterior
face; ventrally this face has a subure with the fusgd splenials, but postero-
laterally the anterior end of the prearticular serarates these two bones,

Yore posteriorly, the dentary diverges from the prearticular and has a border
running postero-dorsally which overlaps the surangular, The surangular ig
clasped anteriorly by the dentary, which it thus semrates into two parts,



outer wall of the meckelian fossa,

The splenjals are fused together ard form the bostero-ventral part of
the symphysial region, They thus form the lower part of the posterior wall
of this region, neeting the dentary dorsally, Immediately below this
suture, but wholly within the g Plenials, s a small foramen about 1.5 m.
in diameter, ieading forwards into the Symphysial region and which mresumbly
carried a nutritive blood vessel., Ventral to this foramen $he surface of
the splenials is concave with a slight median ridge. The ventral surface
forms a broad wedge extending forwards between the dentaries » with which
there is an intezdigitating sutwre., Hore Posteriorly, the splenial meets
the angular, with Which it has a smooth suture mnning slightly dorsally,
The posterior border of the g pPlenial is broadly forked, the lower rams
wedging into the angular whilst the Upper ramus runs back inside the pre-
articular, the anterior end of which passes between the two rami and
continues forwards between the body of the Splenial and the meckelian
fossa,

The prearticular is a thin strip of bone which forms the imer wall
of the meckelian fossa, Anteriorly it rasses between the'two- posterior
rami of the splenial am continues forwards into the inner posterior surface
of the dentary, Posterior to the splenial its inner surface rests aginst
2 dlight shelf on the ventro-medial edge of the angular; more posteriorly
the prearticular comes t0 rest on this shelf, the edge of vhich becones
leflected uprards and is received in a groove in the ventral edge of the
rearticular (see Fig., 9D). Posterior to the meckelian fossa the imner
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surface of the prearticular meets the articular; there is a suture between
the bones in this region, but more posteriorly the two bones are
indistinguishably fused,

The angular forms the floor am mwh of the lateral wall of the meckelian
fossa., This fossa extends anteriorly between the dentary and the prearticular,
and in this region there is a deep channel in the dorsal surface of the
angular, ‘The higher lateral wil of this channel is applied to the medial
surface of the dentary, whilst the lower medial wall is applied to the lateral
surface of the prearticular, This medial wall subsides posteriorly, but
continues as a ledge on the ventro~-medial corner of the angular, abutting
against the prearticular; further rosteriorly this ledée extends below the
prearticular and its edge becomes reflected dorsally into a groove in the
ventral edge of the prearticular (see Fig. 9p), Anteriorly the angular meets
the splenial below the prearticular, its medial surface being grooved to
receive the lower ramus of the splenial. In ventral view, this anterior end
of the angular has smooth sutures with the splenial and dentary, between
which it disappears, 1In lateral view the angular is overlapped by the
dentary, the ventml eige of which rises postero~dorsally until it diverges
from the angular to leave the small fenestra between the two bones, The
dorsal edge of the angular turns dorsally to form the posterior border of
this fenestra, and the angular here comes into contact with the surangular,
The posterior part of the bone is a thin lamina applied to the outer side of
the surangular and articular, its dorsal amd posterior mrgins being overhung
by that sudden lateral expansion of the articular which produces the articular
region of the lower Jaw; the angular takes no prt in the formation of this

structure, nor in the formation of the retro-articular process,
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The reflected lamina of the angular is very extensive in both lateral
and ventral views, Tts antero-posterior extent is small dorsally, where
it arises just posterior to the meckelian fossa, but its posterior boxrder
thence curves sharply backwards and then dowrnwards s S0 that the lamina
becomes Irogressively longer; its greatest length would a Ppear to have been
in its ventro-lateral region. The main stem of the lamire is a stout rourded
keel of bone which diverges laterally from the ventral margiﬂ of the angular
and continues into the ventro-lateral portion of the lamina, This whole
lateral portion of the lamima curves outwards and backwards » 80 that it
encloses a considerable cavity, up to 5 mm. wide and 10 mm, long; however,
the posterior edge of the lamina is slightly inturned, so that in ventral
view it has a slightly curved lateral outline.

Ventro-medial to the continuation of its main stem, the lamim comes
to face progressively more and more in a ventral, rather than in a lateral,
direction, There are however two distinct regions in this ventral extension
of the reflected lamina; laterally, it is smoothly continuous with the
lateral mart of the lamim » but medially there is a region which has a marked
antero-posterior curvature, being comvex ventrally, The lateml mrt of
the ventral extension is rather more dorsal than the medial rart, and there
is therefore a noticeable vertical ridge at their junction; this ridge is
most marked posteriorly, but gradwlly fades out anteriorly and finally ends
in a slight hollow, Parallel to the posterior erd of this ridge there is
a rounded groove in the bone; between the ridge and the groove the bone is
Cormvex ventrally, s that there is in effect an antero-posteriorly directed,

slightly thickened, keel of bone. The true margin of this ventral component
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until its edge is directed forwards, and rejoin the stem of the lamina where
it diverges from the main body of the bone.

The surangular forms the dorsal border of the lower jaw imediately

; posterior to the dentary, by which it is overlapped; +this border slopes

: postero-ventrally to the level of the articular surface of the articular

; bone. In internal view the surangular-dentary suture runs antero-ventrally,
the anterior erd of the surangular being wedged into the imner surface of
the dentary. The surangular becomes thinner ventrally, ard its rounded
lower edge forms a smooth dorsal delimitation to the meckelian fossa.
Posteriorly this ventral edge turns abruptly antero-ventrally and runs down

the inner surface of the angular and forms the posterior rart of the lateral

is not preserved; however, it would appear to curve sharply round anteriorly,

wall of the meckelian fossa. Elightly more posteriorly however s this surface

of the surangular is covered internally by a thin anterior lamina of the
articular, vhich separates the surangular ard the prearticular (see Fig. 9D).
The surangular-articular suture runs postero~dorsally, but fades out near
the dorsal margin of the lower jéw, and the posterior end of the surangular
is thus fused with the articular.

The articular extends anteriorly as a thin lamina of bone between the

surangnlar and the prearticular, its antero-ventral corner bearing a smll

In this region it is nob fused with the surangular and prearticular, bub
: more posteriorly the three bones camnot be distinguished from one another.
In lateral view the dorsal margin of the articular curves dowmwards

posteriorly to produce the convex articular surface. The main axis of the

facet for the reception of the posterior end of Meckel!s cartilage (see Fig. D).
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ramus of the lower jaw continues as the medial part of the lateml condyle,
vhose more lateral part is formed by an expansion of the articular s which
thus overhangs the lateral surface of the anguwlar. The medial comdyle is

a wing-like projection extending postero~dorsally from the medisl wall of
the lateral condyle; its articular surface lies more ventrally than the
articular surface of the lateral comiyle, and the latter thus lms a medially
directed face. In posterior view (see Fig. 9C) the articular surfaces of
both cordyles can be seen to be slightly concave in transverse section,

The lateral coniyle is produced ventrally o form a well devel oped
retro-articular process. On this structure can be seen three areas of
muscle-:insertion, distinguishable by the surface texture of the bone.
Firstly, in lateral and anterior view there is a large hollow, walled
laterally by the lateral surface of the articular and posteriorly amd
postero-laterally by the ventral continuation of the lateral expansion of
the articular; this area of muscle~insertion is defined dorsally by an
antero-posterior ridge which combinues a short distance forwards onto the
angular. Secomdly, there is an area of muscle-insertion on the postero-
ventral surface of the retro-articular mrocess; this area continues dorso-
laterally, gradually becoming narrower, up the side of the lateral expansion
of the articular, Fipally, in internal view there is a distirct hollawing
beneath the posterior end of the medial condyle, this condyle being continued
a short distance postero-ventrally as a ridge which forms the posterior
delimitation of the area of muscle~insertion.

Hyoid
This bone was not preserved in the specimen (FRP 84) vhich has been

the subject of the rest of the present section, but was present in specimen

e o
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FRP 82, The relationships of the two Specimens and the post-cranial
skeleton of FRP 82 are discussed in the next section, but it seems more
convenient to describe the hyoid of specimens FRP 82 here while dealing with
cranial osteology,

Only a single bone was preserved on each side and it is therefore
impossible to determine which mrt of the hyoid arch it represents, apmi it
will simply be referred to as the hyoid,

The left hyoid was in good condition, the right hyoid was distinguishable
but was badly weathered and could not be preserved.  The two hyoids lay at
a level slightly below the ventral edge of the lower jaw, They lay at an
angle of 40-45>to one another, converging anteriorly but not meeting: their
anterior ends lay 0,5 cm. apart.

The hyoid bone is 2.4 cm. long. Seen in ventral view, it is slightly
curved antero~posteriorly, the lateral edge being convex. ‘In lateral view,
the anterior end of the hyoid turns slightly ventrally, At its posterior
erd, the hyoid is oval in transverse section, the long axis of the oval being
directed dorso-laterally, Seen from behind, this long axis gradually turns
in an anti-clockwise direction until at 0.8 cm. from the anberior emd it is
horizontal., The anterior region of the bone is flattened dorso~ventrally:

its posterior end is comvex, but anteriorly there would appear Lo have been

a straight edge,
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C. The post-oranial skeleton of Kingoria nowacki
Specimen FRP 82 consists of the skall ard much of the post-cranial

skeleton of a dicymodont., Unfortunately, the dorsal surface of the skull
is covered with a hard acid-resistant layer, so that it has not been possitle
to display the sutural pattern of this region. Tt was found in the same
locality as specimen FRP 84 and in close proximity to it, it is of similar
size and outline, and the unusval features already described in specimen 84
are fourd again in specimen 82. Thus specimen 82 has the peculiarly-shaped
lower jaw, and lacks the normal type of anterior palatal ridges but possesses
the lower, sharper, more laterally placed palatal ridges; it possesses a
reflected lamira on the angular bone similar in detail to that of s pecimen
84; and it shows evidence of a tympanic process on the occiput, TVhere the
sutures can be detected, they are more or less identical with those of
specimen 84 except that specimen 82 does not show the embayed area on the
anterior face of the occipital ramus of the squamosal, which in specimen 84
affords an anterior view of part of the tatular, The skulls also differ
in that the interorbital breadth is 41 mm. in specimen &2 s compared with
32 mm. in specimen 84. It may be that specimen 82 had reached a more
advanced stage of ossification than specimen 84, the squamosal extending
further over the anterior face of the occiput and the interorbital bar
widening., Though it is no larger than specimen 84, 1t is in the process
of replacing the canine tusks s again suggesting tlat it may have reached a
more mature state than specimen 84.

Though there are thus some differences between the two skulls, their

common place of origin and their close agreement in major anatomical features




R

54'

indicate that they are closely related, Since the sutural mittern of the
dorsal surface of the sipll camnot be displayed in specimen 82, and since
the limits of infra-specific variation in the Dicynodontia (as in most
vertebrate fossils) are unknown, it is impossible to be certain that
specimens & and 84 are conspecific, However, it is considered that the
differences are not qualitatively or quantitatively sufficient +o permit
the adequate characterisation of specimen €2 ag a different species, and
it is comidered best to refer it to Kingoria nowacki.,

The post-ocranial skeleton Was preserved in three blocks, The most
anterior, block A, had origimlly been attached to the back of the skull,

t had become separated from it along a calcite seam. Tt contained the
eleven most anterior vertebrae with their ribs, the pectoral girdle, complete
except for the dorsal part of the right scapula, and the proximal parts of
the humeri., The second block » B, contaired fifteen dorsal vertebrae, with
the dorsal marts of their ribs. The third block, C, contained the sacrum
and the most anterior cawdal vertebrae and a portion of the head of the femur,
The relations of the different skeletal elements to one another were preserved
within each block.

The three Hlocls were collected as a single specimen; though they do
not key together, the complementary claracter of the contents of the different
blocks, and the morphological similarity of the contents, together with the
fact that they were all collected close together, make it beyond reasonable
doubt that they all contain remains of the same individual,

VERTEBRAL COLUMN

Block A confained the six cervieal vertebrae and the five most anterior

dorsal vertebrae, block B contained fifteen dorsal vertebrae, anl block C

4
1
i
|
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contained the last dorsal vertebra s the four sacral vertebrae and the three

nost antexrior caudal vertebrae, The three blocks thus contained the remains

of thirty-four vertebrae, twenty-seven of them presacral, with two regions
where the blocks were not continuous amd vertebrae may be missing,

It is not easy to estimte the number of vertebrae which are missing.

In the more anterior region of discontinuity, the last vertebra of block A
(dorsal vertebra-s) is badly damaged and distorted s and only a smll piece of
the most anterior vertebra of block B is mresent, so that there is thus a
gap of two vertebrae between those which are comparable in detail. In the
more posterior region of discontinuity, only the posterior half of the most
anterior vertebra of block C is preserved, and the posterior face of the
centrun of this vertebra is enlarged to match the large anterior face of the
first sacral vertebra, so that this last dorsal vertebra is not readily
comparable with the last vertebra of block B.

It is thus not possible to estimte the nunber of missing vertebrae from
the morphology of those preserved. The only other indication of the probable
original number of presacrsl vertebrae is gilven by statements in th;a
literature as to the presacral mumber in obher dicynodonts, and there appear
%0 be few specimens in which this is known with certainty. von Huene (1931)

states that there were twenty-six in Dicynodon kolbei ?, but gives no indica-

tion of the state of preservation. Broom (1915b) states that there were
twenty-eight presacral vertebrae in an unidentified species of Dicynodon,
Sushkin (1926b) states that there were thirty presacrals in Dicynodon

amalitzldi; however, the three most anterior vertebrae are not completely

Visible, and he appears to have taken the atlas neural arch and intercentrum
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to be rarts of two distinct vertebrae, so that the true Presacral number
may be twenty-nine., Other statements which appear to rest on a fairly firm
basis are the following, “Tn Chelyposaurus williamsi, Broom (1905a s Po277) |
states "Probably only the atlas is missing among the presacral vertebrae,

and if this be so then the 1l number would be twenty-sixt, In Aulacephal~
odon peavoti, Olson & Byrne (1938, P.181) state "The twenty-six presacral
vertebrae mresent in the specimen appear to form a complete seriesv, In
Prolystrosaurus natalensis, Haughton (1917 s D.169) states "Of the vertebral
column there are 34 vertebrae preserved - 25 cervical and dorsal, 6 sacral,
and 3 caudal®, Fimally, in Lystrosaurus latirostris, Watson (1912b, p.288)
states #The whole vertebral column is beautifully shewn in this specimen,

its fommula being ¢ +d. 25, 8.6, c,10n,

It thus appears that twenty-five to twenty-six presacral vertebrae are
most commonly reported in the Dicynodontia. Since twenty-seven presacrals
are represented in Kingoria, it seems best to regard this as flze actual
number of presacral vertebrae in that genus, there thus being six cervicals
and twenty-one dorsals. The vertebrae from block B are numbered on this
agsumption,

The vertebrae have amphicoelous spool-shaped centra. The upper corners
of the anterior articular faces of the centra bear small facets which face
slightly dowmmards and forwards s contacting corresponding facets on the
upper corners of the posterior articular face of the rreceding vertebra,
These minor facets may be called centrosphenes and centrantra, respectively,
following Case (1907). . There is a small pit alfway along the ventral

floor of the neural canal in each centrum; in some cases this pit is paired,
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due to the presence of a median septum, and in the second sacral vertebra
the pit is entered by a pair of small canals leading t0 & mair of foramina
on the sides of the centrum. The sutures between the centra ard the neural
arches are not visible,

Cervical Vertebrae

There are 6 cervical vertebrae; this number is indicated by several
features. Between vertebrae 2 and 7 the movements possible at the vertebral
articulations are both dorso~ventral and rotatory; between vertebrae 7 and
8 and between vertebrae 8 and 9 rotatory movements cannot take place,

The size of the parapophysis and diapophyéis greatly increases between
vertebrae 6 and 7 (Fig. 11); this is correlated with the size of the rib-
beads and thus with the size of the ribs. Though their ventral ends are
missing, there is a sharp increase in size of the ribs between those belonging
to vertebrae 6 and 7 (Fig. 15) and this myy indicate that the rib belonging
to vertebra : 7 was the first rib to curve right round to meet the sternum,
thus making vertebra 7 the first dorsal vertebra. Finally, there is a
noticeable difference in the angle of the neural spines between vertebrae 6
and 7, that of vertebra 7 being more posteriorly directed (Fig. 114).

The measurements of the cervical vertebrae and anterior dorsal vertebrae
are given in Table 1. Approximate figures are given for the distance across
the transverse processes of some vertebrae; this is because the ends of
Some transverse processss are damaged, but in no case are both transverse
Iroceases of a single vertebra damaged,

The right and left proatlas elements (Fig. 10A-F) are not identical s
the right being 15 mn. long and the left 13 mm. long; +this is due to the
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more dorsal rart of the element, dorsal to the facet for articulation with
the occiput, being slightly longer in the right proatlas, Apart from this,
the two proatlas elements are alike. There is a flat posterior surface
nearly 4 mm. wide, from which a small protuberance arises af the dorso-medial
corner. The bore is 2-3 mm, thick, with a marked facet, 2 mm. high, far
articulation with the occipub. The lower end of the bone is abruptly
truncated, but this does not a ppear to be the facet for articulation with

the atlas, either from its fom or from the positions of the bones in place
ageinst the skull, neither is there an obvious facet for the proatlas on the
atlas arch,

The atlas (Fig. 10G-L) appears to have consisted of three separate

elements: two neural arch elements and the intercentrum, ' Nothing that can
definitely be identified as the intercentrum was found » though one fragment

my represent part of it. Both neural arch elements are somewhat damaged ;

the left is the better rreserved, and the figures and description are based

on this.  The neural arch elements did not meet above the neural caml,

The left atlas neural arch consists of a stout, roughly cubical body,
from which run various processes. The body itself bears two very marked
facets, one directed postero-medially and contacting the axis centrum, the
other, slightly asmaller, directed antero-medially and contacting the exoccip-~
ital cordyle of the skull. There is a smooth rounded transition between the
tvo facets, which are at an angle of 100-105° to one another, and which are
both slightly concave.

From the postero-lateral corner of the atlas neurdl arch runs the '
transverse process, postero—lanerally directed and curving glightly backwards,
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Its ventral margin is somewhat damged, but the extent of the broken surface
does not suggest that much bone has been lost. However, the damage does
include the area where the atlas intercentrum might have been expected to be
attached, ard no evidence of this is t0 be found.

From the dorsal surface of &he atlas neural arch rises a fairly stout
lamina of bore which forms the lateral wall of the neural canal in this
region. It is of rather irregular form, but is mainly directed dorso-
medially. The postero-lateral corner of this lamina is conmbimuous with the
base and substance of a stout, prominent, post'ero—dorsally directed process
(Fig. 10, n.sp). This process is about 6 mn. long, with a roumled slightly
laterally-compressed end along which runs a slight groove.

No distinct facets can be seen on the atlas arch for articulation with
either the proatlas or the axis prezygapophysis.

The axis (Fig. 10 M-R) is a massive one, 20 mm. long and 28 mm. high.
In side view a clear groove can be seen on the left side irdieating the point
of fusion between the axis proper and the atlas pleurbcentrum. The axis
thus does bear what may be called an odontoid process, though the shape of
the process is far from tooth-like., In anterior view, the face of this
odontoid process is trifoliate. In the mid-line, just below the level of
the floor of the neural canal, is a subcircular area with a slight central
pit, perhaps correspording with the notochordal pit in the occcipital condyle
of the skull., Postero~laterally from this area extends a pair of facets
for the atlas arches; these facets becoms slightly larger as they run postero-
laterally, are directed anteriorly and slightly dorsally, and are somewhat
convex, The third element in the trifoliate pattern extends postero-ventrally
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in the mid-line, After an initial constriction just below the more dorsal
subcircular area, it expands slightly before narrowing to a point situated

at the level of the ventral surface of the centrum. Its convex surface is
directed antero-ventmally, and it probably contacted the posterior surface

of the atlas intercentrum,

Behind this atlantal addition to the axis can be seen the true axis
centrum; this shows no sign of division into intercentrum and plenrocentrum,
The parapophysis is a short, stout, ventro-laterally directed process set
low on the centrum. The ventral surface of the centrum posterior to the
level of the parapophyses bears a slight median ridge.

The posterior surface of the centrum is subcircular in outline, the
dorsal edge of the circle being somewhat flattened by the floor of the neural
canal. Tt is deeply concave, the central cavity being nearly 5 nm. deep and
being surrounded by a fairly wide flat surface which articulates with the
next vertebra.

No suture can be seen between the axis meural arch and the other elements
of the axis vertebra. The diapophysis or transverse process is direched
81lightly posteriorly and slightly ventrally; it is about 8 mm.long, with
an expanded distal ermd which faces ventro-laterally. The prezygapophyses
are fairly well-developed, but are simple horizontal laminae without any
well-marked facet for the atlas arch. The postzygapophyses are stout, with
large ventro-iaterally directed facets. The neural spine is quite stout and
thick, with a slightly thickened dorsal and posterior edge, but it is not
very large. Its anterior edge is but little in advance of the level of the
anterior edge of the prezygapophysis; from here its dorsal edge runs in a

convex curve upwards and backwards, but its greatest height is only 10 mm,

above the level of the neural canmal.

e
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Cervical vertebrae 3-6 (Figs 11, 124, B, E, F, I, J). As will be seen from

the table of measurements given earlier and from the figures, various

|
|
|
|
i
progressive changes occur in the cervical vertebrae. The centrum itself ‘
increases slightly in length and breadth, and the extent of the constriction E
of the centrum decreases posteriorly, This last feature results in a change ;
inthe character of the diapophysis » which anteriorly is a marked laterally 1
directed prominence from the ventro-lateral mrt of the anberior region of
the side of the centrum. Though the distance between the diapophyses remins
almost unchanged, the reduction in the constriction of the centrum las the
effect of decreasing the extent to which the diapophysis protrudes from the
surface of the centrum. This change is also rartly the result of the facts
that the diapophysis progressively moves up the side of the centrum aml that
it becomes progressively larger.

The pit in the middle of the ventrel floor of the neural canal is divided
inte two by a thin longitudiml septum in cervical vertebra 6.

Like the dia pophysis, the parapophysis or transverse process of the
neural arch also progressively moves upwards. In all the cervical vertebrae
the transverse process is an elongate structure, roumlly pointed in dorsal
view, and direcbed postero-laterally from the side of the neural arch. Tis
level of origin is slightly below the level of the floor of the nenral capal
in cervical vertebra 3, but it progressively moves up until in cervical
vertebra 6 it originates fram a level halfway up the neural canal. It also
becomes slightly shorter posteriorly. The arbicular facet for the tuberculum

of the rib is on the distal end of the transverse process, facing postero-

laterally and somewhat ventrally., This facet is fairly smll in all the
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cervical vertebrae, since the cervical ribs are small,

As can be seen from Table 1, the postzygapophyses are set at a fairly
shallow angle to one another and are set fairly wide apart, though both
figures become reduced posteriorly. Anteriorly the vemtro-medial part of
their surfaces are transversely convex, the dorso-lateral part being trans-
versely concave, but by cervical vertebra 6the whole surface IBs become
almost flat. Both rotatory and dorso-ventral movements can take place
between the cervical vertebrae and also between the last cervical vertebra
and tle first dorsal vertebra, Very little transverse movement can take
pPlace between the cervical vertebrae.

As can be seen from Table 1 and Fig. 11 » the neural spines become higher
ard shorter posterioriy, aml that of cervical vertebm 6 has a slighh posterior
inclination. Their dorsal ends are slightly expanded.

Dorsal Vertebrae

As discussed earlisr, the exact number of darsal vertebree is uncertain;
the remins of twenty ~ one are preserved, and it has been decided to assume
that these represent the complete series,

Anterior dorsal vertebrae (Figs 11, 126, G, K). Most of the progressive

changes which were noted in the cervical vertebrae continue posteriorly into
the dorsal vertebrae. The centrum contimies to increase in length and its
constriction becomes further reduced, but its height and width now become
reduced. The centra of dorsal vertebrae 3 and 4 also have a smali lateral
foramen on each side.

The most important change which these vertebrae show is a progressive
fusion of the diapophysis and parapophysis. The diapophysis increases in
8ize and also extends higher up the side of the centrum. On the Left side



of dorsal vertebra 3 and on both sides of dorsal vertebra 4 it is contimmous
with the facet for the tuberculum, which has moved down the under side of

the transverse process, This fusion can be seen to have gone a stage further

in dorsal vertebra 55 which is badly preserved and shows few other i‘eaturéss
the rib facet is elongated, Sloping slightly uprards and backwards, and
reaches to a level halfway up the side of the neurdl canal. fThis fusion
of diapophysis and parapophysis is reflected in the rib-heads s the left rib
belonging to dorsal vertebra 3 and both 4th dorsal ribs being single-headed,

like the more posterior ribs.

Though the parapophysis has thus moved ventrally, fused with the dia-

pophysis and become merely a part of a single facet on the centrum, the neural

arches of dorsal vertebrae 3 and 4 (amd, as will be seen shortly, of the more

posterior dorsal vertebrae also) still bear a Irocess arising from the level
of the top of the neural canal and directed derso-laterally éui slightly
posteriorly., This process has thus no comection with the bony attachment
of ‘the rib and, following Owen's (1866) nomenclature, it may from its posibion
be called a metapophysis,

The postzygapophyses of dorsal vertebrae 1 and 2 are set at an acute
angle to ore another, Their faces are flat, and only dorso-ventral movement
can occur between them. The postzygapophyses of dorlsal vertebra 3 are at
an acute angle to one another bub are rounded, so that dorso~ventral or
rotatory movements can take place at this point., The postzygapophyses of
dorsal vertebra 4 are at a very stallow angle to one another but they are
almost flat, ard it seems likely that dorso-ventral or transverse movements L

could occur between this vertebra and dorsal vertebra 5, whose Prezygapophyses




are not rreserved. The different characters of the postzygapophyses in

this region, and thus of the movements vhich they rermit, are rather unexpected,

The fact that dorsal vertebae 1-3 cannot rotate with respect to one another |

though they can do S0, as a block, with respect to either cervical vertebra |

6 or dorsal vertebra 4, my be connected with the fact that they have double~

headed ribs, unlike the more posterior dorsal vertebrae, This in turn my

be connected with the very short sternum, and it is possible that the ribs

of dorsal vertebrae 1-3 were the only ones attached to the ossified sternum.

This possibility is Supported by the mresence, in Professor Watson's

collections, of several dicynodont sterna in which there is a semarate facet for

the attachment of each rib; in each case there are three pairs of such facets.
The neural spines of the anterior dorsal vertebrae slope posteriorly,

That of the first is slightly thickened dorsally like those of the cervical

vertebrae, but this is not the case in dorsal vertebra 3, which in lateral

view is also more pointed than that of dorsal vertebra 1, The dorsal rarts

of the neural spines of dorsal vertebrae 2 ard 4 are missing,

Remainder of the Dorsal Vertebrae (Figs 120, H, L; 13B)

The dorsal vertebrae from block B were covered ventrally by a layer of
matrix which was resistant o the action of acetic acid, As a result, the
details of the centra of most of the vertebrae cannot be seen, and in many
cases the head of the rib remains attached to the side of the cemtrum.
Though the thickness of this layer of matrix is not very great, the exact
outlines of the centra cannot be distinguished, and they have been indicated
by dotted lines in Fig. 13B. On most of these vertebrae it has 2lso been
impossible to display the facets for the rib-head 5 1t is clearest on the




most posterior vertebrae s indications of its upper border can be seen in
several others, and in the remainder its probable position is irdicated by
the rib-head, which is apposed to the side of the centrum,

The structure of the neural arches can be seen clearly., The metapophyses
rise dorso-laterally from a position malfway along the neural arch; their
ends and sides are smooth and rounded. The surfaces of the Zygapophyses are
flat in most of the series ;i anteriorly the postzygapophyses are set close
together, as in the fourth dorsal vertebra from block A, and the prezyga-—
pophyses are quite flat and featureless, but in the last few vertebrae the
postzygapophyses become more separate and face slightyy laterally, and the
prezygapophyses become wider and very slightly concave fronm gide to side,
The neural spines slope slightly backwards s and their dorsal ends are exp;arrled.
The only possible exception to this is the most anterior vertebra of block B;
the dorsal end of its neural spine is missing, but the anterior armd posterior
mrgins of the spine comverge, so that it is possible that it has a rather
pointed enmd without an exransion, like that of dorsal vertebrae 2-4 from
block A,
Sacral Vertebrae and Ribs (Figs 13C, 14, 20)

Four vertebrae have ribs with extensive bracing contacts with the pelvis,
A fifth, more posterior, vertebra has ribs which, though slender, are directed
antero-laterally, and the zygapophyses of this vertebra imdicate that movenent
" at this articulation mas restricted to dorso-ventral; it is therefore
considered that this vertebra anl its ribs are sufficiently modified to be

regarded as sacral, and the mmber of sacral vertebrae is thus five.
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The ribs of all the sacral vertebrae are fused to the centra, the point
of fusion being marked by a slight dilation anmd rugosity; their size
decreases posteriorly., That of the first sacral vertebra is much larger

than the others. It mas an elongate cross-section, the long axis sloping

uprards and forwards; its distal end is 2.5 cms. long. ‘The postero~ventral
end of this distal surface is convex and abuts against a projection on the
imer side of the ilium, but the remairder of the distal end of the rib is
concave, only the ventral and antero-dorsal edges of this region contacting
the ilium, This concavity is contimuous with the posterior surface of the
rib midway along the dorsal edge of its distal end. Both the second and
third sacral ribs have distal ends which are concave cenﬁrally; like the
first, they contact the ilium, The distal eml of the fourth sacral rib,
however, is convex, and only its amberior half contacts the ilium. The
posterior half of the distal end of the rib projects behim the iliwm amd

its lower mrt conmtacts the antero-dorsal corner of the isc;hium, which bears
a8 marked facet for its reception. The rib of the fifth sacral vertebra is
mich more slemder than any of the preceding; it is directed antero-laterally,
Just contacting the posterior cormer of the distal end of the fourth sacral
rib, but apparently not contacting the ischium.

The measurements of the sacral vertebrae and ribs are given in Table 2,
The prezygapophyses of the first sacral vertebra are very wide (25 mmn.

across), and their surfaces are almost horizomtal 3 the postzygapophyses of
the last dorsal vertebra are similar, and both dorso-ventral and rotatory
movements can take place at this articulation. The .postzygapophyses of the

first sacral vertebra, and the zygapophyses of the other sacral vertebrae,
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Table 2 (Distances in millimetres)

Vertebra Height Height of Ventral Posterior Posterior Circumference
neural spine length width of height of of rib at

above top of of centrum centrum narrowest
neural canal centrum point
Sacral 1 35.5 18 12,5 13 12 31
2 3R 17 10 1n 10.5 20
3 27 13 10.5 11,5 8.5 18
4 26 11 10 1 9 .1
5 23 i 9.5 10.5 8 9
Caudal 1 c.21 10 8.5 10 8 8.5
2 ¢.20.5 9 8.5 10 8 -
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are set close together with their surfaces at acute angles to the vertical, so
that only dorso-ventral movements could take place at these articulations;

the close appositions of the distal ends of the sacral ribs to one another,
and their contacts with the pelvic girdle, mke it vnlikely that any
considerable movement took place,

The neural spines of the sacral vertebrae are c;uite large and slope
baclvards; the anterior edge of the neural spine of the secord sacral vertebra
is missing, The distal ends of the neural spines are slightly expanded.

On the ventral side of the cenmtrum of the second sacral vertebra is a
pair of foramina which open into the ventral pit in the neurat éanal. The
neural capal in transverse section has a dorso-ventrally flattened oval shape,

Caudal Vertebrae and Ribs (Figs 14, 20)

Only the first two caudal vertebrae are preserved, The neural spines
of both are damaged, as are the ribs of the second. The zygapophyses are
set at & shallow angle to one another, so that both dorso-ventral and rotatory
movements can take place. The ribs of the first caudal vertebra are fused
to the cembrum; +they are rourd and slender and extend postero-laterally,

The measurements of these vertebrae and ribs are given in Table 2,

RIBS (Figs 15, 20)

The cervical ribs are present almost undamaged. Fairly long proximal
portions of the anterior dorsal ribs were also preserved in hlock 4, and
shorter proximal portions of the more posterior dorsal ribs in block B. The

sacral ard anterior caudal ribs are preserved in block C.
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Cervical ribs

No trace vas found of an atlantal rib, though both may have disappeared
with the atlas intercentrum. The remaining five cervical ribs are perfect
except for the distal end of that belonging to the last, sixth, cervical
vertebra. A1l are double-headed, the tuberculunm in each case being the
larger head, In no case is it possible to fit the vertebra and rib together
so that both the rib-heads fit smoothly onto their facets on the vertebra,
but a good fit can usually be obtained between the tuberculum and the transverse
process. Together with the fact that the rarapophysis is consistently larger
than the capitulum, this suggests that there was a fair amount of cartilage
between capitulum and parapophysis. Thus articulated, the ribs are orien-
tated outwards, backwards amd dowmwards.,

None of the cervical ribs are large, the length and the circumference
Just distal to the junction of the two heads increasing steadily from that
belonging to the axis, 1.6 em. long and 7.5 cm. in circumference, to that
belonging to cervical vertebra 6, vhich was probably about 4 cm. long and
whose circumference is 14 mm,

The axis rib is quite straight and is flat in both dorso-ventral and
lateral planes, but posteriorly the ribs gradually become more curved, A
dorso-ventral curvature can be seen in the ribs belonging to cervical verte-
brae 5 and 6, The ribs also progressively become more aml more curved back-
vards, their posterior faces thus being somewhat concave, though this is not
especially marked. The posterior surface of the ribs belonging to cervical

vertebrae 5 and 6 also bear a longitudimal groove.
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Dorsal Ribs

As can be seen (Fig, 15), there is a great increase in size between the
last cervical and first dorsal ribs. The sizes of the capitulum and tuber-
culum similarly increase. On the first two dorsal ribs the two heads are
still separate and, like those of the cervical ribs, they cannot be simul-
taneously fitted smoothly onto the transverse process and the parapophysis.
The right anmd left ribs of dorsal vertebra 3 are not identical, the two heads
having merged to form a single long head on the left side but still being
semrated by a small notch on the right side. Bobh ribs belonging to dorsal
vertebra 4 are single-headed, The rib shafts are inclined slightly posteriorly
rélative to the proximal, rib-head, region,

The second, third and fourth dorsal ribs bear a longitudiml groove dovmn
their anterior faces. The dorso-ventral curvature of the third dorsal rib
is less than that of the first two and the fourth., In view of the fact that,
as mentioned when discussing the dorsal vertebrae, there is some evidence
that only the first three dorsal ribs were attached to the sternum, this is
surprising.

Only the proximal ends of the more posterior dorsal ribs are preserved.
In all of them the rib tapers proximally to a single rounded head, which in

most cases was apposed to the side of the centrum of the vertebra.

PECTURAL GIRDLE

The pectorzl girdle was extremely well preserved, the left scapula (apart
from its antero-dorsal corner) and coracoid plate being undamaged, as are
the cilavicles and interclavicle, The posterior edge of the sternum is missing

and its ventral surface is eroded. The girdle was preserved in position
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around the anterior vertebrae and ribs anmd the original relationships of the
different elements were only slightly disturbed.
Cleithrum

The above facts, together with the facts that the left scapula was
origimlly completely covered with matrix, that the scapula bears no facet
far the cleithrum, and that no cLeithrum was found preserved, make it extremely
probable that Kingoria did not possess a cleithrum rather than that this
absence is a post-mortem coxiition,

Clavicle (Figs 16E, F, 174, B, C)

The two clavicles were preserved in attachment to the scapulae amd
interclavicle. It has not been possible to detach them from‘the latter and,
in view of a slight asymmetry of the two clavicles, tl;ese three bones have
been figured in articulation as preserved.

The clavicle is of rather complex shape. TIts dorsal part, which contacts
the acromion process of the scapula, runs baclkwards and slightly outwards
relative to the rest of the clavicle, in side view there being an angle of
aimost 90° between the two parts of the bone., The dorsal part tapers to a
bluntly rounded point and overlaps the immer side of the acromion process of
the scapula, The outer surface of this region bears a longitudinal groove,
which enlarges anterioriy to form a large hollow area on the posterior surface
of the region of junction of the two parts of the clavicle. Beyond this
region of junction the clavicle runs medially and slightly postero-ventrally.
Initially it is rather slerder amd of almost round cross-section, but it soon
commences to flatten dorso-ventrally and to expand antero-posteriorly. Its
medial end is thus of dorso-ventrally flattened smtulate shape, underlying
the anterior border of the interclavicle. The medial erds of the two clavicles
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also curve slightly ventrally, so that they diverge from the median anterior
border of the interclavicle and contact one another, their ends being smoothly
curved in ventral view,

Interclavicle (Figs 16E, F, 17A, B, C)

The interclavicle is of roughly triangular shape., Its surface is
difficult to clean and was probably cartilaginous, and. it is therefore difficult
to distinguish ibts antero-lateral corners from the postero-dorsal surfaces
of the clavicles, to which it applied. Tts posterior corner is bluntly
rounded,  The maximum thickness of the interclavicle is about 2.5 mm. s this
being in the midline; it becomes slightly thirmer on either sice of this,
its ventral surface therefore being slightly convex from side to side. The
whole bone is also slightly curved backwards and upwards in the plane of
the midline, its dorsal and ventral surfaces therefore being respectively
slightly concave anmi slightly convex in this plane.

Sternum (Fig. 17D, E)

The more or less hexagonal sternum was preserved just posterior to the
posterior end of the interclavicle and at a slightly more dorsal level.

Its posterior border is damaged; the preserved borders are rounded.
Unfortunately most of its ventral surface is eroded awmay; the surface as
rreserved is slightly convex from side to side, and the remnants of the
original surface give the impression tlat this was also true of this surface.
The dorsal surface is slightly concave from side to side; near the lateral
corner of the sternum it is raised into a mir of bosses, which probably
represent the anterior limit of the area of attachment of ribs to the bony

sternum,
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Scapula (Fig, 18)

The scapula consists of a rather narrow dorsal blade springing from one
corner of a roughly quadrilateral stout ventral region. TIn anterior or
posterior view the whoie scapula is curved, its outer surface being convex
and its inner surface concave to follow the curvature of the rib-cage.

The scapuiar blade in lateral view progressively expards dorsally from
a rather marrow origin from the ventral mrt of the scapuia, Its posterior
edge is almost straight and is Slightly flattened, At the postero-dorsal
cormer is a slightly rugose Low thickening., The dorsal border is rounded 3
the antero-dorsal comer of the hlade is damaged, From the region of junction
of the blade with the ventral body of the bone originmates the acroﬁon
process, a stout process curving outwards and forwards %o a blunt end. From
the dorsal surface of the acromion process arises a very marked scapular
spine, Near this ventral origin the spine is 2 stout lamina of bone, about
6 mm. high, tapering to a fairly starp edge. It curves round arrberd—dorsa]ly
to parallel the anterior edge of the scapular blade and follows this edge
dorsally, gradually decreasing in height, its anterior surface being conbinuous
with the anterior edge of the scapular blade. Just posterior to this spine
the outer surface of the scapular blade is slightly concave; ventrally this
concavity reaches to the posterior edge of the blade s but more dorsally it
first merges into a sLightly convex area. The inner surface of the scapular
tlade is convex ventrally, near its marrow origin from the ventral body of
the bone. More dorsally, a low convex ridge runs up perallel to, but 2 short
distance from, the anterior edge of the blade; posterior to this ridge the

inner surface of the blade is slightly concave.
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The ventral body of the scapula is roughly quadrilateral in shape,
Its anterior ventml edge is interrupted by a notch, the coracoid foramen
being bordered partly by the scapula and partly by the precoracoid., On either
side of the coracoid formmen the antero-ventral edge of the body of the
scapula therefore bears facets for the precoracoid, the more anterior facet
being the smaller. The ventral corner of the body of the scapula bears a
convex area for the attachment of the coracoid bone. Tts postero-ventral
edge forms the scapular conbribution to the glenoid facet, Its postero-
dorsal edge is a short rounded area above the slightly overhanging dorsal lip
of the glenoid. The scapular blade rises from the dorsal corner of the body
of the scapula. The antero-dorsal edge of the latter is a rather thin
rourded edge. The outer surface of the body of the scapula bears a slight
hollow just below the acromion process; the inner surface is irregular in
contour, but has a fairly deep depression just by the inner end of the coracoid
foramen.
Coracoid Plate (Fig. 16A-D)

The coracoid and precoracoid are tightly joined together, though the
line of junction can be distinguished. The two bones are Jjoined at a slight
angle to one anotler, so that the inner surface and oubter surface of the whole
coracoid plate are respectively concave and convex along the antero-posterior
plane.  The whole coracoid plate also tapers from its outer edge to its inner
edge.

The precoracoid is the smaller element and takes no mrt in the fomation
of the glenoid. It has roughly the sh;ape of a right-angled triangle, the
rounded longest edge being the anterior part of the medial edge of the
coracoid plate. The dorsal edge is interrupted by a notch, this being part
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of the border of the coracoid foramen. On either side of this notch the
precoracoid has a facet for the scapula > the more anterior being the smller.
The third edge of the precoracoid is attachad to the coracoid,

Immediately lateral to its line of Junction with the precoracoid, the
coracoid is enlarged to form two articular surfaces at a slight convex angle
to one another, The smaller, more anterior, of these articular facets is
for the scapula; it is at a slight concave angle to the similar, but smaller,
neighbouring facet on the precoracoid., The larger, more posterior, of the
articular facets on the coracoid is the coracoid contribubion to the glenoid;
it is roughly shield-shaped in outline and is slightly convex from side to
side. The enlarged articular area of the corcoid mrojects slightly from
the lateral edge of the bone., Ventral to it, the lateral edge is flattened;
it meets the rounded, convexly curvel, medial edge at a rounded point,
HUMERDS (Fig. 19)

Only the proximal ends of the humeri were preserved s the fragment of the
right humerus being rather more extensive than that of the Left.

The glenoid head faces proximo-dorsally, and its dorsal edge projects
above the general dorsal surface of the bone. From about halfway along this
dorsal projection arises a ridge which extends distally and somewhat posteriorly,
This ridge is the "dorsal antero~ventral line" of Romer (1922) s and its
pregsence causes the dorsal surface of the humerus to be convex from side to
side,

The glenoid head merges posteriorly into the strong projecting proximal
posterior corner of the humerus, which has a similar rounded proximal face,
In ventral view, this corner is continued distally into a strong thickening
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running down the posterior edge of the humerus, Anterior to this thickening,
the bone is concave from side to side » rising anteriorly %o the delto-pectoral
crest.  Near the distal end of this ventral surface is a crescentic ridge,
the line of which marks a sudden, though slight, thickening of the bone, the
concavity of the crescent thus being at a slightly lower level than the bone
distal to the crescent. The posterior end of the crescent extends onto the
ridge already mentioned which runs down the posterior part of the humerus.

The delto-pectoral crest rises mroximally from the anterior end of the
glenoid head and runs in a convex curve anteriorly and distally to form the
anterior edge of the bone; it has a fairly thick, rounded, edge.

PELVIC GIRDLE (Figs 20, 21A, B, C, D)

The two halves of the pelvic girdle were preserved in articulation with
the sacral vertebras. The left side of the girdle has been badly weathered s
but the right side appears to be almost undamaged. TIts posterior border is
not covered with perichondral bone, but this may be due to tendons having
inserted on this edge; the edge is dotted in the figures.

There is no sign of any symphysis between the two lmlves of the girdle,
and their oriemtation, almost parallel with the vertebral column, would render
a transverse connection between their ventml edges so close to the vertebral
column as to be anatomically unlikely. The orientation of the girdle is
due to the pubis and ischium being posterior to the ilium, the junction
between the pubo-ischiadic plate and the ilium being almost vertical. This
Junction is not a sutural union, the surfaces of the bones being smooth, and
the ilium readily separates from the other two bones., Combined with the

fact that the junction is almost straight, this suggests that there may have
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been movement between the ilium and the pubo-ischiadic plate during lifé.

The small pubis is joined to the ischium by a tight subure. The large
obturator foramen runs between the two bones and is directed posteriorly and
slightly ventro-laterally; it is 4 mm, wide and 8 mn, high.

Tium

In lateral view the ilium is more or less triangular in shape., It hs
a straight edge which contacts the pubo-ischiadic plate, and from this it
tapers anteriorly to a rounded point. The bone can in effect be divided
into two regions. The st;rong postero-ventml region contains, externally,
part of the acetabulum and its raised borders and, intermally, the facets
for the sacral ribs. From this strong region tapers the antero-dorsal region,
the blade of the ilium, which has a more or less straight ventral rounded
border, a thickened anberior corner, and a rather sharp convex dorsal border;
in dorsal view it is also slightly curved forwards and laterally,

The acetabulum is quite deeply sunken in the postero-ventral region; its
anterior border has a particularly strong and rounded projection, from which
a ridge runs anteriorly along the surface of the iliac blade. The venbral
edge of the ilium ventral to the acetabulum is strong and rounded; in ventral
view this can be seen to contimue anteriorly to a strong internal projection.
This projection abuts against the posterior end of the very large first sacral
rib, and from it the facets for the other sacral ribs run in a line posteriorly
and slightly dorsally, to the postero-dorsal cornmer of the ilium. Anteriorly
from the projection the first sacral rib rums along the whole ventral part of
the internal surface of the iliac blade.

Ischium

This forms the largest part of the pubo-ischiadic plate, and forms the
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postero-dorsal section of the acetabulum and the dorsal border of the obtura't;or
foramen. The antero-dorsal corner of the ischium is thick, externally
forming the strong rounded border of the acetabulum (a small part of this
torder is damaged), and internally forming another strong rounded ridge which
runs to the postero-dorsal corner of the ilium. This latter ridge erds in
a facet, directed anteriorly and intemally, against which articulated the
posterior half of the fourth sacral rib.

From this thick antero-dorsal corner of the ischium there runs posteriorly
a ridge which forms the dorsal boxder of the bone. This is met, at an obtuse
angle, by the posterior border of the bone; the actual corner is slightly
damaged., The posterior border is rather wide, flattened; and roughened;
it descends ventrally in a convex curve and then turns forwards to meet the
posterior border of the pubis at nearly a right-angle. The whole postero-
ventral region of the ischium is, dorso-ventrally, slightly convex externally
and slightly corcave intermally, so that its rather thin ventral border is
directed somewhat inwards.
Pubis

This is quadrangular in shape, and forms tﬁe postero~ventral region of
the acetabulum and the ventral border of the obturator foremen. Anteriorly
and ventrally it is strong, and its ventral border is thick and rounded,

Externally, its postero-ventral surface is damaged.

FEMUR (Fig. 21E, F, G) |
Only a small portion of the head of the femur was preserved, in the
acetabulum. Tt is sufficient to show that the femur had a quite well-developed

|
lateral condyle, but no more. ‘J
|
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4. THE TAXONOMIC POSITION OF KINGORTA

In the following discussion, Kingoria is compared with all other forms
of Permizn dicynodont. Since no formal taxonomic diagnosis has hitherto
been given for a dicynodont gemus, the points available for comparison are
inevitably few in number, and characters have been used which, were more
known in the genus about the allometric c¢hanges during growth, might prove
to be unreliable. In several cases, differences in the sizes of the skull
have been mentioned; +this is subject to change during 1life, but ten skulls
of iinporia are now knowm, the lengths of all of them lying between 140 and
200 mm., suggesting that this is the normsl order of size of the skull of
the adult of this genus.

Kingoria my be distinguished from a large number of dicynodonts by its
lack of post-canine teeth, Of the remaining genera, Xamemeyeria amd
Lystrosaurns are easily distinguished from Kingoria by the whole structure
of these very distinctive forms., The fragmentary form Haughtoniana is much
larger than Kingoria, its oceiput being 405 mm, across, Dinanomodon (skull
length 640 - 760 mm.) is also much larger than Kingoria and has a very narrow
intertemporal bar vholly covered by the postorbitals., Eocyclops, Peloro-
cyclops, Flatycyclops, Flatypodosaurus and Rhachiocephalus are much larger

than Kingoria, their skull lengths ranging from 420 mm. to 730 mm., and these

genera possess a pineal boss. Neomegacyclops {skull length 500 — 540 mm.)
is also much larger than Kingoria and possesses a pineal boss, anl it has a
" wide concave exposure of the parietals. in the intertemporal bar. This last

character is also possessed by Aulacephalodon and Pelanomodon; both are

larger than Kingoria (skull lengths of Aulacepmlodon 320 - 510 mm., of
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Pelanomedon 230 -~ 290 nm.), and Pelanomodon also has a laterally expanded
squamosal and has bosses on the msals, prefrontals and post-orbital bars,
Oudenodon differs from Kingoria in having a wide concave exposure of the
parietals in the intertemporal bar and in possessing a mir of stout rounded
anterior ridges on the premaxillary secondary palate. (These ridges are
also fourd in Aulacephalodon, Pelanomodon, Neomegacyclops, Lystrosaurus,

Kannemeyeria and several species of Dicymodon). Its palate also differs in
that the palatine forms a large postero-lateral extension of the secondary
plate and has a large contact with the premaxilla, whereas in Kingoria the
pelatine does not form part of the secondary mlate and has only a short

contact with the premaxilia, The genera Chelyrhynchus, Digaiodon, Dijictadon,

Emydorhinus, Emydorhynchus, Eosimops, Myosaurus, Myosauroides and Palemydops

may be distinguished ;‘mm Kingoria by their extremely wide intertemporal bar,
vhich includes a wide concave exposure of the parietals. Aulacocephalus is
too poorly known for it to be possible to commre it with Kingoria .
Dicynodontoides (Broom, 1938) is similar to Kingoris in its size (skull
length ¢, 220 mm.), and in having an intertemporal bar marrower than its
interorbital bar. In addition, it is similar to it in that the intertemporal
bar bas a swelling partway along its length, and in that the postorbital
covers a large part of the sides of the bar, and also in tha'b‘ the snout
is wide. However, it differs in that the postorbitals nearly meet in front
of the pineal foramen, so that the exposure of t}me preparietal is extremely
narrow; in that the postfrontals are present and very larges and in that the
front of the mandible is broad and much flattened. It rem2@ins possible

that the genera Dicynodontoides and Kingoria are related but, without knowledge
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of the palate, lower jaw, or post-cranial skeleton of Dicynodontoides, it
is impossible to be sure.

The only other genus is Dieynodon itself, which has been generally
treated as a repository for all "poymaln postcanine~less dicyncdonts,
"Normal" in effect here merely means that the form under consideration las
a skull whose intertemporal bar is neither very vide nor very mrrow, which
does not Iave a pineal boss, and which has a mreparietal bone which borders
only the anterior part of the pineal foramen. The slull may be from 50 mn,
to 550 mm, in length, tusked or tuskless, and may be from the Tapinocephalus
zone, Endothiodon zone, Cistecephalus zone or (raxely) the Lystrosaurus zone.
The genus Dicynodon therefore contains within its large éssemb]age of species
such a wide variety of skull sizes, shapes and patterns, that it is impossible
to find any characters which will serve to distinguish all of them from
Kingoria, except for three characters which thus stand as the only characters
which are indeperdently sufficient to diagnose the genus Kiggoria. These
three characters are the structure of the palate, of the lower jaw and of
the sacrum, and they will now be examined in detajil,

The palate of Kingoria is unlike that of any other kmown dicynodont.

In most genera the anterior ramus of the pterygoid meets the palatine and
ectopterygoid; the palatine is the larger of these two s and in many genera
aids in the formation of the secordary mlate, having an extensive contact
with the premaxilla, while the ectopterygoid is smaller and often displaced
laterally. In Kingoria, however, the ectopterygoid forms nearly the whole
of the anterior continuation of the anterior rams of the pterygoid, the

ralatine forming only the walls and roof of the internal rares; the pelatine




83.

forms no part of the secondary malate and has only a short contact with the
premaxilla.

The anterior end of the lower Jaw, which tapers to a blunt point, has
a shape quite unlike that commonly found in the dicynodonts, which normally
have an extensive sharp transverse cubtting edge paralleling the anterior
end of the palate. A third type of lower Jjaw is known, that of the endo~
thiodombs tapering anteriorly to a shé.rp point which fits into a median
notch in the upper jaw, but this is equally distinct from that of Kingoria,
The palate of Kingoria is umusual in that it does not possess the stout
rounded anterior palatal ridges which are found in many dicynodont genera,
and this may reasonably be correlated with the unusual nature of the lower
Jjaw.

The other feature in which Kingoria is unlike any other known dicymodont
is the character of the pelvis, In the Dicynodontia, and in primitive
synapsids as a whole, the pelvis in side view is usually rather dumb-bell-
shaped, having a narrow "neck" in vhich lies the acetabulum, the ilimm
extending above this to meet the sacral ribs and the pubis and ischium
expanding ventrally. In Kingoria there is no central constriction; the
ilium extends antero-dorsally from the acetabulum and the pubis and ischium
extend posteriorly from ib; and the antero-dorsal corner of the ischium
contacts the fourth sacral rib.

The above three characters are thus, as far as is known, all absolutely
diagnostic of Kingoria. However, the genus Dicynodon contains a very large
number of species, which come from widely separated parts of the world (Soubh

and East Africa, Scotland, Russia and China), and in many of these species

neither the palate nor the lower jaw nor the sacrum are known., All that is ‘
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xnown in these species is a short description of the skull and a Figure

of the dorsal aspect of the skull, and the distinction between Eingoria and
these species therefore rests upon this infommation. Fortunately, Kingoria
is unusual in that the breadth of the interorbital bar is much greater than
the breadth of the intertemporal bar, and the great majority of the species
of Dicymodon my therefore, on this basis, be excluded from the genus
Ringoria. However, a few species remain, Of these, D.whaitsi (Broom,
1913) differs from Xingoria in that it is very much larger (skull length

530 mn.) and has postfrontal bones; D.ingens (Broom, 1907) possesses the stoub

paired anterior palatal ridges which are absent in Kingoria; D.clarencei

(Broom, 1950) and D.dutoiti (Broom & Schepers, 1937) differ in possessing

postfrontal bones; and D.howardi (Broom, 1948) differs in its extremely
long narrow skull and snout. It cannot be said that the reasons given for
excluding these species from Kingoria are definitive; all that can be said
is that the small amount of information available does st_zow some points of
difference from Kingoria.

The only other species of Dicymodon in which the published information
suggests that it might be similar to Kingoria is D.galecephalus from the
Cistecephalus zone of South Africa, In their account of this species,
Broom & Robinson (1948) both figure amd describe a strong lateral ving
running along the upper edge of the lateral side of the posterior mart of
the dentary. The skull is also similar to that of Kingoria nowacki in
that the inmterorbital breadth (23 -~ 24 mn,) is greater tlan the breadth of
the inmtertemporal bar (20 ma.), in that there are apmrently no postfrontal
bones, and in that the parietals extend far back behind the dorsal apex of
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the occiput. These features were so suggestive of relationship %o Kingoria
that further information on this Species was sought from Dr, Brink of the
Bernard Frice Institute for Palaeontological Research, Johannesburg, Dr.
Brink was kind enough to have the type skull sent to England, aml examimtion
of it immediately showed that it belongs to the genus Kingoria, since it
possesses the tapering anterior end to the dentary that is characteristic

of that genus. The skull is smaller than those of K.nowacki, its probable
original length being about 115 mm, s the width of the interorbital bar is
closer to the width of the intertemporal bar than in K.nowacki, and the
preparietal is pointed anteriorly, unlike that of K.nowacki., Though the
skull is too badly damaged and distorted for it to be possible to compare

it in detail with that of Kingoria nowacki, the above features are sufficient

to show that it is probably a different species, armd it is therefore trans-

ferred to the genus Kingoria as Kingoria galecephalus (Broom & Robinson).
Little can be said of the relationship of Kingoria to the other genera,
It is presumably more closely related to the other forms which do not bear
post-canine teeth, though parallel evolution and loss of thesé teeth may well
have occurred in the Dicynodontia. Both the lower jaw and the pelvis of
Kingoria are quite unlike that of any other dicynodont s> and no inbermediate
forms are known. Tts palate is also distinct, but can be compared with
that of other dicynodonts as Toerien (1954a) has outlined a possible schenme
of relationship of the main palatal types. In its large ectopterygoid ami
lack of a contact between the premaxilia and the palatine » Xingoria appears
to be primitive, though rather specialised in the great enlargement of the

ectopberygoid and the confinement of the palatine to the walls and roof of
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the internal nares. Of the dicynodonts which do not bear post-canine teeth,
Dicynodon is similar in its lack of a contact between the premaxilla and

the palatine; in most other genera these bones have an extensive contact

and the palatine forms a portion of the secondary palate. Kingorla may be
derived from an early form of Dicynodon, im which the stout, paired, anterior
palatal ridges of the latter genus ad not developed. However, Kingoria

is from a level which appears to be equivalent to the Cistecephalus zone

of South Africa, vhile the earliest forms of Dicynedon are from the Lower
Tapinocephalus zore; in the absence of any intermediate forms from the
Endothiodon zone, suggestions as to the relationship of the very aberrant

genus Kingoria must remain tentative.




5. THE ANATOMY OF KINGORTA
In the course of the investigation of the osteology of Kingoria various

points of interest have appeared, which will now be discussed in detail.

A, Tympanic Process
The most novel and interesting character found in the skull of Kingoria

nomacid is the well developed process extending posteriorly from the distal
end of the paroccipital process, and which has rovisionally been referred
to earlier as the tympanic process, Tts position, in tle ventro-lateral
portion of the occiput, is such that three possible functions for the
process suggest themselves: that it was connected with the oceipital
musculature, with the jaw-opening musculature, or with the support of the
tympanic membrane. These three possibilities will now be considered.

In atbtempting to reconstruct the muscle systems of ‘K_:Iggma;_, use has
been made of both direct and indirect evidence. The direct evidence
results from a study of the skull and the anterior cervical vertebrae, the
indirect results from a survey of the mscle complexes reported in modern
reptiles and primitive mamnals.l

Throughout the course of the reconstruction, both the mechanical
eifectiveness of the individual muscles amd the functional competence of
the whole system of muscles and articulating vertebrae and condyles have

lFOOTNOTE: Attention has been paid to the following: Sphenodon (Osawa,
1898; Nishi, 1916; Vallois, 1922; Byerly, 1926); Varamus (Nishi, 1916);
lacerta (Vallois, 1922); I (Mivart, 1867); Chamaeleon (Mivart, 1870);
Platydactylus (Sanders, 1870); Liolepis (Sanlers, 1872); osoma
(Sanders, 1874); Crocodilia (Vallois, 1922); Monotremata (Mivart, 1866;
Coues, 1871; McKay, 1895; Vallols, 1922); Didelphys (Coues, 1872);
Insectivora (Dobson , 1882-1890); Felis (Reighard & Jennings, 1935);

Canis (Vallois, 1922); Hodentia (Parsonms, 1894, 1896).
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been consldered, Since the dicynodont head is psculiarly speclalised,
consideration has simultaneocusly been given to the likely arrangement of thé
muscles in theriodonts, which are usually considered to be more closely
allied to the mamml ancestor than are the dicynodonts.

The Occipital Musculature

Some clues as to the siting of the occipital muscles have been obtained
from the depressions and ridges that can be seen on the occiput itself,

On some areas of the occiput it is possible to see scarred areas which
apmarently represent the points of attachment of muscles bub, even with this
additional evidence, it 1; "impossible to come to any final conclusion, as

the character of impra.ss:l.on that a muscle leaves on a bone is very variable,
minly according to whether the insertion of the muscle is fleshy or
tendinous. Where it is fleshy the bone may bear no indication of attachment;
lack of surface marking does thus not indicate that no muscles were inserted
ina given area. TWhere the insertion is tendinous, the bone may be roughened
and raised into ridges; the insertion may be wholly tmdinous, thus tending
to raise a small protuberance on the bone, or it may consist of a tendinous
sheath round a fleshy "core", in which case it will tend to produce a ridge
delimiting the area of insertion.

It is, therefore, next necessary to tum to the muscle complexes of
living reptiles and mammals in order to try to derive some idea as to what
might be expected to be the condition in an intermediate form much as
Kingoria, As will be seen, little difficulty is experienced with most
miscles, complications arising oniy in the case of those concerned with the

actnal modifications that mammls have made., Since these changes in the



89.

muscle complex have been accompanied by changes in the morphology of the atlas;-_
axis complex, further direct evidence as to the condition in Kingorla was
available from a study of these vertebrae.

Ihe Occipital Musculature of Kingoria. (The probable points of
insertion of these muscles are shown in Fig. 23).

Certain muscles which are common to nearly all amniotes can be assumed
to have been clogely similar in position in Kingria., These are as follows.

The most superficial muiscle attached to the amniote siull is the
trapezius, which runs from both the occiput and the vertebral column to the
pectoral girdle. Its insertion on the skull would be expected to be periph~-
eral, dorsally from the ventral surface of the backwardly-projecting margin
of the squamosal, and more ventro-latemlly from the posterior surface of
the ventral, occipital, wing of the squamosal. The more ventro-lateral
part of the trapezius, ruming to the clavicle, tends to becope a discrete
muscle, the cleldo~occipitalis. There is no direct evidence of the
attachments of this mmscle on either the skull or the girdle, but it scems
quite 1likely that its origin was from the more lateral, posteriorly-directed,
mrt of the clavicle, and its insertion on the dorsal part of the ventral,
occipital, wing of the squamosal.

Normally, the muscle inserted unier the trapesius in amniotes is the
longissimus capitis, which origimtes from the transvefae processes of the
cervical vertebrae. These transverse processes are quite stout in Kingoria,
and the muscle probably inserted on the tabular and intermrietal, along
the dorso~lateral part of the occiput,

Below the longissimus capitis in ammiotes is usually inserted the
transverso-spinalis capitis (or semispinalis capitis) mscle, which originates
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from the bases of the apines and prezygapophyses of the cervical vertebrae,
There is no direct evidence of this muscle on the cervical vertebrae, but
it would be expected to be inserted dorso-latera]l'y on the occiput, just
under the longissimus capitis,

Also belonging to the transverso-spinalis aysten are the suboccipitalis
muscles (obliquus capitis, and rectus capitis dorsalis and lateralis), which
run between the occiput and the first two vertebrae.. The rectus capitis
dorsalis major in both reptiles aml mammils originates from the dorsal edge
of the axis spine and inserts on the dorsal part of the occiput, near the
midline. Tnserting just ventmal to it is the rectus capitis dorsalis minoxw,
whose origin is in Varanus from the anterior edge of the axis spine, in
Sphenodon from the dorsal arch of the atlas in addition, and in mammals from
the latter alone; it seoms likely that in Kingoria it originated from the
large dorsal surfaces of the atlas arches,

The remaining rectus capitis lateralis and obliquus ca.pitis muscles
are not as readily capable of restoration, because the transition from
reptiles to mammals hag involved changes in them ani the form of the atlas
vertebra, In various reptiles (e.g. Sphenodon, Crocodilus, Diadectes,
Pelycosauria) the atlas consists of three elements (a mair of neural arches
ad an intercentrum) and this therefore seems to be the primitive condition.
A large obliguus capitis magnus muscle runs to the paroccipital process from
the lateral surface of the axis spine and the dorsal surface of the atlas
arch and, in addition, there may also be an obliquus capitis inferior
(Sphenodon and Vazanus, Nishi, 1916) running from the dorsal surface of the
axis arch to the atlas postzygapophysis, and an obliquus capitis superior
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(Varanus, Nishi, 1916) yunning from the atlas postz;,;gapophysis to the occiput,
In mammals the three elements of the atlas are co-ossified into a ring,
within which the odontoid peg of the axis rotates, and the atlas has
developed a large transverse process. The obliquus capitis inferior muscle
is atbtached to the axis spine and runs to the dorsal surface of the atlas
transverse process, to the ventral surface of which are attached the obliquus
capitis superior and a rectus caplitis lateralis, both rumning to the occiput.

The transition betwesn these two conditions has given some trouble to
Evans (1939), who was unable to distinguish in Varanus the obliquus capitis
inferior and superior reported by Nishi. He states that “apparently they
are simply differentiations of the obliquus capitis magnus muscle masgst
(1939, p.91), and therefore suggests that the obliquus capitis superior and
inferior have come into being because the atlas transverse process has
enlarged and interpolated itself into the obliquus capitis magmus, subdividing
it into these two muscles, bubt he gives no clear reason for this intrusion
of the atlas transverse process. However, an umusually large specimen of
Varanus niloticus in the Museum at Cambridge shows clear traces of the
ingertion of muscles in the region of the atlas postzygapophysis, whose
lateral surface bears a very woll marked ridge of bone directed posteriorly
and slightly dorsally. (In any case, the atlas of Varanus is unusual in
that it is a single ring-like ossification fitting over the anterior end of
the axis odontoid, and the musculature of this region is therefore unlikely
to be representative of that from vhich the mammals evolved).

This ridge found in Varanus may be compared with the backwardly-directed
spine external to the atlas posizygapophyses which Romer & Price (2940)
mention on p.108 and figare in Ophiacodon (Fig. 44) and Dimetrodon (Plate 23).
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This region of the atlas shows a similar projection in Kingoria (Fig. 10,
n.sp), in which it is stouter and more laterally directed than in the above-~
mentioned pelycosaurs. It seems likely that this process represents the
newral spine, which is also double in Seymouria (¥nite, 1939), and that it
was the point of attachment of the obliquus capitis superior and inferior.
The identification of this process as the neural spine explains the presence
of these muscles, since they would originally have been part of the normal
series of interspimalis muscles which connect the neural spines of the more
posterior vertebrae,

Though it thus seems likely that Kingoria possessed muscles homologous
with the obliquus capitis superior and inferior of mammals, the size of the
atlas neural spine does not suggest that these muscles were alone Tesponsible
for movement of the skull on the atlas-axis complex., An obliquus capitis
mgnus muscle was probably also present, as might in any case be expected in
a Permian reptile. This wowld have originated, in the usual manner, from
the large axis spine; its insertion was probably in the well marked hollow
on the occiput ventral to the post-temporal fossa and dorsal to the tympanic
process, and the skull of Kingoria shows .ma.rks of miscle-insertion in this
area, Such an insertion of this muscle, on the paroccipital process s is
found in both Varanus and Sphenodon (Nishi, 1916). The obliquus capitis
mgnus would thms run close to the atlas neural spine; the obliquue capitis
superior would be running from this structure to the occiput and, since the
occiput shows no trace of a separate insertion of tl:xe latter muscle, it seems

quite possitle that it inserted close to the obliguus capitis magnus, probably

somgwhat ventro-medial to it,
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Kingoria thus appears to have possessed both the obliquus capitis magnus,
which is not found in mammals, and the obliquus capitis superior and inferior,
which are today well developed only in the mammals. However s in them the
obliquus capitls superior and inferior are attached to the atlas transverse
process, whereas reasons have above been adduced for believing that in
Kingoria they were attached to the atlas neural spine, a structure not
represented in mammals, This las two consequences.

Firstly, if the well developed transverse process in Kingoria did not
serve for the attachment of the obliquus capitis superior and inferior, it
is necessary to give some other reason for its presence. The fact that
Kingoria is mammal~like in apmarently possessing well &eveloped obligquus
capitis superior and inferior miscles suggests that it may also have been
mmml-like in possessing a rectus capitis lateralis, oﬁginating from the
atlas transverse process (as in mammals); +the insertion of this muscle
would probably have been near the junction of the paroccipital process and
the lateral edge of the basioccipital tubera, since there is a proﬁomced
rugosity at this point,

Secondly, the apparently different attactments of the obliquus capitis
superior and inferior, to the atlas neural spine in Kingoria bub to the atlas
transverse process in the mammals, implies that, in the line leading to the
mamals, the neural spine and the transverse process of the atlas have become
fused, Such a change is very likely to have occurred if the museles, and
thus the processes themselves, became larger., When the atlas had attained
the unitary ring-like structure fourd in mammals, such an enlargement is
likely to have taken place in omder to take advantage of the more extemnsive
rotatory movements that this structure permits at the cranio-vertebral joint,
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and the enlargement of these muscles wounld presumably have been accompanied
by the reduction of the reptilian obliquus capitis magnus muscle, the A
additional presence of which would no longer be necessary.

The above discussion has covered all the muscles which are likely to
have been present inserting on the occiput of Kingoria, and none of them
appear o have been concerned with the tympanic proce'ss. The rectus
capltis lateralis, which originates from the transverse process of the atlas,
is the only muscle which could reasonably be suspected of having been inserted
on this process, but its insertion in this position appears unlikely in view
of the following considerations, Insertion on such a posterior projection
from the occiput would significantly reduce the 1engt;h,‘and so the renge of
action, of the muscle; in any case, the tympanic process is directed
backwards and not towards the transverse process of the atlas., Conversely,
it seems unlikely that the tympanic process represents the point of insertion
of a ligament restricting movement between the atlas and the occiput, since
there are no signs of tendinous insertion on the tympanic rrocess, armd the
atlas transverse process is larger than would be expected if it were merely
the point of origin of a temdon.

The Oceipital Musculature of Theriodonts. During the course of this

investigation attention was paid to the conditions of the occiput and atlas-
axis complex in the gorgonopsids and cynodonts. In the unidentified
gorgonopsid FRP 17, consisting of the braincase, proatlas and atlas arch,
the atlas neural arch possesses a2 woll developed neural spine and transverse
process, both having similar orientations to those in Kingoria, A well
developed atlas neural spine can also be seen in Brink & Kitching's figure
of the cervical vertebrae of Prorubidgea robusta (Brink & Kitching, 1954).




95.

In another unidentified gorgonopsid (FRP 142B) the atlas neural spine and -
the transverse process appear to have been compressed post-mortem, so that
they are directed more posteriorly; the axis spine is larger than that of
Kingoria, suggesting that a large obliquus capitis magnus may have been
present, It is also primitive in that the atlas intercentrum was large

and was not sutured to the axis, it thus being ummodified from the pelycosaur
condition in this character.

The spt‘acimen of the cynodont Galesaurus planiceps described and figured
by Parrington (1934) was also available for study. Here the atlas neural
spine is poorly developed and not very distinct from the rest of the neuml
arch, and the obliquus capitis system may therefore have been reptilian, with
a large obliquus capitis magnus.

The axis neural spine is unfortunately broken in Parrington's specimen,
which he figures (1934, Fig. 3); the anterior margin of the spine is also
broken, and Evans! reconstruction (1939), which takes the anterior margin
of Parrington's figure to represent the true edge, is in error in this point.
Seeley (1895b) has figured the axis of Cynogmathus crateronotus; this is
damaged, but sufficient of the dorsal edge remains for it to be possible to
make a fairly accurate restoration, The spine appears to have been very

large, being extended both dorsally and antero-posteriorly, and it is therefore

quite consistent with the idea that there was a large obliquus capitis magnus
muscle. Evans, however, restores Galesaurus with obliquus capitis superior
and inferior muscles attached to the atlas transverse process, but this
process is no different from those of the succeeding cervical vertebrae and

. is not, in elther position or orientation, well suited for the attachment of
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such muscles, for its major faces are directed postero-ventro-medially and -
antero-laterally. It might, however, have served as attackment for a rectus
capitis lateralis muscle. The atlas-axis is more advanced than that of the
gorgonopsid in tiat the atlas centrum is firmly fused to the axis centrum
(despite Evans, 1939, p.68), and the atlas intercembrum is reduced,

The size of the axis spine, the lack of develomment of the atlas neural
spine and the condition of the atlas transverse process tims all lead one
to suppose that the neck musculature of Galesaurus was of reptilian type.
However, Brink has recently (1956) figured the atlas-axis of Diademodon;
he shows it with a well developed atlas transverse process and restores a
distinct atlas neural spine, so it seems possible that modifications of the
atlas-axis complex occurred also in the cynodont line.

Summary. The attachments and courses of the occipital muscles which
have above been suggested in Kingoria and shown to be consistent with
corditions in theriodonts, are inevitably somewhat tentative, since the
bony structures give only slight hints of the soft-part anatomy, and no close
relative of the dicynodonts exists today. All that can be stated is that,
so far as can be seen, the above reconstruction fits all the facts kmowm
to the writer, and also provides a functional intermediate between the
reptilian and the mammalian conditions. As tiws restored, the occlpital
msculature does not show any association with the tympanic process or supply
any functional explanation for this process. Furthermore, such a bony
protuberance, if concerned with muscular insertion, would normally be
indicative of a localised attachment, which would be likely to be tendinous,
yet the surface of the tympenic process is smooth and devoid of any indication

of tendinous attachment.
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The Jaw Musculature

The jaw muscles which are generally agreed to be present in the Reptilia
are the capiti-mandibularis muscle mass and the pherygoidens muscles. The
capiti-mandibularis muscle mass is usually considered to be divided into
temporalis and masseter components, theough various writers have stated that
it is often QAifficult completely to separate the two components (e.g. Adams >
19195 Becht, 1952),

The deep groove on the prootic, which is discussed in a later section amd
shorm to lodge the vena capitis dorsalis, Prosumably served to protect that
vein from mscular action; this, and the mamner in which the parietal and
post-orbital parts of the inter-temporal bar overhang the temporal vaculty,
both suggest that the temporelis muscle originated from a large part of the
posterior and medial walls of the vacuity., It is probable that parts of
it also origimated from the anterior surface of the quadratojugal amd the
ventral, occipital, wing of the squamosal, and possibly also from the posterior
part of the zygomtic arch, The temporalis was thus a very powerful muscle,
and this is also reflected in the size of its insertion on the lower Jawr,
for it seems very probable that the concavity on the dorsal surface of the
dentary, which is strengthened by a strong wing on the lateral surface of the
bone, marks the point of insertion of the more superficial portion of the
miscle, This superficial portion was probably that which origimated lateral
to the root of the zygomatic arch, while the portion originating medial to

the zygomatic arch presumably inserted on the inner surface of the mandible

am into the meckelian fossa.




Parrington (1955) ms mt forward a strong case for the supposition
that the msseter muscie in synapsids ran from the anterior portion of the
zygomtic arch to the reflected lamina of the angular, Such a course in
the Dicynodontia is Supported by the following features. Firstly, in
Kingoria there is, at the junction of the zygomatic arch and mxilla, a very
noticeable flattened area, directed ventrally and somewhat postero-laterally,
Secondly, in Stahleckeria potens (von Huene, 1944) in the endothiodonts
(see Broom, 1921 ani 1932 Figs 750, 77, 78, 794, B) and in Aulacephalodon
brodiei and coatoni (Broom, 1941) s> A.nesemanni (Broom, 1936a) and A.whaitsi
(Broom, 1932) there is » under the postero~lateral corner of the orbit, a
Promirent ventmlly or postero-ventrally directed knob zimilar to that fourmd
in the cynodonts Cynognathus, Diademodon and Trirachodon, Thirdly, such
a course for the muscle in Kingoria would explain the sudden manner in which
the enlargement of the dorsal surface of the dentary for the attachment of
the temporalis muscle is termimted posteriorly, Finally, if the courses
here suggested for the temporal and masseter miscles are correct, the
resulting large angle between the two muscles would be well suited $o producing
the antero-posterior movement of the lower jaw suggested by Watson (1948).

There is some variation in the Literature as to the nomenclature of the
different parts of the pberygoideus musculature. Adams (1919) states that
an anterior pterygoideus is always present in the reptiles, that it arises
from the pterygoid and palatine region, and that its insertion typically
Wraps around onto the outer side of the posterior end of the articular,
Though Adams states (1919, p,147) that what is usually called the posterior
pterygoideus muscle is really the deepest part of the capiti-mandibularis

muscle mass, and that he is naming it the capiti-mandibularis profundus, he
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does not always follow this Procedure, for in both Alligmator amd Varanus he
describes and figures both a capiti-mandibularis profundus and a posterior
pterygoideus. In Varanus the capiti-mardibularis profundus inserts on the
coronoid region of the mandible while the posterior pterygoideus inserts Just
behind it, In Alligator the capiti-mapdibnlaris profundus is a small slip
attached to the tendon of the capiti-mandibularis medius; the posterior
pterygoideus arises on the quadrate and quadrato-jugal and joins with the
anterior pterygoideus s the two together wrapping around the postero-ventral
erd of the mandible,

The distinction between posterior and anterior pterygoideus would thus
seem to be that the former, whether a part of the capiti-mandibularis mas8s
or not, inserts on the immer side of the mandible, while the anterior
pterygoideus commonly wraps around the postero-ventral end of the mandible
onto its outer surface. This distinction is not materially weakened by the
fact that in Alligtor a muscle formed from a Junction of anterior and
posterior pterygoideus muscles includes these normal chamacteristics of the
anterior pherygoideus muscle.

Following this, it seems likely that in Kingoria the position of insertion
of the posterior pterygoideus is indicated by the marked scar found under the
inner articular condyle, the muscle probably rumning antero-dorsally onto
the anterior face of the prootic. Such a courss would also explain the way
in which the immer articular condyle is urdercut ventrally so that it projects
38 a medial wing from the body of the articular bone.

The anterior pterygo'deus in Kingoria probably origimated in normal fashion
from the dorsal and lateral surfaces of the body of the pterveoid amd ran
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postero-laterally to wrap around the posterior part of the jaw, having
insertions on the outer side of the jaw under the reflected lamina, which
Parrington (1955) believes to be a structure developed to0 provide an
insertion for the masseter without restricting the anterior pterygoideus
muscle, (A very similar structure is to be seen at the posterior end of
the lower jaw of the modern rodent Dasyprocta, there being an ocuter rather
thin sheet of bone to which the masseter is attached, and an inner and more
ventral solid ridge of bone round which the pterygoideus is inserted). The
posterior mrt of this anterior pterygoideus muscle is probably responsible
for the very marked hollow on the anterior face of the rebtro-articular
rocess; the fibres of this part of the muscle probably ran dorso~medially
t0 an origin on the anterior portion and root of the quadrate ramus of the
pterygoid. If this course is correct, those fibres which were attached to
the anterior face of the retro-articular process, on the outer side of the
mandible, would have at first to run medially. The necessity for providing
a clear medial passage for these fibres my explain ‘the manner in which the
retro-articnlar process is sharply delimited anteriorly, instead of merging
gradually into the ventral surface of the jaw ramus, for the latter would
seem o be a mechanically stronger comdition. It may be noted that a
similar free medial access to the anterior face of the retro-articular
process is still present even when the lower end of the retro-articular
process is directed anteriorly. This condition is found in Emydochampsa
oweni (Broili & Schreder, 1936a) and in some gorgonopsids, and in such forms
the retro-articular process is L-staped; again, this condition is apparently

unsatisfactory from a mechanical point of view, for it would seen that greater

strength would have been provided 4if the angle between the two portions of
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the retro-articular process had been consolidated, The above interpretation
of the anterior pterygoideus musele would also to some extent reconcile the
opinions of Watson and Farrington. Watson, in his 1948 paper, held that
the apparent retro-articular process of later synapsids was in reality a
process for part of the pterygoideus musculature (though he called this

part the posterior pterygoideus), the retro-articular process amd depressor
mandibull mscle having been lost; Parrington, in 1955, pub forward a
strong case for the identity of this process with the retro-articular process
of pelycosaurs. Parrington's identification of the ventrally directed
process as the retro-articular process would seem to be con.fime;l by the
clear traces of muscle insertion found on its posterior surface in Kingoria
but, if the above interpretation is correct, it would seem possible that the
same process gave attachment to the depressor mandibuli posteriorly and to
the anterior pterygoideus muscle anteriorly.

Several factors make it seem likely that the origin of the deéreasor
mndibuli muscle was from the posterior extension of the dorsal edge of the
squamosal, Firstly, the antero-posterior alignment of the comiyles on both
upper and lower jaws suggests that the origin of the depressor mandibuli lay
directly above its insertion so that the action lay in the plane of movement
of the lower jaw. Secondly, the origin would be expected to lie some
distance from the retro-articular process so that the muscle would have
adequate length of conmtraction. It should be noted here that the extensive
antero~-posterior movements of the lower jaw which are indicated by its
disparity in length compared with the upper jaw, and also by the character
of the condyles, anl which has been suggested by Watson (1948), umeans that
the depressor mndibuli must be of considerable length i_f—it is to allow
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these movements to take place. Finally, if the depressor mandibuli did run
directly upwards from the retro-articular process s the most lateral part of
the posterior extension of the dorsal edge of the squamosal provides a
ventrally-directed surface well suited for its attachment. The origin may
have extended from there ventrally dowm the surface of the squamosal, and
two small protuberances above and below the groove leading to the post-
tenporal fossa may indicate the origin of some muscle fibres from this point
also, An origin from such a gemeral region, high up on the occiput, is
found in most modern reptiles, though this region is in them more usually
occupied by the parietal than by the squamosal.

The identification of this ventrally directed process as a retro-
articnlar process is important for the restoration of the muscles opening
the jaw. As is well known, the reptiles and mmmls differ in the method
of opening the jaws. The reptiles possess a depressor mardibuli muscle
ruming from the dorso-lateral corner of the occiput to the posfeﬁ.or
portion of the mandible, so that the Jaw is opened by a muscle acting on it
close to, but posterior to, its articulation. In the mammals the jaws are
opened by a muscle acting anterior to the jaw articulation; in the Eutheria,
the digastric runs from the mastoid region of the periotic to the imer side
of the mandible, in the Monotremata the detrahens mandibulae runs from the
mastoid and squamosal region to insert on the side and lower edge of the
mandible.

Tt would seem reasomable to suppose that the change from the reptilian
t0 the mammalian system was corrdlated with the loss of the post-dentary
bones and it therefore would seem to be anachromlétic to expect to find the
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mammal ian condition in Kingoria, whose lower jaw is completely reptilian -
though muscles equivalent to those of the mammal (but possibly having a
different function) may also have been present. One would therefore expect
Kingoria to possess a depressor mandibuli muscle s and this expectation is
confirmed by the above identification of the retro-articular process, a
structure whose function is clearly to provide more advantageous mechanical
corditions for a muscle ruming dorsally, Furthermore, this process bears
clear traces of muscle insertion on its posterior surface (Fig. 94 amd C).
The above identification of the depressor mandibuli muscle does not in
itself preclude the additional presence of muscles equivalent to the
mmmalian digastric. Furthermore, the process earlier provisionally named
the tympanic process is in the region in which there is in mammals a process
for the attachment of the digastric, the posterior belly of this muscle
originating from a mastoid process of the periotic bone or from a paramastoid
process of the occipital bone. In either case, the process is directed
ventrally or ventrally and somewhat posteriorly, and the level of the jaw
articulation is considerably more dorsal and anterior. The digastric and
other muscles attached to the hyoid apparatus are used either to open the
jaws or to move the hyoid during swallowing. In Kingoria, however, the
tympanic process is directed posteriorly and only slightly ventrally, and is
dorsal and just posterior to the jaw condyle. Thus a muscle ruming from
it té the hyoid, and serving to aid in opening the jaw, would have to run
antero—ventrally around the middle-ear region. Thus in terms of muscle

wffectiveness, the attachment of such a muscle on the tympanic process would

be no more advantageous than would be a more ventral origin, e.g. on the
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tubera basioccipitalia, In addition, the character of the tympanic proce:
does not suggest that it served for muscle attachment; it is too small to
fom a basis for a fleshy attachment, and its smooth surface makes it
unlikely that a temdon originated from it, These factors thus do not
support the hypothesis that there was a functional digastric system attache
to the tympanic process in Kingoria, aml thig conclusion is strengbhened by
the apmrent presence of a well developed depressor mandibuli muscle,
However, a different explanation of an amlogous process was Buggested
by Watson (1931) in his description of Scaloposaurug; he noted the presence
of a postero-laterally directed process of the paroccipital process,
Suggested that it might be for mscle-attachment, and fei‘erred to it as a
mastoid® process, Crompton, in a recent revision of the Scaloposauridae,
remarks on this as followa (1955b, p.154):
#The posterior or mstoid process extends postero~-laterally and but for a
nillimeter articulates with the ventm1l edge of the squamosal. The term
mistoid process was first introduced by Watson (1931) who observed it in
Scaloposaurus. He considered it for muscular attachment, but since his
mterial was poorly preserved ard the posterior part of the Squamosal badly
damaged, the app:o:d.mation.of this process to the Ssquamosal could not be
observed, In view of the lack of perichondral ossification on these two
processes, it is more than likely that they were both extended laterally by
cartilage so as to form definite articulations with the structures towards
which they are directedt, Crompton considers that the skull of the scalo-
posaurs is kinetic, one of the points of articulation between the maxillary



Thus, though these more advanced mammal-like reptiles possess a Process
of the paroccipital process in a region similar to that in which the tympanic
process of Kingoria is situated, ang though the term "mastoid processt hag
been used to describe it, there is no reason to believe that it was concerned
with the jaw msculature, and jts Presence therefore in no way invalidates
the similar conclusion reached in the cage of the tympanic process in
Kingoria,

Summary.,  From the above discussion it appears that the jaw musculature
of Kingoria was typically reptilian, possessing a depressor mandibuli musele
but no digastric muscle. Due to the more Straightforward nature of the
movements which take place, and the correspondingly simpler character of
the musculature, and due also to the greater amount of evidence afforded by
the marking and relief of the bones, it has been possible to restore the Jew
musculature with a greater degree of confidence than was possible in the
case of the occipital msculature. Like the latter, the restored Jaw
musculature does not reveal any feature which is likely to have been respon-

sible for the develomment of the tympanic process.

The auditory region

The presence or absence of a tympanum in the extinct reptiles is now
2 subject of major controversy, Watson (1948, 1951, 1953, 1954) being the
leading protagonist of the view that the tympanum is absent in the captorhino~
morph cotylosaurs and the more primitive synapsids, while Parrington (1955)
has disputed this, Vatson bages his theory on two min points? the lack

of an obvious otic notch and the massive nmature of the stapes.
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In modern forms the tympanum is lost only in forms whose habit of life
is such that the head is usually placed in contact with the substratum, so
that conduction of vibrations through the bones of the skull could ocecur,
The skeletons of the synapaids s and especially the therapsids, deo not
suggest that the head was usuvally in contact with the ground, and it seems
unlikely that any degree of sensitive hearing could have been achieved by
transmission of vibrations from the ground to the head via the limbs and
general body skeleton. It seems reasonable, therefore, to assume that the |
loss of the sensitive tympanic method of hearing would place the animal at
a disadvantage (especially if it were a herbivore subject to attack by such
animals as the gorgonopeids) and, in the absence of definite evidence to
the contrary, one might reasonably assume that a tympanum was present,
Positive evidence for the presence of such a tympanun might be derived from
the contouring of the bone in the regions where a tympanum or external
auditory meatus might be expected, or from the structure of the stapes
itself. These lines of approach will now be examined in Kingoria,

The most obvious evidence from the contouring on the skull of Kingoria
lies in what has above been called the tympanic process. The position of
this process, and the posterior extension of the imer quadrate condyle below
it, both immediately suggest that these structures supported a tympanic
membrane,  The only alternative explanation for the tympanic process would
be that it served as an attachment for a muscle, However, the musculature
of the head has been discussed above, and it appears to be unlikely that

the tympanic process had a function of this kind.
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If a tympamm was stretohed between the tympanic process and the
posterior end of the inmner quadrate cordyle, it is necessary to suggest how
an external auditory meatus could have reached the surface, A possible
solution is suggested by the contouring of the outer edge of the squamosal,
This does not, as one might expect » run in a contimuous curve down to the
beginning of the articular surface of the quadrate, but instead, as can be
seen in anterior view (Fig. 5) it is ermbayed irwards to eross the lateral
edge of the quadrate about 5 mm. above its articular surface. Furthermore,
in lateral or postero-lateral views (Figs 44 anmd B, 244) this lower part of
the lateral edge of the squamosal can be seen also to be deflected forvards.,
The combination of these two features in effect forms a distinct groove
leading outwards and forwards round the squamosal and quadrato-jugal, and it
is suggested that the groove marks the position of an external auditory
meatus.

As has been mentioned in an earlier section, a clear muscle-scar on the

posterior side of the retro-articular process shows that a depressor mandibuli

muscle was present. This muscle would be forming the posterior border to
the proximal part of the external auditory meatus (and perhaps also of the
tympanum itself as in some modern reptiles). Tt would thus inberfere least
with the auditory apparatus when the jaw is in its most posterior position,
and the associated articular regions of upper and lower jaws in a large
widentified dicynodont (FRP 103) show a mirked depression on the dorsal
gurface of the lower jaw immediately in front of the articular surface,

The articular surface of the quadrate fits accura'b_ely into this depression,
and it seems possible that the lower jaw, when not being used for feeding,
vas in this form moved back until the quadrate slipped into this depression,



The stapes or Kingoria is certainly a fairly broad bone in dorsal or
ventral view, but in anterior or posterior view it is fairly thin, T4 has
also been greatly shortened (and thys lightened) by bringing the fenestra
ovalis towards the tympanic reglon by the development of basisphenoid tubera H
this feature itgelr Suggests that the vieight and, by inference, the movement
of the stapes was important - though the loss of the stapedial foramen in
the Dicynodontia is rather surprising, The expanded footplate of the stapes
rests quite loosely in the fenestra ovalis, and ig composed of spongy bone,
thus further lightening the stapes. The stapes lies between the tubera and
the quadrate, but is not held tightly in place -~ indeed, in many specimens
of dicynodonts it has dropped out, Additional evidence of the possibility
of the stapes having functioned as a sound-transmit'bing structure lies in
the presence of a small facet on its postero-lateral corner; this probably
mrks the point of attachment of an extragtapedial cartilage which ran to
the tympanic membrane., 1In a larger dicynodont siull (FrP 39, possibly
Dicynodon huenci) this part of the stapes bears a large process directed
postero~-dorsally (Fig. 248, C).

The above provides a possible theory as to the structures concerned with
hearing in Kingoria, and one may next try to determine whether there is any
efidence that it represents the typical condition in the dicymodonts as a

whole,
Within the genus Dic odon, one of the earliest and smallest species is

D.pseudojouberti from the Tapinocephalus zone of South Africa. Some
Specimens of this species were kindly mrovided by the British Musewm (Natural
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History); the matrix is extremely hard (as noted by Watson, 1948), bub the
occiput of one specimen was largely freed of matrix and a distinct tympanic
process was found, similar to that of Kingoria in both character aml position,
ard the embayment of the squamosal wes also present.,

Specimens which have been mechanically prepared in the past do not
usually show an undamaged tympanic process as s unless its presence is
expected, it is very easily destroyed during preparation. Thus breakage
facets, showing where the tympanic process has been bioken off, are the
only traces of its presence in several specimens of Kingoria; such a facet
can be seen both in one of von Huene's original specimens (von Huene, 1942,

K 12) and in further specimens collected by Parrington. Amongst von Huene's

other East African specimens, such breakage facets are also t0 be found in

Dicynodon njalilus, in vhich the posterior projection of the immer quadrate
condyle is also clearly developed, D.bathyrhynchus has a wel;l. preserved
tympanic process 12 mm., long, and D.locusticeps shows a slight posterior |
projection of the paroccipital process. Among the South African specimens ‘
described by von Huene (1931), D.baughtonianus has traces of the tympanic :\
process, An unidentified specimen of Dicynodon sp. in the British Museum 1
(Natural History) (catalogue no, R 3745), also shows the tympanic process
very clearly, and the type specimen of D.tigriceps, described and figured
by Owen (1845b) has a broad convex hackward process on the paroccipital
process, The forward embayment of the squamosal is commonly visible on
well preserved dicynodont skulls, or on figures of such skulls,

The tympanic process is not confined to the African species of Dicynodon,
as it is both described and figured in the Russian D.amalitzkii by Sushkin
(1926b) and is figured in the Chinese D.sinkianensis by Yuan & Young (1934).
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To turn next to other genmera of dicynodonts s the type specimen of
Qudenodon bainii shows a clear breakage facet in the position where the
tymmnic process might be expected, The forward embayment of the squamosal
is very noticeable in figures of Cistecephalus laticeps (Brink, 1950), and

C.planiceps (von Huene, 1942). In Kannemeyeria, Haughton (1915b) mentions
that "the posterior corner of the paroccipital is prolonged to form a bluntly
pointed process"; this can also be seen in Pearson's (1926a) figures of this

region in K.erithrea. A breakage facet for the tympanic process can be

seen in Tropidostoma microtrema (Seeley, 1889, Plate 11) and the process
itself and the forward embayment of the squamosal are visible in another
specimen of the same genus (Seeley, 1889, Plate 12).

On the other hand, there are several forms in vhich no clear trace of

the tympanic process itself could be found. In Dicynodon hueneil no clear

conical process could be seen, but the distal end of the paroccipital process
bears a rather thin irregular backwardly directed ridge. .Dr. Platt, of

the Cambridge University Department of Anatomy, examined the skull and stated
that the character of this ridge suggested arthritic changes connected with
old age, so that this specimen may not be typical of normal adults of this
species. This species also clearly shows the embayment in the lower edge

of the squamosal which has above been suggested as indicating the site of

the external auditory meatus., Lystrosaurus also shows this embayment bubt
shows no trace of a tympanic process; conditions in this semi-aguatic form

with its dovmn-turned snout might well be umusual. . Stahleckeria again shows

1The original ascription (Haughton, 1932) of this form to Dicynodon is here
retained; von Huene (1942) referred it to Platypodosaurus, but Dicynodon
huenei differs from it in its short and deep skull, that of von Huene's
Platypodosaurus magms being very elongate ard flattened, in its lack of a
pineal boss and of eiongate caniniform processes, and in possessing canine
tusks.
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the embayment, the distal end of the paroccipital process bears a strong
low mound, and the stapes has a roughened area at its postero-distal corner
which may mark the point of attachment of a cartilaginous extra-stapes. |

In Flacerias Camp & Welles (1956) state that there is no posterior ridge |
or process on the paroccipital process, They figure and mention an extra-
stapedial facet on the stapes anmd a groove ruming laterally along the back
of the quadrate. They state, without further discussion, that "it seems
unlikely that a tympanum would have been buried in the jaw muscles ab any
point median to the margin of the squamosal®, The stapes also possesses
a great proximo-ventral boss adjacent to the i‘oof.p]ate, which Camp & Welles
interpret as an attachment of one of the sub-carvical muscies, "probably
developed powerfully in Placerias to rake the mzzle dowrward and backward
while grubbing in the groumd®, However, the stapes is not fused to either
the tubera or the quadrate.

Finally, in Cistecephalus no trace of the tympanic process can be seen
in the very clear figures of Broili & Schrider (1935a) anmd Brink (1950),
However, both the strong box—liké 8lull and the peculiar nature of the manus
(Brink, 1953) suggest that Cistecephalus was a burrowing form, and degenera-
tive changes in the auditory apparatus of modern reptiles are most common in
forms leading such an existence, presumably because the head is usuvally in
contact with the substrate, so that it is possible for vibrations to be
conducted directly through the bones of the skull,

Though an examination has been made of all the available specimens in
the British Museum (Natural History), and in the Musewns in Cambridge, Oxford
ard Tubingen, and in the private collections of Mr. F. R, Parrington and
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Professor D. M. S. Watson, relatively few specimens shor a clear and
undamaged occipital surface., The evidence available from the literature
in figures or descriptions is similarly scanty and naturally more difficult
to assess, It is thus impossible to make any definite statement as to how
far the structures found in Kingoria are typical of the dicynodonts as a
vhole, Enough evidence las been collected to make it appear likely that it
was present throughout the mather vague genus Dicynodon, and in OQudenodon
and Iropidostoma, The genera which do not show these conditions are thus

several large Triassic genera (Kannemeyeria, Stahleckeria and Placerias - .

though the first two do show a low boss on the paroccipital process), one
semi-aquatic genus (Lysbrosaurus), and one burrowing genus (Cistecephalus).

It would not seem to be unreasonable to suppose that in these cases, either
the great increase in size, or the umusval habitat, have rendered umnecessary
the retention of a special tympanic process to support the dorsal margin

of the tympanum. Dicynodon itself is certainly a more primitive genus, and
the presence of the tympanic process in an early (Tapinocephalus zone) species
of that genus makes it appear possible that it was a character possessed by
the Dicynodontia as a whole., This would support the view of Parrington
(1955) that a tympanic membrane was present and functional in the primitive

synapsids,

B. Post-Temporal Fossa and Veins of the Head |

Though it is lost in most modern Amphibia and Mammalia and some Repbilia,
the post-temporal fossa is a fairly constant feature in the structure of
the skull of tetrapods, the last vestiges of it being present in the Mono-
tremata. It appears originally to have been merely a gap between the bones
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of the dorsal roof of the skull and the bones of the dorsal part of the
occiput, but its persistence through the tetrapoda implies that it had some
functional significance. Though in many fossil amphibia it is large and
may have served for the origin of part of the neck musculature (Romer, 1941) 3
its small size in many reptiles, especially in the Symapsida, indicates

that its function here is more likely to have been the transmission of a
_perve or blood vessel. Its morphological position makes it unlikely that
it transmitted a nerve, and its function as a passage for a blood-vessel

is supported by the presence in some fossils of well mrked grooves running
from the anterior opening of the post-temporal fossa, These grooves are

knovn in various archosaurs (Belodon, Erythrosuchus, Mystriosaurus), in

the Pelycosauria (Romer & Price, 1940), Dicynodontia and Cynodontia (Watson,
1011, 1920; Parrington, 1946a).

In living reptiles the only blood vessel ruming through the region
morphologically equivalent to the post-temporal fossa is the va.xa capitis
dorsalis, vhich is described in Lacerta agilis by Brumer (1907). He states
that this drains the muscles of the occipital fogssa, and that it is formed
by the union of two components, a lateral component which rises above the
paroccipital process and a medial one which has its origin above the lateral
margin of the foramen magnum., These components "unite below the posterior
mrgin of the parietal bone, directly lateral to the crista sagittalis of
the supraoccipital" (Bruner, 1907, p.18); the vena capitis dorsalis then
contirues forwards a short distance and receives from an anterior direction
a simus-like vena marietalis. It then "bends tovards the median line and

enters the cranium through the caudal end of the great mrietal fissure,
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which lies between the parietal bone anl dorsal margin of the prootict
(3runer, 1907, pp.18-19); the supraoccipital forms the posterior margin
of this fissure, Within the c¢ranium the vein joins the vena cerebralis
media close to its origin from the vena longitudimmlis cerebri. A vema
capitis dorsalis with a similar course is described in Sphenodon by Dendy
(1909), and by O'Donoghue (1920), who describes an anterior parietalis
component like that of lacerta.

This may be compared with the structure in Kingoria, where a groove
runs dorso-medially in a curve from the post-temporal fossa to a slight notch
in the anterior end of the prootic just below the postero-ventral emd of the
parietdl. A vessel ruming in this groove amd entering the skull at the
notch, in the region of the junction of the parietal, supraoccipital and
prootic, would be followirng exactly the same morphological course as the

vena capitis dorsalis of Lacerta amd Sphenodon, and it seems likely that the

groove in Kingoria was in fact occupied by this vein. No evidence is to

be found in Kingoria as to the presence or course of a vena parietalis, bub

a more extensive system of grooves is found in the cynodonts. In Diademodon

(Watson, 1911) there is a groove along or just above the junction of the
parietal and epipterygid. At about one centimetre behind the level of the
pineal foramen this groove receives a large oval and backwardly directed
foramen, which Watson states must lead into the brain cavity and the internal
opening of which he later found (Watson, 1913b); ,the groove continues beyond
the foramen and opens inmto the post-temporal fossa. The foramen which
Watson mentions is also present in Cynognatims sp. (Watson, 1911), Protacmon
brachyrhims (Watson, 1920), Thrinaxodon liorhinus (Parrington, 1946a) and

Diademodon mastacus (Brink, 1956). According to the interpretation




suggested here, the foramen would be the point of entry of the vena capitis
dorsalis into the brain-case, vhile the groove anterior to the foramen would
represent the vena parietalis,

Olsen (1944) found a notch in the anterior border of the periotic, in
a position similar to that of the notch which has above been considered to
be the point of enbry of the vena capitis dorsalis in Kingoria. He states
that the noteh is present in most of his serially-sectioned specimens s which
inchxle dicynodonts, therscephalians, gorgonopsids and cynodonts, and that
it is comnonly separated from the prootic incisure by an antero-dorsal process
of the periotic. However, hecause the notch does not appear to be present
in some forms, and because it is occupied by the epipterygeid in his cynodonts,
Olson does nobt believe that it was traversed by a blood-vessel., Instead
he follows Price, who suggested (1935) that a ledge on the anterior margin
of the prootic in Captorhinus was the base for a cartilage supporting the
orbitosphenoid elements, stating that a comparable shelf with such a function
is found in modern iguanas, Olson thus believes that the antero-dorsal
process in his therapsids has a similar funetion, and that the appearance
of the dorsal incisure is merely incidental to the development of this
structure,

However, though in the iguanas the relatively large size of the orbit
and its posterior position have led the supporting elements of the orbito-
sphenoid to come into relationship with the anterior margin of the prootic,
it seems inadvisable to homologise the resulting sbructural features with
those found in these fossil reptiles, in which the orbit is much smaller
and is situated very much further forwards relative to the braincase. The

lack of an incisure in the cynodonts is not surprising since, as mentioned
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above, the entrance of the vena capitis dorsalis is through a foramen between
the epipterygoid and the mrietal, in a position more dorso-anterior than |
in the other therapsids, so that the vein my well not have passed across
the fromt border of the prootic. The exact course of the vein may well |
vary in the different therapsids, and this would lead to corresponding
variations in the presence or depth of the incisure.

On the above evidence, it seans to the writer more reasonable o explain
the incisure as being a result of the mresence of a vena capitis dorsalis
than to account for it as being merely an incidental in the development of
a structure bearing a cartilage Supporting the orbitosphenoid eiemenbs.

In addition to the grooves mentioned above, Kingoria shows some indica-
tions of a groove rumning downwards from the post-temporal fossa; in the
cynodonts a similar groove runs into the pherygo-paroccipital foramen (this

latter is wholly within the prootic in Thrinaxocdon liorhinus; Pai'rington,

1946a), and a further groove runs from this latter foramen forwards to the
facialis foramen (Watson, 1911; Parrington, 1946a), In Diademodon, at
least, the vhole system of grooves is covered by thin flanges from the
surrounding bones (Wetson, 1911).

Watson (1920) has suggested that the vena capitis lateralis mssed
through the pterygo-paroccipital foramen, then giving rise to one branch
vhich passed through the post-temporal fossa, a second which passed up the
dorsal groove along the junction of the parietal am prootic, and a third
(presumably the continuvation of the vena capitis lateralis) which ran dorsal
to the meeting of the prootic and epipterygoid amd passed through the
trigeminus foramen between those two bones, However, the fact that the

post-temporal fossa is occupied by a vein draining forwards mkes some
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modification of this necessary.  The post-temporal fossa and dorsal groove
were presurably occupied by the vem capitis dorsalis; the vena capitis
lateralis presumably ran from the Berygo-paroccipital faramen into the
trigemimus foramen, The groove be‘bweén the post~temporal fossa and the
pterygo~paroccipital foramen was probably occupied by a vein Jjoining the
vena capitis lateralis and the vena capitis dorsalis, and providing an
alternative method of drainage -~ & common feature in the veins of the head.
The groove for this vein is more marked in the cynodonts, vhere the post-
temporal fossa and thé pterygo~paroccipital foramen are closer together,
and it is possible that in the cynodonts this became the only drainage for
the vena capitis dorsalis. This would explain the lack s in M

crateronotus (Seeley, 1895b) of a formmen at the antero-dorsal end of the

groove for the vena capitis dorsalis s the direction of flow in this part of
the vein having reversed so that it runs posteriorly, meeting the main inflow
through the post~temporal fossa and contimiing domwards to meet the venma
capitis lateralis near the pterygo-mroccipital foramen.

iatson has suggested that the dorsal canal, here considered to lodge the
verna capitis dorsalis, “occupies the s;_ame position as the 'sinus canal!
described by Parker in Erinaceus" (Watson, 1911, p.320). He is apmarently
referring to the groove for the lateral sinus which Parker (1885) figures
in Plate 20, Fig. 4, and mentions on p,154., However, this groove is on the
imer surface of the parietal, within the brain-case. Though it is possible
that the vein which ran in the groove in synapsids has been simply enclosed
within the cranium l.oy the extension of the meeting between the epipterygoid

ard the parietal, the extent to which the extracrenial venous system of
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reptiles is replaced by intracranial simuses in the mammals makes it more

likely that the extracranial vein has been replaced by an intracranial vein

in this case also,

C. Braincase

The cartilage bones of the braincase are tightly joined or fused together,
so that the supracecipital, exoccipital, basioccipital, basisphenoid, para-
sphenoid, prootic and opisthotic are all indistinguishable from one another
except at one or two points, This is not an um;sual condition, but the
lack of any unossified zone in Kingoria is a feature worth eniphasising.

Such a zone, between the basisphenoid and the basioceipital, was found by
Olson (1944) in various therapsids; of the six dicynodonts which he figures,
three show such a zone and three do not. Olson also states that the sella
turcica in his dicynodonts is very smllow or absent, and that the internal
carotid canals emerge just anterior to it, whereas in Kingoria the sells is
quite deep and the internal carotid canals run into its floor,

The whole braincase region of Kingoria is thus strongly built, and a
simjlar solidity is fourd in its relations with the surrounding dermal bomes.
The upper part of the occipital plate is sutured to the tabular and inter—
parietal, ard is overlapped anteriorly by the squamosal. Ventrally the
occipital plate has a mere apposition against the medial edge of the occipital
wing of the squamosal, but more dorsally the two bones have a suture which,
above the post-temporal fossa, is of an interdigitating nature. Fimlly,

the prootie is sutured to the parietal,
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From the above, it is clear that there could lave been no type of
kinetic movenent in the braincase of Kingo . Study of the quadrate region
shovs that this also is jmmoveable, the lower end of the quadratojugal being
fused to the quadrate and its upper end being sutured firmly into the anterior
face of the squamosal, Tt is therefore rather surprising to find that the
quadrate fits somewhat loosely into a pocket in the squamosal, the surfaces
of the bones suggesting that there was a cartilaginous comnection during
life; it is possible that this is merely a relic of an ancestral kiretism at
this point.

The epipterygoid in Xingoria does not appear to expand dorsally to form
prt of the wall of the breincase, though Vatson (1948) figures such a

dorsal expansion in Dicynodon cf, sollasi,

D. Tabular
The tabular is one of the skull bones which is reduced and lost during
the history of the Synapsida, and this is reflected in what is known of the
bore in the Dicynodontia. In the pelycosaurs the tabular extends far
ventro-laterally, formming part of the border of the post-temporal fossa.
Olson (1937) has figored it as bordering this fossa in Brachyprosopus broomi,
as has von Huene (1922) in Dicynodon sollasi, bubt in this latter von Huene

figures the fossa as being so large that it seems likely that the appmroaches
to the fossa were still filled with mabtrix, so that the relationship of the
tabular to the deeper lying opening of the fossa is uncertain. In Kingoria
the tabular approaches the post-~temporal fossa fairly closely, but it does
not extend so far ventrally in the Tapinocephlus zone forms Synostocephalus

vanhoepeni and Eurychororhinug boonstrai (Broili & Schroder, 1935b), or in




the Cistecephalus zone fomm Oudenodon marlothi (Broili & Schrider, 1936b).

Iwo genera of dicynodonts appear to have lost the tabular., Romer &
Price (1944) were unable o fird one in the large South American Triassic
form Stahleckeria lenzii, and von Huene (1935), though he believes it o be

preseht in Stahleckeria potens, was unable to see any sutures delimiting

such a bone. In their very clear account of Cistecephalus planiceps, Broili

& Schroder (1935a) have found no trace of a tabular, the squamosal forming
the whole lateral portion of the occiput, as in other dicynodonts, However,

Brink (1950) has described and figured the occiput of Cistecephalus laticeps,

showing the tabular forming the whole of this lateral region and exterding
domn to the quadrate as a bone covering the posterior surface of the squamosal.
It seems likely that Brink is mistaken here; the more anterior bone, which
he regards as the squamosal, is probably the quadratojugal, which he neither
figures nor mentions, while the more posterior bone is probably the squamosal,
as in Broili & Schroder!'s specimen, the tabular being absent.

As mentioned in an earlier section, the anterior exposure of the
tabular found in specimen 84 is not found in other specimens of Kingoria,
and is probably a juvenile condition. It is interesting to note that 2
similar cormdition is found in the adult Pelycosauria, e.g. in Dimebrodon

(Romer & Price, 1944).

E. Sphenethmoid
The main feature of interest in the sphenethmoid is its lack of division

into separate elements. This is contrary to the interpretation of Olson
(1944), bagsed on sectioned specimens, who believes that the anomodonts

generally show two distinct ossifications., The more postero-ventral
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ossification, which he interprets as a presphenoid, is medial and lies in
the parasphenoidal rostrum. The more antero~dorsal ossification, which he
interprets as an orbitosphenoid, is composed of dorsal wings and a ventral
keel which, anteriorly, is expanded dorso~ventrally to reach the vemtral
surface of the frontal; Olson considers that this expansion may represent
a mesethmoid., Comparison of this region in Kingoria with Olson's figures
suggests several alterations to his interpretations.

In Kingoria the parasphenoid and basisphenoid are difficult to distinguish
from one another posteriorly, but anteriorly the parasphenoid combimues
beyord the basisphenoid as the processus cultriformis » 80 that the basisphenoid
has a distinct anterior face rising from the posterior end of the processus
cultriformis. This appears to be the region which Olson interprets as a
presphenoid. In Kingoria it definitely appears to be merely the anterior
prrt of the basisphenoid and there is no sign of any other ossification
equivalent to Olson's presphenoid.

In Kingoria the element described as a sphenethmoid seems to be
equivalent to the element which Olson interprets as an orbibosphenoid.
Its anterior part shows no sign of ossifying as a separate mesethmoid,

Kingoria thus shows a single sphenethmoid ossification, not divided
into orbitosphenoids aml mesethmoid, and shows no ossification equivalent

to a presphenoid,

F. Foramina of the Skull

The floor of the braincase shows no sign of any pair of pits simjlar
to those found in Kannemeyeria by Pearson (1924a), vhich she considered were
for the cochleae, and which were also found in Stahleckeria by von Huene (1935).
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The canal for the facial nerve runs wholly through the prootic, opening
posterior to the Frootic-parasphenoid subure, as found in Kannemeyeria by
Pearson (1924a) and in Brachyprosopus broomi by Olson (1937). The re-entry
of the palatal branch of the facial nerve, to run through the palate and
emerge on its dorsal side, is in conformity with the views of Parrington &
Westoll (1940) on the course of this nerve amd the homologies of the canal
which contains it. The ventral end of a similar canal in a casb of the
cavities of an unidentified dicynodont skull was figured by Broom (1912b),
who thought it to be for the ophthalmic artery,

The foramen between the ectopterygoid amd the palatine is i‘ound also
in Cistecephalus (Brink, 1950) amd Kannemeyeria (Case, 1934); it is probably
equivalent to the rather larger foramen, found in mos reptiles, which
Versluys (193, pP.737) calls the lateral mlatal fenestra. He states that
it probably transmits that branch of the trigeminal nerve which Gaupp,
the frog, calls the ramis commnicans cum N.palatini.

There is no sign of the large foramen, ventro-medial to the anterior
end of the zygomtic arch, which Sollas & Sollas (1913) found in Dicynodon
leoniceps ard which they state is presumably for the transmission of a
branch of the fifth nerve amd accompanying bleod vessels, Such a foramen
is also found in Kannemeyeria, Aulacephalodon and Lystrosaurns, all of which
are forms which invariably bear canines, and in Brachyprosomus broomi (Olson,
1937), Dicynodon grossarthi (Broili & Schréder, 1937) and Flacerias (Camp
& Wielles, 1956).,

The lack of a stapedial foramen is normal in the Dicynodontia, the

only genera which have been reported to possess it being Cistecephalus
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(Broili & Schrdder, 1935a) and the Tapinocephalus zone form Burychororhinus
boonstrai (Broili & Schréder, 1935b),

The form of the septomaxilla of Kingoria is very similar to that of
Dimetrodon as figured by Romer & Price (1944, Plate 16 A-D), In both forms
there are two foramina between the septomaxilla amd the inner surface of the
maxilla, a larger upper foramen and a smaller lower foramen, and the septo-
maxilla is pierced by a third foramen. Various explanations of the functions
of the foramire are possibtle; they may have tranamitted the duct of the organ
of Jacobsen, the anterior portion of the naso-lacrimal duct, the duct of a
nasal gland, or minor blood~vessels and nerves. The morphology of living
reptiles is of little help, since in none is the septomaxilla pierced by a
canal, and since the very extensive unpierced secondary palate oi"Kiggoria
mkes it unlikely that it could have possessed an organ of Jacobsen of
function and relations similar to those found in living reptiles. The
internal surface of the nasal cavity gives no indication of the position of
the organ of Jacobsen and, though the cavity is so large that ‘c.hé ofgan might
ave left no trace on the bony tissues, it seems quite possible that it was
either lost or greatl;;;' reduced, This is also suggested by the great distance
which would have to be traversed by its canal to the buccal cavity; the
secondary palate is unpierced, so that the canal would have to run back to
the anterior edge of the internal nares. A duct of such a length and with
an opening in such a posterior position would greatly reduce the value of
the organ of Jacobsen if its function were to sample the contents of the
buccal cavity, as in modern Lepidosauria; however, the function of the organ

in the mammals is still not fully understood, so that it is not possible to
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be sure under what conditions its functions would become impossilble, It
therefore remains possible that the organ of Jacobsen in Kingoria had become
modified and opened into the extermal nares through one of the foramina in
the region of the septomaxilla,

It seems very likely that one of these foramina was associated with the
anterior end of the naso~lacrimal duct. Posteriorly, the duct pierces the
lacrimal bone and emerges in the nasal cavity; from its internal opening a
groove runs to the septomaxilla, but it is not possible to be sure whether
this groove leads to the upper foramen between the septomaxilla and the
maxilla, or whebther it leads to the foramen which pierces the septomaxilia
itself. A course through the septomaxilla would lead it to a more medial
position, which might be advantageous if the lacrimal fluid wére used to
keep moist the tissues of the external naris. Alternatively, the canal
through the septomaxilla might have conveyed the duct of the lateral nasal
gland, which in many lizards servesto keep the epithelium of this region
covered with a f£ilm of mucous (Pratt, 1948). .

It is not possilble to come to any final conclusion as to the function
of the foramina in the region of the septomaxilla, and this is also true of
the various foramina which have been found in other parts of the skhJ_'L,
notably in the palatal region and in the maxilla., These foramina are mostly
fairly small, so that the nerves and blood vessels which passed through them
viere minor branches and, in the absence of any thorough account of the
relations of the eranial blood vessels and nerves to one another and to the

skull in a living reptile, it is impossible to reconstruct these systems

in Kingoria.
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3. Number of Cervical Vertebrae

No conclusive evidence as to the number of cervical vertebrae has
hitherto been found in the Dicynodontia. Suggestions, based wpon incomplete
or fragmentary remains, have been made by Broom (1905), who thought there
were probably seven in Endothiodon bathystoma, and by Seeley (1900), vho

thouzht there were probably six in Dicynodon leptoscelus, von Hueme (1931)

gtates that there were eight cervical vertebrae in a specimen which he

ascribes to Dicynodon kolbei, but he does not give his reasons for this

statement. An increase in the size of the transverse processes, similar to
that observed in Kingoria between vertebrae 6 and 7, can also be seen in
the figure by Olson & Byrne (1938) of the sixth and seventh vertebrae of

Aulacepmilodon peavoti.

H. Metapophyses
As noted earlier, the large dorsally directed processes on the dorsal

vertebrae are not, except in the most anterior members of the series,
concerned with the articulation of the ribs, whose only articulation with
the vertebrae is on the centrum. These processes may from their position,
following Owen (1866), be termed metaporhyses.

The presence of these processes in the Dicynodontia has not hitherto been
generally recognised, though they can be seen in figures of the vertebrae

of Dicynodon tigriceps (Owen, 1g45b), Dicynodon pardiceps (Owen, 1876, Plate

53), Oudenodon geacilis (Broom, 1901), and in the vertebrae of the specimen

of Oudenodon halli described by Watson (L917). They are first described
by Seeley in his account (1900b, p.651) of a cast of natuxel moulds of the

remains of Dicynodon leptoscelus: "Thus there is a marked contrast between
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the aspect of the early dorsal and lumbar vertebrae, in vhich the upper rart '
of the neural arch is preserved, due to the circumstance that the transverse
processes rapidly becoms shorter, aml disappear by ascending the side of the
neural arch and becoming an obligue, sharp, lateral ridge which extends
vprard and backward, fully 3/4 inch long, terminating in a prominent rounded
tubercle (extemal to the post-zygapophyses) which has no relation to the
rib*. A similar dorsal extension of the transverse process above the facet
far the rib-head is noted by Pearson (1926b) in Kannemeyeria and by von Huene
(1935) in Stahleckeria, and appears to have existed in Placerias (Camp &
Welles,1956). An upward migration of the direction of the transverse process
is also noted by Olson & Byrne (1938) in Aulacephalodon peé.vo’bi and figured

by Broom (1905) in his dorsal view of the vertebral column of Erdothiodon
bathystoma. In both these two last cases the authors believe that the ribs
continue to attach to these processes, even in the posterior dorsal region;
however, Olson & Byrne state that the presacral ribs are two;-headed (though
their figure of what they presume to be the seventh rib shows only a slight
notch between the two heads), while Broom states that there is little doubt
that the ribs of the posterior dorsal vertebrae are single-headed.
Hetapophyses thus appear to be common throughout the Dicynodontia, and
it seems likely that they must lave served as poinmts of attachment for dorsal
miscles of the back. The Dicynodontia were probably, in the main, herbivorouns
forms; animals of this type usually lave a bulky body, and reconstructions
of dicynodonts by various authars have commonly shown such a body. The
Support of this bulky structure and its viscera may have been complicated by

the fact that the bony sternum is very short, so that few ribs could gain
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direct attachments to it, and this may well mave been the factor which
rendered necessary the special modifications of the dorsal mseculature which
led to the development of the metapophyses.

I. Number of Sacral Vertebrae

Kingoria has five sacral vertebrae, the most poSterior of which, though
anteriorly directed, is still quite small amd is apmrently a recent addition
to the sacrum; a similar condition is reported in the Russian form Dic on
trautscholdi by Efremov (1938). Four sacral vertebrae were found in the
Endothiodon~zone form Dicynodon sollasi ? by Broom (1925) and in the Russian
form Dicynodon amalitzkii by Sushkin (1926b), and Broom (1905) thoughb that

there were probably four in Bndothiodon itself. Five sacral vertebrae were
reported in the Cistecephalus-zone forms Aulacephalodon (Olson & Byrne, 1938),
Platypodosaurus (Owen, 1881) and Oudenodon (Broom, 190l). Six sacral vertebrae
are present in Lystrosaurus (Watson, 1912b) and eight in the Russian form
Rhadiodroms (Efremov, 1938) and the Triassic Brazilian form Stahleckeria

(von Buene, 1935). The mumber of sacral vertebrae in Kingoria, which is from
a level apmrently equivalent to the Cistecephalus zone of South Africa, is

thus what might be expected if, as seems likely, the Dicynodontia were

progressively increasing the number of sacral vertebrae.

J. Rib-Heads arnd Attachments

The literature provides conflicting evidence as to both the mature and
the attachments of the rib-heads in the Dicynodontia. In Kingoria the cervical

and anterior dorsal ribs are double-headed, while the more posterior ribs are

single~headed, A similar comdition was found in Dicynodon kolbei ? by von
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Huene (1931), who states that the two heads join in the eighth rib, in
Erdothiodon bathystoma by Broom (1905), in Stahleckeria by von Huene (1935)

and Flacerias by Camp & Welles (1956). Efremov (1938) states that all the
cervical ribs are double~headed in Rhadiodromus klimovi, the dorsal ribs are

reported to be single-headed in Burycarpus oweni (Seeley, 19002) and
Lystrosaurus weidenreichi (Young, 1939), and Broom (1901) states that there

is little distinction between the capitulum and the tuberculum in Dicynodon
gracilis, On the other hand, Sushkin (1926a) states that in Dicynodon
amalibzkii the ribs are distinctly double-headed from the fourth vertebra
onvards, and Olson & Byrne (1938) state that in Aulacephalocdon-peavoti all

the presacral ribs are two-headed, while Watson (1912b) mentions articular
facets for both the capitulum and the tuberculum on the vertebrae of
Lystrosaurus.

The position of the attachment of the rib-heads to the vertebrae is also
variously reported. In Kingoria the single head of the dorsal ribs appears
to attach low down on the anterior part of the side of the centrum, and a
similar position is reported in Eurycarpus oweni by Seeley (1900a), vho states
that no tibercular attachment of the rib to the neural arch is to be seen.

However, in both Aulacephalodon peavobi (01son & Byrne, 1938) and Endothiodon

bathystom (Broom, 1905) the attachment of the rib to0 the centrum is reported
to become intervertebral in the dorsal vertebrae, the anterior and posterior
mrts of the sides of the centra both bearing part of the articular facet.
This difference fram the other forms mentioned does not seem to be correlated
with the pature of the rib-heads, since in Aulacephalodon they are reported
to be double-headed, vhile in Endothiodon they are reported to be single-

headed.
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K. Cleithmm

An examination of the literature shows that, though it is commonly stated
that a cleithrum is present in the Dicynodontia » the evidence for this is
extremely limited., Broom (1915) mentions the remains of a smll unidentified
dicynodont, including a portion of the skull ard much of the skeleton, with
the cleithrum in position on the scapula; he states that, as faras he knows,
it is the only specimen of Dicynodon which shows a cleithrum, The only
description of this bone in Dicynedon as been by Sushkin (1926b), who
describes and figures it in a well preserved pectoral girdle of the Russian
form Dicynodon amalitzkii., A cleithrum has also been found in Cistecephalus
(von Huene, 1942), a small digging dicynodont which is also primitive in
possessing a stapedial foramen, A cleithrum in Kannemeyeria has been figured
by Watson (1917) and described by Pearson (1924b). A groove » running down
the anterior face of a scapula of Stahleckeria, was thought by von Huene (195)
%o be for the cleithrum, but Romer & Price (1944) remark that it is absent
in von Huene's two remining specimens and also in their own additional
specimen, and consider that it was due to post-mortem crushing.

In other cases where pectoral girdles have been described, and no
cleithrum has been found, it has been generally assumed that the cleithrum had
been lost during fossilisation, Though this small bone may well be less
comnonly collected than the other, larger, bones of the pectoral girdle, the
above strong evidence that Xingoria did not possess a cleithrum suggests that

it is possible that its absence may be a more widespread phenomenon in the

Dicynodontia than has hitherto been thought .
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L. Scapular Spine

Apart from Kingoria, the only dicynodont in vhich a scapular spine has
been described is Stahleckeria (von Huene, 1935). Though it is possible
that this structure had been lost from some of the many other dicynodont
scapulae vhich have been described, it seems more likely that its absence
is normal in the group, and that Kingoria and Stahleckeria are advanced in
possessing a scapular spine, KXingoria is thus surprisingly advanced in
this character, since it is from a level apparently equivalent to the
Cistecephalus zone of South Africa, and is therefore probably Upper Permian

in age, whereas Stahleckeria is from the Upper Triassic.

M. Precoracoid
The position of the coracoid foramen is variable in the Dicymodontiasj

in Dicynodon kolbei ? (von Huene, 1931), Dicynodon amalitzkii (Sushkin, 1926b),

Kannemeyeria (Broom, 1937; Pearson, 1924b), Sinokannemeyeria (Young, 1937),

Placerias (Camp & Welles, 1956) and Stahleckeria (von Huene, 1935) it pierces
the precoracoid. In both Oudenodon halli (Watson, 1917) ani Endothiodon
bathystoma (Broom, 1905) it pierces the precoracoid on one side (internally
in the former, externally in the latter) and runs between it and the scapula
on the other. The advanced cormdition, in vhich the foramen runs wholly
between the scapula and the precoracoid, is found in Xingoria, in Oudenodon
bainiji (Broom, 1901) and in Lystrosaurus,

Whether or not the precoracoid takes part in the formation of the glenoid

facet appears to be similarly variable. Tt Just enters in Dicynodon kolbei?

(von Huene, 1931), Dicynodon amalitzkii (Sushkin, 1926b), Oudenodon bainii

(Broom, 1901), Endothiodon bathystoma (Broom, 1905), Prolystrosaurus natalensis
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(Baughton, 1917) and Lystrosaurus latirostris (von Huene, 1931). Tt does
not enter in Kingoria, Oudenodon halli (Watson, 1917), Lystrosaurus hedini

(Young, 1935), Kannemeyeria (Pearson, 1924b), Flacerias (Camp & Welles, 1956)

or Stahleckeria (von Huene, 1935).

N. Sternum
The sternum of Kingoria is of a normal dicymodont type, similar sterna
having been described in Lystrosaurus by various authors, in Dicynodon

aralitzkii (Sushkin, 1926b), Dicynodon kolbei 7 (von Huene, 1931), Opistho-
ctenodon agilis (Broom, 1905), Platypodosaurus (Owen, 1880), Stahleckeria
(von Huene, 1935) and Placerias (Camp & Welles, 1956). The sterma of

Platypodosaurus and Flacerias are also like that of Kingoria in possessing

the pair of bosses at their lateral corners, but that of Stahleckeria, and
several dicynodont sterna in the collection of Professor D. M. S. Watson,
instead possess two or three facets along their postero-~lateral margins,
showing the points of attachment of the ventral e mds of the ribs,

The ridge down the posterior part of the ventml surface of the sternum
in Kingoria is also found in the other gemera. 1Its presence in Dicynodon
amalitzkii led Sushkin (1926b) to restore the shoulder-girdle of that form
with the coracoid plate overlapping the ventral surface of the sternum,
However, such a relation of these bones would be unusual and also unexpected,
since the dorsal surface of the coracoid plate is usually occupied by the
costo-coracoideus muscle, running to the rib cage. In addition, sucha
relation of the bones is not found in Kingoria, which also possesses the
median ridge on the sternum, and it therefore seems probable that Sushkin is

incorrect in his reconstruction, and that the sternum of Dicynodon amalitzkii
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occupied & more posterior position than that shown in his figured reconstruction.

0. Pelvic Symphysis

As mentioned earlier, it seems unlikely that there vas any bony symphysis
betwween the two halves of the pelvic girdle in Kingoria. An examination of
the literature shows that there is very little evidence for such a symphysis
in any of the Diecynodontia, The only definite statement of the existence
of such a symphysis is in the semi-aquatic form Lystrosaurus; Watson (1912b)
states that the two ischia meet anteriorly in a short symphysis, but that
posteriorly they diverge widely. Broom (1925) examined two dicynodont sacra:

in one, Dicynodon sollasi ? » he thought that there was little doubt that there

had been a cariilaginous symphysis; in the other, Dicynodon andrewsi ?, he

thought that there had been no Symphysis. Statements that there was
apparently no pelvic Symphysis have been made by von Huene (1931) for Dicynodon
kolbei ? and by Pearson (1924b) for Kamemeyeria, and von Huene (1935) states
that the two halves of the pelvic girdle were widely separated in Stahleckeria,
No other deseribed dicynodont remains give any evidence on this point. Tt
thus appears possible that the absence of any bony symphysis between the two
halves of the pelvis is normal in the Dicynodontia; there is no evidence as

to whether a cartilaginous or ligamentous comnection was commonly present.

P, Musculature of the Girdles

The almost undamaged state of mreservation of the girdles s and the
excellent state of their bone surface, has revealed considerable evidence as
%o the positions of attachment of various muscles, This is of additional

interest in view of the unusual features of the osteology of the girdles,
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especially the pelvic girdle, In the following account, the nomenclature
and homologies of the different muscles are based upon Romer's (1922)
comprehensive study of the muscular systems in reptiles.
Pectoral Girdle .
The most noteworthy feature of the pectoral girdle is the presence of
a spine on the scapula. The significance of the structure of the gcapila
is best urderstood by comparing it with a normal reptile ard a normal mmmal,
In the reptile, the scapular blade bears no spine, its outer surface is
occupied by the deltoideus, which runs to the humerus, aml the trapezius
inserts down its anterior edge (on the cleithrum, where that bone is present);
the more ventral muscles (the scapulo-humeralis anterior aﬁi supracoracoideus,
which run to the humerus) are not attached to the scapular blade., In the
mamal, there is a spine down the blade of the scapula; this spine divides
the external surface of the blade into anterior (supraspinatus) and posterior
(infraspinatus) fossae, from which originate the supraspimtﬁs and infra-
spimtus muscles, which are derived from a dorsal movement of the supracora-
coideus muscle onto the hlade; this movement has displaced the deltoideus,
vhich now attaches with the trapezius on the spine of the blade of the scapula,
The scapula of Kingoria occupies a position intermediate between the
reptile and the mammml., The scapular blade bears a spine, but this is along
its anterior edge, so that there is no supraspinous fossa, while ventrally
the scapular blade is so narrow that the spine rises from almost its whole
width, blocking any ventral access to the more dorsal part of the blade,
It thus seems likely that the main surface of the blade was s8till occupied

by the deltoideus muscle. However, there does appear to have been some



dorsal exbtension of the more ventral muscles. There is a groove running up
vrder the acromion process onto the anterior face of the spine, ard part of

the supracoracoideus had probably extended up here as a supraspimatus component .
iowever, this was apparently small and restricted to the ventro-medial part

of the anterior face of the scapula, since there is a ridge rumning dorso-
medially up this face from the acromion process s and the trapezius thus
probably still occupied most of the amberior face of the spine. Though the

base of the spine prevented the supracoracoideus from extending up onto the

posterior part of the blade to form a large infraspinatus component s & small
infraspimatus may have origi rated from the posterior surface of the ventral
end of the spine, vhere the end of the spine swings round anteriorly onto

the base of the acromion process. There is a distinet hollow immediately
below the base of the acromion process, and this may have been occupied by
another part of the supracoracoideus or, alternatively, the scapulo-humeralis
anterior may have extended dorsally omto this area, as in mammals, to form

a teres minor muscle,

The possibility that the anterior part of the supracoracoideus had
sained a more extensive insertion from the scapular blade than had its
posterior part my be correlated with the unusual posture of the scapula.

As first suggested by Watson (1917), the scapular blade is not directed simply
dorsally from its glenoid region, but has a marked anterior slant; this is
also the case in Kingoria, This, in its turn, is probably correlated with
the structure of the humerus, which is still a widely expanded bone without

a laterally exparded head, suggesting that the humerus was still carried out
laterally from the body. Under these circumstances it might well be

mechaniecally advantageous for the anterior part of the supracoracoideus,
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acting to move the humexrus forwards ami uprards, to migrate to a more dorsal
amd anterior position,
Pelvic Girdle

The outer surface of the blade of the ilium is divided into two regions
by a ridge vhich runs anteriorly along it from the raised anterior border of
the acetabulum, and it seems likely that this ridge separates two areas of
muscle attachment. The region above this ridge was presumebly for the
ilio-femoralis muscle, which normally origimates from this rart of the ilium
in amniotes. In living reptiles there is no muscle attached to the iliac
blade ventral to this muscle, but in mammals this region has been invaded by
part of the pubo-ischio-femoralis muscle, In reptiles this muscle runs from
the anterior internal surface of the pubis to insert on the femur, bub the
changes in limb posture which took place during the evolution of mammls have
led, as shown by Romer (1922), to a movement of this muscle to a more dorsal
position in order to retain its origimal function of supporting the. limb,
In the course of this dorsal movement it has split into two components;
the component attached to the lumbar vertebrae is known in mammals as the
psoas major, and the component attached to the blade of the ilium is knowm
as the iliacus, The comdition of the ilium sug_gests that this iliacus
component may have attached to the lower rart of the iliac blade in Kingoria,
though such a mammalian character is quite unexpected in a Pexmian therapsid,

The positions of attachment of the ligaments which run between the bones
of the sacrum are uncertain in Kingoria, The ilio-pubic ligament presumably
attached anteriorly to She anterior tip of the iliac blade; there is no
8ign of a pubic tubercle on the pubis, but the broken surface on the lower

external surface of this bone probably represents the area from which this
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tubercle has broken off. The ilio-ischiadic ligament: Presumably attached
along the dorsal border of the ilium ard ran 4o the posterior dorsal corner
of the ischium, but there is no sign of its attachments on either bone,
The ischio-trochantericus mscle normally originates on the internal surface
of the ischium apg masses under the ilio~ischiadic ligament to insert on
the femur; the concave outline of the dorsal border of the ischium is
probably to allow the passage of this muscle and also of the coccygeo—
femoralis, origimating on the caudal vertebrae and inserting on the femur.

The reptilian ambiens miscle (the sartorius of mamnals) normally
originates from an area on the pubis antero-ventral to the acebabulum and
inserts on the tibia, Though the pubis no longer occupies this bosition in 1
Kingoria, there is an area on the ilium, in the correspording position and
facing antero-ventra]ly and slightly la.tera]:Ly, which may be the position
of origin of the ambiens muscle,

On the internal surface of the iliac blade, the mode of attachment of
the sacral ribs leaves only two areas free for muscle insertion; +the first
lies anterior and dorsal to the sacral Tibs, the second lies posterior anm
ventral to them., There is thus no posterior amd dorsal area available on
the ilium for muscle attachment, and the extensor caudae lateralis muscle,
which usvally originates from such a position, ’ probably insbead found a more
posterior origin from the internal surface of the ischivm or from its posterior
edge. Similarly, there is also no anterior anmi ventral area available on
the ilium for muscle attachment, and the quadratus lunborum, which normally
originmates from such a position, probably originated i“rom the ventral surfaces

of the sacral ribs themselves.
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The lack of a pelvic symphysis has the result that there is no insertion
for the posterior end of the rectus system of muscles, and this may instead

have inserted on a ligament attached to the rostero~ventral corner of the

pubis.
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6. THE BIQLOGY OF KINGORIA

Due to our almost complete ignorance of the flora of the Permian, and
also t0 the rather wnusual characters of the Jjaw apparatus of Kiégoria amd
lack of evidence of its Limb structures, the probable mode of life of Kingoria
is a difficult problem. The fact that dicynodont remins are more numerous
than the whole of the rest of the South African Permian vertebrate fauna, ‘
suggests that the group was herbivorous, occupying a similar ecological
position to that filled today by the Artiodactyla. Most dicynodonts have
a greatly reduced dentition, and Owen long ago éuggested that the jaws of
these were probably covered by horn during life. These modifications also
suggest an herbivorous mode of life, and this is supported by the whole
build of the animal in such better knovm forms as Kannemeyeria, Placerias

|
1
|

and Lystrosaurus, the last-named being semi-aquatic, with a down-burned
muzzle and highly placed orbits.

Suggestive as these features are as to the general mode of life of
dicynodonts, it does not follow that a1l the members of the group vere
herbiwfous. Within the modern Chelonia, which also have replaced the teeth
by a horny covering, some genera feed on molluses and others on fish, while
birds have adapted their horny beak to an extremely wide range of feeding
habits.  However, there is one piece of evidence which, though rather indirect
and inconclusive, suggests timt Kingoria itself was herbivorous: this is
the ratio between the numbers of tusked amd tuskless forms. Tt seems 1likely

tuskless skulls are known but only two tusked skulls » it appears that the

that the tusked forms are mle and the tuskless female, and, since eight
males were much less numerous than the females., This in turn suggests that
|
|
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the animals may have 1lived in herds, each consisting of a number of females
and a smaller number of males. Such a social organisation is found today
in many herbivores ard, though the total number of skulls known of Kingoria
is too small for any great reliance to be placed on this > it does suggest
that the genus may have been herbivorous,

The bony structures which give the most direct evidence as to the mode
of life of an animal are the Jaw apparatus ami the limbs; unfortunately the
latter are missing in Kingoria., 1Its jawa pparatus contains features which
are characteristic of the Dicynedontia as a whole > and also features ﬁhich
appear to be unique to Kingoria,

The mture of the jaw articulation, in which both the quadrate ard the
articular comylar surfaces are convex in the antero-posterior plans, is
found in all members of the Dicynodontia, anmd Watson {19122) suggested that
it permitted extensive antero-posterior movement of the lower jaw amd also,
even when the mouth was closed, allowed alterations of the angle which the
uppex surface of the dentary makes with the malate. Furthemore s the
condylar surfaces are double, aml there is a considerable difference in level
between the immer and the outer condyle; the vertical face which therefore
Separates the two condyles has the effect of mreventing lateral movement s
of the lower jaw., The canine tusks seem in some dicynodonts to have aided
this restriction of jaw movement » 8ince in some specimens the interpal
surface of the tusks bears a very marked vertical wear facet, apparently
caused by the side of the lower jaw, Movement in the antero-posterior
Plane seems to have been quite extensive, since the lower jaw in di.cynodonts
is often shorter than the length between the quadrate and the anterior end

of the palate, suggesting that the quadrate amd articular surfaces may not

e
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have remained in contact during all phases of the jaw movement; this
feature also is found in Kingoria,

The above normal dicynodont characters of the Jaw apparatus appear to
be quite comprehensihle when combined with sharp cutting edges on the jaws 3
fragments of the plant food were bresumably cut off by means of these cutting
edges. The anterior mired ridges found on the palate in many forms may
have helped in furbher mastication of the food, and roughened areas which
are mresent further back on the palate in some forms may also have aided
in this., In Kingoria, however, the lower Jaw has no sharp dutting edge,
instead tapering to a rounded, blunt, slightly bilobed point, and its outline
does not conform to that of the upper Jaw, so that the Jaws cannot have cut
off pieces of food by a scissor-like action of sharp edges on the upper and
lower jaws. TWhen the articular surfaces of the articular and quadrate are
placed in contact and the lower jaw is progressively closed, it is found
that, so long as the articular surfaces remain in contact, it is impossible
for the anterior end of the lower jaw to contact the mlate, since the more
posterior part of the dentary Ameets the ectopterygoid region of the palate
before any more anterior contact can take place. It is possible that a
contact was achieved by an exbensive Semration between the quadrate and
articular condyles, but the necessity for such a contact in the absence of
cutting edges on the Jjaws is not apmrent. Alternatively, it is possible
that the outline of the bony jaws is not representative of the outline of
the horn which is thought to have covered them in the Dicynodontia, and that
sharp horny cutting edges on the hom of the lower Jjaw may have contacted
the edge of the upper jaw. However, a study of the horny beaks of modern
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Chelonia ard birds shows that, wherever & sharp cutting edge is present » the
horn layer is thin and the underlying bope gives an accurate picture of the
nature of the beak, It is only when it is i‘prming & crushing surface that
the horny layer becomes thick and conformg less closely to the relief of

the underlying bone, Thus it seems unlikely that the Lower Jaw of Kingoria
possessed a cutting edge am, i‘urthermore, the curved, tapering shape of the
anterior end of the lower jaw does not provide the flattened area which is
normally fourd in those Tforms (e.g. mollusc-eating animals) in which the jaws
are used for crushing,

The shape of the anterior end of the lower Jaw could be explained by
two possible modes of life. Firstly, it is possible that 't;he blunt point
vas used for grubbing in the ground for roots. Secohdly, it is possible
that the narrowing of the anterior end of the lower Jaw was to give freedon
of action to a very mobile tongue, which gathered bunches of vegetable matter
from the surface rarts of the flora. The strong jaw musculatﬁre, vhich is
indicated by the development of the lateral wing on the dentary, makes the
first explanation Somewhat more probable s ut the problem remains as to how
the (presumably vegetable) matter which had been excavated vas broken up
before swallowing. However, since little is known of the flora of the
Permian, and thus of the possible plants upon vhich Kingoria may have'i'ed,
it is impossible to carry useful discussion beyond this point,
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7. THE STRATIGRAPHY OF THE LOWER BONE—BEARING‘STHATUM
= LU, BONE-BEARTNG STRATUM

As mentioned in the imbroduction, the first detailed study in the Rumhu
area and correlation with the South African series was made by Stockley (1932).
The vertebrate fossils which he found were described by Haughton (1932);
the faum from the Lower Bone~Bearing Stratum led Haughton t0 conclude that
it was homotaxial with the middle part of the Lower Beaufort Beds of South
Africa, including parts of both the Endothiodon and Cistecephalus zones.

More extensive collecting in the area was mde by Parrington in 1933,

He was goon followed by Nowack, who stayed for a prolonged period (1934-36)

in the area and made an extensive collection of :neptilian. remins, Though

he could not mke a systematic geological survey of the whole arei, he was
able to study in some detail the central rart of the area between the Lihandje
Mountains and the Rubuhu Valley (Nowack, 1937). He states that the Lower
Bone-Bearing Stratwun consists of a succession of crumbly mrls, with or
without septarian-like nodules, and subordinate insertions of mixed coarse
sandstones and conglomerates » and he distinguished three different modes of
mreservation ard commented on the probable conditions of depogition,

Firstly, bones are found in stratified accumilations in a coarse clastic
stone, This complex ocours in strata 9-12 ft. thick, extending for stretches
of up to 300 £t. without, however, forming dny continuous horizon. It
indicates deposition in the mouth of a fast river, the bones being isolated
and often strongly eroded fragments, and the deposits thus seem to be
secondary, resulting from the erosion of shoals within which the origimal
deposition had taken place. At one locality bone and fresh-water molluscs

were found together in the coarse sandstone,




Secondly, bones are fourd in a yellow-grey marl. The bones are mostly
post-cranial, usually dissociated and tadly broken. These remains were
probably deposited in a lake, and the deposits are agin secondary; there
are localised accumulations which represent the effect of current-action.

Thirdly, in some localities bone is contained in a proportion of the
hard brovnish-grey nodules of dolomitic limestone or siliceous mudstone.

These nodules occur in bands in the marls or are found weathered-out; they
contain most of the skull-fragments and sometimes contain whole skulls,
Stockley (1932) states that they represent a slight halt in sedimentation.

Nowack gives a detailed description of profiles through the Lower Bone-
Bearing Stratum at three localities, but he states that they show important
differences from one another, and it is not possible to make an exact correlation
between the various strata at each locality. At Kingori the Lower Bone-Bearing
Stratum consists only of a complex of marls, whose profile does not show any |
sign of stratification, though the finds of fossils show some signs of there
being three different bone-bearing levels in the complex (Nowack, 1937, p.403). ‘
A% both Usili and Mpelisi there is a basal bone-bearing sardstone layer about ,
9 ft. thick. Though the bone deposits in the higher levels may have heen laid ‘
down at approximately the same time in the different profiles, the occurrence
and thickness of the various beds of sandstone and marl will have been so
dependent upon quite local comditions of current that it is not possible to
draw up a strict table of stratum-equivalence between the profiles. However,
Fovack states that it is probable that the bone~conglomerate layers in the
Usili and Mpelisi profiles are identical, and it is also probable that the basal
thin bone-bearing sandstone layers found at each are identical.
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Though it is thus not possible to subdivide the Lower Bone~Bearing Stratum
on the basis of the stratification, it might be hoped that it would be possible
to gain some idea of its range in time from a consideration of its fossil fauna,
lost of these fossils were collected at Kingori, and Nowack's table (1937,
p.403) shows at what level the different finds were made. von Huene, in three
publications (1942, 1944, 1950) has described mny of these fossils, giving
Hovack's field numbers. By comparing these with Nowack's table it is possible
to make a chart (Table 3) showing the fauma of each level at Kingori. Nearly
all are forms whose affinities are with the Cistecephalus zone of South Africa
~ Cistecephalus itself, large dicynodonbs without post-canine teeth, large
gorgonopsids, the therocephalians Notosollasia and Notaelurops, the cynodont ‘
Cynosuchus amd the parieasaurs Anthodon amd Parieasaurus, The only exception |
is the smll dicynodont Cryptocynodon parringtoni. This find is not
indicated on Nowack's table or map, and its level of origin is therefore
uncertain; von Huene (1942) says that, judging by the reddish colour of the
matrix, the skull probably came from the lowest zone, slightly more than 30 m.
above the Rulum Beds. The genus Cryptocynodon was founded by Seeley (1895a)
for the badly preserved anterior end of a dicynodont skull, it being
characterised by having a row of post-canine teeth placed behind amd intemal
to the canine; its horizon is unknown. Broili & Schrbder (1935b) have
provisionally placed another specimen in this genus » without assigning it
a trivial mame; it comes from the uppermost Endothiodon zone. Janensch
(1952) has described another form, which he states is probably from the
Upper Endothiodon zone and which he provisionally names Cryptocynodon ?

schroederi, though he does not indicate that the post-canine teeth are internal




Table 3. The Fauna of Kingori
———=s» N6 taune of Kingori

90 -[
v Large dicynodont
80 =
7 Cistecephalus planiceps, Dixeya, Cyniscops,
/ Genovum, Notosollasie, Pareiasaurus
Z Platypodosaurus megnus, Silphoictidoides, Pareiasaur
70 A
Z DHcynodon bathyrhynchus, Dicynodon locusticeps,
% Kingoria nowacki, Dixeya, Procynosuchus, Notaelurops
60 4
é Dieynodon huenei
Z
é FPlatypodosaurus magnue, Dinogorgon
50 4
Z Kingoris nowacki, Dixeys, Galerhinus, Notosollasis
40 -é Kingoria nowacki, Gorgonognathus, delurognathus,
% Lycaenops, Notosollasia, Fareiasaurus
é Dicynodon huenei, Pelanomodon tuberosus, Galerhinus, Dixeys,
Z Dinogorgon, Silphoictidoides, Notosollasia, Notaelurops
A
0 4
Noeof é Dicynodon huenei
metres
above Horizon unknovn :=
Ruhuhy Cryptocynodon parringtoni
Beds

Shading indicetes bone~bearing levels. Trivial names given for
dicynodonts only.
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to the canine; he states that the relationship of this form is uncertain,
There is thus some evidence that the genus Gryptocynodon occurs in the
Endothiodon zone, but it is quite possible that it might also extend up into
the Lower Cistecephalus zonme. von Huene (1942, p.184) states that in South
Africa the dicynodomts possessing post-canine teeth are characteristic of
the Endothioden zone, but this is incorrect. Of the smaller genera of
this group (i.e. those whose skulls are less than 130 mm. long) four come
from the Tapinocephalus zone, one from this zone or the Endothiodon zone,
six from the Endothiodon zone > two are found in both the Endothiodon and the
Cistecephalus zones, ard four come from the Cistecephalus zone,

Two additions to the fauna known from Kingori have been made by Boonstra
(1953) , who describes specimens of Rhachiocephalus ? and Neomegacyclops.
The former genus is lmown from the Cistecephalus zone of South Africa.
Three of the four known species of Neomegacyclops are from Tanganyika, but
the gemss is founded on the South African species N.whaitsi which Haughton
& Brink, in their recent bibliography (1954), list as from the Endothiodon
zone, However, the type specimen was originally stated to be from the
Cistecephalus zone (Haughton, 1917), Furthermore, though the classification
of the different genera of large tuskless dicynodonts vhich bear a pineal
bosg is rather confused, all definite evidence is that they are from the
Cistecephalus zore, Kitchingla is from the Cistecephalus zone; it was
origimlly separated (Broom & George, 1950) from Neomegacyclaps because it
appeared to lack a preparietal, but this bone was later found (Brink, in
addendum to same paper). It is similar to Beomegacyclops in having a wide
exposure of the parietal in the intertemporal bar, whereas the postorbitals
meet above them in the midline in the other forms which have a pineal boss.
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It therefore seems reasomable, the original reason for separating the two
genera having proved incorrect, to refer Kitchingia planifrons (the only
species of Kitchingia) to the genus Neomegacyclops as Neomegacyclops planifrons |
(Broom & George). Of the other genera, Rhachiocephalus and Platycyclops ‘
are known from the Cistecephalus zone of South Africa; Flatypodosaurus magnus

{of von Buene, 1942) comes from Kingori from a level which contains
Cistecephalus; and the horizons of Pelorocyclops and Eocyclops are not kmown.
Thus the original ascription of the type specimen of Neomegacyclops,

the horizon of another species which was formerly incorrectly placed in a

different genus, and the horizons of other related genera, all indicate that

Neomegacyclops is a form from the Cistecephalus zone or homotaxial horizons.
Since neither Cryptocynodon nor Heomegacyclops give any firm evidence

of the presence at Kingori of a level equivalent to the Emdothiodon zone of

South Africa, it is apparent that such evidence for this locality is lacking.

Furthermore, from the lowest level of the Lower Bone-Bearing Stratum at

Kingori was collected a specimen of Dicynodon huenei (Platypodosaurus huenei

of von Huene, 1942), a large dicynodont, itself of Cistecephalus zone
affinities, which occurs in a slightly higher level with Pelanomodon, a genus
vwhich is definitely known from the Cistecephalus zone of South Africa.

"The lowest level at Kingori thus appears to be equivalent to the Cistecephalus
zone of South Africa, However, the presence elsewhere in the Ruhmhu area of
an horizon equivalent to the Endothiodon zone of South Afrieca is shown by
the occurrence of endothiodont remains at Usili (Haughton, 1932) and Ruanda
(Parrington, in discussion at end of Haughton, 1932). It therefore seems
that the Endothiodon zone is represented at Usili bub not at Kingori, and
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it may be relevant to note that the basal bone-bearing sandstome layer found
at Usili is not present at Kingori, However, it is not lnown from vhat
level in the beds the endothiodont remains originated.
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8, REMARKS ON THE CLASSIFICATION OF THE AFRICAN FERMIAN DICYNODONTIA
General Introduction

Dicynodonts are knovn to have existed from the Middle Permian to the
Upper Triassic. According to current classification, there are over 50
genera, one genus including over 100 species, The range of size is very
great, the smallest skull being about 2 inches long and the largest 2% feet
long and, in addition, there is a considerable range 6f skull shape.

The present unsatisfactory state of the classification of the Dicynodontia
is due partly to the fact that our knowledge of the detailed structure of
the group is insufficient, and martly to the confusion of the relationships
of different genera resulting from the occurrence of parallel evolubion.

In many cases our only knowledge of the structure of a species is an
imdequate drawing of the dorsal view of the skull, together with a short
description of the sutural pattern in this region, and a statement as to
the mumber of post—canine teeth and as to the presence‘ or absence of canines,
48 a result, the classification of the Dicynodontia s been based upon the
Bize, shape and structure of the skull in dorsal view and upon the dentition,

together with such other occasional features as are available, such as the

rresence of bosses on the pineal or nasal regions. However, it has been

shown in Dicynodon grimbeeki anmd D.sollasi (Toerien, 1954a) that there may be

considerable variation in the detailed sutural pattern of the dorsal aspect

of the skull within one species, and the extent of the infraspecific variation |
is quite unknown in other species, Similarly, the number of post-carnine

testh (a feature commonly used as diagnostic in those genera in which they

are present) has by Toerien (1954a) been shown to vary within a single genus -



alternate tooth—replacement.

The ¥ajor Groups of Dicynodonts

&tion; they form a fairly compact £roup, ranging from the Upper ‘Endothiodon
zone into the Cistecephalus Zore, and mainly characterised by their extremely
broad intertemporal bar, a character developed to its most extreme form in
Cistecephalus,

Excluding these forms, ome is left with two main asgemblages. The
first consists of the genera Neoma@cmlo@, Eocyclops, Platgxclog,
Rhachioceghalus, Pelorocxclo@ and Platzcxblopg (Kitch_lgg‘ ia has been discussed

in the Ireceding section ang referred to the genus Neomeggcxglom). A1l are
large, tuskless s Bve a pineml boss and are from the Cistecepmlus zope (for
the horizon of Neome@cxglo@ gee the discussion in the mreceding section),
Neome@cmlo@ is distinct in having a wide exposure of the parietals in the
ihtertenporal bar, In all the other five genera the post-orbitals more or
less meet in the midline to cover the mrietals. Tt seems quite likely that
these five genera are not really distinct from one another; otherwise very
alike, they are distingnished by the composition of the pineal boss, which

appears to be formed in varvine memmmeks - o
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nowever, it would seem reasonable to suppose that the formation of such a
bony excrescence might vary considerably within a genus and possibly also
within a species, so that the use of this as a generic character is suspect.

The only other dicynodont of comparable size and without post—canine
teeth, Dinanomodon, is similar in the structure of the intertemporal bar but
does not possess a pineal boss s the pineal foramen itsels being reduced or
lacking; it may be a form related to the above group but which has lost s or
never possessed, the pineal boss,

The second assemblage, dicynodonts of moderate to large size, with or
without tusks but lacking a pineal bossg, includes the mjority of all
described. Tt consists of the Dicynodon-Oudenocdon group (con‘baining tusked
and tuskless forms and extending from the Tapinocephalus zone o the base of
the Lystrosaurus zone), and the Cistecephmalus zone Torms Pelanomodon (tuskless)
and Aulacephalodon (tusked)l. Various relationships between these genera have
been suggested, one basis being tle belief that tuskless forms were usually
only the female of tusked forms, However, no general statement as to the
evidence for this Supposition has hitherto been made s SO one may next examine

what evidence there may be on this point in the Dicynodontia as a whole,

The Status of Tusking as a Taxonomic Character

At both generic and specific levels it is often difficult to decide
vhether the form is tusked in both sexes s> tuskless in both sexes, or whether

it is sexually dimorphic in this character, This position results from the

Footnotel : The correct spelling of this genus is as given above, Seeley
(1898) having origimted it as & sub-genus,  Broom (1932) advanced it to
the rank of a genus » but spelt it "Aulacocephalodont, a spelling which ms
since been almost invariably used.

B
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fact that most species are described on the basis of one specimen only and,
furthermore, many genera are themselves monospecific. It is obviously
impossible to detect a sex-dimorphism on one specimen and, even if two or
three specimens are known, all with tusks or all without tusks s 1t is sbill

dangerous to core to any final conclusion., (It is, of course, probable
that more specimens are known of many of these species, bub such information
is not available in the literature).

Excluding, for the moment, Dicynodon and Oudenodon, the only genera
believed to be tusked in both sexes and in which the presence of tusks has
been confirmed in a large number of specimens are Aulacephalodon, Lystrosaurus

and Kamnemeyeria, and the only genera believed on similar evidence to be
tuskless in both sexes are Neomegacyclops, Platycyclops, Enydochampsa ,
BEmydorhynclus, Pelanomodon and Cistecephalus.

The presence of tusks in males only has been described in seven genera,

the evidence being as follows: .

No, of tusked No. of tuskless
specimens specimens

Palemydops platysoma’ 1 0

n rubidgeae 0 1

" minor - -
Pristerodon buffaloensls 2 1

" nckayi 1 1

n whaitsiil ugome!t gome" fide Broom 1932

" agilis 0 1

n brachyops 0 1

" raniceps 0 1
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|
No. of tusked No. of tuskless ;
specimens specimens 1
Emydops longiceps " soment gomett fide Broom 1913 J‘
®  arctatus 0 1 |
" kitchingi 0 1 |
n longus 0 c. 10
" microdon 0 1l
" minims 0 1
" minor o 1
w trigoniceps 0 1
u platyceps 0 0
u murraysburgensis 1 0
Synostocephalus vanheepeni. 3 1
Kingoria nowacki 2 8
Robertia broomiana Over a dozen skulls knovm, including

both tusked and tuskless specimens fide Boonstra 1948

Tropidostoma microtrema Many skulls known, including both
tusked and tuskless specimens

Of these seven gemera, the first three appear to be members of a single
group, and it is possible that Synostocephalus should also be placed in this
group. The description of Robertia makes it not impossible that it is
another member of this group, but no dorsal view of the skull has been
published. Tropidostoma and Kingoria are not closely related to the other
genera,

It is apparent that there is evidence of at least three lines of
dicynodonts, in which both tusked and tuskless forms occur, and we may now

consider the evidence for the occurrence of such a sex~dimorphism in the

N _J
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Dicynodon-Owdenodon group. The following is a complete 1list of the different
species in which this has been reported, and the evidence for this in éch.
D.trautscholdi Sushkin (1926a) thinks that D.rossica is the tuskless
female of this species.

D.pygmaens The type and another specimen from the same locality (Dunedin,
Beaufort West) are tuskless, whilst a skull from Highlands, Beaufort West,
is tusked (Baughton, 1917).

D.bolorhinus This specles is fourded on a very badly preserved specimen;
Broom (1912¢c) states that Watson has cbtained two further specimens from the
type locality, one being tusked and the other tuskless.,

O.hwenei  Broili & Schrbder (1937) described four skulls from the same
locality: one tusked (which they named D.huenei; this name being pre-

occupied, Boonstra (1948) renmamed the species D.broilii); one tuskless
(D.grossarthi); and two further skulls, one tusked and one tuskless, which
they placed in the same species (D.broomi). Toerien (1954a) considers that
811 four specimens should be mlaced in the same species, Qudenodon huenei;
if this ascription is correct, this species would then be known from both
tusked and tuskless specimens,

D.ictidops Known from a number of skulls from Beaufort West Commonage.
One tuskless and ope in which a "small tusk which perhaps shows through the
margin of the bone" (Broom, 1913),

D.vanderhorsti Toerien (1954a) refers 13 skulls to this species, 4 of them
being tusked and the rest tuskless,

D.sollasi Over 20 skulls are known, all from the same locality (Toerien,
1954a); both tusked and tuskless forms are found, Toerien's tables showing

10 tusked and 11 tuskless.,
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D.grimbeeki  Over 19 skulls are known, all from the same locality (Toerien,

1954a); 14 are tusked, 3 are tuskless, and in 2 there is a very small tusk

in the caniniform process of the left side but no trace of a tusk in the

right side. Broom (1936b) states that over 100 specimens are known from

one locality, some tusked and some tuskless. .J
D, pseudojouberti Boonstra (1948) mentions 8 tusked and 12 tuskless specimens.

The 150 skulls in the British Museum (Natural History), referred to by Viatson

(1948) , would appear to belong to this species, as far as one can tell from
Boonstra's figureless description of the species,

Thus only four species (D,va.ndarhorsti, sollasi, grinbeeki and psewdo-

jouberti) show definite evidence of tusked and tuskless specimeﬁs in the
Dicynodon-Oudenodon group., It seems possible that these species are related
to the post—canine-bearing forms in which such a sex-dimerphism is established,
Dicynodon psewdojouberti and Robertia broomiana were founded by Boonstra '(1948)

when he examined a large number of skulls which had been ascribed 1o the
Tapinocephalus-zone forn Dicynodon jouberti and found that some bore post-
canine teeth and that others, though they did not bear such teeth, were still
unlike Dicynodon jouberti. Thus Robertia from the Tapinocephalus zone may
represent the single point of origin of such a sex-dimorphism, both the

Pristerodon-Emydops-Synostocephalus group and the Dicynodon psewdojouberti,
sollasi and grimbeekl group being derived from it. However this may be,

there is at present insufficient evidence for assuming that such a sex-
dimorphism is chamacteristic of the Dicynodon-Oudenodon group as a whole,

Indeed, there is some evidence of species in which both sexes are tusked or
both are tuskless. Thus in Dicynocdon jouberti, Boonstra (1948) states that




The large species D.leonice@ is lmown frop 9-10 skulls s Irom varioug
localities, all of which are tusked, The large species D.huenei is knowm
from 9 skulls, all from the Lower Bone-Bearing Stratum of Kingori, Tanganyila,
and all tusked, 4 number of skullg of D.vanderbyli are known, all the large
ones being tuskless - though this may be a sign of olg age.  Other species
are known, which Were formerly placed in the genus Oudenodon, amd in which
all the specimens are tuskless; however, ag will be seen shortly, these forms
may not really belong in the gems Dic odon, where they were placed in the
belief that they were the tuskless femaleg of tusked Dicynodon Species.

It is apparent that there are at Fresent no grounds for any generalisations
as to the deductions to be drawn from the bresence or absmnce of tusks in
Specimens of the genus Dieynodon since, of the total of more than 80 species
known, only eight give definite evidence on this matter, four showing a gex-
dimorphism, three a Prarently being tusked in both sexes amd one possibiy
being tuskless in both sexes. With this in mind, We may now return to

examine the assemblage consisting of Dicmdon——(}udenodon, Pelanomodon and

Awlacephalodon,

The Genera Aulace lalodon Pelanomodon, Dicynodon and Oudenodon
== nacepmlodon, Pelanomoc

On the basis of the tusking, it was for a while believed that the tusked

Au_'l.a.ceghalodon was the female of the tuskless Pelanomodon; however, Broom
& George (1950) dissented from this on the ground that, though Aulace halodon
¥as quite common, only three Pelanomodon skulls had been found, none of which

could be the female of any species of Aulacephalodon, Though rather more

Pelanomodon slmlls are now known, it is in any case clear that the two genera
M
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ire not thus related. On examination, the species of Aulacephalodon form

L compact group amd, with two exceptions, are uniformly larger in size than

elanomodon.  Aulacephalodon laticeps (skull length 250 mm,) is within the

ormal Pelanomodon size range (skuli lengths 230 - 290 mn.), but Broom (1932)

otes that this is presumbly a young form. Pelanomodon wesselsi (skull

ength 510 mm.) is far beyond the normal Pelanomodon size range, and is only

ust within the adult Aulacephalodon size range (skull lengths 330 - 510 mn.);
owever, neither the figure nor the description of this form {Broom, 1948)

how any reason for separating it from Dicynodon, and it may be relegated

0 that genus as Dicynodon wesselsi (Broom). Aulacephalodon and Pelanomodan
lso differ in that only the latter possesses a laterally expanded squamosal,
nd only the former possesses the large boss on the sub-orbital bar which

he writer has suggested earlier as marking the point of origin of the
asseter miscle. In possessing this boss Aulacephalodon is similar o the
s_oterodon-Erﬁgggmphodon—megochamgga group; +this group, vhich possesses

ost—canine teeth, comes from the Endothiodon zone and, though they all
>ssess a pineal boss, it is possible that the group is related to

1l=cephalodon.
Having thus recognised Aulacephalodon and Pelanomodon as recognisably

rarate genera, one may now turn to the relationship between Oudenodon and
.cynodon., It has long been recognised that the genus Dicynodon, with

rer 100 species, is merely a convenient repository for any specimens which
e not sufficiently distinct to allow of being placed in a different genus.
. contains both tusked and tuskless specimens; some of the latber were at

e time placed in a separate genus Oudenodonm, until Broom (1912¢) stated
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that these were merely female forms of Dicynodon, However, though many
specimens have been described s it has not been found genemally possible to
mke pairings of tusked and tuskless skulls, alike in all except this
character, to form a single species showing both male and femle forms,
Though, as mentioned earlier s there is some variation in the sutural rattern
of the dorsal surface of the skull, it seems unlikely that this would be so :
great as to prevent such pirings being made within the very large number
of skulls of Dicynodon that have now been collected. It therefore seems
reasonable to enquire as to whether it may not be possible to recognise Some,
at least, of the tuskless forms as really forming a distinct group.

The forms which had originally been placed in the old genus Oudenodon
were first compared, after deleting 0.pithecops aml O.ranicers which had been
referred to the genus Pristerodon (Broom, 1913, 1915a),and O.strigiceps which
had been referred to the genus Emydopsis (Broom, 1921). 0.pusilius (Jaekel,
1904) was also deleted, since Jaekel himself notes that it bore a canine
tooth; it my be referred to the genus Dicynodon as Dicynodon pusillus (Jaekel).

It vas soon realised that there was, within the remaining forms s @ distinct

group consisting of O.bainii (Owen, 1860), O.kolbei (Broom, 1912a),

O.margaritae (van Hoepen, 1934) and O.marlothi (Broili & Schreder, 1936b).

This group can be distinguished ag follows: the snout is extremely short,
the post-orbital bar therefore being far forward; all have a prefrontal;
the interorbital region is marrow; the pineal foramen is usually rather
large; the intertemporal ‘bar is wide, consisting of a slightly concave wide
expanse of the parietals, bordered on each side by a slightly dowmwardly-
sloping component from the postorbital bone; there is a smooth transition
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from the intertemporal bar onto the occiput; in side view, the snout is
rourded but very blunt; there are no tusks; where the horizon is known, it
is Cistecephalus zone; the skull size ranges from a length of 144 mm, with
a breadth of ¢,120 mm., t0 a length of 325 mm. with a breadth of 280 mm,
With this in mind, the published figures of the tuskless “Dicynodon®
skulls were next examined, to ascertain whether any of these properly belonged
in the apparently valid genus Oudenodon. The published figure of Dicymodon
};artzenberg‘ (Broom, 1940) is almost identical with that of Oudenoden L mrgaritae

(van Hoepen, 1934), there being only a slight difference in skull size.
The slull of Dicynodon halli (Watson, 1914) in the British Museum (Matural
History) (catalogue no. R 4067) was examined and fourd clearly also to belong
to the genus Oudenodon. From the published figures, Dicynodon corstér hinei |
(Broom & Haughton, 1917), D.mustonis (Haughton, 1915a), the Rhodesian form
D.euryceps (Boonstra, 1938) and the fragmemtary forms D.breviceps (Haughton,
1915a), D.anrirewsi (Broom, 1921) and D,lepboscelus (Broom, 1932) were considered
also to belong in this genus, and possibly also D.maccabei (Broom, 1940),
D.platyceps (Broom, 1913) is also similar in skull structure, but the smaller,
presumably younger, skulls of this species are tusked (Broom, 1948); +this
would seem to indicate that the absence of tusks in some adult dicynodonts
is achieved by the non-replacemsnt of the milk-canines, rather than by a
complete failure of the canines to develop at any stage.

This identification of species considered to belong to the germs Oudenodon
vas done wholly on the outline of the skull in dorsal and lateral view, and

it is of interest to note that Toerien (1954a) has recently also suggested

reviving the gems Oudenodon, basing this on the structure of the palate,
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the palatines and premaxillae having a long sutural contact in Oudenodon but
no contact in Dicynodon. On this basis, he believes that the following

forms belong in the gems Oudenodon: O.margaritae s O.mariothi and D.platyceps;
O.kolbei also possesses this type of palate (Broom, 1912a), and the writer

has also found that the type-specimen of Oudenodon, Oudenodon bainii (Owen,
1860), has this type of mlate. However, Toerien also believes that
Dicynodon grossarbthi (Broili & Schréder, 1937) and Dicynodon sollasi of von

Huene (1922) belong to this genus. D.scllasi is tusked and, though
D.grossarthi is tuskless, Toerien comsiders that it is synonymous with the
tusked Dicynodon huenei (Broili & Schrider, 1937); his genus Oudenodon would

therefore include a species in which he believes both m‘sked and tuskless
forms to occur. However, all three specimens are much smaller than the
other species mentioned, and very different from them in skull proportions,
while the ‘i‘igured malates of these species are quite wnlike that of any other’
dicynodont, the palatines of D.grogsarthi extending very far forwards between
the premaxillae and maxillae, while the palatine of D.sollasi nearly reaches
the border of the alveolus of the canine. Tt seems to the writer unlikely
that these two species belong in the genus Oudenodon.

The addition of palatal characters as an aid to understanding the
evolution of the Dicynodontia is to be welcomed, but its use as the sole
ceriterion of relationship seems as undesirable as was the fommer exclusive
use of the sutural pattern of the dorsal aspect of the skull, There is much
overlapping of the bones of the palate in this group, so that any loss of
bone during preparation may radically alter the visilble pattern of bone
relations. Indeed, though few mlates are known in detail, that of
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Propelanomodon devilliersi (Toerien, 19586) is markedly asymmetrical, The

bresence or absence of a contact between the premaxilla and the mlatine seems
to be unreliable ag a distinction betwreen Dicynodon and Owdlenodon; the large
tusked species Dicynodon huenei has an extensive contact bebween the two
bones, while in the large species Dicynodon 1eonice@ the two bones Just

touch, and Toerien has thersfore placed this form in a semrate genus,
Daptocephalus,

Though some species of Dicynodon have above been relegated 4o Oud enodon,
the genus Dicynodon nevertheless remains unmanageably large » With over 100
spec:issl. The present basis for division inmto species is, in gmeﬁi, only
the shape and sutuml pattern of the skull 4in dorsal view, Ag mentioned
earlier, Toerien (1954a) tas shown that the sutural pattern my vary
considerably within a single species, The shape of the skull is in many
cases only imperfectly known » since the edges of the squamosal are commonly
damaged; also, in a genus which includes specimens of skull length from .
50 m., to 550 ml., it 13 to be expected that some of the differences in skull
outline might be due %o allometric growth, The basis of the taxonomy of
the genus is thus questionable, and it is likely that a comprehensible picture
will only emerge when more detajiled investigations have been made on large
nunbers of slulls of a single species, to fird both the limits of variation

and the changes that occur in skull proportions during growth.

A
Footnotel: Toerien (1954b) has renamed Dicynodon anneae of Broom (1940),
giving 1t the new name Dicynodon vwhitsonde. His reason for this is that he

believes that Broom's trivial name is identieal with that given to a species
of Gordonia by Amalitzky & Karpinsky (1922) and later referred o the genus
Dicynodon by Sushkin (1926a), However, the trivial name given by Amlitzky
& Karpinsky, and followed by Sushkin, was ftamagn s not "amneae®, so that the
8pecies named by Broom in 1948 my still correctly be referred to ag

Dicynodon anneae Broom.
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9. LIST OF TAXONOMIC CHANGES
A new genus, Kingoria, has been established. Dicynodon nowacki (von

Huene, 1942) is transterred to the new genus as its type species, Xingoria
nowacki (von Huene), and Dicynodon gmalecephalus (Broom & Robinson, 1948) is
also transferred to it as Kingoria galecephalus (Broom & Robinson).

The genus Kitchingia (Broom & George, 1950) is shomn to be invalid,
and its single species is transferred to the genus Neomegacyclops as
Heomegacyclops planifrons (Broom & George). It is considered likely that

Neomegacyclops is from the Cisbecephalus zone, not from the Indothiodon zone,
It is considered likely tlmt the original establishment of the genus
Oudenodon, by Owen (1860), was valid, ard tlat it does not merely represent
the tuskless female of the genus Dicynodon., The genus is considered to
include the species O.bainii Owen, Q.kolbei Broom, Q.margritae van Hoepen
amd O.marlothi Broili & Schrder. Tt is considered likely that Dicynodon
hartzenbergi Broom is another specimen of Qudenodon margaritae, and that
Dicynodon andrewsi Broom, D.breviceps Haughton, D.corsborphinei Broom &
Haughton, D.euryceps Boonstra, D.halli Watson, D.leptoscelus (Seeley) and

D.mustonis Haughton, and possibly also D.maccabei Broom and D.platyceps Broom,
!

belong in the genus Ouwlenodon.
Ddenodon pusillus of Jaekel (1904) is referred to the genus Dicynodon

as Dicynodon pusillus (Jaekel).

Pelanomodon wesselsi (Broom, 1948) is transferred to the genus Dicynodon

‘as Dicynodon wesselsi (Broom).

Platypodosaurus_huenei of von Huene (1942) is returned to its original

aseription (Haughton, 1932) to the genus Dicynodon as Dicynodon huenel
Haughton.
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In the belief that the trivial name of Dicynodon anneae (Broom, 1940)
vas homonymous with the trivial mame of Dicynodon annae (of Sushkin, 1926a,

from Gordonia amnae of Amalitzky & Karpinsky, 1922), Toerien (1954b) hag

renamed the former Dicynodon whitsome 5 simce these two names are not .
homonymous, the specirfic name Dicynedon ameae Broom may be retained, Dicynodon |
vhitsome being Synonymous with it,

The spelling of the genus commonly referred to as vAulacocephalodont

is corrected to Aulaceghalodon, the latter being its original form roposed
by Seeley (1898),
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10, SUMMARY
Certain dicynodont remains collected by Mr., F, R. Parrington in 1933
from the Lower Bone-Bearing Strata of the Rubuhu area of South-West
Tanganyila have been examined, using the acetic acid technigque,
A new genus, Kin oria, is mroposed and defined, The genus containg
both tusked and tuskless Specimens, these presumably being the mles
and the females, respectively. Some tuskless Specimens of the genus

Were origimally described by von Huene as Dieynodon nowacki, and the

type species of the new genus is therefore Kingoria newacki (von Huene),

Dicynodon galecephalus Broom & Robinson, from the Cistecephalus zone of

South Africa, has been fourd also %o belong to the new genus,

A detailed written amd lustrated account is given of Kingoria.

Kingoria is most clearly distinguished from the other genera of dicynodonts

by the characters of its lower jaw, mlate and pelvis,

(2) The anterior end of the dentary forms an uprardly-curving, blunt,
tapering “"beakn s and the postero-lateral surface of the dentary bears
4 prominent ridge,

(b) The palatal surface of the premaxilla does not bear the pair of
stout anterior ridges found in many genera of dicynodonts, but has a
mir of more lateral low sharp ridges,

(c) The ischium and pubis are posterior to the ilium, which does not
exterd behind the level of the acetabulum.  The fourth sacral rib
contacts the antero-dorsal corner of the ischiwm,

On the oceciput of Kingoria, a well-developed process, named the tympanic

brocess, was fourd exterding posteriorly from the distal end of the

S EE————S
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paroccipital process. The possibility of this process having had a
function concerned with the occipital musculature, the jaw-opening
musculature, or the tympanum, are discussed in turn.

In the course of the reconstruction of the occipital musculature, a

new theory is suggested as to the evolution of the muscles whick run
between the atlas-axis complex and the occiput in mmmls,

In the course of the reconsiruction of the ‘Jaw-opening musculature,

the differing interpretations of Watson and Parrington as to the .
identity of the ventrally directed process of the articular bone are
reconciled.

The tympanic process does not appear to have been associated with

either the occipital or the jaw-opening musculature » and it is suggested
that it held the dorsal border of the tympanic membrapne. It ig thought
that a groove in the edge of the squamosal just above the quadrate
condyle may represent the position of the extermal auditory meatus,

The stapes of Kingoria bears a facet which may have been for the
attachment of an extrastapedial cartilage,

The available specimens and the literature of the dicynodonts mmave been
examined to fiml how far the conlition of the auditory region of Kingoria
vas typical of the group as a whole. The presence of a tymmnic process
in the small Tapinocephalus zone form Dicynodon pseudojouberti makes it

appear possible that it was a character possessed primitively by the
Dicynodontia, but no clear trace of it could be found in several large

Triassic genera (Xamemeyeria, Stahleckeria, Placerias), nar in the

semi-aquatic genus Lystrosaurus, nor in the burrcwing genus Cistecephalus.
Corditions in these gemera may have been unusual owing to their great

size or unusual habitat.
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The structure passing through the post-temporal fossa in reptiles is
identified as the vena capitis dorsalis. Markings on the anterior face
of the prootic show that this vein ran into the braincase at a notch

in the dorso-anterior margin of the prootic, The functioms of the
more extensive system of grooves found in the cynodonts is discussed.
The braincase of Kingoria is very solidly built; <there is no unossified
zone, aml there could lave been no kinetic movement s noxr could the
quadrate have moved relative to the sSquamosal,

Xingoria has a single sphenethmoid ogsification, not divided into
orbitosphenoid and mesethmoid, and shows no ogsification equivalent to
a presphenoid,

Kingoria has six cervical vertebrae; this is the first occasion on
which conclusive evidence of the number of cervical vertebrae in a
dicynodont has been found.

In the dorsal vertebrae of Kingoria the upper part of the transverse
process becomes free of the attachment of the tubercular head of the
rib and forms 2 blunt, rounded, dorso-laterally directed process s which
is called a metapophysis. Comparison with specimens and figures of
the vertébrae of other dicynodonts shows that these processes may be
normal in the group. They were presumably for muscular attachment.
The cervical and anterior dorsal ribs of Kingoria are double-headed,
while the more posterior dorsal ribs are single-headed and appear to
attach to the side of the centrum. There appears, from the literature,
to be some variation in the Dicynodontia as to the étructure of the

rib-heads amd the positions of their attachments,
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16. There is no cleithrum in Kingoria, and a survey of the literature shows
that this bone is definitely known only in one unidentified dicynodont,
in Cistecephalus and in Kamemeyeria, It is possible that its absence
is a more general feature in the Dicynecdontia than had been thought.

17. The scapula of Kingoria bears a well-developed spine along its antero-
external edge.

18. It is unlikely that there could mave been any bony connection between
the two halves of the pelvis of Kingoria. A survey of the literature
shows that the only evidence of a pelvic symphysis in the Dicynodontia
is the report of a short contact between the ischia in Lystrosaurus,
and it is possible that the absence of a pelvic symphysis i.s an uswal
feature in the group.

19, The probable msculature of the girdles is discussed, Tt seems likely
that a smll supraspinatus mscle, but no infraspimtus muscle, was
present attached to the scapula, and that an iliacus componen£ of the
pubo-ischio~femoralis muscle had gained an attachment on the iliwm,

20, The probable mode of life of Kingoria is uncertain; it was probably
herbivorous, and may have rooted in the ground for its food.

21, Study of the fossil fauna of Kingori ‘ghows that the whole of the Lower
Bone-Bearing Stratum at this locality is probably equivalent to the
Cistecephalus zone of South Africa, though a level equivalent to the
Frd othiodon zone of South Africa may be present at some other localities
in the Ruhuhu area.

22. Tho classification of the African Permian Dicynodombia is discussed.
The reliability of the presence or absence of canine tusks as a taxonomic

character is examined; it is found that in some genera tusks were
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probably present in both mle and female, that in other genera both

mls and female were probably tuskless, and that in other genera it is
probable that the male was tusked amd the female was tuskless. In the
genus Dicynodon, some species were apparently tusked in both sexes,
while in other species only the mle bore tusks. Though various species
in which neither sex bore tusks have in the rast been placed in the

genus Dicynodon, it is considered that these species together form a
group recognisably distinct from Dicynodon in the ostedlogy of the

skull, and Owen's origiml erection of a separate genus s Qudenodon,

for them is considered to be justified.
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Notes to Figures
Except where otherwise stated, all figures are natural size.

A thick continuous outline indicates that the edge of the bone is
undamaged except for very minor losses of bone. A thin continuous
line indicates that the preserved edge of the bone at this point is
damaged and does not represent its original outline; this is bordered
externally by a broken line, which indicates what appears likely to
have been the original outline of the bone. In Figure 13 a dotted
line has been used to indicate bone outlines whose exact positions
are uncertain due to a thin layer of matrix.

Bilaterally symmetrical specimens have been drawn from the right
side. In the case of paired bones, those of the right side have been
illustrated; exceptions were made for the atlas neural arch, the
coracoid plate and the scapula, as only a portion of those of the
riéht side were preserved. -

The shading convention employed has been that the specimen is
illuminated from the upper right-hand side.

The abbreviations of the names of bones have been inserted in
capitel letiers; the key to these mbbreviations is to be found
on the next page. The abbreviations of the names of structures have
been inserted in mmall letters; the key to these abbreviations is to

be found on the explanatory pages facing the figures.
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Key to_Abbreviations of Names of Bones

A Angular PCO Precoracoid

ART Articular X Premaxilla

BO Basiocecipital PO Postorbital

CL Clavicle PP Preparietal

co Coracoid FR.ART Prearticular

D Dentary FRF Prefrontal

ECT Ectopterygoid FRO Prootic

EPT Epipterygoid PSP Parasphenoid=basisphenoig
complex

F Frontal PT Pterygoid

ICL Interclavicle FU Pubis

IL Ilium Q Quadrate

IP Interparietal QJ Quadratojugal

Is Ischium SA Surangular

J Jugal SMX Septomexilla

L Lacrimal S0 Supraoccipital

MX Maxilla SFL Splenial )

N Nagal SQ Squamosal

oP Opisthotic STA Stapes

P Parietal T Tabular

PAL Palatine v Vomer




Figure 1

Kingorie nowacki, specimen no. 84

Ae Dorsal view of skull

B. Section through interorbital bar 1 cm. in front of pineal

foramen, seen from behind.

Abbreviations :=
peteo.fs post~-temporal fossa

X1 foramen for hypoglossal nerve
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FBigure 1

Kingoria nowacki, specimen no. 84

Ae Dorsal view of skull

Be Section through interorbital bar 1 cm. in front of pineal

foramen, seen from behind.

Abbreviations :-
p.te.fs post-temporal fossa

XII foramen for hypoglossal nerve
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Figure 2
Kingoria nowacki, specimen no. 84

Occipital view of skull

Abbreviations s=

Jef Jugular foramen
par.pr paroccipital process of opisthotic
pete.fs post—temporal fossa

tymp.proe tympenic process







Figure 3

Kingoria nowacki, specimen no. 84

Abbreviations :~

car.f
fen.ov
l.cond
mecond
tymp.proc
Vil

VIIpl.l

Palatal view of skull

carotid foramen
fenestra owvalis

lateral quadrate condyle
medial quadrate condyle
tympanic process

foramen for facial nerve

foramen for palatine branch of facial nerve






Figure 4

Kingorias nowacki, specimen no. 84

Ae Side view of skull

Be Side view of skull after removal of zygomstic and post-

orbital arches

C. Side view of sphenethmoid

Abbreviations i~
pe.ant pila antotica
pecult processus cultriformis of parasphenoid

tymp.proc tympanic process

Ve £X venous groove
vom. fac facet for vomer
ViI foramen for facial nerve

yizpal foramen for palatine branch of facial nerve






Figure 5
Kingoria nowacki, specimen no. 84

Anterior view of hind part of skull

Abbreviations :-
peteefs post~temporal fossa

q.f quadrato~-jugal foramen

VII foramen for facial nerve







Figure 6
Kingoris nowacki, specimen no. 84
Stapes, x2%
A~Fy left stapes G-K, right stapes
A,G, ventral views B,H, dorsal views GC,J, posterior views
D, anterior view E, proximal view F,X, distal views

Proximal end to left in A and B, to right in G and H.  Dorsel

side uppermost in remainder.

Abbreviations :-
depr dorsal process

exst.fac facet for extrastapes
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Figure 7

Kinporis nowacki, specimen no. 84

View from right side

Brainczse, x 1}

Doraally the section passes along the mid-

line, ventrally it runs through the right jugular canal and the

vestibule of the right inner ear.

Abbreviations 1~
duct.endo
fen.ov
fen.rot
greamp
int.audem
l.int.jug.for
p.ant
pin.f
qeramus pt
re.oxt. jug.for
sel.tur
sub~arc. fossa
ve.notch
VIiI
ViIlant
XIT

ductus endolymphaticus

fenestra owalis

fenestra rotunda

grooves leading to ampullar recesses
internal auditory mewtus

internal opening of left Jugular foramen
pila antotica

Pineal foramen

quedrate ramus of pterygoid (cut)
external opening of right Jugular foramen
sella turcica

sub=arcuate fosea

venous notch

foramen for facial nerve

foramen for anterior ramus of auditory nerve

foramina for hypoglossal nerves
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Figure 8

Kingoria nowacki, specimen no. 84

A+ Dorsal view of lower jaw

B. Ventral view of lower jaw

Abbreviations :-

l.cond lateral articular condyle
m. cond medial articular condyle
rart.pr retro-articular process
ref.lam reflected lamina of angular

o I — -






Figure 9
Kingorie nowacki, specimen no. 84
A. Lateral view of right ramus of lower Jjaw
B.  Medial view of left ramus of lower jaw
C. Posterior view of left articular region

D.  Anterior view of section taken through left ramus of

lower jaw at level X~X on figure B

Abbreviations s~

l.cond lateral articular condyle

me cond medial articular condyle

meck.fac facet for posterior end of Meckel's cartilage
rarte.pr retro-arﬁicul&r process

ref.lem reflected lamina of angular







Figure 10
Kingoria nowacki, specimen no. 82
A-F, right proatlas
G-L, left atlas neural arch
M-R, axis (with right atlas neural arch added in all except N)

A,G,M, anterior view B,H,0, posterior view
CyI,N,Qy lateral view D,J, medial view

E,K,Ry dorsal view F,L,P, ventral view

Abbreviations:-
ax.fac facet for axis
con.fac facet for occipital condyle
intc.fac facet for atlas intercentrum

n.sp neural spine






Figure 11

Kingoria nowacki, specimen no. 82
A. lateral view of cervical and anterior dorsal vertebrae
Be Dorsal view of cervical and anterior dorsal vertebrae

Abbreviations s~

co. cervical vertebras

dor. dorsal vertebra



dor, 1 ce.b ce.3 axis atlas




Figure 12

Kingoria nowacki, specimen no. 82
AyE,I, third cervical vertebrs
ByFyJ, sixth cervical vertebra
CyG4K, socond dorsal vertebrs
D,H,L, eighieenth dorsal vertebra

A-D, anterior views
D=H, posterior views
I-K, ventral views

L, dorsal view






Figure 13

Kingoria nowacki, specimen no. 82
4. lateral view of vertebras from block A
B.  lateral view of vertebrae from block B
C. lateral view of vertebrae from block C

f Abbreviations :-

H

| [1:1% caudel vertebra

! co. cervical vertebra

f dor. dorsal vertebra

sa. sacral vertebra
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C.

D.

Figure 14

Kingoria nowacki, specimen no. 82
Anterior view of first sacral vertebra and ribs
Anterior view of fourth sacral vertebra and ribs
Posterior view of fourth eacral vertebra and ribs
Anterior view of first caudal vertebra and ribs

Posterior view of first caudal vertebra and ribs






Figure 15

Kingoria nowacki, specimen no. 82

Posterior views of ribs
A-B, cervical ribs
F-I, dorsal ribs 1-4

JyKyLy dorsal ribs 7,11,19







Figure 16

Kingoria nowacki, specimen no. 82
A-D, left coracoid plate

A, external view B, anterior view

C, internal view D, posterior view
E,F, clavicles and interclavicle
E, ventral view F, dorsal view

Abbreviations :=
core.f coracoid foramen
gl.fac glenoid facet

sc.fac facet for scapula






Figure 17
Kingoria nowacki, specimen no. 82
A-Cy clavicles and interclavicle
4, anterior view B, posterior view Cy right lateral view
D,E, sternum

Dy dorsal view E, anterior view







Figure 18

Kingoris nowacki, specimen no. 82

Ay lateral view

Left scapula

B, section taken at level X=X in figure A

C, posterior view D, internal view

E, ventrel view of ventral end F, anterior view

Abbreviations i~
acre.pr
cor.f

glefac

pecor.fac

acromion process
coracoid foramen
glenoid facet

facet for precoracoid







! Figure 19

Kingoria nowacki, specimen no. 82
Proximel end of right humerus

A, dorsal view B, anterior view
C, ventral view D, posterior view

E, view of proximal eng F, view of distal end

f Abbreviations- ~

d=pect.crest delto-pectoral ecrest
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Figure 20

Kingoria nowacki, specimen no. 82

Ae Dorsal view of sacrum

B. Ventral view of sacrum

Abbreviations i~
acet acetabulum
ca. ceudel vertebra

BB sacral vertebra
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Flgure 21
Kingoria nowacki, specimen no. 82
A. Lateral view of pelvis
B. Medial view of pelvis
Co Posterior view of ilium
Ds Anterior view of ischium and pubis

E=G, Portion of proximal end of femur

E, medial view F, anterior view G, proximal view

Abbrevistions:-
acet acetabulum
obt.f obturator foramen
sacr.fac facets for sacral vertebrae




obt.f

sacr.fac



Figure 22
Kingoria nowncki, specimen no. 84

Occipital view of skull. On the right half, the form has been
indicated by shading; on the left nalf, the posterior extension
of the dorsal edge of the squamosal has bsen opened out dorsally,
and the inferred positions of the occipital muscles have been

indicated.

Abbreviations s-

clei-oce cleido-occipitalis muscle

dep depressor mandibuli muscle '
lige.nuch ligamentum nuchae

long.cep longissimus capitis muscle
obl.cap.mag obliquus capitis magnus muscle
obl.cap.sup obliquus capitis superior muscle
rect.cep.1at rectus capitis lateralis muscle
rect.cap.major rectus capitis major muscle
rect.cap.minor rectus capitis minor muscle
trans-spin transverso=-spinalis muscle

trap trapezius muscle



obl. cap. sup




Figure 23

A. Kingoria nowacki, specimen no. 84. Postero-lateral view of
right poaterior quadrant of skull and posterior end of right

ramus of lower jaw.

ByC. Ieft stapes of unidentified dicynodont, specimen no. 107.

By posterior view (, distal view

Abbreviations :-

exst.fac facet for extrastapes

Je2 Jugular foramen

par.pr paroccipital process of opisthotic
pr.at.fac facet for proatlas

peto.fs post-temporal fossa

rarte.pr retro-articular process

tymp.proc tympanic process
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