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ERRATA

For *alhough” read "although.

"The dorsal part of the pterygoid contacts the fout of
the epipterygoid dorsally" should read "The dorsal part
of the pterygoid contacts the ventral surface of the foot
of the epipterygoid”.

vwithin the jugal arch” should read "medial to the jugal
arch".

"temporal fossa” should read “temporal fenestra".
t*ventro-lateral flange of the parietal” should read
"latero-ventral flange of the parietal™.

"processus ascendens of the epipterygoid" should read
"progessus ascendens".

"Jollie (1962)" should read "Jollie (1973)".

"Nopsca" should read "Nopcsa".

BOONSTRA, L.D. 1938. On a Souti African mammal-like
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OWEN, R. 1876. Desoription of the Reptili. of South

Africa in the collection of the Pritish Museum”. 1-2
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ABSTRACT

A sound understanding of the morphology of the Therocephalia is
essential to our understanding of the reptile-mammal transition.
In this thesis the anatomy of the posterior half o the
Moschorhinus skull is described in detail. This study revealed

many aspects overlooked or misinterpreted by othur zuthors.

Two Moschorhinus skulls were studied externally. Several misinter-
pretations concecning the anatomy of the skull were discovered in
the literature. it was therefore deemed necessary to redescribe

the external morphology of the skull of Moschorhinus.

The skulls were subsequently sectioned with a rock-cutting saw and

ne matrix filling the endocranium of each was prepared out in
order to study the interiors. This study yielded vital informa-
tion concerning the morphology of the endocranium of Moschorhinus
which was previously unknown. Moreover, this is the first de-

tailed description of the complete braincase of a therocephalian.

The pusition of certain cartilaginous and membranous structures,
which would have been present in life, is discussed. This new
information also made it possible for the first time to recon-
struct the unossified side-wall of the endocranium and to deter-
mine the lateral limits of the brain and associav.J features »f a
therocephalian. fndocasts of the dSraincases were made and with

“he help of these, tke morphology of the inner ear and certain
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parts of the brain as well as the position of certain cranial
nerves and hloodvessels cou’d be determined. These features are
described and compared with those of other therapsids. The
morpholon, of the inner ear is compared to that of gorgonopsians
and cynodonts. The provable morphology of the side wall of the
endocranium, brain and assctizted structures are compared with
those of extant reptiles. The position of the cranial bloodves-
sels is compared with that cf cynodonts and extant reptiles and a
new theory concern.ng the evolutiorary development of these
bloodvesseis from the primitive reptile level to the cynodont
Tevel is proposed, It was found that alhough many mammal-1ike
features are present in the therocephalian skull, the morphology
of the brafncase, cranial bloodvessels, brain and associated

structures were essentially typically reptilian.

In the light of this new informatien concerning the anatomy of the
posterior half of the skull and associated soft structures of
Moschorhinus, the taxonomic position of this genus relative to the

other Thervcephalia is discussed.
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CHAPTER 1: INTRODUCT1ON

The interrelationships of the Therocephalia and their rela-
tionship with the Cynodontia are not known weil enough. Certain
authors such as Broom (1938), Brink (1951), Hopson & Crompton
(1969) and Kemp {1932) are of the opinion that the cynodonts had a
therocephalian ancestor, while others such as Romer (1969),
Kermack & Kermack (1984) and Hopson & Barghusen (1985) argue that
the cynodonts arose independently of Therccephalia from a more
primitive ancestor. Most of the former authors accept scalopo-
saurid ancestry for the cynodonts while Kemp {1972, 1982) has
argued that the cynodont ancestor was closely related tc the
whaitsiids.

To unravel therapsid phylogeny it is essential to know more
about therocephalian morphology. The present study attempts to
broaden our knowledge of Moschorhinus kitchingi, which is an
interesting therocephalian with a mixture of primitive and ad-
vanced characters.

The skul® of Moschorhinus has been described by Broom (1920),
Boonstra (1934b), Brink (1958) and Mendrez (1974a). The elements
forming the anterior half of the skull are well known from these
description.. However, due to the poorly preserved braincases in
most Moschorhinus specimens, or insufficient preparation thereof,
certain misconceptions arose concerning the relations of the ele-
ments constituting the posterior half of the skull.

Two Moschorhinus skulls were selectad for this study. Al-

though these skulls are somewhat damaged and distorted, the pos-




-2 -

terior parts of the skulls sre in such a condition that with
careful preparation it was nossible to discover a wealth of infor-
mation that added to our knowledge of the Mgschorhinus skull. The
elements constituting the postericr half of the skull and their
interrelationships are described in Chapter 3.

Our knowledge of the therocephalian endocranium is based on
the work of authors such as Haughtor (1918), Boonstra (1934b),
Broom (1936), Olson (1938b), Crompton (1958 »nd Boonstra (1968).
Aforement ioned descriptions were done mostly on scaloposaurids and
pristerognathids, and until now nothing has been known about the
moschorhinid endocranium.

The abovementioned Moschorhinus skulls were sectioned, the
one sagitally, the other horizontally and the matrix was removed,
thereby expusing the walls of the endocranium. The ejements
forming the posterior part of the endocranium and their interrel:
tionships are describe’ in Chapter 4.

Certain aspects or the Moschorhinus skull are compared to
those of other therapsids and the relationships of the brain,
bloodvessels and nerves to the surrounding bony elements are ]

discussed in Chapter 5.




CHAPTER 2: MATERIAL AND METHODS

Two previously undescribed specimens were selected for Lhis
study, Moschorhinys kitchingi (Broom) BP/1/2788 and BP/1/4636.
BP/1/2788 was found by J.W. Kitching at Stoffelton, Ai el Native
Trust {row part of Kwa Zulu), near Bulwer, WNatal in the
Daptocephalus zone (Kitching 1977) (Dicynodon lagcerticeps -
Theriognathus Assemblage-zone, S.A.C.S. 1980). BP/1/4636 was
found by J.W. Kitching on the farm Fairydale in the Bethulie
district, Orange Free State in the Lystrosaurys zone (Kitching
1977) (Lystrosauruys - Jhrinavodon Assemblace - zone, S$.A.C.S.
1980).

Moschorhinus kitchingi BP/1/2788 (Plates 1, 2, 3)

Most of the matrix surrounding t*is skull had been removed
with a hammer and chisel prior to this study. The matrix within
the temporal cavities had rot been removed. This vertically
distorted specimen is 21,5 cm long. The major parts of the skull
roof and occiput are missing, exposing the dorsal part of the
natural endocast of the braincase and nasal capsule. The jugal
and postorbital arches are damaged. Teeth are present in the
damaged and distorted mandible. Aspects of this specimen’s teeth
and mandible were used in the reconstruction of the lateral view

of the skull (Fig. 3).

Moschorhinus kitchingi BP/1/4636 (Plates 4 - 9)
The whole skull was prepared by means of an air-hammer and
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engraving tool for this study. This distorted skull s 25 cn
long. Parts of its jugal and postorbital arches are missing and
the occiput is damaged. Although this skull is severely damaged,
it yfelded vital information. The descriptions and reconstruc-
tions (Figs. 1 - 12) of the posteric~ part of the skvil and the

dental formula are based on this specimen.

The skulls were coated with Glyptal cement to prevent the
flaking off of brittle parts. After the external morphciogy of
the skulls was extensively studied, photographed and illustrated,

each was caest in a block of plaster of Paris.

Moschorhinys kitchingi BP/1/2788 (Plates 13, 14)

The exposed dorsal part of the natural enducast of this
specimen was covered with a layer of epoxy resin prior to the
abovementicned step in order to preserve the original shape of the
endocast after the matrix was remeved. The block containing this
specimen was sectioned horizontally with a Highland-Parl rock-
cutting saw with a 40,64 cm (16 inch) diameter diamond-edged
circular blade. The matrix filling the endocranium was carefully
removed with an air-hammer and engraving tcol, thereby exposing
the endocranial roof and floor. The reconstructiors of the endo-
cranial roof (Fig. 8) and floor (Fig. 9) are partly based on this

specimen.

Moschorhinus kitchingi BP/1/4636 (Plates 10 - 12)
The block containing the posterior part of this specimen was
sectioned sagittally with the abovementioned saw. The matrix

fillirt the endocranium was also removed with the air-hammer and
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engraving tool. Although the skull is damaged externally, the
endocranium though compressed, is in good condition. Most of the
informat on used to describe and reconstruct the endocranium was

acquired from this specimen (Figs. 1 - 12).

fndocasts of silicone rubber were made of the posterior-parts
of the cleaned endocrania of these specimens (Plates 154 17).
Silicone vubber is a substance commonly used today in the making
of moulds. Because of its resistance to temperature changes,
distortion and shrinkage, it is ideally suited to this purpose.
Fndocasts could only be made of the posterior part of the endocra-
nia because the lateral walls in the orbitotemporal regions are

unossified.




o

CHAPTER 3: EXTERNAL MORPHOLOGY OF THE SKULL

The posterior half of the Moschorhinus skull consists of the
following endochondral elements : the epipterygoid, prootic,
opisthatic, quadrate, supraoccipital, exoccipitzl and basioccipi-
tal and the following dermal elements : the squamosal, quadrato-
jugal, jugal, interparietal, parietal, postorbital, tabular and
pterygoid. The parisphenoid and basisphenoid are of dermal and
endochondral origin.

The lateral wail of the braincase can be seen within the
Jjugal arch (Fig. 4). The large parietals form the sharp-crested
roof of the braincase and the dorsal borders of the ‘emporal
fossae. The posterior wall of the temporal fossa is largely -
formed by the squamosal. The medial wall of the temporal fossa is
formed by the epipterygoid, the prootic, the ventro-lateral part
of the pterygoid, the lateral part of the opisthotic, and anterior
parts of the supraoccipital and interparietal. Several features
relating to bloodvessels and nerves can be seen within the tempo-
ral fossa.

The posterior surfaces of the parietal, interparietal and
supraoccipital form the medial surface of the occiput, dorsal to
the foramen magnun (Fig. 6). These elements are flanked by the
tabulars which cover part of the squamosal posteriorly. The
lateal part of the occiput is formed by the posterior parts of
the squamosal and the onisthotic. The foramen magnum is flanked
by the exoccipitals. The ventro-medial border of the occiput is

marked by the basioccipital. Two of the most salient features of
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the occiput are the large post-temporal fenestra and the parocci-
pital fossa.
The elements exposed within the jugal arches and those form-

ing the occiput are described in detail below.

EPIPTERYGOID (Figs. 1 - 4)

In lateral view (Figs. 3, 4) the flattened, bladelike epipte-
rygoid can be seen. [t contacts the parietal, supraoccipital and
prootic dorsally and the pterygoid, prootic and squamosal ventral-
iy. Tha upper part of the processus ascendens {(dorsal lamina,
Mendrez 1972, 1974a, 1974b) expands anteriorly to form an antero-
dorsal process and posteriorly to form a postero-dorsal process.
The basal part of the epipterygoid expands anteriorly to form an
antero-ventral process and posieriorly to form a postero-ventral
process (Mendrez 1972, 1974a, 1974b). A small posterior apophysis
is present on the posterior edge of the processus ascendens, which
probably made sutural contact with the lateral part of the base of
the antero-dorsal process of the prootic (it is unfortunately
damaged in all Moschorhinus examined). The ventro-medial part of
the postero-dorsal process of the epipterygoid contacts the ante-
re lateral part of the antero-dorsal process uof the prootic just
above the contact of the posterior apophysis with the prootic,
thus forming a circular foramen - the posterior foramen of the
epipterygoid ("foramen veineux®, Mendrez 1974a) (see Fig. 4).
There is a shallow funnel-like indentation surrounding the foramen
on the lateral surface of the epipterygoid. A loew ridge runs

diagonally across the iateral surface of the epipterygoid from the
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tip of the postero-dcrsal process, passes anterior to the foramen
and terminates in the middle of the ventral part of the epiptery-
goid as a small tuberosity. This posterior foramen of the epipte-
rygoid should not be confused with the dorsal venous foramen (see
discussion). The dorsal border of the epipterygoid fits in snugly
under the parietal. The central part of the dorsal border of the
epipterygoid is overlapped laterally by the ventro-lateral descen-
ding flange of the parietal. The tip of the postero-dorsal pro-
cess curves slightly downwards, away from the parietal, exposing
the interparietal upon which the dorsal part of the postero-dorsal
process lies,

The antero-ventral process of the epipterygoid is quite small
in relation to the postero-ventral process. It originates antero-
ventrally from the base of the processus ascendens. The antero-
ventral process terminates anteriorly to the dorso-lateral ridge
of the pterygoid and is in confluence with the posterior corner of
this ridge. The term antero-ventral process of the epipterygoid
is preferred to the "pterygoid process of the epipterygoid"
(Cromptorn 1955) since the whole of the ventral border of the
epipterygoid contacts the pterygoid. The foot of the epip erygoid
covers the dorsal surface of the antero-lateral third of the
quadrate ramus of the pterygoid (see Ch. 4; Fig. 4).

The postero-veniral process of the epipterygoid originates at
the base of the processus ascendens from where it flares out
postero-iaterally as an elongated, horizontal fan overlying the
middle third of the quadrate ramus of the pterygoid. These two
processes are confluent Jaterally and posteriorly but not redially
and anterforly. The postero-ventral process is slightly raised

medially along its whole length, producing a medially facing

Y
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groove which originates under the vertically inciined anterior
part of the postero-ventral process. The groove tapers off as it
approaches the posterior border of the postero-ventral process.
The term postero-ventral process uf the epipterysgoid is preferred
to the ‘quadrate process of the epipterygoid” (Crompton 1955)
since it is doubtful whether the epipterygoid actually did contact
the quadrate in Moschorhinus.

The posterior part of the postero-ventral process of the
epipterygoid is fan shaped. The lateral half of the posterior
border stretches across the dorsal surface of the quadrate ramus
of the pterygoid. The posterior border contar*s the anterior
border of the antero-ventral process of the squamosal medially,
the contact being visible in dorsal and ventral views, This
region of the 2pipterygoid forms part of the antero-lateral corner
of the pterygo-parocrioital foramen (Figs. 1, 2, 4}.

In Yateral view (Fig. 4), the ventral suture of the epiptery-
goid runs in the middle of the lateral side of the structure
formed with the quadrate ramus of the pterygoid. The suture dips
anterioriy and then curves upwards delimiting the border of the
antero-ventral process. Posteriurly the suture runs diagonally
upwards in a straight line delimiting the ventral border of the
postero-ventral process laterally on the dorsal side of the qua-
drate ramus of the pterygoid.

The processus ascendens of the epipterygoid juts upwards and
slightly inwards. The middle part of the processus ascendens is
relatively constricted in comparison with the dorsal and ventral
parts, giving the epipterygoid an hour-glass shape in lateral
view, The ventral part of the epipterygoic is directed outwards

posteriorly and inwards anteriorly. This closely reflects the
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orientation of the quadrate ramus of the pteryyoid, while the

dorsal part of the epipterygoid is more parasagittally inclined.
£ very distinct and large cavum epiptericum is present,

bordered medially by the antero-ventral process of the proctic and

Taterally by the epipterygoid. Certain nerves and veins travers:
the cavum epiptericum (see discussion).

PTERYGOID (Figs. 1, 2, 4, 5)

The pterygoids are complex bones which form a ventral bridge
between the nasal capsule anteriorly and the braincase posterior-
1y.

The pterygoids are fused antero-medially. Contrary to the
descriptions of Brink {1958) ard Mendrez (1974a) no suture could
be detected batween them in ventral view (Fig. 2). There is
nowever, a spindie-shaped ventral keel, nere calied the interpte-
rygoid keel, where the bones meet. The posterior part of this
keel projects dorso-medially into the interpterygoid vacuity. The
central part of each pterygoid contacts the vomer and the palatine
anteriorly. The sutures between these elements can be seen in
ventral view (Fig. 2). A big robust anterior process projects
Taterally from the central part of the pterygoid. This process,
the transverse process of the pterygnid, cuntacts the ectoptery-
goid antero-laterally. “This suture can be seen in dorsal, ventral
and lateral views (Figs. 1, 2, 4).

The central part of the pterygoid can be subdivided into a
dorsal component with approximately horizontal dorsal and ventral

surfaces and a ventro-medial, parasagitially vertical flange. The
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orientation of the quadrate ramus of the pterygoid, while the
dorsal part of the epipterygoid is more parasagittally inclined,
A very distinct and large cuvum epiptericum is present,
bordered medially by the antero-ventral process of the prootic and
laterally by the epipterygoid. Certain nerves and veins traverse

the cavym spiptericum (see discussion).

PTERYGOID {Figs. 1, 2, 4, 5)

The pterygoids are complex bones which form a ventral bridge
between the nasal <apsule anteriorly and the braincase posterior-
1y.

The pterygoids are fused antero-mediaily. Contrary te the
descriptions of Brink (1958) and Mendrez (1974a) no suture could
be detected between them in ventral view (Fig. 2). There is
however, a spindle-shaped ventral keel, here cal‘ed the interpte-
rygoid keel, where the bones meet. The posterior part of this
keel prujects dorso-medially into the interpterygoid vacuity. The
central part of each pterygoid contacts the vomer and the palatine
anteriorly. The sutures between these elements can be seen in
ventral view (Fig. 2). A big robust anterior process projects
laterally from the central part of the pterygoid. This process,
che transverse process of the pterygeid, contacts the ectoptery-
goid antero-laterally. This suture car be seen in dorsal, ventral

+d lateral views (Figs. i, 2, 4).

The central part of the pterygoid can be subdivided into a
dorsal component with approximately horizontal dorsal and ventral
surfaces and a ventro-medial, parasagittally vertical flange. The
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dorsal part of the pterygoid contributes largely to the part of
the basicranium anterior tc the crista sellaris and posterior to
the nasal capsule (see Ch. 4). The quadrate ramuc of the piery-
goid flares out postero-laterally from this part of the pterygeid.
The well-developed vertical, Tateral surface of the dorsal part of
tha pterygoid is marked by two shar; -adoed ridges, a dorsal one
called here the dorso-lateral ridge of the ypte _guid and a ventral
one called here the ventro-lateral ridge of the pterygoid. Both
nese ridges can be seen in lateral view (Fig., 4). The dorso-
lateral ridge originates on the pronounced dorso-medial part of
the transverse process. It curves postero-medially at firs* and
then runs parasagittally up to the antero-medial jart of the
quadrate ramus. From this point it curves posterc-laterally
foliowing the curvature of the anterfor border of the quadrate
ram:s, and finally terminates antero-medially to the antero-ven-
tral process of the epipierygoid. The ventro-lateral \idge origi-
nates on the medial part of the postarior surfice of the trans-
verse process as a vory faint ridge, gradually becoming more
pronounced as it runs posteriorly. [t also follows the curvature
of the dor:o-Jateral part of the pterygoid, curving first postero-
meds.lly, then rumaing parasagittally and finally postero-late-
rally to mark the ventro-lateral border of the quadrate ramus.
These lateral ridges are situated far apart arteriorly but con-
verge posteriorly as the lateral surface between these ridges
tapers Jown. The dorsal part of the pteryyoid contacts the foot
of the epipterygoid corsally (see Fig. 9; Ch. 4},

The ventro-medial flange of the pterygoid can be seen in
ventral and lateral views (Figs. 2, 4). [Its dorsal part slopes

ventro-medially from the ventro-medial surfaces of the quadrate
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ramus of the pterygoid and the dorsal part of the pterygoid.
These essentially parasagittally orientated flanges of the ptery-
geids jut ventrally and slightiy medially but their ventral limits
do not contact ore another, thereby leaving a medial cavity, the
interpterygoid vacuity. Each flange becomes thinner in transvers2
section as it progresses ventrally. The thin postero-ventral
parts of these flanges cover the lateral surfaces of the anterior
part of the parasphenoird keel. The ventral apertures of the
parabasal canals lie on either side of the parasphenoid keel,
anterior to the basisphenoid. Each is formed by the postero-ven-
tral part of the ventro-medial flange anteriorly and by the ven-
tro-medial part of the basisphenoid process of the pterygoid
Jaterally. The suture-line separating each flange from the para-
sphenoid keel emerges from the interpterygoid vacuity anteriorly,
runs in a posterior and slightly lateral direction between the
ventral surfaces of the pterygoids (Fig. 2) and then curves dor-
sally on the lateral surface of the keel and piunges into the
parabasal canal on its antero-medial wall (Fig. 4). The ventro-
medial flange is confluent posteriorly with the basisphenoid
process of the pterygeid (figs. 2, 4).

The basisphenoid process juts posteriorly and slightiy late-
rally from the ventro-medial flange. Its medial surface covers
the antero-lateral surface of the posterior part of the basisphe-
noid. The suture between these two elements runs in a lateral
direction on the ventral surface of the basisphenoid, from the
postero-lateral margin of the ventral aperture of the parahasal
canal to the convex ventro-lateral part of the basisphencid
(Fig. 2). The suture runs from here in ar antero-dorsal direction

on the lateral surface of the basisphenoid to the medial corner of
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the posterior rim formed by the basipterygoid process of the
basisphenoid and the quadrate ramus of the pterygoid (Fig. 5).

Seen from dorsal and ventral views (Figs. 1, 2) the quadrate
ranus of the pterygoid juts postero-laterally at an angle of
approximately 45° from the central part of the pterygoid. In
lateral view (Fig. 4) the quadrate ramus dips slightly ventro-
laterally from its origin antero-medially. The quadrate ramus
contacts the opisthotic postero-laterally thereby closing off a
space between it and the braincase. This is the cranioquadrate
passage (see Romer 1956).

The quadrate ramus has » well-developed vertical antero-late-
ral surface. This surface is bordered by the dorso-lateral ridge
of the pterygoid antero-dorsally and by the ventral limit of the
epipterygoid postero-dorsally. It is bordered ventrally by the
ventro-lateral ridye of the pterygoid. The antero-medial part of
the gquadrate ramus is triangular in transverse section because the
dorsal surface runs approximately horizontally an: the ventral
surface is concave. This has the result that the quadrate ramus
tapers down postero-mediaily to form a thin, blade-iike postero-
medial edge. The anterv-lateral surface of the quadrate ramus
gradually becomes smaller distally causing the postero-iateral
part of the quadrate ramus to be flat in cross-section.

The postero-ventral edge of the quadrate ramus covers the
antero-lateral two-thirds of the quadrate process of the opistro-
tic dorsally. Part of the suture between those two elements can
be seen in lateral view (Fig. 4). The postero-medial edge of the
quadrate ramus contacts the antero-lateral border of the antero-
ventral process of the squamosal (Figs. 1, 4). This suture runs

postero-Taterally from the contact formed betv :n these two ele-
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ments and the posterior pari of the postero-ventral process of the
epipterygoid and terminates at the contact formed between these
two elements and the opisthotic. The untero-medial two thirds of
the quadrate ramus is covered dorsally by the egiptarygoid. The
suture between these two elements has bren described above. The
postero-medial part of the quadrate -amus covors the vpatrsd part
of the basipterygoid process of the basisphenoid prexirally. The
suture between these two elements canrct be se:n in ventral iew,
as it runs on the thin anterior rin of the craniogradraie passage
(see Ch. &; Fig. 9).

The proximal part of the quadrate ramur 1is very broad but it
gradually becomes narrower as it progresses pestero-lateraily. It
is at its narrowest ventral to the posiero-vantrat process of the
epipterygoid. Postero-lateral to this procecs it gradually widens
again v to its posiero-lateral border (Figsc. ., 2). This broad,
coicave, postero-lateral part forms the w.erior part of the
quadrate recess and is in confluence witii the concave antero-ven-
tral process of the squamosal which i~vms the posterior part of

the quad:-ate recess (Fig. 4).

PROOTIC (Figs. 1 - 6)

The prootic and opisthotic are two separate elements. The
sutures between these bones will be discussed later.

The prootic is a complex bore with five major processes. Thre
terminology used by Mendrez (1972) to describe these processe:
wiil be followed here. The prootic meets the bzsisphenoid ven-

trally, the squamosal and opisthotic postern-laterally, the epi-
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pterygoid antero-laterally and the supraoccipital dorsally.

In lateral view (Fig. ) two distinct ridges :on be seen
running diagonally across the prootic, more or less parallel to
each other. The ridge running from the central proces to the
antero-dorsal process is here called the central ridge of the
prootic {the “"delicate rising crest” of Mendrez 1972, p. 205).
The ridge running from the lip of the fenestra ovalis to the
antero-ventral process of the prootic, is here called the ventral
ridge of the prootic (the "sharp crest", Mendrez 1972, p. 203 and
the "strong cresi”, Merndrez 1972, p. 205; 1974b, p. 76).

In lateral view it can be seen that the prootic has two
distinct anterior processes directed diagonally antero-dorsally,
vis: the antero-dorsal process above and antero-ventral process
below. These twu processes are separated by the incisura
prootica. Olson (1944), Crompton (1955), Mendrez (1972) and
others used these terms to describe the anterior part of the
pregtic.

The anterior part of the antero-dorsal process makes contact
#ith the medial surface of the epiplerygoid, while the antero-ven-
tral process passes medially to the epipterygoid forming a large
vacuity between it and the epipterygoid - the cavum epiptericum,
which wiil be discussed later. The antero-dorsal process runs
more or less parallel to the sagittal plane, whereas the anter:c-
ventral process points inwards.

The antero-dorsal process of the prootic (processus anterior
superior, Siebenrock 1893; posterior pro-etic precess, Boopstra
1934b) is a flattened, broad, projection which originates more or
less in the middie of the prootic. Its dorsal border is in conti-

nuatior with the dorsal border of the rest of the prootic, and its

o



W

- 16 -

ventral border is a continuation of the central ridge of the
prootic. "The antero-dorcal process is rather broad posteriorly
but tapers anteriorly, the thinnest part being its anterior edge
which contaci, “he postero-medial edge of the epipterygoid late-
ratly. This vegion 1is damaged in the specimen described by
Mendrez (1374). The antero-ventral edge of the antero-dorsal
process forms the posterior border of the posterior foramen of the
epipterygoid. There is a slight laterai protrusion on the poste-
rior part of the ventral border of the antero-dorsal process
causing a ventro-laterally directed prominence in the central
ridge of the prootic. This part of the proctic most probably made
contact with the posterior apophysis of the epipteryguid, because
of its inclination towards, and proximity to, the apophysis.

Bordering the antero-dersal process of the prootic dorsally
and meeting the antero-dorsal process of the epipterygoid is the
flat, fingerlike antero-lateral process of the supravccipital.
The suture between the supraoccipital and prootic is not conti-
nuous. Posteriorly to the ventral edge of the postero-dorsal
process of the epipterygoid a small triangular gap fis formed
between tiie supraoccipital and prootic. This is the dorsal venous
foramen commonly found in many therapsids (see ciscussion).

The plane of the antero-dorsal process is diagonally inclined
in cross-section. The ventral boroer flares out laterally while
the dorsal border is medially inclined, reflecting the orientation
of the epipterygoid.

The antero-ventral process of the prootic (processus anterior
inferior, Siebenrozk 1893; anterior pru-otic process, Boonstra
1934b) originates below the point of articulation between the
posterior apophysis of the epipterygoid and the antero-dorsal

e y
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process. This process is the ossified pila antotica (pleurosphe-
noid) (De Beer 1937; (lson 1944; Sive-Sdderbergh 1947; Crompton
1955). The dorsal border of the antero-ventral process curves
upwards in a crescent shape. The antero-ventral process is verti-
cally inclined in cross section and curves inwards anteriorly.
The antero-ventral process is traversed anteriorly by a horizontal
groove. Abnve this shallow indentation, a low ridge runs from the
posterior border of the incisura prootica anteriorly. This low
ridge flares out anteriorly, forming two small, anteriorly jutting
projections.

The incisura prootica is wide and deep. It is bordered
ventrally by the concave dorsal border of the antero-ventral pro-
cess and dorsally by the straight ventral border of the antero-
dorsal process.

The fovamen for the facial nerve (VI1) is situated between
the central and ventral ridges of the prootic. This foramen is
nearer the former ridge and on the same level as the ventral
border of the antero-ventral proce:s of the prootic antarior to
it, and the central process of the prootic posterior to it.

There is a small ventral notch between che ventral border of
the antero-ventral process anc the braincase floor. Its pesterior
border is formed by the anterior border of the rasal region of ‘he
prootic. The ventral border is formed by the basisphenoid. This
is the same as the notch described by Crompton (1955) for the
Scalaposauridae though here it is more open anteriorly.

The prootic has three prominent lateral processes of approxi-
mately the same length. The central process of the prootic (late-
ral process of the prootic, Kemp 1972) can be seen in Tlateral

(Fig. 4}, dorsal, ventral and occipital views. It juts out Tate-
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rally and slightly postero-ventrally towards the squamosal. Its
antero-lateral corner contacts the postero-medial corner of the
postero-ventral process of the epipterygoid. The medial part of
the antero-ventral process of tuoc souamosal (prootic process of
the squamosal, Mendrez 1974b) cuat:icls *his central process in 3
complex manner: the distal part of the central process forms two
flanges, one antero-dorsally, the other postero-ventrally, between
which the thin medial blade of the antero-ventral process of the
squamosal is wedged. These two elements form an antero-dorsa!ly
curving bar which forms the anterior border of the pterygo-paroc-
cipital foramen. The dorsal crest-like border of this bar is a
continuation of the central ridge of the prootic, while the ante-
ro-ventral border forms a sharp concave crest running from the
dorsal 1p of the fenestra ovalis medially to the postero-medial
corner of the postero-ventral process of the epipterygoid lateral-
1y. The distal part of the central process is spindle-shaped in
cross section., The hase of the centra’ process, however, is
triangul.r in cross section because of a short, sharp crest which
forms the postero-medial corner of the process. This crest origi-
nates on the postero-medial part of the central process, curves
nostero-medially and terminates on the anterior surface of the
postero-ventral process of the prootic.

Behind the central process of the prootic a more posteriorly
inclined, flatiened process, the postero-ventral process of the
prootic, originates. This process can be seen in occipital view.
It contacts the opisthotic ventro-laterally. This unified struc-
ture forms the posterior wall of the pterygo-paroccipital foramern,
the ventral border of the post-temporal Tenestra and the anteriov

wall of the paroccipital fossa. The postero-ventral process forms
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only the dorso-medial quarter of the posterior wall of the ptery-
go-paroccipital foramen, and the medial half of the ventral border
of the pusi-temporal fenestra.

. third praocess. the postero-dorsal process of the prootic,
contacts the intermediate process of the squamosal dorsally. It
can be seen in lateral view (Fig. 4). The postero-dorsal process
forms mwost of the antero-dorsal rim of the post-temporal fenestra.
his procoss tapers off from a relatively broad base medially to a
point jutting laterally, terminating in the lateral part of the
roof of the post-temporal fen stra. This process protrudes from
under the intermediate process of the squamesai antero-medially,
but more laterally it is covered anteriorly by the intermediate
process of the squamosal. Its postero-medial half is covered by
the postero-dorsa! process of the opisthotic.

The suture between the basal region of the preotic and the
basisphenoid can be seen in lateral (Figs. 4, 5) and ventral
2{Fig. 2) views. The lateral suture runs diagonally from the
floor of the braincase entero-dorsally to the fenestra ovalis
postero-ventrzlly. The antero-dorsal part of the lip surrounding
the fenestra ogvalis is formed by the basal region of the prootic
(Fig. §).

As Mendrez (1972, 1974) has remarkad, the opisthotic and
prootic are two quite separate bones. A clearly distinguishable
suture divides them. The postero-dorsai process of the opisthotic
does not make conta't with the lateral border of the postero-
dorsal process of the prootic, nor is it visible in anterior view
as Mendrez (1974a) stated to be the case. The postero-dorsal
process of the opisthotic covers the postero-medial half of the

postero-dorsal process of the prootic posteriorly. In occipital
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view one can observe within the rost-temporal fenesira a part of
the suture between the postero-dorsal processes of the prootic and
the opisthotic. This suture runs vertically fer a short distance,
skirting the lateral border of the postero-dorsal process of the
opisthotic, and then curves medially along its ventral border to
where the postero-medial borders of the postero-ventral and poste-
ro-dorsal processes of the prootic originate. Laterally to this,
the suture runs betwecen the medial 1lip formed ty tre postero-
ventral process of the prootic and the postero-ventral flange of
the paroccipital process of the opisthotic. Ventrally to this
medial Tip the suture which divides the posterc-ventral process of
the prootic and the antero-dorsal flange of the opisthotic runs
Taterally. It can be traced posteriorly in the paroccipital fossa
(Mendrez 1972, p. 203) and anterinrly between the antero-dorsal
flange of the paroccipital process of the opisthotic and the
postero-ventrral process of the prootic. The suture curves first
ventrally then medialiy along the border of the postero-ventral
process of the prootic. It then skirts the base of the centrail
process of the prootic antero-vertrally and the posterier corner
of the dorsal 1ip of the fenestra ovalis, before it enters the
roof of the fepastra ovalis mediaily (Fig. 5).

The concave, dorsal border of the prootic can be seen in
lateral view curving postero-dorsally to meet the medial border of
the intermediate process of the squamosal. The central part of
the dorsal border of the prootic (dorsal Yimit of the “lame dor-
sale” of the prootic, Mendrez 1974a) forms sutural contact with
the supraoccipital. The largest part of the ventral border of the
Tateral-supraoccipital fossa is formed by the dorsal border of the

prootic (this fossa is discussed below).
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OPISTHOTIC (Figs. 1 - 6)

The opisthotic contacts the exoccipital and basioccipital
posters-medially, the prootir antero-medially, the tabular, supra-
occipital and squamosal dorsally, the squamosal, pterygoid and
quadrate laterally, and the stapes ventrally.

The opisthotic consists of a robust transverse bar - the
paroccipital process, a T-shaped ventro-medial tuberosity - the
internal process, and a small, flattened dorso-medial projection -
the postero-dorsal process {Mendrez 1972, 1974a, 1974b).

The paroccipital process ¢f the opisthotic is V-shaped in
parasagittal section. This V-shaped process is formed by two
flanges joined antero-ventrally. The pestero-ventral flange is
more massive than the antero-dorsal flange. The cavity formed by
these two flanges ‘. the parcccipital fossa of the opisthotic and
is V-shaped in longitudinal section. This fossa cean be seen in
dorsal and occipital views (Mendrez 1972, 1974a, 1974b).

The paroccipital process is laterally subdivided into two
processes which can be distinguished in ventral view, viz: poste-
riorly - the mastoid process of the opisthotic and anteriorly -
the quadrate process of the opisthotic (see Fig. 13).

The mastoid process is marked by a ventral ridge originating
approximately in the middle of the paroccipital process and termi-
nating near the bulbous tateral end of the mastoid process. This
ventro-iaterally curving ventral ridgce adds to the robustness of
the mastoid process. The mastoid process is thickest near its
distal end where the ventral ridge terminates. The posterior
margin of the m- “oid process marks the postero-ventrail border of

the paroccipital fossa. The postero-lateral part of the mastoid
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process articulates with the squamosal laterally while its antero-
lateral part is free. A shallow indentation separates the mastoid
and quaarate processes of the opisthotic, and forms the so-calied
roof of the middle ear ("toit de 1’oreille moyenne", Mendrez
1974a). The quadrate process of the opisthotic, which juts out-
wards antero-laterally, is thinner, broader and longer than the
mastoid process. It becomes broader laterally, similarly to the
mastotd process, to form a bulbous lateral end. The quadrate
process projects further laterally than the mastoid process. The
posterior third of the dorso-lateral surface of the quadrate
process of the opisthotic contacts the quadrate process of the
squamosal and the anterior two thirds contacts the posterior part
of the guadrate ramus of the pterygoid. This can be seen in
lateral (Fig. 4] and dorsal (Fig. 1) views. The fateral surface
of the quadrate process of the opisthotic Toosely articulat~s with
the quadrate and its antero-ventral surface loosely contacts the
stapes.

The antero-dorsal flange of the paroccipital process (ante-
rior wall of the paroccipital process, Mendrez 1972) contacts the
postero-ventral process of the prootic medially. This combti ed
structure forms the posterior wall of the pterygo-paroccipital
foramen (seen in dorsal view), the ventral border of the post-
temporal fenestra and the antero-dorsal border of the paroccipital
fossa (both seen in occipital view), The antericr ridge of the
paroccipital process, marking the anterior border of the opistho-
tic, originates at the antero-lateral edge of the quadrate process
of the opisthotic and ferminates near tihe dorsal 1ip of the fenes-
t.a ovalis. The base of the central process of the prootic and
the dorsal lip of the fepestra ovalis (alse formed by the prootic)

O
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contact the antero-medial part of the opisthotic (Fig. 7). The
suture between the prootic and opisthotic has already been de-
scribed.

The opisthotic forms the posterior third of the fenestra
ovalis. The suture between the opisthotic and the basioccipital
can be secn in ventral and occipital view. It emerges from the
postero-ventral corner of the fenesira gval’s and then turns
medially across the ventral surface of the 1ip of the fenestra
gvalis (Fig. 5). The suture then curves postero-medially behind
the tuberculum spheno-occipitale, runs around the internal process
of the opisthotic and then curves laterally after passing medially
to the jugular foramen. On reaching the postero-ventral! lip of
the jugular foramen, the suture extends into the jugular foramen
in an aatero-dorsal direction.

The internal process of the cpisthotic can be seen in ventral
and occipital views. It is formed by a ridge originating on the
ventro-medial part of the paroccipital process, curving and expan-
ding ventro-medially and terminating as a ventro-medial tuberosity
between the jugular foramen and fenestra ovalis. From this tube-
rosity a thin antero-lateral and thicker, blunter postero-mediai
extension project. The reniral tuberosity protrudes further
ventrally than its extensions. The posterior extension forms the
ventral lip of the jugular foramen and the anterior extension
forms the postero-ventiral corner of the lip of the fenestra cvali:
(Fig. 5). There is a small groove separating the anterior exten-
sion from the medial part of the opisthotic which forms the poste-
rior border of the fenestra ovalis. Similarly the postericr
ixtension is separated ventrally from that part of the opisthotic

which forms the anterior part of the roof of the jugular foramen
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by a shallow groove (Fig. 2). This groove runs from inside the
Jugular foramen antero-medially, more or Jess paraliel to the
ventro-lateral suture of the :xoccipital, and terr.nates on the
postero-medial surface of the paroccipital process. The part of
the opisthotic which the posterior extension of the internal
process overlies, projects into the jugular foramen and forms with
the exoccipital posteriorly, the roof of the jugular foramen. A
short groove is present on the posterior face of the ridge and
tuberosity, ventral to the groove at the jugu]af foramen (Figs. 2,
6).

In occipital view the suture between the anterc-laterzl part
of the exoccipital and the postero-medial surface of t e opistho-
tic can be seen. This suture runs from inside the jugular fora-
men, around the exoccipital ventro-laterally and then dorso-medial-
1y. Also visibie in occipital view is the suture between the
mecial corner of the postero-dorsa® process of the opisthotic and
the ventro-lateral corner of the supracccipital. It originates
half-way along the dorsal border of the exoccipital.

The postero-dorsal process of the opisthotic (visible in
occipital view) originates medially to the paroccipital fossa and
the lip (formed by the postero-ventral process of the prootic and
the postero-ventral flange of the parnccipital process) covering
the dorso-medial part of the paroccipital fossa. The postero-
dorsal process of the opisthotic is a flat projection which curves
dorso-laterally. It forms the postero-medial surface of the
post-temporal fenestra. Its lateral border stretches as far
medially as the 1lip covering the dorso-medial part nf the parocci-
pital fossa (a medial indentation separates these two structures).

The postero-dorsal process of the opisthotic makes sutural contact
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a2long its dc/so-medial border with the supraoccipital. This
suture cortinues in a dorso-lateral direction as it foilows the
dorsal border of the pestero-dorsal process. The suture bui.-en
the supraoccipital and tabular originates halfway along this
border. Part of the dorsal border of the postero-dorsal process
contacts the ventral border of the tabular. The )ateral border of
the postero-dorsal process contacts the postero-ventral part of
the intermediate process of the squamosal. The short ventral
border of the postero-dorsal process of the opisthotic contacts
the posterior part of the postero-dorsal process of the prootic.
The posterc-dorsal process of the opisthotic is nct visible in

anterior view as Mendrez (1974a) has observed in Moschorhinus

kitchingi, S.A.M. K.118. It rather resembles the condition found
by Mendrez (1974b) in Prgmoschorhynchus platyrhirus RC. 116, where

the postero-dorsal process is completely covered anteriorly by the
intermediate process of the squamosal and the antero-dorsal pro-

cess of the prootic.

SQUAMOSAL (Figs. 1 - 4, 6)

The cquemosal is a large, complex bone with several proces-
ses. The terminology used by Mendrez (1972) will be used to
describe these processes. The squamosal makes contact with the
parietal, interparietal. supraoccipital, grootic, opisthotic and
tabular medially, the pterygoid and epipterygoid anteriorly and
with the jugal and quadrate lateraily.

The major part of the posterior wall of the temporal fossa is

fermed by the three large medial processes of the squamosal. The
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laterally sloping dorsal border of the squamosal forms the poste-
ro-dorsal border of the temporal fossa and anterior part of the
lambdoid crest. The three medial processes occur one above che
other (Fig. 4). The antero-ventral process (third squamosal
process, Crompton 1955) is separated from the intermediate process
(second squarosal process, Crompton) by the posi-temporal fenes-
tra. The intermediate and dorsal processes (first squamosal
process, Crompton) are separated by the posterior fold forming
part of the Tateral-supraoccipital fossa.

The medial part of the broad dorsal process of the squamosal
covers the postero-lateral part of the parietal (Fig. 1). The
lateral surface of the dorsal process is contluent with that of
the parietal as are their dorsal and ventral borders. The dorsal
process ¢ “he squamosal is fused to the tabular along most of its
postericr s.:-face. Its ventral border is marked oy the *old
forming the posterior part of the lateral-supraoccipital fossc
(Fig. 4). Part of this fold is occupied by the anterior exteasion
of the interparietal which contacts the ventral border .. the
dorsal process postero-dorsally.

In lateral view it ran be seen that the dorsal border of the
intermediate process of the squamosal forms th: ventral border of
the abovemcntioned fold and contacts the postero-ventral area of
the part of the interparietal which is laterally exposed. ..e
anterior part of the intermediate process makes sutural contact
with the antero-iateral process of the supracccipital dorsa’ly and
with the prootic ventrally. The medial part of the ventral border
of the intermediate process of the squamosal forms a V-shaped
notch in which the postero-dorsal process of the prootic is

wedged. This fused structure form. the dorso-medial pari of the
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roof of the post-temporal fenestra while the dorso-iateral part of

the roof is Formed by the lateral part of the ventral border of

the intermediate process.

In occinital view it can be seen that the medial part of the
intermediate process makes sutural contact witn the ventro-lateral
part of the tabular, and with the dorso-lateral part of the poste-
ro-dorsal process of the opisthotic ventro-medially.

In later ' view the ventral border of the intermediate pro-
cess can be seen. It curves ventro-laterally in a cresent-shape,
delimiting the dorso-latc.al rim of the post-temporal fenestra,
unvil it becomes the dorsal bcra. of the antero-ventral prucess
of the squamosal. The dorsal border of the antero-ventral process
forms the lateral part of the pterygo-parcccipital foramen. The
medial blade of the antero-ventral process of the squamosal (the
prootic process of the squamosal, Mendrez 1974b) is wedged into 2
V-shaped notch formed by the lateral part of the central process
of the pruotic. The postcro-medial border of the postero-ventral
process of the epipterygoid contacts the antero-ventral procers of
the squamosal antero-medially. The whole antero-lateral v.  « of
the antero-ventral process of the squamosal, except for its distal
end, cortacts the postero-izedial edge of the quadrate ramus of the
‘ pterygoid. This suture has been described previously.

@ The ‘aterally directed flange of the squamosal overlies most
of the opisthotic, but th_se elements are in contact where their
distal borders neet (Fig. 6). The ventro-iateral part of the
antero-ventral process of the squamosal contacts the dorsal part
of the postero-lateral tip of the quadrate process of the opistho-

L tic posterior to the squamosal-pterygoid .. 1t (Fig. 4). This

suture is visible anteriorly *to the quadrate ‘*ch in the squamo-
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tal (this notch is described below). The ventro-lateral part of
the squamosal sgen in occipital view is the mastoid process of the
squamosal. The suture between the dorsolateral border of the
mastoid process of the opisthotic and the ventromedial border of
the mastoid process cf the squamosal is visible in occipital and

ventral views. Except for these two abovementioned distal su*“res

and the suture with the postern-dorsal process of the opisthotic,
the rest of the squamosal overlies, but does not contact, the
opisthotic. It thus forms the lateral parts of the roof of the
ptarygo-paroccipital foramen and the roof of the paroccipital
fossa.

A daep dorsally-direcled quadrate notch is present anteriorly
in the distal part of the squcmosal for housing the dorsal part of
the quadrate (Fig. 4). This notch is surrounded by the jugal
laterally, the postero-lateral part of the anteroventral process O
of the squamosa} (which covers the quadrate process of the cpis-
thotic) antero-ventrally and the thick lip formed by the jugal
process of the squanosal dorsally. A shai’ow depression is pre-

sent in the squamosal ventro-laterally to this notch and lateral

to tne quadrate process of the opisthotic. This indentation, the
Y nuadrate recess of the squamosal, is probably synonymous with that
: described by Kemp (1969) and with the squamosal recess ("recessus
¢ squamosal”) of Mendrez (197%a). The posterior part of the quadra- ’
te fits into this recess. The quadrates are lost in most of the g
Moschorhinus specimens because they were Tousely articulating '
; bones with no sutural connections. @
J In occipital view the following features can also be seen:

the postero-ventral border oc the intermediate process of the

squamosal curves ventro-laterally, forming the postero-lateral
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border of the post-temporal fenestra and part of the postero-late-
ral border of the paroccipital fossa. A ~idge runs in a dorso-
ventral plane on the mastoid process of the squamosal laterally to
its contact with the opisthotic. A postero-ventral facing inden-
tation on the mastoid process of the squamosal borders this ridge
laterally Ventrally to this indentation and ridge, and medially
to the postarior part of the quadrate, a notch is situated poste-
riorly between the two lateral processes of . . opisthe.ic.

The dorso-lateral part of the squamosal (the jugal process)
curves anteriorly to join the posterior end of the jugal. Unfor-
tunately the jugal arch is either lost or damaged to such a degree
in those specimens studied, that a detailed description is impos-

sible.

SUPRAOCCIPITAL AND INTERPARIETAL (Figs. 3, 6)

Both the supracccipital and the interparietal are visible in
occipital and lateral view. In cccipital view, the vroad supraoc-
c.cital contacts the interparietal dorsally, the tibulars dorse-
laterally, the postero-dorsal processes of the opisthotics ventro-
Taterally d the exoccipitals ventrally. The exoccipitals cover
the ventro-medial part of the supraoccipita) except for a narrow
gap between the exoccipitals where the supraoccinital forms the
dorsc-medial part of the rouf of the fgramen magnum. The suture
between the tabular and supracccipital runs diagonally in a dorso-
medial direction from its origin at the junction of the ventral
borders of the tabular and supraoccipital, to the dorsal berder of

the supracccipital. The suture between the ventral border of the
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interparietal and the dorsal border of the supraoccipital is
horizontal and short. A large, deep occipital indentation is
present in the region of the interparietal. Two smaller, ventral
indentations, forming part of the larger indentation are present
on the dorsal part of the supraoccipital. These flank a short
ridge originating in the middla of the dorsal part of the supraoc-
cipital and continued dorsally on the interparietal,

In occipital view the interparietal is a small, laterally
ovate bore, bordered ventrally by the supraoccipital, laterally by
the tabulars and dorsaliy by the parietal.

The aforementioned occipital indentation causes the interpa-
riatal, parietal, medial part of the tabular and the dorsal part
of the supraoccipital to be set deeper than the rest of the sur-
rounding elements. This indentation was for the attachment of
certain neck muscles.

In lateral view, ventral to the postero-medial angle of the
temporal foramen (Mendrez 1574a, p. 80) is the lateral-supravcci-
pital fosca, a large, oval indentation bordered dorsally by the
parietal whose ventral border forms a concave overhany. The
ventral border of this fossa is formed by the concave dorsal edge
of the antero-dorsal process of the prootic and the anterior
border by the antero-ventrally curving posterior edge of the
postero-dorsal process of thc epipterygoid. The fossa tapers off
posteriorly into a short, horizontil fold. The antero-medial part
of the intermediate process of the squamosal forms the posterior
border of the fossa and the ventral part of its posterior fold.
The dorsal border of the fold is formed by the ventral borders of
the parista: and the dorsal process of the squamosal. The dorsal

venous foramcn lies in the antero-ventral region of this fossa.
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The anterior extensions of the supraoccipital and inierparie-
tal are visible within the latera!-supraoccipital fossa. The
antero-Tateral process of the supraoccipital lies at a more medial
level than any of the sw counding elements, forming the medial
wail of the lateral-supraoccipital fossa. The antero-lateral
process of the supraoccipital contacts the parietal dorsally, the
postero-dorsal process of the epipterygoid anteriorly, the antero-
dorsal process of the prootic ventrally, the intermediate process
of the squamosal postero-vertrally and the anterior extension of
the interparietal postero-dorsally. The dorsal venous foramen is
visible ventral to the epipterygoid-supraoccipital contact and
anteriorly to the prootic-supraoccipital contact.

The anterior extension of the interparietal fills the postero-
dorsal corner of the late:al-supraoccipital fossa. The interoarie-
tal is triangularly shaped and contacts the antero-lateral process
of the suprasccipital antero-veatrally, the dorsal border of the
intermediate process of the squamosal postero-ventrally, the
ventral border of the parietal antero-dersaily and the ventral

border of the dorsal process of the squamosal post-ro-dorsally.

PARIETAL (Figs. 1, 3, 4, 6)

Th parietals are fused into 2 single element. The parietal
elemer arms the postero-dorsal part of the skull. It contacts
the squamosal and tabular postero-ventrally, the prootic and
epipterygoid ventro-laterally, the postorbital anterco-ialerally
ana the frontal anteriorly.

In occipital view the parietal is situated between the dorso-
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medial borders of the tabulars and the dorsal border of the inter-
parietal. its dorsal border is in confluence with those of the
tabular and squamosal. These borders form the ventro-laterally
curving, dorsal border of the occiput.

The paricial element has a pronounced sagittal crest. The
antero-dorsal rim of the temporal fossa is formed by an acute
curving ridge on the postero-dorsal and dorso-lateral surface of
the pestorbital (yic. !). These postorbital ridges bow posterior-
1y and are continved on the dorso-medial surface to produce the
sagittal crest. The sagittal crest is wideit at 1ts origin ante-
rior tc the parietal foramen. Posteriorly it becomes narrower and
splits into the two postero-laterally flaring lambdoid crests,
which form the dorso-medial border of the occiput posteriorly and
part of the postero-dorsa. rim cf the temporai fossa laterally.

The parietal, in dorsai view, has an hour-glass shape. Bruvad
and robust anterforly, il is constricted in the middle above the
epipterygoids and forms two postero-iaiterally flaring flenges
whiich form the anterior parts of the lan'void crests.

The broad anterior part f the parietal corntacts the frontal
and postorbitals (Figs. !, 3, 4). In corsal view it con be seen
that the suture between the posterc-dorsal border of the frontal
and the antero-dorsal border of the parietal has a zig-zag arrange-
ment. The antero-ventrally sloping area beiween the anteric-
border of the purietal and the parietal foramen, i.2. the broad
origin of the sagittal crest, is corrugated. In 3P/1/4836, four
small but distinct parasagittal ridges are present in this regicn.
The two medial ridges join up with the sagittal ridge of the
frontal anterior t¢ tuem. Yhis sagittal ridge runs on the dorsal

surface of the skull from the middie of the nasals, over the
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frontals and joins the medial ridges of the parietal which termi-
nate on the slope anterior to the parietal foramen.

The postero-medial flange of the postorbitai and the antero-
Tateval part of the parietal are sep2rated by a sutur. which can
be seen in dorsal and lateral view.

The parietal foramen for the pineal body is situated in the
anterior part of the sagittal crest on the sume level as the
posterior border of the postero-medial flange of the postorbital
(Fig. 1). The external opening of the parietal foramen is a
narrow spindle-shaped slit, similar ts the condition in the
Moschorhinus specimens described by Brink (1958) and Mendrez
(1974a).

In lateral view the vertically curving suture tetween the
dorsal process of the squamosal and the posterior flange of the
parietai can be seen. This suture matches the occipital suture
wvetween the parietal, interparietal and the tabular. The ventral
border of the parietal forms the roc the brain-case. The
anterior third of the ventrai border of tne parietal does not make
sutural contact with any bony elements since this part of the
brain-case was unossified. The middle part of the parietal is
triangular in cross-section. The lat.ral edges of the ventral
border of this triangle contact the dorsal border of the epintery-
goid and ti.2 dorsal part of the antero-lateral process of the
supraoccipital on each side. The chort ventro-lateral descending
flange of the parietal overlaps the anterior two thirds of the
dorsal border of the epiptervgoid. 1Yhe jposterior part of the
ventral area of the parictal contact the dorsal border of the
interparietal. The ventro-lateral edqe of the parietal, posterior

to its suture with the epipterygoid, forms the dorsal border of
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the lateral-supraoccipital fossa.

EXOCCIPITAL (Figs. 1, 2, 5, 6)

in occipital view it can he seen that the exoccipital con-
tacts the postero-ventral pa-t of the supraoccipital dorsaliy, the
postero-medial part of the opisthotic laterally and the pesterior
part of the basioccipital ventro-laterally. The concave medial
-ide of the exoccipital forms the lateral wall of the foramen
nagnum.

The exorcipital s divided externally into a flat antero-
dorsal part and a postero-ventral projection. The ventro-lateral
half of the anterc-dorsal part overlaps the postero-medial part of
the opisthotic and the ddirso-lateral half meets pustera-ven-
iral part of the supraoccipital. The antero-dor. part has two
pronounced, acute rims, a medial one forming the dorso-lateral 1ip
of the foramer magnum, and a ventral one forming a ridge demarca-
ting the postero-dorsal lip of the jugular foramen.

The postero-ventral projections of the exoccipitals form,
together with the posterior part of the basioccipital, the occipi-
tal condyle. Tune exoccipitals form the dorso-lateral parts of the
occipital condyle and the basioccipital the ventral third. The
occipital condyle in RP/1/4536 has a central indentation o: its
articulas surface not described befure in Moschorhinus (Figs. 1,
6). This indentation involves the postero-dorsal part of the
basioccipital third of the condyle and the postero-medial parts of
the exoccipiials. The indentation ana the associated lateral

bosses hint at a double condyle condition. The suture between the




- 35 -

exoccipital and the basiuvccipital runs parasagitially from dorso-
medially inside the foramen magnum (Fig. 1), over the dorsal r.m
of the occipital condyle diagonally to a point ventro-laterally on
the convex ventral rim of the occipital condyle. From here the
suture runs anteriorly for a short distance on the ventral surface
of the occipital condyle and then curves dorso-laterally, over the
ventro-medial 1ip of the jugular foramen, fror whence it plunges
into the jugular foramen in an antero-dorsal direction. The
dorso-medial cide of the postero-ventral projection of the exo ci-
pital forms the posterior part of the ventro-lateral wall of the
foramen magnuym (and the concave dorso-medial Lorder of the occi-
pital condyle) and its posterc-dorsal rim dermarcates the posterior
border of the f{oramer magnum. The ventro-lateral si'2 of the
po.tero-ventral projection forms the ventro-lateral border of the
occipital condvle, and the anterior border of the ventro-lateral
side forms the posterior lip ¢t the jugular foramen (Fig. 2). The
lateral wall of the post ro-ventral projection is penetrated by
two small foramina near the mouth of the jugular foramen for the

hypoglossal nerve (XII}.

PASIOCCIPITAL (Figs. 1, 2, 4, 5, 6)

The basioccipital forms the posterior part of the basicranium
and the ventral part of the occiput. In ventral view th2 basiocci-
pital contacts the basisphenoid anteriorly, the o,.isthotic late-
rally and the exoccipitals postero-laterally.

The antero ventral part o/ the basioccipital and the postero-

veatral part of the basisphenoid form the two spheno-occipital

O
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tubercies. The suture betwean the anterior border of the basioc-
cipital and posterior border of the basisphencid can be seen in
ventral view. It dips diagonally in an antero-ventral direction
from the ventral lip o the fepestra ovalis, curves medially and
surrounds the posterior part of the spheno-occipital tubercle.
The suture i.. the indentation between the two tubercles is set
further posteriorly than those parts of it which bisect the tuber-
cles.

Postero-laterally to each spheno-occipital tubercle occurs
the small laterally directed process of the basioccipital which
forms par~ of the ventral lip of the fenestra ovvlis (Fig. 5)
This smail process is wedged between the postero-iateral corner of
the basisphenoid anteriorly and the anterior border of the inter-
nal process of the opisthotic posteriorly.

The suture between the internal process of the opisthotic and
the basioccipital has a roughly riagonal, antero-lateral, postero-
medial orientation. Seen in ventra® view, it emerges from the
fenestra ovalis and runs medially across its ventral suface for a
short distance. The suture turns postero-mecially and skirts the
antero-lateral extension of the interna) process of the opistho-
tic, before curving slightly postero-lateraliy around the ventro-
medial tuberonity and the postero-medial extension nf the internal
process of the opisthotic.

Between the posterior border of the internal process of the
apisthotic and the postero-ventra) edge of the occipital condyle,
a short parasagittal flange separates the ventro-lateral border of
the basioccipital and the ventro-medial border of the occipital
projection of the exoccipital. This suture can be seen in ventral

view,

O
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The posterior part of the basicccipital has a2 rugose ventral
surface. This rectangular part of the basioccipital, situated
postertorly to the level o, the jugal fcramina, forms the convex
base of the occipital condyle.

In dorsal view the posterior part of the basiot;fipital which
participates in the formation of the occipital condyle is visible
as & thin strip flanked by the posterc-ventral projections of the
exocripitals. The basioccipital 1is wedge-shaped 1in occipital
view, the broad concave base of the wedge being formed by the
ventral surface of the basioccipital. The suture between the

basioccipital and exoccipital has been described above.

BASISPHENOID AND PARASPHENOID (Figs. 2, 4, S)

The basisphenoid and parasphenoid are commonly fused in
therapsids (Haughton 1918; Olson 1944; Parrington 1946, 1955;
Crompton 1955; Watson & Romer 1956; Boonstra 1968; (luver
1971). Most of these authors therefore refer to the combined
structure as the para-basisphenoid complex. Although there two
elements are fused ventraily in Moschorhinus, a suture dividing
the dorsal parts can be ceen i lateral view (Fig. 4). In this
description therefore, the basisphenoid and parasphencid are
regarded as two separate &¢lements.

The basisphenoid contacts the parasphenoid antero-ventrally,
the prootic postero-dorsally, the basioccipital posteriorly and
+the pterygoid antero-laterally.

Running uorso-medially, forming part of the floor of the

endocranium, is the antero-dorsal process of the basisphenoid.

[
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Lateral to. it lie the two Jaterally projecting basipterygoid
urocesses of the basisphenoid (Fig. 9). The dorsal parts of the
basisphenoid-are described in detail in Chapter 4.

The posterior part of the basispghenoid is broad and robust
and is pear-shaped in transverse section. It has a deep ventral
jndentation: originating anteriorly posterior to the parasphenoid
keel. This dndentation divides the ventral part of the basisphe-
noid into iwo broad postero-laterally running prominences each
forming the anterior part of the spheno-occipiial tubercle. The
lateral walls of the Lasisphenoid slope dorso-media,ly from these
ventral bulras to the narrow dorsal part of the basisphenoid. The
basisphenoid meets the prootic postero-dorsally , ihe lateral part
of this suture (Fig. 5) has been described previ:'sly. The basi-
sphenoid contacts the basioccipital posterior!  (see above;
Fiyss. 2, 5). The basisphenoid-prootic suture and th. basisphenoid-
basioccipital suture meet at the antero-ventral margin of the
fenestra ovalis (Fig. 5) and the basispheniid forms only a small
sector of the 1ip surrounding the fenestra ovalis. The antero-
1. ral serfaces of the posterior part of the basisphenoid are
covered by a thin basisphenoid process on either side. The su-
tures etween these elewents can be seen in lateral and ventral
views (Fiis. 2, 5) and have been described previously.

The hasisphencid contacts the narrow antero-dorsally projec-
ting paraspnonoid antero-ventrally. These elements are fused
ventrally and no suture could be distirguished between them. It
can be assumed that the spindle-shaped ventrzl keel, which is the
ventral part of the process forming the parasphenoid rostrum, is
also of parasphenoid origin.

The ventral apertures of the parabasal canals can be seen in

<




ventral and lateral views (Figs. 2y 8). T.-sv ~ua 13y on
eitter side of the parasphencid Keel.and = -0 -veriral to the
posterior part of the bastsphenofd: Zach'i: - .dered Taterslly by
a basisphenotid process of the pterygeid w. .ntariorly by a ventro-
medial flange of the pterygeid. The posiero-sedial-corner of sesch
ventro-medial flange of the pteryyoyd covers :theé lateral -surface
of “the narrow anterior partiof m*mmu ‘Keel m sither
side. The suture between them cu
views (Figs, 2, 4) and has beer- des




CHAPTER 4 : ENDOCRANIUM

The endocranium is defin.Jd as the inner surface of the dermal
and endochondral elements cf the skull which enclose the endocia-
nial cavity. The andocranium is arbitrarily divided in'> three
parts, firstly the nasal capsule, secondly the braincase (the area
hovsing the braii) and thirdly the dorsal surface of the central
part of the basicranium anterior to the grista sellaris and poste-
rior to the nasal capsula. I{ is necessary to make a distinction
between the braincas and th.e dorsal region of the central part of
the basicranium because nervous tissue made contact only with a
small medial strip of the latter. Other (mainly vascular and
muscular) structures coverec the rest of the dorsal surface of the
ventral part of the basicranium. The braincase and the dorsal
region of the contral part of the basicranium are described lere.

Moschorhinus has an elongated, narrow braincase with a high
roof as is commor in therapsids (-ee Haughton 1918; Watson 1921;
Broom 193L; Oison 1944; Boonctra 1968). The area on either side
dorsal to the basicranium and ventral to the roof of the endocra-
nium, anterior to the level of the parietal foramen, is unossi
fied. No trace of an orbitosphenoid or an interorbital cseptum
could be found, in contrast to tae situation in the gorgonopsians
ond whaits{ids (see Kemp 1969, 1972). The absence of these struc-
tures leaves the endocranium between the epipterygoid and snout
wide open. In life this area wouid have bzen filled by membranes
and cartilaginous bars, as in extant reptiles, which did not

fossilize.
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The roof of the braincase is formed by the ventro-medizl
surfaces of the frontals, fused parietals, supraoccipital and the
dorso-medial parts of the exoccipitals. The posterior part of the
sidewall of the braincase is formed by the medial surfaces of the
following elements: the dorzal part of the epipterygoid, the
Tateral part of the supraoccipital and the prootic, opisthotic and
exoccipital. The erior part of the sidewall of the braincase
was formed by the aL ..rmentioned membranes and cartilaginous bars.
These structures w'"} be discussed later. The sella turcica,
which is situated in part of the dorsal surface of the basisphe-
noid, represents the anterior part of the floor of the braincase.
The floor of the braincase posterior to the crista sellaris is
formed by the dorsal surfaces of the fcllowing elements: the
ventro-medial parts of the exoccipitals, the dorso-medial strip of
the pasioccipital and the ventro-medial flanges of the prootics
The cochlear recess and auditory canal lie within the opisthotic,
prootic and basioccipital. The vestibule Ties in the prootic and
opisthotic.

Several interesting features are found in the braincase.
These are, briefly, the depressions and foramina for veins on the
roof and sidewall of the braincase, the notch for the trigeminal
nerve (V), foramen for the facial nerve (VII) and the floccular
fossa in each prootic. ‘here are two foramina for the hypogiossal
nerve in each exoccipital, the pituitary fossa in the basisphenoid
and the parietal foramen in the parietal. Also present are the
jugular foramen, the vestibule and foramen gvale on each side and
the foramen magnum. The probable positions of the cranial nerves
and blocdvessels are discussed in the next chapter.

The elements forming the medial surface of the braincase and
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Jthe medial strip of the part of the basicranium anterior to the
crista sellaris and their positions relative to cach otwer are
described. The probable morphology of the non-osseous part of the

braincase will 2 discussed in the next chapter.

PARIETAL (Figs. 7, 8)

The ventral surface of the fused parietals forms the roof of
the central part of the braincase. In ventral view (Fig. 8) the
parietal element contacts the frontals antero-medially, the postor-
bitals antero-laterally the epipterygoid ventro-laterally and the
supraoccipital postero-ventrally.

In sagittal section it can be seen that the parietal canal
{Boonstra 1968) penetrates the parietal element at the level of
the antern-dorsal border of the epipterygoid. Although the parie-
tal canal has & narrow, spindle-shaped dcrsal aperture in the
sagittal crest, it has a large, oval aperture ventrally, situatec
in the centre of a funnel-shaped indentation in the parietal.
These aperturss are here referred to as the dorsal parietal fora-
men and ventral parietal foramen respectively. A broad, well-
defined ridge, the ventro-medial ridge of the parietal, runs from
the parieta! fovamen antericrly to the supraoccipital posteriorly.
The pronounced lateral borders of the ridge origirate posterioriy
at the suture between the parietal and supraoccipital. As the
borders run anteriorly from their origin, they curve initially
sharply in a medial divection, then gradually laterally, skirting
the funniel-shaped indentation in which the ventral parietal fora-

men lies.

o




(4]

.43 -

The ventro-medial ridge is flanked on either side by a wide
gutter, here called the vuntro-lateral autters of the parietals.
This is similar to the condition Olson (1937} found in Cyonosaurus
longiceps. Each lateral wall of the ‘entro-medial ridge Forms the
medial wall of a ventro lateral aut. The depth of the ventro-
lateral gutter varies: it is deape. osterior.y, immediately
anterior to the parietal-sup aoccipital suv.=e and then gradually
becomes shallower as it m2angers in an anterior direction. It
finally tapers ' i1t Just anterior to the level of the anterier
border of the ventral parietal foramen. The postero-lateral
corner of the gutter lies dorsal to the antero-medial part of the
antero-lateral process of the supraoccipital. The lateral wal? of
the gutter is formed by the medial surfaces of the ventro-lateral
descending flange of the parietal and that of the dorsal border of
the anierior part of the epipteryqoid. The anterior part of the
Taterai wall is formed by a low ridge on the lateral part of the
ventral surface of the parietal. The medial and lateral walis of
the gutter gradually hecome lower as the gutter continues ante-
riorly. At its anteriormost position the walls are reduced to
mere ridges which meet anterior to the level of the anterior part
of the ventral parietal foramen. A single ridge continues from
this point antero-laterally along the whole length of the roof of
the braincase. This ridge is here called the dorso-lateral ridge
of the braincase. It crosses the anterior part of the parietal,
runs along the length of the frontal and continues on the prefron-
tal where it becomes part of the ventral flange of the prefrontal
which forms the antero-medial wall of the orbit (Figs. 4, 7, §).

Anterior to che ventral parietal foromen, a cresent-shaped

suture can be seen in ventral view (Fig. 8) separating the antero-
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medial part of the parietal from the frontals. This suture conti-
nues in an antero-lateral direction for a short distance up to
where the postero-medial flange of the postorbital covers the
parietal., The suture skirting this flange of the postorbital
(seen in lateral view, Fig. 4) runs from this point diagonally in
a postero-dorsal direction up to a point level with the parietal
canal. The suture-line then runs antero-dorsaily and can be seen
on the dorsal surface of the skull where it Jjoins the dorsal
suture separating the frontal and parietal (Fig. 1)}.

The ventro-iateral descending fiange of the parietal con-
tacts the antero-dorsal two-thirds of the epipterygoid. Part of
the suture scparating these two elements can be seen ir medial and
ventral views {Figs. 7, 8). It originates anteriorly at the tip
of the antero-dorsal process of the epipterygoid at the level of
the anterior border of the ventral parietal foramen. The suture
meanders on the medial side of the epipterygoid firstly posterc-
medially, then postero-laterally, then postero-medially again. It
finally joins the suture between the cupraoccipital and the parie-
tal.

A part of the suture between the parietal and supraoccipitail
can ba seen in medial and ventral views (Figs. 7, 8) running along
the small cresent-shaped fold at the highest point in the skull
roof. It then plunges into the posterior pairt of the ventro-late-
ral gutter of the parietal. The suture can only be seen in obli-
que antero-medial view (not figured) since it runs lateral to the
antero-lateral process of the supraoccipital. The suture now runs
in an antero-ventral direction along the dorso-lateral border of
the antero-lateral process of the supraoccipital within the gut-

ter. The suture terminates at the postero-medial point of contact

O
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between the epipterygoid and the ventro-lateral descending flange

of the parietal.

FRONTAL (Figs. 7, 8)

The frontal forms the anterior part of the rcof of the braincase
(Fig. 8). It makes sutural contact with the parietal posteriorly,
the postorbital posiero-laterally, the prefroatal antero-laterail,
and the nasal anteriorly. The bread, central section of its
ventral surface is essentially horizontally inclined but the
concave, lateral process of the frontal flares dorso-laterally to
form parc of the dorsc-medial wail of the orbit (see also Fig. 4).

Running between the central section and each lateral process
of the frontal is the dei'so-lateral ridge of the braincase. This
low ridge originates, as was mentioned before, on the ventral
surface of the parietal. It curves antero-laterally as it runs
from the antero-lateral part of the ventral funnel-like indenta-
tion in the parietal. 1t then runs across the frontal onto the
ventral fiange of the prefrontal. This ridge marks the dorso-
lateral limit of the braincase (see discussion).

The suture between the postorbital and the frontal originates
posteriorly at the contact formed between these two elements and
the parietal (Fig. 8). From this point the suture curves antero-
taterally and dorsally, running along the dorso-medial wall of the
orbit. The suture-line finally curves around the dorsal rim of
the orbit to continue on the dorsal surface of the skull (see also
Figs. 1, 4). The ventral surface of the frontal is covered anters-

laterally by the postero-ventral processes of the nasal and the

O
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prefrontal (Fig. 8). The sutuie between the prefrontg] and fron-
tal runs mainly on the anterior part of the dorso-medial wall of
the orbit. The suture originates medially at the contact formed
between these elements and the nasal. It then crosses the dorso-
lateral ridge of the braincase as it runs in a zig-zag pattern
postero-laterally and dorsally along the ventral third of the
dorso-medial wall of the orbit. It then twists sharply and curves
antero-laterally and dorsally along the remaining two-thirds of
the dorsn-medial wall. The suture finally curves around the
dorsal rim of the orbit and continues on the dorsal surface of the
skull (see also Figs. 1, 4).

A broad sagittal ridge is present on the roof of the nasal
capsule, here named the sagittal ridge of the nasal capsule. It
Ties on the same level as the rest of the braincise posterior to
it, and would not have been distinguishable if it ~ere not for the
two gently sloping, broad foss=e flanking it (Fig. 8). The fossae
{here named the dorsal fossae of the nasal capsule) and therefore
also the ridge, terminate posterior to the level of the canines.
The posterior limit of each fossa lies in the antero-ventral part
of the central section of each frontal. The remainder of the
fossa lies mostly in the nasal element.

The ventral suture between the frontal and nasal runs dia-
gonally in an antero-medial direction from tne contact formed
between these two eiements and the prefrontal, through the poste-
rior part of the dorsal fossa of the nasal capsule (Fig. B8). It
emerges from the medial Timit of the fossa and curves more medial-
1y on the sagital ridge of the roof of the nasal capsule where it

finally meets its counterpart on the midline.

)
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SUPRAOCCIPITAL (Fig. 7, 8)

The supraoccipital forms the major part of the postero-dorsal
wall of the braincase, but is represented ly only a narrow strip
in the roof of the posterior tubular section of the braincase
which houses the medu)la oblongata. In medial view (Fig. 7) it
can be seen that the supraoccipital slopes postero-ventrally
towards the dorso-lateral constricion in the braincase which
marks the anterior border of the abovementioned tubular section.
The constriction is formed by a short pronounced medial wall on
each opisthotic and a slight ventrally projecting transverse ridge
on the supraoccipital. In longitudinal section the narrow ventro-
medial strip of the supraoccipital is deflected postero-dorsaily
posterior to this ridge.

As seen i3 ventral and medial views (Figs. 7, &) the supra-
occipital contacts the parietal and epipterygoid an'ero-dorsaily,
the prootic antero-ventrally and the opisthoti. and exoccipital
postero-ventrally,

The supraoccipital is concave in cross-seztion because of its
two antero-laterally curving sides. The pointed anterior part of
each side (here called the antero-laterzl process of the supraoc-
cipital) contacts ti.» medial surface of the postero-dorsal border
of the epipterygoid antero-ventrally and contacts the parietal
dorso-laterally. The wedial Yip of this process overlies the
posterior part of the ventro-lateral cuiter of the parietal. The
dorsal and medial sucfaces of the antero-lateral process are in
confluence with those of the dorso-medial flange of the epiptery-
goid (Figs. 7, 8). The postero-dorsal margin of the dorsal venous

furaven is formed by part of the antero-ventral border of the
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suprasccipital posterior to the antero-lateral process.

The antero-ventral border of the supraoccipital contacts the
postero-dorsa! horder of the prootic posterior to the dorsal
venous foramen (Fig. 7). The suture runs postero-ventrally to-
wards the floccular fossa. It then curves laterally along the
roof of the floccular fossa where it meets the opisthotic
fFig. 8). The suturz between the supraoccipital and opisthotic
runs from its origin on the roof of the floccular fossa in a
postero-medial direction and exits posteriorly from the fossa. It
coutinues in a posterior direction and curves initially dorso-
medially to skirt the anterior border of the wall formed by the
medizi surface of the cpisthotic (Figs. 7, 8). It then curves
over . dorsal part of the wall and meets the exoccipital poste-
rior to the wall. The suture between the supraoccipital and
axoccipital curves dorso-medially as it runs posteriorly along the
roof of the tubular section which housed the medulla oblongat-.
This suture finally exits through the foramen magnum. A small,

inconspicuous groove lies medial to the suture, anterior to the

foram 2 magnum.

PROOTIC (Figs. 7, 8, 9)

The prootic is concave in cross-section. In medial view (Fig. 7)
it can be seen that the lateral side forms part of the side-wall
of the braincase, and in dorsal view {Fig. 9, that the ventro-
medial side forms part of the floor of the braincase.

The prootic contacts the sugraoccipital postero-dorsally, the

epipterygoid antero-dorsally, the opisthotic postariorly, ine

e e
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exoccipital and basioccipital postero-ventrally and the basisphe-
noid antero-ventrally.

The big, postero-laterally plunging floccular fossa (subar-
cuate fossa, Olson 1944) lias medially against the supraoccipital,
prootic and opisthotic (Figs. 7, 8, 9). The greater part of this
fossa lies in the prootic which forms its lateral, antero-dorsal
and ventral walls. The supraoccipital forms its dorso-medial wall
and the opisthotic its posterior wall. The medial opening of the
facial nerve (VII) can be seen mid-way between the floccular fossa
and the incisura prootica {Fig 7). No foramen for the abducens
nerve (VI) could be found (see Ch. §}.

The anterior half of the prootic consists of two antero-dor-
sally projecting processes: the antero-dorsal and antero-ventral
processes (see Ch. 3; Fig. 7). The medial surface of the short,
broad antero-dorsal process is slightly concave. Its concave
dorsal corner forms the ventral margin of the dorsal venous fora-
men. The lateral surface of the antero-dorsal tip of the aniero-
dorsal process of the prouti- "fes mvan the medial surfacz of the
postero-ventral tip of the rszl process of the epiptery-
goid. The antero-dorsai b. the antero-dorsal process of
the prootic slopes in an antero-ventrzil direction from the ante-
rior border of the dorsal venou. foramen dorsally to the dorsal
border of the posterior foramen of the epipterygoid ventrally.
The antero-ventral part of the antero-dorsal process of the pro-
otic forms the pcsterior border of the posterior foramen of the
epipterygoid. As mentioned before, the incisura prootica lies
between the antero-dorsal and antero-ventral processes of the
prortic (see Ch. 3).

The antero-vent)al process of the prootic (the ossified pila
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antotiva, is triangular in cross-section. It has a flat, verti-
caliy inclined Yateral face (described in Ch. 3). On its medial
face however it has a sharp, pronounced ridge. This ridge, the
medial ridge of ihe antero-ventral process, runs from the antero-
dorsal extremity of the process to the crista sellaris postero-
ventrally (Fig. 7). The two medial ridges of the antero-ventral
processes probably indicate the attachment of Lhe membrane forming
the floor of the braincase dorsal to the sella turcica (this
aspect will be discussed Yater). The sloping face of the antero-
ventral process dorsal to the medial ridge would therefore form
part of the lateral wall of the braincase proper. The slopi~g
face of the anteru-ventral process, ventral to the medial ridge,
would on the other hand form part of the voof over the sella
turcica. The concave, sharp-edged postero-dorsal border of the
antero-ventral process forms the antero-ventral border of the
incisura proctica (Fig. 7). The equally sharp-edged, convex
antero-ventral border of this process runs postero- ventrally and
forms posteriorly the dorsal bo. er of the ventral notch. It is
also in confluence with the dorso-lateral flange of the basisphe-
noid which in turn forms the ventral border of the ventral notch.
The floor of the braincase, from the level of the internal
auditory meatus to the ¢rista sellaris is formed on either side by
the dorsal surface of the veantro-medially projecting flange of the
prootic (Fig. 9). The ventro-medial flange was named the basicr
nial process of the periotic by Olson (1938b). It is propose.
however that this term be changed to the "basicranial process of
the prootic” because it appears to be present exclusively in
synapsids with separate prootics and opisthotics (see discussion).

The two basicranial processes meet medially on the floor of the




- 51 -

braincase and thereby cover the anterior part of the basioccipital
and Lhe posterior part of the basisphenoid (Fig. 7). The basicra-
nial process slopes ventro-medially from that part of the prootic
which foips the side-wall of the braiacase. Its anterior border
runs postero-medially and is the extension of the medial ridge of
the antero-ventral process of the prootic (Fig. 9). The anterior
parts of the basicranial processes cover most of the postero-
dorsal part of the basispheno’d. However, where the anterior
borders of the two processes curve sharply postero-medialiy, just
prior to meeting on the mid-Tine, the dorso-medial 1lip of the
basisphenoid, which forms the c¢rista sellaris, is exposed. The
anterfor border of the crista sellaris is in conflue~ce with the
two medial ridges of the antero-veatral processes of the prootics
on either side. The ameriormost part of each basicranial process
forms a small but distinct overhang over the postero-dorsal part
of the sella tvrcica lateral to the dorsum sellae.

The antero-medial suture between the prootic and basisphencid
can be seen in medial view (Fig. 7). It runs posteriorly from the
antero-ventral corner of the antero-ventral process of the pro-
otic, posterior to the ventral notch, along the medial wall of the
postericr part of the sella turcica. The suture curves dorso-
medially as it runs pésteriorly and emerges from the sella turcica
Tateral to the dorsum sellae from where it runs postero-medially
on the floor of the b-aincase posterior to the crista sellaris.
The suture between the two basicranial processes of the prootics
can be seen in dorsal view (Fig. 9). It runs from just posterior
to the crista sellaris along the mid-line and terminates at a
small pit (function unknown) anterior *o the do.so-medial surface

of the basioccipital. The postero-medial corner of the basicra-
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nial precess skirts this foramen and contacts the antero-lateral
corner of the antero-dorsal projection of the basioccipital.

The pasterior border of the basicranial process contacts the
anterior border of the basicranial process of the exoccipital
medially and the antero-medial corner of the opisthoiic on the
fioor of the braincase laterally (Fig. 9!. ‘nis suture runs
laterally and slightly posteriorly from the antero-dorsal projec-
tion of the basioccipital, through the depressiun on the floor of
the braincase Tateral to it. The suture then crosses the ventro-
medial rim of the internal auditory meatus and plunges ventrally
into it.

The internal auditory meatus cf Moschorhinus opens widely
into the cranial cavity as in other therapsids (Olson 1944). The
concave ventral rim of the internal auditory meatus is raised
above the surrounding floor of the braincase. This feature is
accentuated by the depression in the floor of the braincase medial
to it. The ventro-medial rim of the meatus is formed iteriorly
by the prootic and posteriorly by the opisthotic. The cochlear
recess lies ventral to the ijevel cf the floor of the braincase
(Fig. 9). The prootic-opisthotic suture runs vertically on the
medial wall of the cochlear recess and terminates in the ventral
part of the recess. The postero-lateral border of the ventral
part of the prootic contacts the dorso-lateral part of the basioc-
cipital within the inner ear. This sdture runs dorso-laterally
and slightly anteriorly through the ventral part of the cochlear
recess, then along the length of the auditory canal where it
skirts the ventro-medial bulge in the canal anteriorly and exits
finally through the fenestra ovalis.

The anterior half of the inner ear ir situated in the pro-
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otic. The prootic forms the anterior walls of the cochlear reccse
and the auditory camal. It also forws the anterior and greater
parts of the dorsal and lateral walls of the vestibule. The
vestibuie (i.e. the dorsal part of the inner ear, Baird 1970) is
separ ted from the fioccular fossa by a horizontal medially-pro-
truding ledge, here called the ventral ledge (Fig. 7). The dorsal
surface of this ledge forms the ventro-medial border of the floc-
cular fcssa and the ventral surface forms the dorso-medial border
of the vestibule. The medial rim of the ventral ledge can be
considered as the dorsal border of the internal auditory meatus.
The ventral ledge appears on the side-wall of the braincase at the
level of the anterior part of the floccular fossa and it termi-
nates just posterior to the floccular fossa, dorsal to the foramen
in the opisthotic. The antero-medial rim of the intern.i auditory
meatus curves dorso-laterally, following the curve of the brain-
case-wall, and joins the anterior ;:rt of the ventral ledge.

The latera! wall of the vestibule is formed anteriorly by ihe
prootic and posteriorly by the opisthotic. The dorsai part of
this wall has a groove running ventrally from the abovementioned
foramen in the opisthotic, along the prootic-opisthotic suture
(Fig. 7). This foramen and the groove were msost probably for the
crus communis (Oison 1944; Sigogneau 1974). At the level of the
floor of the braincase there are two deep lateral depressions in
the lateral wall of the vestibule. These depressions are the
anterior and posterior ampullary recesses (Olson 1944). Only the
~nterior ampullary recess can be seen in medial view (Fig. 7)
since the posterior ampullary recess lies beiow the level of the
floor of the braincase. The dorsal borders of these recesses can

be seen in ventral view (Fig. 8). The anterior ampuilary recess
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lies in the prootic and th. posterior ampullary recess lies in the
opisthotic and prootic. The medial aperture of the auditory canal
opens into the vestibule ventral to the ampullary recesses and
dc.sal to the cochlear recess {(Figs. 8, 9).

The suture between the prootic and the opisthotic originates
dorsally on th roof of the floccular fossa at the junction ose-
tween these tw. elements and the supraoccipital (Fig. 8). The
suture runs from this point lateraily and slightly posteriorly in
the middie of the roof of the floccular fossa. The suture curves
postero-ventrally on the lateral wall of the fossa and rurs medial-
1y along the posterior part of the floor of the fossa (Fig. 9).
The suture exits from the postero-ventral corner of the fossa,
crosses the ventral ledge and runs within the depression for the
crus commynis (Fig. 7). Within the posterior ampullary recess the
suture continues ventrally but now curves antero-laterally until
it enters the auditory canal. From this point the suture runs
taterally and slightly posteriorly on the roof of the auditory
canal and exits dorsally through the fenestra ovalis (Fig. 8).

OPISTHOTIC (Figs. 7, 8, 9)

The opisthotic forms the posterior part of the floccular
fossa, the posterior part of the inner ear and the anterior part
of the jugular canal. It also forms a relatively small portion of
the lateral wall and the floor of the braincase cowpared to the
other bony elements (Figs. 7, 9). Most of its medial surface is
occupied by a prominent, brcad wall which separates the inner ear

and the medial aperture of the jugular canal (“"paroi médiale de
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1'oreille interne", Sigogneau 1974). This wall is here referred
to as the medial wall of th» opisthotic. The foramen for the crus
commuynis s situated anteriorly to this wall (Fig. 7). The
opisthotic contacts the supraoccipital dorsally , the prootic
anteriorly, the basioccipital antero-ventrally and the exoccipital
postero-medially.

The medial wall of the opisthotic is an important landmark in
the braincase Its antero-ventral surface, i.e. the portion from
the foramen for the (rus communis dorsally to the floor of the
braincase ventrally, is the posterior border of the internal
auditory meatus. The posterior border of the groove for the crus
communis is formed by this part of the medial wall. The postero-
medial surface of the medial wall slopes gently postero-laterally
and ventrally into the jugular foramen. The medial walls of the
opisthotics, the ventrally projecting transverse ridge of the
supraoccipital and the basicranial ridges of the exoccipitals mark
the anterior constriction of the posterior tubular section of the
braincase which housed the meduila oblongata {see Ch. 5; Figs. 7,
8).

The sutures between the opisthotic and the prootic and supra-
occipital have already been described. The opisthotic forms the
posterior part of the vestibule and the posterior part of the
auditory canal. The suture betwren the hwasioccipital and the
antero-ventral part of the opisthotic can be seen within the inner
ear (Fig. 9). The suture runs laterally along the posterior wall
of the cochlear recess then along the postero-ventral part of the
auditory canal and exits through the ventral part of the fenestra
ovalis.

The jugular canal (jugular tube, Boonstra 1068) is formed
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anteriorly by the opisthotic and vosteriorly by the exoccipital.
Two postero-laterally running suturas separate these two elements.
The dorsal suture can be reen in ventral view (Fig. 8) running
from the contact formed between the opisthotic, exoccipital and
supraoccipital on the roof of the braincase. The suture initially
runs ventrally posterior to the medial wall of the opisthotic and
then curves postero- laterally into the medial aperture of the
Jugular canal. It continues posteru-laterally within the jugular
canal and exits dorsally through the jugular foramen. This suture
is in the same position as the supraoccipital-prootic suture which
according to Olson (1937) passes dorsally through the jugular
foramen. This, and the fact that the hypoglossal nerve (XIf)
always penetrates the exoccipital and not the supraoccipital as
Olson suggests prcves that his identification of this element was
incorrect. The ventral suture between the opisthotic and exocci-
pital can be seen in dorsal view (Fig. 9) running from the contact
formed between them and the prootic on the floor of the braincase.
This contact lies within the depression on the floor of the brain-
case between the inner ear and the antero-dorsal projection of the
basioccipital. The depression is confluent with the ventral part
of the jugular canal and together they form a posterc-laterally
running ventral trough. The ventral suture meanders in a postero-
Tateral direction within the ventral trough and exits through the
postero-ventral part of the jugular foramen. The antero-medial
corner of the ventral part of the opisthotic ferms the antero-la-
teral part of the ventral trough and the posterior half of the rim

forming the ventral border of the internai auditory meatus.
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EXOCCI: (TAL (Figs. 7, 8, 9)

Within the braincase the exoccipital contacts the prootic
antero-ventrally, the basioccipital ventro-medially, the opischo-
tic antero-laterally and ihe supraoccipital dorso-medially. The
exoccipital forms the posterior half of the jugular ¢ al. Two
foramina for the hypoglossal nerve (XII) penetrate the ventro-late-
ral part of each exoccipital. The medial apertures of these
foramina iie posterior to the jugular canal, the dorsal aperture
lies more posteriorly than the \entral aperture (Fig. 7). The
Tateral apertures open within the postero-lateral limit of the
juguler foramen (Fig. 8).

The roncave medial surfaces of the exoccipitals form the
greatest part of the posterior tubular section of the braincase
that housed the medulla oblongata. The exoccipitals cover the
dorso-lateral parts of the posterior part of the supraoccipital.
This means that only a smail ventro-medial portion of the supraoc-
cipital is Teft uncovered in the roof of this section of the
braincase. Similarly only a small dorso-madial strip of the
basioccipital is left uncovered on the floor of this section.

The posterior tubular section of tne braincase runs from the
constriction in the braincase posterior to the level of the inter-
nal auditory meatus anteriorly, to the foramen magnum posteriorly.
As was mentioned previously, the constriction marking the anterior
Timit of thys section is formed laterally by the medial walls of
the opisthotics and dorsally by the transverse ridge on the ven-
tral surface of the supraoccipitai. Ventrally however, the con-
striction is marked by the pairec, diagonally-running ridges on
the floor of the braincase formed by the exoccipitals. These
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ridges are here referred to as the basicranial ridges of the
exoccipitals (Fig. 9). FEach basicranial ridge slopes ventrally
from the posterior part of the medial aperture of the jugular
canal in an antero-medial direction on the floor of the braincase
and terminates posteriorly to the antero-dorsal projection of the
basioccipital. The antero-lateral surface of this ridge forms the
postero-medial wall of the ventral depression on the fioor of the
braincase leading to the jugular canal. Postero-medial to this
ridge 1ies an oval-shaped depression in the floor of the braincase
leading to the ventral foramen of the hypoglossal nerve.

The ventral part of the exoccipital stretches from the ante-
rior level of the internal auditory meatus anteriorly, to the
posterior limit of the occipital condyle steriorly (Fig. 9).
The much shorter dorsal part of the exoccipital stretches from the
medial wall of the opisthotic anteriorly to the dorsal border of
the foramen magnum posteriorly (Figs. 7, 8). The sutures between
the exoccipital and the supraoccipital, prootic and opisthotic
have already been described. The suture between the exoccipital
and basioccipital can be seem on the floor of the braincase
(Fig. 9). This straight, parasagittal suture runs from the exoc-
cipital, basioccipital and prootic contact anteriorly to the
indentation in the occipital condyle posteriorly.

A small, medial tuberosity can be seen dorsal to the medial
aperture of the jugular canal (Figs. 7, 8). A short grouve on the
medial face of the exoccipital, posterior to its suture with the
opisthotic, separates this tuberosity and the medial wall of the
opisthotic. This groove runs ventro-laterally and is confluent
with the dorsal part of the medial aperture of the jugular canal

{Figs. 7, 8).
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BASIOCCIPITAL (Figs. 7, 9)

A very small portion of the dorsal surface of the basinccipi-
tal is exposed on the floor of the braincase. Within each inner
ear a thin lateral-running strip can be seen and on the floor of
the braincase a thin medial strip can be seen (Fig. 9).

Within the inner ear the basioccipital forms the postero-
ventral part of the cochlear recess and the ventral part of the
auditory canal. The basioccipital here meets the prootic ante-
riorly and the cpisthotic posteriorly, as described earlier. The
thin medial strip on the floor of the braincase formed by the
basioccipital meets the exoccipital laterally and the prootic
antero-laterally, as described above.

In sagittal section (Fig. 7) it can be seen that the dorso-
medial surface of the basioccipital gradually slopes antero-dor-
sally from the posterior limit of the occipital condyle posterior-
1y to the level of the internal auditory meatus anteriorly. The
dorso-medial exposure of the basioccipital terminates in the form
of a small nodule named here the antero-dorsal projection of the
basioccipital. This 's similar to the situation found in the
dinocephalians (Boonstra 1968). Anterior to this projection a
small pit is situated in t\e floor of the braincase. The postero-
ventral parts of the basicranial processes of the prootics cover
the antero-dorsal part of the basioccipital anterior to the level
of the internal auditory meatus and the dorsal projection. Ven-
tral to the basicranial processes of the prootics, the anterior
part of the basioccipital contacts the posterior part of the
basisphenoid. In sagittal section, the suture runs ventrally for

most of its length but curves postero-ventrally before reaching
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the ventral surface of the skull.

EPIPTERYGOIL (Figs. 7, 8, 9)

The dorsal part of the medial surface of the epipterygoid forms
part of the side-wali of the braincase. The ventral and biggest
part of the medial surface on the other hand forms the lateral
wall of the cavum epiptericum. The epipterygoid contacts not only
the floor, but also the roof of the endocranium. The epipterygoid
contacts the narietal and supraoccipital dorsally, the prootic
posteriorly and the pterygoid ventrally.

The central section of the dorsal part of the epipterygoid is
marked by a medially projecting bulge, called here the dorso-
medial bulge of the epipterygoid. A prominent {lange runs diago-
nally across the dorsal part of the epipterygoid postero-ventral
to the abovementioned bulge, thi. flange is here termed the dorso-
medial flange of the epipterygoid. Separating the abovementioned
two structures is a shallow groove, here called the dorso-medial
groove of the epipterygoid, which is confluent postero-dorsally
with the ventro-lateral gutter of the parietal (Fig. 7). A simi-
lar groove has been described by Kemp (1979) in Procynosuchus.

The dorsal border of the epipterygoid contacts the ventro-
lateral descending flange of the parietal. The dorsc-medial
suture between the epipterygoid and the parietal can be seen in
medial and ventral views (Figs. 7, 8). It runs along the dorso-
lateral border of the ventro-lateral gutter of the parietal. The
course of this suture has aiready been described. The dorso-

medial bulge of the epipterygoid lies immediaiely veniral to this
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suture. The bulge forms the central part of the lateral wall of
the ventro-lateral gutter of the parietal and the dorso-lateral
wall of the dovso-medial groove of the epipterygoid.

The medial surface of the dorso-medial flange is in con-
fluence with those of the antero-lateral process of the supraocci-
pital posteriorly and the postero-dorsal process of “he epiptery-
goid ventrally. The dorsal surface of the dorsc-medial ﬂtnge is
in confluence with that of the antero-lateral process of the
supraoccipital. The dorso-medial groove of the epipterygoid
therefore slopes antero-ventrally dorsal to the dorso-medial
flange and postero-ventral to the dorso-medial bulige from the
ventro-lateral gutter of the parietal with which it is iu con-
fluence posteriorly (Fig. 7).

The postero-dorsal process of the epipterygoid contacts the
antero-lateral process of the supraoccipital. The suture origi-
nates laterally within the ventro-lateral gutter of the parietal
where the parietal, supraoccipital and epipterygoid meet. The
suture runs dorso-medially from here and emerges from the gutter
onto the media) surface of the braincase. The suture now curves
in a postero-ventral directio: trom the antero-dorsal lip formed
by the antero-lateral process of the supracccipital and the dorso-
medial flange of the epipterygoid, and terminates in the dorsal
corner of the dorsal! venous foiramen. The medial surface of the
pusterior dorsal process of the epipterygoid is concave, forming a
shallow fossa, here called the dorso-medial fosca of the epiptery-
goid (Figs. 7, 8). This fossa is lLordered poustero-ventrally by
the straight antero-dorsal border of the antero-dorsal process of
the prootic which covers the postero-ventral edge of the postero-

dorsal process of the epipterygoid medially. The suture between
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these two eiements can be seen in medial and ventral views
{Figs. 7, 8). It runs in an antero-ventral direction from the
anterior border of the dorsal venous foramen posteriorly, to the
dorsal border of the posterior foramen of the epipterygoid ante-
riorly. The antero-dorsal limit of the dorso-medial fossa is
formed by the ventro-lateral sloping medial surface of the dorso-
medial flange of the epipterygnid. The fossa gradually deepens
posteriorly, with the result that the postero-dorsal corner of the
dorso-medial fossa lies more laterally than the antero-lateral
process of the supraoccipital (the ventral border of which over-
laps this fossa slightly). This dorsal venous foramen, which is
formed dorsally by the antero-lateral process of the supraoccipi-
tal, ventrally by the antero-dorsal process of the prootic and
anteriorly by the postevo-dorsal process of the epipterygoid,
therefore opens into tie posterior part of the dorso-medial fossa.
The posterior foramen of the epipterygoid lies directly ventral to
this fossa (+'gs. 7, 8).

The medial surface of the dorsal part of the epipterygoid
forms part of the side-wa!l of the braincase. The medial surface
of the rest of the processus ascendens of the epipterygoid, ven-
tral to the level uf the posterior foramen of the epipterygoid,
forms the lateral wall of the cavum epiptericum. The processus
ascendens juts dorso-medially from the foot of the epipterygoid
which contacts the pterygoid ventrally. The medial surface of the
processus ascendens is convex in horizontal cross-section. As
described in Ch., 3 the ventral part of the epipterygoid expands
antero-medially and postero-laterally to form the antero-ventral
and postero-ventral processes of the epipterygoid respectively.

In dorsal view (Fig. 9) it can be seer that the foot of the
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epipterygold stretches out anteriorly and medially to the
processys ascendens of the epiplerygoid. It covers the dorsal
surface of the antero-lateral third of the quadrate ramus of the
pterygoid from the origin of tne ramus proximally, to the origin
of the postero-ventral process of the epipterygoid distally. The
fo.. of the epipterygoid stretches out antero-medially to the
anterc-ventral process of the epipterygoid. The anterior part of
the foot tapers off anteriorly and terminates where its lateral
and medial borders meet at the level of the anterior limit of the
antero-dorsal process of the basisphenoid.

The medial bordor or the foot of the epipterygoid runs ap-
proximately paral.el to the dorso-medial ridge of the pterygoid
(Fig. 9). This suture beiween the epipterygoid and pterygoid runs
on the dorsal surface of the central part of the basicranium on a
tower ‘jevel than the lateral and medial ridges. In BP/1/2788
there ic a deep furrow between these ridges through which this
suture runs (see Plate 14). This furrow is relatively deep where
it originates posterierly on the dorsal surface of the central
part of <che basicranium, approximately 8 mm anterior to the lavel
of the pituitary fossa. The furrow tapers off anteriorly, until
it disappears just posterior to the anterior limit of the foot of
the epipterygoid. This condition is not seen in BP/1/4636, where
there is 0.1y a shallow indentation bordered postero-laterally by
the postero-lateral bulge of the fost which is situated just
anterior and medial to the base of the processus ascendens. This
resulcs in the central part of the foot of the epipterygoid being
elevated above the Tevel of the surrounding surface and the ante-
rior and medial parts of the Afoot are on the same level as the

surrounding surface.
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The postero-medial border of the foot of the epipterygeid
curves postero-laterally around the abovementioned bulge and runs
parallel to the postero-medial edge of the quadrate ramus of the
pterygoid, leaving a thin strip of the dorsal surface of the
juadrate ramuc uncovered, and terminates in the grouve below the
origin of the postero-ventral process of the epipterygoid (de-
scribed in Ch. 3). From this point the suture between the quaara-
te ramus of the pterygcid and the postero-ventral process of the
epipterygoid runs in a postero-lateral direction within the groove
formed by these two elements. In ventral view (Fig. 2) this
suture can be seen where it emerges medial to the quadrate ramus

of the pterygoid, where the groove tapers off posteriorly.

PTERYGOID (Figs. 7, 9)

Although the pterygoid does not form part of the braincase,
it plays an important role in the fqrmation of the basicranium.
The greatest part of ‘the floor of the endocranium outside the
oraincase and nasal capsule is formed by the dorsal surface of the
pterygoid.

In dorsal view (Fig. 9) it can be seen that the fused ptery-
goids contact the palatines and fused vomers anteriorly, the
ectopterygoid antero-laterally, the parasphenoid medially, the
basisphencid postero-medially and the epipterygoids postero-dorsal-
ly.

The two pterygoids are fused anteri.r to the parasphenoid
rostrum to such a degree that no suture can be distinguished

between them. The parasphenoid juts antero-dorsally between the




RO

- 65 -

two pterygoids and contacts the dorso-medial part of each dorsal-
1y. This dorsa) suture between the parasphenaid and the pterygeid
can be seen in dorse, view (Fig. 9). It runs within the ventral
part of the gutter flanking the parasphencid rostrum on either
side. The gutter is bordered laterally by a steep, sloping wall
formed by the dorso-medial surface of the pterygoid and medially
by the concave, lateral surface of the parasphenoid rostrum.
These jutters are named the basicranial gutters here. Each gutter
originates posteriorly at the ant.riv level of the "processus
ascendens' of the epipterygoid as a shallow incentation on the
postero-medial contact between the basisphenoid ard the pterygoid.
The deepest part of the gutter lies lateral to the posterior part
of the parasphenoid rostrum, gradually becoming shallower ante-
riorly. It meets its fellow anterior to the parasphenoid to form
a broad, shallow depression. Anterior to this the medial depres-
sion is split into iwo by a thin, distinct medial ridge. Thic
ridge is called nere the antero-dorszl ridge of the basicranium
and the parasagittal groove on either side is called the antero-
dorsal groove of the pterygoid. The antero-dorsal grooves termi-
nate abruptly posterior to the pterygoid-vomer suture. The ante-
ro-dor ;al ridge originates half-way between the anterior limit of
the parasphenoid rostrum and the pterygoid-vomer suture. This
ridge runs in an anterior direction where the dorso-medial suture
between the two pterygoids would have been. It then crosses the
pterygoid-vomer suture ard continues anteriorly forming the apex
of their dorso-medial sloping surfaces where the dorso-medial
suture between the fused vomers would have been. The dorso-media’
ridges of the pterygoids Jjoin the antero-dorsal ridge of the

basicranium .nterior to the antero-dorsal grooves of the ptery-
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goids. The dorsa’ ramifications of the narabasal canal open
within the -dorsal guiter of the basicranium on the pterygoid-
parasphenoid s ture-1ive. In BP/1/4636 there i:e twu firamina o
the guttor on the right hand side and three Joramina n the guiter
on *he left hand side. The posterior pair of foramina Vis lateral
to the pesterior part of the paraspheacid rostvum witiia the
dee.ast part of the gutter. The antericr Fforaming fre lateral to
the anterer part of the pavasphenuid roetvesm.  The paracphencid-
pterygnid suture capm be seen vumning betwsen the posterior and
anteriy; furamina. It is unfortunately jmpossible to follow the
suture antevior to the anterior foramen because of the degree of
ossification in the region anterinr to the parasphenoid rostrum,
The doivso-lateral limits of the gutter and the antero-dorsal
groove (f e pterygoid are marked by the distinct dorso-medial
ridge «+~ ‘he pterygoid. This ridge originates anteriorly at the
ptervgos. vorer suture lateral to the antero-dorsal groove of the
ptarygotd. It continues posterior ly but grous less distinct as it
approachzs the posterior limit of the dorsa: gutter.

ihe Jorsa-lateral limit of the central part of the pterygoid
is maviced hy the distinct dorso-lateral ridge of the pterygoid.
The posterior part of this ridge is, as was mentioned before, in
conflo nos posteriorly with the antero-ventral process of the
epinte. goid. The foot of the epiptervgoid covers the pustero-
lateral part of the pterygoid dorsally, as described previously.

The region between the dorso-lateral ridge and dorso-medial
ridge of the pterygoid is prrasagittally concave. This concavity
which involves the medial par. of the foot of the epipterygoid and
most of the dorsa) surface of the central part of the pterygeid is

shallow po teriosly but becomes wmore warked anteriorly. The
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anterior part of the medial surface of this depression is elevated
above the level of the rest of the dorsal surface of the central
par . of the pterygoid posterior and lateral to it. This is due to
the fact that the dourso sedial ridge slopes in an antero-dorsal
direction anterior to the :vasphenoid rostrum, whereas the dorso-
media) ridge runs avproximately horizorially (Fig. 4). The afore-
mentioned depression is confluent iaterrerly with the deep cavity
in the nasal capsule lateral to the vomer and anterior to the
transverse process of the pterygoid. This is accentuated by the
fact that the dorso-lateral ridge is confluent antero-laterally
with the dorsal Timit of the transverse process and the dorso-
medial ridges which are confluent with the sharp antero-dorsal
ridge of the basicranium.

The pterygoid contacts the vomer and palatine anteriorly. In
dorsal view (Fig. 9) the suture between the pterygoid and vomer
runs in a ventro-lasteral direction on the medial wall of the
cavity in the nasal capsule anterior to the transverse process of
the pterygoid and lateral to the vomer. The suture originates on
the antero-dorsal ridge of tie basicranium medially and terminates
laterally where *he pterygnid and vomer meet the palatine. The
dorsal suture between the transverse process of the pterygoid and
postero-medial part of the palatine runs from this point first
posteriorly and slightly laterally and then curves sharply late-
rally within the postero-medial part of abovementioned cavity.
This suture passes ventrally through the suborbital vacuity on its
medial Tip to continue on the palate ventrally (Fig. 2).

The dorsal suture between the pustero-medial border of the
pterygoid and the antero-lateral border of the basipterygoid

process of the basisphenoid runs on tke floor of the endocranium
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{Fig. 9). It originates within .ne posterior part of the basicra-
nial gutter and Teaves it by curving in 2 postero-lateral direc-
tion. The suture terminates posteriorly where the postero-med.al
border of the quadrate ramus of the pterygoid forms the anterior
1imit of the cranioquadrate passage.

In ventral view (Fig. 2) the basipterygoid process of the
basisphenoid is obscured by the ventro-medial part of the quadrate
ramus of the pterygoid, as in the Scaloprsauridae Jescribed Yy
Crompton (1955). However, the basipteryyoid process of the basi-
sphenoid is exposed in dorsal view (Fig. 9) on the floor of the
endocranium. It seems likely therafere that the lateral part of
the thin basipterygoid process of the basisphenoid is wedged
between thin dorsal and ventral posterc-medial flangss of the
pterygoid. These two flanges apparently fuse postero-laterally to
form the posterior part of the medial half of the gquadrate ramus.
To check this assumption it would be necessary to section this

area transversely.

BASISPHENOID AND PARASPHENGID (Figs. 7, 9)

The dorsal part of the basisphenoid can be subdivided into
the rintero-dorsal process and the two basipterygoid processes
flanking it. The antero-dorsal process is the medial part of the
basisphenoid which is elevated above the surrounding dorsal sur-
face of the basicranium formed by the dorsal surfaces of the
pterygoids, epipterygoids, parasphenoid and basipterygoid proces-
ses of the basisphenoid. This long, narrow process lies antero-

ventral to the part of the braincase floor formed by the basicra-
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nial processaes of the prootic (Figs. 4, 9). Its dorsal surface is
concave and contains the pituitary fossa. The dorsal part of the
process is therefore considered to be the anterior part of the
floor of the braincase, namely the sella turcica.

The antero-dorsal process of the basisphenoid stretches from
the ¢rista sellaris posteriorly to the antero-dorsal portion of
the parasphenoid rostrum anteriorly (Fig. 9). The antero-dorsal
process terminates anteriorly as an angular tuberosity. This
tuberosity is slightly narrower transversely than the rest of the
antero-dorsal process. It has two transversely-running ridges,
the one anteriorly forming the postero-dorsal rim of the spatula-
shaped structure formed in conjunciion with the parasphenoid. The
other ridge. marking the anteiior limit of the sella turcica, lies
dorsally whare the antero-ventrally sloping and the posterc-ven-
trally sloping surfaces of the tuberosity meet (Fig. 4). Two
small, curving ridges run either side of its antero-ventral sur-
face, and may have been the points of attachment of certain carti-
laginous eloments forming part of the side wall of the braincase
(this aspect will be discussed later).

Situated posterior to the abovementioned anterior tuberosity
is the trough-1ike dorsal area of the antero-dorsal process of the
basisphenoid. The anterior part of this process has a smooth,
concave surface, flanked by the thin, dorso-laterally projecting
flanges of the basisphenoid (Fig. 9). The small, oval-shaped
pituitary fossa lies within the posterior part of this trough-like
structure cnterior to the level of the posterior borders of the
basipterygoid processes of the basisphenoid. In sagittal section
(Fig. 7) it can be seen that the area situated anterior to the

pituitary fossa lies more dorsally than the area between thz
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pituitary fossa and the dorsum sellae. This results in the pitui-
tary fossa having a higher anterior than posterior wall. The
areas surrounding the pituitary fossa slupe towards it. A small
depression Ties in the floor of the sella turcica directly poste-
rine to the pituitary fossa (Fig. 9). The dorsu-lateral flanges
of tie brsisphenoid gradually become thicker in cross-section as
:hey progress posteriorly. They are best developed lateral t. the
pituitary fossa, but become lower and taper down to mere ridges
posteriorly (Figs. 4, 7).

The dorsal surface of the basisphenoid posterior to the
pitvitary fossa and anterior to the dorsum sellae is also concave
in transverse section (compare with Procynosuchus, Yemp 1979).
This rcgion is broader than the anterior part of .he antero-dorsal
process however, and also more open lateraltly because the dorso-
lateral flanges are Tlower in this region. Stretching from the
dorsum sellae posteriorly halfway to the pituitary fossa anteriov-
1y, lies the postero-medial ridge of the sella turcica on the
dorsal surtace of the basisphenoid. In the posterior region of
the floor of the sella turcica Tie two shallow parasagittal inden-
tations. Each indentation is walled medially by the postero-me-
dial ridge ~f the sella turcica and antero-laterzily by the dorse-
lateral fiange of the basisphenoid (Fig. 9). This indentation is
called here the depression for the retractor bylbi muscle (see
discussion). The dorso-lateral flange of the basisphenoid forms
the ventral part of the vertral nctch in this region.

The posterior wall of the sella turcica is Fformed by the
antero-medial surface of the postero-dorsa. portion of the basi-
sphenoid. In sagittal section (Fig. 7) it can be seen that the

basisphenoid contacts the basioccipital posteriorly, as was de-
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sc-ibed previously. The pusievo-dorsal part of tae bazisphencid
is covered dorso-medially by the basicranial process of the pro-
otic and dorso-laterally by the postero-ventral process cf the
prootic. The antero-medial surface of its lateral part is in
confluence with the ventvo-medial surfuce of the antero-ventrai
process of the prootic, posterior to the ventral notch. The
concave medial surface formed by the abovementioned two elements
is also the postero-lateral wall of the depression for the retrac-
tor bulbi muscle (Fig. 7). As described above, the medial ridge
of the antero-ventral process of the prootic forms the anterior
Timit of the basicranial process of the prostic ventro-medially.
This portion of the prootic forms a smail overhang dorso-lateral
to the posterior part of the deprassion for the retractor bulbi
muscle. The concave dorsum sellae 1s situated posterior to the
posterc-nedial ridge of the sella turcica. It is not covered
dorsally by the antero-medial parts of the basicranial processes
of the prootics. It is situated slightly more anterior than the
posterior limits of the depressions for the retractor bulbi mus-
cles lateral to it. Its dorsal limit is in conflr-nce with the
medial ridges of the antero-ventral processes of the prootics on
either side. The medial suture between the basisphenoid and
prootic has already been described.

The norizontally-inclined basipterygoid processes of the
basisphenoid jut laterally from the central part of the basisphe-
noid (Fig. 5}. The ventro-medial limit of each process st-etches
from the basicranial gutter anteriorly, to the leval of the ven-
tral notch posteriorly, 23 seems to occupy the whole dorsal
surface of the basisphenoid lateral to the dorso-lateral flanges.

Its concave, postero-lateral border forms the antero-medial limit
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of the cramoquadrate nassage. The basipterygoid process lies on
the same level as the surrounding floor of the endocranium and
therefore on a more ventral level than the antero-dorsal process
of the basisphenoid. The dorsal surface of each process sliopes
dorso-medially towards the lateral wall of the dorso-lateral
flange proximally, thereby forming a concave parasagittal area
between them, which leads towards the dersz2l guttier of the basi-
cranfum anterior to 4t. Thic concave irez bacomes smaller puste-
riorly as the dorso-lat~rai flange and the pcstero-lateral rim of
the basipterygoid process become less prominent in this region.
The basipterygoid process is covered ventrally and to a degree
dorso-laterally by the quadrate ramus of the pterygoid. The
sutures between them have been described previously.

The thin parasphenoid juts from its keel ventraily in an
antcro-dorsal direction between the two pterygoids. It is exposed
on the floor of the endocranium, wedged ventral to the antero-
dorsal process of the basisphenoid. This dorsal part of the
parasphenoid is here referred to as the parasphenoid rostrum
(Fig. 4). The sides of the parasphenoid rostrum form the medial
walls of the basicranial gutters. The parasphenoid meets the
dorso-medial parts of the pterygoids Tateral to it within the
basicranial gutter. These sutures have beer described previously.
This contact beiween the pterygoid and parasphenoid closes the
interpterygoid vacuity dorsally. The exact sagittal relations
between the pterygoid, basisphenoid, pavasphenoid, the ventral
1init of the pituitary fossa and the dorsal limit of *he interpte-
rygoid vacuity are not «nown. The reason for this is that the
central part of the basicranium was not sectioned sagittally in

order to preserve the near-perfect sella turcica of this specimen.
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The anterior-most part of the parasphenoid rostrum is not
covered dorsally by the basisphenoid. The dorsal surface of this
round anterior portion is horizontally flattened and forms toge-
ther with the anterior-most tip of the basisphenoid a concave
spatula-shaped structure (Fig. 9). This is also the widest part
of the parasphenoid. The anterior margin of the parasphenoid
rostrum curves postero-ventrally ventral to the spatula-shaped
region (Fig. 4). The suture betwcen the parasphenoid and basi-
sphenoid runs antero-dorsally from the postero-medial limit of the
basicranial gutter posteriorly to the spatula-shaped anterior part

formed by these two elements anteriorly.
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CHAPTER 5 : DISCUSSION

5.1 EXTERIOR OF THE POSTERIOR HALF OF THE SKULL

Prootic and Opisthotic

in his paper on the Scaloposauridae Crompton (1955) described
a fused periotic and mentioned that Olson (1944) had not found any
dividing suture in the periotic of those therocephalians he had
studied either. The specimen known as "Therocephalian A" (Olson
1944) was discovered in the Tapinocephalus zone. Its locality
(Boonstra 1969, Kitching 1977) and size indicate that it is most
probably a pristerognathid. Olson (1938b) described this specimen
as having a periotic, but Boonstra (1954) and Van den Heever
{personal communication) found a prootic and opisthotic in the
Pristerognathidae. It has been shown by Van den Heever & Hopson
(1982) that "Therocephalian B" (Olson 1944) is actually a gorgo-
nopsian. Olson (1944) described a periotic in this specimen as
well as in the other gorgonopsians he studied. Authors such as
Sigogneau (1970, 1974) describe a prootic and opisthotic in the
Gorgonopsia. It is possible however that the suture between the
prootic and opisthotic is difficult or impossible to detect in the
region surrounding the fenestra ovalis ir certain &dult gorgonop-
sians and pristerognathids, but the co-ossification of these
element; is not complete enough to consider these groups as having
a periotic. The scaloposaurids also had an opisthotic and prootic

as described by Mendrez (1972) and not a periotic as Crompion

(1958) described. Neither the whaitsiids (personal observation)
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nor the moschorhinids had periotics, and clearly distinguishable
preotics and opisthotics are present instead. It seems quite
clear that the therocephalians had a prootic and opisthotic and

not a periotic.

Quadrate

The pterygoid proces; of the quadrate as it is described by
Mendrez (1974a) is actually not part of the quadrate, but is the
posterior end of the quadrate ramus of the pterygoid. The qua-
drates in the Moschorhinus kitchingi specimen described by Mendrez
{1974a), and the specimens described here, have been lost. Of
those specimens available for study only one specimen (BP/1/378)
had a cquadrate. The specimen i< unfortunately hadly damaged and
distorted in this region with the result that only the shape of
the quadr-ce can vaguely be seen.

Judging from the shape of the remains of the quadrate of the
abovementioned sperimen and that of the quadrate recess of the
squamosal of other specimens, the quadrate was a rrlatively broad
bone, approximately the same shape and size as that described by
Mendrez (1974b) in Promoschorhynchus platyrhinus. Moschorhinus
seems to have had a dorsc-medial process which fitted into the
quadrate notch of the squamosal. This process is probably syno-
nymous with the "squamosal process of the quadrate" described by
Mendrez (1974b) in Promoschorhynchus platyrhinus. This notch and
slot arrangement allowed the quadrate to articulate with the
squamosal in a hinge-like manner. The posterior part of the
quadrate lay within the quadrate recess of the squamosal. The
medial part of the quadrate wadrn contact with the lateral tip of
the quadrate process of the opisthotic which is not covered by the
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squamosa®! or pterygoid.

The stapes may have been longer than Mendrez (1974a) indi-
cated in Moschorhinus kitchingi, and would cxtend tuther laterally
to make contact with the quadrate. The jateral side of the qua-
drate would have contacted the medial part of the quadratojugal.
Because of the apsence of the stapes and quadratojugal it is not
possible to describe the relations between these elements and the

Guadrate.

Pterygo-paroccipital foramen

The "pterygo-paroccipital" foramen is unique to certain
therapsids. It is surrounded primarily by the prootic in the
therocephalians and cynodonts. An anterior and posterior proc.s3s
of the prootic (central process and postero-ventral process of the
prootic in Moschorhinus, Fig. 1) form the greatest part of the
foramen. In therocephalians the squamosal and opisthotic close
the lateral end of this foramen between th_. = two prootic pro-
cesses (see Ch. 3; Brink 1958; Mendrez 9 74a, 1974b). In
certain cynodonts the foramen is closed lateraliy by the quadrate
ramus {postero-ventral process) of the epipterygoid (see Watson
1920; Simpson 1933; Brink 1955: Romer 196%9) and not by the
guadrate ramus of the pterygoid as Watson (1911) thought. In the
abovementioned cynodonts the quadrate rami of the pterygoids end
lateral to the cranioquadrate canals while the quadrate rami of
the epipterygoids continue posteriorly.

The opisthotic and prootic of most cynodonts are fused to
form a periotic (Olson 1944). It is important to keep in mind
that the posterior wall of the pterygo-paroccipital foramen is

formed by the prootic and opisthotic in the therocephalians (see
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Ch. 3; Fig. 1 and Mendrez 1972). In Thrinaxodon the posterior
prootic process has elongated laterally to meet the anterior
prootic process (see Parrin ton 1946). The pterygo-paroccipital
foramen of JThrinaxodon is tirefore exclusively formed by the
prootic since the opisthotic {and other elements) are excluded
from this foramen. A similar condition is found in
Diarthrognathus (Crompton 1958) except here the pterygo-paroccipi-
tal foramen is complietely surrounded by two lateral flanges of the
periotic. In advanced cynodonts with a periotic it may seem as if
the posterior wall of the pterygn-paroccipital foramen is formed
by the pavoccipital prccess of the opisthotic. This is not the
case however. It would seem, judging by abovementioned examples,
that the posterior prootic process fused to the paroccipital
process of the opisthotic in advanced cynodonts. An antero-ven-
tral "step" in the so-calied paroccipital process of
Diarthregnathus (Crompton 1958} may indicate the position of
fusion of the preotic and opisthotic elements. The fused product
forms a robust, laterally projecting bar which resembles the
primitive paroccipital process of the opisthotic, and is confured
as such by most authors studying advanced cynodonts and primitive
mammals. Several authors (eg. Crompton 1964; Hopson 1964; Romer
1969; Kemp 1979; Sun Ailing 1984) refer to a prootic and opis-

thotic in cynodonts while failing to descril the suture that

would have been present if there were two elements. Cynodonts
(with the possible exception of Pracynosuchys, Kemp 1979) such ar
0ligokyphus (Crompton  1964), ienotheri (Hopson  1964),
Probelesodon (Romer 1969) and Bienothergides (Sun Ailing 1984)
should have a peric*ic as Kihne (1956) found in Qligokyphus,
Crompton (1958) found in Diarthrognathus and Gow (1986) found in

O
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Irirachodon, Diademodon and Iritylodon.

It would seem therefore that the *pterygo-paroccipital”
foramen is formed primarily by the prootic (or embryenic prootic
element in the case of a periotic) and not by the guadrate ramus
of the pterygoid nor by the paroccipital process of the opistho-
tic, although these two elements and the squamosal play a lesser
role in the formation of this foramen in certain therccephalians
and cynodonts. It is suggested however that the term pterygo-
paroccipital foramen be retaineu since it has become entrenched -

the anatomist’s vocabulary.

1 ve ran,

In her paper on Moschorhinus Mendrez (1974a) referred to the
opening dorsal to the posterior apophysis of the cpipterygoid and
the antero-dorsal process of the prootic as the "foramen veineux”.
It would seem that the dorsal part of the antero-dorsal process of
the prootic is damaged in her specimen., The posterior foramen of
the epipterygoid and dorsal venous foramen are separated by the
antero-dorsal process of the prootic., This yrocess is expanded
dorsally tn contact the supraoccipital and the postero-dorsal
process of the epipterygoid. The term "dorsal venous foramen" is
preferred to venous rotch (Boonstra 1934b; Cox 1959), dorsal
notch (Mendrez 1972) and ven:r- foramen (Mendrez 1974b) because it
is a foramen rather than a notch, being completely surrounded by
bone, and because it distinguishes between the two abovementioned

venous foramina.

Lateral supraoccipital fossa

In thecocephalians a fossa is present on che laterai wall ¢f
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the otic capsvle ventral to the parietal, whereas the dorsal
venous groove is found in approximately tne same region as in
cynodonts. The parietal forws a marked concave 1lip overhanging
this fossa (see Fig. 4, Boonstra 1938; Crompton 1955; Kemp 1972;
Mendrez 1972, 1974a, 1974b). This fossa is called here the late
ral-supraoccipital fossa in Moschorhinus, because as in
Promoschorhinyz (Mendrez 1974b) arnd in  the scaloposaurids
{Crompton 1955; Mendrez 1972) the biggest part of this fossa lies
on the 1lateral face of the supraoccipital (Ch. 3). In
Theriognathus (Owen 1876) on the other hand, this fossa lies on
the dorsal part of the lateral face of the prootic (Kemp 1972) and
a Bayria it lies on the iateral face of the interparietal and
dorsul part of the prootic (Boonstra 1938). The supraoccipital is
not expozed in the temporal region in these forms. The scalopo-
saurids differ from abovementioned therocephalians in that their
Tateral-supraoccipital fossa is less pronounced and they have a
Targe dorsal vennus notch instead of a dorsal venous foramen (see
Crowpton 1955; Mendrez 1972).

It would seem that, r¢ the abovementioned therocephalii.ns,
the scaloposaurids have .  .cre primitive condition regarding the
morphology of this region. This region evidently became more
ossified through therocephalian evolution. The antero-dorsal
process of the proutic expanded from the primitive scaloposaurid
condition where it is a very small, loose-standing projection, to
the moschorhinid condition where it is a broud flange contacting
the epipterygoid and forming a large part of the side-wall of the
braincase. The diminishing in size and the closure of the dorsal
venous foramen were directly influecncd Ly t - broadening of the

antero-4c..  process.

O
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5.2 ORBITOTEMPORAL REGION (Fig. 10)

Non-osseoys part of the braincase

The non-osseous part of the braincase lefi many traces on the
floor and roof of the bony endocranium of Moschorhinus. This is
especially the case on the dorsal surface of the central part of
the basicranium. To understand th¢ ignificance of certain struc-
tures in the skull of Mpschorhinus and by implication the morpho-
Togy of certain non-osseous parts of the side-wail of the brain-
case it is necessary to study descriptions of this region in
extant vreptiles. Sive-Soderberg (1946, 1947; described this
region in Sphenodon and the Lacertilia. The Sphencdon braincase
{Sdve-Siderbergh 1947) in particular seems to share certain simi-
larities with that of Moschorhinus.

The side-wall of the braincase in the orbitotemporal region
consists mainly of cartilaginous and membranous elements in rep-
2tiles. Five cartilaginous parts which are of interest here are:
the pila antotica, pila metoptica, taenia marginalis, solum supra-
septale and the interorbital septum. The fenestrae present be-
tween these cartilaginous parts in embryos (De Beer 1937) are
covered later *‘n life by membranes which are named after th:
fenestrae (Sdve-Soderbergh 1947). There are tl ee membranes o’
interest here namely the fenestra optica, fenestra metoptica :nd
the ferestra prootica. There are other membranes an” cartila-
ginous bars present in extant reptiles besides the abovementioned
but these are unfortunately isolated from the bony e. ~ nts, |t
is therefore impossible to estimate their probable location in
fossils such as Moschorhinus.

e taenia marginalis runs between the otic capsule and the

i oG e pigese 5 i [
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nasal capsule, ventral to the dermal bones which form that part of
the endocranial roof. In Sphenodon lateral ridges are present on
the veutral surface of the endocranial roof marking the pesition
where the taenia marginales were attached to it (Siebenrock 1893;
Séva-Séderbergh 1947). It is postulated that the posterior part
of the so-called dorso-laterzl ridges of the braincase present in
Moschorhinus (Fig. 8) and those ridges described in the gorgonop-
sian Cyonozaurys by Olson (1937) are homologous to those described
in Sphepnodon. Thes« ridges seem to be a common occurrence in
therapsids (eg. Broom 1914, 1936, 1938; Haughton 1918; Boonstra
1968; Fourie 1974). In ceriain therapsids (eg. Leyntocephaluys,
Kemp 1969) the taenia marginalis even seems to have ossified in
this region.

These ridges usually originate anterior to the epipterygoid.
This however does not imply that the taenia warginalis was limited
tu thig region. The taenia marginalis also runs medial to the
epipterygoid and contacts the antero-lateral part of the supraoc-
cipital (Séve-Sdderbergh 1947). It seems as if the taenia mar-
ginalis did not have an effect on the epipterygoids in reptiles in
which the epipterygoid is small and forms only superficial contact
with the parietal. In Mos.horhinus however, the dorsal part of
the epipterygoid forms extansive sutural contact with the parietal
and even contacts the supraoccipital and prootic exactly where
these elements would contact the taenia marginalis. A similar
situation is also found in the cynodonts (Brink 1955; Bonaparte
1966; Kemp 1969) and Theriocpathus (Kemp 1972).

In Moschorhinus there are distinct ridges on the medial
surface of the epipterygoid directly ventral to i*s dorsal limit.

These ridges are called here the durso-medial flange and the
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dorso-medial bulge of the epipterygoid (Fig. 7). It is postulated
that these ridges are the remnants of the taenia marginalis for
the fo'lowing reasons: Firstly because the dorso-medial bulge of
the epipterygoid makes sutural contact with the medial part of the
Tatero-ventral flange of the parietal which originally would have
made contact with the taenia marginalis. Secondly, the buige (and
the antero-ventral process of the epipterygoid) lie in line with
the dorso-lateral ridge of the braincase anterior to it. Thirdly,
the dorso-medial flange of the epipterygoid contacts the antero-
Tateral process of the supraoccipital exactly wnere this element
woulc have contacted the posterior part of the taenia margipalis.
It seems likely therefore that the dorsal part of the epipterygoid
of Moschorhinus, and possibly that of other advanced therapsids,
ossified within the taeni~ parqinalis element {Presley % Steel
1976). Kemp (1979) described a groove on the medial surface of
the side-wall of the braincase running on the epipterygoid-parie-
tal suture ard argued that it marks the contact between these
elements and the taenia marginalis. It seems more 1ikely ihat the
anterior cerebral vein ran in this groove en route to the trans-
verse sinus (see Dendy 1909; 0’Donoghue 1920). Th.s vein may be
homologous to that which ran in the dorso-medial groove of the
epipterygoid in Moschorhinys.

The taenia marginalis contacts the zolum suprasepta.e (planum
supraseptale, De Beer 1937; Romer 1956) anteriorly (see
Save-Soderbergh 1947). This cartilaginous element is coniluent
with the taenia marginalis and also runs ventral to the dermal
bones forming the endocranial roof. It forms part of the mediai
wall of the orbit ventral to the prefrontal element in Sphenodon.
In Moschorhinus the dorso-lateral ridge of the braiancase is con-

O
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fluent anteriorly with the posterior margin of the ventral flange
of the prefrontal (Figs. 7, 8). It seems therefors that the
contact betweer the solum supraseptale and the .rontal and pre-
frontal elements is marked by the anterior part of the ridge and
posterior margin respectively.

The taenia marginalis contacts the pila metoptica and pila
antotica ventrally via the pila accessoria and taenia parietalis
media cartilages, thereby enclosing the fenestrae optica, metop-
fica and prootica (Gaupp 1900, Shve-Shderbergh 1847). It is wel)
known tha the antero-ventrai process of the prootic of therapsids
is the ossified pila antotica (eg. Olson 1944). The orientation
of the antero-ventral process helps to confirm the suggestion that
the dorso-medial flange of the epipterygoid is the remnant of the
p-sterior part of the taenia merainalis. The -:ntero-ventral
process curves towards the dorso-medial flange end its dlunt, flat
antero-dorsal Timit lies very close to the flange (Fig. 7). It is
suggested that a short cartilagirous bar (tne posterior part of
the taenia parietalis wegia, Save-SGderbergh 1947) ran between
this iimit of the antero-ve tral process of the prootic and the
antero-ventral part of ihe dorso-medial flance of the epiptory-
goid The area thus enclosed belween ine dorso-medial flange of
the apipte ygoid and the antzeo-dorsal and .nterc-ventral pro-
cesses of wne proetic s ithe fenestrs prootica. The fenesira
prooticq membrane was anchured tu the sharp medial edge of the
artero-ventral vorder of tae anterv-dorsal process postero-dorsal-
ly. The sharp postero-dorsal edge of the antero-ventral process
marks the antero-ventral anchoring peiat. The membrane was
anchored dursaily either to the anterior part of the dorso-medial

flange of the epipterygoid thereby eaciosing a pockei between it
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and the posterc-dorsal process of the epipterygoid which housed
the transverse sinus {this sinus will be discussed later). Alter-
natively i% could have been anchored to the ventral part of the
postero-dorsal process, between the dorso-medial fossa and the
posterior foramen of the epipterygoid.

The fengstra metoptica s bound by the pila accessoria and
taenia parietalis media to the taenia marginalis dersally. It is
bounu anterioriy by the pila metoptica, postericriy by the pila
antotica and ventrally by the trabecula cranii and the antero-
dorsal part of the basisphenoid (Sive-Sdderbergh 1947). The
irabecylae cranii which are bound dorsal to the parasphenoid are
in confluence with the antero-lateral parts of the basisphenoid
posteriorly. The infundibolum and the pituitary body lie dorso-
medial to these structures and wediail te the metoptic membranes
which are boun. to their dorsa) parts (Sive-Sdderbergh 1946). The
pituitary fussa of Moschorhinus lies within the posteryor pari o
a smooth-surfaced tvouoh walled latorally by the dorso-lateral
flanges of tne basisphenoid (Fig. 9). It is sugyested that the
ventral part of the infundibulum lay within the trough instead of
the interorbital septum (see Kemp 19/9) and that the thin dorso-
lateral flanges are in fact the ossified trabeculae cranii. The
ridges that slope postere-lateraliy from these flanges can be
considered to be the ¢-istae trabeculari.

The pilae metopuicae, which form the anterior borders of the
metoptic fenestrae, meet ventrally forming what Gaupp (1900)
termed the subiculum infundibuli. The antero-ventral parts of the
pilae metopticae ave bound to the interorbita: septum anteriorly
and the irabeculae ¢ anii ventrally (Sive-Stderbergh 1947). Two

small parasagittal ridges are present on the anterior tuberosity
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of the antero-dorsal process of the basisphenoid in Moschorhinus
{Fig. 9). It is suggested that these ridces indicate the ancho-
ring points of the ventral parts of the cartilaginous pilae metop-
ticae and therefore also th. position of the postero-dorsal part
of the ossified subicylum infundibuli which seems to have fused to
the frghecylae cranii postero-ventrally. In Moschorhinus there-
fore it would seem ti:at the membrane covering the fenestra metop-
tica was anchored posteriorly to the sharp-edged antero-ventral
bsrder of the antero-ventral process of the proolic. The membrane
was anchored anteriorly and dorsally to the cartilaginous pila
metoptica and taenia marginalis respectively and ventrally to the
thin dorsal border of the dorso-lateral flange of the basisphenoid
(ossified irabecula cranii).

The anastomotic vein penetrates the antero-ventral corner of
the fenestra metoptica membrane through the fissura supratrabecu-
laris, anterior to the pituitary and ventral to the subiculum
infundibuli. henodon and certain Lacertilia (Sidve-Séderbargh
1946, 1947). . _.chinus seems to have had a different arrange-
ment however. The pituitary body and ventral part of the infundi-
bulum seem to have beer .ituated very close to the dorsal surface
of the anterc-dorsal process of the basisphenoid. It would be
improbable therefore that the cnastomotic vein could run trans-
versely across this section of the basisphenoi! flanked by the
dorso-lateral proce:ses (ossified trabecul.. _raniji). The shape
of the pa-asphencid rostrum suggests that th: interorbital septum
was not attacted to its dorsal surface as in those repti) - de-
scribed by Sdva-Shderbergh (1947). It seems that the anistorettc
vein ran tranzversly across the spatula-shaped part of the para-

sphec.oid rostrum anterior to thu antero-dorsal process of the
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basisphenoii.

Sive-Soderbergh (1946, 1947) described the membranes surroun-
ding the pituitary body in reptiles. The sella turcica is roofed
by the grista sellaris posteriorly. A tough membrane siretches
antero-dorsally from the sella furcica to the base of the cartila-
gipous structure confluent with the ossified pila antotica. The
membrane stretches from this position anteriorly, veniral to the
Tevel of the roots of the oculomotor merves (III) and attacies to
the dorsal part of the subiculum infundibuli. This membrane is
penetrated by the infundibulum and the internal carotid arteries.
Evidence for a similar membrane can be found in Mgschorhinus. A
wen\-developed, sharp ridge runs along the medial face of the
antero-ventral process of each prootic. These ridges are con-
fluent with the sella turcica. It is quitz clear that a membrane
i.omologous to that desc by Sdve-Stderbergh (1946, 1947) was
attached to these ridges ..d the sella turcica. There are two
differences however between the situation in extant reptiles and
that in Moscherhinus. Firstly, because a foramen for the abducens
nerve (VI) is absent from the prootic in Moschorhinus, these
nerves would have penetrated the membrane together with the inter-
nal carotid arteries. Secondly, the antero-ventral processes of
Moschorhinus a-e more extensively developec than those of ertant
reptiles, and stretch almost to the roof of the endocranium. The
medial ridge runs alony the whole Jergth of each process. [t
would seem imprcbable that the membrane could have run ventral to
the cerebrum and attach to the subicylum infundibuli from this
position. It i3 suggested therefore that this membrane terminated
in the vicinity of the dorsal extremity of the a«nievo-ventral

process of the prootic. The membrane must have been concave
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dorsally to accommodate the central part of the brain which passed
medial to the dorsal parts of ihe antero-ventral processes. This
membrane probably served as a floor for the anterior parts of the
medulla oblongata and optic lobes and formed a roof over the
posterior part of the infundibulum and pituitary body.

The pituitary body of extant reptiles is sheathed by the
pestero-vantral corness of the fenestra metoptica membranes
(Sive-Séderbergh 1946). These membranes ave fused together poste-
rior to the pituitary body. This po.terior membrane is attached
postero-ventrally to the medial ridge between the fossae for the
retractor muscles and dorsally to the tough membrane described
previously. The pc.terior membrane is penetrated by the hypophy-
sial vein. The situation in Mocchorhinus seems to have been
identical to that in extant reptiles. The dorso-lateral flanges
of the basisphenoid which are the ossified frabeculae cranii, are
strongly developed anterior tc the level of the pituitary “essa.
1.e flanges taper off lateral to the pituitary fossa howcver, It
is suggested that the postero-ventral parts of the metoptic mem-
branes were not attached to the cristae trabeculaiis as one might
think, but rather left the dorso-lateral flanges latera) tr the
pituitary fossa and joined each other posterior to the fossa. The
small pit immediately posterior to the fossa may indicate the
anteriu. point of attachment of this fused membrane. There is no
doubt however, that this membrane was attached postero-ventrally
to the postero-wedial ridge of the sella turcica.

The interorbital septum lies antero-ventrally to the brain-
case and is connected to it by certain bars and membranes. The
interorbital septum is attached to the floor of the endocranium

along the midline, anterior to the levei of the pila metoptica
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{Sdve-Stderbergh 1947). In Moschorhinys this region of attachment
is marked by the distinct antero-dorsal ridge of the basicranium
whichk runs sagittally on the fused vomers and the anterise part of
the fused pterygoids. The only difference between the interorbi-
tal septum of Moschorhinys ard those of extant reptiles is that it
seems as if the interorbital septum of Moscherhinus was not at-
tached to the very short, broad anterior part of the parasphenoid
rostrum. The possible origin of the interorbital septum was
described by Olson (1944).

It is impessible to determine the exact positions of the
fynestrae septi superior, Jptica and epioptica and the bars be-
tween them with certainty in Moschorhipus. The positions of these
structures on the reconstruction of the non-osseous lateral wall
of the orbitotemporai region (Fig. 10) are therefore only rough

approximations.

Eye-muscles

There are jeveral cluas in the Moschorhinus endocranium as to
where certain eye-muscles were attached. It seewms chat the ar-
rangement of the eye-muscles in Moschorhinus closely matched th.i
of Sphenodon (Sive-Sodertergh 1946, 1947).

The retractor muccoiature (byrsalis and petractor bulby
muscles) of Sphenodupr are enclosed in a membranous sac which
stretches from the posterior part of the sella turcica to the eye
{Sive-Séderbergh 1946). The bursalis muscle lies dorsal within
this sac in relation to the retractor bulpi muscle. The retract-r
bylbi muscle originates in the retractor fossa while the burs-lis
muscle origirates partly in the retractor fossa and pa-tly on the

tough membrane antero-dorsal to the crista seilaris. The sac
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enclosing these muscles is attached postero-medially to the medial
ridge between the retractor fossae toge.her with ‘he memhrane
posterior to the pituitary body. Anterior to this the media - ide
of the sac is attached to the fenastiri metoptica membrane. Voste-
riorly the dorso-medial side of the sac is attached to the fenes-
tra metoptica membrane. Postericrly the dorso-medial side of the
sac is attached to the tough membrane antero-dorsal to the crista
sellaris. The dorso-lateral side of the sac is attached to the
pila antotica.

The concave posterior part of the sella turcica in
Moschorhinus ‘vas clearly divided into two pockets by a membrane
which was attached to the medial ridge and the dorsum sellae (see
previous section). The large depression for the retractor bulbi
muscle forms the floor of each pocket (Fig. 9). The lateral part
of the ¢rista sellaris and the ventral part of the medial ridge of
the antero-ventral process of the prootic, together with the
mei.brane attached to them, formed a roof ove- this region. The
posterior part of the bursalis muscle probably originated in the
small postero-dorsally directed depression covered dorsally by
abovementioned bony parts. The laterai w2!! of the pocket s
formed by the medial surface of the antero-ventral process of the
srootic and concave postero-dorsal part of the basisphenoid
(Fig. 7). The sac containing the retractor musclec was evidently
housed within this pucket and ran antero-laterally across the
crista trabecularis. In its anterios course it passed lateral to
the dorso-lateral fiange of the basizphenoid (ossified trabecula
cranii) and the fenesta metoptica membrane which was a.tached to
the flarge.

The rectus musculature (i.e. rectus anterior, inferipr,
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superior and posterior muscles) are attached to certain membranes
ard cartilagas in the orbitotemporal region in reptiles
{Save-Soderbergh 1947). The ructys anterior muscle is attached to
the postero-dovsal part of the interorbital septum and the rectus
inferioy muscle is attached to the cartilagio hypochiasmatica.
The rectus superior musclie is attached to the subiculum infundiby-
11 and part of the fenestra metoptica membrane. The small head of
the rectus ogpsterior muscle is at*ached to the posterior part of
the subicylum infuirgibyli and the lairge head on the trabecula
cranii end the fissura supratrabzcularis.

The exact positions of attac.ment of the rectus anterjor and
rectys superior musclec are impossible to determine in
Moschorhinug. There ar: however ceriain indentations on the
dorso-lateral flange (ossi'i»d trabecyla cranii) and the antero-
dorsal tuberosity fossific yosterior part of the subicylum infun-
dibrli) of the basisphenoid which would suggast sites of attach-
ment for certain muscles. 1t is postulated firstly that the
rectys posterior muscie was attached to the concave lateral face
of the dorso-lateral flange (Fig. 3), and secondly, that part of
the rectus superior muscle was attached to the lateral face oV the
antero-dorsal tuberosity of the basisphenoid which is placed more
medially than tho part of tne basiphenoid ventral to it (rigs. 3,
9.
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5.3  POSTERIOR PART v LUCCRANIUM

Qsseous.brajacr e

The post rior part of the endocranium of Moschorhipus is
Targer han those of the gorgonopsians (Boonstra 1934a; Kemp
1969), - pristerognathids (Boonstra  1968) and scaloposaurids
{Crompton 1955;  Mendrez 1972). The central part of the braincase
{1.e. the region between the level of the internal auditory meatus
and the level .of the parietal caral) and the gella turcica of
Moschorbinus are longer than those of the abovementioned therap-

sids, This ~. ' . from the anterior extension of the prootic,
eniplrrygc chepoid espectally (Fig. 7). The foramen
for the ..:s: servs (Y'Y the incistra prootica and the membrane
botweer :  aniere uical  processes of tuc  prootics of

cemove nyy, wre conseiuently situated more anteriorly than tm;se

e iaoed therapsid..  The same gors for the position of

amat carvotid and pavaiira foramina and pituitary fossa in

the sesg Wrncica. Although ¢ “an be concluded from these adap-

*aticr 3 that Moschorpinus ha« w relatively large wrain for a

thercemalian, Moschorhinus ais. has 3 number of primitive and
unioue Taacures ,n Wbe Lripevie et ich are discussed below.

The basicranial prociyses of the proctics meet on the floor
of the braincase in )'(scho .fnus. Viis condition is also present
in  Dimetredon {(Ascr 1908D);  titi-osuchians, dirocephalians
{Boonstra 19%F;  yorgonopsians (Olson 1937; Broom 1948) and the
pristerognatiinds (Broom 1936; OCison iV:8b; Boonstra 1968). The
prootics of scaloposaurids Crompton .955), whaitsiids (personal
obscevation) and cynodonts (Olscn 1944. ‘ourie 1974) have with-
driwn from the floor of the braincase 1.e dorso-medial surface
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of the posterior part of the basisphenoid and its contact with the
basioccipital are tius exposeu in tne scaioposaurids, whaitsiias
ard cynodonts. In the case of pystrosaurus, the unossified zone
bety n these elemenis is exposed (Cluver 1971).

A structure resembling the dorsw. sellae and grista sellaris
is formeo by the prominent antero-medial parts of the basicranial
processes of the prootics in e.g. toe gorgonopsians {uison 1937,
1933a) and dinocephalians (Boonstra 1968). However, these pro-
cesser are relatively smaller in pristerognathids (Boonstra 1968)
and Moschorhinus (Figs. 7, 9) and do not replace or completely
cover the true g¢orsum sellae and crista sellaris formed by the
basisphenoid.

Mot only the prootics, but also the exoccipitals of
Moschorhinus contribute extensively to the formation of the endo-
cranial floor. The postero-medial parts of the hisicranial pro-
cesses of the prootics contact the anterior parts of the exocci-
piials on the endocranial floor. This condition seems to be
unique to Moschorhinus. The endocranial floor consists aimos®
exclusively of these elements, the basioccipital being reduced to
a small wmedial strip and the opisthotics forming only a small
acrtion of the floor. This too seems to be unique to
Moschorhinus, since the basivccipital plays a major part in the
formation of the endocranial floor in all other therapsids (e.g.
Broom 1938: Olson 1944; Crompton 1955; Parrington 1955;
Boonstra 1968). The postero-ventral parts of the prootics and the
antero-ventral parts of the exoccipitals and the ¢ isthotics cover
the dorso-lateral parts of the basfoccipital. The basfoccipital
is thus excluded from the endocranial 7ioor between the medial

strip of the basioccipital and the intermal auditory mea’us
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{Fig. 9). The participation of the basioccipital in the inner ear
is also greatly reduced in Moschorhinus compared to other therap-
sids (Olson 1938a, 1938b; Bonaparte 1966, Cluver 1971;

Sigogneau 1974). This element is confined to the ventral part of
the auditory canal and the postero-ventral part of the cochlear
recess, where it forms a narrow strip stretching from the fenestra
ovalis lat 'y, to the medial wall of the cochlear recess medial-
1y (Fig. 9).

A small vt is present anterior to the antero-dorsal projec-

tion of the basioccipital (Fig. 9). This pit is possibly in

connection with a larger cavity homologous to the so-called unos-

sified zone in the basicranium (Olson 1944; Boonstra 1968). It
is not known whether an unossified zone is present in Moschorhinus
because the sectfon through the basicranium runs slightly to the
right of the midline. The unossified zone, if presenc, would lie
medially between the basioccipital and basisphenoid or between
these elements and the basicranial processes of the prootics. It
is possible that the section passed lateral to this cavity if the
cavity is relatively narrow. (The sutures seen between the
basioccipical, basisphenoid and prootic in Fig. 7 are those

exposed in parasagittal section). 1In certain dinocephaiians this

-
4 unossified zone is covered dorsally by the medial parts of the
§€’ basicranial proccsses of the prootics (Boonstra 1968). It is

’ ,2 possible that this is the case in Mpschorhipys as well.

% The anterior processes of the prootic in Moschorhinus are
| ° enlarged compared to those of other therapsids. The anters-dorsal
§ process especially, shows dorsal and anterior expansion compared
«x’ to those of the scaloposaurids (Crompton 1955; Mendrez 1972),

pristerognathids (Haughton 1918; Boonstra 1934b) and gorgonop-
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sians (Watson 1921; Boonstra 1934a; Olson 1937). The anter:-
dorsal process in these animals is weakly developed, Teaving open
a wide gap between it and the parietal. In Moschorhinus as in
certain _,nodonts (Watson 1913; Brink 1955; Bonaparte 1966),
this gap has been closed up due to the dorsal expansion of the
antero-dorsal process, leaving & small foramen for the passage of
the dorsal head vein. The ante. ior expansion of the antero-dorsal
process of Moschorhinus brings it into contact with the posterior
part of the epipterygoid. This is similar to the situation in
Iheriognathus (Kemp 1972) and the cynodonts (Brink 1955;
Bonaparte 1966; Fourie 1974; Kemp 1979; Gow 1986). The prootic
- epipterygoid ¢ tact of Moschorhinus differs from that of the
abovementioned animals. The anterior margin of the antero-dorsai
process of the prootic forms extensive sutural contact with the
posterior margin of the epipterygoid in these animals. However,
in Mpschorhipuys it can be seen that the antero-dorsal process of
the prootic cverlaps the postero-dorsal process of the epiptery-
goid mediaily. In Thripaxodon (Fourie 1974) both conditions are
found: a small process lies medial to the postero-dorsal part of
the epipterygoid, ventral to the sutu-e between the anterior Timit
of the dorsal part of the prootic and the posterior limit of the
dorsal part of the epipterygoid. Since Romer (1956} stated that
the prootic does not contact the epipterygoid in therocephaliars,
it can be assumed that he described the condition in scaloposau-
rids and pristerognathids.

The unossified zone commonly found in the endocranial roofs
of the scaloposaurids (Crompton 1955), Theriognathus (personal
observation) and cynodonts (Fourie 1974; Kemp 1979) is absent in
Moschorhinus. The unossified zone lies between the parietal and
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supraoccipital, opposite the interparietal. The interparietal is
excluded from the endocramium by the antero-dorsal extension of
the medial part of the supraoccipital which contacts the parietal
in Moschorhinys (Fig. 7).

A progressive expansion ¢. - dorsal part of the epiptery-
goid can be seen within the 1. .. ephalia ‘Tarry 1965). The
dorsal part of the epip*irygoid is re: *ively narrow in the pris-
terognathids (Boonstr: 1934k, 1968) it being Vittle wider than
that of th¢ gorgonopsians (Watson 1921; Kemp 1968). In the
scaloposaurids however, expansicn of the dorsal part is much more
evident (Crompton 1955; Mendrez 1972). This broadening is even
more pronounced in Moschorhinus (Figs. 3, 7} and Euchambersia
(Boonstra 1934b). In the whaitsiids (Boonstra 1934b; 3rink 1958)
the expansion of the epipterygoid reaches its climax and resembles
the condition found in certain cynodonts (e.g. Thripaxodon, Fourie
1974 and Procynosuchus, Xemp 1979).

The degree of erpansion of the epipterygoid is indicative of
its involvement ‘n the formation of the side-wall of the brain-
case. In the pristerognathids and Lhe scaloposaur‘ds only the
dorsal tip of the epipterygoid is incorporated in the lateral wall
of the braincase. The rest of the epipterygoid lies lateral to
the antericr processes of the supraoccipital and prootic and the
fenestra prootica membrane, as is the ~ase in the Gorgonopsia. In
whaitsiids on the other hand, the part of the epipterygoid dorsal
to the level of the anterc-ventral process of the proctic is
incorporated in the side-wall of the braincase, as is the case in
the Cynodontia. The part of the side-wall of the braincase which
is formed © the fenestra prootica membrane in the gorgonopsians,
pristerognathids and scaloposaurids is substituted for the dorsal
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half of the epipterygoid in the whaitsiids and cynodonts. It
seems that with the progressive involvement of the epipterygoid in
the formation of the side-wall of the braincase, the fenestra
prootica diminished in size so that finally the cynodonts have one
or two trigeminal foramina posterior to the processus ascendens
and a small antero-veatral process of the prootic. If a fengstra
prootica membrane was present at all in cymodonts, it would only
have served to isolate the trigeminal ganglion from the endocra-
nium rather than have formed a substantial part of the lateral
wallqof the braincase.

In Moschorhinus an interesting combination of both abovemen-
tioned conditions is found. The anterc-ventral process of the
prootic is much larger than that of most therocephalians, barring
the scalopo:aurids (Crompton 1955; Mendrez 1972) and maybe
Promuschorhynchus (Mendrez 1974b). The membrane covering the
large fenestra prootica thus formed would form the side-wall of
the braincase in that region (this aspect has been discussed
previcusly). The enlarged dorsal third of the epipteryguid forms
the part of the side-wall of the braincase <..sal to t/'s m -

brane.

Endocast (Fig. 11; Plates 15, 16, 17)

Very little concerning the morphology of the brain could be
learned form the endocasts made of the posterior part of the
endocranium. This is due wmainly to two factors: firstly, the
side-wall of the braincase in the orbitotemporal region is unossi-
fied and secondly, the brain of Moschorhinus, as is the case in

most reptiles, did not fill the endocranial cavity and therefore
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left behind few traces on the bony endocranium (see Olson 1944;
Jerison 1973; Hopson 1979).

The exact dimensions of the optic Tobes, cerebrum and olfac-
tory Tobes of Moschorhinus are impossible to estimate because
these structures were bound laterally by the non-oszeous part of
the side-wall of the braincase. This also applies to the position
of the foramina for the optic, oculomotor, trochlear and abducens
nerves and the jateral part of the infundibulum. In certain
gorgonopsians (Watson 1921; Kemp 1969), Therioanathus (Kemp 1972)
and cynodonts (Brink 1955) it is ;.ssible to determine the posi-
tion and relative size of the olfactory lobes at least, because of
the presence of an orbitosphenoid.

The space between the endocranial roof and the brain in
Moschorhinus would have been filled with certain non-neura tis-
sues including venous sinuses which, while obscuring the dorsal
part of the brain, left traces behind on the roof as in other
reptiles (Hopson 1979). An endocast of the ventro-lateral gutters
of the parietal, in the roof of the endocranium, shows two parasa-
gittal ridges superficially resembling cerebral hemispheres
(Plate 16). If, however, the cerebral hemispheres did contact the
endocranial roof, gently sloping depressions would be expected in
this region (as in Nythosaurus, Watson 1913; and Probainognathus.
Quiroga 1980) rather than deep, steep-walled grooves as in
Moschorhinus and Theriognathus. It is also unlikely that the
cerebral hemispleres would be so far apart, diverge anteriorly or
be situated this far posterior to the parietal foramen. An endo-
cast of the dorso-medial fossa of the epipterygoid yields a bulge
which is easily confused with the optic tectum (Piate 15). Hopson
(1979) proved that it is far more likely that these ridges and
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bulges were formed by toe longitudinal and transverse venous
sinuses respectively (these sinuses will be discussed in detail
later}. It is important to mention at this stage that the trans-
verse sinus ran between the optic tectum and the cerebellum (Dendy
1909; Hopson 1979),

In contrast to the grooved ventral surface of the parietal
and medial surface of the dorsal part of the epipterygoid, the
concave antero-ventral surface of the supraoccipital is smooth.
This was probably caused by the combined influence of the broad
posterior part of the longitudinal sinus situated between the
posterior part of the brain and the endocranial roof, and the
particularly thick dural covering of the posterior part of the
brain (Hopson 1979). The endolymphatic sacs which were apparently
situated inside the cranial cavity on either side of the posterior
part of the longitudinal sinus (Dendy 1909) rrobably also played &
role.

The only trace left by reural tissue in the endocranial roof
of Moschorhinus is the ventral parietal foramen and the surroun-
ding funnel-shapad indentation. The ventral parietal foramen
probably marks the junction between fore- and midbrain (Kemp
1969). Although the parietal canal seems extremely large in
sagittal section (Fig. 7), one has to bear in mind that the canal
becomes narrower transversely as it rurs from the oval-shaped
ventral parietal foramen (Fig. 8) to the slit-Tike dursal parietal
foramen (Fig. 1,. This is also the case in Theriognathus (rerso-
nal observation). Edinger (1955) discussed the relative sizes of
the parietal eye and foramen and concluded that the size cf the
foramen paralle's the size of the parietal eye. It is important

to note however that the parietal foramen of reptiles with a thin
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skull-roof differs radically from those with a thick skuil roof in
which a parietal canal (Boonstra 1968) is present. It is wrong to
assume that because the parietal eye fills the foramen in extant
animals, the same would be the case for those extinct forms with
parietal canals. [If this was the case, dinocephalians would have
had parietal eyes oniy slightly smaller than the rest of their
brains. It is possible that the typical parietal foramen of
extant reptiles and the parietal caral of therapsids had different
functions. It is postulated that the parietal eye filled only the
dorsaimost part of the parietal canal and maybe not even all of
it. 1In animals such as Moschorhinus and Therioanathus it would
seem as if the parietal eyes must have been quite small judging by
the size of ine dorsal frramen. The ventral purt of th. canal and
the ventrail parietal toramen, which corld not have been fillisd by
the parietal eys, are large in comparison. Tiis, and the fact
that the indentation surrounding the wventra’ parietal foramen
indicates the position of the pineal bony (Roth & Roth 1489)
suggests that the dorsal part of the pi:eal body occupied the
ventral part of the canal. The parietd) nerve which connects the
parietal eye to the pineal body would then have passed through the
central part of the canal. [If it is assumed that the parietal
organ had the sane structure and function as those in extant
reptiles then it is highly unlikely that the nerve would have
filled the canal. It is suggested that the parietal nerve and
passibly even the parietal and pineal bodies were enveloped in
non-neural soft tissue.

In contras?. to the anteior and dorsal parts of the brain of
Moschorhinus, the ventral part of the brain seems to have been

situated close to the hony surface of the endocranium (Olson
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1944). This is reflected by the tubular part of the endocranium,
the deep impressions in the endocranial floor, the deep floccular
fossae, the pituitary fossa and the trcugh for the infundibulum.
Nerve-impressions are ahsent from the endocranial side-walls,
probably indicating that the brain was situated close to the nerve
foramina.

An endocast of the posterior tubular section (Plates 15, 16,
17} ytelds a cylindrical structure which seems to be approximately
the same size and shape as the medylla oblongata. The cast of the
Jugular canal juts postero-laterally from its anterior part. The
position of the posterior cerebral vein appears as a laterally-
running, frregular-shaped ridge on the dorsal part of the jugular
« nal cast (Plate 15). Posterior and ventril to the prominent
jugular canal cast are two small twigs which are the casts of the
foramina for the rami of the hypoglossal nerve. The basicranial
ridge of the exoccipital which appears as a postero-lateral slo-
ping groove on the endocast (Plate 17) indicates the anterior
Timit of the long floor of the tubular section. The oval-shaped
depression in the endocranial floor, posterior to the basicranial
ridge, seems to be an impression of a hypoglossal ganglion. It
occurs nn the endocast as a ventral bulge confluent postero-late-
rally with the anterior hypoglossal twig (Plate 17).

The medial wall of the opisthotic Teaves a broad, corcave
depression on the endocast between the cast of the jugular foramen
posteriorly and the casts of the inner ear and flocculus anterior-
ly. The endocranium suddenly becomes wider and higher anterior to
the medial walls of the opisthotics and basicranial ridges of the
exoccipitals.

On the endocranial floor, medial to each internal auditory
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meatus and antero-lateral to each basicranial ridge of the exocci-
pital, lies a deep depression confluent jostero-lateraily with the
Jugular canmal. These depressions appear in the form of a lobed
structure on the ventral part of the endocast. The lobes ave
divided medially by a notch in the endocast formed by the antero-
dorsal projection of the basiociipital (Plate 17). Olson (1944),
Kemp (1979) and Kielan-Jaworowska (1983, 1986) argue that these
depressions were formed by the pons but Hofer & Thenius (1960) and
Edinger (1975) disagree.

Anterior to the medial wall of the opisthotic and dorsal to
th: inner ear, lies the large floccrlar fossa. This fossa is
easily identifiabie on the endocast (Piate 15). It seems to be
similar in size to those in gorgonopsians (Olson 1944; Kemp
1969), Theriognathus (personal observation) and cynodonts (Watson
1913; Oison 1944; Quiroga 1980). The flocculus marks ihe poste-
rior part of the cerebellum.

The position of the cochlea, common and posterior ampullary
recesses, crus comminis and auditory canal are easily identified
on the cast of the - (Plates 15, 16, 17). The short,
pyramid-shaped cast o Mca is separated from the cast of
the pons-like structure vy a crescent-shaped notch in the endo-
cast, formed by the ventro-medial rim of the internal auditory
meatus. The casts of the cochlea and the long, ventro-laterally
sloping auditory canal are the most ventral structures on the
endocast. Between the casts of the cochlea and the floccular
fossa are three jutting processes on the cast of the inner ear
(Plate 15). The larger prucess situated anterior to the cast of
the floccular fossa is that of the common ampullary recess. The

most medially situated process, of the two prccesses postero-
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v . to the cast of the floccular fossa, is the cast of the
crus communis and the laterally situated process is the cast of
the posterior ampullary recess.

The position of the facial nerve is indicated on the endocast
by the long cylindrical projection situated between the cast of
the inner ear and the triangular cast of the incisura prootica
{Piates 15, 16, 17). The actual exit of tihe trigeminal nerve
would have been much smaller than the cast of the incisura
prootica because the incisyra prootica would have been partially
covered by the femestra prootica membrane. The position of the
root of the trigeminal nerve marks the anterior limit of the
cerebellum (Kemp 1969). It is suggested that what Olson (1944)
termed the foramen ogvale (FOOV) in his endocast reconstructions
should actually indicate the ventral portion of the incisura
praatica. The inner ear is clearly situated in the proximity of
the flocculus and not anterior to the facial nerve. The cranial
nerves will be described later.

The pronounced flexure of the midbrain is marked by tne
medial ~idges of the antero-ventral processes of the prootics.
These ridges curve antero-dorsally and the membrane between them
would form the floor of the midbrain. The dorso-lateral part of
this membrane probably ran between the Iateral parts of each optic
tectum and cerebral hemisphere, d.2 to their dorsal position.
This membrane would have been penetrated medially by the ~entral
part of the brain including the infundibulum. The ventrai . of
the infundibulum seems to have formed contact with the antero-
dorsal process of the basisphenoid, judging by the smooth trough
situated in its dorsal surface. This argument is strengthened by

the presence of a small oval fossa within the trough which seems
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to have contained the pituitary. The endocast of this region
(Plates 15, 17) strongly suggests an infundibulum with a postero-
ventrally situated pituitary. The pituitary of Moschorhinus was
evinently quite small for such a big animal. Speculations on the
actual size of the pituitary should be approached with caution in
those therapsids without a clear medial fossa in the se'la
turcica. It is improbable that the pituitary was as massive or
bilched as was suggested by eg. Watson (1913), Nopgﬁa (1926},
Olson (1944) and Kielan-Jaworowska (1983). It does not seem as if
the pituitary made contact with the gella turcica in vhose therap-
sids described by the abovementioned authors. It should be kept
in mind thai a large portion of the sella furcica was occupied by
bloodvessels and eye-muscies (Hopson 1979). The cast of the
posterior part o the sella turcica in Moschorhinys alse yields a
large, bilobed structure (Plate 17), but as was described nre-
viously, this region was occupied by eye-muscles. The optic
chiasma would have been situated antero-dorsal to the subiculum
infundibyli.

Using the abovementioned landmarks, “he brain, inner ear and
certain endocranial bloodvessels were reconstructed (Fig. 11).
The position of the cerebrum, olfactory lobe, optic chiasma,
posterior part of the infundibulum and the optic, oculomotor,
trochlear and abducens nerves are of necessity only rough approxi-
mations in this reconstruction. The reconstruction is noticably
higher than the endocast, it should be kept in mind however that
the skull of Moschorhinus BP/1/4636 {therefore also the endocra-

nium and the endocasts) is compressed derso-ventrally.

&
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5.4 CRANIAL NERVES

Optic (11}. ocylomoter (III} and trochlear (IV) perves

Although it is impossible to determine the exact positions of
the opticus, oculomotoriys and trechlearis foramina with certain-
ty, it is possible tc give an zoproximate estimation of their
positions in relation to certain structures .n the basicranium.

The opticus foramen, through which the optic nerve (1I)
exits, lies within the fenestra optica which is situated anterior
to the pila metoptica and dorsal to the posterior part of the
interorbital septum (Sive-Soderbergh 1947). 1If the antero-dorsal
tuberosity of the basisplenoid in Moschorhinys is indeed the
ossified subiculum infundibwl4, then the probabie position of the
fenestra optica would be slightly anterior to it and approximately
half-way between it and the skull-roof (Fig. 10).

The ocylomotorius and trochlearis foramina are situated in
the fenestra metoptica (i.e. posterior to the pila metoptica). In
the reptiles described by Sive-S86derbergh (1947) the trochlearis
foramen is situated dorsal to the subiculum infundibyli, approxi-
mately halfway between it and the skull-roof. The gculomotorius
foramen lies on a lower level than the abovementioned two fora-
mina. It is situated further posteriorly than the trochlearis
foramen and lies approximately dorsal to the position of the
internal carotid foramen (Dendy 1909). This was most probably the
situation in Mgoschorhinus too. The oculomotor nerve (III) runs
between the sac which encloses the posterior part of the retractor
musculature (bursalis and retractor bulbi muscles) and the
fenestra metoptica membrane in those reptiles described by
Sive-Soderbergh (1946). It innervates the byrsalis, retractor
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bulbi, superior rectus, inferior rectus, anterior rectus and
inferior oblique musclies. The trochlear nerve (IV) innervates the

superior oblique muscle [Jollie 1973).

Trigeminal perve (V)
The root of the trigeminal nerve exits through the incisura
progtica (Fig. 6) into the cavum epiptericum which housed the

trigemina) ganglion (gasserian ganglion, Goodrich 1958; semilunar
ganglion, Starck 1979). Starck (1979) mentions however that a
single irigeminal garglion is absent in most reptiles. There are
two smaller ganglia present instead; the ophthalmic ganglion and
the maxillo-mandibular ganglion. It would be difficult to decide
which of the two possibilities would have been present in
Moschorhipus because a single trigeminal ganglion is present in
amphibians and mammals (Starck 197§).

The ramgs ophthalmici- ran in an anterior direction and
passed through the orbit into the nasal capsule. From the descrip-
tions of 0’Donoghue (1920) and Oelrich (1956) it is evident that
certain branches of the ophthalmic ramus are accompanied by bran-
ches of the superior orbital artery and not by the primary head
vein as depicted by Presley & Steel (1976). The ramus gphthalmi-
cus passed mesial to the jrocessus ascendens’ of the epipterygoid
and lateral to the non-osseous side-wall of the braincase
(Séve-Sbderbergh 1947, Presley & Steel 1976). Romer (1956) men-
tioned that the ramys ophthalmicus runs close to the side-wall of
the braincase. Sive-Soderbergh (1946, 1947) described in
Sphenodon a horizontal groove on the lateral face of the antero-

ventral process of the prootic in which the posterior part of the

ramus ophthalmicus runs. It seems that this was the case in
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Moschorhinus as well. In Moschorhinus there is a distinct inden-
vation present on the lateral face of the antero-ventral process
of the prootic. This indentation runs anteriorly and slightly
dorsaliy from the anteru-ventral border of the incisura prootica

(Fig. 5).
The ri s maxillaris and ramus mapndibylaris pasrced posterior
to the processus ascendeys into the temporal cavity (Presley &

Steel 1976). Certain authors (Brink 1906; Mendrez 1972, 1974a,
1974b) argue that the posterior apophysis of the epipterygoid
separated these two rami (see Fig. A). Others /Watson 1920, Kemp
1972) argue that both rami emerged through the foramen dorsal to
the posterior apophysis (the posterior foramen of the epiptery-
goid). Crompton (1955) proposes a third alternative, namely that
both rami emerged ventral to the posterior apophysis. The
greatest part of the cavum cpiptericum (and therefore also the
trigeminal ganglion) 1ires below the level of thz posterior foramen
of the epipterygoid. Since the ramus maxjilarjs must have been
directed ventrally, as is the ramuys mandjbularis, ft is unlikely
that it would first be deflected dorsally from the ganglion to
pass through the posterior foramen of the epipterygcid and then
ventrally towards the maxilla. It is more feasible that the ramus
maxillaris passed together with the ramus mandibylaris ventral to
the posterior apophysis, suggesting that the posterior foramen of
the epipterygoid is not homologous to the cynodont trigemiral
foramen (see Fig. 16).

In cynodonts the whole posterior edge of the epipterygoid
contacts the antero-lateral part of the proctic, leaving only the
trigeminal foramen between them for the exit of the maxillary and

mandibular rami of the trigeminal nerve and a vein (Gow 1986).
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This foramen always lies above the quadrate ramus {postero-ventral
process) of the epipterygoid (Simpsor 1933; Parrington 1946;
Brink 1955; Hopson 1964; Romer 1969; Fourie 1974). In other
reptiles (including therocephaliars) the ossification of the
side-wall of the braincase has not reached this stage and is
therefore much more open. It would therefore be incorrect to
refer to the region between the epipterygoid and the lateral face
of the prootic, through which th trigeminal rami and the vens
cerebralis med # n2ssed, as the trigeminal foramen. There is also
a fundamental difference between the "trigeminus foramen" de-
scribed by Sdve-Stdertergh (1947) and the trigeminal foramen of
cynodonts. The trigeminus foramen is situated in the ventral
corner of the fenpstra prootica membrane which spans the incisura
prootica. This foramen through which the trigemiral root exits
should be common tc all reptiles with an incisura prootica {inclu-
ding cynodonts and therocephalians). The trigeminal foramen is

seperated from the incisura prooiica, which lies medial to it, by

the dorsal part of the cavum epiptericum (see Gow 1986).
Abducens nerve (VI)

The vnot of the abducens nerve usually exits through a Tora-
men in the base of the antero-ventral process of the prootic
(ossified pila antotica) (see Haughtor 1918, Goodrich 1958, Starck
1679}, In Moschorhinus {(own cbservation, Mendrez 1974a) and
Promoschorhynchus (Mendrez 1974b) this foramen ‘s absent. Olson
(1938a) mentions that a foramen for the abducens nerve may be
absent in certain gorgonopsians and VI would in this case pass
anterior to the prootic (see Watson 1921; Boonstra 1934a). This

seems to have been the case in Moschorhinus as well. The abducens
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nerves therefore must have pierced the membrane between the two
antero-ventral processes of the prootics. Each nerve then ran in
an anterior directicn lateral to the fenestra metoptica membrane
to innervate the bursalis, retractor bulbi and posterior rectus
muscles (Sive-Séderbergh 1946).

Eacial nerve (VII)

The root of the facial nerve exits through its foramen be-
tween the central and ventral ridges of the prootic (Figs. 4, §).
No impression for the geniculate ganglion (gasserian ganglion,
Mendrez 1972) could be found on the lateral surface of the pro-
otic. The medial aperture of the foramen for the facial nerve is
situated half-way between the internal auditory meatus and the
incisura prootica (Fig. 7). There is no groove or any other
connection betwean the foramen and the inner ear in contrast with
the situation found in the gorgonopsians described by Olson (1937,
1938a) and Sigogneau (1974). The foramen is situated very close
to the internal auditory meatus in the scaloposaurids (Crompton
1955), pristerognathids (Haughton 1918; Olson 1938b), whaitsiids
(personal observation) and cynodonts (Watson 1913; Simpson 1933;
Fourie 1974; Hopson 1964; Kemp 1979). In Therigynathus the
ventral ledge (ventrai to the floccular fossa) forms a small
cverhang commencing a* the level of the foramen, forming a slight
groove between the foramen and the internal auditory meatus.

The small palatine ramus of the facial nerve ran in an ante-
ro-ventral direction from the geniculate ganglion to pass through
the parabasal canal, accompanied by the internal carolid artery
(Fig. 16). As the parabasal canal splits into two, the palatine

ramus ran through the anterjormost canal, here named the palatine
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canal. The palatine ramus was accompanied Dy the palatine artery
which branched off from the internal carotid ariery. After exit-
ing from the palatine foramen which is situated in the basicranial
gutter, the palatine nerve probably ran dorsal to the palatine
artery which ran in the antero-dorsal groove of the pterygoid on
either side of the interorbital septum (Fig. 9). The large mandi-
bular ramus of the facial nerve ran postero-ventrally from the
geniculate ganglion towards the fenesira ovalis (Fig 16). From
hers it ran posteriorly, accompanied by the posterior part of the
vena gcapitis lateralis, between the stapes and the paroccipital
process of the opisthotic (Romer 1956).

Vestibulocochiear uwerve (Villj

The ve-iibuloc chlear nerve (statoacoustic nerve, Starck 1979} of
reptiles is split inte twu branches: the anterior vestibular
branch and (he posterior acoustic branch. The vestibular branch
innervates the utriculus and the anterior and horizortal ampullae.
The acoustic branch innervates the layena, papillae neglecta and
basilaris and the posterior ampulia. The sacculus is innervated
by both branches (Starck 1979). The vestibulocochlear nerve runs
ventro-laterally from the medulla and enters into {he inner ear
either through a single opening or double foramina in the side-
wal) of the braincase (Romer 1956). The latter seems to have been
the case in the dicynodont Kingoria described by Cox (1959). A
small foramen is situated in the side-wall of the braincase,
directly anterior to the internal auditory meatus in this animal.
Cox (1959) postulated that the anterior branch of VII! penetrated
it. Olson (1938b) described a similar fcramen in a pristerogna-

thid but postulated that it was for the facial nerve. Since this
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foramen enters into the vestibule it is suggested that it is
homologous to the foramen described by Cox (1959). In
Moschorhinus however, no foramen could be found between the fora-
men for the facial nerve and the internal auditory meatus
(Fig. 7). it seex. that both branches of the vestitulocochlear
nerve passed threugh the membrane which spanned the internal
auditory meatus directly into the medulla because of the proximity
of these two structures and the fact that this nerve l1eft no
impression in the endocranial wall. This short nerve which would
be hidden by the inner ear in lateral view is not shown in

Fig. 11.

Glossopharyngeal (IX). vagoaccessc (X} and hvdoglossal (XIF)
nerves

There is no  separate glossopharyngeal foramen in
Moschorhinus. The glossopharyngeal nerve exited through the large
Jugular canal together with the vagoaccessory nerve and posterior
cerebral (jugular) vein (Figs. 2, 5, 7). This is a common feature
in the therspsids (Watson 1911, Haughtor 1918, Kemp 1979). The
hypoglossal nerve of Moschorhinus was apparently divided into two
rami, each of which ran in a Tong, narrow tunnel which penetrates
through the lateral portion of the exoccipital (Figs. 4, 7, 9).
These rami would have exited into the jugular canal through its

medial wall, near its externai aperture (Fig. 4).
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5.5 INNER EAR (Figs. 12 - 14)

The cast of the inner ear is one of the most salient features
of the endocast (Plates 15, 17). The casts of the auditory canal,
common recess for the anterior and horizontal ampullae and recess
for the posterior ampulla can be seen in latera) view (Plate 15)
and the casts of the auditory canal and cochlear recess can be
seen in ventra)l view {Plate 17). The smooth surface of the inner
ear of Moschorhinus suggests that it was fully ossified contrary
vo that of Theriognathys (personal observation).

The inner ear is situated in the prootic, opisthotic, supra-
occipital and basioccipital bones (Fig. 12). The sutures between
these elements have been described in detaii in Chapter 4. The
morphoiogy of the inner ear of Moschorhinus is remarkably similar
to that of the Cynodontia and Gorgonopsia.

The vestibule lies ventro-iaterally to the rest of the cra-
nial cavity. The saccular recess, cochlear recess, auditory canal
and fenestra ovalis Tie below the flocr of the cranial cavity.
The posterior ampullary recess and fepestra rotunda lie on the
same level as he floor of the cranial cavity and the anterior and
lateral ampullary recesses, the utricular recess and the boijy
labyrinth 1ie absove it (Fig. 12).

The primitive condition in which the vestibule js connected
to the cranial cavity by an extremely large internal auditory
meatus (as described by Romer & Price (1940) in the Pelycosauria)
is present. In the 1iving state the meatus would have been partly
covered by a ~ombrane. This is identical to the situation in the
Cynodontia (Watson 1911 & 1913), in the Gorgonopsia {O1son 1938a),
in the Dinocephalia (Boonstra 1968) and in tne Anomodontia (Olson

B
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1944). It thus seems to have been a common therapsid feature.

The concave entro-media! border of the internal auditory
meatus is in the form of a rather proncunced lip projecting slight-
Ty .hove the filoor of the cranial cavity. It is formed by the
prootic anteriorly and by the opisthctic posteriorly (Fig. 9).
hknte-iorly and posteriorly the lip slopes ventro-medially follow-
ing the concave curvaturc of the wall of the cranial cavity. The
medial border of the meatus slopes in an antero-dorsal direction
from its lowest point postero-medially, this rlosely follows the
orientation of the floor of the cranial cavity in that region.
The margins of the internal auditory meatus are smooth as de-
scrit. . by Olson (1938a) for the Gorgonopsia and would indicate
the absence of cartilage in that region. The vestibule is open to
the cranial cavity dorsal to the internal auditory meatus. It is
therefore impossible to know the exact limits and morphology of
the dorso-medial part of the vestibule, namely the medial parts of
the ¢rus communis, the utriculus and the dorsal part of the saccu-
lus (see Fig. 13). It is also impossible to tell exactly where
the endolymphatic duct and vestibulocochlear nerve would exit
through the medial wall of the internal auditory meatus.

Dorsal to the vestibule, the deep floccular fossa (subarcuate
fossa, Watson 1913) is present in the side wall of the cranial
cavity (Fig. 12). The ventral ledge separates the floccular fossa
from the vest,.ule. Just posterior to the floccular fcssa tue
entrance to the bony canal for the ¢rus communis is visible in the
antero-dorsal part of the medial surface of the opisthotic. The
ledge forms a roof over this entrance, runs anterioriy and termi-
rates at the level of the anterior border of the vestibule. The

ventral surface of this ledge forms the dorsal horder of the

O
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vestibule.

The vestibule is separated from the jugular canal by the
prominent medial wall of the opisthotic. The wall runs in a
ventro-lateral and slightly anterior direction to terminate just
above the Ievel of the floor of the cranial cavity. The rounded
anterior surface of this wall forms the posterior border of the
vestibule and th. internal auditory meatus. The ventral border of
this wall slopes ventro-laterally and forms the dorsal border of
the concave notch in the opisthotic which housed the fenestra
rotunda. This i< contrary to the statment made by Sigogneau
{1974) that the Jjugular canal is separated from the labyrinthic
cavity by a bony medial wall only ir the gorgonopsians and
Dimetrodon. This, however, seems to be the case in some pristero-
gnathids {see Olson 1938b & 1944} and cynodonts (see Brink 1955}
but it is by no means the rule in synansids as a whole. In other
pristerognathids (see Haughton 1918; Broom 1935 and Vyushkov
1955}, cynodonts (see Watsen 1911 and Kemp 1979) and anomodonts
(see Cox 1959 and Cluver 1971) a distinct wall separates the
jugular canal from the vestibule. The majority of these fossils
have relatively thin medial walls compared to that of
Moschorhinus. There is in all cases ventral to the wall a commu-
nicating notch or even a channel (as desribed by Estes (1961) in
Thrinaxodon) between the vestibule and jugular canal indicating
the position of the fenestra rotunda. It is interesting to note
how this region varies in different therncephalians. In the
pristerognathid desribed by 0lcon (19386 & 1944} the jugular canal
seems to be confluent with the posterior ampullary recess, in
Theriognathus the bony wall separating the jugular canal and

vestibule is relatively thin {personal observation) as is the case

¢
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in most other therapsids, and in Moschorhinug it is robust.

The membrane which would have covered the meatus in life was
most probably suspended between the madial wail of the opisthotic
postericrly, the ventral ledge dorsally and the lip fcrming the
ventro-medial borcer of the internal auditory meatus ventrally.

The large fenestra gvalis (fenestra vestibularis - Baird
1960) lies ventro-laterally to the vestibule. The shape of the
fenestra gvalis is neither irregular nor double neither is it left
partly uncovered by the footplate of the stapes as mentioned by
Olson {1938b) in “Therocephalian A", it is round (see Fig. 5) as
Mendrez (1974b) has recorded in Promoschorbynchus and compietely
covered laterally by the stapes as Mendrez (1974a) has found in
Mosche hinus (S.A.M. No. K118). The long auditory canal formec by
the prootic, opisthotic and basioccipital, runs dorso-medially
from the fenestra ovalis and enters into the ventro-lateral part
of the vestibule. The moschorhinid auditury canal (Figs. 8, 9) is
as long as those found in certain gorgonopsians (Haughton 1918)
and anomodonts (Cluver 1971), it is much longer than that of the
whaitsiids (personal observation), the pristerognathids (0lson
19238bj and certain cynodonts (Brink 1955; Fourie 1974 and Kemp
1979). The canal is approximately circular in section. There is
a small bulge on the postero-ventral surface of the proximal half
of the canal forming a comsiriction in the canal ‘see Fig. 9)
faughtnn (1918} described a similar constriction in the gorgonop-
sian Scymnognathus.

The vestibule is confluent with a funnel-like cavity situated
in the prootic, opisthotic and basioccipital, ventral to it
(Fig. 12). This cavity contained the cochlea and part of the

sacculus as well as parts of tha perilymphatic system (Figs. 13,
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14). The medial wall of the cavity formed by the prootic ond
opisthotic reaches straight up to the ventro-medial lip of the
internal auditory meatus. 'The ventral extremity of the cavity is
in the rorm of a small, pyramidal depression within ths prootic
(Fig. 12). This staep-walled depressicn is the lagenar part of
the cochlear recess (see Baird 1970). The basioccipital, prootic
and opisthotic mect at the postero-medial part of the dorsal
border of the lagenar recess (Fig. 9). Some authors (eg. Olson
19382 and Sigogreau 1974) synon;mize the lagena (which housed the
lagenar macula) and cochlea but this is rather confusing. Al-
though the raptilian cochlea is a very simple structure compared
to thos: of nsammals it is considerably more complex than the
situation found in fish and amphibians. In fish and amphibians
the lagena is a small projection or the tacculus and in reptiles,
birds and monotreme mammais it onccupies the distal part of the
cochlea (see Romer 1970). The use of the term recessus scala
tympani by authors such as Olsor (1938a&b) and Kemp (1969) is
misleading (see Sigogneau 1974). The Crocodil’a is the only known
reptile group with a fully developed scala tympani (see Romer
1976). Crocodilians hav> a distal perilymphatic tube (scals
tympani) that runs along the lenath of the long, straight, bird-
Tike cochlear duct (scala media). A proximal perilymphatic tube
runs along the other side of the scala media, this is the scala
vesiibuli. In the other reptile groups the perilymphatic sac is
not this speciaiized, the short perilymphatic duct (helicotrema -
Baird 1960) is associated with the basiiar papilla instead. The
duct runs perpendicular medially to the cochlea instead of paral-
Tel to it as the gcala tympani and vestibuli dc in crocodiles.
The perilymphatic sac lies posterior to the cochlea sharing the
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same recess with the duct and cochlea. Since the primitive vesti-
bule in therapsids is open to the cranial cavity, neither the
fenestra rotunda nor the perilymphatic sac are completely enciosed
in bone as they are in other recent reptiles such as the iguanids
(see Baird 1960 & 1970). It is therefore incorrect to refer to
the space leading to, or anterior to (as is the case in
Moschorhinus) the notch for the fenestra rotunda in the therapsids
as the recessus scala tympani. It is possible that Olson (1938b)
and Kemp (1969) mistook parts of the posterio~ ampullary recess
for the “recessus scala tympani". The division between the saccu-
lar and cochlear recesses within the funnel-like cavity is ob-
scure. This seems to be a common situation in therapsids, certain
authors (eg. Olson 1944) refer to it as the sacculo-cochlear
recess. The medial wall of the cavity enclosed the medial parts
of both the sacculus and the cochlea but the much lower lateral
wall probably only enclosed the lateral part of the cochlea and
parts of the perilymphatic cistern. The region below and medial
to thz dorsal border of the lateral wall will be referred to as
the cochlear recess and the region immediately above it and ven-
tral to the level of the dorsal border of the medial wall as the
saccular recess (Fig. 12).

The auditory canal enters intc the vestibule dorsal to the
Tateral wall. The cochlear recess and auditory canal are sepa-
rated by a wedge of bone and not confiuent as in the pristero-
gnathid described by Oison (1938b). The periiymphatic cistern
must have filled the auditory canal to establish contact between
the footplate of the stapes covering the fenestra ovali, i.terally
and the sacculus and cochlea mediaily. Moschorhinus would there-

fore have had a much larger cistern than therapsids with shorter

O
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avditory canals. The cistern would have entered tre vestibule at
the level of the sacculus. It is probable that the cistern not
only contacted th- lateral part of the sacculus but also the
dorso-lateral part of the cochlea. The cochlear recess widens
coasiderably dorso-laterally and would therefore have been able to
accommodate more than just the cochlea (see Fig. 12). The peri-
Tymphatic duct and the ventro-medial part of the cistern would
have surrounded the cochlea in this region. The perilymphatic sac
was situated more dorsally, antericr to the fenestra rotunda, and
thus posteriorly to the sa.cuius in the saccular recess. The
fenestra rotunda, which supported the secondary tympanic membrane,
was situated, as mentioned previously, in *he notch ventral to the
medial wall of the opisthotic (Fig. 13).

The exact limits of the sacculus are obscured by the effect
the surrounding perilymphatic system had on the bony walls of the
cochlear recess. As in Lystrosaurus (see Cluver 1971) there is a
Tedge fo~ od by the prootic and cpisthotic on the lateral waii of
the vestibule that might indicate the dorso-lateral Timit of the
sacculus (Fig. 12}. In Mgschorhinus the sharp-edge ~oncave ledge
15 somewhat lower down than in Lystrosaurus. The ledge also forms
the dorso-medial border of the auditory canal. The medial lip of
the internal auditory meatus would mark the dorso-medial boraer of
the saccular recess. The sacculus was situated below the level of
the cranial floor as in Dimetrodon (see Romer & Price 1940). It
was also situated below the level of the horizontal semicircular
canal as described by Olson (1944) this is contrary to the situa-
tion found in Gorgonops by Sigogneau (1974) and certain extant
veptiles eg. Squamata (see Baird 1970). The sacculus was situated
opposite the opening of the auditory canal to facilitate contact
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with the perilymphatic cistern and therefore its laterad) Yimit is
unknown (Fig. :4}. The ventral Timit of the szccuius {5 ifmpossi-
sle to distinyuish as was noted by Olson (1944).

Porterior To the floccular fossa on the iateral wall of the
cranial cavity iies the foramen through which the [rus coemunis
passed {Fig. 12). Maay authors eg. Watsow (1913}, Simpson (1933),
Clzon (1927 & 1533a) and Cox {1959} mistsok it to be the Toraman
for *he endoiymphatic duct. Ventral to this foramen and the
vemral border of the fioccular {ussa 15 2 vantro-laterally slo-
ping region whose veniral bovder forms the dorsal border of the
iaserral auditery weatus, This :trip has indantations which
acegnmodater the Tateral parts of the crus communis and utriculus.
Yeniral to the abovementioned foramen lies the well-defined groove
for the ventro-lateral part of the crus communis. This groove
gr «.ually widens ventrally up to the ledge overhanging the poste-
vigr aupullary recess. The anterior surface of the ventral half
ot ine wall separating the vestibule and jugular fovamen forms the
prominent posterior border of this arouve. Ventral to the medial-
iy projecting 1ip forming the ventro-medial limit of the floccular
fos:a Ties the shallow curved indentation on the prootic for the
ateral surface of the utriculus. This indentation is confluent
with the antoro-ventrally widening groove of the crus zommunis on
“ho opisthotic posteriorly and runs anteriorly up to the anterior
. nit of the anterior ampullary recess. From the positions of
trese two indentations reletive to each other it is clear that the
crys communis entered posteriorly into the utriculus as was found
by Sigogneau (1974} ir the gorgonopsids. The utriculus in turn

would have communicated with the -mpullae ventro-lateral to it
(swe Figs. 13, 14).
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Ventral to the abovementioned region lie the large ampullary
recessez which open widely into the vestibule. The posterior
ampulla was situated within the posterior ampullary recess which
projects postero-iaterally into the opisthotic from the central
vestibular area. 7+ anterior and horizontal (exterior - Olson
1938a; exterral - Sigogneau 1574; Tlateral - Baird 1970) ampul-
lary recesses are confluent and :ori a single large recess as was
found by Cluver (1971) in the anomodonts and Xemp (1979) in the
cynodonts. QClson (1933a & 1944) however, found separate recesses
for the anterior and horizontal ampullae in the therapsids he
studied. This common recess projects antero-dorsally from the
central vestibular area into the prootic. It is much larger and
projects Ffurther laterally than the posterior ampullary recess.
It is also situated more dorsally than the latter recess. The
antero-medial part of this common recess is closed off from the
rest of the vestibule by a ventrally projecting lip formed by the
prootic. The ledge marking the dorso-lateral limit of the saccu-
Tus also marks the ventral limit of the ampullary recesses. ihe
ventral parts of the ampulla-y recesses are confluent dorsal to
this rim. Two foramina lie in the dorso-lateral corner of the
common ampuliary recess. The antero-dorsal foramen is the en-
trance to the anterior semicircular canal and the postero-ventral
foramen is the entrance to the horizonial semicircular canal. Two
foramina are situated one above the other in the posterc-lateral
corner of the posterior ampullary recess. The dorsal foramen is
the exit of the horizontal semicircular canal and the ventral
foramen is the entrance to the posterior semicircular canal.

The anterior semicircular canal curves postero-dorsally

within the prootic and supraoccipit2] from its anterior foramen in
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the common ampullary recess for the anterior and horizontai ampul-
lae, and encircles the flocculus antero-dorsally. Within the
side-wall of the braincase it joins up with the posterior semicir-
cular canal within the opisthotic to form the canal for the crus
communis. The foramen through which the crus communis exited is
situated posterior to the floccular fossa as was pointed out by
Olson {1944). Contrary to the situation described by Sigogneau
(1974) in Gorgonops. the anterior semicircuiar canal is 2ot ex-
posed in the roof of the fleccular fossa in Moschorhinus but it
runs very near its laterat surface (Figs. 8, 9). The shorter,
less curved posterior semicircular canal runs from its foramen in
the ventral corner of the posterior ampullary recess within the
medial wall of the opisthetic. It runs for most of its length
postero-dorsally, but curves anteriorly at its apex to join up
with the anterior semicircular canal to form the canal for the
crus communis. The horizontal semicircular canal curves poste-
riorly in a crescent from its anterior foramen in the common
ampullary recess in the prootic to its posterior foramen in the
dorsal corner of the posterior ampullary recess in the opisthotic.
The medial wall of this canal is fully ossified, this is contrary
to the situation in [heriognathus (personal observation),
Gorgonops described by Sigogneau (1974) and the pristerognathid
described by Olsoen (1938b). The semicirculsr ducts coursed
through these canals from their origins at their ampullae
(Fig. 13, 14). The anterior and posterior ducts formed the crus
communis dorso-medially which was connected to the posterior part
of the utriculus. The horizontal semi-circular duct would have
passed through its posterior foramen situated in the posterior

anpullary recess. It then ran dorsal to the posterior ampulla and
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joined up with the postero-ventral part of the crus communis
instead of ertering the posterior ampulla as was stated by
Sigogneau (1974).

No evidence of the position of the endolymphatic sac or duct
{otic sac and duct - Baird 1960) could be found as mentioned by
Glsun (1944). The duct as well as the vestibulocochiear nerve
would have passed through the massive internal auditory meatus
without leaving a trace on the surrounding bone. The endolympha-
tic sac and duct would have been situated within the craniail
cavity.

Olson (1938b) described a foramen in a pristerognathid within
the prootic anterior to the internal auditory meatus that con-
nected the common ampullary recess with the cranial cavity . He
interpretad it as being the foramen by which the facial nerve
(VII) exited from the vestibule. The facial nerve then ran ante-
riorly in the fallopian canal as in the case of a gorgonopsian and
anomodont described bty him (Oison 1938a&b) up to the foramen
through which the vestibulocochlear nerve {Y111) exited laterally.
The foramen leading from the vestibule to the cranial cavity may
well be homologous to the one described by Cox (1359} in the
dicynodort Kingoria. He described it as being the foramen for the
anterior branch of VIII (see 5.4). In Moschorhinus however, this
is not the case, the facial foramen is placed far antcrior to the
internal auditory meatus without anything resembling a fallopian
canal connecting them. There is no trace of any association

Letween the facial nerve (VII) and the vestibule.
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5.6 CRANIAL BLOODVESSELS (Figs. 11, 15 - 19)

Yeins

There are structures such as grooves, fossae and foramina in
the skull of Moschorhinus which indicate the courses of certain
blovdvessels. The major veins especially have left many clues to
their positions, because, as in extant reptiles, these veins ran
close to the cranial walls. Many attempts have been made in the
past to explain the prohable courses for the bloodvessels of
cortain therap;ids, the best known is that of Watson (1920).

Some confusicn still exists concerning the identity oard
courses of certain head veins. The primar; head vein (Presley &
Steel 1976) (vena Jjugularis interna, Bruncr 1907; wmain trunk,
0’Donnghue 1920) is one of the major veins draining the reptilian
skull. O0’Donoghue 1920, quoting G o.ser & Brezina (1895) and
Salzer (1895) summarises the embriological origin of the primary
head vein. The anterior part is the remnant of the yena capitis
medialis and the posterior part is the remnant of the vena capitis
lateralis. The vena capitis medialis drains the o~bital sinus and
Ties on the base of the brain vant-;al to, and <ligitly mesial to,
the primordia of the cranial nerves. “he vena capitis iateralis
runs from the level of the trigemina) ganglion in a posterior
direction, lateral to the otic capsule, and passes under the
paroccipital bone. Bruner (1907) and Romer (1956) make no dis-
tinction between the anterior and posterior parts of th2 primary
head vein, Romer calls thu whole vein the vena capitis lateralis
and Bruner calls it the vena Jjuquia-is interna. Kermack et al
(1981) call the vena capitis medialis the orbital branch of the
vena capitis lateralis. O0’'Donoghue’s definition for these veins

O
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will be followed in thi: description aithough afs cepiction of the
relationships between these veins and the surrounding bones is not
above critisism.

It is unfortunate that 0’Donoghue’s (1920) commendable and
often quoted description also contains saveral misinterpretalions.
He states quite correctly (p. 210) that the vena capitis medialis
runs “near the mid-ventral line towards the orbital sinus" yet in
his Plate 7, figure 2 it runs lateral to the epipterygoid. One
can easily detect the irreconcilability of the vein on this draw-
ing with that in his Text-figure 8. Goodrich (1958) and Presliey &
Steel (1976) have the yena capitis meauialis in its correct posi-
tion, nameiy mesial to the epipterygoid.

The position of the vena capitis lateralis is also wrong in
Plate 7, figure 2 because here it runs through the post-temporal
fenestra. The sectioned bone (no. 6) at the top of the skul. is
the parietal and the only opening ventral to the parietal in this
area is the post-temporal fenestra (see Rower 1956, figure 598B).
The vena capitis lateralis in O'Donoghue’s drawing, accompanied by
the mandibular branch of the facial nerve (VII' and the auricular
artery, runs dorsa’ to sectioned bones {(no. 19) named by him the

squamosal and quadrzte. Yet on p. 210 he states that the vena

) capitis lateralis and its companisns run "through the foramen
o between the quadrate wing of the pterygoid bone and the otic
capsule”. This is quite correct and his statement on p. 209
; corroborates this: the yena capitis lateralis "continues forwards
‘ under the paroccipital bone along the ventro-lateral wall of the
¢ % auditory capsule”, *“his is confirmed by Jollie (195) and ¥
. Presiey & Steel (1976).

0’Donoghue made two other mistakes concerning the skull.
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Firstly the sectioned bomes (no. 19) in Plate 7, figure 2 are
incorrectly named the squamosal and quadrate because these ovones
Tie lateral to the post-temporal femestra, opisthotic and prootic
{see Romer 1956, figures 59B, 62C) and therefore also lateral and
not ventral to the vena capitis medialis. The sectioned bones
which form the ventral border of the post-iemporal fenestra are in
fact the prootic and opisthotic {s2e Ch. 3 and Romer 1956, fig-
ure 59B). Sccondly 0'Canochue [p. 210) assumes that tie foramen
between the quadra.e wing of the pterygoid and the otic capsule is
homologous to the plerygo-paroccipital foramen of Watson (1911).
This is where the misinterpretation of the cranial veins of the
therapsids began. The pterygo-paroccipital foramen is situated in
the prootic and is somelimes partially formec by parts of the
squamosal or quadrate ramus of the epipterygoid. 1he pterygo-par-
oceipital foramen could therefore not be homologous to the opening
between the quadrate wing of the pterygoid and the otic capsule
which is in fact the cranioquadrate passage {see Romer 1956;
Goodrich 1958; Jollie 195;).

Cienodonts often have a distinct groove which runs from the
trigeminal foramen in a posterior direction across the lateral
face of the neriotic (or prootic in some cases). It finally runs
ventrally through the pterygo-paroccipital foramen (see wWatson
1911, 1920; Parrington 1945; Fourie 1974; Sun Ailing 1984; Gow
1986). This groove is called here the central venous groove te
simplify matters. In therocephalizns however, a ventro-laterally
sloping shelf on the prootic can be seen dorsal to the central
ridge. This shelf stretches from the incisura prootica anteriorly
to the pterygo-paroccipital foramen posteriorly (see Ch. 3 and
Fig. 4; Boonstra 1934b; Kemp 1972; Mendrez 1972, 1974b). It is
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therefore probable that the same vein which ran along the central
venous groove ran along the dorsal shelf.

Considering the previously mentioned inconsistencies in
0’Donoghue’s paper it becomes clear that the vena capitis latera-
1lis did not run in the central venous groove (in cynodonts) or on
the dorsal shelf (in therocephalians). Firstly, 0'Donoghue {1920}
and then Watson (1920} thought that the pterygo-paroccipital
foramen of the therapsids is homologous to the cranioguadrate
passage. This is wrong since not only are the bony elements
forming these two passages differeat, but the therapsids, as all
other reptiles, have a normal cranioquadrate passage between the
quadrate ramus of the pterygoid and the otic capsule. Secondly,
the reptilian yena capitis lateralis was accompanizd by the mandi-
bular ramus of the facial nerve (VII) (O’Donoghue 1920; Romer
1956: Goodrich 1958). If this vein ran in the central venous
groove it would be impossible for it to accompar the mandibular
ramus. The foramen for the facial nerve (VII) always lies ventral
to the dorsal shelf and pterygo-paroccipital foramen in the thero-
cephalians. The shelf and foramen for the facial nerve (VII) are
separated by the pronounced central ridge of the prootic (see
Fig. 4; Boonstra 1934b; Mendrez 1972, 1974b). In those speci-
mens described by Boonstra (1934b) the foramen for the facial
nerve (VII) lies quite a distance ventral to the /orsal shelf and
much nearer to the groove ventral to the ventral ridge of the
prootic leading to the ventral notch. In those specimens de-
scribed by Mendrez (1972, 1974b) the fora~:n for the facial nerve
Ties between the central and ventral ridges as in Moschorhinus
(Fig. 4). In the specimens described by Mendrer (1972, 1974b) the

mandibular ramus would have to run almost vertically dorsally to
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skirt the central process of the prootic, if it was to accompany a
vein on the dorsal shelf. In all therocephalians the mandibular
ramus would have to take the highly unlikely course of first
projecting dorsally, crossing the central ridge of the prootic
(which is more pronounced than the ventral ridge in most cases).
it would then have to twist sharply posteriorly to run on the
dersal shelf accompanied by the vein. Reaching the central pro-
cess of the prootic it would have to twist approximately at right
angles to pass through the pterygo-paroccipital focamen. This
elaborate course would bring the nerve just posterior (in some
cases millimetres) from its starting point. In Promoschorhynchus
(Mendrez 1974b) there is even a groove running postero-ventrally
from the foramen for the facial nerve directly below the central
process. This quite clearly indicates that the course of the
mandibular ramus {and by implication the course of the vena
capitis lateralis) was ventral to the central process, and there-
fore ventral to the pterygo-paroccipital foramen (Fig. 15). In
cynodonts and primitive mammals the impossibility of a dorsal
running vena capitis lateralis is even more apparent because the
central venous groove lies on the lateral face of the prootic {or
periotic), whereas the fo-amen for the facial nerve lies on the
ventral surface of the skull in the cranioquadrate passage (late-
ral trough, Kermack (et al) 1981) (sex Simpson 1933; Parrington
1946; Brink 1955; Romer 1969; Fourie 1374)

Thirdly, if the primary head vein entered the cranial cavity
through the trigeminal foramen (of cynodonts) it would be too
dorsal to run along the base of the brain and ventral and mesial
to the roots of the cranial nerves as. it should. Following

Watson’s (1920) argument, the primary head vein of Moschorhinus
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would have exited from the cranial cavity through the posterior
foramen of the epipterygoid which would put it at a level dorsal
to the trigeminal ganglion. This foramen a’so seems too small for
the primary head vein.

Finally if the vena capitis lateralis ran in the groove
leading to the pterygo-raroccipita: foramen, what happenad to the
vena cerebrali; medin? This aspect will be discussed later.

Evidently the primary head vein (vena cardipalis, Grosser &
Brezina 189%) exited from the ventral region of the cavum epipte-
rycum through the cranioquadrate passage, it then ran posteriorly
towards the otic capsule. The vena capitis lateralis part ran
along the lateral surface of the otic capsdie and passed ventral
te the paroccipital process of the opisthotic (0'Donoghue 132C;
Romer 1956; Bonaparte 196G6; Presley & Steel 1976; Kermack
(et -i) 1981). In Moschorhinus the course of the yena capitis
lateralis is marked by the ventral groove running dorsal to the
suture between the prootic and basisphenoid (Boonstra 1934b;
Mendrez  1974b). This groove (groove for head vein,
Sive-Soderbergh 1947; recessus vena Jjugularis. Oelrich 1936) is
bordered dorsally by the vencral ridge of the prootic and runs
from the ventral notch in a postero-ventral direction, it tapeis
off antero-ventral to the fepestra ovalis (Figs. 4, 5). The vena
capitis lateralis left the lateral surface of the prootic at this
point and ran postero-laterally to pass between the stapec and the
concave ventral border of the paroccipital process of the opistho-
tic. This vein joins, posterior is the paroccipital process, the
posterior cerebral (jugular) vein which exits through the jugular
foramen {(Fig. 15). It is this vein which runs within the cranio-

quadrate passage in cynodonts.
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Many description; of the vascular system of the therapsid
head are based upon Watson’s (1920} interpretation of the
Diademodon vascular system {eg. Cox 1959; hopson 1964; Fr. ‘ie
1974; Presley & Steel 1976; Sun Ailing 1984; Gow 1985). These
authors maintain that the vena capitis lateralis of cynodonts
exits through the trigeminal foramen, runs in the central venous
groove and passes ventrally through tne pterygo-paroccipital
foramen. Notably the conrse of the vena cerebralis ncdia proves
to be a difficulty for abovementioned authors. Watson (1911,
1920), Fourie (1974), Presley & Steel (1976) and Sun Ailing (1984)
ignore this vein. Hopson {1964) maintains that the yena cerebra-
1is media emerged from ‘he braincase through a foramen in the
prootic. Cox (1959} and Kemp (1979) however, maintain t-at the
vena cerebralis media joins the vena capitis lateralis inside the
braincase before the latter exits through the trigeminal foramen.
Bonaparte (1966) mistook what 1is probably the foramen for the
facial nerve for a canal through which "« yena cerebralis media
exited.

The vena cerebralis medja is a very importint vein in extant
reptiles according to the descripticns of Bruner (1907), Dendy
(1909), 0'Donoghue (1920), S& :-Séderbergh (1947), Romer (1956)

73
" and Jollie (1962) and it is therefore highly unlikely that it

would have been absent in the therapsids. According to the above-
mentioned authors the vena cerebralis media, after draining the
transverse sinus, exits from the cranial cavity through the
incisura prootica (together with the root of the trigeminal
nerve). It continues laterally through the cavum epipterycum
accompanied by the maxillary and mandibular rami of the trigeminal

nerve, these elements then emerge posterior to the epipterygoid
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and anterior to the otic capsule. The yena cerebralis media
finally runs ventrally to join the vena capiiis lateralis. 1In
therapsids the vena cerehralis media would have emerged from the
cranial cavity through tin. jacisura prootica too (see Boonstra
1968; Hopson 1979). The incisura prootica of cynodonts lies
medially to the so-called trigeminal foramen, it is clear that the
trigeminal rami and a vein passed through it (see Gow 1985). 1In
therocephaiians however, the ossification of the sidewall of the
braincase has not reached this stage, and excepting Moschorhinus
and possibly Theriounathus ti2re are no foramina bound by the
epipterygoid and prootic, there is a big gap between these ele-

ments {instead. 1The trigeminal rami and vein passed laterally

# through the cavum epipterycum directly into the temporal fossa,

It is postulated that it was the vena cerebralis media which ran
in the dorsal shelf in the therocephalians and the central venous
aroove in the cynodonts and not the vena capitis lateralis. The
vena cerebralis media passed ventrally through the pterygo-paroc-
cipital foramen to join the vena capitis lateralis which ran
ventral to it (Fig. 15). Moschorhinus and whaitsiids are vnique
in that they are the only therocephalians with posterior epiptery-
goid foramina (see Fig. 4; Kemp 1972). In Moschorhinus this
foramen is situated directly anterior tc the dorsal shelf of the
prootic. The posterior apophysis of the ep pterygoid is in line
with the central ridge of the prootic (see Ch. 3). It is postu-
lated that the yvena cerebralis media of Moschorhinus exited
through this foramen after passing through the postero-dorsal nart
of the incisyra praotica (Fig. 15).

The yena ceret-alis medig of therapsids with a pterygo-paroc-

cipital foramen differs from that of other reptiles on two counts
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if the abovecentioned hypothesis is true. Firstl;, the vena
cerebralis media Jjoined the yvepa capitis lateralis relatively
posteriorly (just anterior to the fenestra ovalis) in the therap-
sids, while in other reptiles (0'Donoghue 1920; Sive-Siderberqh

. 3
‘1947, Romer 1956; Jollie 1931) it joias the vena capitis latera-

lis anterior to the otic capsule. Secondly, the yena capitis
dorsalis joined the vena cerebralis media just as this vein enters
the dorsal aperture of the pterygo-paroccipital foramen in therap-
sida whereas the vena capitis dorsalis does not form an exi-acra-
nial junction with the vena cerebralis media i) other reptiles
(see 0’Donoghue; Romer 1956; Jollie 1962).

Inside the cranial cavity of Moschorhinus a smooth, concave
section can be seen on the medial face of the postero-dorsal
process of the epipterygoid. The dorsal venous foramen enters the
cranial cavity beiween the supraoccipital, epipterygoid and the
prootic and is continucis with the abovementioned depression
(Fig. 7; Ch. 4). The transverse sinus made contact with the
cranial wall in this region (Dendy 1909; Hopson  1979;
Kielan-Jaworowska 1986). This depression is called the dorse-
medial fossa of the epipterygoid here, ii lies just dorsal to the
posterior foramen of the epipterygoid and anterior to the dorsal
venous foramen. It is self-evident that the vena cerebralis
media, which dreins the t-ansverse sinus, originated ventral to
this fossa before it exited through the posterior foramen of tne
epipterygoid (Fig. 17). The separation of the vena cerebralis
media from the trigeminal rami by the posterior apophysis of the
epipterygoid seems to be unique to Mgschorhinus and possibly
whaitsiids {see Ch. 3; Brink 1956; Kemp 1972).

Tne dorso-medial groove of the epipterygoid s confluent
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postero-aorsally with the ventro-lateral gutter of the parietal.
It is probable that an endocranial vein ran in this groove to join
the anterior part of the longitudinal sinus (fig.l11). A similar
groove, situated in *he medial wall of the endocranium dorsal to
the exit of the trigeminal nerve, is found in Theriognathys (per-
sonal observation) and has been described in cynodonts and primi-
tive mammals (Hopson 1964, Kemp 1979, Kermack et al 19F1). This
feature is also detected as a ridge running approximately horizon-
tally on the lateral curface of certzin endocasts (Hopson 1979,
Quiroga 1980, Kielan-Jaworowska 1986). Although this vein was
situated posteriorly near to the transverse sinus it is doubtful
whether it was the vepa cerebralis media (Hopson 1964, 1979)
because it would have been situated antero-dorsally relative to
the transverse sinus and would have run anteriorly. The identity
of this viin is obscure at present.

The anterior part of the primary head vein - the vena capitis
medialis drains the orbital sinus (Grosser & Brezina 1895; Bruner
1607, 0’Donaghue  1920; Romei 19563 Joltie 19}‘3). In
Moschorhinus there are two shallnw parasagittal depressions on the
floor of the cranial - . v, between the two dorsal ridges of the
pterygoid, from the Teval of the orbit to the anterior level of
the cavum epipterycum. This depression widens gradually anterior-
1y (Fig. 9; Ch. 4). It is postulated that the orbital sinus lay
in the wider anterior part of the depression and that the vena
capitis medialis ran from it along the rarrower and shallower
pasterior part of the depression lateral t. the dorsal gutter of
the basicranial axis (see Fig. 18, Bonaparte 1966). In this
position the vena capitis medial 3 would b near the base of the

brain an esial to the roots of the cranial nerves (Bruner 1907;
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0’Donoghue 1920; Sive-Siderbergh 1946; Goodrich 1958) instead of
halfway between the skull roof and floor as depicted by Presley &
Steel (1976). These ventral depressions for the yenae capitis
pediales disappear in the anterior region of the floor of the
cavim epipterycum. There is, however, on the medial part of the
floor of the cavum epipterycum, a smooth parasagittal depression
in the angle between the an’ero-dorsal process of the basisphencid
and the basispterygoid process of the basisphenoid lateral to the
posterior part of the sella turcica (see Fig. 5; Séve-Saderbergh
1947). Bruner (1907) states that the vena capitis medialis rurs
straight from its origin at the orbital sinus, to the basisphenoid
bone which it meets lateral to the hypophysis. It seems clear
that the yena capitis medialis in Moschorhinus continued through
the cavum epipterycum in this depression which is also, as is to
be expected, in confluence with the ventral groove of the prootic
(Fig. 5).

The vena capitis medialis Jjoins the vena capitis lateralis
anterior to the otic capsule, ventral to the level of the trige-
minal ganglion. Certain authors describing these veins in extunt
reptiles suggest that the yena cerebralis mediag joins the primary
head vein shere the yena capitis lateralis begins, namely ventral
to the trigeminal ganglion (0'Donoghue 1920; Romer 1956). While
this may be true in extant reptiles, it is not the case in therap-
sids and should therefore not be considered as a diagnostic fea-
ture of these veins in reptiles a: a whole. As was mentioned
previously, the yena cerebralis media Jjoins the vena gapitis
Jaterilis relatively posteriorly in therapsids.

The yenae capitis mediales are connected by two short trans-

verse veins namely the anastomotic vein (0’Donoghue 1920) ante-




riorly and the hypophysial vein (Bruner 1907) posteriorly.

The anastomotic vein has been discussed by Brumer (1907},
0‘Donnghue (1920), Sive-S&derbergh (1947) and Romer (1956). This
vein forms a medial connection between the antariormost parts of
the venae capitis mediales where they expand into the orbital
sinuses. The anastumotic vein penetrates the membranous fenestra
petoptica through the canal in the fissyra supratrabeculariz. The
fissurg is situated between the interorbital septum and the region
of the infundibulum, ventral to the subiculum infundibuli and
dorsal to the trabecuia cranii cartilage (Sive-Séderbergh 1947).
The greates. part of the dorsal surface of the parasphenoid in
Moschorhinus is covered by the antero-dorsal process of the basi-
sphenoid which housed the ventral part of the infundibulum
(Fig. 9; Ch. 4). The only probable position of the anastomotic
vein would be dorsal to the short, spatula-shaped part of the
parasphenoid rostrum, antericr to the antero-dorsal process of the
basisphenoid. The parasphenoid rostrum lies in addition, next to
the widening part of the depression on tt floor of the braincase
which ‘ndicates the junciion of the vena capitis medialfs and the
orbital sinus (Fig. 18).

The hypophysial vein was described by P®runer (1907),
Sdve-Soderbergh (1947), Romer (1956) and Giodrich (1958). The
hypophysial vein (vena pituitaria, Sdve-Sdderberah 1947; pitui-
tary vein, Romer 1956) joined the posterior parts of the yenae
capitis mediales c.ose to their respective junctions with the
venae capitis laterales. The hypophysial véin runs posterior to
the pituitary body and anterior to the dorsum sellae and pene-
trated the posterior part of the fused fanestra metoptica mem-
branes. The position of the hvpophysia! vein of Moschorhinus
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seems to have been identical to those of extant reptiles. The
vein passed through the ventral notch which is situated postero-
laterally to the pituitary fossa and ventral to the antero-ventral
process of the prootic (ossified pila antotica). The hypopnysial
vein joined the vena capitis medialis as this vein ran in the
depression between the basipterygoid process and the dorso-lateral
flange of tke basisphenoid (Fig. 18). The postero-medial ridge of
the sella turcica is flanked by a depression on either side for
the retractor musculature (see Ch. 4). It seems therefore that
the hypophysial vein had to pass betwesen these muscles.

The yena capitis dorsalis of extant reptiles drains the
occipital region and runs in an anterior direction through the
post-temporal fenestra. From hera it runs along th2 prootic and
penetrates into the cranial cavity by means of an opening between
the nrootic and parietal to join the transverse sinus (Bruner
1907; Dendy 1909; 0’Donoghue 1920; HRomer 1956). It would seem
as if this was essentially the same pattern fellowed by therapsids
including Moschorhinus (Fig. 15). The occipital tributary of the
vena capitis dorsalis ran in an anterior diroction through the
post-temporal fenestra. The function of the paroccipitai fossa
{Figs. 1, 6; Ch. 3) which occurs in certain therocephalians
(Mendrez 1972, 1974a, 1974b) is obscure. This fossa lies directly
veitral to the post-temporal fenestra. It is possible that this
smooth-walled fossa contained a sinus which was associated + *-
the occipital tributary of the vena capitis dorsalis. The do ..l
aperiure of the pterygo-paroccipital foramen and the anterier
aperture of the post-temporal fenestra of therapsids lie very
close to each other. In addition, the dorsal and central grooves

(of cynodonts) for the vena capitis dorsalis and vena cerebralis
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media respectively, meet in this region in certain therapsids
{Watson 1920  Parrington 1946; Cox 1959; Fourie 1974; Kemp
1973). It seems therefore that the yena capitis dorsalis was
confluent with the vena capitis media for a short distance ante-
rior to the post-temporal fenestra (Fig. 15).

The vena capitis dorsalis of therapsids ran ‘n the dorsal
venous groove which is usually (but not always, eg. Procynosuchus,
Kemp 1979) situated directly ventral to the pirietal (Watson 1311,
1920; Parrington 1946; Kihne 1956; Cox 1959; Fourie 1974;
Sun-Ailing 1984). The dorsal venous furamen of therapsids usually
1ies within the dorsal groove, this foramen has been described by
eg. Watson (1920), Simpson (1933), Boonstra {(1334b), Olsoi (1944),
Cox (1959) and Ponaparte (1966). It is well-known from abovemen-
tioned descriptions that the vena capitis dorsalis of these the-
rapsids ran antero-dorsally within the dorsal vesnous groove from
the anterior opening of the post-temporal fenestra and entered
into the cranial cavity through the dorsal venous foramen.

It is notizable that the dorsai venous foramen (or notch} of
abovemeniioned therocephalians is situated quite a distance ven-
tral «o the depression directly ventral to the parietal where the
cynodon. counterpart is found. This is duz to the fact that the
therocephalian doysal venous foramen lies between the antero-
tateral process of the supracccipital and the antero-dorsal pro-
cess of the prootic while the cynodont courterpart lies between
the parietal and prootic.

Judging by the size and the shape of the lateral-supraocci-
pital fossa, the fact that the dorsal vencus foramen lies within
this fossa and that thoe doirsal part of the fossa covers the origi-

nal position of the dorsal venous groove, it seems clear that this
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fossa contained a venous sinus (Fig. 18). ¥ It is suggested that
the therocephalian vena capitis dorsalis ‘expanded ventrally to
form a venous sinus dorso-lateral to the otic capsule, and that
the dorsal venous foramen was accordingly displaced ventrally.

The yena capitis dorsalis of Moschorhinus, vam in a dorso-medial
direction from its junction with the yena ¢erebralis media ante-
rior to the posi-teiporal fenestra, to the:posterior part of the
leteral-supraoccipital fold. Here the vein-sxpanded to form the
Tateral-supraoccipital sinus (Fig. 15). From the anterior part of
this sinus a vein penetrated through the dorsa) venous Fforamen
into the cranial cavity. aere this very short vein, which can be
considered to be the anterior part of the original yvena capitis
corsalis, entered intoe the posterior part of the transverse sinus

(Figs. 11, 17). It is suggested that a similar pattern was pre-

sent in other (herocephalians ap ~ only difference between
different groups would be ike . lateral-supraoccipital
sinus

Kielan-Jaworowska (1986) argues that the vessel which pene-
{-ates the post-temporal fenestra and which vuns along the dorsal
grocve (and those vessels joining it) is an artery. The obvious
venous nature of the abovementionad ressels and their association
with venous sinuses re ders her argument suspect.

The parietal vein joins tie vena sapitis dorsalis before the
latter enters inlo the cranial cavity {see Brunor 1507;
0'Donoghue 1920;. Evidence for tihe parietal vein has been found
in certain therapsids. The rasition of this vein {s indicated by
3 groove usually running anterior to tho venous foramen, this
groove is also in confiuence with the dorsal groove. In theroce-

phatians no evidence for this vein has come to light until now
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In Moschorhinuys however, there is a short but distinct groove
between the postero-dorsal process of the epipterygoid and the
parietal, bordered wedially by the suprasccipital, for the parie-
tal vein (Fig. 4; Ch. 3). The position of this groove resembles
those of Diademodon (Watson 1926; Brink 1955) and Thrinaxodon
{Hopson 1964; Fourie 1974) where it aiso runs between the epipte-
rygoid and parietal. The groove for the parietal vein of
Moschorhinug differs from those of the abovementioned cynoduints in
that it ends abruptly dorsal to the epipterygoid whereas in the
others it runs anteriorly, past the epipterygoid intc the orbital
region. This might indicate that the parietal vein drained the
orbital region in these cynodonts and that i: drained the temporal
fenestra in Mgschorhipus (Fig. 158). In Moschorhinus the dorsal
venous foramen iies relatively ventrally compared to the abovemen-
tioned cynodonts, this has the result that the groove for the
parietzl vein does not lie anterior to it. However, :lis groove
is in confluence with thy dorsal part of the lateral-supraoccipi-
tal fossa which s the original position of the vena cepitis
rsali

The longitudinal sinus has been described in extant reptiles
by inter alia Bruner (1907), Dendy (1909) and O‘Donoghue (1920).
This vess:i runs immediately beneath the cranial roof, along the
mid-lin from the olfactory lobes anteriorly to the foramep
pagnun costeriorly. The Tongitudinal sinus is connected on each
side to the .ran.verse sinus by a wide vessel named the torcular
Herophili in front of the cerebe Tum. The tgrcular Herophili
receives blood coming from the choroid plexus of ihe fourth ven-
tricle (Dendy 1909). The longitudinal sinus is divided poste-

rioriy into two posterior cerebral (jugular) veins each of which
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passes through the jugular foramen (0‘Donoghue 192C). It is known
that the longitudinal sinus of certain reptiles loops around the
pineal stalk (Dendy 1909) in others however, the longitudinal
sinus forms two arms which surround the pineal stalk (Bruner
1907). It seems as if Moschorhinus resorted to the latter case.
In Mocchorhinus two parasagittal grooves are found in tne voof of
the endocranium, these are called the ventro-lateral gutters of
the parietal (Figs. /, 8; Ch. 4). This is also the case in
Theriognathus (personal observation). It is suggested that the
anterior part of the longitudinal sinus (i.e. the part anterior to
the torcular Herpphili, Dendy 1909) divided into two arms which
ran in these gutters, surrounding the pineal stalk (Fig. 17). An
endocist of this region yields two parasagittal ridges, superfi-
cialty resembling cerebral 1lobes (Plate 16). A1l the uzvidence
indicates however that these could not have been cerebral lobes
(see 5.3). The only structure immediately below the skull roof is
the longitudinal sinus (Dendy 1909; Romer 1856; Starck 1979;
Hopson 1975). The posterior part of each groove on the roof of
the endocranium is immediately dorsal to the fossa for the trans-
varse sinus (see above), this is exactly where the anterior p:rt
of the longitudinal sinus is expected to originite. It is impos-
sible tu say whether the two arms of the anterior part of the

¢ Tongitudinal sinus met up again anterior to the pineal stalk

:
:

tecause the gutters disappear anterior to the parietal foramen.
Very littie cam be said about the posterior part of the
longitudinal sinus because it ieft no clues in the bone to indi-
cate its course. It is suspected that it ran postero-medially
along the smooth internal surface of the supraoccipital trom the

supraoccipital-parietal contact to the area dorso-medial to the
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jugular foramina (Hopson 1979). It is likely that the highly
vascular choroid plexus lay antero-ventral to this part of the
supraoccipital and that the posterior part of the longitudinal
sinus ran on its dorsal surface. Here the longitudinal sinus
would Le surrounded by other bloodvessels and the endolymphatir
sacs (Dendy 1909). The posterior part of the longitudinal sinus
of extant reptiles divides into the two posterior cerebral veins
(posterior cephalic veins, Dendy 1909). Each posterior cerebral
vein exits through a jugular foramen and joins the vena capitis
lateralis ventro-laterally to it (Demdy 1909; 0'Donoghue 1920;
Sive-Soderbergh 1947). In certain reptiles an additional pair of
posterior cerebral veins are present which exit threugh the
foramen magnum (Bruner 1907; Romer 1956). The veins exiting
throughk the jugular foramina are accompanied by *he glossopharyn-
geal {'X), vagoaccessory (X) and hypoglossal (XII) nerves and are
homologous to the avizn and mammalian internal jugular vein {Dendy
1909; 0’Donoghue 1220). According to Dendy (1909) each posterior
cerebral vein “adheres closely to the inner surface of the cranial
wall" and lies "just behind the projection of the auditory cap-
sule”. In Moschorninis there is a distinct derression on the
inner surface of the endocranium posterior to the medial wall of
the opisthotic (Fig. 7; Ch. 4). This depression is confluent
with the dorsal part of the internal opening of the jugular fora-
men. These depressions probably indicate the position of the
proximal parts of the posterior cerebral veins.

The prnbable evolution of the major cranial veins from the
primitive reptile level to cyrodont Tlevel is diagramaticai]y
reconstructed in Fig. 19. The organization of the major cranial

veins of primitive synapsids seems to have been similar to that of
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Sphenodon and Lacertilia (see Fig. 19A). The presence of the
pterygo-paroccipital foramen in both the therocephalians and
cynodonts suggests that this foramen could already have been
present in their common ancestor. It seems logical to assume that
before the foramen was formed a prootic flange, homologous to the
central process of the prootic in therocephalians, would have been
present in the Tineaye leading to the therocephalians and cync-
donts. This arrangement may have been very similar to that found
in Procynosuchus {(Kemp 1979). The vena cerebralis media would
have been positioned posteriorly to this flznge and antero-ventral
to the post-temporal fenestra and the vepa capitis dorsalis (see
Fig. 198B).

During the closing of the pterygo-paroccipital foramen a
Junction seems to have been formed between the vena cerebralis
media and the vepa capitis dorsalis. This newly formed connection
would have had an influence on the blood pressure and direction of
flow of blood in this region resulting in the origin of two addi-
tional blood sinuses in this region in therocephalians {see Bruner
(1907) for discuision on blood pressure and the presence of verous
sinuses). It is assumed t.at some of the blood running from the
transverse sinus via the anterior part of the vepa cersbralis
media would have entered the vena capitis dorsalis through the‘r
connection, thereby increasing the pressure in the vena capitis
dorsalis. The paroccipital sinus could have been present to
alleviate this pressuie. Increased blood urzincge through the
parietal vein into the yer) capitis dorsalis and tiie resulting
rise in blood pressure ¢~ 1d explain the presence of the lateral
supraoccipital sim:s. Howerer, the direction of ftow of the blood

in the rest of the system seems to have been similar to that of
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extant reptiles (Fig. 18C).

The dimivished size of the post-temporal fenestra in cyno-
donts indicates that - acripital portion of the yepa gcapitis
dorsalis diminished ac.ording’y. The temporal part of the yena
gapitis dorsalis on the other hand increased in siie and impor-
tance judging by the deep. broad gutter it occupied. This gutter
continues anteriorly past the level of the dorsal venous foramen
without diminishing in size in cynodonts such as Bienotherium and
Ibrinaxodon (Hopson 1964) and Diademodon (Brink 1955). The dorsal
venous foramen seems to have been Tost while a broad dorsal venous
groove is present in Procyngsuchus (Kemp 1979). This gutter
continues also ventrally through the pterygo-paroccipital foramen
in cynndonts such as Probelesodon (Romer 1969), Thrinaxodon
{Hopson 1964) and Procyngsuchuys (Kemp 1979). It seems therefore
that the parietal vein, temporal portion of the vena capitis
dorsalis and the enlarged ventral part of the yena cerebralis
media joined to form a continuous sirgle vein in cynodonts. The
size of the gronve for the yena cersnralis media in cynodonts such
as Diademodgn (Brink 1955) and Taripaxodon (Hopson 1964) ° ‘'icates
that the anteriur part of the vena cerebralis media diminished in
size cuompared to that of thorocephalians (the diameter of this
vein in therocephalians can be estimated by looking at the size f
the posterior foramen of the epipterygoidj. It should be kept in
wind that the yena cerebralis media proper passed through the
pterygo-paroccipital foramen in therocephalians whereas abovemen-
tioned combined vein passed through this foram:n in cynodonts,
The apnearance of this new vein indicates a ¢ ~nge in function,
It is proposed that the flow of blood reversed ir the portion of
this combined vein wich was derived from the tempoical part of the
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ancestral veng capitis lateralis. The function of the yena
capitis laterglis is to drain ihe occipital area and that of the
parietal vein is to drain the temioral area. This need not occur
via the transverse sinus in the endocranium, especially not if the
bload from this area can drain into the primary head vein via the
ventral part of the yena cerebralis media which is a much shorter
route (see Fig. 19D). This new drainage pathway would then also
diminish the flow of blood through the dorsal venous foramen which
may explain the reduced size ~f this foramen in cynodonts and even
its absence in Procynosuchus (komp 1979). It is suggested that
the posterjor cerebral vein becamc more important during the
evolution of the cynodonts to compensate for the diminished size
of the anterior part of the vena cevebralis wedia. A certain
percentage of the biood from the endocranium which would have been
drained via the transverse sinus and yena cereuvalis media in
other reptiles would have been diverted through the posterior

portion of the longitudinal sinus and posterior cerebral vein.

Arteries

Little can be said about the arteries of extinct reptiles,
because unlike the veins, the arteries do not us: 11y run close to
the surface of the =kull bones, and therefore lesve few traces.

The reptilian ‘nternal carotid and its branches have been
described by authors such as: Hofmann (1900), Oendy (1909},
G’Donoghue (1920), Sédve-Soderbergh (1947), Oelrich (1956) and
Goodrich (1958). The arrangement of these arteries differs little
from reptile to reptile and it seems as if Moschorhinus was no
exception (see Fig. 16). The internal carotid runs in an anterior

direction, ventro laterally to the braincase. The stapedial
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artery splits off from the internal carotid postero-ventral to the
cranioguadra’e passage. The internal carotid continues anteriorly
and enters the parabas. canal together with the palatine ramus of
the facial nerve. The entrance of this canal is situated between
the basisﬁhenofd, parasphenoid and ptervgoid bones in Maschorhinuys
{Fig. 2). This canal runs dorsa’ly between these elemecnts and
divides into two smaller canals each of which opens up on the
floor of the endocranium. The exits of these two canals lie
within the deep gutter 1longside the parisphenoid rostrum and the
anterg-dorsal process of the basisphenoid (Fig. 9). The palatine
artery seems to have spiit off from the internal carotid and
passed together with the palatine nerve through the anterior canal
{vidian canal, Sdve-Soderbergh 1947; Oelrich 1956; Romer 1956).
This canal is called the palatise canal here. The remainder of
the inteinal cz2ratid would have passed through the posterior
canal, here cailad the internal carotid canal.

The course of the palatine artery of Moschorhinus seems to
resemble that of the Lacertilia more closely than that of
Sphenodon. Tha course of the palatine artery and nerve of
Sphepgdon has  keen described by O'Donoghue (1926} ard
vave-Soderbergh (1946).  Sphenodon has no palatine canal, in
additioni the palatine artery and nerve run ventro-mediaily to the
base of the basipterygoid process of the oasisphenoid bone. The
internal carotid on the other hand penetrates the basisphenoid via
L' paiabasal canal, which in this case does nol split up, and is
herefore equivalent to the internai carotid canal. The course of
ti.e iguanid palatine artery and nerve has been described by
3 e-S8derbergh (1946) and Oeirich (1956). Iguanids differ from
apbenodon in that they have a palatine canal which peaetrates the
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vasisnhenuid. The palatine artery and nerve run in 2. anteric:
Jivection dorsal to the basipterytoid prociss of the b ;isphencid
and the transverse process of the pterygoid after e» iting from
this canai. The palatine artery gives off many branch s, supply-
iny blood to inter alia the pharyngeal mwembrane ar pterygoid
muszles. A ventral branch penetrater the suborbital racuity and
vuns anteriorly to supply blood to the palate. The only major
peint of difference belween the course of the iguat id palatine
artery and that of Moschorhinus is that the exits of %o palatine
carals are situated relatively anteriorly in Moschor! {nus because
of the anterior extension of the basisphenoid. Thi: weans that
the palatine artery and nerve exit from the palatin canal ante-
rior to the level of the epipterygeid instead of in the gella
turcica region as in Lacertilia. The palatine arter, and nerve of
Moschorhinus would also cross the pterygoid almost mmediately in
thzir anterior course over the floor of the endocrar fum instead of
first crossing the basipterygoid process of the basi.phenold as in
Lacertilia. In Moschorhiius there are two parasag tral grroves,
here called the antero-dursal g Jeves ot the pter roid, running
anterioriy next to each other on the enducranial ¢ oor from the
palatine foramina (Fig. 9; Ch. 4). It is prob: le that the
palatine arteries ran along these grooves, ventral t the palatine
nerves (see Fig. 18).

The internal carotid arteries enter into the ¢ ial cavity
via the “nternal carotid foramina on either sida of t!e infundibu-
Tum. Each internal carotid artery divides into an & ‘erior ramus
cranialis «nd a posterior ramus caudalis (Hofmann 19060). The
Cen cranial ramus (opthalmic artery, Bedoard 1905; anter or division

of the internal carotid, Dendy 1909) runt anteriori: along the
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base of the infundibulum and the optic chiasma. The caudal ramus
(basilar artery, Beddard 1505; posterior division of tke internal
carotid, Dendy 1909) runs posteriorly medial to the oculemotor
nerve (111) and the pila antotica. The two caudal rami meet
ventro-medially to the brain to form the basilar artery which
continues in a posterior direction on the floor of the braincase
and eventu: exits through the foramen magnum. There are seve-
ral arteries - =nching off from the crasial and caudal rami to
supply the bra n with blood. Grooves indicating the courses of
these branches of the internal carotid are absent in Mpschorhinys.
It is therefore difficult to interpret the exact course of these
two arteries. It is possible however to make a close approxima-
tion of their courses by looking at the bones and other structures
that would have surrounded them in i-cal life. The internal caro-
tid foramina of Moschorhinus open in the dorsal guiter of the
basicranial axis, on efther side of the antero-dorsal process of
the basisphenoid dorsa)l to which the infundibulum was situated
(Fig. 9; Ch. 4). The cranial ramus which ran anterforly must
have run dorsal to, and not within the gutter in order to pass
over the palatine artery which probably did lie in the anterior
part of the gutter. The caudal ramus which ran posteriorly must
also have run dorsal to the gutter, firstly to pass over the vepa
capitis medialis *~hich made contact with the basisphenoid joste-
rior to the gutter (see above), secondly it had to run dorsal to
the gutter to pass over the retractor bulbi muscle and hypophy:ial
vein and thirdly this is the orly position from which it could
enter intc the braincase between the two antero-ventral processes
of the prootic. In its posterior course the caudal ramus would

have run lateral to the dorso-lateral! flange of the basisphenoid
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anteriorly and the metoptic membrane posteriorly. The membrare
which forms the roof over the sella turcica is situated between
the two antero-ventral processes of the prootic, The two caudal
rami woul  ave entered into the ventral part of the braincase by
piercing through this membrane close tc the crigta sellaris (see
Sive-Soderbergh 1947). Whether the two caudal rami meet after
entering the braincase antero-ventral to the trigeminal roots as
in Sphepodon (Dendy 1909) or whether they meet posteriorly ventral
to ine medylla oblongata 2s in Jestydo (Beddard 1905) is not
known. The presence of the small antero-dorsal projection of the
basioccipital {Fig. 9) suggests that the cacdal rami probably were
not joined, up to that level at least, and passed lateral to the
projection (Fig. 18). It seems likeiy therefore that the caudal
rami and basillav artery of Mpschorbinus tended to the more primi-
tive condition as in Testudo (see Dendy 1909 for argument on the
primitive basillar artery).

The courza of the stapedial artery in extant reptiles has
been discussed by inter alia 0’Donoghue 1920, Sive-Sdderbergh
1947, Oelrich 1956, Romer 1956 and Goodrich 1958. The stapedial
artery splits off from the internal carotid postero-ventral to the
cranioguadrate passage. 1t penetrates th: stapedial foramen of
certain reptiles. In reptiles where this Foramen is absent, the
artery runs 2ither dorsal or ventral to the stapes. The stapedia’
foramen is absent in Moschorhinus as in cther theroceohalians, but
it is difficult to say whether the artery ran dorsal or ventral to
the stapes. From this position the stapedial passes through the
cranfoquadrate passage and runs in an antero-dorsal direction
lateral io the otic capsule. Here it splits into three branches:

the occipital, temporal and mandibular arteries, each of which
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ramify further. The temporal artery splits inte the inferior
orbital and superior orbital arteries which together with the
mandibular artery are to a certain extent associated with the rami
of tne trigeminal nerve (V). Tnis was doubtless the case in
Moschorhings too (Fig. 16), bu. is impussible to be sure of the

exact courses of these arteries.
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CHAPTER 6 : CONCLUSIONS

Moschorhinus is in many respects a “typical therocephalian®.
It has large suborbital vacuities, a slit-lTike interplerygoid
vacuity and large post-temporal fenestras compared to the rela-
tively smaller fenestrae of gorgonopsians and cynodonts.
Moschorhinys also has 1:rge, open cranjpquadrate passages between
the Tong quadrate rami of the rterygoid and the braincase.

Superficially it seems as if Moschorhipus is an advanced
therocephalian. Its braincase is enlarged compared to those of
scaloposaurids and pristerognathids due to the expansion of the
prootic and opipterygoid in the side-walls of the braincase. The
antero-dorsal process of the prootic seems to be absent in the
pristerognathids, while it is a small finger-like projection in
the scaloposaurids. In Promoschorhynchus, Theriognathus and
Bauria it is a Tittie broader but it is still much smaller than
that of Mpschorhinys. The dorsal expansion o° the anterr .dors-?
process of the prootic in Moschorhinus causes the closure of the
dorsal venous notch found in the other therncephalians and gorgo-
nopsians. As a result only a small foramen remains for the pas-
sing of the vena capitis dorsalis into the endocranium, resembling
those found in cynodunts. The anterior expansion of the antero-
dorsal process of the prootic brings it into contact with the
epipterygoid, a condition found only in Theriognathus and cyno-
donts. The contact is however a primitive one in Moscherhinus
because the antero-dorsal process merely lies on the wedial sur-

face of the epipterygoid, whereas in Yherjognatnus and cynodonts,
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these elements makes sutural contact with each other forming
confluent Tateral and medial surfaces.

The expansion of the antero-dorsal process of the prootic in
Moschorhinus would seem to be a relatively advanced characteris-
tic, but the morphology of the antero-ventral process of the
prootic indicates the reverse. The antero-ventral process of the
prootic serves as a base of attachment for the f{enestra prostica
membrane. The elongation of this process (in comparison with
those found in pristerognathids, scaloposaurids and whait<iids)
indicates that a large portion of the side-wall of the braiicase
of Moschorhinus was formed by this membrane. The antero-ventral
processes of scaloposaurids and Bayria are much wider than those
of Moschorhinus. The epipterygoid of Theriognathus, as in cyno-
donts, is extensively involved in the formation of the part of the
side-wall of the braincase originally formed by the dorsal part of
the fenestra prootica membrame. It can be concluded therefore
that the scaloposaurids, Bauria and Jheriognathus all have more
ossified, and therefore more advanced, structures in this region
of the braincase than Moschorhinys.

The expansion of the epipterygoid gives the impression that
Moschorhipus was an intermediate in a succession of therocepha-
1ians which had undergone progressive ossification of the lateral
wall of the braincase, with the pristerognathids and the scalopo-
saurids being the most primitive and *he whaitsiids the most
advanced.

The epipterygoid of Moschorhinus with its expanded dorsal
part is evidently more advancec than those of pristerognathids and
certain scaloposaurids, but a similar case can be seen in

Regisauruys. The dorsal part of the epipterygoid of Reqisgurus
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forms, as in Moschorhinus, part of the lateral wall of the brain-
case dorsal to the fenestra prootica membtrane. Regisaurus also
has a posterior apophysis of the epipterygoid as in Moschorhinus,
Promoschorhynchys and Theriognathus.

The expansion of the epipterygoid indicates its involvement
in the formation uf the side-wall of the braincase. The expanded
dorsal portion of the epipterygoid in Moschorhinuys seems smail in
comparison with the expanded processus ascendens’in Theriognat.us.
1t does not imply however that iheriognathus had a larger brain
than Moschorhinus, a fact that can be confirmed by comparing their
endocranial casts. What it does show is that the central part of
the epipterygoid of Theriograthus took over the function of the
dorsal part of the fenestra prontica membrane. It should also be
noted that although the epipterygoid of Regisquruys shows a similar
degree of expansion as that of Mgschorhinus it is situated moce
posteriorly. The braincase of Regisayrus is therefore still
smaller in relation to that of Moschorhinus.

The posteriorly situated processus ascendens of the epiptery-
goid forms a roof over the cranioquadrate passage in scaloposau-
rids. This should not be seen as an advanced characteristic
however, because the cavum epiptericum is here situated directly
dorsal to the cranioquadrate passage. Due to the anterior expan-
sion of the proctic, the processus ascendeas’of the epipterygoid,
and therefore the cavum epiptericum, are situated anterior to the
cranioquadrate passage in Moschorhinus, Theriognathus and cyno-
donts. The cranioquadrate passage is roofed over partly by the
postero-ventral process of the epipterygoid in cynodonts, The
postero-ventral process of the epipterygoid in whaitsiids is much
broadened and approaches the lateral face of the prootic. This
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can be seen as the incipient formation of a roof over *he cranio-
quadrate passage. In Moschorhinus the passage is widely open
dorsally.

The expansion of the epipterygoid and prootic implies that
the brain of Moschorhinus was lacger than those of the pristero-
gnathids, scaloposaur'ds and gorgonopsians. The large sella
turcica seems to bear this out too. It shouid be kept in mind
however that Moschorhinus had a typical long, serially arranged
reptilian brain which did nor fili the endecranium. The presence
of wide gutters in the endocranial roof and depressions in the
medial surfaces of the epipterygoids indicate that Moschorhinus
(and Thericgnathus) had exceptionally large erdocranial blood
sinuses. The large szella furcica was partlv occupiei by eye-
muscies and even thouah the infundibulum was sufficiently expanded
to contact the sella turcica, the pituitary focsa is quite small.

The posterior apophysis of the epipterygoic closes the poste-
rior foramen of the epipterygoid in Moschorhinus. This fors .en
can easily be confused with the cynodont tvigaminal foramen. In
therocephalians however, the posterior edge of the "processus
ascendens” of the epipterygoid is situated far lateral to the
lateral face of the proctic, leaving a gap between these elements
through which the rami of the trigeminal nerve could exit. This
gap is closed ia cynodonts by the contact formed between the
posterior edge of the epipterygoid and the lateral face of pro-
otic, leaving one or two foramina between them for the exit of the
trigeminal rami (ana che yepa cerebralis media). The posterior
foramen of the epipterygoid is clearly not humologous with the
cynodont trigeminal foramen but was used for the exit of the yena
cerebralis media only. This vein probably ran dorsal to, and the
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trigeminal rami ventral to, the posterior apophysis in Regisaurys
and Promoschorhynchus.

Moschorhinus has many other primitive characteristics, some
of which are shared with pristerognathias, scaloposaurids and even
primitive therapsids. Noschorhinus has a yorgonopsid-1ike denti-
tion, this is especially the case in BP/1/4636, because it lacks
the precanine maxillary incisors which are present in all other
known Moschorhinus specimens. The supraoccipital of Moschorhinus
is exposed in the tempora! region as in pristerognathids, scalopo-
saurids and gorgonopsiars in contrast to Theripgnathus, Bauria and
the cynodonts. Moschorhinus has also a more robust skull than any
other therocephalian.

The inner ear arrangement of Mgschorhinys is primitive and
does not differ from those of gorgonopsians and other therocepha-
Tians. It has a wide internal auditor, meatus which opens into
the ventral part of the endocranium. Moschorhinus also had a
shory, straight cochiea. The fioccular fossa and foramen for the
crus communis lie dorsal to th> vostibule in zontrast to the more
posteriorly situated floccular fossa and foramen in cynodonts.
The sacculus was situated below the level of the cranial floor as
in Dimetrodon and below the level of the horizontal semicircular
canal. Moschorhinus has a long auditory canal similar to those of
gorgonopsians, anomodonts and dinocephalians.

The most important evidence for the primitiveness of the
moschorhinid skull is found in the endocranium. The basicrarial
processes of the precotics contact each other on the floor of the
endocranium. This feature is shared with the titanosuchians,
dinocephalians, gorgonopsians and the pristerognathids and stangs

in stark contrast to the situation found in the scaloposaurs,
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whaitsiids and the cynodonts. [t must be added though that these
processes of Moschorhinys are much thinner than those of the
abovementioned groups and do not replace the crista sellaris
either. The unossified zone in the endocranial roo” found in
scaloposaurids, whaitsiids and cynodonts is absent in Moschorhinus

as in dinocephalians.

The relaticnship between the cranial nerves surrounding the
inner ear in Moschorhinys differs radically from that of other
therapsids. The jugular foramen of Moschorhinus is separated from
the vestibule by the prominent medial wall of the opisthotic as in

pelycosaurs and gorgonopsians,  In the pristerognathids, scalopo-
-aurids, whaitsiids and certain cynodonts on the other hand, ilhe
ventral part of the jugular canal opons into the vestibule. The
medial foramen for the facial nerve lies far anterior to the
internal uuditory meatus in Mogchorhinys, whereas this foramen
lies close to the inmesnal auditory meatus in gourgonopsians,
pristerognathids, scaloposaurids, whaitsiids ard cynodonts.

In spite of the fact cthau Moschorhirus has a Targer braincase

due to the expancion : ipterygoid and the prootic, it also
has certain very prirz ra~teristics which would put its
- ancestor at a pre-pristeruy .ithid Tevel. Therjognathug, although

very specialized in its own fashion, seems to share more charac-
10 teristics with Moschorhinus than with pristerognathids or scalopo-
saurids. It is therefore suggesied that the whaitsiids and moscho-
rhinids arose from a common ancestor. Scaloposaurids seems to
have their own set of primitive and derived characteristics and it
is suggested that they arose independently from primitive theroce-

o phatian stock probably related to the pristerognathids.
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