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ABSTRACT

A sound understanding of the morphology of the Therocephal1 a Is 
essential to our understanding of the reptile-mammal transition. 
In this thesis the anatony of the posterior half o the 
Moschorhinus skull Is described in detail. This study revealed 
many aspects overlooked or misinterpreted by othtr authors.

Two Moschorhinus skulls were studied externally. Several misinter­
pretations concerning 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 
he 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 tnerocephalian.

The position 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 ur,ossified side wall of the endocranium and to deter­
mine the lateral limits of the brain and associated features if a 
therocephalian. Endocasts of the araincases were made and with 
he help of these, the 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 bloodvessels could 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 associated structures are compared with 
those of extant reptiles. The position of the cranial bloodves­
sels Is compared with that rf cynodonts and extant reptiles and a 
new theory concerning the evolutionary development of these 
bloodvessels from the primitive reptile level to the cynodont 
level is proposed. It was found that alhough many mammal-like * 
features are present in the therocephalian skull, the morphology 
of the braincase, cranial bloodvessels, brain and associated 
structures were essentially typically reptilian.

In the light of this new information concerning the anatomy of the 
posterior half of the skull and associated soft structures of 
Hoschorhinus. the taxonomic position of this genus relative to the 
other Therocephalia is discussed.
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CHAPTER 1: INTRODUCTION

The Interrelationships of the Therocepha!fa and their rela­
tionship with the Cynodontia are not known well enough. Certain 
authors such as Broom (1938), Brink (1951), Hopson 1 Crompton 
(1969) and Kemp (1912) are of the opinion that the cynodonts had a 
therocephalian ancestor, while others such as Romer (1969), 
Kermack S Kermack (1984) and Hopson A Sarghusen (1986) argue that 
the cynodonts arose independently of Therocephalia from a more 
primitive ancestor. Most of tha former authors accept sealopo- 
saurid ancestry for the cynodonts while Kemp (1972, 1982) has 
argued that the cynodont ancestor was closely related to the 
whaitsiids.

To unravel therapsid phylogeny it is essential to know more 
about therocephalian morphology. The present study attempts to 
b'oaden our knowledge of Moschorhinus kitchlnoi. 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 liraincases 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 selected for this study. Al­
though these skulls are somewhat damaged and distorted, the pos-



terlor parts of the skulls ere In such a condition that with 
careful preparation it was possible to discover a wealth of infor­
mation that added to our knowledge of the Hoschorhinus skull. The 
elements constituting the posterior ^ I f  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 Haughtof* (1918), Boonstra (1934b), 
Broom (1936), Olson (1938b), Crompton (1955) ?nd Boonstra (1968). 
Aforementioned descriptions were done mostly on sculoposaurids and 
pristerognathids, and until now nothing has been known about the 
moschorhinid endocranium.

The abovementioned Hoschorhinus skulls were sectioned, the 
one sagitally, the other horizontally and the matrix was removed, 
thereby exposing the walls of the endocranium. The elements 
forming the posterior part of the endocranium and their interreli. 
tionships are describe' in Chapter 4.

Certain aspects of the Hoschorhinus 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.
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CHAPTER 2: MATERIAL AND METHODS

Two previously tm-'escribed specimens were selected for this 
study, Hoschorhlnus M tc lilnqi (Broom) BP/1/2788 and BP/1/4636. 
BP/I/2788 was found J.W. Kitrhlng at Stoffelton, At eel Native 
Trust (row part of Kwa Zulu), near Bulwer, Natal In the 
Daptocephalus zone (Kitchlng 1977) (Dicvnodon Ucerticeps - 
Therioanathus Assemblage-zone, S.A.C.S. 1980). BP/1/4636 was
found by J.W. Kitchlng on the farm Fairydale in the Bethul ie
district. Orange Free State in the Lvstrosaurus zone (Kitehing
1977) ILvstrosaurus - Thr<nz»odon Assemblage - zone, S.A.C.S. 
1980).

Moschorhinus kitchinqi BP/1/2788 (Plates 1, 2, 3)
Most of the matrix surrounding ' Ms  skull had been removed 

with a hammer and chisel prior to this study. The matrix within 
the temporal cavities had riot 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 kitchinqi 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 is 75 cm 
long. Parts of its j'tgal and postorbital arches are missing ai.d 
the occiput is damaged. Although this skull is severely damaged, 
it yielded vital information. The descriptions and reconstruc­
tions (Figs. 1 - 12) of the posterir- part of the skull 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 morphrlogy of 
the skulls was extensively studied, photographed and illustrated, 
each was cast in a block of plaster of Paris.

Noschorhinus kitchlnoi BP/1/2788 (Plates 13, 14)
The exposed dorsal part of the natural endocast of this 

specimen was covered with a layer of epoxy resin prior to the 
abovementioned step in order to preserve the original shape of the 
endocast after the matrix was removed- The block containing this 
specimen was sectioned horizontally with a Highland-Patk 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 tool, thereby exposing 
the endocranial roof and floor. The reconstructions of the endo- 
cranial roof (Fig, 8) and floor (Fig. 9) are partly based on this 
specimen.

Noschorhinus kitchinoi BP/1/4636 (Plates 10 - 12)
The block containing the posterior part of this specimen was 

sectioned sagittally with the abovementioned saw. The matrix 
fillim the endocranium was also removed with the air-hammer and
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engraving tool. Although the skull Is damaged externally, the 
endocrantum though compressed, is In good condition. Host of the 
Information used to describe and reconstruct the endocrantw was 
acquired from this specimen (Figs. 1 - 12).

Fndocasts of silicone rubber were made of the posterior ptrts 
of the cleaned endocrania of these specimens (Plates IS * 17). 
Silicone rubber is a substance commonly used today In the slktwg 
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.
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CHAPTER 3: EXTERNAL MORPHOLOGY OF THE SKULL

The posterior half of the Moschorhinus skull consists of the 
following endochondral elements : the epipterygold, prootlc,
oplsthotlc, quadrate, supraocclpltal, exoccipltcl and baslocclpl- 
tal and the following dermal elements : the squamosal, quadrate- 
jugal, jugal, interparietal, parietal, postorbital, tabular and 
pterygoid. The par;,sphenoid and basisphenoid are of dermal and 
endochondral origin.

The lateral wall of the bralncase can be seen within the 
jugal arch (Fig. 4). The large parietals form the sharp-crested 
roof of the bralncase and the dorsal borders of the temporal 
fossae. The posterior wall of the temporal fossa is largely a* 
formed by the squamosal. The medial wall of the temporal fossa Is 
formed by the epipterygold, the prootlc, the ventrolateral part 
of the pterygoid, the lateral part of the oplsthotlc, and anterior 
parts of the supraocclpltal 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 
supraocclpltal form the medial surface of the occiput, dorsal to 
the foramen magnum (Fig. 6). These elements are flanked by the 
tabulars which cover part of the squamosal posteriorly. The 
lateral part of the occiput is formed by the posterior parts of 
the squamosal and the oplsthotlc. 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 paroccl- 
pltal fossa.

The elements exposed within the jugal arches and those form­
ing the occiput are described In detail below.

EP1PTEP.Y601D (Figs. 1 - 4)

In lateral view (Figs. 3, 4) the flattened, bladelike eplpte- 
rygold can be seen, it contacts the parietal, supraoccipital and 
prootic dorsally and the pterygoid, prootlc and squamosal ventral- 
ly. The 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 eplpterygold expands anteriorly to form an 
antero-ventral process and posteriorly 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 Moschorhlnus examined). The ventro-medial part of 
the postero-dorsal process of the epipterygoid contacts the ante- 
rr lateral part of the antero-dorsal process of 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 low ridge runs 
diagonally across the lateral surface of the epipterygoid from the



tip of the postero-dcrsal process, passes anterior to the foramen 
and terminates In the middle of the ventral part of the eplptery- 
gold as a small tuberosity. This posterior foramen of the eplpte­
rygoid should not be confused with the dorsal venous foramen (see 
discussion). The dorsal border of the eplpterygoid fits in snugly 
under the parietal. The central part of the dorsal border of the 
epipterygoid Is overlapped laterally by the ventrolateral 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 pestero-ventral process. It originates antero- 
ventrally from the base of the processus ascendens. The antero- 
ventral process terminates anteriorly to the dorsolateral 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" 
(Crompton 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 oc the 
quadrate ramus of the pterygoid (see Ch. 4; Fig. 4).

The postero-ventral process of the epipterygoid originates at 
the base of the processus ascendens from where it flares out 
postero-laterally as an elongated, horizontal fan overlying the 
middle third of the quadrate ramus of the pterygoid. These two 
processes are confluent, laterally and posteriorly but not dially 
and anteriorly. The postero-ventral process is slightly raised 
medially along its whole length, producing a medially facing



groove which originates under the vertically Inclined 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 eplpter/gold <s preferred 
to the 'quadrate process of the eplpterygold* (Crompton 1956) 
since It Is doubtful whether the eplpterygold actually did contact 
the quadrate in Hoschorhinus.

The posterior part of the postero-ventral process of the 
eplpte-ygold 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 contacts the anterior 
border of the antero-ventrai process of the squamosal medially, 
the contact being visible in dorsal and ventral views. This 
region of the apipterygoid forms part of the antero-lateral corner 
of the pterygo-parocrinital foramen (Figs. 1, Z, 4).

In lateral 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 
anteriorly and then curves upwards delimiting the border of the 
antero-ventrai process. Posteriorly 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 eplpterygold 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 eplpterygold an hour-glass shape in lateral 
view. The ventral part of the eplpterygold is directed outwards 
posteriorly and Inwards anteriorly. This closely reflects the
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orientation of thr quadrate ramus of the pterygoid, while the 
dorsal part of the epipterygoid is more parasagittal!y inclined.

ft very distinct and large eavtm epiotericum is present, 
bordered medially by the antero-ventral process of the prootic and 
laterally by the epipterygoid. Certain nerves and veins traverse 
the cavum epiotericum (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
ly.

The pterygoids are fused antero-medially. Contrary to the 
descriptions of Brink (1958) and Mendrez (1974a) no suture could 
be detected between them in ventral view (Fig. 2). There is 
i.owever, a spindle-shaped ventral keel, nere called the Interpte­
rygoid keel, where the bones meet. The posterior part of this 
keel projects dorse-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, 
the transverse process of the pterygoid, contacts 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 lie subdivided into a 
dorsal component with approximately horizontal dorsal and ventral 
surfaces and a ventro medial, parasagittally vertical flange. The
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ortentatlee of the quadrate ramus of the pterygoid, while the 
dorsal part of the eplpterygoid is more parasagittally inclined.
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anteriorly. The sutures between these elements can be seen in 
ventral view (Fig. 2). A big robust anterior process projects 
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gold antero-laterally. This suture car be seen in dorsal, ventral 
id 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 sad a ventro-medial, parasagittally vertical flange. The



dorsal part of the pterygoid contributes largely to the part of 
the basicranium anterior to the crista sell arts and posterior to 
the nasal capsule (see Ch. ♦). The quadrate ramus of the ptery­
goid flares out postero-laterally from this part of the pterygoid. 
The well-developed vertical, lateral surface of the dorsal part of 
the pterygoid is marked by two shan edged ridges, a dorsal one 
called here the dorso lateral ridge of the pte .gold and a ventral 
one called here the ventro lateral ridge of the pterygoid. Both 
inese ridges can be seen in lateral view (fig. 4). The dorso­
lateral ridge originates on the pronounced dorso-eedial part of 
the transverse process. It curves postero-medially at fir:* and 
then runs parasagittally up to the antero-medial part of the 
quadrate ramus, from this point it curves postero-laterally 
following the curvature of the anterior border of the quadrate 
reams, and finally terminates antero-medially to the antero-ven- 
tral process of the eolpterygoid. The ventro lateral ridge origi­
nates on the medial part of the posterior surface of the trans­
verse process as a very fa;nt ridge, gradually becoming more 
pronounced as it runs posteriorly, it also follows the curvature 
of the dor:.o-lateral part of the pterygoid, curving first postero- 
medi ,1'iy, then running parasagittally and finally postero-late­
rally to mark the ventrolateral border of the quadrate ramus. 
These lateral ridges are situated far apart anteriorly but con­
verge posteriorly as the lateral surface between these ridges 
taper: down. The dorsal part of the pterygoid contacts the foot 
of the epipterygoid dorsally (see fig. 9; Ch. 4).

The ventro medial flange of the pterygoid can be seen in 
ventral and lateral views (Figs. Z, 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
goids jut ventrally and slightly medially but their ventral limits 
do not contact ore another, thereby leaving a medial cavity, the 
interpterygoid vacuity. Each flange becomes thinner in transverso 
section as it progresses ventrally. The thin postero-ventral 
parts of these flanges cover the lateral surfaces of the anterior 
part cf the p.rasphenoid 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
tromedial part of the basisphenoid process of the pterygoid 
laterally. The suture-line separating each flange from the para­
sphenoid keel emerges frcs 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 plunges into the 
parabasal canal on its antero-medial wall (Fig. 4). The ventro­
medial flange is confluent posteriorly with the basisphenoid 
process of the pterygoid (Hgs. 2, 4).

The basisphenoid process juts posteriorly and slightly late­
rally from the ventromedial 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 
posterolateral margin of the ventral aperture of the par»ha3al 
canal to the convex ventrolateral part of the basisphenoid 
(Fig. 2). The suture runs from here in an 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 baslpterygold process of the 
basisphenoid and the quadrate ramus of the pterygoid (Fig. 5).

Seer, from dorsal and ventral views (Figs. 1, 2) the quadrate 
ramus 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
lateral ly from its origin antero-mediaily. The quadrate ramus 
contacts the opisthotic postero-laterally thereby closing off a 
space between it and the braincase. This is the cranioquadrate 
passage (see Homer 1956).

The quadrate ramus has ? well-developed vertical antero-late- 
ral surface. This surface is bordered by the dorsolateral ridge 
of the pterygoid antero-dorsally and by the ventral limit of the 
epipterygoid postero-dorsally. It is bordered ventrally by the 
ventrolateral ridge of the pterygoid. The antero-medial part of 
the quadrate 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-medially to form a thin, blade-like postero­
medial edge. The antero-lateral surface of the quadrate ramus 
gradually becomes smaller distally causing the postero-lateral 
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 opistio- 
tic dorsally. Part of the suture between these 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. I, 4). This suture rjns 
postero-laterally from the contact formed bet* _n these two ele-
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■ents and the posterior part of the postero ventral process of the 
eplpterygold and terminates at the contact formed between these 
two elements and the opisthotlc. The sntero medial two thirds of 
the quadrate ramus is covered dorsally by the epiptarygoid. The 
suture between these two elements has beer, described above. The 
postero medial part of the quadrate .-anus covers the vootr; 1 part 
of the has1pterygoid process of the bas'spbeaetd preximally. The 
suture between these two elements cannot be s«'ia in ventral lew, 
as it runs on the thin anterior rii. of the cranloqeadrate passage 
(see Ch. 4; Fig. 9).

The proximal part of tne quadrate ramus is very broad but it 
gradually becomes narrower as it progresses prstero-latenlly. It 
is at its narrowest ventral to the postaro-ventral process of the 
eplpterygold. Posterolateral to this process it gradually widens 
again v; to its poslero-lateral border (Fig* i, 2). This broad, 
concave, postero lateral part forms the --lor part of the 
quadrate recess and is in confluence with the concave antero-ven- 
tral process of the squamosal which inas the posterior part of 
the quadrate recess (Fig. 4).

PROOTIC (Figs. 1 - 6)

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

The prootic is a complex bo-e with five major processes. The 
terminology used by Nendrez (1972) to describe these processes 
will bo followed here. The prootic meets the btslsphenoid ven­
tral ly, the squamosal and opisthotlc posterolateral ly, the epi-
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pterygoid intero-laterally and the supraoccfpltal dorrally.
In lateral view (Fig. 4} two distinct ridges :an be seen 

running diagonally across the prootic, more or less parallel to 
each other. The ridge running from the cental 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 oval is 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 crest", Mendrez 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, 
vii: the antero-dorsal process above and antero-ventral process
below. These twu processes are separated by the Incisura 
nrootlca. Olson (1944), Crompton (1955), Mendrez (1972) and 
others used these terms to describe the anterior part of the 
prootic.

The anterior part of the antero-dorsal process makes contact 
<lth the medial surface of the eplpterygoid, while the antero-ven­
tral process passes medially to the epipterygoid forming a large 
vacuity between It and the epipterygoid - the cavum epiptericum. 
which will be discussed later. The antero-dorsal process runs 
more or less parallel to the sagittal plane, whereas the antero- 
ventral process points inwards.

The antero-dorsal process of the prootic (processus anterior 
superior, Siebenrock 1893; posterior pro-otic process, Boonstra 
1934b) Is a flattened, broad, projection which originates more or 
less in the middle of the prootic. Its dorsal border is in conti­
nuation with the dorsal border of the rest of the prootic, and its
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ventral border Is a continuation of the central ridge of the 
prootic. The antero-dorral process is rather broad posteriorly 
but tapers anteriorly, the thinnest part being its anterior edge 
which contact, he posteromedial edge of the epipterygoid late­
rally. This region is damaged in the specimen described by
Mendrez (1374). The antero-ventra1 edge of the antero-dorsal
process forms the posterior border of the posterior foramen of the
epipterygoid. There is a slight lateral 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 prootic most probably made 
contact with the posterior apophysis of the epipterygoid, because 
of its inclination towards, and proximity to, the apophysis.

Bordering the antero-dorsal process of the prootic dorsally 
and meeting the antero-dorsal process of the epipterygoid is the 
flat, fingerlike antero-lateral procesi of the suprauccipital. 
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 is formed 
between the supraoccipital and prootic. This is the dorsal venous 
foramen commonly found in many therapsids (see discussion).

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, Siebenrock 1893; anterior pro-otic process, Boonstra 
1934b) originates below the point of articulation between the 
posterior apophysis of the epipterygoid and the antero-dorsal
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process. This process Is the ossified pila antotica (pleurospbe- 
noid) (Oe Beer 193'; Olson 1944; Slve-S8derbergh 1947; Crompton 
1955). The dorsal border of the antero-ventral process curves 
upwards in a descent 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. Above this shallow indentation, a low ridge runs from the 
posterior border of the incisura crootlca 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 foramen for the facial nerve (VII) 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 anterior to 
it, and the central process of the prootic posterior to it.

There is a small ventral notch between the ventral border of 
the antero-ventral process and the braincase floor. Its poste-ior 
border Is formed by the anterior border of the hasal 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 lateral 
(Fig. 4), dorsal, ventral and occipital views. It juts out late-
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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 tnc squamosal (prootic process of 
the squamosal, Mendrez 1974b) contacts this central process in a 
complex manner: the distal part of the central process forms two
flanges, one antero-dorsal!), 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 V p  of the fenestra oval is medially to the postero-medial 
corner of the postero-ventral process of the epipterygoid lateral­
ly. The distal pirt of the central process is spindle-shaped in 
cross section. The hase of the centre’ 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 
lostero-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, flat ened 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-pat occipital foramen, 
the ventral border of the post-temporal fenestra and the anterior 
wall of the paroccipital fossa, ’he postero-ventral process forms
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only the dorsa-eedla) quarter of the posterior wall of the ptery- 
go-parocclpltal foramen, and the medial half of the ventral border 
of the pust-temporal fenestra,

third procecs. the postero-dorsal process of the prootlc, 
contacts the Intermediate process of the squamosal dorsally. It 
can be seen In lateral view (Fig, «). The postero-dorsal process 
forms most of the antero-dorsal rim of the post-temporal fenestra, 
(his process takers 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 squamosal 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-dorsal process of the oplsthotic.

The suture between the basal region of the prcotic 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 dntero-dorsally to the fenestra oval is 
postero ventr-Jly. The antero-dorsal part of the lip surrounding 
tl,e fenestra oval Is is formed by the basal region of the prootic 
(Fig. 5).

As Mendrez (1972, 1974) has remarked, the oplsthotic and 
prootic are two quite separate bones. A clearly distinguishable 
suture divides them. The postero-dorsal process of the oplsthotic 
does not make cont« t with the lateral border of the postero- 
dorsal process of the prootic, nor is it visible in anterloi view 
as Mendrez (1974a) stated to be the case. The postero-dorsal 
process of the oplsthotic 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 post-temporal fenestra a part of 
the suture between the postero-dorsal processes of the prootlc and 
the oplsthotlc. This suture runs vertically fcr a short distance, 
skirting the lateral border of the postero-dorsal process of the 
oplsthotlc, and then curves medially along its ventral border to 
where the postero-media! borders of the postero-ventral and poste­
ro-dorsal processes of the prootlc originate. Laterally to this, 
the suture runs between the medial lip formed try tne postero-
ventral process of the prootlc and the postero-ventral flange of 
the parocclpltal process of the oplsthotlc. Ventrally to this 
medial lip the suture which divides the postero-ventral process of 
the prootlc and the antero-dorsal flange of the oplsthotlc runs 
laterally. It can be traced posteriorly in the parocclpltal fossa 
(Mendrez 1972, p. 203) and anteriorly between the antero-dorsal 
flange of the parocclpltal process of the oplsthotlc and the 
postero-ventral process of the prootlc. The suture curves first 
ventrally then medially along the border of the postero-ventral 
process of the prootlc. It then skirts the base of the central 
process of the prootlc antero-vertrally and the posterior corner 
of the dorsal U p  of the fenestra oval!s. before it enters the 
roof of the fenestra oval is medially (Fig. 5).

The concave, dorsal border of the prootlc 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 prootlc (dorsal limit of the "lame dor-
sale" of the prootlc, Mendrez 1974a) forms sutural contact with 
the supraoccipital. The largest part of the ventral border of the 
lateral-supraoccipital fossa is formed by the dorsal border of the 
prootlc (this fossa is discussed below).
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OPISTHOTIC (Figs. 1 - 6)

The oplsthotic contacts the exocclpttil and baslocclpital 
postero-medially, the prootir antero-medlally, the tabular, supra- 
occlpital and squamosal dorsally, the squamosal, pterygoid and 
quadrate laterally, and the stapes ventrally.

The oplsthotic consists of a robust transverse bar - the 
paroccipitil 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 cf the oplsthotic is V-shaped in 
parasagittal section. This V-shaped process is foimed by two 
flanges joined antero-ventrally. The pcstero-ventral flange is 
more massive than tiie antero-dorsal flange. The cavity formed by 
these two flanges the paroccipital fossa of the oplsthotic and 
is V-shaped in longitudinal section. This fos'.a c?n 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 oplsthotic and anteriorly - 
the quadrate process of the oplsthotic (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 lateral end of the mastoid process. This 
ventro-laterally curving ventral ridge 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 old process marks the postero-ventral border of 
the paroccipital fossa. The posteio-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 oplsthotlc, and forms the so-calied 
roof of the middle ear ("tolt de 1'orellle moyenne", Mendrez 
1674a). The quadrate process of the oplsthotlc, which juts out­
wards antero-laterally, Is thinner, broader and longer than the 
mastoid process. It becomes broader laterally, similarly to the 
mastoid 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 oplsthotlc contacts the quadrate process of the 
squamosal and the anterior two thirds contacts the posterior part 
of the quadrate ramus of the pterygoid. This can be seen in 
lateral (Fig. 4) and dorsal (Fig. I) views. The lateral surface 
of the quadrate process of the oplsthotlc loosely articulates 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 combi 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 anterior ridge of the 
paroccipital process, marking the anterior border of the opistho- 
tic, originates at th» anterolateral edge of the quadrate process 
of the opisthotic and terminates near the dorsal lip of the fenes- 
t, a oval Is. The base of the central process of the prootic and 
the dorsal lip of the fenestra oval is (also formed by the prootic)
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contact the antero-medial part of the oplsthotic (Fig. '). 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 seen in ventral and occipital view. It emerges from the
postero-ventral corner of the fenestra oval * s and than turns
medially across the ventral surface of the lip of the fenestra 
oval is (Fig. S). The suture then curves postero-medially behind 
the tuberculin 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 ventromedial tuberosity 
between the jugular foramen and fenestra ovalis. From this tube­
rosity a thin anterolateral and thicker, blunter postero-medial 
extension project. The central 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-ventral corner of the lip of the fenestra cvalia 
(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 posterior 
•xtension 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 less parallel to the 
ventrolateral suture of the ?xoccipital, and terr mates on the 
postero-medial surface of the paroccipital process. The part of 
the opisthotic which the posterior extension nf 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 jugular foramen (Figs. 2, 
6).

In occipital v<ew the suture between the antero lateral 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- 
ly. Also visible in occipital view is the suture between the
mesial corner of the postero dorsal process of the opisthotic and 
the ventrolateral 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 paroccipital proccss) 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 lip covering the dorso-medial part of 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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along its dc/so-medial border with the supraocc'!pital. This 
suture continues In a dorsolateral direction as it follows the 
dorsal border of the postero-dorsal process. The suture bv er. 
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 lateral 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 postero-dorsal process of the opisthotic is net visible in 
anterior view as Mendrez (1974a) has observed in Moschorhinus 
kitchingi. S.A.M. K.U8. It rather resembles the condition found 
by Mendrez (1974b) in Prcmoschorhvnchus platvrhirus 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 squ?mosal is a large, complex bone with several proces­
ses. I he terminology used by Mendrez (1972) will be used to 
describe these processes. The squamosal makes contact with the 
parietal, interparietal. supraoccipital, prootic, opisthotic and 
tabular medially, the pterygoid and epipterygoid anteriorly and 
with the jugal and quadrate laterally.

The major part of the posterior wall of the temporal fossa is X 
fr-msed 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 

lambdotd crest. The three medial processes occur one above the 
other (Fig. 4). The antero-ventral process (third squamosal 
process, Crompton 1955) is separated from the intermediate process 
(second squamosal process, Crompton) by the post-temporal fenes­
tra. The intermediate and dorsal processes (first squamosal 
process, Crompton) are separated by the posterior fold forming 
part of the lateral-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 confluent with that of 
the parietal as are their dorsal and ventral borders. The dorsal 
process o' *he squamosal is fused to the tabular along most of its 
posterior si face. Its ventral border is marked oy the 'old 
forming the posterior part of the lateral-supraoccipital fosse 
(Fig. 4). Part of this fold is occupied by the anterior extension 
of the interparietal which contacts the ventral border the 
dorsal process postero-dorsally.

In lateral view it can be seen that the dorsal border of the 
intermediate process of the squamosal forms tlr 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 lateral process of the supraoccipital 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 part of the



roof of the post-temporal fenestra while the dorso-lateral part of 
the roof is formed by the lateral part of the ventral border of 
the intermediate process.

In occipital view it can be seen that the medial part of the 
intermediate process makes sutural contact witn the ventrolateral 
part of the tabular, and with the dorsolateral part of the poste- 
ro-donal 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, 
until it becomes the dorsal bcro. of the antero-ventral process 
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, Hendrez 1974b) is wedged into a 
V-shaped notch formed by the lateral part of the central process 
of the prootic. The postero medial border of the postero-ventral 
process of the epipterygoid contacts the antero-ventral proce-s of 
the squamosal antero-medially. The whole mtero-laterai l. ; r of 
the antero-ventral process of the squamosal, except for its distal 
end, contacts the postero-:.,edI il 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 meet (Fig. 6). The ventro-iatera1 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
tic posterior to the squamosal-pterygoid act (Fig. 4). This 
suture is visible anteriorly to the quadrate tch in the squamo­



sal (this notch is described below). The ventrolateral part of 
the squamosal seen 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 of the squamosal is visible in occipital and 
ventral views. Except for these two abovementioned distal su*"res 
and the suture with the postero-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 
pterygo-paroccipital foramen and the roof of the paroccipital 
fossa.

A dee|. dorsally-direcled quadrate notch is present anteriorly 
in the distal part of the squjnosal for housing the dorsal part of 
the quadrate (Fig. 4). This notch is surrounded by the jugal 
laterally, the posterolateral part of the anteroventral process 
of the squamosal (which covers the quadrate process of the opis- 
Ihotic) antero-ventrally and the thick lip formed by the jugal 
process of the squaaesal dorsally. A shallow depression is pre­
sent In the squamosal ventro-laterally to this notch and lateral 
to tne quadrate process of the opisthotic. This indentation, the 
quadrate recess of the squamosal. Is probably synonymous with that 
described by Kemp (1969) aid with the squamosal recess ("recessus 
squamosal") of Mendrez (19/!a). The posterior part of the quadra­
te fits into this recess. The quadrates are lost in most of the 
Moschorhinus specimens because they were loosely articulating 
bnnei. with no sutural connections.

In occipital view the following features can also be seen: 
tne postero-ventral border or 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 paroccioital 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 Ventral1y to this indentation and ridge, and medially 
to the posterior part of the quadrate, a notch is situated poste­
riorly between the two lateral processes of I . opistho ,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 supraoccipital and the interparietal are visible in 
occipital and lateral view. In occipital view, the Lroad supraoc- 
c.pital contacts the interparietal dorsally, the t-<bulars dorso- 
laterally, the postero-dorsal processes of the opisthotics ventro- 
laterally d the exoccipitals ventrally. The exoccipitals cover 
the ventromedial part of the supraoccipital except for a narrow 
gap between the exoccipitals where the supraoccipital forms the 
dorso-medial part of the roof of the foramen magnum The suture 
between the tabular and supraoccipital 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 border of 
the supraoccipital. The suture between the ventral border if the
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InterpaHetal and the dorsal border of the si.praoccipital is 
horizontal and short. A Urge, 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 middle of the dorsal part of the supraoc- 
cipital and continued dorsally on the interparietal.

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

The aforementioned occipital indentation causes the Interpa­
rietal, 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-supraocci­
pital fosta, a large, oval indentation bordered dorsally by the 
parietal whose ventral border forms a concave overhang. 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 the epipterygoid. The fossa tapers off 
posteriorly into a short, horizontal 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 parietal and the dorsal process of the squamosal. The dorsal 
venous foramen lies In the antero-ventral region of this fossa.
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The anterior extensions of the supraocclpital and imerparie- 
tal are visible within the latera1 -supraocclpital fossa. The 
anterolateral process of the supraocclpital lies at a more medial 
levsl than any of the suirounding elements, forming the medial 
wai’ of the lateral-supraocclpital fossa. The intero-lateral 
process of the supraocclpital contacts the parietal dorsally, the 
postero-dorsal process of the eplpterygoid anteriorly, the antero- 
dorsal process of the promt1c ventrally, the Intermediate process 
of the squamosal postero-vertrally and the anterior extension of 
the interparletal postero-dorsally. The dorsal venous foramen is 
visible ventral to the epipterygold-supraocclpltal rontect and 
anteriorly to the proot1c-supraocclpital contact.

The anterior extension of the Interparletal fills the postero- 
dorsal corner of the 1 ate,al-supraocclpital fossa. The interparie- 
tal Is triangularly shaped and contacts the antero-lateral process 
of the supraocclpital antero ventrally, thu dorsal border of the 
intermediate procsss of the squamosal postero-vent.ral ly, the 
ventral bcrder of the parietal antero-drrsally and the ventral 
border of the dorsal process of the squamosal post ro-dorsally.

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

Th oarletals are fussd into a single element. The parietal 
elemer jrms the postero-dorsal part of the skull. It contacts 
the squamosal and tabular postero-ventrally, the prootic and 
eplpterygoid ventro-laterally, the postorbital antero-laterally 
ana the frontal anteriorly.

In occipital view the parietal Is situated between the dorso-
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medial borders of the tabulars and th«i dorsal border of the fnter- 
parletal. Its dorsal border Is In confluence with those ol the 
tabular and squamosal. These borders form the ventro-laterally 
curving, dorsal border of the occiput.

The parietal 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 postorbital ( T i g  !). These postorbital ridges bow posterior­
ly and are continued on the dorso-medial surface to produce the 
sagittal crest. The sagittal crest Is widen at its origin ante­
rior to the parietal foramen. Posteriorly It becomes narrower and 
splits into the two postero-lateraHy flaring lambdold crests, 
which form the dorso-medial border of the occiput posteriorly and 
part of the postero-dorsal rim of the temporal fossa laterally.

The parietal, in dorsal view, has an hour-glass shape. Broad 
and robust anteriorly, it is constricted in the middle above the 
epipterygoids and forms two postero-iaterally flaring flanges 
which form the anterior parts of the lait doid crests.

The broad anterior part f the parietal contacts the frontal 
and postorbitals (Tigs, i, 3, 4). In oorsal view it can be seen 
that the suture between the postero-dorsal border of the frontal 
and the antero-dorsal border of the parietal has a zig-zag arrange­
ment. The antero-ventrally sloping area between the enteric- 
border of the parietal and the parietal foramen, 1.3. the broad 
origin of the sagittal crest, is corrugated. In 3P/1/4S36, four 
small but distinct parasagittal ridges are present in this region. 
The two medial ridges join up with the sagittal ridge of the 
frontal anterior to t„em. This sagittal ridge runs an the dorsal 
surface of the skull from the middle 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 postorbital and the antero­
lateral part of the parietal are septrated 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 same level as the 
posterior border of the postero medial flange of the postorblt.al 
(Fig. 1). The external opening of the parietal foramen is a 
narrow spindle-shaped slit, similar to the condition In the 
Hoschorhlnus specimens described by Brink (1958) and Mendrez 
(1974a).

In lateral view the vertically curving suture between the 
dorsal process of the squamosal and the posterior flange of the 
parietal can be seen. This suture matches the occipital suture 
uetween the parietal, interparletal and the tabular. The ventral 
border of the parietal forms the rot the brain-case. The 
anterior third of the ventral 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 1 at ral edges of the ventral 
border of this triangle contact the dorsal border of the epiptery- 
goid and t. : dorsal part of the antero lateral process of the 
supraoccipltal on each side. The chart ventro lateral descending 
flange of the parietal overlaps the anterior two thirds of the 
dorsal border of the eplpterygold. The posterior part of the 
ventral area of the parietal contact the dorsal border of the 
Interparletal. The ventro-lateral edge of the parietal, posterior 
to Its suture with the eplpterygold, forms the dorsal border of



the lateral-supraocclpital fossa.

EX0CC1PITAL (Figs. 1, 2, 5, 6)

in occipital view it can be seen that the exoccipital con­
tacts the postero-ventral part of the supraocclpital dorsally, the 
postero medial part of the opisthotic laterally and the posterior 
part, of the basioccipital ventro-laterally. The concave medial 
-lie of the exoccipital forms the lateral wall of the foramen
m m m

The exoccipital Is divided externally into a flat antero- 
dorsa'i part and a postero-ventral projection. The ventro lateral 
half of the antero-dorsal part overlaps the postero medial part of 
the opisthotic and the dorsolateral half meets postero-ven- 
Lral part of the supraocclpital. The anteio-dor, part has two 
pronounced, acute rims, a medial one forming the dorso-lateral lip 
of the foramen maonum. and a ventral one forming a ridge demarca­
ting the postero-dorsal U p  of the jugular foramen.

The postero-ventral projections of the exoccipltals form, 
together with the posterior part of the basioccipital, the occipi­
tal condyle. Toe exoccipltals farm the dorso-lateral parts of the 
occipital condyle and the basioccipital the ventral third. The 
occipital condyle <n BP/1/4636 has a central Indentation o; its 
articular surface not described before in Hoschorhinus (Figs. 1, 
6). T hH  indentation involves the postero-dorsal part of the 
basioccipital third of the condyle and the postero medial parts of 
the exoccipltals. The Indentation ano the associated lateral 
bosses hint at a double condyle condition. The suture between the



- 35 -

exoceipttal ind the bastucctpltal runs parasagittally 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 rls 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 
ventre-medial lip of the jugular foramen, froc whence It plunges 
into the jugular foramen In an antero-dorsal direction. The 
dorso-medial side of the postero-ventral projection of the exo ci- 
pital forms the posterior part of the ventrolateral wall of the 
foramen magnum (and the concave dorso-medial border of the occi­
pital condyle) and its posters-dorsal rim demarcates the posterior 
border of the foramen magnum. The ventro-lateral si 'v of the 
postero-ventral projection forms the ventro-lateral border of the 
occipital condyle, and the anterior border of the ventrolateral 
side forms the posterior lip of 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).

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

The basloccipital forms the posterior part of the basicranium 
and the ventral part of the occiput. In ventral view tha baslocci­
pital contacts the baslsphenoid anteriorly, the oK1sthot1c late­
rally and the exoccipltals postero-laterally.

The antero ventral part u: the basloccipital and the postero- 
ventral part of the baslsphenoid form the two spheno occipital



- 36 -

tubercles. The suture between the anterior border of the basloc- 
cfpital and posterior border of the basisphenoid can be seen in 
ventral view. It dips diagonally in an antero-ventral direction 
from the ventral lip of the fenestra oval is. curves medially and 
surrounds the posterior part of the sphenooccipital tubercle. 
The suture 1.. 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 basioccipltal which 
ferns par1 of the ventral lip of the fenestra s£'’lis (Fig- 5). 
This small process is wedged between the posterolateral 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 basioccipltal has a roughly Magonal, antero lateral, postero­
medial orientation. Seen In ventral view, it emerges from the 
fenestra oval is and runs medially across its ventral suface for a 
short distance. The suture turns postero-medlally and skirts the 
anterolateral extension of the internal process of the opistho­
tic, before curving slightly posterolaterally around the ventro­
medial tuberosity and the postero medial extension nf the Internal 
process of the opisthotic.

Between the posterior border of the internal process of the 
opisthotic and the postero-ventral edge of the occipital condyle, 
a short parasagittal flange separates the ventro-lateral border of 
the basioccipltal and the ventro medial border of the occipital 
projection of the exoccipltal. This suture can be seen in ventral 
view.
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The posterior part of the bisioccipltai has * rugose ventral 
surface. This rectangular part of the basioccipital, situated 
posteriorly to the level o, the jugal fcramina, forms the convex 
base of the occipital condyle.

In dorsal view the posterior part of the basioccipital which 
participates in the formation of the occipital condyle is visible 
as a thin strip flanked by the postero-ventral projections of the 
exocrlpltals. The basioccipital is wedge-shaped in 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,

SASfSPHENOID AND PARASPHENOID {Figs. 2, 4 5)

The has I sphenoid and parasphenoid are commonly fused in 
therapsids (Haughton 1918; Olson 1944; Farrington 1946. 1955; 
Crompton 1955; Watson & Romer 1956; Boonstra 1968; Clover 
1971). Most of these authors therefore refer to the combined 
structure as the para basisphenoid complex. Although there two 
elements are fused ventrally in Hoschorhinus. a suture dividing 
the dorsal parts can be seen i lateral view {Fig. 4). In this 
description therefore, the baslsphenoid and parasphenoid are 
regarded as two separate elements.

The baslsphenoid contacts the parasphenoid antero-vent-ally, 
the prootic postero-dorsally, the basioccipital posteriorly and 
the pterygoid antero-laterally.

Running tiorso-medially, forming part of the floor of the 
endocranium, is the antero-dorsal process of the baslsphenoid.
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Lateral to it H e  toe two laterally projecting basiptarygold 
'processes ef the bastspheiwld (Fig. 9). The dorsal parts of the 
btslspfcenoM are described In detail In Chapter 4.

The posterior pert of the baslsphenotd Is broad and robust 
and Is peerriliaped in trensverse section. It has a deep ventral 
Indentitiwi orlgtnetlne anteriorly posterior to the parasphenold 
keel. This ledentetlen divides the ventral part of the baslsphe­
noid Into iwe breed postero-laterally running prominences each 
forming the interior part of the spheno-occlpllal tubercle. The 
lateral walls of the basisphenoid slope dorso-medla.ly from these 
ventral buloas to the narrow dorsal part of the baslsphenold. The 
baslsphenold meets the prootlc postero-dorsally , the lateral part 
of this suture (fig. 5) has been described prevl sly. The basl­
sphenold contacts the baslocclpltal posteriori (see above; 
Fias. 2, S). The baslsphenold-prootic suture and th baslsphenold 
basloccipltat suture meet at the antero-ventra! margin of the 
fenestra ova1U  (Fig. S) and the baslsphem.ld forms only a small 
sector of the lip surrounding the fenestra oval 1s. The antero- 
U  ral surfaces of the posterior part of the baslsphenold are 
covered by a thin baslsphenold process on either side. The su­
tures Detween these el events can be seen in lateral and ventral 
views (Fljs. 2, 5) and have been described previously.

The Iasi sphenoid contacts the narrow antero-dorsally projec­
ting paraspitonoid antero-ventrally. These elements are fused 
ventrally and no suture could be distinguished between them. It 
can be assumed that the spindle-shaped ventral keel, which Is the 
ventral part of the process forming the parasphenold rostrum, is 
also of parasphenold origin.

The ventral apertures of the parabasal canals can be seen in



ventral and lateral views I* 1|, J . ' s  /•«« lay or.
*(tt«r eld# #f the pwM#meW he#1 W  : r * w frel $# the 
pwtarlor pert of the bael#W#Ms W I  v^#rW laterall, tgr
e Wl^hemeM preee## #f the * # * * «  rMeHwV I# # mttr#- 
medial Meey ef the p tew M . *# poiWe medlmt cermer ef emch 
emetre meele) flee*# ef the p#eo#**«de**4M letemO emfeee 
W the eeevew eeterler peet e f  the pin#*weld heel e# et#ee 
* # .  the tetere heteeee them cam he eeee Im v e e tra » W (W #  
etamm (ft# . :  a) eed hee hedr deecrthed eM,l*»1,.
s- '

yj.:Ti. - 
a"

. ■ : ;
' ' ' - ,

3': .': - V ' -
• = . \ '

\/y:.
u  <::> • •

- .'rV.')-' " rf?-.

f
Tt.M ' -C

' 1
.. • . ; :
% \ ' 
f  ".s: si?



- 40 -

CHAPTER 4 : ENDOCMHIUH

The endocrinlum 1$ defin J as the timer surface of the dermal 
and endochondral elements of the skull which enclose the endocra- 
nlil cavity. The andocranliw Is arbitrarily divided In'3 three 
parts, firstly the nasal capsule, secondly the braIncase (the area 
hot'sing the bral i) and thirdly the dorsal surface of the central 
part of the bail cranium anterior to tUe crista sellaris and poste­
rior to the nasal capsule. It Is necessary to make a distinction 
between the braincas and the dorsal region of the central part of 
the baslcranium because nervous tissue made contact only with a 
small medial strip of the latter. Other (mainly vascular and 
muscular) structures covered the rest of the dorsal surface of the 
ventral part of the baslcranium. The braincase and the dorsal 
region of the central part of the baslcranium are described here.

Boschorhinus has an elongated, narrow braincase with a high 
roof as is common in therapsids (ee Haughton 1918; Watson 1921; 
Broom 193-; Olson 1944; Boonetra 1968). The area on either side 
dorsal to the baslcranium and ventral to the roof of the endocra- 
nium, anterior to the level of the parietal foramrn. Is unossi 
fled. No trace of an orbltosphenoid or an Intel orbital upturn 
could be found, in contrast to the situation in the gorgonopsUns 
?nd whaltsiids (see Kemp 1969, 1972). The absence of these struc 
tures leaves the endocranlum between the epipterygoid and snout 
wide open. In life this area wouid have been filled by membranes 
and cartilaginous bars, as in extant reptiles, which did not 
fossilize.



The roof of the bnlncase is formed by the ventro medial 
surfaces of the frontals, fused parietals, supraoccipttai and the 
dorse-medial parts of the exocclpitals. The posterior part of the 
sidewall of the braincase Is formed by the medial surfaces of the 
following elements: the dorsal part of the eplpterygold, the
lateral part of the supraocclpital and the prootlc, opisthotic and 
exoccipital. Ihi erlor part of the sidewall of the braincase 
was formed by the at .rmentioned membranes and cartilaginous bars. 
These structures w*'l 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 fell owing elements: the
ventro medial parts of the exocclpitals, the dorso-medlal strip of 
the oasiocclpltal and the ventro medial flanges of the prootlcs 
The cochlear recess and auditory canal lie within the opisthotic, 
prootlc and basioccipital. The vestibule lies 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 prootlc. 1 here are two foramina for the hypoglossal 
nerve in each exoccipital, the pituitary fossa In the baslsphenoid 
and the parietal foramen In the parietal. Also present are the 
jugular foramen, the vestibule and foramen ovale on each side and 
the foramen maonum. The probable positions of the cranial nerves 
and bloodvessels are discussed in the next chapter.

The elements forming the medial surface of the braincase and
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]the medial strip of the part of the baslcranlum anterior to the 
crista sellaris and their positions relative to each other are 
described. The probable morphology of the non-osseous part of the 
bralncase will 3 discussed In the next chapter.

PARIETAL (Figs. 7, 8)

The ventral surface of the fused parletals forms the roof of 
the central part of the bralncase. In ventral view (Fig. 8) the 
parietal element contacts the frontals antero-medlally, the poster 
bltals antero-laterally the eplpterygold ventro-laterally and the 
supraocclpital postero-ventral1y .

In sagittal section It can be seen that the parietal canal 
(Boonstra 1968) penetrates the parietal element at the level of 
the antero-dorsal border of the eplpterygold. Although the parie­
tal canal has a narrow, spindle-shaped dorsal aperture in the 
sagittal crest, It has a large, oval aperture ventrally, situated 
In the centre of a funnel-shaped indentation In the parietal. 
These apertures 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 parietal foramen anteriorly to the supraocclpltal posteriorly. 
The pronounced lateral borders of the ridge originate posteriorly 
at the suture between the parietal and supraocclpltal. As the 
borders run anteriorly from their origin, they curve initially 
sharply In a medial direction, then gradually laterally, skirting 
the funnel-shaped Indentation in which the ventral parietal fora­
men lies.
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The ventro-BBdm ridge is flanked on either side by a wide 
gutter, here called the vsntro-lateral gutters of the parietal s. 
This is similar to the condition Olson (1937) found In Cvonosaurus 
longlceps. Each lateral wall of thm -entre-eedlil ridge forms the 
medial w « U  of a ventro lateral gut. The depth of the ventro­
lateral gutter varies: it is deape ,iosterier,;f, immediately
anterior to the parietal -sup-aoccipit.I s uu - e  and then gradually 
becomes shallower as it "laanoers in an interior direction. It 
finally tapers it Just anterior to the level of the anterior 
border of the ventral parietal foramen. The postero lateral 
corntr of the gutter lies dorsal to the antero-eedlil part of the 
anterolateral process of the supraoccipltil. The lateral wal' of 
the gutter is formed by the medial surfaces of the ventrolateral 
descending flange of the parietal and that of the dorsal border of 
the anterior part of the epipterygoid. The anterior part of the 
lateral wall is formed by a low ridge on the lateral part of the 
ventral surface of the parietal The medial and lateral walls of 
the gutter gradually become 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 anterolaterally 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 fores the antero-medial wall of the orbit (Figs. 4, 7, S).

Anterior to the ventral parietal foremen, 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 joins the dorsal 
suture separating the frontal and parietal (Fig. 2).

The ventro-lateral descending flange of the parietal con­
tacts the antero-dorsal two-thirds of the eplpterygoid. Part of 
the suture separating these two elements can be seen in medial and 
ventral views (Figs. 7, 8). It originates anteriorly at the tip 
of the antero-dorsal process of the eplpterygoid at the level of 
the anterior border of the ventral parietal foramen. The suture 
meanders on the medial side of the eplpterygoid firstly postero- 
medlally, then postero-laterally, then postero-medlally again. It 
finally joins the suture between the supraoccipital and the parie- 
tal.

A part of the suture between the parietal and supraoccipital 
can be 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 part 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
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between the eplpterygold and the ventro-lateral descending flange 
of the parietal.

F**TAL (Fig:. 7. 8)

The frontal forms the anterior part of the roof of the bra incase 
(Fig. 8). It makes sutural contact with the parietal posteriorly, 
the postorbital postero-laterally, the prefrontal antero-laterally 
and the nasal anteriorly. The broad, central section of its 
ventral surface Is essentially horizontally Inclined but the 
concave, lateral process of the frontal flares dorso-laterally to 
form pari of the dorse-medial wall of the orbit (see also Fig. 4).

Running between the central section and each lateral process 
of the frontal Is the do,so-lateral ridge of the bra Incase. This 
low ridge originates, as was mentioned before, on the ventral 
surface of the parietal. It curves antero-laterally as it runs 
from the anterolateral part of the ventral funnel-like indenta­
tion in the parietal. It then runs across the frontal onto the 
ventral flange of the prefrontal. This ridge marks the dorso­
lateral limit of the bratncase (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- 
laterally 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 antero- 
laterally by the postero-ventral processes of the nasal and the
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prefrontal (Fig. 8). The sutrn e between the prefronial 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 bralncase as it runs in a zig-zag pattern 
postero-laterally and dorsally along the ventral third of the 
dorso-medlal wall of the orbit. It then twists sharply and curves 
antero-laterally and dorsally along the remaining two-thirds of 
the dorso-medlal 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 nasi.l capsule. It 
lies on the same level as the rest of the bralncase posterior to 
it, and would not have been distinguishable if It nere not for the 
two gently sloping, broad fossae 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 ru»s dia­
gonally in an antero-medial direction from the contact formed 
between these two elements and the prefrontal, through the poste­
rior part of the dorsal fossa of the nasal capsule (Fig. 8). It 
emerges from the medial limit of the fossa and curves more medial­
ly on the sagltal 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 supraoccipltil forms the major part of the postero-dorsal 
wall of the braincase, but Is represented L,y only a narrow strip 
in the roof of the posterior tubular section of the braincase 
which houses the medulla oblongata. In medial view (Fig. 7) It 
can be seen that the supraoccipital slopes postero-ventral'y 
towards the dorso lateral constriction 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 ventral!y 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 i.i ventral and medial views (Figs. 7, 6) the sapra- 
occipital contacts the parietal and epipterygoid an*ero-dorsaily, 
the prcotic antero-ventrally and the opisthotic and exoccipital 
postero-ventrally.

The supraoccipital is concave in cross-section because of its 
two antaro-laterally curving sides. The pointed anterior part of 
each side (here called the antero-latercl process of the supraoc­
cipital) contacts tl.' medial surface of the postero-dorsal border 
of the epipterygoid antero-ventrally and contacts the parietal 
dorso-laterally. The medial lip of this process overlies the 
posterior part of the ventro-lateral gutter of the parietal. The 
dorsal and medial surfaces of the antero-lateral process are in 
confluence with those of the dorso-eedial flange of the epiptery­
goid (Figs. 7, 8). The postero-dorsal margin of the dorsal venous 
ft ration is formed by part of the antero-ventral border of the
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luprtacclpltal posterior to the antero-lateral process.
The antero-ventral border of the supraocclpital contacts the 

postero-dorsal border of the prootlc 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 
(Fig. 8). The suture between the supraocclpital 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 
continues In a posterior direction and curves initially dorso- 
medlally to skirt the anterior border of the wall formed by the 
medial surface of the opisthotic (Figs. 7, 8). It then curves 
over tr_ dorsal part of the wall and meets the exocclpltal poste­
rior to the wall. The suture between the supraocclpital and 
exocclpltal curves dorso-medially as It runs posteriorly along the 
roof of the tubular section which housed the medulla obionoat.. 
This suture finally exits through the foramen magnum. A small, 
Inconspicuous groove lies medial to the suture, anterior to the 
foramen magnum.

PPOOTIC (Figs. 7, 8, 9)

The prootlc 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 bra I ncase, and in dorsal view (Fig. 9) that the ventro­
medial side forms part of the floor of the braincase.

The prootlc contacts the supraocclpital postero-dorsally, the 
epipterygoid antero-dorsally, the opisthotic posteriorly, m e



exocctptUl and basloccipltal postere-veetr*!1y and the basisphe­
noid antero-ventrally.

The big, postero-latenlly plunging fleccular fossa (subar- 
cuate fossa, Olson 1944) lies medially against the supraocclpital, 
prootlc and opisthotic (Figs. 7, 8, 9). # e  greater part of this 
fossa lies In the prootlc which fores Its lateral, antero-dorsal 
and ventral walls. The supraocclpital ferns 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 Inclsiira prootlca (Fig 7). No foramen for the abducens 
nerve (VI) could be found (see Ch. S).

he anterior half of the prootlc 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 antero- 
dorsal process of the prootl' ''*s 'Tin the medial surface* of the 
postero-ventral tip of the rsel process of the eplptery-
gold. The antero-dorsal b, the antero-dorsal process of
the prootlc slopes In an antero-ventrtl direction from the ante­
rior border of the dorsal venou. foramen dorsally to the dorsal 
border of the posterior foramen of the eplpterygoid ventrally. 
The antero-ventral part of the antero-dorsal process of the pro­
otlc forms the posterior border of the posterior foramen of the 
epipterygoid. As mentioned before, the Inclsura prootlca lies 
between the antero-dorsal and antero-ventral processes of the 
prootlc (see Ch. 3).

The antero-vential process of the prootlc (the ossified oila
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antotii-. Is trlmgvltr 1# cresi-iectlon. It has a flat, verti­
cal iy inclined lateral face (described in Ch. 3). On its medial 
face however it has a sharp, pronounced ridge. This ridge, the 
medial ridge of the antere-ventril process, runs from the antero- 
dorsal extremity of W w  process to the crista sellaris postero- 
ventrally (Fig. 7). "toe two medial ridges of the antero-ventral 
processes probably Indicate the attachment of ;he membrane forming 
the floor of the brelmise dorsal to the sella turcica (this 
aspect will be discussed lattr). The sloping face of the antero- 
ventral process dorsal to the medial ridge would therefore form 
part of the lateral wall of the bralncase proper. The slop<-g 
face of the antero-ventral process, ventral to the medial ridge, 
would on the other hand for# part of the roof over the sella 
turcica. The concave, sharp-edged postero-dorsal border of the 
antero-ventral process forms the antero-ventral border of the 
incisura prootica (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 bralncase, from the level of the internal 
auditory meatus to the crista sellaris is formed on either side by 
the dorsal surface of the ventro-medially projecting flange of the 
prootic (Fig. 9). The ventro medial flange was named the basicr 
nial process of the perietlc 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
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bratncase and thereby cover the anterior part of the basloccipital 
and the posterior part of the basisphenoid (Fig. 7). The basicra­
nial process slopes ventro-eedially from that part of the prootic 
which foi ips the sidewall of the bra incase. 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 basisphenoid. However, where the anterior 
borders of the two processes curve sharply postero-medialiy, just 
prior to meeting on the mid-line, the dorso-media! 1 ip of the 
basisphenoid, which forms the crista sellaris. is exposed. The 
anterior border of the crista sellaris is in conflue-ce with the 
two medial ridges of the antero-ventral processes of the proottcs 
on either side. The ameriormost part of each basicranial process 
forms a small but distinct overhang over the postero-dorjal part 
of the sella t-rcica lateral to the stills-

The antero-medial suture between the prootic and basisphenoid 
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 will of the 
posterior pa-t of the sella turcica. The suture curves dorso- 
medially as it runs posteriorly and emerges from the sella turcica 
lateral 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 basloccipital. The postero-medial comer of the basicra­



nial process skirts this foramen and contacts the antero-lateral 
corner of the antero-dorsal projection of the basioccipitai.

The posterior border of the basicranial process contacts the 
anterior border of the basicranial process of the exoccipital 
medially and the antero-medial corner of the opistholic on the 
floor of the braincase laterally (Fig. 9;. ois suture runs 
laterally and slightly posteriorly from the antero-dorsal projec­
tion of the basioccipitai, through the depression on the floor of 
the braincase lateral to it. The suture then crosses the ventro­
medial rim of the internal auditory meatus and plunges ventrally 
into it.

The internal auditory meatus rf tioschorhinus 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 level 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
cipitai within the inner ear. This suture 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 oval is.

The anterior half of the inner ear li situated in the pro-
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otic. The prootic forms the anterior walls of the cochlear reccs* 
and the auditory canal. It also forms the anterior and greater 
parts of the dorsal and lateral walls of the vestibule. The 
vestibule (i.e. the dorsal part of the inner ear, Baird 1970) is 
sepai ted from the floccular 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-Bedlal 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.1 auditory 
meatus curves dorso-laterally, following the curve of the hrain- 
case-wall, and joins the anterior ,srt of the ventral ledge.

The lateral wall of the vestibule is formed anteriorly by the 
prootic and posteriorly by the opisthotic. The dorsal 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 most probably for the 
crus communis (Olson 1944; Sigogneau 1974). At the level of the 
floor of the braincase there are two deep lateral depressions in 
th“ lateral wall of the vestibule. These depressions are the 
anterior and posterior ampul 1ary recesses (01 son 1944). Only the 
nterior ampul 1 ary recess can be seen in medial view (Fig. 7) 

since the posterior ampul1ary recess lies below the level of the 
floor of the braincase. The dorsal borders of these recesses can 
be seen in ventral view (Fig. 8). The anterior ampul1ary 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 ampul lary 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 be­
tween these twu elements and the supraoccipital (Fig. 8). The 
suture runs from this point laterally and slightly posteriorly in 
the middle of the roof of the floccular fossa. The suture curves 
postero-ventrally on the lateral wall of the fossa and runs medial­
ly 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 communis (Fig. 7). Within the posterior ampul!ary recess the 
suture continues ventral Iy but now curves antero-laterally until 
it enters the auditory canal. From this point the suture runs 
laterally 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 compared to the 
other bony elements (Figs. 7, 9). Most of its medial surface is 
occupied by a prominent, bread wall which separates the inner ear 
and the medial aperture of the jugular canal ("paroi mddiale de
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1'orellle interne", Slgogneau 1974). This wall is here referred 
to as the medial wall of the opisthotic. The foramen for the crus 
communis is situated anteriorly to this wall (Fig. 7). The 
opisthotic contacts the supraoccipital dorsal]y , the prootir 
interiorly, the bacioccipital antero-ventr.lly 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 crus 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 ventral ly 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 medulla 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 betw.-en the basioccipital 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 
oval is.

The jugular canal (jugular tube, Boonstra 1368) is formed
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anteriorly by the opistbotic and posteriorly by the exoccipital. 
Two postero-laterally running sutures separate these two elements. 
The dorsal suture can be seen in ventral view (Fig. 8) running 
from the contact formed between the opisthotic, exoccipital and 
supraoccipital an 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 postero-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 (XI!) 
always penetrates the exoccipital and not the supraoccipital as 
Olson suggests proves 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 postero-laterally 
running ventral trough. The ventral suture meanders in a postero­
lateral 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 forms the antero-la- 
teral part of the ventral trough and the posterior half of the rim 
forming the ventral border of the Internal auditory meatus.
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EXOCCi.iTAL (Figs. 7, 8, 9)

Within the bnincase the exocclpltil contacts the prootlc 
antero-ventrally, the baslocclpltal ventro-medlally, the opistho- 
tfc antero-laterally and the supraoccipltal dorso-medlaHy. The 
exoccipltal forms the posterior half of the jugular t al. Two 
foramina for the hypoglossal nerve (XII) penetrate the ventro-late 
ral part of each exoccipltal. The medial apertures of these 
foramina lie posterior to the jugular canal, the dorsal aperture 
lies more posteriorly than the ventral aperture (Fig. 7). The 
lateral apertures open within the posterolateral limit of the 
jugulzr foramen (Fig. 5).

The concave medial surfaces of the exoccipltals form the 
greatest part of the oosterior tubular section of the bralncsse 
that housed the medul1 a oblongata. The exoccipitals cover the 
dorsolateral parts of the posterior part of the supraocclpital. 
This means that only a small ventro medial portion of the supraoc- 
cipital is left uncovered in the roof of this section of the 
bnincase. Similarly only a small dorso-iwdlal strip of the 
basioccipital is left uncovered on the floor of this section.

The posterior tubular section of tne braincase runs f m m  the 
constriction in the braincase posterior to the level of the inter­
nal auditory meatus anteriorly, to the foramen maonum posteriorly. 
As was mentioned previously, the constriction marking the anterior 
limit of this section Is formed laterally by the medial walls of 
the opisthotics and dorsally by the transverse ridge on the ven­
tral surface of the supraocclpital Ventrally however, the con­
striction is marked by the paire<., 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). Each 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 anterolateral surface of this ridge forms the
postero medial wall of the ventral depression on the floor of the
braincase leading to the jugular canal. Postero medial to this 
ridge lies 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 condylf 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 seen 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 groove 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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BAS10CCIPITAL (Figs, 7, 9)

A very small portion of the dorsal surface of the basioccipi- 
U1 is exposed on the floor of the brafncase. 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 bjsiocclpltal 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 opisthotic posteriorly, as described earlier. The 
thin medial strip on the floor of the braincase formed by the 
basioccipital meets the exocclpital laterally and the prootic 
antero-laterally, as described above.

In sagittal section (Fig. 7) it can be seen that the dorse- 
medial surface of the basioccipital gradually slopes antero-dor- 
sally from the posterior limit of the occipital condyle posterior­
ly 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 (Boonstri 1968). Anterior to this projection a 
small pit is situated in *%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 basiocc pital 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, 0, 9)

The dorsal part of the medial surface of the eplpterygoid forms 
part of the slde-wall of the bralncase. The ventral and biggest 
Kart of the medial surface on the other hand forms the lateral 
wall of the cavum eolpterlcum. The epipterygofd contacts not only 
the floor, but also the roof of the endocranlum. The eplpterygoid 
contacts the narletal and supraoccipltal dorsally, the prootic 
posteriorly and the pterygoid ventrally.

The central section of the dorsal part of the eplpterygoid Is 
marked by a medially projecting bulge, called here the dorso- 
medlal bulge of the eplpterygoid. A prominent flange runs diago­
nally across the dorsal part of the eplpterygoid postero-ventral 
to the abovementioned bulge, th1. flange is here termed the dorso- 
medlal flange of the eplpterygoid. Separating the abovementioned 
two structures is a shallow groove, here called the dcrso-medial 
groove of the eplpterygoid, which is confluent postero-dorsally 
with the ventrolateral gutter of the parietal (Fig. 7). A simi­
lar groove has been described by Kemp (1979) in Procvnosuchus.

The dorsal border of the eplpterygoid contacts the ventro­
lateral descending flange of the parietal. The dorso-meriial 
suture between the eplpterygoid and the parietal can be seen in 
medial and ventral views (Figs. 7, 8). It runs along the dorso­
lateral border of the ventrolateral gutter of the parietal. The 
course of this suture has already been described. The dorso- 
ir.edial bulge of the eplpterygoid lies immediately ventral 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 dorso-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 the epiptery- 
goid ventrally. The dorsal surface of the dorso-medial flange 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 bulge from the 
ventro lateral gutter of the parietal with which it is in 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 medial surface of the braincase. The suture now curves 
in a postero-ventral direction from the antero-dorsal U p  formed 
by the anterolateral process of the supraoccipital and the dorso- 
medial flange of the epipterygoid, and terminates in the dorsal 
corner of the dorsal venous foramen. The medial surface of the 
posterior dorsal process of the epipterygoid is concave, forming a 
shallow fossa, here called the dorso-medial fossa of the epiptery­
goid (Figs. 7, 8). This fossa is oordered postero-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 elements 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 ventrolateral sloping medial surface of the dorso- 
medial flange of the epipterygoid. 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 anterolateral jrocess of the supraoccipi
tel, ventrally by the antero-dorsal process of the prootic and
anteriorly by the postfo-dorsal process of the epipterygoid, 
therefore opens into the posterior part of the dorso-medial fossa. 
The posterior foramen of the epipterygoid lies directly ventral to 
this fossa (t'gs. 7, 8).

The medial surface of the dorsal part of the epipterygoid 
forms part of the side-wall of the braincase. The medial surface 
of the rest of the processus aseendens of the epipterygoid, ven­
tral to the level of the posterior foramen of the epipterygoid, 
forms the lateral wall of the cavum eoipterlcum. The processus 
aseendens juts dorso-medially from the foot of the epipterygoid 
which contacts the pterygoid ventrally. The medial surface of the 
processus aseendens 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 seen that the foot of the
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epipterygotd stretches out anteriorly and medially to the 
/ processus ascendens of the epipterygoid. It covers the dorsal 

surface of the antero-1ateral 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 
fov: of the epipterygoid stretches out antero-medially to the 
antero 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 border or the foot of the epipterygoid runs ap­
proximately parallel to the dorso-medial ridge of the pterygoid 
(Fig. 9). This suture between the epipterygoid and pterygoid runs 
on the dorsal surface of the central part of the basicranium on a 
lower level than the lateral and medial ridges. In BP/1/2788 
there is a deep furrow between these ridges through which this 
suture runs (see Plate 14). This furrow is relatively deep where 
it originates posteriorly on the dorsal surface of the central 
part of the basicranium, appioximately 8 mm anterior to the level 
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 o ly a shallow indentation bordered postero-laterally by 
the postero-lateral bulge of the foot which is s’tuated just 
anterior and medial to the base of the processus ascendens. This 
results in the central part of the foot of the epipterygoid being 
elevated above the level of the surrounding surface and the ante­
rior and medial parts of the foot are on the same level as the 
surrounding surface.
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The postero-medial border of the foot of the eplpterygold 
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 
quadrate ramus uncovered, and terminates In the groove below the 
origin of the postero-ventral process of the eplpterygold (de­
scribed In Ch. 3). From this point the suture between the quadra­
te ramus of the pterygoid and the postero-ventral procesi of the 
eplpterygold runs In a postero-1ateral 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 formation of the basicranium. 
The greatest part of he floor of the endocranlum outside the 
braincase 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 parasphenold medially, the 
basisphenoid postero-medially and the epipterygolds postero-dorsal-
Iy.

The two pterygoids are fused anterior to the parasphenold 
rostrum to such a degree that no suture can be distinguished 
between them. The parasphenold juts antero-dorsally between the
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two pterygoids and contacts the dorse-medial p*rt of each dorsal- 
ly. This dorsal suture b»t<een the partsphenold and the pterygoid 
can be seen In dors?, view (Fig. 9). It runs within the ventral 
part of the gutter flanking the parasphenoid rostrum on either 
side. The gutter is bordered laterally by a steep, sloping wall 
fomed by the dorso medial surface of the pterygoid and medially 
by the concave, lateral surface of the parasphenoid rostrum. 
These letters are named the basicranial gutters here. Each gutter 
originate* posteriorly at the ant' rior level of the ‘ processus 
liOHldtaS1 of the epipterygoid as a shallow indentation on the 
postero medial contact between the basisphenold 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 info two by a thin, distinct medial ridge. This 
ridge is called flare the antero-dorsi1 ridge of the basicranium 
and the parasagittal groove on either side is called the antero- 
dorsal groove of the pterygoid. The antero-dorsal groove; 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-medlal suture 
between the two pterygoids would have been. It then crosses the 
pterygoid-vomer suture aid continues anteriorly forming the apex 
of their dorso-medlal sloping surfaces where the dorso-medial 
suture between the fused vomers would have been. The dorso-medial 
ridges of the pterygoids join the antero-dorsal ridge of the 
basicranium interior to the antero-dorsal grooves of the ptery-



66

golds. The dorse" >-a.iific*tions of the larebesil canal open 
within the dorsal suiter of the baslcranlum on the pterygoid- 
parasphenofd *.;tiire-11'.ie. In BP/1/46JS there $:« two ftranina 1,i 
the gutter on the right hand side and three foramina .n the gutter 
on the left hand side. The posterior pair of foramina lie lateral 
to the peaterlor part of the parasphenold rostrum within the 
deepest part af the gutter. The anterior foramina l o  lateral to 
the anterior part of the parasphenold The paraiphenold-
pter^old aeture can be seen running between the posterior and 
anter'or foramina It is unfortunately impossible to follow the 
sutu’-e anterior to the anterior foramen because of the degree of 
ossification in the region anterior to the parasphenold rostrum. 
The doise-’aUral limits of the gutter and the antero-dorsal 
groove if the pterygoid are marked by the distinct dorso-medlal 
ridge r--' he pterygoid. This ridge originates anteriorly at the 
pterygo;: voemr suture lateral to the antero-dorsal groove of the 
pterygoid. It continues poster!01ly but grows less distinct as it 
approaches the posterior limit of the dorsai gutter.

ihe doni-lateral limit of the central part of the pterygoid 
is marked by the distinct dorso lateral ridge of the pterygoid. 
Th« posterior part of this ridge is, as was mentioned before, in 
confli ..a posteriorly with the antero-ventral process of the 
ip r.lt.. gold. The foot of the epipterygoid covers the postero­
lateral part of the pterygoid dorsally, as described previously.

Thu region between the dorse-lateral ridge and dorso-medlal 
ridge of the pterygoid is pr.rasagltta'ly concave. This concavity 
which Involves the medial part of the foot of the epipterygoid and 
most of the dorsal surface of the central part of the pterygoid Is 
shallow po terio.'ly but becomes more marked anteriorly. The
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anterior part of the medial surface of this depression Is elevated 
abo-e the level of the rest of the dorsal surface of the central 
pat- of the pterygoid posterior and lateral to It. This is due to 
the fact that the dorse redial ridge slopes In an antero-dorsal 
direction anterior to the crasphenold rostrum, whereas the dorso- 
medial ridge runs approximately horizontally (Fig. 4). The afore­
mentioned depression Is confluent anteriorly 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 dorsolateral ridge Is confluent antero-laterally 
with the dorsal limit of the transverse process and the dorso- 
medlal ridges which are confluent with the sharp antero-dorsal 
ridge of the basicranlum.

The pterygoid contacts the vomer and palatine anteriorly. In 
dorsal view (Fig. 9) the suture between the pterygoid and vomer 
runs In a ventro-lateral 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 the basicranlum medially and terminates 
laterally where *he pterygoid 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 lip to continue on the palate ventrally (Fig. 2).

The dorsal suture between the postero medial border of the 
pterygoid and the anterolateral border of the basipterygoid 
process of the basisphenold runs on the floor of the endocranium
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(Fig. 9). It originates within tne posterior part of the basicra­
nial gutter and leaves It by curving In a postero-lateral direc­
tion. The suture terminates posteriorly where the postero-meo,al 
border of the quadrate ramus of the pterygoid forms the anterior 
limit of the cranioquadrate passage.

In ventral view (Fig. 2) the has 1 pterygoid process of the 
has 1 sphenoid is obscured by the ventro medial part of the quadrate 
ramus of the pterygoid, as In the Scaloposauridae described by 
Crompton (1955). However, the baslpterygoid process of the basi- 
sphenold Is exposed in dorsal view (Fig. 9) on the floor of the 
endocranium. It seems likely therefore that the lateral part of 
the thin baslpterygoid process of the baslsphenoid Is wedged 
between thin dorsal and ventral postero medial flanges of the 
pterygoid. These two flanges apparently fuse postero-laterally to 
form the posterior part of the medial half of the quadrate ramus. 
To check this assumption it would be necessary to section this 
area transversely.

BASISPHENOID AND PARASPHENOID (Figs. 7, 9)

The dorsal part of the baslsphenoid can be subdivided into 
the ".ntero-dorsal process and the two basipterygol'i processes 
flanking it. The antero-dorsal process is the medial part of the 
baslsphenoid which is elevated above the surrounding dorsal sur­
face of the baslcranium formed by the dorsal surfaces of the 
pterygoids, epipterygoids, parasphenold and baslpterygoid proces­
ses of the baslsphenoid. This long, narrow process lies antero- 
ventral to the part of the braincase floor formed by the basicra-
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nfal processes 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 antaro-dorsal process of the basisphenoid stretches from 
the crista 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 conjunction with the parasphenoid. The 
other ridge marking the anterior limit of the sella turcica, lies 
dorsally whare the antero-ventrally sloping and the postero-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 elements 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-like 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 ..nterior to the level of the posterior borders of the 
basipterygoifl 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 the
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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 slope towards It. A small 
depression lies In the floor of the sella turcica directly poste- 
r-or to the pituitary fossa (Fig. 9). The dorso-lateral flanges 
of the 6 ’sfsphenoid gradually become thicker in cross-section as 
they progress posteriorly. They are best developed lateral t.. the 
pituitary fossa, but become lower and taper down to mere ridges 
posteriorly (Figs. A, 7).

The dorsal surface of the basisphenold posterior to the
pituitary fossa and anterior to the dorsum sellae Is also concave
In transverse section (compare with Procvnosuchus. Kemp 1979). 
This region Is broader than the anterior part of ,he antero-dorsal 
process however, and also more open laterally because the dorso­
lateral flanges are lower In this region. Stretching from the 
dorsum sellae posteriorly halfway to the pituitary fossa anterior­
ly, lies the postero medial ridge of the sella turcica on the
dorsal surface of the basisphenold. In the posterior region of 
the floor of the sella turcica lie two shallow parasagittal inden­
tations. Each Indentation is walled medially by the postero-me­
dial ridge ,'f the sella turcica and antero-la en-iy by the dorso­
lateral flange of the basisphenold (Fig. 9). This indentation is 
called here the depression for the retractor bulbi muscle (see 
discussion). The dorsolateral flange of the basisphenold forms 
the ventral part of the ventral notch In this region.

The posterior wall of the M J j  turcica is formed by the
antero-medlal surface of the postero-dorsa. portion of the basi­
sphenold. In sagittal section (Fig. 7) It can be seen that the 
basisphenold contacts the basloccipltal posteriorly, as was de-
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Is covered dorso-medlally by the basicranial process of the pro- 
otic and dorso-laterally by the postero-ventral process of the 
prootlc. The antero-medlal surface of Its lateral part Is In 
confluence with the ventro medial surface of the antero-ventral 
process of the prootlc, posterior to the ventral notch. The 
concave medial surface formed by the abovementioned two elements 
Is also the posterolateral wall of the depression for the retrac- 
tar bulbi muscle (Fig. 7). As described above, the medial ridge 
of the antero-ventral process of the prootlc forms the anterior 
limit of the basicranial process of the prootlc ventro-medlally. 
This portion of the prootlc forms a small overhang dorsolateral 
to the posterior part of the deoression for the retractor bulbi 
muscle. The concave dorsum sellae Is situated posterior to the 
postero-Mdial ridge of the sella turcica. It is not covered 
dorsally by the antero-medial parts of the basicranial processes 
of the prootlcs. 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 confli''nce with the 
medial ridges of the antero-ventral processes of the prootlcs on 
either side. The medial suture between the basi sphenoid and 
prootlc 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 level of the ven­
tral notch posteriorly, ?id seems to occupy the whole dorsal 
surface of the baslsphenoid lateral to the dorsolateral flanges. 
Its concave, posterolateral border forms the antero-medlal limit
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of the cranfoquadrate passage. The baslpterygoid process lies on 
thf 5aii=o level as the surrounding floor of the endocranium and 
therefore on a more ventral level than the antero-dorsal process 
of the baslsphenoid. The dorsal surface of each process slopes 
dorse-medially towards the lateral wall of the dorsolateral 
flange prcxlmally, thereby forming a concave parasagittal area 
between thee, which leads towards the dorsal gutter of the basl- 
cranium anterior to It. Thir coicaie ire« becomes smaller poste­
riorly as thf dorso-lateral flange and the postero-lateral rim of 
the baslpterygoid process become less prominent in this region. 
The baslpterygoid 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 
anUro-dorsal direction between the two pterygoids. It is exposed 
on the floor of the endocranium, wedged ventral to the antero- 
dorsal process of the baslsphenoid. 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 lateral to it within the 
basicranial gutter. These sutures have beer described previously. 
This contact between the pterygoid and parasphenoid closes the 
Interpterygoid vacuity dorsally. The exact sagittal relations 
between the pterygoid, baslsphenoid, parasphenoid, the ventral 
limit of the pituitary fossa and the dorsal limit of the Interpte­
rygoid vacuity are not »nown. The reason for this is that the 
central part of the basicranium was not sectioned saglttally 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 dorsal1y by the baslsphenoid. The dorsal surface of this 
round anterior portion Is horizontally flattened and forms toge­
ther with the anterior-most tip of the baslsphenoid 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 between 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

In his paper on the Scaloposaurldae Crompton (1955) described 
a fused periotic and mentioned that 01 son (1944) had not found any 
dividing suture in the periotic of those therocephallans he had
studied either. The specimen known as "TherocephalIan A" (Olson
1944) was discovered in the Taolnoceohalus zone. Its locality 
(Boonstra 1969, Kitchlng 1977) and size indicate that it is most 
probably a pristerognathld. 01 son (1938b) described this specimen 
as having a periotic, but Boonstra (1954) and Van den Heever 
(personal communication) found a prootlc and opisthotic in the 
Prlsterognathldae. It has been shown by Van den Heever 1 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 prootlc and oplstho'.ic in the 
Gorgonopsia. It is possible however that the suture between the 
prootlc and opisthotic is difficult or impossible to detect in the 
region surrounding the fenestra oval is in certain auult gorgonop­
sians and pristerognathids, but the co-ossification of these 
elements 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 Crompton 
(1955) described. Neither the whaitsiius (personal observation)
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nor the moschorhinlds had periottcs, and clearly distinguishable 
prootfcs and oplsthotlcs are present Instead. It seems quite 
clear that the therocephal 1 ans had a proottc and opisthotic and 
not a perlotic.

Qmtlrate

The pterygoid process 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 kttchinoi 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 quadrate. The specimen is unfortunately badly damaged and 
distorted in this region with the result that only the shape of 
the quadrrce can vaguely be seen.

Judging from the shape of the remains of the quadrate of the 
abovementioned specimen and that of the quadrate recess of the 
squamosal of other specimens, the quadrate was a relatively broad 
bone, approximately the same shape and size as that described by 
Mendrez (1974b) in Promoschorhvnchus platvrhinus. Moschorhinus 
seems to have had a dorso-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 Promoschorhvnchus platvrhinus. 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 made contact with the lateral tip of 
the quadrate process of the opisthotic which is not covered by the
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squamosal or pterygoid.
The stapes may have been longer than Mendrez (1974a) Indi­

cated In Moschorhlnus kltchlnal. and would extend futher laterally 
to make contact with the quadrate. The lateral side of the qua­
drate would have contacted the medial part of the quadratojugal. 
Because of the absence of the stapes and quadratojugal it is not 
possible to describe the relations between these elements and the 
quadrate.

Ptervoo-oarocclDital foramen
The "pterygo-paroccipital" foramen is unique to certain 

the'apsids. it is surrounded primarily by the prootic in the
therocephalians and cynodonts. An anterior and posterior proc ss
of the prootic (central process and postero-ventral process of the 
prootic in Moschorhlnus. 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 19 74a, 1974b). In
certain cynodonts the foramen is closed laterally by the quadrate 
ramus (postero-ventral process) of the epipterygoid (see Watson 
1920; Simpson 1933; Brink 1955: Homer 1969) and not by the
quadrate 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 w l  Mendrez 1972;. In Thrlnaxodon the posterior 
proottc process has elongated laterally to meet the anterior 
prootle process (see Parrli, ton 1946). The pterygo-paroccipital 
foramen of Thrlnaxodon Is th 'refore exclusively formed by the
prootlc since the oplsthotlc (and other elements) are excluded 
from this foramen. A similar condition is found in
Diarthroanathiis (Crompton 1958) except here the pterygo-paroccipi- 
tal foramen Is completely surrounded by two lateral flanges of the 
perlotic. In advanced cynadonts with a periotic It may seem as if 
the posterior wall of the pterygn-parocclpital foramen is formed 
by the pa occipital process of the op:s:hoiic. 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-called paroccipital process of
Dlarthrognathus (Crompton 1958) may indicate the position of 
fusion of the prootic and opisthotic elements. The fused product 
forms a robust, laterally projecting bar which resembles the
primitive paroccipital process of the opisthotic, and is confuted 
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 thit 
would have been present if there were two elements. Cynodonts 
(with the possible exception of Pr-icvnosuchjs. Kemp 1979) such ar 
Ollqokvphus (Crompton 1964), Bienotherium (Hopson 1964), 
Probe!esodon (Romer 1963) and Bienotheroides (Sun Ailing 1984) 
should have a periodic as KOhne (1956) found in 01iaokyphus. 
Crompton (1958) found in Dlarthrognathus and Gow (1986) found in
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Trlrachodon. Diademodon and Tritylodon.
It would seem therefore that the "pterygo-paroccipital* 

foramen Is formed primarily by the prootic (or embryonic prootlc 
element in the case of a periotic) and not by the quadrate 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 therocephalians 
and cynodonts. It is suggested however that the term pterygo- 
paroccipital foramen be retainer since it has become entrenched ' 
the anatomist's vocabulary.

In her paper on Hoschorhinus Mei.d,-ez (1974a) referred to the 
opening dorsal to the posterior apophysis of the opipterygoid 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 irocess is expanded 
dorsally to contact the supraoccipltal and the postero-dorsal 
process of the epipterygoid. The term ‘dorsal venous foramen" is 
preferred to venous notch (Boonstra 1934b; Cox 1959), dorsal 
notch (Mer.drez 1972) and v e n v " -  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 supraoccipltal fossa
In therocephalians a fossa is present on the lateral wall of
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the otic capsule ventral to the parietal, whereas the dorsal 
venous groove is found in approximate!/ the same region as in 
cynodonts. The parietal forma a marked concave U p  overhanging 
this fossa (see Fig. 4, Boonstra 1938; Crompton 1955; Kemp 1972; 
Nendrez 1972, 1974a, 1974b). This fossa is called here the late 
ral-supraoccipital fossa in Hoschorhlnus. because as in 
Promoschorhinus (Mendrez 1974b) and in the scaloposaurids 
(Crompton 1955; Mendrez 1972) the biggest part of this fossa lies 
on the lateral face of the supraoccipital (Ch. 3). In 
Therioanat-hus (Owen 1876) on the other hand, this fossa lies on 
the dorsal part of the lateral face of the prootic (Kemp 1972) and 
n Bauria it lies on the lateral face of the iiiterparietal and 

dorsal part of the prootic (Boonstra 1938). The supraoccipital is 
not exposed in the temporal region In these forms. The scalopo­
saurids differ from abovementioiied therocephalians in that their 
1ateral-supraoccipital fossa is less pronounced and they have a 
large dorsal venous notch instead of a dorsal venous foramen (see 
Crompton 1955; Mendrez 1972).

It would seem that, n< the abovementioned therocephalians, 
the scaloposaurids have ; .ere primitive condition regarding the 
morphology of this region. This region evidently became more 
ossified through therocepbalian evolution. The antero-dorsal 
process of the prootic expanded from the primitive scaloposaurid 
condition where it is a very small, loose-standing projection, to 
the moschorhinid condition where it is a broad flange contacting 
the epipterygoid and forming a large part of the side-wall of the 
brafnease. The diminishing in size ar.d the closure of the dorsal 
venous foramen were directly influenc'd by t broadening of the 
antero-dc.. process.
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5.Z ORBITOTEMPORAL REGION (Fig. 10)

The non-osseous part of the braincase left many traces on the 
floor and roof of the bony endocranlum of Moschorhinus. This is 
especially the case on the dorsal surface of the central part of 
the baslcranlum. To understand thf ignlflcance of certain struc­
tures In the skull of Moschorhinus and by implication the morpho
logy of certain non-osseous parts of the side wall of the brain- j
case it is necessary to study descriptions of this region in I
extant reptiles. Slve-SSderberg (1946, 1947) described this j
region in Sohenodon and the Lacertilia. The Sohenodon braincase 
(Save Sdderbergh 1947) in particular seems to share certain simi- I
lari ties with that of Moschorhinus. I

The side-wall of the braincase in the orbitotemporal region I
consists mainly of cartilaginous and membranous elements in rep- 
Ztiles. Five cartilaginous parts which are of interest here are: 
the Rill antotica. ell? metootica. taenia marainalis. selpg supra- 
seotale and the interorbital septum. The fenestrae present be- j
tween these cartilaginous parts in embryos (Oe Beer 1937) are j
covered later in life by membranes which are named after the j
fenestrae (SSve-Sdderbergh 1947). There are tl ee membranes o, j
Interest here namely the fenestra optica, fenestra metootica ;nd j
the fenestra prootica. There ere other membranes and cartila- |
ginous bars present in extant reptiles besides the abovementioned 
but these are unfortunately Isolated from the bony e. nts. It 
is therefore Impossible to estimate their probable location in 
fossils such as Moschorhinus.

ine taenia marginal is runs between the otic capsule and the



nasal capsule, ventral to the dermal bones which form that part of 
the endocranlal roof. In Sohenodon lateral ridges are present on 
the ventral surface of the endocranlal roof marking the position 
where the taenia maroinales were attached to It (Slebenrock 1893; 
Sive-Sdderbergh 1947). It Is postulated that the posterior part 
of the so-called dorso lateral ridges of the braincase present in 
Hoschorhinos (Fig. 8) and those ridges described In the gorgonop- 
slan Cvonosaums by Olson (1937) are homologous to those described 
In Sohenodon. These ridges seem to be a common occurrence In 
therapsids (eg. Broom 1914, 1936, 1938; Hzughton 1918; Boonstra 
1968; Fourle 1974). In certain therapsids (eg. Lejntoceohalus. 
Kemp 1969) the taenia marginalia even seems to have ossified In 
this region.

These ridges usually originate anterior to the epipterygoid. 
This however does not Imply that the taenia marginal is was limited 
tu this region. The taenia marginal is also runs medial to the 
eplpterygold and contacts the anterolateral part of the supraoc 
clpltal (Slve-S6derbergh 1947). It seems as if the taenia mar­
ginalia did not have an effect on the eplpterygoids In reptiles in 
which the eplpterygold is small and forms only superficial contact 
with the parietal. In Mos'.horhinus however, the dorsal part of 
the epipterygoid forms extensive sutural contact with the parietal 
and even contacts the supraoccipital and prootic exactly where 
these elements would contact the taenia maroinalis. A similar 
situation is also found in the cynodonts (Brink 1955; Bonaparte 
1966; Kemp 1969) and Therioc.tathus (Kemp 1972).

In Hoschorhinus there are distinct ridges on the medial 
surface of the epipterygoid directly ventral to its dorsal limit. 
These ridges are called here the dorse-medial flange and the
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dorso-medlal bulge of the eptpterygoid (Fig. 7). It is postulated 
that these ridges are the remnants of the taenia marginal is for 
the following reasons: Firstly because the dorso-medial bulge of 
the epipterygoid makes sutural contact with the medial part of the 
latero-ventral flange of the parietal which originally would have 
made contact with the taenia marginal is. Secondly, the bulge (and 
the antero-ventral process of the eptpterygoid) lie in line with 
the dorso lateral ridge of the braincase anterior to it. Thirdly, 
the dorso-medial flange of the eptpterygoid contacts the antero­
lateral process of the supraoccipital exactly wnere this element 
would have contacted the posterior part of the taenia marginal is. 
It seems likely therefore that the dorsal part of the eptpterygoid 
of Hoschorhinus. and possibly that of other advanced therapsids, 
ossified within the taeni marninalis 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 and aigued that it marks the contact between these 
elements and the taenia marginal is. It seems more likely that the 
anterior cerebral vein ran in this groove en route to the trans­
verse sinus (see Oendy 1909; O'Oonoghue 1970). Ih.s vein may be 
homologous to that which ran in the dorso-medial groove of the 
eptpterygoid in Hoschorhinus.

The taenia mrglmli; contacts the solum suprasepta e (planum 
sunraseptale. De Beer 1937; Rosier 1956) anteriorly (see 
Save-Soderbergh 1947). This cartilaginous element is confluent 
with the taenia marginalia and also runs ventral to the dermal 
bones forming the endocranial roof. It forms part of the medial 
wall of the orbit ventral to the prefrontal element in Sohenodon. 
In Hoschorhinus the dorso-lateral ridge of the braincase is con-

4
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fluent anteriorly with the posterior margin of the ventral flange 
of the prefrontal (Figs. 7, 8). It seees therefore that the 
contact between the sol Mu supraseotale and the rental and pre­
frontal elements Is nmrked by the anterior part of the ridge and 
posterior margin respectively.

The taenia marginal is contacts the pila ■etootlca and oila 
antotica ventral1y via the pila acce.iorla and taenia parietal is 
media cartilages, thereby enclosing the fenestrae optica, ■etoo- 
tica and orootlca (Saupp 1900, Slve-SMerbergh 1947). It is well 
known that the antero-ventrai process of the prootic of therapsids 
is the ossified aila antotica (eg. Olson 1944). The orientation 
of the antero-ventrai process helps to confirm the suggestion that 
the dotso-medial flange of the epipterygoid is the remnant of the 
p-iterior part of the taenia marginal is. The -ntero-ventral 
process curves towards the dorso-medial flange end its blunt, flat 
antero-dorsal limit lies very close to the flange (Fig. 7). It 
suggested that a short cartilaginous bar (tne posterior part of 
the taenia parietal is sgSijs, Sivp-SSderbergh 1947) ran between 
this limit of the antero-ve tral process of the prootic and the 
antero-ventrai part of the dorso-medial flange of the epiptory- 
goid The area thus enclosed between the lorso-medial flange of 
the "plpte ygeid and the an'ero-dorsal and ntero-ventral pro- 
cesses of <.ne profttr Is the fenestra orootlca. The fenestra 
orootic* membrane was anchored to the sharp medial edge of the 
artero-ventral border of tne antero-dorsal process postero-dorsal- 
ly. The sharp postero-dorsal edge of the antero-ventrai process 
marks the antero-ventrai anchoring pci.it. The membrane was 
anchored dors illy either to the anterior part of the dorso-medU! 
flange of the epipterygoid thereby enclosing a pocket between it
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and the postero-dorsal process of the eplpterygoid which housed 
the transverse sinus (this sinus will be discussed later). Alter­
natively It could have been anchored to the ventral part of the 
postero-dorsal process, between the dorse-medial fossa and the 
posterior foramen of tha eplpterygoid.

The fCTtstra M t W t l M  Is bound by the Mia MHi MrU and 
tisnli pari*t*iis media to the ueali ■HralMlls dorsaiiy. it is 
bounu anteriorly by the plla me toot lea, posteriorly by the pila 
sntotica and ventrally by the trabccula cranil and the antero- 
dorsal part of tlw baiisphenold (Save-Sdderbergh 1947). The 
trabeculae cranil which are bound dorsal to the parasphenoid are 
in confluence with the antero-lateral parts of the basisphenoid 
posteriorly. The infundib'iliim and the pituitary body lie dorso- 
medial to these structures and Medial tc the metoptic membranes 
which are bounj to their dorsal parts (Save-$6derbergh 1946). The 
pituitary fuss* of Hoschorhlnus lies within the posterior pari 
a smooth-surfaced t'ounh walled literally by the dorsolateral 
flanges of the basisphenoid (Fig. 9). It is suggested 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 cranil. The 
ridges that slope postern-literaliy from these flanges can be 
considered to be the c-istae trabcculari.

The Ellas metopcicae, which form the anterior borders of the 
metoptic fonestrae, meet ventrally forming what Gaupp (1900) 
termed the subiculum infundlNll. The antcro-vantral parts of the 
oilae aetopticae are bound to the interorbitai septum anteriorly 
and the trabeculae c ami ventral ly (Sive-S8derbertjh 1947). Two 
»sall parasagittal ridges are present on the anterior tuberosity
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of the antero-dorsal process of the basisphenold in MosctiorMnus 
{Fig, 9). It Is suggested that these rldras Indicate the ancho­
ring points of the ventral parts of the cartilaginous Bilss metop- 
ticae and therefore also th. position of the postero-dorsal part 
of the ossified subtculim infundibuli which seems to have fused to 
the trabeculae cranll postero-ventrally. In Hoschorhlnus there­
fore it would seem t(:at the membrane covering the fenestra metop- 
tica was anchored posteriorly to the sharp-edged antero-ventral 
border of the antero-ventral process of the prootic. The membrane 
was anchored anteriorly and dorsally to the cartilaginous oila 
metoptlca and taenia marginal is respectively and ventrally to the 
thin dorsal border of the dorsolateral flange of the basisphenoid 
(ossified trabecula cranlll.

The anastomotic vein penetrates the antero-ventral corner of 
the fenestra metootica membrane through the fissura supratrabecu- 
laris. anterior to the pituitary and ventral to the subiculum 
infundibuli henodon and certain Lacertilia (SSve-SDderbsigh
1946, 1947). f, /fhinus seems to have had a different arrange­
ment however. The pituitary body and ventral part of the infundi- 
bulum seem to have been situated very close to the dorsal surface 
of the anterc-dorsal process of the basisphenoid. It would be 
improbable therefore that the anastomotic vein could run trans­
versely across this section of the baslsphenol I flanked by the 
dorso-lHeral processes (ossified trabecuU rani 11. Th.i shape 
of the pa a\ihencid rostrum suggests that f.hinterorbital septum 
was not attacked to its dorsal surface as in those r<?pti' de­
scribed by Sivj-Sdderbergh (1947). It seems that the an," storcVc 
vein ran transversly across the spatula-shaped part of the para- 
spher.oid rostrum anterior to the antero-dorsal process of the
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baslsphenoid.
Sive-S6derbergh {1946, 1947) described the membranes surroun­

ding the pituitary body in reptiles. The sella turcica Is roofed 
by the crista sellarls posteriorly. A tough membrane stretches 
antero-dorsally from the sella turcica to the base of the cartila­
ginous structure confluent with the ossified nlTa antotica. The 
membrane stretches from this position anteriorly, ventral to the 
level of the roots of the oculomotor nervei (III) and attacnes to 
the dorsal part of the sublculum infundibuli. This membrane is 
penetrated by the infundibulum and the internal carotid arteries. 
Evidence for a similar membrane can be found in Hoschorhinus. A
well-developed, sharp ridge runs along the medial face of the
antero-ventral process of each prootic. These ridges are con­
fluent with the sella turclc;. It is quitz clear that a membrane 
i.omologous to that desc by Save-Soderbergh (1946, 1947) was 
attached to these ridges v d  the sella turcica. There are two 
differences however between the situation in extant reptiles and 
that in Hoschorhinus. Firstly, because a foramen for the abducens 
nerve (VI) is absent from the prootic in hoschorhinus. these
nerves would have penetrated tho membrane together with the inter­
nal carotid arteries. Secondly, the antero-ventral processes of 
Hoschorhinus a,e more extensively developec than those of e-tant 
reptiles, and stretch almost to the roof of the endocranium. The 
medial ridge runs along the whole length of each process. It 
would seem improbable that the membrane could have run ventral to 
the cerebrum and attach to the subiculum infundibuli from this 
position. It is suggested therefore that this membrane terminated 
in the vicinity of the dorsal extremity of the antero-ventral 
process of the prootic. The mutbrine 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 the 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 
pcstero-ventral corners of the fenestra aetootica membranes 
(SSve-Sdderbergh 19461. These membranes are fused together poste­
rior to the pituitary body. This posterior 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»‘.er1or membrane is penetrated by the hypophy­
sial vein. The situation in Moschorhinus seems to have been 
identical to that in extant reptiles. The dorso-lateral flanges 
of the basisphenoid which are the ossified trabeculae cranii. are 
strongly developed anterior to the level of the pituitary 'ossa.
1 e flanges taper off lateral to the pituitary fossa however. It 
is suggested that the postero-ventral parts of the metoptic mem­
branes were not attached to the cristae trabeculai is as one might 
think, but rather left the dorsolateral flanges lateral tc 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 medial 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 level of the oila metootica



{Slve-S6derbergh 1947). In Hoschorhinui this region of attachment 
Is marked by the distinct antero-dorsal ridge of the baslcranlum 
which runs sagittally on the fused vomers and the anterior part of 
the fused pterygoids. The only difference between the Interorbl- 
tal septum of Hoschorhlnus ard those of extant reptiles Is that It 
seems as if the interorbital septum of Hoschorhlnus was not at­
tached to the very short, broad anterior part of the parasphenold 
rostrum. The possible origin of the Interorbital septum was 
described by Olson (1944).

It Is impossible to determine the exact positions of the 
f s n e s l m  Sfifiil superior, jotica and enioptice and the bars be­
tween them with certainty In Hoschorhlnus. The positions of these 
structures on the reconstruction of the non osseous lateral wall 
of the orbitotemporal region (Fig. 10) are therefore only rough 
approximations.

Eve-muscles
There are several clues In the Hoschorhlnus endocranium as to 

where certain eye-muscles were attached. It seews chat the ar­
rangement of the eye-muscles In Hoschorhlnus closely matched th.L 
of Sphenodon (Save Sodert-srgh 1946, 1947).

The retractor muir"Uture (bursalIs and retractor bultti 
muscles) of Sohenodop aie enclosed in a membranous sac which 
stretches from the posterior part of the sella turcica to the eye 
(Sive-S6derbergh 1946). The bursal is muscle lies dorsal within 
this sic in relation to the retractor bulbi n u scU . The retract r 
bulbi muscle originates in the retractor fosse while the bursilis 
muscle originates partly in the retractor fossa and partly on the 
tough membrane antero-dorsal to the crista seilaris. The sac



enclosing these muscles Is attached postero-medlally to the medial 
ridge between the retractor fossae together with he membrane 
posterior to the pituitary body. Anterior to this the media ida 
of the sac is attached to the fenestra metootica membrane. Poste­
riorly the dorso-medial side of the sac is attached to the fenes­
tra metootica membrane. Posteriorly the dorso-medial side of the 
sac Is attached to the tough membrane antero-dorsal to the crista 
sellarls. The dorso-lateral side of the sac is attached to the 
olla antotica.

The concave posterior part of the sella turcica in 
Moschorhinus «as 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 crista sellarls and the ventral part of the medial ridge of 
the antero-ventral process of the prootic, together with tk« 
meibrane attached to them, formed a roof ove- this region. The 
posterior part of the bursal is muscle probably originated in the 
small postero-dorsally directed depression covered dorsally by 
abovementioned bony parts. The lateral "»11 of the pocket is 
formed by the medial surface of the antero-ventral process of the 
prootic and concave postero-dorsal part of the baslsphenold 
(Fig. 7). The sar containing the retractor muscles was evidently 
housed within this pocket and ran anterolaterally across the 
crista trabecularis. In Its anterloi course It passed lateral to 
the dorso-lateral flange of the basisphenoid (ossified trabecula 
cranlll and the fenesta metootica membrane which was attached to 
the flange.

The rectus musculature (I.e. rectus anterior. Inferior.
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Mioflor and posterior muscles) are attached to certain membranes 
and cartilages In the orbitotemporal region in reptiles 
(SSve-Sflderbergh 1947). The rectus anterior muscle is attached to 
the pottero-dorsal part of the interorbital septum and the rectus 
inferior muscle Is attached to the cartllagio hvoochlasmatlca. 
the rectus superior muscle Is attached tv the subiculm infundlbu-
11 n d  part of the fenestra metootica membrane. The small head of 
the rectus posterior muscle is attached to the posterior part of 
the subiculum ii.fiindibuH and the large head on the trabecula 
craoli and the fissure sutratrabacularls.

The exact positions of attachment of the rectus anterior and 
rectus superior muscles are impossible to determine in 
Hoschorhinus. There ar however certain indentations on the 
derso-lateral flange (ossl* ad trabecula crani1) and the antero- 
dorsal tuberosity (o ss lfia  posterior part of the subiculum Infun- 
dibnlil of the basisphenold which would suggest sites of attach­
ment for certain muscles. It Is postulated firstly that the 
rectus posterior muscle 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 of the 
antero-dorsal tuberosity of the basisphenold which is placed more 
medially than the part of the basiphenoid ventral to it (figs. 3,
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larger .'lan those of the gorgenepstans (Boonstra 1934a; Keep 
1 « W ) ,  giiotorogoothMo ( m o o e o w *  I N # )  and ecolegeseerlds
(Creeptee 193#; Nandrez 1979). The central part of the bra!mease 
(I.e. the region between the level of the Internal auditory meatus 
and the level of the parietal canal) and the sella turcica of 
Moschorhinus are longer than these of the abovementioned therap- 
side. This - from the anterior extension of the prootic, 
eolptrrypt henoid especially (Fig. 7). The foramen
for ’* 0  ....is ;„-r*.*e .'Vi'.’, the incis»ra orootica and the membrane 
i^twee' t «k..erc "--itial processes of tjc prootlcs of 

I T  j u s  are cemaermamtly altmated more amtoriorly than those 
'ftied theropsid' The same goes for the position of 

i/'.i! carotid and paialira foramina and pituitary fossa In 
ihe f-gjlM. ti retca. Although t ran be concluded from these adap- 
atl«i s that Waschorninns hat a relatively large urain for a 

th»rvraoi allan, Moschorhiaus « U  has # number of primitive and 
unitiur f.iaturns ,n th» I'- 'flwia W  ich are discussed below.

The basicranial processes of the prootics meet on the floor 
of the bratncase in Itscho .inus. iris condition is also present 
in Blmetrodcn (Olson IS.'Sb); tit. osuchians, dlr.ocephallans 
(Boonstra lt»j. >irgonopsians (01 sot 1917; Broom 1948) and the 
prtsteregnitliids (Brows 1936; Olsen I'Uto; Boonstra 1968). The 
prootlcs of scalepesaerids .Crompton .955), whaitsiids (personal 
observation) and cynodmits (Olsen 1944 ,"eerie 1974) have with-
dnwn from the floor of the bralncise l:e dorso-medial surface



M
of the posterior part of the baslsphenotd »nd its contact with the 
bislecclpltil arc ttius exposeu In the scaloposaurlds, wl.aitsiios 
* N  cynodonts. In the case of LVStrosminis, the unossified zone 
bett «i these elements Is exposed (Cluvtr 1971).

A structure resembling the dorsuw sellae and crista sellaris 
Is fom e o fey the prominent antero-medlal parts of the basicranial 
processes of the prootlcs In e.g. tie gorgonopsians (vlson 1937, 
1933a) and dlnocephallans (Boonstr? 1968). However, these pro­
cesses are relatively smaller In prlsterognathlds (Boonst^a 1968) 
and Haschorhlnus (Figs. 7, 9) and do not replace or completely 
cover the true a o r s m  stllae and crista sellaris formed by the 
basisphenoid.

Met only the prootlcs, but also the exocclpitals of 
Hoschorhinus contribute extensively to the formation of the endo 
cranial floor. The postero medial parts of the hisicranial pro­
cesses of the prootlcs contact the anterior parts of the exact 1- 
pllals on the endocranlal floor. This condition seems to be 
unique to Hoschorhinus. The endocranlal floor consists almost 
exclusively of these elements, the baslocclpltal being reduced to 
a small medial strip and tne opisthoties forming only a small 
portion of the floor. This too seems to be unique to 
Hoschorhinus. since the baslocclpltal plays a major part In the 
formation of the endocranlal floor In all other therapslds (e.g. 
Broom 1938 • 01 son 19<t; Crompton 1955; Farrington 1955;
Boonstra 1968). The postero-ventral parts of the prootlcs and the 
antero-ventral parts of the •xocclpltals and the r 'sthotlcs cover 
the dorso lateral parts of the baslocclpltal. The baslocclpltal 
Is thus excluded from the endocranlal noor between the medial 
strip of the baslocclpltal and the Internal auditory meatus
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(Fig. 9). The participation of the basioccipital in the inner ear 
is also greatly reduced in Hoschorhinus 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 
oval is lut 'y, to the medial wall of the cochlear recess medial 
ly (Fig. 9).

A small nit 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 Hoschorhinus 
because the section through the basicranium runs slightly to the 
right of the midline. The unossified zone, if present, 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 
basioccipital, basisphenoid and prootic in Fig. 7 are those 
exposed in parasagittal section). In certain dinocephalians this 
unossified zone is covered dorsal ly by the medial parts of the 
basicranial processes of the prootics (Boonstra 1968). It is 
possible that this is the case in Hoschorhinus as well.

The anterior processes of the prootic in Hoschorhinus are 
enlarged compared to those of other therapsids. The antero-dorsal 
process especially, shows dorsal and anterior expansion compared 
to those of the scaloposaurids (Crompton 1955; Mendrez 1972), 
pristerognathids (Haughton 1918; Boonstra 1934b) and gorgonop-
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stans (Watson 1921; Boonstra 1934a; Olson 1937). The anten- 
dorsal process in these animals is weakly developed, leaving open 
a wide gap between it and the parietal. In Hoschorhlnus as in 
certain .ynodonts (Watson 1913; Brink 1955; Bonaparte 1966), 
this gap has been closed up due to the dorsal expansion of the 
antero-dorsal process, leaving a small foramen for the passage of 
the dorsal head vein. The ante; ior expansion of the antero-dorsal 
process of Hoschorhlnus brings it into contact with the posterior 
part of the eplpterygoid. This is similar to the situation In 
Therloanathus (Kemp 1972) and the cynodonts (Brink 1955; 
Bonaparte 1966; Fourle 1974; Kemp 1979; Sow 1986). The prootic 
- eplpterygoid c tact of Hoschorhlnus 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 eplpterygoid in these animals. However, 
In Hoschorhlnus It can be seen that the antero-dorsal process of 
the prootic overlaps the postero-dorsal process of the epiptery- 
goid medially. In Thrinaxodon (Fourie 1974) both conditions are 
found: a small process lies medial to the postero-dorsal part of
the eplpterygoid, ventral to the sutu-e between the anterior llmi*. 
of the dorsal part of the prootic and the posterior limit of the 
dorsal part of the eplpterygoid. Since Romer (1956) stated that 
the prootic does not contact the eplpterygoid In therocephaliars, 
It can be assumed that he described the condition in scaloposau- 
rids and pristerognathids.

The unossified zone commonly found in the endocranlal roofs 
of the scaloposaurids (Crompton 1955), Therioonathus (personal 
observation) and cynodonts (Fourle 1974; Kemp 1979) is absent in 
Hoschorhlnus. The unossified zone lies between the parietal and
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supraocctpltal, opposite the Interparletal. The Interparletal Is 
excluded from the endocranlum by the antero-dorsal extension of 
the medial part of the supraocclpital which contacts the parietal

A progressive expansion o, dorsal part of the epiptery­
goid can be seen within the 11 -ephalla 3arry 1965). The 
dorsal part of the eplprjrygold is rei lively narrow in the orls- 
terognathids (Boonstrr 1934b, 1968) it being little wider than 
that of th< gorgonopslans (Watson 1921; Kemp 1969). In the 
scaloposaurids however, expansion of the dorsal part is such more 
evident (Crompton 1955; Mendrez 1972). This broadening Is even 
more pronounced In Hoschorhinus (Figs. 3, 7) and Euchambersia 
(Boonstra 1934b). In the whaitsllds (Boonstra 1934b; Brink 1958) 
the expansion of the epipterygoid reaches its climax and resembles 
the condition found in certain cynodonts (e.g. Thrlnaxodon. Fourie 
1974 and Procvnosuchus. Kemp 1979).

The degree of expansion of the epipterygoid is Indicative of 
its involvement *n the formation of the side wall of the brain- 
case. In the pristerognathids and the 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 anterior processes of the supraocclpital and prootic and the 
fenestra prootica membrane, as Is the 'ase in the Gorgonopsia. In 
whaitsllds on the other hand, the part of the epipterygoid dorsal 
to the level of the antero-ventral process of the prootic is 
incorporated in the side-wall of the braincase, as Is the case in 
the Cynodontia. The part of the side-well of the braincase which 
is formed the fenestra prootica membrane In the gorgonopslans, 
pristerognathids and scaloposaurids is substituted for the dorsal
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half of the eplpterygold In the whaitsllds and cynodonts. It 
seems that with the progressive involvement of the eplpterygold in 
the formation of the sidewall of the bra incase, the fenestra 
orootica diminished in size so that finally the cynodonts have one 
or two trigeminal foramina posterior to the processus ascendens 
and a small antero-ve.itral process of the prootic. If a fenestra 
orootica membrane was present at all in cynodonts, it would only 
have served to Isolate the trigeminal ganglion from the endocra- 
nium rather than have formed a substantial part of the lateral 
wall of the braincase.

In Moschorhlnus an interesting combination of both abovemen­
tioned conditions is found. The aitero-ventral process of the 
prootic is much larger than that of most therocephalIans, barring 
the scaloposaurids (Crompton 1955; Mendrez 1972) and maybe 
Promoschorhvnchus (Mendrez 1974b). The membrane covering the 
large fenestra orootica thus formed would form the side wall of 
the braincase in that region (this aspect has been discussed 
previously). The enlarged dorsal third of the eplpterygold forms 
the part of the side-wall of the braincase sal to t! s m -- 
brnne.

Endocast (Fig. 11; Plates 15, 16. 17)
Very little concerning the morphology nf the brain could be 

learned form the endocasts made of the posterior part of the 
endocranium. This Is due mainly to two factors: firstly, the
side wall of the braincase in the orbitotemporal region is unossi­
fied and secondly, the brain of Moschorhlnus. as is the case in 
most reptiles, did not fill the endocranlal cavity and therefore

amm, —
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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 lobes, cerebrum and olfac­
tory lobes of Hoschorhinus are impossible to estimate because 
these structures were bound laterally by the non-osseous 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 lateral part of the infundibulum. In certain 
gorgonopsians (Watson 1921; Kemp 1969), Therioqnathus (Kemp 19'2) 
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 
Hoschorhinus 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 ventrolateral 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 Hvthosaurus. Watson 1913; and Probainoonathus. 
Quiroga 1980) rather than deep, steep-walled grooves as in 
Hoschorhinus and Therioqnathus. It is also unlikely that the 
cerebral hemispheres 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 (Plate 15). Hopson 
(1979) proved that it is far more likely that these ridges and



- 98 -

bulges were formed by tie longitudinal and transverse venou: 
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 aoparently 
situated inside the cranial cavity on either side of tlw posterior 
part of the longitudinal sinus (Dendy 1909) frobably also played c 
role.

The only trace left by neural tissue in the endocranial roof 
of Moschorhinus is the ventral parietal foramen and the surroun­
ding funnel-shaped 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 rufs from the oval-shaped 
ventral parietal foramen (Fig. 8) to the slit-1 Ike dorsal parietal 
foramen (Fig. l.i. This is also the case in Therioanathus (perso­
nal observation). Edinger (1955) discussed the relative sizes of 
the parietal eye and foramen and concluded that the size of 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 skull roof in 
which a parietal canal (Boenstra 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 only slightly smaller than the rest of their 
brains. It is possible that the typical parietal foramen of 
extant reptiles and the parietal canal of therapsids had different 
functions. It is postulated that the parietal eye filled only the 
dorsalmost part of the parietal canal and maybe not even all of 
it. In animals such as Hoschorhinus and Therioonathus it would 
seem as if the parietal eyes must have been quite small Judging by 
the size of tne dorsal foramen. The ventral p.rt of tt. canal and 
the ventral parietal foramen, which co<Id not have been filled by 
the parietal eye, are large in comparison. Tils, and the fact 
that the Indentation surrounding the ventra" parietal foramen 
indicates the position of the pineal bony (Rath & Roth US9) 
suggests that the dorsal part of the pi.ieal body occupied the 
ventral part of the canal. The parietal 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 
possibly even the parietal and pineal bodies were enveloped in 
non-neural soft tissue.

In contrast to the anterior and dorsal parts of the brain of 
Hoschorhinus. 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 It reflected by the tubular part of the endocranium, 
the deep impressions in the endocranlal floor, the deep floccular 
fossae, the pituitary fossa and the trough for the Infundlbulum. 
Nerve-inpresslons are absent from the endocranlal side-walls, 
probably Indicating that the brain was situated close to the nerve 
foramina.

An endocist of the posterior tubular section (Plates 15, 16, 
17) yields a cylindrical structure which seems to be approximately 
the same size and shape as the medulla 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, irregular-shaped ridge on the dorsal part of the jugular 

ill cast (Plate 15). Posterior and ventral 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 exocclpital which appears as a posterolateral slo­
ping groove on the endocast (Plate 17) indicates the anterior 
limit of the long floor of the tubular section. The oval-shaped 
depression in the endocranlal floor, posterior to the basicranial 
ridge, seems to be an impression of a hypoglossal ganglion. It 
occurs on the endocast as a ventral bulge confluent postero late­
rally with the anterior hypoglossal twig (Plate 17).

The medial wall of the opisthotic leaves a broad, concave 
depression on the endocast between the cast of the jugular foramen 
posteriorly and the casts of the Inner ear and flocculus anterior­
ly. The endocraniuw suddenly becomes wider and higher anterior to 
the medial walls of the opisthotics and basicranial ridges of the 
exocclp ita l:.

On the endocranlal floor, medial to each internal auditory
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meatus and anterolateral to eacl. basicranial ridge of the exoccl- 
pitil, lies a deep depression confluent postcro-laterally with the 
jugular canal. These depressions appear In the form of a lobed 
structure on the ventral part of the endoeast. The lobes a«-e 
divided medially by a notch In the endoeast formed by the antero- 
dorsal projection of the baslocctpital (Plate 17). 01 son (1944),
Kemp (1979) and Kielan-Jiworowska (1983, 1986) argue that these 
depressions were formed by the pons but Hofer 1 Then 1 us (1960) and 
Edlnger (1975) disagree.

Anterior to the medial wall of the opisthotic and dorsal to 
tbo inner ear, lies the large floccrlar fossa. This fossa is 
easily identifiable on the endoeast (Plate 15). It seems to be
similar in size to those in gorgonopsians (Olson 1944; Kemp
1969), Therioonathtis (personal observation) and cynodonts (Watson
1913; Olson 1944; Qulroga 1980). The flocculus marks the poste­
rior part of the cerebellum.

The position of the cochlea, common and posterior ampullary 
recesses, crus comments and auditory canal are easily identified 
on the cast of the " (Plates 15, 16, 17). The short,
pyramid-shaped cast ,i!ca is separated from the cast of
the pons-like structure b> 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 
endoeast. 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 process situated anterior to the cast of 
the floccular fossa is that of the common ampul 1ary recess. The 
most medially situated process. Of the two processes postero-
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. to the cast of the floccular fossa, is the cast of the 
crus c o u n t s  and the laterally situated process Is the cast of 
the posterior aapullary 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 orootica 
(Plates 15, 16, 17). The actual exit of the trigeminal nerve 
would have been much smaller than the cast of the incisura 
orootica because the Incisura orootica would have been partially 
covered by the fenestra orootica 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 ovale (FOOV) in his endocast reconstructions 
should actually Indicate the ventral portion of the incisura 
orootica. 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 prooties. 
These ridges curve antero-dorsally and the membrane between them 
would form the floor of the midbrain. The dorsolateral part of 
this membrane probably ran between the lateral parts of each optic 
tectum and cerebral hemisphere, d.a to their dorsal position. 
This membrane would have been penetrated medially by the -entral 
part of the brain including the infundibulum. The ventral , of 
the infundibulum sews 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 infundlbulum with a postero- 
ventrally situated pituitary. The pituitary of Hoschorhlnus was 
evlnently 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 if'la 
turcica. It Is Improbable that the pituitary was as massive or 

-*• bllcbed as was suggested by eg. Watson (1913), NoplSfca (1926), 
Olson (1944) and Kielan-Jaworowska (1983). It does not seem as If 
the pituitary made contact with the sella turcica in those therap­
sids described by the abovementioned authors. It should be kept 
in mind that a large portion of the sella turcica was occupied by 
bloodvessels and eye-muscles (Hopson 1979). The cast of the 
posterior part of the sella turcica In Hoschorhlnus also yields a 
large, bilobed structure (Plate 17), but as was described nre- 
vlously, this region was occupied by eye-muscles. The optic 
chlasma would have been situated antero-dorsal to the sublculum

Using the abovementioned landmarks, the brain, inner ear and 
certain endocranlal bloodvessels were reconstructed (Fig. 11). 
The position of the cerebrum, olfactory lobe, optic chlasma, 
posterior part of the infundlbulum and the optic, oculomotor, 
trochlear and abducent nerves are of necessity only rough approxi- 
mat'ons in this reconstruction. The reconstruction is noticably 
higher than the endocast, it should be kept in mind however that 
the skull of Hoschorhlnus BP/1/4636 (therefore also the endocra- 
nium and the endocasts) is compressed dcrso-ventrally.
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5.4 CRANIAL NERVES

Although It is impossible to determine the exact positions of 
the octlcui. oculomotorius and trcchlearis foramina with certain­
ty, it is possible tc give an approximate estimation of their 
positions In relation to certain structures n the basicranium.

The opticus foramen, through which the optic nerve (II) 
exits, lies within the fenestra optica which is situated anterior 
to the nila metootica and dorsal to the posterior part of the 
Interorbital septum (SSve-S8derbergh 1947). If the antero-dorsal 
tuberosity of the basisphenoid in Hoschorhinus is indeed the 
ossified sublciilum infundib'iH. then the probable position of the 
fenestra optica would be slightly anterior to it and approximately 
half-way between it and the skull-roof (Fig. 10).

The oculomotorius and trochlearis foramina are situated in 
the fenestra metootica (i.e. posterior to the pila metootica). In 
the reptiles described by Sive-Sdderbergh (1947) the trochlearls 
foramen is situated dorsal to the subiculum infundibuli■ approxi­
mately halfway between it and the skull-roof. The oculomotorius 
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 (Bendy 1909). This was most probably the 
situation in Hoschorhinus 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 metootica membrane in those reptiles described by 
Sive-Sdderbergh (1946). It innervates the bursal Is. retractor
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M M .  superior rectus, inferior rectus, anterior rectus and 
Inferior oblique muscles. The trochlear nerve (IV) Innervates the 
superior oblique muscle (Jollle 1973).

The root of the trigeminal nerve exits through the inclsura 
prootica (Fig. 6) Into the cavum eoioterlcum which housed the 
trigeminal ganglion (gasserian ganglion, Goodrich 1958; semi lunar 
ganglion, Starch 1979). Starck (1979) mentions however that a 
single trigeminal ganglion 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 
Moschorhinus because a single trigeminal ganglion is present in 
amphibians and mammals (Starch 1979).

The ramus ophthalmia. - ran in an anterior direction and 
passed through the orbit into the nasal capsule. From the descrip­
tions of O'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 ophthalmi- 

i £U£ passed mesial to the processus ascendent of the epipterygoid 
and lateral to the non-osseous sidewall of the braincase 
(SSve-S6derbergh 1947, Presley & Steel 1976). Romer (1956) men­
tioned that the ramus ophthalmicus runs close to the side wall of 
the braincase. Sive-Soderbergh (1946, 1947) described in
Sohenodon a horizontal groove on the lateral face of the antcro- 
ventral process of the prootic in which the posterior part of the 
EMM S  ophthalmicus runs. It seems that this was the case in
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Moschorblnus as well. In Moichorlilmu* tk*r« I: m dlxtlmct imden-
tation present on the lateral face of the antero-ventral process 
of the prootle. This indentation cuns anteriorly and slightly 
dorsally from the antero-ventral border of the inclsura orootlca 
(Fig. 5).

The r $ maxi I Ian’s and ramus mandlbularts passed ptsterior 
to the processus ascendetis into the temporal cavity (Presley 4 
Steel 1976). Certain authors (Brink 19M; Hendrez 1972, 1974a, 
1974b) argue that the posterior apophysis of the epipterygoid 
separated these two rami (see Fig. •'). 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 Merged ventral to the posterior apophysis. The 
greatest part of the cavmn caiotertcum (and therefore also the 
trigeminal ganglion) lies below the level of the posterior foramen 
of the epipterygoid. Since the ramus maxi Haris must have been 
directed ventral ly, as is the ramus mandibularis. it is unlikely 
that It would first be deflected dorsally from the ganglion to 
pass through the posterior foramen of the epipterygoid and then 
ventrally towards the maxilla. It is more feasible that the ramus 
maxi Paris passed together with the ramus mandibularis ventral to 
the posterior apophysis, suggesting that the posterior foramen of 
the epipterygoid is not homologous to the cynodont trigeminal 
foramen (sea 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 eplpterygoid (Simpson 1933; Farrington 1946; 
Brink 1955; Hopson 1964; Romer 1969; Fourle 1974). In other 
reptiles (including therocephalians) the ossification of the 
side wall of the bralncase has not reached this stage and is 
therefore much more open It would therefore be Incorrect to 
refer to the region between the eplpterygold and the lateral face 
of the prootlc, through which th- trigeminal rami and the y&ga 
cerebral Is med a passed, as the trigeminal foramen. There Is also 
a fundamental difference between the "trigeminus foramen" de­
scribed by Save-S6derkergh (1947) and the trigeminal foramen of 
cynodonts. The trigeminus foramen Is situated in the ventral 
corner of the fenestra orootlca membrane which spans the incisura 
arootlca. This foramen through which the trigeminal root exits 
should be common to all reptiles with an incisura prootica (inclu­
ding cynodonts and therocephalians). The trigeminal foramen is 
separated from the Incisura prootica. which lies medial to it, by 
the dorsal part of the cavum eoiotericum (see Gow 1986).

The inot of the abducens nerve usually exits through a fora­
men in the base of the antero-ventral process of the prootic 
(ossified oila antotical (see Haughtor 1918, Goodrich 1958, Starck 
1979). In Hoschorhinus (own observation, Mend'-ez 1974a) and 
Promoschorhvnchus (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 Hoschorhinus as well. The abducens
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nerves therefore must have pierced the membrane between the two 
antero-ventral processes of the prootlcs. Each nerve then ran in 
an anterior direction lateral to the fenestra metootica membrane 
to Innervate the bursal is, retractor bulbi and posterior rectus 
muscles (SSve-Sdderbergh 1946).

Facial Mm (vu)
The root of the facial nerve exits through its foramen be­

tween the central and ventral ridges of the prootfc (Figs. 4, 5). 
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 orootica (Fig. 7). There is no groove or any other 
connection between 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 Theriounathus the 
ventral ledge (ventral to the floccular fossa) forms a small 
overhang 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 oy the Internal carotid artery 
(Fig. 16). As the parabasal canal splits into two, the palatine 
ramus ran through the anteriormost canal, here named the palatine
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canal. The palatine ramus was accompanied by the palatine artery 
which branched off from the Internal carotid artery. 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 fenestra oval1s (Fig 16). From 
here It ran posteriorly, accompanied by the posterior part of the 
vena capitis lateralis, between the stapes and the parocclpttal 
process of the oplsthotlc (Romer 1956).

The ve'tlbuloc chi ear nerve (statoacoustlc nerve, Starck 1979) of 
reptiles Is split into two branches: the anterior vestibular
branch and .he posterior acoustic branch. The vestibular branch 
innervates the utrlculus and the anterior and horizontal ampullae. 
The acoustic branch innervates the lagena, papillae neglecta and 
basil arts and the posterior ampulla. The sacculus Is innervated 
by both branches (Starck 1979). The vestibulocochlear nerve runs 
ventro-laterally from the medulla and enters into (lie inner ear 
either through a single opening or double foramina in the side­
wall of the bra Incase (Romer 1956). The latter seems to have been 
the case in the dicynodont Kinooria 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 foramen in a pristerogna- 
thld but postulated that it was for the facial nerve. Since this
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ferawit enters Into the vestibule It Is suggested that It is 
homologous to the foramen described by Cox (1959). In 
Hasehartiinus however, no foramen could be found between the fora­
men for the facial nerve and the Internal auditory meatus 
(F ig . 7 ) . U  see—  that both branches of the vestibulocochlear 
nerve passed through 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 left no 
Impression In the endocranial wall. This short nerve which would 
be hidden by the inner ear in lateral view is not shown in 
Flg. 11.

narm
There Is no separate glossopharyngeal foramen in 

Hoschorhlnus. The glossopharyngeal nerve exited through the large 
jugular canal together with the vagoaccessory nerve and posterior 
cerebral (jugular) vein (Figs. Z, 5, 7). This is a common feature 
In the thenpsids (Watson 1911, Haughtor 1918, Kemp 1979). The 
hypoglossal nerve of Hoschorhlnus was apparently divided into two 
rami, each of which ran in a long, 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 external 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 (Mates 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 lateral view (Plate 15) 
and the casts of the auditory canal and cochlear recess can be 
seen in ventral view (Plate 17). The smooth surface of the inner 
ear of Moschorhinus suggests that it was fully ossified contrary 
to that of Theriounathus (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 detail in Chapter 4. The 
morphology of the inner ear of Moschorhinus Is remarkably similar 
to that of the Cynodontia and Gorgonopsia.

The vestibule lies ventro-laterally to the rest of the cra­
nial cavity. The saccular recess, cochlear recess, auditory canal 
and fenestra oval is lie below the floor of the cranial cavity. 
The posterior ampul1ary recess and fenestra rotunda lie on the 
same level as he floor of the cranial cavity and the anterior and 
lateral ampul 1ary recesses, the utricular recess and the bo,./ 
labyrinth lie above it (Fig. 12).

The primitive condition in which the vestibule is connected 
to the cranial cavity by an extremely large internal auditory 
meatus (as described by Romer 4 Price (1940) in the Pelycosauria) 
is present. In the living state the meatus would have been partly 
covered by a nbrane. This is Identical to the situation in the 
Cynodontia (Watson 1911 4 1913), in the Gorgonopsia (Olson 1938a), 
In the Dinocephalia (Boonstra 1968) and in the Anomodontia (Olson
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1944). It thus seems to have been a common therapsid feature.
The concave antro-media! border of the Internal auditory 

meatus Is in the form of a rather pronounced lip projecting slight 
ly .ihove the floor of the cranial cavity. It is formed by the 
prootlc anteriorly and by the opisthotic posteriorly (Fig. 9). 
Ante-torly and posteriorly the lip slopes ventro-medially follow­
ing the concave curvaturt 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 closely follows the 
orientation of the floor of the cranial cavity in that region. 
The margins of the Internal auditory meatus are smooth as de- 
scrU, . 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 crus 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 vesti.ule. Just posterior to the floccular fcssa t,«e 
entrance to the bony canal for the crus communis is visible in t!>p 
antero-dorsal part of the medial surface of the opisthotic. The 
ledge forms a roof over this entrance, runs anteriorly and tertil 
nates at the level of the anterior border of the vestibule. The 
ventral surface of this ledge forms the dorsal border of the



- 113 -

vestibule.
The vestibule Is separated from the jugular canal by the 

prominent medial wall of the oplsthotlc. The wall runs in a 
ventro-lateral and slightly anterior direction to terminate just 
above the W e i  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 opisthotlc which housed the fenestra
rotunda. This is. contrary to the statment made by Sigogneau
(1974) that the jugular canal is separated from the labyr'nthic 
cavity by a bony medial wall oi.ly in the gorgonopsians and
Oimetrodon. This, however, seems to be the case in some pristero- 
gnathlds (see Olson 1938b 1 1944) and cynodonts (see Brink 1955)
but it Is by no means the rule in synansids as a whole. In other
pristerognathlds (see Haughton 1918; Broom 1935 and Vyushkov
1955), cynodonts (see Watson 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 
Hoschorhlnus. There Is In all cases ventral to the wall a commu­
nicating notch or even a channel (as desrlbed by Estes (1961) in 
Thrinaxodan) between the vestibule and jugular canal indicating 
the position of the fenestra rotunda. It Is Interesting to note 
how this region varies in different therocephalians. In the 
pri-.terognathM desribeti by Olson (1938b & 1944) the jugular canal 
seems to be confident with the posterior ampul 1 ary recess, in 
Therioonathus 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 Hoschorhlnui it is robust.
The eembrane which would have covered thr meatus in life was 

most probably suspended between the medial wall of the opisthotic 
posteriorly, the ventral ledge dorsally and the lip forming the 
ventromedial borcer of the internal auditory meatus ventral ly.

The large fenestra oval is (fenestra vestibularis - Baird 
1960) lies ventro-laterally to the vestibule. The shape of the 
fenestra oval is is neither irregular nor double neither is it left 
partly uncovered by the footplate of the stapes as mentioned by
01 son (1938b) in "Therocephalian A-, it is round (see Fig. 5) as
Mendrez (1974b) has recorded in Promoschoriivnchus and completely 
covered laterally by the stapes as Mendrez (1974a) has found in 
Moschc hinus (S.A.M. No. K118). The long auditory canal formeo by 
the prootic, opisthotic and basioccipital, runs dorso-medially 
from the fenestra oval is and enters into the ventro-lateral part 
of the vestibule. The wschorhinid auditory 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 (Olson 
1928b) 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 constriction in the canal 'see Fig. 9). 
'laughton (1918) described a similar constriction in the gorgonop- 
sian Scy# m g,nathm.

The vestibule is confluent with a funnel-1 ike 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 the perilymphatic: system (Figs. 13,
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14). The medial wall of the cavity formed by the prootic «nd 
opisthotic reaches straight up to the ventro-medial lip of the 
internal auditory meatus. The ventral extremity of the cavity Is 
In the form of a small, pyramidal depression within the prootic 
(Fig. 12). This staey-WKlled depression Is the 1 agenar part of 
the cochlear recess (see Baird 19)0). The basioccipital, prootic 
and opisthotic meet at the postero medial part of the dorsal 
border of the 1agenar recess (Fig. 9). Some authors (eg. Olson 
1938a and Siyogr.eau 1974) synon-iize the 1 agena (which housed the 
1agenar macula) and cochlea but this is rather confusing. Al­
though the n pM li in  cochlea is a very simple structure compared 
to thos; of iimmals It Is considerably more complex than the 
situation found in fish and amphibians. In fish and amphibians 
the 1agena is a small projection on the sacculus and in reptiles, 
birds and monotreme mammals It occupies the distal part of the 
cochlea (see Romer 1970). The use of the term recessus seal a 
tvmpani by authors such as Olson (1938a$b) and Kemp (1969) is 
misleading (see Sigogneau 1974). The Crocodil'a Is the only known 
reptile group with a fully developed sea I a tvmpani (see Romer
1970). Crocodllians ha«." a distal perilymphatic tube (seala 
tvmpani) that runs along the lenoth of the long, straight, bird­
like cochlear duct (seala media), A proximal perilymphatic tube 
runs along the other side of the seal a media, this is the seal a 
vestibuli. Zn the other reptile groups the perilymphatic sac Is 
not this specialized, the short perilymphatic duct (helicotrema - 
Baird 1960) Is associated with the basilar papilla instead. The 
duct runs perpendicular medially to the cochlea Instead of paral­
lel to it as the seal a tvmpani and vestibuli do 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 enclosed 
in bone as they are in other recent reptiles such as the iguanlds 
(see Baird 1960 4 1970). It is therefore incorrect to refer to 
the space leading to, or anterior to (as is the case in
Hoschorhinusl the notch for the fenestra rotunda in the therapsids 
as the recessus seal a tvaoani■ It is possible that Olson (1938b) 
and Kemp (1969) mistook parts of the posterin' ampullary recess 
for the "recessus scale tvmoani*. The division between the saccu­
lar and cochlear recesses within the funnel -1i ke 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 oily enclosed the lateral part of the cochlea and 
parts of the perilymphatic cistern. The region below and medial 
to the 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 into the vestibule dorsal to the 
lateral wall. The cochlear recess and auditory canal are sepa­
rated by a wedge of bone and not confluent as in the pristero- 
gnathid described by Olson (1938b). The perilymphatic cistern 
must have filled the auditory canal to establish contact between 
the footplate of the stapes covering the fenestra SV2]!* uterally 
and the sacculus and coch’ea medially. Hoschorhinus would there­
fore have had a much larger cistern than therapsids with shorter
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•tidltory canals. Tfce cistern would have entered the vestibule at 
the level of the sacculus. It Is probable that the cisttn not 
only contacted the lateral part of the sacculus but also the 
dorso-lateral part of the cochlea. The cochlear recess wider,s 
considerably dorso-laterally and would therefore have been able to 
accommodate more than just the cochlea (see Fig. 12). The peri­
lymphatic duct and the ventro medial part of the cistern would 
have surrounded the cochlea In this region. The perilymphatic sac 
was situated more dorsally, anterior to the fenestra rotunda, and 
thus posteriorly to the sa;cuics 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 tvstrosaurus (see Cluver 1971) there is a 
ledge fo- ed by the prootlc and cpisthotlc on the lateral wall of 
the vestibule that might Indicate the dorso-lateral limit of the 
sacculus (Fig. 12). In Hoschorhinus the sharp-edge concave ledge 
Is somewhat lower down than in tvstrosaurus. The ledge also forms 
the dorso-medlal border of the auditory canal. The medial lip of 
the Internal auditory meatus would mark the dorso-medial border of 
the saccular recess. The sacculus was situated below the level of 
the cranial floor as in Dimetrodon (see Homer h 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 Soroonops by Sigogneau (1974) and certain extant 
reptiles eg. Squaeata (see Baird 1970). The sacculus was situated 
opposite the opening of the auditory canal to facilitate contact

grer T-------̂ 3""'-
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with the perilymphatic cistern and therefore Its lateral limit is 
uiiknewi (FIs- '<}. The ventral limit of the sacculus is inpossl 
ale to distinguish as was noted by Olson (1944).

Posterior to the floccular fossa on the lateral wall of the 
erenlel cavity Ilea the foramen through which the communis 
passed (Fig. 12). Many authors eg. Watson (1913), Simpson (1933), 
Cl son (193? 4 1938a) and Cox (1959) mistook it to te the foramen 
for the endolymphatic duct. Ventral to this foramen and the 
ventral border of the floccular fossa Is a vontro-laterally slo- 
p'ng region whose ventral bolder forms the dorsal border of the 
Internal auditory meatus. This .'trip has Indentations which 
accoioaodateo the lateral parts of the crus communis and utriculus. 
Ventral to the abovementioned foramen lies the well-defined groove 
for the ventro-lateral part of the crus communis. This groove 
gnu,ally widens ventrally up to the ledge overhanging the poste­
r'd! mpullary recess. The anterior surface of the ventral half 
or m e  wall separating the vestibule and jugular foramen forms the 
prominent posterior border of this groove. Ventral to the medial­
ly projecting lip forming the ventro medial limit of the floccular 
fossa lies the shallow curved Indentation on the prootle for the 
. atom I surface of the utriculus. This Indentation is confluent 
with the antero-ventrally widening groove of the cr»* communis on 
'.''O oplsthotic posteriorly and runs anteriorly up to the anterior 
. eft of the anterior ampul1ary recess. From the positions of 
these two indentations relative to each other It is clear that the 
£ E U  communis entered posteriorly into the utriculus as was found 
by Slgegneau (1974) In the gorgonopsids. The utriculus in turn 
would have communicated with the ’mpullae ventro-lateral to it 
(swm Figs. 1). 14).
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Ventral to the abovementioned region lie the large ampul 1 try 
recesse: which open widely Into the vestibule. The posterior 
ampul 1 a was sltuatad within *he posterior ampullary recess which 
projects postero-Uterilly into the oplsthotic from the central 
vestibular area. >  anterior and horizontal (exterior - Olson 
1938a; exterr al - Sigogneau 19/4i lateral - Baird 1970) ampul- 
lary recesses are confluent *"<$ tor«i a single large recess as was 
found by Cluver (19711 in the snoeodoets and Kemp (1979) in the 
cynodonts. Olson (1938a 1 1944) however, found separate recesses 
for the anterior and horizontal ampullae in the therapslds he 
studied. This common recess projects antero-dorsally from the 
central vestibular area into the prootlc. It is much larger and 
projects further laterally than the posterior ampullary recess. 
It is also situated more dorsally than the latter recess. The 
antero-mediil 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 th” saccu- 
lus also marks the ventral limit of the ampullary recesses. The 
ventral parts of the ampul1 a-y recesses are confluent dorsal to 
this rim. Two foramina lie in the dorso-lateral corner of the 
common ampullary recess. The antero-dorsal foramen is the en­
trance to the anterior semicircular canal and the postero-ventral 
foramen is the entrance to the horizontal semicircular canal. Two 
foramina are situated one above the other in the postero lateral 
corner of the posterior ampul 1ary 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 prootlc and supraoccipital from It. anterior foramen in
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the common ampul1ary recess for the anterior and horizontal ampul­
lae, and encircles the flocculus antero-dorsall,. Within the 
side wall of the bralncase it joins up with the posterior semicir­
cular canal within the oplsthotlc 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 Soraoiiops. the anterior semicircular canal Is not ex­
posed In the roof of the floccular fossa In Hoschorhlnus but it 
runs very near Its lateral surface (Figs. 8, 9). The shorter, 
less curved posterior semicircular canal runs from its foramen in 
the ventral corner of the posterior ampul 1ary recess within the 
medial wall of the opisthotic. 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 
ampul1ary recess in the prootic to its posterior foramen in the 
dorsal corner of the posterior ampul 1ary recess in the opisthotic 
The medial wall of this canal is fully ossified, this is contrary 
to the situation in fherloonathus (personal observation), 
Soraonoos described by Sigogneau (1974) and the pristerognathid 
described by Olson (1938b). The semicircular 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 
a&pul1ary recess. It then ran dorsal to the posterior ampulla and
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joined up with the postero-ventral part of the crus column)s 
Instead of entering the posterior ampulla as was stated by 
Sigogneau (1974).

No evidence of the position of the endolymphatic sac or duct 
(otic sac and duct - Balid 1960) could be found as mentioned by 
Olson (1944). The duct as well as the vestibulocochlear 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 cranial 
cavity.

Olson (1938b) described a foramen In a prlsterognathid within 
the prootic anterior to the internal auditory meatus that con­
nected the common ampul1ary recess with the cranial cavity . He 
interpreted It as being the foramen by which the facial nerve 
(VH) 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 by him (Olson 1938aSb) up to the foramen 
through which the vestibulocochlear nerve (VIII) exited laterally. 
The foramen leading from the vestibule to the cranial cavity may 
well be homologous to the one described by Cox (j959) in the 
dicynodont Kinooria. 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 anterior to the 
Internal auditory meatus without anything resembling a fallopian 
canal connecting them. There Is no trace of any association 
between the facial nerve (VII) and the vestibule.
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5.6 CRANIAL BLOODVESSELS (Figs. 11, 15 - 19)

M m

There are structures such as grooves, fossae and foramina In 
the skull of Moschorhlnus which Indicate the courses of certain 
bloodvessels. The eejor 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 probable courses for the bloodvessels of 
certain therapslds, the best known is that of Watson (1920).

Some confusion still exists concerning the identity and 
courses of certain head veins. The primary head vein (Presley 5 
Steel 1976) (vena iuoularls Interna. Bruner 1907; main trunk,
O'Donoghue 1920) Is one of the major veins draining the reptilian 
skull. O'Donoghue 1920, quoting i,aoser S Brezlna (1895) and
Salzer (1895) summarises the embrlologlcal origin of the primary 
head vein. The anterior part 1s the remnant of the vena capitis 
medians and the posterior part is the remnant of the vena capitis 
lateralis. The xena capitis medial is drains the o-bltal sinus and 
lies on the base of the brain ventral to, and slightly mesial to, 
the p-imordla of the cranial nerves, 'he vena capitis lateralis 
runs from the level of the trigeminal ganglion In a posterior 
direction, lateral to the otic capsule, and passes under the
paroccipltal bone. Bruner (1907) and Romer (1956) make no dis­
tinction between the anterior and posterior parts of the primary 
head vein, Romer calls the whole vein the vena capitis laintilit 
and Bruner calls it the vena .lunula"is Interna. Kereack et al 
(1981) call the vena capitis medial is the orbital branch of the 
vena capitis lateralis. 0'Donoghue's definition for these veins
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will be followed In tivs description although his depiction of the 
relationships between these veins and the surrounding bones Is not 
above crltlslsn.

It Is unfortunate that O'Oonoghue's (1920) commendable and 
often quoted description also contains several misinterpretations. 
He states quite correctly (p. 210) that the vena capitis medial Is 
runs "near the mid-ventral line towards the orbital sinus" yet in 
his Plate 7, figure 2 It runs lateral to the eplpterygoid. One 
can easily detect the irreconcilability of the vein on this draw­
ing with that In his Text-flgure 8. Goodrich (1958) and Presley S 
Steel (1976) have the vena capitis meal alls In Its correct posi­
tion, namely mesial to the eplpterygoid.

The position of the ysnj 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 598). 
The vena capitis lateralis In O'Oonoghue's drawing, accompanied by 
the mandibular branch of the facial nerve (VII1 and the auricular 
artery, runs dorsa1 to sectioned bones (no. 19) named by him the 
squamosal and quadrate. Yet on p. 210 he states that the vena 
capitis lateralis and Its companions run "through the foramen 
between the quadrate wing of the pterygoid bone and the otic 
capsule1 . This Is quite correct and his statement on p. 209 
corroborates this: the vena capitis lateralis "continues forwards 
under the paroccipltal bone along the ventro-lateral wall of the 
auditory capsule", this Is confirmed by Jo!lie (1961) and 
Presley & Steel (1976).

O'Donoghue made two other mistakes concerning the skull.
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Firstly the sectioned bones (no. 19) In FI ate 7, figure 2 are 
incorrectly named the squamosal and quadrate because these oones 
lie lateral to the post-temporal fenestra, oplsthotlc and prootic 
(see Romer 1956, figures 598, 62C) and therefore also lateral and 
not ventral to the vena capitis medians. The sectioned bones 
which form the ventral border of the post-temporal fenestra are in 
fact the prootic and oplsthotlc (see Ch. 3 and Romer 1956, fig­
ure 598). Secondly O'Conoghue (p. 730) assumes that t:.e foramen 
between the quadrate wing of the pterygoid and the otic capsule is 
homologous to the pierygo-paroccipitel foramen of Matson ,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 sometimes partially formed by pacts of the 
squamosal or quadrate ramus of the epipterygoid. ilie pterygo-par­
occipital 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; 

ysGoodrich 1958; Jollte 1982).
C'nodonts often have a distinct groove which runs from the 

trigeminal foramen in a posterior direction across the lateral 
face of the neriotlc (or prootic in some cases). It finally runs 
ventrally through the pterygo-paroccipital foramen (see Matson 
1911, 1920; Farrington 1945; Fourie 1974; Sun Ailing 1984; Gow
1986). This groove is called here the central venous groove to
simplify matters. In therocephalIris however, a ventro-laterally 
sloping shelf on the prootic can be seen dorsal to the central 
ridge. This shelf stretches from the Incisure orootica 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 
O'Oonoghue's paper It becomes clear that the vena capitis latera­
lis did not run in the central venous groove (In cynodorts) or on 
the dorsal shelf (1n therocephallans). Firstly, O'Oonoghue (1920) 
and then Watson (1920) thought that the pterygo-parocclpltal 
foramen of the therapslds Is homologous to the cranloquadrate 
passage. This is wrong since not only are the bony elements 
forming these two passages different, but the therapslds, as all 
other reptiles, have a normal cranloquadrate passage between the 
quadrate ramus of the pterygoid and the otic capsule. Secondly, 
the reptilian vena capitis lateralis was accompanied by the mandi­
bular ramus of the facial nerve (VII) (O'Oonoghue 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-parocclpltal 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; Kendrez 1972, 1974b). In those speci­
mens described by Boonstra (1934b) the foramen for the facial 
nerve (VII) lies quite a distance ventral to the dorsal 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 forar >n for the facial nerve 
lies between the central and ventral ridges as in Moschorhinus 
(Fig. 4). In the specimens described by Mendrez (1972, 1974b) the 
mandibular ramus would have to run almost vertically dorsally to
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skirt the central process of the prootlc, if it was to accompany a 
vein on the dorsal shelf. In all therocephal1ans 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 
dorsal 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 fo,amen. This 
elaborate course would bring the nerve just posterior tin some 
cases millimetres) from its starting point. In Proaoschorhvnchus 
(Hendrez 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 
penotic), 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) (sec* Simpson 1933; Parrington 
1946; Brink 1955; Romer 1969; Fourle !S7»)

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 pr^aary head vein of Hoschorhinus



- 127 -

would have exited from the cranial cavity t‘trough the posterior 
foramen of the eplpterygoid which would put it at a level dorsal 
to the trigeminal ganglion. This foramen also seems too small for 
the primary head vein.

Finally if the vena capitis lateralis ran in the groove 
leading to the pterygo-paroccipitai foramen, what happened to the 
vena cerebral is media? This aspect will be discussed later.

Evidently the primary head vein (vena cardinal is. Grosser & 
Brezina 1895) 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 capsule and passed ventral 
to the paroccipital process of the opisthotic (O'Donoghue 1920; 
Romer 1956; Bonaparte 1966; Presley & Steel 1976; Kermack 
(et .1) 1981). In Hoschorhinus the course of the vena 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 .jugularis, Oelrich 1956) is 
bordered dorsal1y by the ventral ridge of the prootic and runs 
from the ventral notch in a postero-ventral direction, it tapeis 
off antero-ventral to the fenestra oval is (F igs. 4, 5). The vena 
capitis lateralis left the lateral surface of the prootic at this 
point and ran postero-laterally to pass between the stapes and the 
concave ventral border of the paroccipital process of the opistho­
tic. This vein joins, posterior to 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.



- 128 -

Many descriptions of the vascular system of the thenpiid 
head are based upon Matson's (1920) Interpretation of the 
Diademodon vascular system (eg. Cox 1359; hopson 1964; Fiv.-le 
1974; Presley i Steel 1976; Sun Ailing 1984; Gow 1986). These 
authors maintain that the vena capitis lateralis of cynodonts 
exits throkym the trigeminal foramen, runs In the central venous 
groove and passes ventrally through the pterygo-paroccipltal 
foramen. Notably the course of the vena cerebral Is iwdla proves 
to be a difficulty for sbovementloned authors. Watson (1911, 
1920), Fourle (1974), Presley & Steel (1976) and Sun Ailing (1984) 
Ignore this vein. Hopson (1964) maintains that the vena cerebra- 
11s media emerged from the bralncase through a foramen In the 
prootlc. Cox (1SS9) and Kemp (1979) however, maintain *1 at the 
vena tOTtoalli media joins the m m  capitis lateral i$ Inside the 
bralncase before the latter exits through the trigeminal foramen. 
Bonaparte (1966) mistook what Is probably the foramen for the 
facial nerve for a canal through which >  vena cerebral Is media 
exited.

The vena cerebralis media is a very ii,,port;nt vein in extant 
reptiles according to the descriptions of Bruner (1907), Dendy 
(1909), O'Donoghue (1920), SI -Soderbergh (1947), Romer (1956) 
and Jollle (1962) and it is therefore highly unlikely that It 
would have been absent in the therapsids. According to the above- 
mentioned authors the x £ M  cerebral Is media, after draining the 
transverse sinus, exits from the cranial cavity through the 
Incisura prootlc# (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 vena cerebral is Bgd.il 
finally runs ventral 1> to join the y g m  capitis lateralis. In 
therapslds the vena cerebral is media would have emerged from the
cranial cavity through i;. inclsura orootica too (see Boonstra
1968; Hopson 1979). The Inclsura orootica of cynodonts lies 
medially to the so-called trigeminal foramen, It is clear that the
trigeminal rami and a vein passed through It (see Sow 1986). In
therocephaiians however, the ossification of the sidewall of the 
bralncase has not reached this stage, and excepting Hoschorhinus 
and possibly Therlounathua thare are no foramina bound by the 
epipterygoid and rrootle, there is a big gap between these ele­
ments instead. The trigeminal rami and vein passed laterally 
through the cavum epipterycum directly into the temporal fossa. 
It is postulated that it was the vena cerebral Is media which ran 
In the dorsal shelf in the thirocephalians and the central venous 
groove In the cynodonts and not the vena canitis lateralis. The 
vena cerebral Is media passed ventrally through the pterygo-paroc- 
cipital foramen to join the vena capitis lateral is which ran
ventral to it (Fig. 15). Hoschorhinus and whultslids are unique
in that they are the only therocephaiians with posterior epiptery­
goid foramina (see Fig. 4; Kemp 1972). In Hoschorhinus this 
foramen Is situated directly anterior to 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 vena cerebral Is media of Hoschorhinus exited 
through this foramen after passing through the postero-dorsal part 
of the InsUvffJ fiijfitlli (Fig. 15).

The vena cereh alls media of therapslds with a pterygo-paroc-
cipital foramen differs from that of other reptiles on two counts
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if the above,;.entioned hypothesis is true. Firstly, the vena 
cerebral is media joined the ygni Cag'tif .1 ateccl.il relatively 
posteriorly (just anterior to the fenestra oval is) in the therap- 
sids, while in other reptiles (O'Donoghue 1920; Save-S6derbergh 

! 1947; Romer 1955; Jollle 19$) it joins the yeni capitis latera­
lis anterior to the otic capsule. Secondly, the vena capitis 
dorsalis joined the y g m  cerebral is 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 exx -acra­
nial junction with the vena cerebralis media i i other reptiles 
(see O'Donoghue; Romer 1956; Jollie 1962).

Inside the cranial cavity of Hoschorhlnus 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 between the supraoccipital, epipterygoid and the 
proofic and is continuous with the abovementioned depression 
(Fig. 7; Ch. 4). The transverse sinus made contact with the 
cranial wall in this region (Dendy 1909; Hopson 1979; 
Klelan-Jaworowska 1986). This depression is called the dorso- 
medial fossa of the epipterygoid here, it 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 drains the '-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 Hoschorhlnus and possibly 
whaitsiids (see Ch. 3; Brink 195b; Kemp 1972).

The dorso-medial groove of the epipterygoid is confluent
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postero-tiorsally with the ventro-lateral gutter of the parietal. 
It is probable that an endocranlal vein ran in this groove to join 
the anterior part of the longitudinal s<nus (fig,11). A similar 
groove, situated in ♦he medial wall of the endocranlum dorsal to 
the exit of the trigeminal nerve, is found in Therio-inathus (per­
sonal observation) and has been described in cynodonts and primi­
tive mammals (Hopson 1964, Kemp 1979, Kermack et al 19P-1). This 
feature is also detected as a ridge running approximately horizon­
tally on the lateral surface of certtin 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 yfip* cerebral is 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 
medial is drains the orbital sinus (Grosser 1 Brez ina 1895; Bruner 

v  1907; O'Domghue 1920; Rome, 1956; Jol’ie 19*:). In 
Hoschorhinus there are two snailnw parasagittal depressions on the 
floor of the cranial - , /, between the two dorsal ridges of the
pterygoid, from the leval of the orbit to the anterior level of 
the cavum eplpterycum. This depression widens gradually anterior­
ly (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 medlalis ran froa it along the narrower and shallower 
posterior part of the depression lateral to the dorsal gutter of 
the basicranial axis (see Fig. 18, Bonaparte 1966). In this 
position the vena capitis medial ; would b near the base of the 
brain an «sial to the roots of the cranial nerves (Bruner 1907;
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O'Donoghue 1920; Sive-SMerbergh 1946; Goodrich 1958) Instead of 
halfway between the skull roof and floor as depicted by Presley & 
Steel (1976), These ventral depressions for the venae capitis 
mediales disappear in the anterior region of the floor of the 
cavtm epipterycue. There is, however, on the medial part of the 
floor of the cavua epipterycum, a smooth parasagittal depression 
in the angle between the ant ero-dorsal process of the basisphenoid 
and the basispterygoid process of the basisphenoid lateral to the 
posterior part of the sella turcica (see Fig. 5; Sive-SAderbergh 
1947). Bruner (1907) states that the vena capitis medial is runs 
straight from its origin at the orbital sinus, to the basisphenoid 
bone which it meets lateral to the hypophysis. It seems clear 
that the vena caoitis 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 joins the vena capitis lateralis 
anterior to the otic capsule, ventral to the level of the trige­
minal ganglion. Certain authors describing these veins in extant 
reptiles suggest that the y s M  cerebral is media joins the primary 
head vein where the vena caoitis lateralis begins, namely ventral 
to the trigeminal ganglion (O'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 as a whole. As was mentioned 
previously, the vena cerebral Is media joins the ygja caoitis 
lateralis relatively posteriorly in therapsids.

The venae caoitis mediales are connected by two short trans­
verse veins namely the anastomotic vein (O'Donoghue 1920) ante­
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riorly and the hypophysfil vein (Bruner 1907) posteriorly.
The anastomotic vein has been discussed by Bruner (1907), 

O'Donoghue (1920), S3ve-S6derbergh (1947) and Romer (1956). This 
vein forms a medial connection between the antirtormost parts of 
the venae capitis aedlales where they expand into the orbital 
sinuses. The anastomotic vein penetrates the membranous fenestra 
metoptica through the canal in the fissura supratrabecularis. The 
fissura is situated between the interorbital septum and the region 
of the Infundlbulum, ventral to the subiculum infundibuli and 
dorsal to the trabecula cranil cartilage (SSve-Sdderbergh 1947). 
The greatesi. 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 Infundlbulum 
(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 jn ti floor of the braincase 
which ‘idicates the junction of the ygju capitis medialis and the 
orbital sinus (Fig. 18)

The hypophysial vein was described by Bruner (1907), 
Save-SBderbergh (1947), Romer (1956) and Goodrich (1958). The 
hypophysial vein (vena DitMitarii, Sive-Saderberah 1947; pitui­
tary vein, Romer 1956) joined the posterior parts of the venae 
caoitis Bediales Ciose to their respective junctions with the 
venae capitis laterales. The hypophysial vein runs posterior to 
the pituitary body and anterior to the dorsum sellae and pene­
trated the posterior part of the fused fenestra metootica mem­
branes . The position of the hypophysial 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
lateral 1y to the pituitary fossa and ventral to the antero-ventral 
process of the prootic (ossified pila antotica)■ The hypophysial 
vein joined the vena capitis medialis as this vein ran in the 
depression between the basipterygoid process and the dorso-lateral 
flange of the 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 between these muscles.

The vena capitis dorsalis of extant reptiles drains the 
occipital region and runs in an anterior direction through the 
post-temporal fenestra. From here it runs along the prootic and 
penetrates into the cranial cavity by means of an opening between 
tho prootic and parietal to join the transverse sinus (Bruner 
1907; Dendy 1909; O'Oonoghue 1920; Romer 1956). It would seem 
as if this was essentially the same pattern followed by therapsids 
including Hoschorhlnus (Fig. 15). The occipital tributary of the 
vena capitis dorsalis ran in an anterior direction through the 
post-temporal fenestra. The function of the paroccipital fossa 
(Figs. 1, 6; Ch. 3) which occurs in certain therocephalians 
(Mendrez 1972, 1974a, 1974b) is obscure. This fossa lies directly 
ventral 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 J  
aperture of the pterygo-paroccipital foramen and the anterior 
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 dorsal is and vena cerebral is
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media respectively, meet In this region In certain therapslds 
(Matson 1926 Farrington 1946; Cox 1959; Fourle 1974; Kemp 
1979). It seems therefore that the vena capitis dorsalis was 
confluent with the vena caoltts media for a short distance ante­
rior to the post-temporal fenestra (Fig. 15).

The vena canltls dorsalis of therapslds ran In the dorsal 
venous groove which Is usually (but not always, eg. Frocvnosuchus. 
Keep 1979) situated directly ventral to the pirletal (Watson 1911, 
1920; Farrington 1946; KOhne 1956; Cox 1959; Fourle 1974; 
Sun-Ailing 1984). The dorsal venous foramen of therapslds usually 
lies within the dorsal groove, this foramen has been described by 
eg. Watson (1920), Simpson (1933), Boonsfra (1934b), Olsoi (1944), 
Cox (1959) and "onaparte (1966). It Is well-known from abovemen­
tioned descriptions that the vena capitis dorsalis of these the­
rapslds ran antero-dorsally within the dorsal venous groove frcm 
the anterior opening of the post-temporal fenestra and entered 
Into the cranial cavity through the dorsal venous foramen.

It Is nottcable that the dorsal venous foramen (or notch) of 
abovemcntioncd therocephaltans Is situated quite a distance ven­
tral io the depression directly ventral to the parietal where the 
cynodoni counterpart Is found. This Is dua to the fact that the 
therocephallan do;sal venous foramen lies between the antero- 
lateral process of the supraoccipltal and the antero-dorsal pro­
cess of the prootrc while the cynodont counterpart lies between 
the parietal and prootlc.

Judging by the size and the shape of the lateral-supraocci­
pltal Fossa, the fact that the dorsal venous foramen lies within 
this fossa and that the dorsal part of the fossa covers the origi­
nal position of the dorsal venous groove, It seems clear that this



fossa contained a venous sinus (Fig, IS), It Is suggested that 
the therocephallan vena capitis dorsalis expanded ventrally to 
fore a venous sinus dorso lateral te the «£1c capsule, and that 
the dorsal venous foramen was accordingly displaced ventrally.
The vena caoitis dorsalis of Hotchoriilmii, r w  In a dorso-medial 
direction from Its junction with the vena cerebralIs media ante­
rior to the post-tauporal fenestra, te the pesterlor part of the 
lateral-supraocclpltal fold. Here the vein #*panded to form the 
lateral-supraocclpltal sinus (Fig. IS). F f W  the anterior part of 
this sinus a vein penetrated through the dorsal venous foramen 
into the cranial cavity, nere this very short vein, which can be 
considered to be the anterior part of the original vena caoitis 
corialls. entered into the posterior part ef the transverse «1nus 
(Figs. 11, 17). It is suggested that a slellar pattern was pre­
sent in other UieroccrWiaM ,'r - * l y  difference between
different groups would be iho „ lateral-supraocclpltal
sinus

Kielan-Jaworowska (1986) argues that the vessel which pene- 
t-ates the post-temporal fenestra and which runs along the dorsal 
groove (and those vessels joining It) Is m  artery. The obvious 
venous nature of the abovementloncd 'essels and their association 
with venous sinuses re ders her argument suspect.

The parietal vein joins tie vena caoitis dorsalis before the 
latter enters into the cranial cavity (see Bruner ZS07; 
O'Donoghue 1920). Evidence for the parietal vein has been found 
in certain therapslds. The position of this vein Is Indicated by 
a groove usually running anterior to the venous foramen, this 
groove Is also in confluence with the dorsal groove. In theroce- 
phallans no evidence for this vein ties a m  to light until now
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In Hoschorhlwus however, there Is a sliort but distinct groove 
between the postero-dorsal process of the epipterygoid and the 
parietal, bordered medially by the supraoccipital, for the parie­
tal vein (Fig. 4; Ch. 3). The position of this groove resembles 
those of Diadeaiodon (Watson 19Z0; Brink 1955) and Thrinaxodon 
(Hopson 1964; Fourie 1974) where it also runs between the epipte­
rygoid and parietal. The groove for the parietal vein of 
Hoschorhiwus differs from those of the abovementioned cynooocts in 
that it ends abruptly dorsal to the epipterygoid whereas in the 
others it runs anteriorly, past the epipterygoid into the orbital 
region. This might indicate that the parietal vein drained the 
orbital region in these cynodonts and that U  drained the temporal 
fenestra in Moschorhinus (Fig. 15). In Hoschorhinus the dorsal 
venous foramen lies relatively ventrally compared to the abovemen­
tioned cynodonts, this has the result that the groove for the 
parietal vein does not lie anterior to it. However, this groove 
is in confluence with thy dorsal part of the lateral-supraoccipi- 
tal fossa which is the original position of the vena capitis 
dorsalis

The longitudinal sinus has been described in extant reptiles
by inter alia Bruner (1907), Bendy (1909) and O'Donoghue (1920).
This vess'1 runs immediately beneath the cranial roof, along the 
mid-Ur from the olfactory lobes anteriorly to the foramen 
magnum posteriorly. The longitudinal sinus is connected on each 
side to the rani,verse sinus by a wide vessel named the torr.ular 
Heroohili in front of the cerebe'ium. The torcular Herophili 
receives blood coming from the choroid plexus of the fourth ven­
tricle (Bendy 1909). The longitudinal sinus is divided poste­
riorly into two posterior cerebral (jugular) veins each of which
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passes through the jugular foramen (O'Donoghue 192C). It Is known 
that the longitudinal sinus of certain reptiles loops around the 
pineal stalk (Bendy 1909) in others however, the longitudinal 
sinus forms two arms which surround the pineal stalk (Bruner 
1907). It seems as if Hoschorhinus resorted to the latter case. 
In Hnrehorhlnus two parasagittal grooves are found in the roof of 
the endocranium, these are called the ventro-lateral gutters of 
the parietal (Figs. /, 8; Ch. 4). This is also the case in 
Therloonathus (personal observation). It is suggested that the 
anterior part of the longitudinal sinus (i.e. the part anterior to 
the torcular Herophili. Bendy 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
cially resembling cerebral lobes (Plate IS). All the evidence 
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 (Bendy 1909; Romer 1956; 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
verse sinus (see above), this is exactly where the anterior p:rt 
of the longitudinal sinus is expected to originate. It is Impos­
sible to say whether the two arms of the anterior part of the 
longitudinal sinus met up again anterior to the pineal stalk 
because the gutters disappear anterior to the parietal foramen.

Very little can be said about the posterior part of the 
longitudinal sinus because it left no clues in the bone to indi­
cate its course. It is suspected that it ran postero-medtally 
along the smooth Internal surface of the supraoccipital from the 
supraoccipital-parietal contact to the area dorso-medial to the



- 139 -

jugular foramina (Hopson 1979). It is likely that the highly 
vascular choroid plexus lay antero-ventral to this part of the
supraoccipitil and that the posterior part of the longitudinal
sinus ran on its dorsal surface. Here the longitudinal sinus 
would te surrounded by other bloodvessels and the endolymphatic 
sacs (Bendy 1909). The posterior part of the longitudinal sinus 
of extant reptiles divides into the two posterior cerebral veins 
(posterior cephalic veins, Bendy 1909). Each posterior cerebral 
vein exits through a jugular foramen and joins the vena capitis 
lateralis ventro-laterally to it (Bendy 1909; O'Bonoghue 1920; 
Save-Soderbergh 1947). In certain reptiles an additional pair of 
posterior cerebral veins are present which exit through the 
foramen magnum (Bruner 1907; Romer 1956). The veins exiting 
through the jugular foramina are accompanied by *he glossopharyn­
geal (IX), vagoaccessory (X) and hypoglossal (XII) nerves and are
homologous to the avian and mammalian Internal jugular vein (Bendy 
1909; O'Bonoghue 1020). According to Bendy (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 Moschornincs there is a distinct depression 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 probable evolution of the major cranial veins from the 
primitive reptile level to cynodont level is diagramatically 
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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Sohenodon and Lacertilia (see Fig. 19A). The presence of the 
pterygo-paroccipi tal foramen in both the therocephaHans and 
cynodonts suggests that this foramen could already have been 
present In their common ancestor. It seems logical to assume that 
before the fnramen was forced a prootic flange, homologous to the 
central process of the prootic In therocephalians, would have been 
present in thu lineage leading to the therocephal1ans and cyno­
donts. This arrangement may have been very similar to that found 
in Procvnosuchus (Kemp 1979). The vena cerebral is media would 
have been positioned posteriorly to this f 1 cnge ,ind antero-ventral 
to the post-temporal fenestra and the vena capitis dorsalis (see 
Fig. 19B).

During the closing of the pterygo-paroccipital foramen a 
junction seems to have been formed between the vena cerebralis 
media and the vena 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 dUcuJ'.ion on blood pressure and the presence of venous 
sinuses). It is assumed t..jt some of the blood running from the 
transverse sinus via the anterior part of the vena cerebral is 
BKilla 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 pressure. Increased blood Ural nag* through the 
parietal vein into the veri capitis dorsalis and tiie resulting 
rise in blood pressure c:Id explain the presence of the lateral 
supraoccipital sinus. However, the direction of flow of the blood 
in the rest uf the system seems to have been similar to that of
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extant reptiles (Fig. 19C).
The diminished size of the post-temporal fenestra in cyno- 

donts indicates that oc'-ipltal portion of the vena capitis 
dorsalis diminished ac srding’y. The temporal part of the vena 
capitis dorsalis on the other hand increased in size 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 
Thrinaxodon (Hopson 1964) and Oiademodon (Brink 1955). The dorsal 
venous foramen seems to have been lost while a broad dorsal venous 
groove is present in Procvnosuchus (Kemp 1979). This gutter 
continues also ventrally through the pterygo-paroccipital foramen 
in cynndonts such as Probe!esodon (Homer 1969), Thrinaxodon 
(Hopson 1964) and Procvnosuchus (Kemp 1979). It seems therefore 
that the parietal vein, temporal portion of the vena capitis 
dorsali s and the enlarged ventral part of the vena cerebral is 
media joined to form a continuous sirgle vein in cynodonts. The 
size of the groove for the vena cerebral is media in cynodonts such 
as Oiademodon (Brink 1955) and Thrinaxodon (Hopson 1964) ' Icates 

that the anterior part of the vena cerebral is media diminished in 
size compared to that of th®rocephalians (the diameter of this 
vein in therocephalians can be estimated by looking at the size of 
the posterior foramen of the epipterygoidj. It should be kept in 
mind that the vena cerebral is media proper passed through the 
pterygo-paroccipital foramen in therocephalians whereas abovemen- 
timed combined vein passed through this foramen in cynodonts. 
The appearance of this new vein indicates a c 'ige in function. 
It is proposed that the flow of blood reversed ir. the portion ef 
this combined vein wich was derived from the temporal part of the
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ancestral yeju capltts lateralis. The function of the vena 
caoitis lateralis is to drain the occipital area and that of the 
parietal vein is to drain the tem,wal area. This need not occur 
via the transverse sinus in the endocranium, especially not if the 
blood from this area can drain into the primary head vein via the 
ventral part of the vena cerebralis media which is a much shorter 
route (see fig. 190). This new drainage pathway would then also 
diminish the flow of blood through the dorsal venous foramen which 
may explain the reduced size if this foramen in cynodonts and even 
its absence in Procvnosuchus (k«mp 1979). It Is suggested that 
the posterior cerebral vein becamc more important during the 
evolution of the cynodonts to compensate for the diminished size 
of the anterior part of the vena cer&bralis n.edla. A certain 
percentage of the blood from the endocranium which would have been 
drained via the transverse sinus and vena cerebralis media in 
other reptiles would have been diverted through the posterior 
portion of the longitudinal sinus and posterior certUral vein.

Arteries
Little can be said about the arteries of extinct reptiles, 

because unlike the veins, the arteries do not us 1ly run close to 
the surface of the 'kull bones, and therefore leave few traces.

The reptilian internal carotid and its branches have been 
described by authors such as: Hofmann (1900), Oendy (1909),
O'Oonoghue (1920), Sive-Sdderbergh <1947), Del rich (1956) and 
Goodrich (1958). The arrangement of these arteries differs little 
from reptile to reptile and it seems as if Hoschorhinus 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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srtery splits off from the internal carotid postero-ventral to the 
cranioquadrate 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 basisphenoid, parasphenoid and pterygoid bones in Moschorhinos 
(fig. 2). This canal runs dorsally between these elements 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 alongside the par;,sphenoid rostrum and the 
antero-dorsal process of the basisphenoid (Fig. 9). The palatine 
artery seems to have split off from the internal carotid and 
passed together with the palatine nerve through the anterior canal 
(vidian canal, Sive-Soderbergh 1947; Del rich 1956; Romer 1956). 
This canal is called the palatine canal here. The remainder of 
the internal carotid rould have passed through the posterior 
canal, here called the internal carotid canal.

The course of the palatine artery of Hoschorhinus seems to 
resemble that of the Lacertilia more closely than that of 
Sehenodon. The course of the palatine artery and nerve of 
Sohenoden has been described by O'Donoghue (1920) ari 
bive-Suuerbergh (1946). Snhenodon has no palatine canal, in 
addition the palatine artery and nerve run ventro-medially to the 
base of the basipterygoid process of the oasisphenoid bone. The 
Internal carotid on the other hand penetrates the basisphenoid via 
*.* pa,abasal canal, which in this case does not split up, and is 
:herefore equivalent to the internal carotid canal. The course of 
t; t iguanid palatine artery and nerve has been described by 
15 e-S6derbergh (1946) and Oelrich (1956). Iguanids differ from 
..p inodon in that they have a palatine canal which penetrates the
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basisphem/fd. The palatine artery and nerve run In a , snterlc; 
direction dorsal to the baslpterygoid process of the t ;isphenoid 
and the transverse process of the pterygoid after e>'tinj from 
this canal. The palatine artery gives off many branch s, supply­
ing blood to inter alia the pharyngeal membrane ar pterygoid 
muscles. A ventral branch penetrate? the suborbital -acuity and 
runs anteriorly to supply blood to the palate. The only major 
print nf difference between the course of the iguai Id palatine 
artery and that of Hoschorhinus is that the exits of He palatine 
canals are situated relatively anteriorly in HoschortInut because 
of the anterior extension of the basisphenoid. Tht; wains that 
the palatine artery and nerve exit from the palatin canal ante­
rior to the level of the epipterygoid instead of in the sella 
turcica region as in Lacertilia. The palatine arter. and nerve of 
Moschorhinjs would also cross the pterygoid almost imed^ately In 
th1r anterior course over the floor of the endocrat turn Instead of 
first crossing the basipterygoid process of the basi sphenoid as in 
Lacertilia. in Moschorht,ius there are two parasag ttal grooves, 
here called the antero-tiuisal g: Joves of the ptei. 'Old, running 
anteriorly next to each other on the enducranial 1 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 c ilal cavity 
via the nternal carotid foramina on either sida of tie infundlbu- 
lum. Each internal carotid artery divides Into an ai '.erior ramus 
cranial is and a posterior ramus caudal is (Hofmann 1900). The 
cranial ramus (opthaleic artery, Beda.ird 1905; anter or dlv'slon 
of the Internal carotid, Dendy 1909) runs anterior! » along th#
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base of the Infundtbuli* and the optic chiasmi. The caudal rams 
(basilar artery, Beddard 1905; posterior division of the internal 
carotid, Bendy 1909) runs posteriorly medial to the oculomotor 
nerve (!!!) and the oil# 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 inching off from the cranial and caudal rami to 
supply the bra n with blood. Grooves Indicating the courses of 
these branches of the Internal carotid are absent in Hoschorhinus. 
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 real life. The internal caro­
tid foramina of Hoschorhinus open in the dorsal gutter of the 
basicranial axis, on either side of the antero-dorsal process of 
the basisphenoid dorsal to which the Infundibulum was situated 
(Fig. 9; Ch. 4). The cranial ramus which ran anteriorly 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 vena 
capitis medialis -filch made contact with the basisphenoid poste­
rior to the gutter (see above), secondly it had to run dorse! to 
the gutter to pass over the retractor bulbi muscle and hypophysial 
vein and thirdly this is the only position from which it could 
enter into the braincase between the two antero-ventral processes 
of the prootic. In its posterior course the caudal ramus would 
have run lateral to the dorsolateral flange of the basisphenoid
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anteriorly and the metoptic membrane posteriorly. The membrane 
which forms the roof over the sella turcica Is situated between 
the two antero-ventral processes of the prootlc. The two caudal 
rami woul ave entered into the ventral part of the braincase by 
piercing through this membrane close tc the crista sellaris (see 
Sive-SSderbergh 1947). Whether the two caudal rami meet after 
entering the braincase antero-ventral to the trigeminal roots as 
In Sohcnodon (Dendy 1909) or whether they meet posteriorly ventral 
to uie medulla oblongata as in Testudo (Beddard 1905) is not 
known. The presence of the small antero-dorsal projection of the 
baslocclpltal (Fig. 9) suggests that the caudal rami probably were 
not joined, up to that level at least, and passed lateral to the 
projection (Fig. 18). It seems likely therefore that the caudal 
rami and bast liar artery of Moschorhinus tended to the more primi­
tive condition as In Testudo (see Dendy 1909 for argument on the 
primitive baslllar artery).

The course of the stapedial artery in extant reptiles has 
been discussed by Inter alia O'Oonoghue 19Z0, Save Soderbergh 
1947, Oelrich 1956, Romer 1956 and Goodrich 1958. The stapedial 
artery splits off from the internal carotid postero-ventral to the 
cranloquadrate passage. It penetrates the stapedial foramen of 
certain reptiles. In reptiles where this foramen Is absent, the 
artery runs either dorsal or ventral to the stapes. The stapedia’ 
foramen is absent In Moschorhinus as In ether therocenhalIans, but 
It Is difficult to say whether the artery ran dorsal or ventral to 
the stapes. From this position the stapedial passes through the 
cranloquadrate passage and runs in an antero-dorsal direction 
lateral to 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 t M p o n l  artery splits Into the Inferior 
orbital and superior orbital arteries which together with the 
mandibular artery are to a certain extee&lisoefited with the rami 
of tne trigeminal nerve (V). This m s  doubtless the case In 
Moschorhlmn f *  (Fig. I#), h  Is t# W s*% of the

exact courses of these arteries.
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CHAPTER 6 : CONCLUSIONS

Hoschorhlnus Is In many respects a "typical therocephaltan". 
It has large suborbital vacuities, a slit-like interpterygoid 
vacuity and large post-temporal fenestra” compared to the rela­
tively smaller fenestrae of gorgonops i ans and cynodonts. 
Hoschorhinus also has lirge, open cranioquadrute passages between 
the long quadrate rami of the pterygoid and the braincase.

Superficially it seems as if Hoschorhinus is an advanced 
therocephal1 an. Its braincase is enlarged compared to those of 
scaloposaurids and pristerognathids due to the expansion of the 
prootle and epipterygoid in the side walls of the braincase. The 
antero-dorsal process of tne prootic seems to be absent in the 
pristerognathids, while it is a small finger-like projection in 
the scaloposaurids. In Promoschorhynchus. Therioonathus and 
Baurla it is a little broader but it is still much smaller than 
that of Hoschorhinus. The dorsal expansion o.' the anterr-dorr 1 
process of the prootic in Hoschorhinus causes the closure of the 
dorsal venous notch found in the other therocephalians 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 cynodonts. The anterior expansion of the antero- 
dorsal process of the prootic brings it into contact with the 
epipterygoid, a condition found only in Therioonathus and cyno­
donts. The contact is however a primitive one in Hoschorhinus 
because the antero-dorsal process merely lies on the medial sur­
face of the epipterygoid, whereas in Therioonathus and cynodonts,
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these elements makes sutural contact with each other forming 
confluent lateral and medial surfaces.

The expansion of the antero-dorsal process of the prootic in 
Moschorhlnus 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 fenestra prcstica 
membrane. The elongation of this process (in comparison with 
those found in pristerognathlds, sealoposaurids and whaiUtlds) 
Indicates that a large portion of the side wall of the brai icase 
of Moschorhlnus was formed by this membrane. The antero-ventral 
processes of scaloposiurlds and Bauri a are much wider than those 
of Moschorhlnus. The epipterygold of Theriognathus, as in cyno- 
donts, is extensively involved in the formation of the part of the 
side wall of the braimase originally formed by the dorsal part of 
the fenestra prootica membrane. It can be concluded therefore 
that the sealoposaurids, Bauria and Theriognathus all have more 
ossified, and therefore more advanced, structures in this region 
of the biaincase than Moschorhlnus.

The expansion of the epipterygold gives the impression that 
Moschorhlnus was an intermediate in a succession of therocepha- 
Hans which had undergone progressive ossification of the lateral 
wall of the hraincase, with the pristerognathlds and the sealopo­
saurids being the most primitive and ‘he whaitsiids the most 
advanced.

The epipterygold of Moschorhlnus with its expanded dorsal 
part is evidently more advancet than those of pristerognathlds and 
certain scaloposaurids, but a similar ease can be seen in 
Reoisaurus. The dorsal part of the epipterygold of R«g1 scums
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forms, as In Hoschorhlnus. part of the lateral wall of the braln- 
case dorsal to the fenestra orootlca memtrane. Realsaurus al so 
has a posterior apophysis of the epipterygold as in Hoschorhlnus. 
Prowoschorhvnchus and iherioqnathus.

The expansion of the epipterygoid indicates its involvement 
in the formation of the side wall of the braincase. The expanded 
dorsal portion of the epipterygoid in Hoschorhlnus seems small in 

*  comparison with the e x p a n d e d ' B m m u i  ascendent'1 In Therlognat.ius. 
It does not imply however that iherioonathus had a larger brain 
than Hoschorhlnus. a fact that can be confirmed by comparing their 
endocranial casts. What it does show is that the central part of 
the epipterygoid of Therioorathus took over the function of the 
dorsal part of the fenestra prootica membrane. It should also be 
noted that although the epipterygoid of Reoisaurus shows a similar 
degree of expansion as that of Hoschorhlnus it is situated mo.e 
posteriorly. The braincase of Reoisaurus is therefore still 
smaller in relation to that of Hoschorhlnus.

-r The posteriorly situated processus ascendent 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 eoiotericum is here situated directly 
dorsal to the cranioquadrate passage. Due to the anterior expan­
sion of the proctic, the processus ascendent'of the epipterygoid, 
and therefore the cavum enipterlcum. are situated anterior to the 
cranioquadrate passage in Hoschorhlnus. Therioanathus 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 the cranlo- 
quadrate passage. In MoschorMnus the passage *s widely open 
dorsally.

The expansion of the eplpterygold and prootlc Implies that 
the brain of Moschorhlnus was larger than those of the pr'stero- 
gnathlds, scaloposaur'ds and gorgonopslans. The large sella 
turcica seems to bear this out too. It should be kept in a<nd 
however that Moschorhlnus had a typical long, serially arranged 
reptilian brain which did not fill the endocranlum. The presence 
of wide gutters in the endocranial roof and depressions in the 
medial surfaces of the eplpterygoids indicate that Moschorhlnus 
(and Therloonathus) had exceptionally large erdocranial blood 
sinuses. The large sella lurctfil was partiv occupied by eye- 
muscies and even thouoh the Infundlbulum was sufficiently expanded 
to contact the sella turcica, the pituitary fossa is quite small.

The posterior apophysis of the eplpterygoid closes the poste­
rior foramen of the eplpterygold in MoschorMnus. This for? an 
can easily be confused with the cynodont trigeminal foramen. In 
therocephalians however, the posterior edge of the processus 
ascendent of the epiptevygoid is situated far lateral to the 
lateral face of the prootic, leaving a gap between these elements 
through which the rami of the trigeminal nerve could exit. This 
gap is closed in cynodonts by the contact formed between the 
posterior edge of the eplpterygold and the lateral face of pro- 
otic, leaving one or two foramina between them for the exit of the 
trigeminal rami (and the vena cerebral Is medial. The posterior 
foramen of the eplpterygold is clearly not homo!ogous with the 
cynodont trigeminal foramen but was used for the exit of the vena 
cerebral is media only. This vein probably ran dorsal to, and the
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trfgorinil rani ventral to, the posterior apophysis In Heqlsauros

Moschorhinus has many other primitive characteristics, some 
of which are shared with pristerognathios, scaloposaorids and even 
primitive therapsids. Hoschorhinus has a yorgonopsid like 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 temporal region as in pristerognathids, scalopo- 
saurids and gorgonopsiars in contrast to Therioanathus. BlUZll and 
the cynodonts. Moschorhinus has also a more robust skull than any 
other therocephalian.

The inner ear arrangement of Moschorhinus is primitive and 
does not differ from those of gorgonopsians and other therocepha- 
lians. It has a wide Internal auditory meatus which opens into 
the ventral part of the endocranium. Moschorhinus also had a 
short, straight cochlea. The floccular fossa and foramen for the 
crus communis lie dorsal to thj vestibule in contrast 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 basicranial 
processes of the prootics contact each other on the floor of the 
endocranium. This feature is shared with the titanosuchians, 
dinocephalians, gorgonopsians and the pristerognathids and stands 
in stark contrast to the situation found in the scaloposaurs.



whaitstlds and the cynodonts. It m » t  be added though that these 
processes of Hoschorhlnus are w c h  thinner than those of the 
abovementioned groups and do net replace the crista sellaris 
either. The unossified zone In the endocranla! roof found in 
scaloposaurids, whaitsifds and cynedents Is absent in Moschorhinus 
as in dinocephalians.

The relationship between the cranial nerves surrounding the 
inner ear in Moschorhinus differs radically from that of other 
therapsids. The jugular foramen of Moschorhinus Is separated from 
the vestibule by the prominent medial wall of the opisthotlc as in 
pelycosaurs and gorgonopsians. In the prlsterognathids, scalopo- 
aurids, whaitsiids and certain cynodonts on the other hand, the 

ventral part of the jugular canal opens Into the vestibule. The 
medial foramen for the facial nerve lies far anterior to the 
internal auditory meatus In Moschorhinus. whereas this foramen 
lies close to the internal auditory meatus in gorgonopsians, 
prlsterognathids, scaloposaurids, whaitsiids and cynodonts.

In spite of the fact that Moschorhinus has a larger braincase 
due to the expansion : pterygoid and the proctic, 1t also
has certain very prir .-artertstics which would put its
ancestor at a pre-pristerog ithid level. Therioonathus. although 
very specialized in its own fashion, seems to share more charac­
teristics with Moschorhinus than with prlsterognathids or scalopo­
saurids. It is therefore suggested that the whaitsiids and moscho- 
rhinlds 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- 
phalian stock probably related to the prlsterognathids.
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