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1 INTRODUCTION
(Broom 1929

of the skulls of Ictidosaur A and B
f the articulation of the lower jaw with the skyjj i 2. as
n
stage betweer:h‘?ge |
e

Id possibly form a morphological
d the mammals on the other. This stuq
ted to the scaloposaurid — baurjammghhell; alsg
Ing of

the Scaloposauridae and a detailed g
escrip.

Recent investigation
indicated that the nature O
forms is such that they cou

 <ids on the one hand an

therapsi
at these forms are r:clgn
y a revision of

shown th
evolution. Consequentl
'd skull was considered necessary.
k of Watson (1931) that the structure and ¢
understood as well as it is, and Watson’s Conclua?ionomy
this family represents an intermediate stage between the typical themceslcl)ln that
and the bauriamorphs has been generally accepted. Subsequent to Watson,p aliang
however, many additional scaloposaurids have been collected mainly as a rs Paper,
the exceptional enthusiasm of Mr. S. H. Rubidge, and the keen eye of MreS;lIt of
an effort has been made to place all the known .Salégg' |

Kitching. In this paper
saurids in four evolutionary stages.
The scaloposaurid skull chosen for detailed description is Ictidosuchoid
f intermedius Broom. This form was described by Broom (1938, 40b, 41) Who oo
sidered it to be one of the “prebauriamorphs” and close to the mammalian ance ? -
For reasons which are discussed in detail in section III, this form has beenS f.-"‘
dosuchoides and placed in the scaloposaurid genuz-

moved from the genus [lcti

It is mainly due to the wor
of the Scaloposauridae is

.

Ictidosuchops.
A well-known feature of reptiles is movement or “kinetism” within the skull
The term kinetism was first employed by Versluys (1912) and he treated the
problem as well as material available at that time allowed. Further intensive
investigation of this problem since Versluys® paper has resulted in a comprehen-
sive understanding of this phenomenon in “diapsid” reptiles and their derivatives
and the evidence has recently been reviewed by Kuhn-Schnyder (1954). Practically
nothing, however, is known of kinetism in the advanced mammal-like reptiles.
Versluys (1912) pointed out that the pelycosaur skull has the build of a typical
metakinetic skull (in this type the movement line is situated in the posterior region
of the skull) with the exception of two pecularities: the supra-occipitals are ex-
tremely broad and there is an ossification of the interorbital septum which firmly
connects the fronta} to the basisphenoid to restore the rigidity of the two segments
Ehmaxdlary and occipital) so as to eliminate any metakinetic movement. Although
th: peellyc;()saur skull studied by Versluys was considered akinetic he concluded that
o hglia);lsosaur angestor must have possessed a metakinetic skull. The thero-
refult - ﬂ,wa;loqlo onts and cynodonts are according to Versluys akinetic as 2
TE i of die pstlon %f the occipital segment to the bones of the skull roof, ossifi-
Apparently énogor 11tlal septum and quxoq of the pterygoids to the skull base.
Gondrid ey 1510 y other reference to kinetism in mammal-like reptiles is that by
ge (1930) who considers all the “theromorpha” be akinetic. In this
paper the problem of kinetism in ad Gl ete | atai
in advanced mammal-like reptiles has been stu 1ed.

II MATERIAL AND TECHNIQUE
ch

By th i
y the courtesy of the Bernard Price Institute for Palaeontological Resegr
to
he

two beauti ;
utiful skulls of Ictidosuchops (Ictidosuchoides) intermedius were loane
ertaken.

é’:}i %?23?36%?:?1?; in order that the present work could be und

fally prepasad b apmost perfectly preserved and was collected, identified and par-

Murraysburg district, C.P., a Kitching. It was found on the farm «Ringsfontein >

lower or middle Cistecepha and according to Mr. J. W. Kitching comes fro% e

aid of a small autom cephalus zone. This specimen was further prepared with the
atic mallet. The second specimen (B.P.I. 268), although fairly
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~A. S. Brink the Y crushed dorso-ventrally; with the kind permissi
o model buil upp?rsgglfnl%{;;ggndd ol o 1 ground away and a
i rawings ol the successive polished
ne actual technique employed has b : : 'S P surfaces.
?95521). A tlg:ird SS'kllilll ofpfc?}dosucioi?er; ?ﬁf:;?:c?u:? ;gsc?ézﬁzdpigeih(cﬁmpm“
by Mr. 5. H. Rubidge : the National
?g;iel};? obB;,erved i5 tha othegr &nod Sfﬂghos%‘gh imperfect, served to confirm doubtful
Other material studied consisted of a small scaloposaurid skull i .
Y in the N
Museum and a skull of Bauria cynops already described by Brink (195%), =

III ICTIDOSUCHOPS INTERMEDIUS ¢BROOM)
(B.P.1. 267)
Text-figures 1—4

Ictidosuchops intermedius (Broom)

well preserved is sliphy

1. Ictidosuchoides intermedius Broom, 1938, Ann. Transv. Mus., 19: 257, figs.
1—3. Type locality: New Bethesda, Graaff-Reinet. Cistecephalus zone. Per-

mian.

9. Ictidosuchoides intermedius Broom, 1940, Ann. Transv. Mus, 20: 161, figs.
1-5.

3. Ictidosuchoides intermedius Broom, 1941, Ann. Transv. Mus. 20: 194, fig. 3.

"1 DESCRIPTION OF SKULL

Skull roof (Fig. 1A)

With the exception of the internarial bar, the skull is complete. The relation-
ships of individual ossifications can best be understood from the figure. The
septomaxillary (SEP. MAX.) is well exposed in dorsal view and projects sightly
inwards into the external nostril. The nasals (N.) are long and broad, expanding
slightly before making contact with the prefrontals (PF.). An outstanding charac-
teristic of this specimen is the large and bulbous prefrontals; they project slightly
dorsal of the general level of the skull roof so that a shallow depression is formed
between them. A slender process of the prefrontal projects backwards alongside
the lateral edge of the frontal (F.) to all but meet the postorbital (PO.). As a
result only a small portion of the frontal enters into the formation of the orbit.
The parietal (P.) is broad and flat. The pineal foramen is small.

From that part of the squamosal (SQ.) which forms the posterior-lateral corner
of the temporal fossa, three processes of this bone project inwards. All are thin
vertical sheets of bone: the dorsal process (SQ. PROC. 1) overlaps the lateral
edge of the parietal and its dorsal edge abutts against the dorsal edge of the tabular
(TAB.). A sutural connexion does not appear to exist between the squamosal and

the . e separated by a thin strip of matrix. The second process
tabular since they are 5¢P dorsal view. The third process (SQ. PROC. 3)

of t : is not visible in L vie C

passhe{:; ?{I}:I:T(ﬂﬂsa;nhs slightly forwards, with its ventral edge lying upon the dorsal

edge of the quadrate ramus of the pterygoid (PTER.) and terminates anteriorly

against the postcrior—ventfal edge of the epipterygoid (EPL). Boonstra (1938) has

illustrated a similar process in Bauria cynops. A slender jugal (J.) dforrrimg part gf

the inf al bar, has a well pronounced process projecting dorsa ly towards
€ Iniratempora : f the postorbital in the middle of

lv projecting spur O ;
E{? lléa:ltg{glly grrllctic ggg;\z’ﬁgd fﬁgﬂl Jp;,;ss'as below the lacrimal (LAC.) to meet the

maxilla. _ o
The ventral portion of the _lacrllntlala;zvl:tcigc;]
plate extending inwards from its later

s visible in dorsal view is a broad
ment to the jugal and forms an
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incomplete O thes ey @ _ _
c(,nncclcd t0 the dors whit, The postero-medial corner of the lacrim

al edge of the transversum

1 ry @ 1o Hd T ‘l i S
(LAC. IFOR.) is visible jp dorsal view, (TRAV.) A small lm:cl T ourally

rimal foramen

palate (Figs. IB & 3)

The buﬂi(’wil!]‘iml (BO.) is a triangular sh
eriorly in-a small but distinctive condyl. The antero-later; i
form tWO outstanding tubera which abutt against two curt;i:a:;)(;{l: rsloé 5% bose
ostero-lateral corners of tl]c basisphenoid (BS.). A shallow 1'n§di:tlmr.:al o S
separates these tubera. Passing forward from the tubera the basisphenoid %nacaww
considerably and immediately behind the pterygoid form

. _ s it flares out laterall
the basipterygoid processes (BP, PROC.). A small median keel ariscsyf:gnfo‘:_l?;
parrow portion of the basisphenoid and is projected forwards into the ‘interptery-

poid vacuity (INT. VAC.) as a distinct parashenoid (PS.). Tts dorsal edge is fused
to the bgmsphcnmd. On cither side of the median keel two small fora?hina (1.C)
for the internal carotid arteries are present,

The pterygoids have the form typical to the therocephalians. Of particular
importance 18 the nature of the junction of the pterygoid to the basipterygoid pro-
cess; this will be described in greater detail in the following section where a series
of sections through a skull of the same species have been described. The quadrate
rami of the pterygoids are extremely slender vertically orientated sheets of bone
which pass backwards to the quadrates and are widely separated from the otic
bones. The 1.ntcr-ptcrygmd vacuity is large and pear shaped. Anterior to this
vacuity there is a small and narrow vacuity which separates the two pterygoids for
a short distance. Outstanding longitudinally orientated ridges (LO. RG.) upon the
ventral surfaces of the pterygoids divide the main body of the pterygoid from the
sturdy transverse rami. The suborbital vacuties (S.V.) are extremely large with a
slender transversum (TRAV.) forming the entire lateral border to this vacuity.
The anterior border is formed by the palatine and the median and posterior bor-
ders by the pterygoid. :

The posterior ends of the vomers (V.) are broad and clearly divided by a
median suture. They overlap the anterior ends of the pterygoid and their lateral
edges appear to lie below the median edges of the palatines (PAL.). As they pass
forwards the vomers narrow to a keel shaped undivided structure which separates
the internal nostrils (I. CHO.). The posterior border of the internal choanae are
formed by the palatines which in this region pass sharply dorsally. Anterior to
the choanae the vomers expand into a broad plate the edges of which are either
in contact with or very nearly in contact with thg palatal plates _of.the maxilla
(MAX. PL) so that a primitive secondary ;_)alat_e is formed. _ A similar arrange-

) ist in his specimen of Ictidosuchops (Ictidosu-
ment was found by Broom (1941) to ex pecin ; C

; A : ‘< fact has also been confirmed in a section through the

choides) intermedius and this fact has & 3 S :
: : hops intermedius 1N the collection of Mr. S. H.
snout a specimen of [Ictidosuchops 1t : ificati dividi t
Rub: ‘o edees of the maxillo-palatine ossification (no dividing suture
ubidge. The median edges he lateral edges of the internal choanae, and pos-
could be indentified) underlies the d backwards to form an outstanding ridge on
teriorly this median edge 18 continue

the palatine which_ terminates immediately ant(;riror tgla?;e suborbital fossae. This
fidge most probably supported E}t f}es}g}g eCSEé)yage plainly visible and form the
In ventral view the exoccipitals (=~ lar foramina. One of the most important

. . the jugual rar : b
1r-_msltcrmr E}n(;] -mc(;ll‘ldﬁ li’;“;‘#gsfé?m of]t}%e paroccipital process (P.P.). Medially it 1s
Catures of this S

Y the basioccipital immec!iatc]y behind the
firmly attached tO the lateral edse o dge of this structure is thickened, lacks
basisphenoid tubera

medio-anterior € )
P rfr? cand forms the posteror bo{,deg 5 ?]nr: xgl?:l garlt{cl}i%ﬁ;
perichondral 059“33)"‘paqsi“5 distally from this point the bone Hiates
foramen ovalis (F.O-- 27

aped bone which terminates pos-
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{erminate in two blunt but nt:w:rlhcl_‘*"*s distinet Procesge, -
| ossification 18 absent.  The zmlcnm: or quadrage Drc. i
s further laterally than the posterior process ang for ?
e ; . apainst the medial face of al|

: stance abuts against 1 the quag

an extremely short dis . : : 5
?(gb;:})) The posterior or mastoid process (MAST. PROC.) extends e

i POstery,
i eae articulates with the ventral edge of the sqy.
laterally and but for a millimeter artic g e Squamogy

and posteriorly 1o
which perichondra
(QUAD. PROC.) extent

ANG.
Fig. 2.—Ictidosuchops intermedius. A, occipital view and B, lateral view of the skull, both
natural size. (Key to lettering on p. 180).

The term mastoid process was first introduced by Watson (1931) who observed
it in Scaloposaurus. He considered it for muscular attachment, but since his
material was poorly preserved and the posterior part of the squamosal badly
damaged, the approximation of this process to the squamosal could not be ob-
served. In view of the lack of perichondral ossification on these two processes, it
is more than likely that they were both extended laterally by cartilage so as 0
form definite articulations with the structures towards which they are directed.

A portion of the prootic (PRO.) is visible in ventral view. Immediately
anteriorly to the fenestra ovalis (F.O.) the prootic appears to be firmly connected
to the dorso-lateral edge of the basisphenoid. Anterior to this attachment the ven
tral surface of the prootic has the form of a broad horizontal shelf which as it
passes forward draws away from the basisphenoid and forms the dorsal and laterd!
border to the pituitary fossa. The ventral border of the pituitary fossa is formed
by -the dorsal edge of the basisphenoid, Because of the lack of perichondral ossifi-
cation it could not be ascertained whether the anterior edge of the prootic actually
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makes contact with the basisphenoid anterior to the pituitary fossa so as to com-
letely surgound the pituitary fossa. Identical relationships of the prootic to the
basisphenoid were shown by Watson (1931) to exist in Scaloposaurus. In Bauroides
watson (1931) showed the anterior edge of the prootic suturally joined to the
pasisphenoid. .
Superficially it appears that this form has a particularly large fenestra ovalis.

The anterior, dorso-lateral and posterior borders of this fenestra are formed by
the periotic bones. The ventral border is formed by the basioccipital and basis-
henoid bones. The dorsal portion of this foramen opens directly laterally and the
medial portion directly ventrally. On both sides the stapes (ST.) are in position.
These structures are dorso-ventrally flattened and there is no indication of a.
stapedial foramen. The foot plate of the stapes lacks perichondral ossification and
its dorsal edge nestles firmly into the dorsal and lateral portion of the fenestra
ovalis. Consequently an extremely large portion of the fenestra ovalis is unoccu-
pied by the foot plate of the stapes. It is improbable that the stapes would have
had a cartilaginous extention large enough to cover the entire fenestra and it 1s
reasonable to assume that the medial portion of the large fenestra ovalis represents
an unossified portion of the ventro-lateral wall of the cranium. If this is the case
then the fenestra ovalis is completely surrounded by the otic capsule. The sec-
tioned skull (section IV) supports this interpretation. The main distal part of the
stapes is separated from the main body of the quadrate by a wide space, but a
slender and poorly ossified process of the stapes is directed towards the quadrate.
This is most probably the extra-stapedial process which in life was continued by
cartilage to obtain an attachment with the tympanic membrane. In view of the
great distance which already separates the stapes from the quadrate it is unlikely
that the stapes had been forced laterally and thereby exposed the extremely large

fenestra ovalis,

Side wall (Figs. 2B & 4A)

In side view the skull is depressed in the temporal region. This is most
probably due to dorso-ventral pressure subsequent to death, but since no marked
dislocation of the individual bones in this region could be discerned, no attempt
has been made to reconstruct this region.

A feature of the maxillae (MAX.) are the small foramina in the ventral region
of the bone for the transmission of the branches of the fifth cranial nerve and
blood vessels. Two large anterior foramina open forwards and two posterior
open downwards. Watson (1931) described similar foramina in the maxilla of
Ericiolacerta and Scaloposaurus and claimed that these foramina could be ex-
plained by “ . . . existence of a series of important tactile sense organs grouped
around the end of the muzzel, that is what in a mammal would be called a rhina-
rium”, Clearly visible in this view is the bulbous nature of the prefrontal and the
small size of the lacrimal. The jugal is slender. That portion of the squamosal
supporting the quadrate and quadratojugal is extended downwards to a horizontal
plane almost coincident with the ventral border of the lower jaw. A small quadra-
tojugal (Q.J.) is visible in Jateral view. From the suspensorial region of the
squamosal, the posterior edge of this bone passes latero-posteriorly and slightly
ventrally to form a distinct process which articulates with the mastoid process. This
is best seen in the view of the occiput (fig. 2A).

In figure 4A an illustration of the posterior region of the side wall of the skull
is given with the temporal arcade removed in order to expose the side wall of the
brain case. Clearly illustrated here is the relationship of the transversum to the
other palatal bones. Posteriorly the transversum has a long sutural connection with
the transverse ramus of the pterygoid, dorsally with the jugal and lacrimal and
anteriorly with the palatine and maxilla. The quadrate ramus of the pterygoid
(Q.R.P.) has the form of a thin vertical plate of bone. The posterior termination
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deulates with the lateral end of the paroccipi
he quadrate (P I. PROC.)Y. The relations - Progegg

prfn_:r:ss :;_nd the lateral opening to the I’i‘llt'".. the plcry;,t". dng
The epipterygoid (EPL) is a broad flat pl ltlit“.-y fossa ils o
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third process of the squamosal (SQ. PROC. 3) lies against the ante

ke rior
anterior wall of the paroccipital process. The ventral face of the

kol ral portion of the ini
process which forms the base of the “U” is fairly thin, paroccipital

ANT. W.PP.

Fig. 4 —Ictidosuchops intermedius. A, lateral view of the skull with the infratemporal bar

removed to expose the brain case and B, inner view of the posterior portion of the
lower jaw, both x2. (Key to lettering on p. 180).

Projecting forwards below the parietal and clearly visible in side view, is the
anterior termination of the dorsal region of the supraoccipital (SUP. OCC.).

Within the orbit a series of four sclerotic plates (SCL. PL.) arranged in a circle
are visible. Each one is separated by a short distance from the other. Unfor-
tunately these plates are not well preserved and it is impossible to say from this
specimen alone whether each of these plates is made up of small closely amculqted
ossifications or not. Broom (1941) has illustrated a series of small closely articu-
late;l sclerotic plates in his description of Ictidosuchops (Ictidosuchoides) inter-
meartus.
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Dentition (1. £
The dental formula

are simple conical and slightly cecurved teeth,  Anterior (o .
three small canines in the maxilh, I'he inctsors are -"'“L‘hug
erior to the canine.  The main canine i y
< directed slightly posteriorly. The Il\:; A
main canine by a diastema of 3 m:\“"
There is no evidence of dentl su::.'

The HICTROS
wain canine there are .
lareer (han the three small canmes an
sturdy sabre-shaped structuee with its ape
Pk‘*ﬂChﬂiﬂC::. wlhich are su‘;‘:u‘:ucd.h‘nm l.h\cl
are all simple conical sharply pointed teeth,

COSSION,

Ovviput (Fig. 2\)
well illustrated in this view 18 g cro
squamosal, - the probable reason that this 0DsC

' Jightest crushi t(he material wou
is that the shghtest crushing of the ol Would Cisoedle
The articulation of the quadrate process of the paroccipital with the quadrate i

also well shown in this VIeW. Although this f“T_f“ ‘P"“{“‘fhl?' ‘h;l'ld s :fi{u:};: functional
occipital condyl, it is quite clear that the \\1ll}gl|:t\\\t1lg of the, m:-l:!{u.}p*»tul from the
formation of the condyl has u!ycady begun ste ll}t.. I’_tjhtbfmf QURES of the exoc.
cipitals form distinet articular facets. I'he Slll“_il”“'-ul“ffl‘h and II‘L‘llﬂllt' bones are
fused. There appears (0 be no su!u:.’ul connection between the supraoccipital and
(he interparictal, but the supraoccipital does appear to be fused 1o the tabulars,
The main body of the squamosal which forms the pu_\::lr:m-lulcr:ll corner of the
skull is ::Iighth" concave.  This is probably indicative of the course of the externgl
quditory meatus. The squamosal is drawn downwards as a support for the quadrate,
An identical arrangement Was shown by Watson (1931) to exist in Scaloposaurus,

The ventral portion of the tabular abuts against the medial border of the
squamosal. The post-temporal fossa is bordered by the paroccipital ventrally, the
supra-occipital and periotic medially and dorsally and the tabular and squamosal
laterally. Because of the large anterior posterior extent of the paroccipital process
and the vertical anterior wall (ANT. W.P.P.) of this structure a large cavity or
sinus is formed within the occiput.

In posterior view the quadrate is “T" shaped with the horizontal component
of the T forming the articular facet for the articular. A slender process from the
quadrate extends towards the stapes. The vertical component consists of a high
longitudinally orientated plate, the dorsal edge of which fits into a shallow pocket
in the squamosal. The relations of the quadrate to the squamosal are illustrated
in fig. 4B. It will be scen in this figure that the dorsal part of the quadrate 1S
supported by the squamosal both laterally and dorsally while the median face of
the quadrate 1s exposed and is supported by the quadrate process of the paroccipital
Extending fnnmrds and slightly medially from the main body of the quadrate 18
a thin vertical sheet of bone against the medial face of which lics the quadrate
ramus of the pterygoid, There appears to be no sutural connection between the
two. A small quadrato-jugal is present, but unfortunately it is not well prcscrved»

ation of the mastoid process and the
evation has not been made before
1d dislocate the two structures

the articul

Lower jaw (Figs. 2B & 4B)

The dentary is long and slender and terminates posteriorly in
ced coronoid process (COR. PROC.). 1t has a total length of 80 mm. One ©
the most marked features of this form is the eigantic size of the angular ( NG.)
and the series of ridges and folds upon its outer surface. The palt:.:rn formed B
best understood from the illustration of this structure, Visible below the jugd
in lateral view is the surangular (SUR. ANG.). This structure is separated bY

a well pronoun
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large foramen from the angular. The edge of the surangular which passes ventrally
to fuse with the articular is visible in lateral view behind the posterior edge of the
;mgular.

The postt_:rio_r portion of the lower jaw was separated from the rest of the
skull so that its internal aspect could be studied (fig. 4B).

L The articular (ART))
is slightly broader (latero-medially) than the quadrate so that the entire ventral
porder of the quadrate is in contact with the articular. The articular does not have

a great antero-posterior extent. The greater part of the prearticular (PRE. ART))
consists of a thin vertically standing sheet of bone which terminates anteriorly
between the s-plcmal (SPLE.) and the dentary. A ventral extention of the coronoid
(COR.) overlies a part of the prearticular. Towards the articular region the pre-
articular is considerably deepened dorso-ventrally and from the ventro-anterior
corner of this deepened portion a short process is directed forwards. A horizontal
shelf (H.S.P.A.) (triangular in ventral view, fig. 1B) arises from the dorsal region
of the deep portion of the prearticular and supports the articular. A shallow pit
(fig. 1B) upon the ventral surface of this shelf is probably for muscular attachment.
A horizontal shelf to the prearticular was shown to exist by Watson (1931) in
Scaloposaurus and Ericiolacerta and by Boonstra (1938) in Bauria. The relations
of the other bones constituting the lower jaw can be understood from the figure.

Several features of the skull described above suggest the presence of kinetism.
The paroccipital process is not suturally connected to either the squamosal or
quadrate: a strip of matrix separates the tubular and the squamosal: no sutural
connection is apparent between the supraoccipital and the interparietal: the
supraoccipital is extended forwards below the skull roof and not fused to'it. How-
ever, to confirm this point it was necessary to section a skull of the same or
closely allied species in order that more detailed information upon the nature of
the basipterygoid process, the degree of ossification of the interorbital septum, and
the relationship of the epipterygoid to the skull roofing could be obtained.

The chief skull measurements of this form are:
Total length of skull

. 100 mm.
MaXimum width . sen,  mwa 65 mm.
Minimum intertemporal width 12 mm.
Minimum interorbital width ... ... ... 18 mm.
Premaxilla to the anterior orbital border 54 mm.
Total length of the dentition 40 mm.
Incisors ... ... e e 7 mm.
Canines o ivn e eee aee s ene e e eee 10 mmL
DIaStema ... ... ses  see wse ses see osee owee oaee 3 WML
Postcanines G s e wew e ceew  ew ees 20 I

2 TAXONOMIC POSITION OF Ictidosuchops intermedius
Comparison of the above skull with material described in the literature

s of the skull described above and those of Ictidosuchoides
imerg‘;gfﬁex%g?:lrifg:éul;?Bmom (1940 b) are practically identical. Broom’s speci-
men is sliugiltly narrower, but itf is no:;v csc;;sggc;red that this slight difference is suffi-

; b a ne .
cient to warrant the cr;::;é;o&: dental formula of 1. intermedius as 1. 6, C. 3, PC. 8
: ]E_!room (1940 b) %c only two small teeth anterior to the main canine. How-
claiming that there at {llustrate a premaxillary-maxillary suture. Broom illustrates
ever, Broom does n?1 4. between the posterior large incisor and the main canine,
five large incisors 2 qrawn. Broom gives no indication as to why the first of these
three small gceth are teeth should be considered an incisor. In the new specimen
t}l}lree small mtﬁz{;‘:’:‘ggﬁd in this paper conditions exactly similar to those described
that has been G€*
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. ; nd to exist. However, it is perfectly clear that all the three
Z},‘ allalr?:e% \;fgesf&';led in the maxilla. If we are to consider ?)11 tge premaxilla
teeth as incisors, and in the case of this specimen lll. sefen}s to be tdﬁ‘: only reason.
able assumption to make, then the dental formula of 1. zl:crerme_!us should pe
I.5. C. 4, PC. 8 or 9. Since it is more than probable tbatlt ese a(;l_xfmals InCreased
the length of the postcanine row by adding te_eth posterior y},1 the difference of one
tooth in the postcanine row in the new specimen and in the specimen described
bv Broom is of little taxonomic importance. In the late therocephalians muych
confusion exists at present as a result of giving the dental formula without any
reference being made to the premaxillary-maxillary suture.

Comparison of L. intermedius with the other species of the genus Ictidosuchoides

. Three species have been included in the genus Ictidosuchoides: longiceps,
intermedius and rubidgei. 1. intermedius obtained Iits name from the fact that the
length of its postcanine row lies between that of longiceps and (ubu.fgez. 1. longi.
ceps is a fairly well known species (Boonstra, 1934), but 1. rubidgei consists only
of a snout. Haughton and Brink (1954) have given as a d:agposuc feature _for the
cenus Ictidosuchoides the presence of two small canines anterior to the main one.
= For the reasons tabulated below it appears that intermedius should be removed

from the genus Ictidosuchoides.

1. longiceps I. intermedius

1. Two small canines anterior to the Three small canines anterior to the
main canine. main canine.

2. No primitive secondary palate Primitive secondary palate well de-
[Boonstra (1934)]. veloped.

3. Narrow intertemporal region. Fairly broad intertemporal region.

4. High parietal crest. Parietal crest absent.

5. Complete postorbital arcade. Incomplete postorbital arcade.

Although any one of these characteristics may not have warrented the re-
moval of intermedius from the genus Ictidosuchoides it does appear to be reason-
able that the sum of them is sufficient to warrant its removal.

For I. rubidgei, Broom (1937) claims six incisors in the premaxilla; three
canines and eight postcanines in the maxilla, but in his illustration shows four in-
cisors and five canines, This form is probably best left in the genus Ictidosuchoides
until more reliable material is found.

Relationship of 1. intermedius to the family Ictidosuchidae

Not only does it appear that intermedius should be removed from the
genus Ictidosuchoides but that it should also be removed from the family Ictido-
suchidae and transferred to the family Scaloposauridae. Haughton and Brink
(1954) give as a diagnosis for the Ictidosuchidae the following: “Inferior temporal
and postorbital bars slender, but complete. Large suborbital vacuitics. Long and
large temporal fossae. Large pineal foramen”. The only requirements which
intermedius fulfills to warrant its inclusion in the Ictidosuchidae are the slender
infratemporal bars and the large suborbital vacuities, but these characteristics are
also found amongst the members of the Scaloposauridae. In Choerosaurus dejgeri
(Haughton 1929), Ictidosuchops watermeyri (Broom, 1941), Scaloporhinus angulor-
gatus (Boonstra 1953) and Tetracynodon tenius (Broom and Robinson, 1948), all
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members of the Scaloposauridae, the infratemporal bar is slender,
saurus (Watson 1931) itself the suborbital vacuites are extremely large.

The marked features which distinguish intermedius from the members of the
Ictidosuchidae are: (1) the presence of long and large temporal fossae in the
Ictidosuchidae, while those of intermedius are short: (2) the presence of a primitive
secondary palate in intermedius which is absent in the Ictidosuchidae.

Taxonomic position of intermedius within the Scaloposauridae

Having established the fact that intermedius should be removed from the
Ictidosuchidae and placed within the Scaloposauridae, the taxonomic position of
this form within the Scaloposauridae must be discussed, but before doing this a
few remarks on this interesting and important family are relevant.

The Scaloposauridae according to Haughton and Brink (1954) are character-
ised by the following: “Skull small, Snout usually long. Intertemporal bar fairly
broad. Postorbital bar either complete or incomplete, but always feeble. Secondary
palate in the process of development. Teeth numerous and pointed, with one or
two small canines in front of the main canine. Pineal foramen present or absent”.
The characteristic “ . with one or two small canines in front of the main
canine” is not a reliable feature since both Scaloposuchus rubidgei (Broom, 1940)
and Tetracynodon tenuis (Broom and Robinson, 1948) have three small canine
anterior to the main canine. Consequently there is nothing in the definition of the
family Scaloposauridae to exclude the inclusion of intermedius.

Unfortunately as a result of the overall poor state of preservation of the
Scaloposauridae and the lack of information as to the exact horizon in which they
occur, the classification of this family is extremely difficult. Watson (1931) has
pointed out that it is a family stretching from the Endothiodon to the Lystrosaurus
zones bridging the gap between the typical therocephalians and the bauriamorphs.
The occurence of a great deal of diversity within the Bauriidae suggests very
strongly that in the Scaloposauridae we are dealing not with a simple phylogenetic
line, but rather with several lines of parallel evolution all developing in a “bauria-
morph-like” direction. As a result of this added difficulty it is convenient to divide
the family into four stages of advancement. A grouping of this type does not
imply a close phylogenetic relationship between the forms included in a single
group, but does illustrate the different stages of development. Forms which are
poorly known such as Ictidognathus parvidens, Ictidostoma hemburi, Nanictoce-
phalus richardi and Polycynodon elegans have not been included in this grouping.

Group A

Icticephalus polycynodon (Watson, 1931; Boonstra, 1934) and possibly
Silpholestes jackae (Broom, 1948) can be placed together in the most primitive
group. They are characterised by the following:

In Scalopo-

1. Postorbital arcade complete (?).

2. Pineal foramen present.

3. Outstanding canine.

4. All maxillary teeth simple sharp cones.

5. Apparently no development of the secondary palate.
Group B .

In this more advanced group the following forms may be included: Choero-
saurus dejageri (Haughton, 1929), Ictidosuchops bauroides (Broom 1940b), I.
watermeyeri (Broom 1941), Nanictidops kitchingi (Broom 1940a), Pelictosuchus
paucidens (Broom 1940), Secaloposuchus rubidgei (Broom 1940a) and possibly also

the very poorly known Scalopcephalus watsonianus (von Huene, 1938). This group
is characterised by



Postorbital arcade incomplete,

Pincal foramen present,

OQutstanding cauiulc. Sl sl R

.?‘[rli|:::E‘i:'lcll::;i‘n:;;;lu‘lybll:;lli;lw present. (l'l_lis ‘f-t‘:llurc has not been conflirme
in all the specimens wcluded within ‘I!l."f :leuaixl-}:wdq the postorbital

6. A short spur on the jugal which s (!I.I?L;ltl} 1.:‘ ard ¢ pos ital.

7 All these forms come from the Cistécephiaties ZOTE.

O R

Group C :
In this advanced stage is included: Scaloposaurits constrictus (Watson, 1931,

Broom, 1930). S. hoffmanni (dvsﬁ:‘i;w}h_wu later In ‘Ill'fl.\‘_. ;-):1‘|1c..r‘).i :llml also possibly
Cybrasiodon boveei (Broom, 1932). I'his group is charactensed by

Postorbital arch incomplete.

Pincal foramen absent.

No outstanding canine, . .
Some of the postcanine teeth are .cuspcd. (This is the reason for (he in.
clusion of Cyvbrasiodon within this group).

Primitive secondary palate present (Broom, 19306).

No dorsally directed spur on the jugal, '

Scaloposaurus is found in the Lystrosaurus zone. This Im;: recently been
confirmed by Mr. J. W. Kitching who discovered a practically complete
skull and skeleton of Scaloposaurus sp. in this zone.

Group D

Whether Ericiolacerta parva (Watson, 1931) should be placed within the
Bauriidae (Watson) or Scaloposauridae (Haughton and Brink) is uncertain, but it
can certainly be considered as the most advanced scaloposaurid that is known, It
is characterised by

1. Incomplete postorbital arch,
No pineal,
No outstanding canine,
Molariform cusped postcanines in the maxilla; simple tricuspid teeth in
the lower jaw,
Advanced secondary palate with the vomers, palatines and maxilla con-
tributing to ite formation.,
No dorsally directed spur on the jugal.
This form comes from the Lystrosaurus zone.

Sc‘a!o;mrhfm{_s' angulorugatus  (Boonstra, 1953) and Tetracynodon tenuis
(qum_and Robmsgm, 1948) both appear to be closely allied to Scaloposaurus, but
dare distinct from this genus and every other genus of the Scaloposauridae in that
the lacrgma] meets the nasal.

Quite clear!y intermedius falls into the second group of development within
the Scaloposauridae and the genus to which it appears to be most closely related
18 Ictidosuchops. The three species, rubidgei, baurioides and watermeyeri which
are included in the genus Ictidosuchops are not well known, but the external

tsla:;'lll?;f a;)gmr;;z ::r}tz)eﬂszely gilh‘ti}nsc of intermedius. n I. baurioides the skull is
_ : en the infratemporal bars : ' it i |
slightly less than in intermedius. ) e e g osbi WG

L6 C 3 In L. bauroides the dental formula is given as
presew'ed",ﬂﬁ; :I?é lraut :hel?r""”!’“”ﬂl‘y and anterior maxillary regions are poorly
an to create a n.a:wmr:1 xt, Hig Chie formula is best reparded as tentative. Rathef
genus for intermedius and in view of the apparent relation-

Ship between -

cen ntermediug and Jofi

- ; U ctidosucho 0 i s > at inters
dtus be tentatively included within tlli‘: lgiin[:;:!‘rftjltfc"?' 1L 1s proposed that infer

"-:JJ!J'_'

N2

N v Awre
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<rUDY OF THE SKULL OF ICTIDOSUCHOP
P F T BIE AID OF SERIAL GRINDING D18

Olson (1944) has described in great detail several therapsid skull i

studied with the aid of sen.al sectioning. Although Olson sccliioned a fh:rg::ih hg?

it came from the Tap_mocephalus zone and was not identified. Consequgnl
loposaurid from the base or middle Cistecephalus zone with thf;

the study of _ell sca PO d, fron :
aid of a similar 16¢ nique is of interest especially since this technique ca
many features which cannot be observed in a dissected specimen. q n reveal

Unfortunately the skull (B.P.I. 268) of I. intermedius to be described in this
shed dorso-ventrally but in no way seriously damaged. The

section was slightly crushed
calistone” and ground away at intervals of 285 u with the

skull was embedded in one
aid of the Croft Parallel Grinding instrument. Enlarged drawings (x 25) were

made of the sections on wax plates. These were cut out and superimpo
an enlarged model of the original skull, Only the posterior hglf (:vfptl;se{3 iﬁﬁf’:ﬁ
sectioned; the right half trz-msversely and the left half longitudinally. In this way
many of the inaccuracies introduced could be corrected. Unfortunately a fairly
Jarge margin of error is introduced with the use of wax plates and consequently
the drawings that have been given of this model should not be used for taxonomic
purposes, but the interrelationship of the different entities of the skull are well
shown and their actual proportions can be obtained from the dissected specimen
has been made in the illustrations of this model

of the same species. No attempt
to place slightly dislocated structures such as the quadrate back into their true

position or to compensate for the crushing of the skull.

1 DESCRIPTION OF THE SKULL

Skull base (Figs. 5A & 6A)

The posterior portion of the basioccipital is dam

details of condyles could be given. No suture between the basioccipital and the
A narrow space separates the basioccipital

exoccipital could be distinguished. [
tubera from the basisphenoid-parasphenoid complex (BS-PS.) and more medially
a faint suture between the two entities is visible. In longitudinal section the suture
dividing these bones is only visible on the ventral surface. There is 10 indication
of the unossified zone found by Olson (1944) in a therocephalian and in several
other therapsids. A pronounced process directed dorso-laterally arises from the
dorsal surface of the skull base (DOR. SEL., fig. 6A). Olson (1944) found a simi-
lar process it was formed by the basi-

in a therocephalian but in this specimen
cranial processes of the periotic. In the present specimen a clear suture separates
the periotic from the skull base, and consequently the process 1 the present Specl-
men can be regarded a true dorsum sellae. In the ox:g_lon of the mten;la}l Cal'(i!lldi.
th i i nstricted. A clear parasphenoid 15 present as a thin vertica
o Batisphienon een. i ina; it continues forward below the

- two C . i
ridge of bone between, the oids and a short parasphenmdal rostrum projects
laterally to

basioccipital between the pteryg ) :
i i i i i flares out

into the interpterygoid vacuity. Anteriorly the basisphenoid rally
form two ]arge gl%ipterygoid processes (BP- PROC., fig. 5A & C). 'anh; aji'ilnc}ll_ﬁlé
of the basisphenoid and Eterygoic] is 1 .
ventral surface of the bas;ptelrygé:_ud pr
with th x of the triangle dif _
p:ocess cisaspifew?l in fig. 5C where the ptcrygmds have been rempved.a I?(;:cept for
a narrow strip posteriorly the entire yentral surface of the basipterygol d_plroc:fss
is covered by the pterygoid. This ventral syrfiacq ha:pzrgzi zﬁnﬁl?ﬁerﬁ r:; l % Ogre:

 fie. 5C, D, E & F) which posteriorly 1S s . )

ignEgc;’ﬁcffasisphenoid by a distinct groove (GR.) opening ventro-medially. In

aged and consequently no
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e e

| ' ] i i i kull recon-
Fig. S—lctidosuchops intermedius. A, ventral view and B, dorsal view of the skul e
structed in wax plates. D, E and F, sections through the basipterygoid aIXGUI:é“’;‘
The levels of these sections are indicated by the parallel lines in figs. a
All x14. (Key to lettering on p. _180).
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an ame_rior di‘rcztjlinn tlhis\:groove deepens consider_ably and anteriorly the basi-
pterygoid process continues forward for a short distance as a separate process
This region is Indicated by an arrow in fig. 5C. ’
Not only does the pterygoid lie upon the ventral surface of the basipterygoid
process, but its medial edge curls around the free standing medial edge of the
basipterygoid process. Since the relationship of the pterygoid to the basipterygoid
process is rather dlff_lcult to understand three transverse sections through the
basipterygoid articulation have been given (figs. 5D, E & F). The positions of
these transverse sections are shown in figs. 5A & B by three parallel lines lettered
D, E and F, (only the one half of the skull is shown in the sections). In fig. 5F
the beginning of the free standing edge of the basipterygoid process (F. EDG.) is
shown. In this region the posterior portion of the pterygoid is crescent shaped
and fits around this free standing edge. In fig. SE the groove between the free
standing edge and the dorsal portion of the basisphenoid is well shown. The
medial edge of the pterygoid extends well into this groove. In fig. D the
basipterygoid process is separate from the rest of the basisphenoid and in this
region the medial edge of the pterygoid extends dorso-medially beyond the horizon-
tal level of the dorsal surface of the basisphenoid. This dorsal extention of the
pterygoid is also shown in figs. 5B and 6A & B. Anterior to the basipterygoid
process the basisphenoid takes the form of a thin horizontal plate. The parasphe-
noid is fused to the under surface of this plate. This region of the basisphenoid
extends a short distance into the interpterygoid vacuity. The postero-lateral edge
of the basipterygoid process almost establishes contact with the antero-ventral
process of the periotic (A.V.P.) to enclose a lateral opening to the pituitary fossa
(PIT. FOS,, figs. SA & B and 6A). An open contact is present between the medial
edge of the pterygoid process of the epipterygoid (P.P.E., figs. 5B & E) and the
basipterygoid process. :

The periotic

The periotic is a large single ossification; Olson (1944) also found no dividing
sutures in this structure. A sutural connection exists medially between the periotic
and the exoccipital and dorsally between the periotic and the supraoccipital (fig.
6C). Ventrally there is a sutural connection between the basioccipital and the
periotic posterior to the foramen ovale. Anterior to the foramen ovale there is a
sutural connection between the periotic and the parasphenoid-basisphenoid com-
plex (BS-PS., fig. 5A). Anterior to this connection the periotic (Antero-ventral
process of the periotic) draws away from the basisphenoid to form a dorsal boun-
dary to the lateral opening (L.O.P.F., fig. 5F) of the pituitary fossa (PIT. FOS.,
fig. SA & F and 6A). Anteriorly the antero-ventral process of the periotic all but
establishes contact with the basipterygoid process.

In the description of the dissected specimen of Ictidosuchops intermedius,
mention was made of the large fenestra ovalis which was far larger than the foot
plate of the stapes. It was concluded that the medial portion of the large_fenestra
ovalis represents an unossified region of the ventro-lateral wall of the cranium and
in life was probably closed by cartilage. The sectioning of a skull confirms this
opinion. In the sectioned specimen the large fenestra is divided into two by a
slender strip of bone (STR., fig. 5A). This structure could quite easily be destroyed
during mechanical preparation. The lateral foramen undoubtedly is the foramen
ovalis (F.O., fig. 5A) aqd the medial foramen (U.S.W.) an unossified portion of
the side wall of the brain case. It follows, therefore, that the foramen ovalis in
this form is completely surrounded by the periotic as in mammals and that the
basioccipital and the parasphenoid-basisphenoid complex do not enter the forma-
tion of its ventral border. If these results are conf:rmcd In other scaloposaurids it
will be of particular interest since in all the therapsids sectioned by Olson (1944)
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the medial border of the fenestra ovalis was formed by the basioccipital; in cyng.
donts the periotic very nearly surrounds the fenestra.

The anterior wall of the periotic is best shown in fig. 6A. In this figure the
nner view of the right half of the brain case is shown. Two processes, both directed
forwards arise from the anterior region of the periotic; a stout ventral process, the
antero-ventral process of the periotic (AV.P), and a slender dorsal process, the
antero-dorsal process of the periotic (A.D.P.). The ventral edge of the antero-
ventral process forms the dorsal border to the lateral opening to the pituitary
fossa. The base of this process is penctrated by a small foramen, probably for
the facial nerve (VD). The antero-dorsal corner of the antero-ventral process is
drwwn out into a distinet process (PIL. ANT.); this process is considered by Olson
(1944) to be an ossification of the pila antotica (pleurosphenoid). Seen in ventral
view the antero-ventral process is roughly triangular (fig. SA) with the apex of the
trangle directed forwards.

QUAD PROC

/
MAST PROC

Fig. 6.—lcridosuchops intermedius. A, view of the brain case from the middle line, B,

anterior view of the posterior portion and C, occipital view of the skull recon-
structed in wax plates. All x14. (Key to lettering on p. 180).

A wide and deep incisura prootica (INC. PRO) separates the antero-dorsal
and antero-ventral processes. This incisura is not visible in lateral view as it iS
entirely covered by the epipterygoid. However, a wide space, the cavum epipteri-
cum (CAV. EPIL, fig. 6B), is enclosed between the two lateral processes of the
perotic and the epipterygoid. The ganglion for fifth cranial nerve was probably
situated in this space. Dorsal to the antero-dorsal process a shallow depression 1S
formed in the antero-dorsal wall of the periotic. The expanded dorsal portion of
the epipterygoid fits into this depression so that in this region the epipterygoid
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forms part of the side wall of the brain case itself (see fig. 6A). A similar condi-
tion is found to exist in cynodonts. Olson (1944) describes a deep notch above the
incisura prootica whlch is bordered dorsally by a projection of the prootic forward
below the interparietal. No such process was found in the sectioned specimen.
In fact the anterior border of the periotic in the sectioned specimen agrees far more
closely with that of a cynodont than with any other specimen sectioned by Olson.

The termination of the paroccipital process of the periotic by both a quadrate
and mastoid process is confirmed in the sectioned animal. In fig. 7C a transverse
section through the quadrate process of the paroccipital is given. The lateral sur-
face of the quadrate process is in contact with the medial surface of the quadrate
and no contact between this process and the squamosal was observed. The mas-
toid process (fig. SA and C) is prominent, but contact between it and the mastoid
process of the squamosal (M.P. SQ., fi_g. 6C) has been lost as a result of dorsal
pressure. Although Olson (1944) described contact between the paroccipital pro-
cess and both the quadrate and the squamosal he makes no mention of two
separate processes in the forms he studied.

The supraoccipital has a long forward extention below the interparietal in the
form of an open joint (fig. 6A). Medially this process of the supraoccipital has the
form of a thin horizontal plate (SUP. OCC.,, fig. 6B) while its lateral edges are
considerably thickened. These thickened lateral edges are indented by a fairly wide
groove which in life probably received the dorsal end of the epipterygoid. Unfor-
tunately since the skull is slightly crushed this point could not be confirmed. A
wide fissure separates the dorsal border of the periotic and the ventral border of
the anterior process of the supraoccipital.

Quadrate and Epipterygoid

Little additional information could be obtained about the quadrate from the
sectioned specimen and this structure is unfortunately slightly dislocated from its
pocket in the squamosal. Well shown, however, is the pterygoid process of the
quadrate (PT. PROC,, fig. 5A). The quadrate ramus of the pterygoid lies against

the medial surface of this process. Unfortunately the quadratojugal is missing in
the sectioned form.

Viewed laterally the epipterygoid consists of an expanded ventral portion, a
broad ascending ramus and a slightly expanded dorsal portion (fig. 7B). The
posterior edge of the expanded dorsal portion (EP. S.W.) fits into the shallow de-
pression in the antero-dorsal wall of the periotic and consequently forms part of
the true lateral wall of the brain case. The ascending ramus (A.R.) forms the
side wall to the cavum epiptericum. The ventral edge of the central portion of
the epipterygoid overlaps the pterygoid laterally (fig. 5F). A stout pterygoid
process of the epipterygoid (P.P.E.) passes forward on the dorsal surface of the
pterygoid. Near its junction with the ascending ramus this process is fairly slender,
but more anteriorly it flares out to form a wide plate lying upon the expanded
portion of the pterygoid in the region of the basipterygoid articulation (see fig 5B).
This expanded portion of the epipterygoid is in contact with but is not suturally
connected or fused to, the lateral edge of the basipterygoid process (fig. SE). The
pterygoid process of the epipterygoid terminates a short distance in front of the
basipterygoid articulation, a short but deep quadrate process of the epipterygoid
(Q.P.E.) extends backwards upon the lateral surface of the pterygoid. Above the
quadrate ramus t}lere 1s a shallow notch (V, II & IIL, fig. 7B) in the base of ascend-
ing process. This most probably lodged the maxillary or both the maxillary and
mandibular branches of the trigeminal nerve during life. This feature was not

observed in the dissected specimen, but could quite easily be destroyed by mechani-
cal prcparatlon.
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Dermal bones of the skull

A thin splint of the parietal (PAR. EXT, fig. 5B) extends backwards tq
obtain a sutural connection with the squamosal (5Q. P ROC. 1). Both the squa.
mosal and the parictal are separated by a narrow split (T-S. S.) from the tabular,
There appear to be a sutural connection between the tabular and the supraoccipita]
and an open joint appears to exist between the tabular and the interparieta]
although this region is not well preserved. A thin and narrow projection of the
tabular extends downwards alongside the mastoid process of the squamosa]
(M. P. SQ.) and forms the lateral wall to the post-temporal fossa. The three
medially directed processes of the squamosal (SQ. PROC. 1, 2 & 3) are well shown
in fig. 6B. It has already been mentioned that an open joint exists between the
supraoccipital and the dermal bones of the skull.

The sphenethmoid complex

An ossified sphenethmoid complex was dislocated from its true position, It
consists of a ventral median plate and two dorsal crescent shaped wings, Although
the ventral edee of the medial plate probably rested upon the dorsal edge of the
parasphenoid-basisphenoid complex, this association could not be ascertained
because the ventral edge of this medial plate is poorly ossified and in life was
probably continued ventrally by cartilage. It is possible that the sphenethmoid
complex was continued forward, but the anterior region of the skull was not sec-
tioned. Olson (1944) has studied the sphenethmoid complex very thoroughly in
several therapsid orders and the author is in agreement with Olson that the crescent
shaped wings are homologous with the orbitosphenoids, and the median plate with
the presphenoid of mammals.

2 KINETISM IN THE SKULL OF Ictidosuchops intermedius

The sectioning of the skull of Ictidosuchops has revealed that it consists of two
segments; a maxillary segment and an occipital segment. The occipital segment
consists of the occipital ossifications, the tabular, the periotic, the basisphenoid and
parasphenoid. The rest of the skull forms the maxillary segment.

Articulation between the two segments is found at the following places:

Between the quadrate process of the paroccipital and the quadrate.
Between the mastoid process of the paroccipital and the squamosal.
Between the tabular and the squamosal and the lateral extention of the
parietal.

Between the tabular and the interparietal.

Between the dorsal edge of the epipterygoid and the lateral edge of the
supraoccipital.

Between the pterygoid process of the epipterygoid and the basisphenoid.
Between the pterygoid and the basipterygoid process.

Between the supraoccipital and the interparietal.

Since the ventral edge of the presphenoid is probably cartilaginous and the
orbitosphenoids do not appear to be fused to the frontal dorsally, the spheneth-
moid would not rigidly connect the two skull segments. In view of the fact that
the skull consists of two segments which are in no place fused to one another 1t
is reasonable to conclude that kinetism was present in this form.

Versluys (1912) considered that kinetism was a means by which the jaws
could be opened wider than by simply dropping the lower jaw and although this
is most probably the correct interpretation for most of the diapsid reptiles and their
derivitives it does not appear to be the case in the scaloposaurid specimen described
above. Here the amount of possible movement that could take place between the
two segments is small and the most probable interpretation is that a slightly kinetic
skull would absorb the shock when an exceptionally hard bite was taken.

PN LA W
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With all the open joints in the skull it is difficult to imagine that no move-
ment within the skull took place, but it is difficult, however, to be quite certain
as to how the maxillary segment moved relative to the occipital. 1In fig. 7A an
attempt has been made to illustrate kinetism in Ictidosuchops. A simple pivoting
of the maxillary segment around the paroccipital processes could not take place
because the nature of articulation between the pterygoid and the basipterygoid

r
s _ .
ot L W KATE R~

C.

Fig. 7.—Ictidosuchops intermedius. A, diagram to illustrate kinetism in this form, B, epiptery-
goid of the skull reconstructed in wax plates and C, transverse section through the
right half of the skull. A, not to scale, B and C, x2. (Key to lettering on p. 180).

processes would prevent direct vertical movement in this region. However, a slight
forward movement of the maxillary segment would free the pterygoid from the
basipterygoid joint sufficiently to allow dorsal movement to take place. Further,
a very slight movement in this region would allow fairly considerable dorsal move-
ment of the snout.

If the form of kinetism found in Ictidosuchops is to act as a shock-absorber
system then there must be an effective system to stop movement within the skull
once the initial shock has been absorbed. This could be effected by the basiptery-
goid articulation which would not allow much movement, the dorsal end of the
epipterygoid being firmly pressed into the groove on the lateral surface of the
al:;teri%r lextemion of the supraoccipital and the squamosal being forced against
the tabular.

_ With the lifting of the snout there would be a slight depression of the pos-
terior portion of the maxillary segment. The nature of the junction between the
supraoccipital and the interparietal, the tabular and the squamosal and the squa-
mosal and the mastoid process would allow a limited ventral movement of the
maxillary segment to take place in this region,
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1944) sectioned many specimens of therapsids and fOund
above section, he makes no mention of Kine
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Although cribed in the )
that the pelycosaurs have a skull constryctj,,

» joints des
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almost identica

MAMMAL
Fig. 8 —Comparison of the lateral views of the skull of a mammal and a scaloposaurid. No
scale. (Key to lettering on p. 180).

he claimed did exist: the supraoccipitals are considerably expanded and the
sphenethmoid complex is ossified and fused to the skull base and to the frontals.
In the form Versluys studied he claimed that the ossified sphenethmoid complex
united the two segments of the skull and ruled out any kinetism taking place but
since the skull had the build of a metakinetic one, he concluded that the ancestors
of the pelycosaurs must have had kinetic skulls. The findings of the present paper
confirm to a large extent the findings of Versluys in that the skull has a metakinetic
build, however, the scaloposaurid studied does appear to be kinetic because the
sphenethmoid complex is not well ossified. The only real difference between a
typical metakinetic skull and the one studied in this paper is that the tabular forms
part of the occipital segment and not the maxillary segment.

II} is of interest at this stage to compare the skulls of a scaloposaurid such
as Ictidosuchops with that of a mammal (fig. 8). The most outstanding difference
between the two skulls is the relatively large brain of the mammal and the com-
paratively small brain of the scaloposaurid. Associated with this feature, the skull
of the mammal is designed to give greater protection to the brain. The frontals of
n;a:]nmals are extended downwards and sideways to form part of the lateral wall
e Bl st e ot e, nlrsaald beten i oancaton S
botice ft)mlfné Galt dc)r!zﬁbp ienoid. In the scal.oposaunds the ffontals are sma
relatively large I?:tcrcal'tsd %overmg (P e Lo cass; e orbiissphenots a{;
anteriorly and the s u'ntl " al etween the palatine, pterygoid and orb'thpheno‘ld
(epipterygoid). Tn the qsc.fa;md posteriorly in mammals is a small alispheno!
rounding bones e hoposaund_s the epipterygoid is fused to none of the sur

XCept the pterygoid and therefore, the brain case is not €O
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pletely closed laterally. In these forms the epipterygoid is wid
the squamosal. In the scaloposaurids a long quadiate . Y Separated from

) : g quadrate ramus to the pte id i
present while in mammals this ramus is absent, In mammals the pteryg%icﬂgt}lusel;
to the skull base while in the scaloposaurids an open joint exists between these two

entities. It is reasonable to assume that these above mentioned differences between
the scaloposaurid -and mam‘mahan skulls are associated both with the increase in
the size of the brain, and with the strengthening of the skull.

The following changes would have to take place in the scaloposaurid skull in
order to firmly connect the two segments; a sutural connection between the skull
base and the pterygoid, between the skull base and the presphenoid, between the
frontals and the orbitosphenoids, between the orbitosphenoid and the epipterygoid,
between the epipterygoid and the squamosal, and between the supraoccipital and
the interparietal. It appears reasonable, therefore, to assume that a loss of kine-

tism could probably account for the above mentioned differences between the
skulls of scaloposaurids and mammals.

In view of the fragmentary knowledge of the detailed structure of advanced
mammal-like reptiles it is perhaps too early to speculate as to why the two sections
of the skull fused in the development from therapsid to mammal, but the follow-
ing theory is tentatively suggested. This theory is based upon the assumption that
mammals could be derived from advanced scaloposaurids and not a form such as
Bauria cynops which appears to be too specialized to be ancestral to mammals.
The basis for this assumption has been fully discussed in a paper on the Ictido-
saurs which will appear shortly. Kinetism is a useful adaptation in a carnivorous
animal such as Ictidosuchops intermedius in which a large canine is present and
which has a relatively flimsy skull in that it is a mechanism by which the shock
placed upon the skull will be absorbed, when an exceptionally hard bite is taken.
As long, therefore, as kinetism is of functional importance, it will probably be re-
tained. For mechanical reasons it would be difficult if not impossible to retain
both kinetism in the posterior region of the skull and at the same time increase the
size of the brain, for although it is possible to bend a structure such as the spinal
column in which the majority of the fibres run parallel, it would be more difficult
to bend a complex structure such as the mammalian brain without causing damage.
It was shown in the general section on the scaloposaurids that there is a tendency
in the advanced forms such as Scaloposaurus and Ericiolacerta to decrease the size
of the canines to such an extent that they cannot be distinguished in size from the
postcanine teeth. A decrease in the size of the canines is accompanied by an over-
all decrease in the size of the skull. In these advanced scaloposaurids it is reason-
able to assume that kinetism would not be as essential as it is in those forms with
large canines. With the necessity of the kinetism removed it is possible that the
two skull segments could unite, either at the advanced scaloposaurid stage or in
the descendant of this stage, and allow the brain to enlarge. Unfortunately the
advanced scaloposaurids have not been studied in sufficient detail (serial grinding)

to ascertain whether an incipient fusion between the two segments has already
taken place.

In this paper the discussion of kinetism has been limited to the scaloposaurids
and no reference has been made to kinetism in early therocephalians and in other
therapsid suborders. However, Parrington has been studying the problem of kine-
tism in mammal-like reptiles for several years and has a great deal of evidence
(correspondence with Mr. Parrington) to support the contention that kinetism is
present in at least some of the gorgons, anomodonts and cynodonts. In contrast
to the results given in this paper, Parrington does not find an articulation between
the basisphenoid and the pterygoid, but rather between the basisphenoid and
basioccipital below the unossified zone. In the gorgons and anomodonts the
sphenethmoid complex firmly unites the basisphenoid to the skull roofing. This
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proposed in this paper. 1In the scaloposayy; d
sectioned here is quite clearly no articulation between the basiphenoid ang th

basioceipital and an unossified zone is not present. Parrington is of the view u,;
d and the basioccipital is homologous to

the joint between the basisphenoi _
found in the osteolepids (Watson 1954). In these forms there is also an articyj,.
tion between the palatoquadrate and the skull base. It appears, thcrc_fore, that the
basioccipital-basisphenoid articulation is lost in the diapsids and their derivatiyeg
whereas the other articulation between the palatoquadrate and the skull base i;
retained. In the mammal-like reptiles on the other hand, both of these articyl,.
tions appear to be present, although both have not as yet been found together i,
a single specimen, Despite the fact that the problem of Kinetism in mammal-liks

the presence of two different Kkinetic lines jp

reptiles is far from understood, pres _
mammal-like reptiles presents the possibility that in the future this characteristc
may possibly be employed as an additional feature for the classifying of this order

V SCALOPOSAURUS HOFFMANNI SP. NOV.

1 INTRODUCTION

and figured two scaloposaurid skulls from the Lystro.
the collection of the National Museum, Bloemfontein
ve named them, Broom did not do so. Broom states'
that one of the specimens had a skull length of 55 mm. and the other 46 mm
Broom only illustrated one specimen and if his drawing is to scale (no scale is
given with the drawing), it is the specimen with a skull length of 55 mm, He
claimed that both belonged to the same species. Unfortunately the specimen with a
skull length of 55 mm. has been lost and as neither of the two specimens were
catalogued when they were found we have to rely on the evidence by Broom that
they both came from the Lystrosaurus zone of Harrismith. This is perfectly reason-
able since Mr. J. W. Kitching has recently found a skull and practically complete
skeleton of Scaloposaurus at Brandkraal, Middelburg, C.P. which is clearly inp the
Lystrosaurus zone. Broom claimed (1932 & 1936) that these two specimens be-
longed to the same species as Ericiolacerta parva (Watson, 1931) which was also
f;n:ll; :]1; }n{:;itrrtl;mith. Ahll]]migh the dorsal view of the tw:) skulls is similar, this
e case: inci ;
mentlallyhdifferent o thett:r oef;géss.econdary palate and lower incisors are funda-
_ In this section that specimen with a skull length of 46 mm. has been described
itt:alsso I?smtcbc]e(?; that this specimen belongs to the genus Scaloposaurus, but for
to be discussed later it does not appe b tri
been made the type of new speci B o, domamiafun, MR
25 1o e exacb bt s 5 }c}eg. .}S']._ hoffmanni, and although confusion exists
portance as it adds to what is aIrel;cd tIcIS e G, 1 5 oowmciciogs 6L St
The posterior region of the skﬁll I(IJ(;‘A.’S‘“ ?f 5 s SORoPOI,
L et . hoffmanni is badly crushed and con-
pt has been made to reconstruct th i i

the skull of a young animal as the occipital o e T
to have been firmly connected and ha glpltd e e
ing, The infratemporal ban. s o tve een dislocated by the dorso-ventral crush-
ét 1Is possible, however, to 'givc thg ‘;’S;:;Em;ndlthe Eﬂ*:maxi]]ae are all missing.
: , e len m.

ecause the anterior point of the dentary is prf:serw:c%.t of o' skall e 0

would rule out the type of kinctism

Broom (1932) described
saurus zone. These were in
but as van Hoepen was to ha

2 DESCRIPTION OF THE S
Dorsal view of the skull (Fig. 9A) o

This view : . .
Minor differen &fs ﬂ;ﬁe Sﬁ:ﬂlt ItSh almost identical to that of Scaloposaurus constrictis:
nasal region and that the e skull of S. hoffmanni is not as constricted in "
specimen, There is quite FiOStorbuals do not extend as far laterally as in the type
q clearly no pineal. In the description Ictidosuchops inter-
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as described as having three Medially directeq Processes.
dius the Squamfga\lfe‘;tral processes (SQ. PROC, 1 are found jn the skull
ggth theﬁdor?’}ia The posterior surface of the ventral pro
na .
of S._ horit

20 ocess abutg against the
e of the paroccipital process, Similar conditiong
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R.) is visible
H en (LA(_: FO the
bital, a small lacrimal f?lmnllacrimal is concave andedial
junction with the posm"}‘he posterior border of t cconcavilY- The postero-m
near the lateral gc:,%: stesa ofd process fits into this

anterior border o

a

. goids are missing.
s ept teryqol z a
i he skull the central portions ?cf tt]il-;t F:hpe epipterygoid was
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ini o
The remaining

ipterygoid ex-
i ocess of £uc cpipter noid.
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The palate (Fig. 9B)

The anterior portion of the palate in the type specimen is unknown, hyt B
(1936) has shown that in a section through the snout of a poorly preseryeq s 0
of ?Scaloposaurus constrictus, the palatal plates of the maxillac abuyt ag'
lateral edges of the expanded vomers. In S. hoffmanni and in [. interp
identical relationship was found to exist close to the internal choanac,
through the anterior ends of the maxillae in S. hoffmanni, however, e
the loss of the premaxillae, revealed that the palatal plates of the maxil
region actually meet one another below the vomer. It would be interestin
whether this feature is found in many of the Scaloposauridae or whethe
fined to the advanced forms of this family,

The suborbital vacuities are extremely large and the stout transverse Processes
of the pterygoid form the posterior borders of these vacuities. The basisphenoig }'-,ag
two small tubera at its postero-lateral corners. Anteriorly the bone narraws and the
flares out to form the basipterygoid articulations. A parapht?nmd rostrum arises fropm,
the narrow portion of the basisphenoid between the two internal carotid foraming
and extends forwards into the anterior regions of the interpteygoid vacuity. The
pterygoid flanges which underlie the basipterygoid processes terminate posteriorly
as two sharp backwardly directed processes. A clear demarcation line is visjpje
between these processes and the overlying basipterygoid process but it is im.
possible in this small specimen to be certain as to whether this joint is open of
closed. Watson’s (1931) illustration of the pterygoid flanges in the type specimen
show the posterior ends suturally joined to the anterior borders of the basisphenoid
by a fairly broad suture. It appears possible that in the type specimen the pOs-
terior ends of the pterygoid flanges have been damaged in view of the conditions
found to exist in the new specimen.

In the type specimen the basisphenoid has two large postero-lateral extentions
so that the posterior border of this bone is almost twice as wide as the basioccipital,
The posterior edges of the lateral portions of these lateral processes are suturally
connected to the periotic in such a way that the basioccipital does not form any
part in the ventral edge of the fenestra ovalis. §. hoffmanni does not have these
lateral extentions to the basisphenoid and the basioccipital does appear to form
part of the ventral border of the fenestra ovalis. Except for the paroccipital pro-
cesses the periotic bones are not well preserved in S. hoffmanni. Each process is
terminated by a distinct quadrate process which abuts against the quadrate and by
a mastoid process; the squamosal appears to have a process which articulates with
the lateral edges of the mastoid process in a manner similar to that described in
I. intermedius. Watson (1931) described a mastoid process in the type of S. con-
strictus. Fracture of the left interparietal has revealed that the supraoccipital con-
tinues well forward below the interparietal,

[’L'Cimen
;.l]n!u,l lhe
Tedl-u_y an
A Sccli(}n
Xposed by
lae in ghi
g 1o knoy
rit iS con.

Side view of the skull

In fig. 9C the skull is shown in lateral view. An outstanding feature is the
large angular and the complicated pattern formed by the strengthening ribs of this
bone. A large angular was not figured by either Watson (1931) or Broom (1932)
for S. constrictus. There i1s no pronounced coronoid process to the dentary iIn
S. hoffmanni. In both the type specimen and S. hoffmanni the dorsal surface of
the skull is convex in side view. Watson figured several foramina in the snout of
Ericiolacerta parva, but none in the type specimen of S. constrictus. In S. hoff-
manni these foramina are numerous, not only in the maxilla, but in the antenor
portion of the dentary as well.

The extent of the missing premaxilla could be approximated as the anteri‘oé
edge of the right dentary was preserved. On the left side of the skull the entf
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Of the maxilla a
e ppears to be present
Containing the first maxillary tgoth is’n?il;:.ir?gn the left that portion

ventral surface
of the maxilla

Dentition

Nothing is known of the upper inci : g
of tooth lying against the antcrli)é)r rbg:%l:?rgf":hthlls form except for a small piece
is missing 1t 18 impossible to say to which inci o e tary, As the premaxilla
anterior border of the left maxilla a smallcgpr It belonged. Judging from the
maxillary teeth from the incisors. There are te lats tel?la- must have separated the
_standmg canine 1s present. The first maxilla tn %et et LA, DL o ot
is sharply pointed. The remaining nine ma?;(illom 1s circular in cross-section and
right maxilla. The second maxillary tooth is firi;)l, t?xetltcll are best preserved in the
sharply pointed. The third tooth appears to haveybee e mexila, aid Ligy
process of being shed us the alveolus is far larger th en ﬁ'ecently erupted or in the
crown of this tooth is slightly wider than the root an[} ;’ e o, e
been destroyed. The fourth tooth is far larger tha hn i b e ALy, s
the maxilla and its apex shows clear signs gf gk thl'rd’ ia Hemly- oeld. by
have secently erapted: it is sharply poimied andv;gar.] The fifth tooth appears to
sixth tooth is firmly held in its alveolus and its aosgxys}}ield byl s The
The seventh tooth is sharply pointed and only art?all il g Rt B
is firmly held in its alveolus and terminates in apbl T omuples. oum cenn leh
b small cuspe anterioly. and | a blunt cs:ntral cusp which is flanked
: ps anteriorly and posteriorly. This tooth is not i
_’I(“ihc pll}th tol?th is slightly dislocated from its socket a%% i[lr;;l S;egsrgirnw;ietrtwd'
identical to that of the eighth. The tenth tooth is onl i 1 iia
. which _ ] ' y partx'ally erupted and its
acccssorv;hl;lllls is gégissgveg in the left maxilla, consists of a main cusp with a small
_ p , but no anterior cuspule. In the maxillary teeth of thi

specimen we appear to have, therefore, alternate or “distichic” repla%ement OTt 112
numbers 3, 5, 7 and possibly 9 have recently erupted. Teeth numbers 2, 4 6 e§t8
are all firmly held in their alveoli and show signs of wear Presumably wh i
odd numbered teeth are firmly held by the maxilla, the even numbereg EN eteli1 thﬁ
be replaced. The tenth tooth is erupting but this may be the first a eaer n WIf
this El?sth and is associated with increasing the length of the tooth I:rlgw e e

_ There are four incisors in the lower jaw. The crowns st €
missing and that of the fourth is preservegi; this tooth ?s circ{:ﬁatx!1 Eignflcrlsjct:osg—lsrelﬁc‘?tiiﬂ3
The incisors are not procumbent as in Ericiolacerta parva (Watson, 1931) What
appears to be a small canine follows immediately upon the incisors.’ It is covered
laterally by the first and second maxillary teeth so that no information as to its
exact length could be obtained. The grounds for calling this tooth a canine, are
Itfiased on the fact that the exposed part of the tooth following it is slightly smaller.

owever, a possible explanation for this may be that the so-called canine has re-
cently been replaced while the tooth following it has not. As both jaws were in
position it was difficult to study the crowns of the mandibular teeth, but the medial
aspect of the crowns of these teeth were exposed by removing the matrix on the
medial surface of the dentary. As least the last five mandibular teeth i.e. possibly
teeth nm_nbers 6, 7, 8 9 and 10, all have crowns identical to that of the 8th and
9th maxillary teeth. Fracture of the lower jaw during preparation indicated that
none of the mandibular teeth were transversely widened.

3 DISCUSSION

_ Parrington (1936) has shown that in Thrinaxodon, Parathrinaxodon and
Tribolodon, all cynodonts, and in the pelycosaurs, there is alternate or “distichic”
‘r‘%platxpehr?cgpt of1 the postcanine teeth. Crompton (1955b) has shown that this
X ;Sog:om c('f;l;a;ement is also present in the incisor region of the gomphodont

y Scaleodon angustifrons. It is, therefore, of interest to note that this type



176

of replacement is also found in the advanced Sx_‘uifmns;mruls. an entirely dilfereny
line of therapsid evolution than thc. L‘}'Ill‘ldt‘ﬂll h_m.. o

Broom {1032 and 1936) dcsfnh?d tncuspui pm.ll..m:;l;u m '.l .'\‘\C‘L'l!llf.‘.n of
S. constrictus and the scaloposaurnid with a head lgngth\n‘fl Sk llll_ll. m the N:}lluﬂ;xl
Museum. Watson (1931) has also dcscrﬂ)cd tricuspid meL.IIII.IIIIL s in .ll!c mandible f
Ericiolacerta: this is to be expected since a very close re dl!ml:\hlp appears 1o
exist between the two genera. Broom (1936) gave the d'cfu.:l fnrm‘ulu_fur his
specimen of S. constrictus from Bethesda Road as j.l-l l.. l_lu_- type specimen of
Scaloposaurus constrictus according to B:mnm (1932) has l\\.clyc. maxillary teeth
It is not considered that this difference in the number of m.lxlllary_ teeth can be
used as a diagnostic characteristic to distinguish between _hqﬁnmmn and conytrie
tus since hoffmanni appears to be a young animal and it is very probable thag
these forms increased the length of the postcanine row by I]lc addition of teeth g
the back during growth. In fact the structure of §. constrictus and S. hoffmanng
is 5o identical that they should perhaps both be placed in the same species. How.
ever, because of the fundamental difference in the shape of the humm‘clpm}i in the
two specimens a new species has been created. It may well be that the difference
is due to the difference in age between the two specimens, but until this has been
proved it is perhaps better to leave the new specimen in the new species.

It can be seen from the description of S. hoffmanni that the skull construction
in the majority of instances is identical to that of Ictidosuchops intermedius.  Such
points in the skull of S. hoffmanni as the relationship of the supraoccipital (o the
interparietal, the open joint between the quadrate process of the paroccipital and
the quadrate, the mastoid process and the nature of the basipterygoid articulation
indicate that even if the skull was not kinetic, it was derived from an ancestor
with a kinetic skull. Only serial grinding of a scaloposaurid skull would establish
beyond doubt whether it has a kinetic or an akinetic skull,

VI SOME REMARKS ON BAURIA CYNOPS
I GENERAL

Watson (1931) expressed the opinion that the scaloposaurids gave rise to the
bauriamorphs and pointed out that close similarity in the structure of the skull
bases of Bauroides watsoni, Scaloposaurus constrictus and Ericiolacerta parva. He
also described a mastoid process of the paroccipital in Microgomphodon which was
similar to that found in Scalopsaurus. This view of the origin of the bauriamorphs
was quesuom_zd by Boonstra (1938) in his paper giving a more complete descrip-
tion of Bauria cynops than had previously been undertaken. Boonstra claimed
that the bauriamorphs and the Scaloposaurids * . .« differ in a number of features
of fundamental importance which definitely precludes the thesis that Beuria can
be derived from the Scaloposaurids”. Boonstra’s main reasons are that the follow-

198 featgfes are found in Bauria and are not in the scaloposaurids: Narrow parietal
c;est,dé_l sence of mastoid process, no lateral extention of the basiphenoid and Joss
of a distinct quadratojugal. Brink and Kitching (1953) have given a revised de-

;25;‘9“ of Bauria cynops, but no mention is made of the relationships of this

The specimen of Bauria cynops desceibed b Brink and Kitchi as loaned
from the Bernard Price Institute and dissected y%urthcr. LJ,,lff:ﬁfl?,:';:'fd‘;”ﬁ,g ~:-ms..
terior region of the skull was badly crushed angd as a result of this crushing the
quadrate and squamosal hav_e ‘been widely separated from the skull base. The
medial portion of the paroccipital process (fig. 10A) almost completely surrounds
the jugular canal with only a small portion of the exoccipital forming part of the
posterior border. Similar relationships were described in

s SO SR n L intermedins,  Brink
and Kitching illustrate the basioccipital forming part of the medial border. The
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lateral termination of the paroccipital process has been illustrated by B
(19372), Boonstss (1938) and Brink & Kitching (1953). All show it with a broad
crescent shaped face. Broom shows its anterior border meeting the quadrate and
its posten_o; b}?rder meetinlg thle squamosal while Boonstra claims that it makes
contact with the squamosal only and is separated

strip of the squamosal. P from the quadrate by a broad

Fig. 10.—Bauria cynops. A, ventral view of the posterior portion of the left side of the
skull, B, posterior view of the squamosal and quadrate and C, anterior view of the

quadrate. All x2. (Key to lettering on p. 180).

In the specimen loaned from the Bernard Price Institute the lateral end of the
paroccipital is not particularly well preserved, but there is a clear mastoid process
(MAST. PROC.) directed towards a separate process of the squamosal (M.P. SQ.).
Crushing of the specimen has separated these two processes. The quadrate process
is damaged, but a fairly large triangular shaped face (M.F.Q.) of the quadrate is
exposed medially and if the skull were restored the quadrate process would all
but meet this face of the quadrate. These conditions are almost identical to those
found in I. intermedius and S. hoffmanni. The quadrate has never been fully
described in B. cynops, but fortunately it is well preserved in the Bernard Price
specimen. This bone has a broad articulating face for the articular (fig. 10A).
Boonstra illustrates a long pterygoid process meeting the quadrate ramus of _thc
pterygoid, but in the Bernard Price specimen only a short process is visible
(PT. PROC.), in fact so short, that it appears doubtful whether the quadrate ramus
of the pterygoid actually did reach this process. A small foramen (QJ.-QF.) is
present immediately behind the articular surface of the quadrate towards the
medial side of the bone. This is the quadrato-quadratojugal foramen. The pos-
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' 2 - a thin splint of bone, the meg;
terior border of this ft‘i’:‘::::LI?:f ff:l:;fl“l:\ to this foramen the quadratojuga] anaé
termination of the Ql:;ll g 5 cJ fo ~:é d. but a faint suture parallel to the posterior by,
the quadrate apgeal‘ﬂl \.{‘it:ible A t.:le ar suture is visible between th_e l-utcral edge. of
Soeiols e quaitse B ;;drat:nju«:.ul. A thin splint of the quadratojugal (S.QJ,, figs,
the quadrate and the qu ied. is apposed 10 the medial surface of the Squamosa].
10A & C), directed forward, 18 ap apers away so that the medial surface

B articular surface the quadrate t el urfa
Eomdll;%;hilj?tﬁ;? In anterior view (fig. 10C) the quadrate is broad with jtg
as a triangular s :

: R e squamosal (P. SQ.). A narroy
< itting into a shallow pocket In lhc‘:‘ squ mu:.n.a ' :
(\11?1';?{11 o‘;nl?lefquaammjugal (QJ.) is visible alongside the lateral edge of the ascend.
ing portion of~ the qtﬁgd;;;‘laﬁposauﬁ ds the squamosal e:}tcn.dp‘ fur_ther ventrally so
In c‘(t)'rlatll;llﬁtotrcljly the articular face of the quadrate is visible in posterior view
:R?:t %:g'}.ulnbl. intermedius the entire medial S_llffi“:€ O_f lhe‘qliadgate 1S €Xposed,
while in B. evnops the dors:lildportmg ?f therglcdlal face 1s covered by an extremely
i he squamosal directed forwards.
e glc?ct)is(t)fattl%qt?) claimed that the occipital condyle was broad, and that it
consists almost entirely of the basioccipital with the exoc:;tpftals forming a very
minute portion of the dorso-lateral edges of this condyle. Brink and Kitching (1?53)
illustrate a narrow single rounded condyle, but are not expllt:lt_ as to how it is
formed. A careful dissection of the condyle of the Bernard Price specimen has
revealed that there are two fairly large condyles formed by the exoccipitals
(EX. CO.) and perhaps a very small condyle formed by the basioccipital (BO. CO.).
A medial groove separates the two exoccipital condyles and the basioccipital con-
dyle is situated anteriorly to the exoccipital condyles. In the description of
Ictidosuchops intermedius it was shown that ‘the basioccipital formed the major
portion of the condyle, but that distinct articulation faces were visible on the
exoccipitals. It appears therefore that the withdrawal of the basioccipital from the
condyle which was initiated in the early scaloposaurids is practically completed in
the bauriamorphs.
The lateral view of the brain case of B. cynops has been illustrated by Boonstra
(1938). He shows a deep, interparietal continuing forward below the parietal. In
the Bernard Price specimen it is quite clear that this structure is not an inter-

- parietal but a forward extention of the supraoccipital similar to that found in
L. intermedius and S. hoffmanni.

2 DiscussioN

A distinct mastoid process and quadratojugal are thus found in B. cynops.
There 1s no expanded basisphenoid in the two scaloposaurids studied in this paper.
The parietal crest found in B. cynops could have developed in order to give greater
ngertion to jaw muscles associated with a grinding dentition. Other features men-
tioned by Boonstra; the preorbital bulging of the jugal and the maxilla, the
approximation of the alveolar borders of the maxillaries and the secondary palate
formed by the premaxillae and maxillae could have developed from a scalopo-
saurid condition. Tl‘!\e features of B. cynops described in this section support the
view of WF:ltSOn (1931) that_the scaloposaurids are intermediate between the
therocephalians and the bauriamorphs. It is quite clear, however, as pointed out
by Boonstra, lh;it B. cynops could not have arisen from En'ci(')lnce,rra since in this
form the palatines contribute to the formation of the secondary palate, but

B. cynops could well have arisen from a more primitive scaloposaurid. The pre-
sence of a complete postorbital arcade in Sesamodon (Broom i911) and Micro-
gomphodon (Watson, 1914) and the presence of a pineal foramen in Micro-
g;)lzlrr:{g;odun may indicate that the bauriamorphs arose from separate scalopo-

g
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The mastoid procvess aid the forward  extention
H.':'\'un,-w may well indiente that the skull of this form
a torm with a kinetie skull, Recently an almost perfect skull of Bauria ¢cynops was

discovered by My, )0 Wo Kitching, 1t is hoped that this specimen, when prepared
will throw further light on the problem of kinetism in this form.

of the supraoccipital in
was kinetic or arose from

VII SUMMARY AND CONCLUSIONS

. A thorouph study of the skull of Jeridosuchoides intermedius Broom has
been undertahen with the aid of a specimen prepared with an automatic mallet
and one seanlly sectioned by grinding at intervals of 285 u. The skull structure
his been deseribed in detail. Tt was concluded that the species intermedius should
be removed from the penus letidosuchoides and placed in the genus Ictidosuchops.
The shull of a new species of scaloposaurid, Scaloposaurus hoffmanni and a part
of the skull of Banria evnops have also been described,

2. Ut has been shown that in 1, intermedius the fenestra ovalis is completely

surrounded by the periotic and that the basisphenoid-parasphenoid complex and the
bastoccipital do not form part of the ventral border of this foramen as in most
other therapsid suborders,

Y. The skull which was serially ground and reconstructed in wax, shows that
the skull of its form is made up of two segments, an occipital and maxillary, The
points of articulution between the two segments have been described. Movement
or “Kinetism™ can apparently take place between the two segments. The type of
Kinetism found i this form probably acts as a shock-absorber when an exception-
ally hard bite is taken. Other than Versluys's findings that the pelycosaurs probably
had ancestors with kinetic skulls, it has always been assumed in the literature that
the Synapsida had akinetic skulls without exception. Except that the tabular forms
part of the occipital sepment and not the maxillary, the kinetism found in [. inter-
mediny is identical to the metakinetic skulls of some of the “diapsid™ reptiles and
their derivatives.  Evidence was given to show that both the skulls of Scalopo-
saurnus hoffmanni and Bauria cynops are probably also kinetic. It was concluded
that it it may be possible to correlate many of the differences in the skull structure
of advanced therapsids and mammals with a loss of kinetism,

4. Watson's theory that the scaloposaurids represent a series of evolutionary
stapes between the therocephalians on the one hand and the bauriamorphs on the
other has been expanded to include all the known scaloposaurids, most of which
were unknown when Watson’s paper appeared in 1931, The scaloposaurids have
been grouped into four evolutionary stages. This grouping does not imply a close
relationship between forms placed in the same group and although artificial, it
has been attempted because practically nothing is known of the exact horizon from
which the dilferent sc:glnpus:!uruls came and parallel evolution is probably present
to a high degree in this family.

5. Inall the forms studied in this paper the paroccipital process terminates in a
clear mastoid process, articulating with the squamosal, and a quadrate process, arti-
culating with the quadrate. A disinct quadratojugal was found to be present in Bauria
eviops. A detailed deseription of the quadrate and quadratojugal and their relation-
ship 1o the squamosal in (his form has been given. It was concluded that there are
no known facts to preclude the theory that the bauriamorphs may be derived from
the scaloposaurids, The great diversity in skull structure within the bauriamorphs
i pruhuhly accounted for hg the fact that lhcy were derived from more than one
,..-guln]ms:mritl: I IHIH."-'UG“ shown that the oceipital cnmi}flc of B. cynops does not
consist of a single articulatory facet formed alimost c::ul:luswcly by the basioccipital,
but rather that there are three separate condyles. The two exoccipital condyles
are Jurpe and distinet. The basioccipital forms a small but distinct condyle an-
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%;;?;Ci? -‘ciltlgl tfwo exoccipital condyles. It was concluded that the withdrawal of the
: P rom the occipital condyle was iniated in the early scaloposaurids and
18 practically completed in the later form, B. CYROPS.

6. It has been shown that in the maxilla of Scaloposaurus hoffmanni there is
an alternate or “distichic” replacement of the teeth. The only other Synapsida that
have been described as having distichic replacement of the maxillary teeth are the
PEIYCO‘sau{s and the cynodonts, but this feature may well prove to be universal in
all synapsids without gomphodont dentitions.
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ADDENDUM

Since this paper went to the press the antero-ventral and' antero-dorsql pro-
cesses of the periotic described on page 166 have been reconsidered. In fig. 6A
the pila antotica is shown as a small dorsally directed process on the antero-dorsal
margin of the antero-ventral process. The high and long antero-ventral process
forms a true wall to the brain case and is situated far in advance of the dorsum
sellae and the facial foramen. The cavum epiptericum is situated between this
process and the epipterygoid. In view of these relationships it would not be un-
reasonable to consider the entire antero-ventral process as an ossification of the
pila antotica, viz. a pleurosphenoid. A prefacial commissure forms an anterior
border to the facial foramen and stretches from the postero-dorsal corner of the
pleurosphenoid to the otic capsule. The original connection between the pila anto-
tica and the planum supraseptale (ossified as the orbitosphenoid) is not ossified.

The antero-dorsal process could reasonably be considered as an ossified part
of the taenia marginalis. The incisura prootica is consequently delimited by the
taenia marginalis dorsally, by the otic capsule and prefacial commissure posteriorly
and lthe pila antotica ventrally. A similar arrangement 1s found in several modern
reptiles.

VIII LIST OF ABBREVIATIONS

A.D.P. Anterior dorsal process of the periotic,

ALIL Alisphenoid.

ANG. Angular.

ANT. W.P.P. Anterior wall of the paroccipital process.
A.R. Ascending ramus of the epipterygoid.

ART. Articular.

A.V.P. Anterior ventral process of the periotic.

BO. Basioccipital.

BO. CO. Basioccipital condyle.

BP. PROC. Basipterygoid process.

BS. Basisphenoid.

BS-PS. Basisphenoid-parasphenoid complex.

BS. TUB. Basisphenoid tubera.

CAV. EPL. Cavum epiptericum.

COR. Coronoid.

COR. PROC. Coronoid process.

DOR. SEL. Dorsum sellae.

EPL. Epipterygoid.

EP. SW. Portion of the epipterygoid forming a side wall to the brain case.
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EX. CO. Exoccipital condyle,

EX. OCC. Exoccipital.

EX. ST. PROC. Extra stapedial process

F. Frontal.F '

F. EDG. Free edge of the basi i

F.O. Fenestra ovglis. pterygoid process.
GR. Groove.

H.S. PA. Horizontal shelf of the prearti

1.C. Internal carotid foramina. Rrcatticular.
I. CHO. Internal choanae,

I. MAX, TO. First maxillary tooth.

INT. VAC. Interpterygoid vacuity.

INC. PRO. Incisura prootica.

INT. PAR. Interparietal.

J. Jugal

JC. Jugular canal.

LAC. Lacrimal.

LAC. FOR. Lacrimal foramen.

L.O.P.F. Lateral opening to the pituitary fossa.
LO. RG. Longitudinal ridge.

MAST. PROC. Mastoid process of the paroccipital.

MAX. Maxilla.

MAX. PL. Maxillary plates.

M.F.Q. Medial face of the quadrate.

M.P. SQ. Mastoid process of the squamosal.

N. Nasal.
0OS.: Orbitosphenoid.
P. Parietal.

PAL. Palatine,

PAR. EXT. Extension of the parietal.

PF. Prefrontal.

PIL. ANT. Pila antotica.

PIN. Pineal foramen.

PIT. FOS. Pituitary fossa.

PO. Postorbital.

POSTEN. O. Postdentary ossifications.
POST. FOSS. Post-temporal fossa.

P.P.E. Pterygoid process of the epipterygoid.
PR. SP. Presphenoid. |

PRE. ART. Prearticular.

PRE. MAX. Premaxilla.

PRO. Prootic.

PS. Parasphenoid.

P. SQ. Pocket in the squamosal for the quadrate.
PTER. Pterygoid.

PT. PROC. Petrygoid process of the quadrate.
QJ. Quadratojugal.

QJ-Q. F. Quadratojugal-quadrate foramen.
Q.P.E. Quadrate process of the epipterygoid.
O.R.P. Quadrate ramus of the pterygoid.

QUAD. Quadrate.

QUAD. PROC. Quadrate process of the paroccipital.

SCL. PL. Sclerotic plates.
SEP. MAX. Septomaxillary.
SPL. Spenial.
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SQ. Squamosal. d3. First, second and third processes of the squamosal.

$Q. PROC. 1, 2 an :
S. QJ. Splint of the quadratojugal.

ST. Stapes. )
ST. PROC. Stapedlal pl'OCGSS. .ng t_hc vcntl’al borde[' to the fenestra ovali8.

STR. Narrow strip of bone formi
SUP. OCC. Supraoccipital.
SUR. ANG. Surangular.

S.V. Suborbital vacuity.

TAB. Tabular.

TRAV. Transversum,

T-S.S. Tabular-squamosal split.

V. Vomer. : :
V.11 & 111. Notch in the epipterygoid for the maxillary and mandibular brancheg

of V.
VII. Foramen for the seventh cranial nerve.

X. Jugular canal,
XII. Foramen for the hypoglossal nerve.
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