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(Text-figures 1-29.)

Among the first series of reptiles from the Karroo system
of South Africa sent home by Andrew Geddes Bain were a few
poor fragments of animals with a heterodont carnivorous denti-
tion. Later collecfions from the same rocks included more
satisfactory remains of these animals, which were described by
Owen, who recognised their mammalian appearance and despite
his ante- evolutmnm; views even suggested that they were mam-
malian ancestors. Prof. Seeley’s visit to South Africa marked
a turning-point in our Lno“]edoe of these reptiles, because he
showed that their remains were found in rocks of w 1dely different
ages, and that the latest assemblage— Diadeimnodon, Cynognatius,
and 7rirachodon—were more mammal-like in their dentition than
were their earlier forerunners. He showed also that they pos-
sessed a mammal-like secondary palate, but failed to arrive at a
satisfactory interpretation of that region in the less complete
remains of the earlier forms known to him. Neither Owen,
Seeley, nor Lydekker was able to draw up any useful classification
of these reptiles on account of the paucity of material, and the
first definite step in so doing was made by Broom, when in 1904
he showed that Seylacosaurus sclateri, a form from the lowest
zone of the Beaufort beds, differed from the * Cynodonts” of
the highest zone of that formation in lacking any trace of a
secondary palate.

Subsequent work by Broom added many new generic types to
those included with Scylacosaurus in that primitive division of
the carnivorous Therapsids whose members lacked a secondary
palate and had uncusped molar teeth. This division Broom
made into an order and called Therocephalia.

No further important additions were made to our knowledge
of the skull of any of these reptiles till, in 1911, the writer gave
a very detailed account of the skull of De.adenwdou and 1)1'00111
a more general description of the skull in all the Cynodonts.
The first important addition to our knowledge of the earlier
Theriodonts was the description by the present author of the
posterior half of a skull from the Cistecephalus-zone, which
agreed with Gorgonops in having a broad parietal region, the
parietal bone being excluded from the margin of the temporal
fossa. 1In the same paper some of the more salient features of
the palate of Gorgonops were described, and it was indicated
that the form showed the beginnings of the Cynodont secondary
palate, the skull known as ;lrctoljmoﬂw.s curvimola showing an

intermediate condition. Whilst I was writing this paper in
3*
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London, Broom in South Africa was desceribing two very com-
plete Gorgonopsid skulls, one associated with the anterior part
of a skeleton. Of these skulls Broom gave a good description,
bringing out the whole structure of the “face and parietal region,
but not giving us so satisfactory an account of the palate and
occiput. Broom, sometimes in conjunction with Haughton, sub-
sequently added many new and often strange forms to the Gor-
gonopsidee—on the whole, emphasizing rather their resemblance
to the Deinocephalia and Dicynodontia and even Pelycosauria
than those which they show to the ¢ Cynodontia.” In 1914 I
was able to show that known {]01("01]01J.‘51(b could be :ulfmged
as a morphological series giving a gradual passage in the
struetures of the occiput, 1.11d of the basicranial and otic regions
between Dimetrodon a Pelycosaunr and Diademodon a *Cynodont.”
In the same paper I described the palate of the “Cynodont”
Bawria, showing that it differed much from the (,)nounatluds
and resembled the non- Gorgonopsid Theriodonts with a primi-
tive palate more than the Gorgonopsids. 1In consequence, purely
as a temporary measure, I revived the order Theriodontia and
divided it into four sub-orders—the Therocephalia, the Gor-
gonopsia, the Baurida, and the Cynodontia. Since that paper
was written, Haughton has published deseriptions of certain new
forms and made 1mportant new additions to our knowledge of
the brain-case of the earlier Theriodonts. 1In his most recent
paper he uses provisionally my 1914 classification, emphasizing
its inqufﬁcim‘u‘}'

In revising a paper on the relative ages of the Palaozoic and
Triassic roptlle bearing rocks, which has oc cupied me at intervals
for some years, 1 was tm(,ml to deal with the problems presented
by the fauna of the copper-bearing Permian sandstones of the
()mnbmrr district of the Urals. One of the most noteworthy
forms from this locality is LZhopalodon, an animal whose skull,
which alone 1s cer Lu.nﬂ} known, presents many resemblances to
the Gorgonopsids. The necessity of discussing the systematic
position of this form led me to an examination of all the
Theriodont material available, with the results which are set out
below.

It is convenient to begin with a description of the material at
my disposal, then to discuss the morphological results which
arise from it, and, finally, consider the evolution of the group
and the re a‘rlmmlup of Deuterosaurus to it.

Arcrops winnistoN: Watson, Proe. Zool. Soc. 1914, p. 1026.

Type and only known material: a skull lacking the anterior
part of the snout, the quadrates and quadrate rami of the
pterygoids, otherwise complete and practically undistorted.
From Howse Post, near Fort Beaufort, S. Africa, not improbably
ENDOTHIODON zone.

I described and figured the oceiput and basicranial region in
the oviginal description.
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dretops has a depressed and very massive skull, the snout,
when broken off about 5 cm. in advance of the orbit, hemﬂ
rectilinear in section, bounded by a st vight dorsal surface whlch
passes somewhat abr uptly into straight, nearly vertical, lateral
surfaces. The orbit is small, plICL,(l lutrl] in the skull, and nearly
laterally directed; its upper margin is continued forward IJy a
ridge separating the dorsal .smhce from the lachrymal region,
which is excavated into a shallow depl'ebslon I'he interorbital
region is very wide, forming a flat surface bounded laterally by
shallow bays over tlle mblts.

Text-figure 1.

Oa. Tre, 1Par. B0c. ExQc. Au.Gr.

Aretops willistoni Watson. Type-skull.
Dorsal aspect. X 3.

B.Oc., basioccipital ; [.PAR., interparietal : 5., squamosal ; Tas., tabular.

The parietal region, also flat, is even wider than the interorbital
surface ; it separates the very small temporal fossee which face
more largely la,temlly than dorsally. The occipital surface is
very wide and is separated from the parietal by a sharp corner.
The squa,moa.tl is small, consisting mainly of a vertically standing
plate passing (lll‘ectly outward from the end of the massive
paroceipital process. The posterior surface of the bone at this
articulation 1s 1.)1'0:111(3(3(1 backwards into a ridge which forms the
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inner wall of the auditory groove. Sutures over the outer
surface are not clearly recognisable.

I have already described the basicranial region, but would
again call attention to the flat, laterally directed, plate-like basi-
pterygoid processes. The narrow ridged girder formed by the
parasphenoid and pterygoids extends forward to the front of the
orbit, where it suddenly passes into the wide posterior end of the
palate. The pterygoids pass outward to form thick downwardly
directed flanges, not very deep when compared with later forms,
but of great antero-pesterior extent. The middle region of the
posterior part of the palate forms a slightly raised area separating
two concavities, whose surface lies mainly on the ectopterygoids,
large square bones which only take a small part in the great
flanges. The middle part of the palate forms a shallow groove

Text-figure 2.

Aretops willistoni Watson., Type-skull.
Right lateral aspect. X 2.

B.Sp., basisphenoid ; Pr., pterygoid.

beginning at the extreme posterior end and running forwards to
the posterior nares. At about the level of the anterior end of
the ectopterygoid, this groove is overhung by a pair of small
processes rising from the ptervgoids. Further forward the floor
of this groove is eut into by the narrow slits which represent the
posterior ends of the posterior nares. These are separated by
a narrow bar of considerable vertical depth. The structure of
this bar is not quite certainly determinable, but on the curved
fracture which forms its present front termination it is certain
that its upper surface consists of a pair of ridges separated
by a parallel-sided cleft not more than a millimetre wide and
nearly a centimetre deep. From this slit a suture seems to be
continued on to the palate. Further hack two lateral ridges are
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added to the original pair, the gaps between them bheing also
apparently continued as sutures on to the palate. Thus the
posterior part of the bar separating the internal nares seems to
be built up of two pairs of bones, of which the outer terminates
not far in front of the posterior ends of the nares. It is probable
that the inner pair are prevomers and the outer the anterior ends
of the pterygoids, which hence form a part of the border of the
posterior nares.

Text-figure 3.

Arctops willistoni Watson. Type-skull.
Palatal aspect. X 2.
Ec.Px., ectopterygoid ; Pax.Oc., paroceipital ; Pr., anterior end of pterygoid;
P.V. ?, prevomer, posterior end of infternarial bar. Parts in broken lines
restored without evidence.

Goraoxors TorRVUS Owen, Cat. S. Afr. Rept. 1876.

Type: a skull with the zygomatic arches broken away, the
basis eranii only represented by a fractured surface passing
horizontally through the basisphenoid. The paroccipital pro-
cesses only represented by the impression on the matrix of the
anterior face of that of the right side, the posterior part of the
palate represented only by the impression of its dovsal swiface.
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Otherwise the skull is complete and, on the whole, extremely well
preserved. It is represented by beautiful and most accurate
lithographic drawings in Owen’s Catalogue. From Mildenhals,
Fort Beaufort. Another more complete, but less well-preserved,
skull from the FEndothiodon-zone of Beaufort West is in the
American Museum of Natural History.

Text-figure 4.
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Par. LPAr. 50c. Tag.
Gorgonops torvus Owen. Type-skull.

Dorsal aspect. X3. Parts in broken line restored without evidence.

Fr., frontal ; I.PAR., interparietal; Pr.Fr., prefrontal ; P.O., postorbital ;
Pr.Fr., postfrontal; S.Mx., septomaxilla; S.0c¢., supraoccipital.

The skull of Gorgonops has a flat dorsal surface, which passes
through a chamfered corner into the nearly vertical sides of the
snout. The orbit is large, directed almost entirely laterally and
of considerable depth. Immediately in front of it the snout is
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nearly square in section, the lachrymal region being excavated
into shallow hollows 0\‘(*1].”11“ by a ilmLemnu of thc; prefrontal,
which forms the lateral border of the flat dor bil surface. F mthel
forward the snout becomes deeper, the nearly flat lateral surface
passing by a rounded corner into the dorsal surface. There is a
long broad swelling on the maxilla over the root of the canine.

'] he interorbital and parietal regions are both very broad, the
latter passing smoothly into the broad occipital surface. 'J_lle
part of the occiput preserved consists mainly of the very broad
interparietal, whose sutures with the tabulars are shown. The
supr aocuplml has only a very shallow exposure below the inter-
parietal. A peculiar feature of this skull is the irregular shape
of the pineal foramen and the fact that that opening is raised
on a little column standing up above the general level of the
parietal region.

Text-figure 5.

210 FrFR. NA. SMx.

Gorgonops torvus Owen. Type-specimen.
Right lateral aspect. X 2. Parts in broken lines restoved without evidence.

JU., jugal ; Lac.. lachrymal ; Mx., maxilla; P.Mx., premaxilla.

The general structure of the dorsal and lateral surfaces will be
best understood from text-figs. 4 & 5. The cruciform shape of
the pair of frontals is noticeable.

The structure of the external nostril is very well shown in the
specimen. The dentigerous part of the premaxilla is deep, and
articulates directly with the anterior end of the maxilla, which
overlaps on to it. The dorsal surface of the two bones is the
lower margin of the nostril and forms the emplacement of the
septomaxilla. Behind the nostril the maxilla rises to a long
suture with the facial part of the septomaxilla; behind this bone
it reaches the nasal. The nasals form a slightly coved roof to the
olfactory chamber and veach forward almost to the end of the
nose, where they terminate in a nearly straight margin, from the
middle of which arises the narrow process which articulates with
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the facial processes of the premaxilia. The facial part of the septo-
maxilla articulates with the lower margin of the nasal, but the
two bones separate before the nasal terminates, so as to leave
that bone overhanging the nostril like the eaves of a roof. After
its separation from the nasal the septomaxilla passes downwards
and gives off a process from its anterior border, which passes
inwards towards the middle line, following the curve of the

Text-figure 6.
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Gorgonops torvus Owen. Type-specimen.
Palatal aspeet. X3. Unshaded areas surrounded by continuous lines present
but mutilated, broken lines parts restored without evidence.

P.V. 2, internarial bar, ? prevomers ; Par., palatine; Vo., “vomer.”

anterior border of the nasal. The lower part of the septo-
maxilla 1s a rounded column, swelling out to a base which rests
on the premaxilla.

I have already (1912) given an account of the general features
of the palate of Gorgonops, but, as further study of the specimen
in the light of other material has enabled me to make out some
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interesting features not previously recorded, I give here a more
detailed deser iption. The premaxilla has a narrow dentigerous
surface, with five sockets for the roots of the incisors; above the
border the bone thickens, forming a deep wall, from whose ad-
median half the palatine process arises: this is at first a flat
expansion, but soon becomes a rounded, backwardly directed
tuberele, separated from its fellow and resting in a groove on the
lower surface of the ¢ prevomer.” The internarial bar is a narrow
rod which anteriorly is comparatively wide. Anteriorly its
palatal surface bears a median ridge which separates two channels
bounded by other lower ridges, which form the lateral borders of
the bone. Further back the lower surface of the bar becomes
flat, and the whole of the posterior part is only represented by a
broken surface, which probably originally supporfed a deep
median ridge.

The internal nares are very large openings bounded by the
premaxilla in front, where they are very wide, and contracted
posteriorly by the thickening of the maxille necessitated by
the large sockets for the canines. The maxille form their
outer borders for some distance and are then excluded by the
palatines. Final]y, the posterior border is formed by the semi-
circular margin of a bone whose nature has to be discussed.
Between fhe internal nares and the pterygo-parasphenoidal bar
the palate forms a large area of comphmted shape. The height
above the lower margin of the premaxilla at which the palatal
processes start, and the deep step in the lower border of the
maxilla just in front of the canine make the ventral surface of
the internarial bar lie much dorsal to the lower edges of the
maxillee in the cheek-region. Thus at the back of the nares the
palate is very much vaulted. Behind the canine the palatal
exposure of the maxilla, which bears no trace of cheek-teeth, is
very broad and its admesial surface forms a deep vertical plate.
This surface when followed caudally passes into a similar face
carried by the palatine, which stands almost vertically, tightly
attached to the maxilla by an obvious and deeply interdigitated
suture, and with its lower edge forming with that bone a hroad flat
face in the area where cheek-teeth would naturally be expected.
These teeth must have been functionally replaced by a hard gum,
possibly cornified so as to form a crushing plate.

The wide groove formed by the palate at the posterior end of
the internal nares is rapidly divided into three, each groove of the
lateral pair is deep and narrow and cylindrieal ; it shallows
rapidly when traced backwards, finally becoming flat when it
reaches the ectoptmycrmd The bottom of the lateral groove
has a suture running the whole of its length, which is (*('nmplefe]v
exposed on the right side, but concealed hy nmhn except for its
anterior end on the left side of the type-skull. This suture,
which seems to be truly a suture and not a cr ack, unites the }ml L~
tine with the pterygoid, which bone hence forms the posterior
margin of the posterior nares,
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The middle groove of this part of the palate becomes narrower
as 1t 1s traced backward, but remains deep. Its hinder end is
separated from the lateral grooves by triangular raised areas,
which are roughened, but seem not to bear teeth.

The internarial bar is continued back into this part of the
palate as a narrow slip separated from the pterygoids by a pair of
open and very obvious sutures. These sutures rapidly approach
and fuse, being continued backwards by an obvious median suture
for about 5 mm. This open suture, with a visible strip of matrix
in it, then suddenly ends and is with certainty not continued
backward in the middle line. It is, however, apparently replaced
by a pair of mueh less obvious sutures, between an overlapping
median bone and the pterygoids, which pass outward to the
margins of the median groove and seem then to be continued
backward by still less obvious sutures running along these
borders. Further back the wide, essentially fl: b p‘ﬂate gives
origin to the descending flanges. The ectopterygoids are sep'n'n,ted
by olw[ous sutures 'md are comparatively sm: 111 bones not taking
any large part in the flange.

The pa]'lte of Gorgonops thus seems to show large pterygoids
reaching forward to the posterior naresand widely separz *i,tmu the
palatlnps which are small bones simply continuing the eetoptery~
goids forward. In that part of the palate which lies in front of
the transverse fl: anges the pterygoids do meet each other for a
very small distance in the middle of their length, but posteriorly
are separated by a median vomer and antenor]y bv the posterlor
end of the internarial bar which is clasped between their distal
ends. There is no evidence to show whether or not these two
median bones are really separated, but as the anterior passes
dorsal to the pterygoids, whilst the other overlaps their ventral
surface, there is great probability that they do not represent parts
of the same element.

SCYMNOGNATHUS WHAITSI Broom, Proe. Zool. Soc. 1912, p. 861.

Type: a figured skull, nearly complete, but considerably
crushed and :’»howmo little of the structure. Other imperfect
skulls and other bones.

The individual of which, under the name of Seymmnognathus
whaitsi, I described the lower jaw (1912) and the brain-case and
occiput (1914), does not bhelong to this species, and is deseribed in
this paper as a new genus and species. There are in the British
Museum three specimens of .S. whaitsi:—R. 4053 collected by the
Rev. J. H. Whaits, as a very large number of small fragments
which, fitted together, form a skull from the front of the orbits
backwards with the pro-atlas and atlas in position, the anterior
end of the snont and a mass of separate fragments representing
the major part of the face; of these a sm: 1 bit of the posterior
part of the palate is of great morphological interest. The
back of the skull built up from these remains is quite un-
distorted and has been very completely developed, now showing
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the whole lateral surface of the brain-case, the structure of the
zygomatic arches and roof of the skull and occiput with great
perfection. It is in many ways the best Gorgonopsid skull
known.

R. 4052. A skull retaining a well-preserved and only slightly
sheared snout, with a much crushed posterior part, permitting
the definite identification of R. 4053.

49369. A snout, somewhat distorted and not very well pre-
served which has been cut into slabs. It agrees well with the
corresponding part of R. 4052.

All the material of Seymnognathus whaitsi comes from the
Endothiodon-zone of Beaufort West. The skull, as a whole, is
remarkable for the marked distinction between the relatively
narrow snout and palate and the wide postorbital region. Owing
to this shape, the orbits look as much forward as outward. The
temporal fosswe are very large and face more upwards than out-
wards. The parietal region 1s, in consequence, narrow and the
oceiput deeply cupped, owing to the backward swing of the
squamosals from their union wivh the postorbitals.

The snout is much more rounded than in Gorgonops ov Arctops,
although towards the orbits it is still somewhat *square-cut.”
The external nares closely resemble those of Gorgonops, and there
1s the same step between the lower edges of the premaxilla and
maxilla.

The structure of the dorsal and lateral suifaces of the skull
are obvious from text-figs. 7 & 8, but it is necessary to give some
account of the brain-case and palate.

The basioccipital is fused with the exoccipital and paroceipital,
and its suture with the basisphenoid has been destroyed by
a fracture. It is a long narrow bone, terminating behind in a
single condyle, which is probably partly exoceipital. This condyle,
as seen 1n section, 18 much wider than it is high, the dorsal sur-
face being excavated by the lower part of fhe foramen magnum,
The posterior part of the basioceipital is thus thin.

The exoccipitals are of the ordinary Gorgonopsid or Pelycosaur
pattern, but their upper surfaces are concealed by the overlapping
elements of the proatlas. Fuarther forward the lower surface of
the basioccipital and of the paroccipital fused with it project
down as a short, powertul, obscurely bilobed process, whose outer
part supports the fenestra ovalis; with this process the powerful
tuber basisphenoidalis articulates dorsally, though ventrally the
two projections are separated by a gap.

The pavoccipital and pro-otic are fused, not only with each
other, but also with the basioccipital ; the suture between the
pro-otic and the basisphenoid remains open.

The paroccipital process is extremely massive, passing out
from the side of the basioceipital on the lower surface of the skull
to its broad abutment on the squamosal. The anterior and lower
faces of this process are excavated by a groove which leads inward
to the large irregular opening, which 1s the fenestra ovalis. The
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Text-figure 7.

Scymmnognathus whaitsi Broom. Back from R. 4053. Snout from R. 4052,
B.M.N.H. Dorsal aspect. X#.

Ar., atlantal neural arch ; Ju., Jugal; P.P4R., preparietal ; Pr.Arm., pro-atlas.
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paroccipital process is bounded above by the small oval post-
temporal fossa, which lies at the level of the floor of the foramen
magnuim.
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Text-figure 8.
Back to front of orbit from R. 4053,

Nai., nasal ; Qu.J,, quadratojugal.

Right lateral aspect of skull.

Scymnognathus whaitsi Broom.

In the pro-otic on its front face, above, and in front of the
fenestra lies the outer opening of the foramen for the facial
nerve. This opens downwards and has below it a little hollow
for the geniculate ganglion.

Tmmediately above and a little in front of the facial is another
much larger foramen opening directly forward ; its outer margin



48 MR. D. M. S. WATSON ON THE

is carried by a spout-like projection from the pro-otic, its inner
border is basisphenoid. That bone immediately in advance of
the foramen has a deep depressed groove. There can be no
doubt that this foramen is for the fitth nerve, the cavity before
1t having housed the Gasserian ganglion. Above and in frout of
this foramen the pro-otic is continued forward, having a suture
with the basisphenoid, until its anterior margin or that of the in-
distinguishably fused supraoceipital is cut into by a noteh, which
is very nearly converted into a foramen by the basisphenoid.
This foramen must be venous; it is in part the homologue of one
which is almost constantly represented in Therapsids.

The supraoccipital is as always spread out into a wide plate,
but from the anterior part of this expansion a special thickening

Text-figure 9.

Paa. e Mg

Qud Qu. Fefs Be BS:

Seymnognathus whaitsi Broom. R. 4053. B.M.N.H.

Occipital aspect of skull, with the anterior ends of the proatlas attached. X o

PAR., parietal ; QuU., quadrvate ; T.B.Sp., tuber basi-sphenoidalis.

is carried forward, forming the roof and part of the side-wall of
the brain-case. 1t is this thickening whose margin forms the
dorsal border of the venous notch. With the sides of the upper
part of the supraoceipital in the region of this thickening the
interparietal articulates, stretching far forward in contact with
the parietal above and the supraoccipital below, and widely
exposed in the outside view of the brain-case.

The basisphenoid 1s a remarkable bone, which in the speci-
men is broken off in front. As far as it is preserved, how-
ever, it consists of a body which is articulated with the front of
the basioccipital largely through the intermediary of the two
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Its lateral face here bears the groove for the Gasserian
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articulation the bone becomes narrower where it is attached to the
ganglion, above which the bone again widens to the continuation

massive downward projections, which are its tubera.

pro-otic,

Proc, Zoor, Soc.—1921, No, IV.
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of its suture with the pro-otic. Above and in front of the
termination of this suture the basisphenoid 1s still continued
upward as a slender process, whose upper margin is the lower
horder of the great venous notech and whose lOWt‘l margin meets
its fellow in an open median suture below the brain, 11111119{11(Ltel)
in advance of the hypophysis. The vostral part of the basi-
sphenoid is a vertically placed plate arising from the body of the
bone and separated from the upper parts, just described, by a
deep narrow notch, the open side of the pituitary fossa. From
its sides arises the thick flat expansions, which are the basi-
pterygoid processes. These incline downwards at the back at an
angle of about 45° and whilst their dorsal surface is sharply
separated from the vertical face of the medial lamina, which lies
above them, their ventral faces pass smoothly down to form a
blunt ridge on the lower surface of this part of the basisphenoid.

The parietal is composed of a plate of bone lying on the roof of
the skull with an almost plane dorsal surface. Tts posterc-lateral
corner is drawn out into a long process, which passes backwards
to touch the extreme tip of the squamosal. The posterior edge
of the whole bone is in contact with the interparietal towards the
middle line and with the tabular ]n‘rerfilly By far the greater
part of the outer margin of the parietal is in contact with the
1)0%01‘1}]141 which (,mnplet ly excludes 1t from participation in
the margin of the temporal fossa. From the lower surface of the
parietal a powerful ridge is developed, which marks the side-wall
of the brain-case. Posteriorly this ridge just touches the anterior
end of the supraoccipital. Immediately in front of this bone it
has a suture with the epipterygoid ; further forward its lower
edge is free, but gradually declines, until at or about the front
end of the pHICtA] it vanishes. The lower surfaces of the pre-
parietal and frontals form the roof of the brain-case in this
leﬂ‘ion. and the lower surface of the anterior part of the brain
1S sup]nnted by an ethmoid ossification. This is a thin hemi-
eylindrical shell of bone with a rib along its ventral surface in the
middle, which indicates that it rested on a deep median septum
now broken away and lost.

The posterior end of the ethmoidal cavity is widely open. The
opening of the anterior end is much contracted and lies close up
to the skull-roof.

The floor of the cavity close to its anterior end is perforated
by a pair of large oval foramina, which face downward. These
are separated 0111\‘ )Y 4 Nnarrow beptnm and must be for the optie
nerves, which hence had a remarkably long intracranial course.

The epipterygoid is only represented by its upper end, which,
though narrow antero- 1}(1%‘h91‘101]3 is thin. It has a suture with
the 1:-11'1etf11 and with the front end of the supraoccipital, the
latter connection being of considerable morphogenetic importance.

There is a medium-sized foramen for the Xth nerve, opening
downwards and backwards below the exoccipital well above the
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Text-figure 11.
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Seymnognathus whaitsi Broom.

Posterior part from R, 4053.  Snout reconstructed from a series of transverse sections
of 49369 completed from R. 4052, Ectopterygoid region + detached area
including the vomer R. 4053. X . B.Pr1., basipterygoid process.
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bottom of the skull. There is a single hypoglossal foramen in
the usual position.

Taken as a whole, it is obvious that the brain-cavity was very
small in relation to the skull, and especially that the cerebral
hemispheres were still of much less bulk than the cerebellum.
At the same time the very great proportional length of that part
of the brain which lies in front of the fifth nerve foreshadows
the great cerebral development which occurred in later allied
forms.

The palate of Seymnognathus whaitsi is still not known as a
whole, but the anterior part is very well shown in the sections
of 49369, from a reconstruction made from which text-fig. 10 is
mainly drawn,and in the solid in R. 4052. The pterygoidal flange
and one transverse bone are preserved in position in R. 4053, and
that individual retains a small fragment from the middle of the
palate just in front of the anterior end of the long pterygo-
parasphenoid bar. This fragment shows a pair of much raised
ridges, which lie on the pter\ ooids and diverge outwards as they
are traced forward. These are covered with a shagreen of small
teeth. Between these the palate is deeply groov ed ; lateral to
them it is depressed into deep hollows. The dovsal surface
of the fragment bears a deep median keel. This fragment has
been cut across by a tranverse cut, so that it now shows tlnee
sections. That at the back shows ‘that the keel is formed by
single bone whose lower edge is received into a groove on the
upper surface of the fused pterygoids, which meet below it.
In the middle section this median bone has a deeply grooved
lower edge, the two thin ridges which form the side- “"lﬂb of this
groove being received in Esht‘: in the pterygoids. These latter
bones meet in a median suture on the pal: \te and here bear the
massive tooth-bearing ridges. On the front section the median
bone is exposed on the pa]atu forming the roof of the median
groove and separating the pterygoids. The median bone thus
Loumpomls exactly in position and relations with the posterior
median bone in Gorgonops and the back of the vomer in Diade-
modon. The anterior part of the palate resembles that of Gor-
gonops in the relation of the internarial bar to the palatine
process of the premaxill and in its shape.

Near its anterior end the internarial bar is a single bone
with a convex dorsal surface from which a yidge rises, This ridge.
which is detached, apparently by fracture, extends upwards and
backwards, obviously representing an ossification in the nasal
septum. The lower surface has a low median ridge separating
two well-defined grooves. As this bone is traced backward it
gradually becomes narrower from side to side until in the region
of the first molar tooth, where it is seen in section (text-fig. “)) it
has become converted into a plate 35 mm. in depth and mrI\ two
millimetres thick at the lower edge, where it is widest. The
dorsal centimetre of this narrow septum is clasped between two
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thin films of bone, whose outer surfaces are in contact with
another pair of similar slender processes. Hven in this region
the lower edge of the median hone still lies considerably dorsal of
the tooth-bearing margin of the maxilla.

In the next section, about 1 em. further back, the median
plate is shallower, its dorsal margin being curved downwards.
The two pairs of plates which support its upper edge are thicker,
but still retain their same relations.

The next slab has fortunately been split longitudinally and
somewhat developed, so that it gives conclusive evidence that
the lateral pair of processes described above are part of the

Text-figure 12.

PaL.

Scymnognathus whaitsi Broom.

Series of transverse sections at about 1 em. interval, across the snout of No. 49369.
B.M.N.H. 1, anterior section; L.N.B., internarial bar; in 2-5 only the
internarial bar is represented ; in 6 the maxillee and palatines are shown ;

in 7 only the anterior ends of the palatines and pterygoids. X .

palatines. The inner pair pass down to the ventral surface and
there form a little boss on the palate, which separates the two
deep grooves on the palatines. These grooves are so overhung by
the more ventral parts of the palatines that their floor can
scarcely be seen in a direct ventral projection No sutures can
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be seen in the little median boss, and it is probable that the
median element of the internarial bar has terminated in it.

The vertically standing part of the palatine, which forms the
side-wall of the groove just described, descends to the level of the
lower border of the maxilla, where it passes into a flat, thick,
horizontally lying plate, which extends outward to the lower edge
of the maxilla with which it has a suture.

This horizontal part of the palatine forms the greater part of
that bone, and extends backward and forward in contact with the
maxilla, untii by narrowing and increasing in depth 1t becones
converted into a mainly vertically disposed plate, which forms
part of the side-wall of the posterior part of the very large
internal nares. It then terminates,

Text-figure 13.
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Seymnognathus whaitsi Broom.

Reconstruction of internal aspect of the left side of the snout eut through in the
middle line. Internarial bar and ossification in the nasal septum unshaded
and surrounded by a thick continunous line : anterior end of the pterygoid
represented by a line of small crosses. Parts of palatine seen through other
bones in broken line. Reconstructed from the sections of 49369, checked
by R. 4052. X 2.

Thus the anterior part of the palate is essentially a flat plate
of bone, whose middle part is cut out by a narrow but gradually
widening groove which plunges steeply downward to the deeply
sunk posterior margin of the posterior nares. This groove is
divided into two by a narrow vertical septum, which descends
nearly to the level of the general plane of the palate.
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There can be little doubt, especially when the conditions in
Aretops and Gorgonops are considered, that the inner pair of pro-
cesses which support the internarial bar are the anterior ends
of the pterygoids. It remains to be shown by other materiai
whether the median internarial bone and the median vomer in
the back of the palate are parts of the same bone or are, as is
more probable, separated.

The strange way in which the median internarial bar rises as
a thin but very deep septum from the much sunk posterior nares,
nearly to the general level of the palate, seems to be only
xph("tble if its ventral border supported the middle of a small
soft secondary palate stretched between the maxille and the
palatines.

I have already described the mode of articulation of the
squamosal with the brain-case and with the fused quadrate and
quadrato-jugal in Proc. Zool. Soc. 1914, p. 1034, fig. 6.

The squamosal above the level of the post-temporal fossa bows
out backward, so as largely to increase the size of the dorsal
opening of the temporal fossa. It thus makes the occiput very
deeply cupped, the mtel'pmmutal region being narrowed and the
outer part of the tabular running ueallv antelo posteriorly.

At the extreme postero- latelal corner of the skull, the
squamosal turns sharply into a process passing forward and
inward in the zygomatic arch. This process is clasped by other
bones both a,dme%m]ly and extenml]v One of these bones is
the jugal. The other conceivably also jugal, but much more
probably postorbital. A gap about 2 em. long in both sides of
the specimen prevents a definite decision on this point.

The squamosal at the corner is made of a very peculiar,
extremely dense, though finely cancellous bone. This structure
is found in this region in all Theriodonts I have examined.

LEPIOTRACHELUS EUPACHYGNATHUS, gen. et sp. nov.

Type: a skull and lower jaw, described in error as Scymno-
gnathus whaitst by the writer (Ann. & Mag. Nat. Hist. ser. '_‘.,
viols x. p 078 fig. 3, and Proe. Zool. Soc. 1‘)]4 pp. 1027, 1032
figs. 3, 4, ))

The ma,teual is a largely disarticulated skull varying in
preservation, with one complete and one partially disarticulated
ramus of the lower jaw. The skull is represented by the brain-
case, interorbital region, left nasal, lachrymal, [llelﬂlltl.], jugal,
and squamosal in natural articulation, the right jugal, lachrymal,
and prefrontal in natural mtloulatlon but “separated from the
skull, an isolated maxilla, and quadrate and quadrato-jugal.

The mode of articulation of the qufuhrlfe with the squamosal is
clear, and with the perfect lower jaw gives the length of the skull
and the posu;lon of the maxilla.” The Jar ge articulated part of
the skull gives phu,tlmlly all the domal and the posterior
part of the lateral surface directly, The occiput is essentially
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completely preserved, All the sutures except those of the
parietals with each other and the preparietal are well shown.

In text-fig. 14 it is probable that the anterior part of the snout
18 made a little too narrow.

I have already described and figured the basicranial and otie
regions, the occiput, and the interior of the brain-case.

Text-figure 14.

Leptotrachelus enpachygnathus, gen. et sp.nov. Type-skull.
Dorsal aspect. X 3.
The outside of the brain-case is illustrated in text-fig. 16. The

foramen for the V1Ith nerve lies just above and in front of the
fenestra ovalis, opening downwards through the pro-otic. The
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trigeminal “ foramen ™ lies considerably forward and is more
dorsal in position. It lies at the end of a long slit and is pre-

sumably really only an incision and not a foramen. The length

Text-ficure 15,
te )
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Leptotrachelus eupachygnathus. Type-skull.

Right lateral aspect. X 3.

Text-figure 16.
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TLeptotrachelus eupachygnathus, Type-skull.

Left lateral aspect of brain-case, the parts of the skull lateral to the post-temporal
fossa being removed as in text-fig. 10.

of the slit is rendered uncertain by the fracture of the anterior
end of this part of the brain-case. In the part of the brain-case
preserved there is no evidence of the large venous foramen
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described above in Seymunognathus whaitsi. There is no trace
of the great anterior projections of the basisphenoid which in
Seymnognathus meet in median suture in advance of the pituitary.

There is an ethmoid., which, so far as its very incomplete
exposure allows it to be seen, does mnot differ from that of
Seymmnognatfas.

The squamosal of ZLeptotrachelus is remarkable for the great
length of its lateral projeetion and the extreme suddenness of
the postero-lateral corner. Asin Seymnognathus its distal end
is received between two bones, here almost certainly the jugal
and postorbital.

The cup-shaped depression in the widened lower edge of the
squamosal into which the head of the quadrate fits is very narrow,
not half the width of the projection of the squamosal.

The quadrate is a relatively large bone about 30 mm. high by
15 mm. wide; it forms a nmll) p‘un]lel straight-sided hwum the
lower edge being a little marked oft’ by a groove and fouulng the
articular surface. The upper end is rounded and fits snugly into
the hollow in the squamosal. The quadrato-jugal is fused with
the articular margin of the quadrate; it then separates from
that bone, leaving a small quadrate foramen, whilst farther
dorsally it spreads out into a flat sheet of bone which covers the
outer margin of the quadrate and laps over its posterior surface.

When articulated with the squamosal the quadrate and
quadrato-jugal are largely visible from behind.

The maxilla of Lr’pmt;{scfwlub shows a single canine in use,
with traces of the crown of a successional canine high up in the
alveolus, and four cheek-teeth ; it is possible that there was really
a fifth cheek-tooth,

Livcosaurus PARDALIS Owen, Cat. Foss. Rept. 1876, p. 15,
pl. 14.

The type-skull of Lycosaurus pardalis was re-examined and
discussed by Broom, Proc. Zool. Soc. 1911-12, p. 1079, who gave
1t a dental formula: 1. 5, ¢. 2, m. 4.

The type-skull (R. 1717, B.M.N.H.) from the Cistecephalus-
zone (¢) of the Sneeuberg 1s considerably crushed laterally, but
has the anterior end of its snout complete and well- Luesel‘it‘{l,
behind the canine on the left side the outer surface of the skull
is complete to the orbit, the whole orbital margin is present and
a bit of the edge of the parietal region. The other side 1s a
weathered face which cuts further and further into the skull
until it so far crosses the middle line as to expose the admedian
surface of the left epipterygoid and completely to remove the
brain-case. The squamosals are completely destroyed. The
right lower jaw is, however, nearly perfect, having suffered only
the loss of the posterior part of the angular so as to expose
the articular—the position of the quadrate is thus fixed. The
parts of the skull remaining are quite well-preserved and show
many sutures,
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1t is obvious that the snout is short, high, and narrow, with no
trace of the square section which occurs in all the (101-51‘)110115&(]%
deseribed above. Tt B

The tooth-bearing edge of the maxilla is curved and passes
gently into that of the premaxilla without the step of Gorgonops
or Seymnognathus. There is, however, a diastema hetween the
closely-set incisors and the canine.

There are clearly b incisors, 1 eanine, and 4 or possibly 5 molar
teeth. The small canine recorded by Broom immediately in front
of the large one does not exist on the well-preserved left side,
and his views seem to have been founded on a small strip of
tooth in this position on the right side, which is really an exposed
portion of the lower canine. The maxilla is short and deep.

Text-figure 17.

Fr.FRr.

Lyecosaurus pardalis Owen. Type-skull.

Reconstruction of the right lateral aspect, X 3. The parts represented in
broken lines hypothetically restored.

The external nostril of Lycosawrus differs considerably from
that of Gorgonops. Tt faces move laterally and is much larger;
it is no longer overhung by so large a corner of the nasal,
although there is still a trace of the older structure.

The facial part of the septomaxilla is much smaller, and the
foramen between that bone and the maxilla is not only smaller
but opens more directly outward. The septomaxilla in front of 1t
seems to be rounded and grooved. Finally, the internarial
process of the premaxilla is longer and stands more vertically, so
that the end of the snout is deeper and less rounded in side-view.

The interorbital region is narrow, the postfrontal being a
narrow pointed strip, as in the skull of dretognathus curvi-
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mola subsequently described (text-fig. 18). The parietal region
is obviously of the Gorgonopsid type and cannot be very \\'1119
although its width eannot be determined with any pretence to
aceuracy.

ARCTOGNATHUS CURVIMOLA (Owen), Cat. Foss, Rept. 1876, p. 71,
pl. 68.

The skull (No. 47339 B.M.N.H.) described by Owen as ZLyco-
saurus curvimola was found with Dieynodon tigriceps in the
Cistecephalus beds of the Kagaberg, near Bedford, S. Africa.
Its palate was developed by Mr. Hall and described by Prof.
Seeley, Phil. Trans. B. 185, The skull was then examined by
Dr. Broom, who noted that the parietal region seemed to be
broad, and made for it the genus Arectognathus.

The actual preservation of this skull is good; but before it
was buried the left maxilla and ectopterygoid, together with the
bit of lower jaw in their vicinity, were separated from the rest
of the head by a nearly plane split, moved outwards for about
15 mm. and there fixed in the sediment. How this very peculiar
result was brought about is very difficult to understand, although
tentative suggeatlons might be made.

Whilst lying at the surface the nodule containing the skull
was exposed to weathering, which has cut down into it so as
completely to remove the 11trllh squamosal, the parietal region
beyond the middle line, and the postorbital bar.

Fracture has removed the occipital condyle and part of the
paroccipital process. but has left the stapes and quadrate with
the lower jaw in articulation on the right side. Enough of the
occiput is left to make the structure clear. The palate is well
exposed and very well preserved, the right ramus of the mandible
is perfect and weli-exposed.

On the dorsal surface of the parietal region the suture between
the parietals and the pineal foramen are very well shown on a
weathered face, which lies a little below the original dorsal
surface ; the right side of this region retains its natural surface
and shows the structure clearly.

The skull is short, broad, and deep. The snout is rounded in
section and terminates in front in the internarial premaxillary
processes, which form the extreme front end of the skull over-
hanging the oral margin.

The very large nostril faces largely outward and is not over-
hung by an outstanding corner of the nasal. The septomaxilla
is small, and the foramen between it and the maxilla very small.

The interorbital width is considerable, but the orbits look
upward and forward as largely as outward. The frontal does
enter into the orbital margin, but only through a short distance
The postfrontal is a narrow strip of bone wedged in between the
frontal and the postorbital.

No trace of a preparietal is to be seen on the parts preserved,
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the median suture is clearly shown from the front of the pineal
foramen to a point between the frontals, and the well-marked
suture between the frontal and parvietal passes very little in
advance of the pineal opening. These sutures are, however,
exposed at a plane below the orginal dorsal surface, and theve is
a remote possibility which ecannot, although very improbable, be
entirely excluded, that the preparietal was represented by =«

Text-figure 18.
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Aretognathus curvimola Owen. Type-skull.

Restoration of the dovsal aspect, the parts in broken lines being hypothetically
restored.,

minute scale of bone lying on the dorsal surface. 'The parietal
region is about as wide as the interorbital.

The maxilla is short and deep, its tooth-bearing margin is
much curved and passes smoothly with no trace of a step into
that of the premaxilla. The canines appear not to be completely
erupted, and the four small cheek-teeth are also not very firmly
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planted. The four incisors, though powerful, are not so dispro-
portionately large as they are in earlier Gor oonopmds
The palate of Areto gnathus is very we ell-preserved, but its
anterior end and two strips along the maxillee are coucedled by
unremoved matrix and by the lower jaw. 1
The basioccipital is broken off through the vagal foramen,
where it is thin and not very wide, The powterlor part of the

Text-figure 19.

Arctognathus curvimola (Owen). Type-skull.

The palate, X 2. Stippled area covered by matrix and the lower jaw.
Parts in dotted lines hypothetical.
A ... A, direction of the section of *‘ Lycosaurus tigrinus,” text-fig. 20.
ST., stapes.

basispheroid forms a triangular avea with raised lateral margins,
representing the tubera of earlier forms. Above the et]“"(}k the
sides of the bone are flat and vertical, posteriorly they tmmlnate
in the region of the fenestra ovales, these openings being con-
cealed by the foot of the stapes. Anteriorly these vertical sides
of the basisphenoid approach together until they are only
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separated by a narrow ridge which runs forward to the palate
proper. From the vertical sides of the basisphenoid horizontal
processes arise ; these basipterygoid processes support the ptery-
goids. From their articulation with the basisphenoids the
pterygoids pass backward towards the quadrates, but do not
articulate with those bones, as they appear to terminate in free
points before rveaching them. The phervu‘uidc« pass forward,
forming with the lned]dll ridge which continues the ]).mﬁjﬁwnold
a bar whme ventral surface is almost L}Illllh‘lf: al, broken only by
the median fillet. At the hinder end of the palate the pterygoids
suddenly widen, forming very deep powerful flanges. This part of
the bone has a tmusvene suture with the er'lop’rewoold Medially
the two ptervgoids meet in a visible suture which lies at the bottom
of a small depression. 'I'his suture soon terminates at the brim
of a much deeper and more sharply-marked hollow, which, as it
passes forward, widens and is converted into a deep open groove
forming antemm]y the whole roof of the much vaulted pqlate
'J.hroughout its extent this groove has well-marked, indeed often
vertical, sides. Anteriorly this groove is divided into two by a
ridge which rises from its surface. At about the level of the
last maxillary tooth this groove is bounded by roughened areas
of bone, which appear to have borne teeth. These areas are
undoubtedly on the pterygoids and are separated by visible
sutures from the palatines, which lie laterally to the pterygoids
in front of the ectopterygoids. Further forward these sutures,
which form the inner border of the palatines, approach one
another and descend into the groove, so that its side-walls are in
front formed by the palatine. The ectopterygoids are separated
from the palatines by visible sutures.

There is no trace of a suture down the mid-line of the groove,
and its roof seems to be formed by a median bone, which
terminates at the sudden end of the groove and must be bounded
by sutures with the pterygoids along its edges; of these presumed
sutures nothing can be seen in this specimen.

The type-specimen of Lycosaurus tigrinus Owen seems to throw
light on the structure of the palate of Arctognathus curvimola.

Ib consists of a fragment of a snout, broken off’ through the
premq‘{llh‘ in front mnd by an oblique fr.utme on the left side,
but showing much of the right maxilla. It has heen so dnve]nped
as to show a small strip of the surface of the right palatine and
shows a section of the palate on the hinder end. This species is
referred by ]3100111 to a new genus Aretosuchus, and said to have
a dental formula, i, 5, c. 1, m. 4 or 5, representing a much more
primitive type of Theriodont than Jlu‘!oh;nm‘ﬁ us. The type-
specimen only shows two incisors, a canine, and a few cheek-
teeth, and it seems certain that Hmu'n examined and used for
his descviption a snout of Seymunognathus whaitsi which Lydekker
had referred to L. tigrinus.

hacept in the larger size and somewhat different dirvection of
its canine, the tvpe specimen of L. tigrinus seems to agree
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exactly in size and every point which can be compared with
A. curvimola. The section of the palate shown on its posterior
fracture is represented in text-fig. 20.

There is a median element bearing a high dorsal ridge, now
detached, with a very deep groove on its mid-ventral surface and
carried out laterally in a long wing, which is overlapped by the
pterygoid. This bone bears a powerful irregular roughened
projection carrying small teeth: laterally its surface is snmoth
and is continued to the hinder end of the maxilla by that of t.he
ectopterygoid. The two bones scarcely meet, but are joined
together by a thin film of bone, undoubtedly the palatine, which
covers their dorsal surfaces.

Text-figure 20.

Arctognathus. Type-specimen of Lycosaurus tigrinus Owen. X 3.

Obliquely transverse section as a plane corresponding to A......A in text-fig. 19.

If this section be compared with that which the palate of
Arctognathus would present if cut along the line A-A, there can
be no doubt of the close affinity ——111(1eer1. specifie 1t1entlm—of
the two forms, for even the possible measurements are in very
close mmeenwnt

Thus we have confirmation for the view that the roof of the
median groove in the palate of Arctognathus is formed by a
median vomer.

The epipterygoid of the type-specimen of A. curvimola is
shown to meet the parietal in a long suture, exactly as does that
of Diademodon.

The preceding series of d@b(‘ll]ﬂ'l{)n is based on the more
complete and satisfactory remains of Gorgonopsids in the British
Museum, largely Endothiodon-zone forms. Of recent years
Broom .fmcl Hm“htcm either independently or together, have
described many complete Gorgonopsid skulls, c']neﬂ) from the
(Vistecephalus-zone. They have, however, never given so complete
an account of any form as that of \cJJ;a,Je,OJncct]e,ers included 1n
this paper, and it is seldom that they have given more than one
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or, at most, two drawings of any one skull. Thus it is difticult
to carry Out any detailed discussion of the mutual relations of the
known Gorgonopsids.

In order to discuss with any satisfaction the classification of a
group, it 1s necessary to know the main outlines of its history, to
understand the direction of the advances which make the struc-
ture of all late members of it differ from their ancestors, and
to work out any adaptive modifications which characterize its
different branches.

It 1s now generally agreed that the Gorgonopsids include the
ancestors of the Cy 110c-1mt111dae, and that the Pelycosaurs are a
group which includes self-contained lateral branches springing
from the very base of the stem of the mammal-like Reptiles.
Thus by comparing the two extreme terms, Varanosaurus and
Diademodon, we can gain at once a knowledge of the advances in
structure which have occurred in the Anomodonts, and on the
Afmumpmon that these changes have proceeded regularly we can
determine the trend of advance during the evolution of the group.
Discussion of intermediate forms will then enable us to decide
whether this trend really expresses a true view of the mode of
evolution, or whether the actual observed differences between
the extremes represent the result of a series of fortuitous changes
of indeterminate direction.

The work of Broili, of Case, of Williston, and the present writer
has led to the view that Varanosawrus is the most primitive known
Pelycosaur, forming a morphological ancestor to Dimetrodon,
through a Deiopeus-like form. The view that Diademodon or
T'rirachodon is the most advanced of known Anomodonts results
trom the work of Seeley and Broom.

The differences between the skull of Diademodon and Varano-
S@urus are ;-

I'n General Shape.

In Varanosauwrus the snout is very long, square-cut in section,
and roomy, compared with the rest of skull, with lateral nostrils
and a long straight tooth-row. The large orbits are entirely
laterally directed. The smail temporal fl’)‘-s‘ml lies entirely on the
side of the skull and is almost hidden from above by the ver y
broad parietal region. The occiput slopes forward, but is not
deeply cupped. The sides of the skull are nearly straight. The
skull is higher than wide.

In Diademodon the snout 1s short, small in volume, rounded in
section, with nostrils looking more forward than laterally. The
tooth-row is short and curved The orbit is comparatively small
and looks very largely forward. The temporal fossa 1s very
large, lies entirely on the top of the skull, and is not visible from
the side, the parietal region being drawn up into a narrow crest.
The oceciput slopes o little forward and is deeply cupped. The
sides of the skull gradually approach one another to the orbits

Proc. Zoor. Soc.—1921, No. V. 5
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but their direction is then changed as they form the slender
snout. The skull is much wider than high.

In the Brain-case.

[The structure of the anterior face of the pro-otic and supra-
oceipital 1s not known in Varanosawrus and other regions are not
very well shown. The following account of the Pelycosaurs is
based on Deiopeus and Dimetrodon. |

In Pelycosaurs the basioccipital is thick, ending in a large
rounded condyle. The large fenestre ovales are placed on the
bottom of the skull, far out at the side of the deep well-developed
tubera. 'I'he paroceipital process is short and slender, supporting
the squamosal and touching the tabular; it lies well above the
lower surface of the skull. The pro-otic is small, its anterior face
in no way overhanging the notch for the fifth nerve. The supra-
ou,llzlt.sl 18 9111,1191\ pl‘tte like, not forming a roof over the brain
in advance of the Vth nerve. The basisphenoid is massive,
forming a sloping floor to the posterior part of the brain-case.
It bears definite Sphenodon-like basipterygoid processes, anteriorly
it 1s in Varanosawrus continued forward hs a long channel- slmped
parasphenoid.

The pavietal does not form any part of the side-walls of the
biain-case. The epipterygoid is a slender rod of circular section.

The whole brain-cavity is very small in comparison with the
size of the skull.

In Diademodon, on the other hand, the basioccipital is small
and plays at most a subsidiary part in the pair of oceipital con-
dyles. The small fenestre ovales are placed on the bottom of the
skull, not very far separated. Basisphenoidal tubera are repre-
sented merely by the edges of the triangular lower face of the
lmmwphenmd The pdlnvm}n‘m] 1s @ ]mm powerful process sup-
porting the squamosal and touched by the tabular; it lies on the
lower surtace of the skull.

The pro-ofic is large, being carried forward by a great process
which completely UVBIhdII“‘H tlle trigeminal foramen.

The supraoceipital is pmcluwrl forwards by two wings, which
cover and form side-walls to a great deal of the brain- cfnltv n
advance of the Vth nerve.

The basisphenoid is a small bone forming a nearly horizontal
floor to the brain-case. It has small lateral basipterygoid pro-
cesses with the pterygoids attached to their flat lower surfaces;
anteriorly it is carried forward by a slender process which reaches
the palate and there spreads out into a broad vomer i the roof
of the posterior part of the nasc-pharyngeal ducts.

The parietal forms a good deal of the side-wall of the brain-
case. The eptptel\ﬂon] is a flat plate forming the side-wall of
the brain-case for some distance and articulating with the anterior
edges of the pro-otic. The brain-cavity is 1e1a.t1_vely very large.

The ear of a Pelycosaur, so far as can be inferred from the
bone which housed 1f lies low down on the side of the brain-case,
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has small simple semicircular canals, and has a cochlea which
leaves no evidence of its existence on the bones. The fenestra
rotunda 1s represented by a notch on the ridge, which in the
bony skull separates the vestibular cavity from the vagal foramen,
and thus opens inside the brain-cavity. The stapes is always
very large and is perforated, the fenestra ovalis being a large
irregular hole. There is no groove for the external mu]ltm\'
meatus.

In Diademodoin the inner ear retains its original position low
down on the side of the brain-case and still shows only simple
semicircular eanals. It has, however, a well-defined cochlea
housed in a crypt passing forward and inward, and curved
forward through about a quadrant of a circle. The fenestra
rotunda is a complete foramen, which opens indeed into the vagal
foramen, but does so on the outer surface of the neural cranium,
exactly as it does in the young Oruithorl ?,mtfu.*s

The stapes, although still oi good size, is much smaller than in
Pelycosaurs, and the fenestra ovalis is a neat round hole of
small size. The external auditory meatus is housed by a deep
groove.

The nose of Diademodon occupies a smaller space than that of
Dimetrodon, but the avea of its sensory epithelium seems to have
been increased by a great development of turbinal cartilage, now
ouly represented by a series of ridges, on the inner surface of
the nasals and prefrontals which once supported them. Nothing
of the kind occurs in Pelycosaurs.

Many other features in the nose of the Anomodonts can only
be discussed in connection with the septomaxilla, palate, ete.,
and then only 1 a detailed discussion of individual forms.

The Roof of the Skull.

In Varanosaurus the parietals are short, very broad, and with
the pineal foramen very far back. Their edges are separated
from the temporal fossa by a union of the postorbital and
squamosal. There is a large posttroutal Iying on the roof of the
skull. The frontal is a I;nn? bone aiwrws entering into the
orbital margin. The 111ef10ntala are large bones, almost equally
divided between the dorsal and lateral surfaces of the skull,
each bearing a depression on the outer face just in front of the
orbit. The nasals are narrow slips of bones. There is a small
supratemporal.

In Diademodon the parietals are long, very narrow, and with
the pineal foramen between their anterior ends. They form the
inner margins of the temporal fosse for a very long w: ay. the
squamosal and postorbital being widely H(—Jl).ll;lf[—,‘t] There is no
postfrontal. The frontal is a small bone, not entering the
orbital margin. The prefrontals are small bones on the rounded
snout, with no depression in front of the orbit. The nasals are
wide, especially posteriorly. There is no supl-a.tempolﬂ.

9]
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In side-view the skull of Varanosawrus shows a long shallow
maxilla, completely separated from the nasal by the long ]clLlll‘Yll]cLl
extending from the orbit to the septomaxilla. There is no ver Y
marked specialization of the dentition, all the teeth from the
premaxilla backward being similar in tm*m and not very dis-
similar in size. The (111&{11(1{30 jugalis exposed on the side-wall of
the skull and the jugal stops considerably before the quadrate.

Diademodon has a short daep maxilla reaching the nasal in a
long suture. The lachrymal is a small tht bone. The dentition
is iully divided into ineisor, canine, ** premolar,” and ‘ molar
teeth.”

The quadrato-jugal no lenger appears on the surface of the
skull and the Juml extends ])ncL to its extreme hinder end.

The suspensorium of Varanosawrus consists of a large quadrate
with a definite pterygoid wing, whose posterior smflce 1s covered
by the pterygoid. The outer edge of the quadrate is attached to
thequadmfo ]L1tT11 there being no quadrate foramen. The upper
part of the posterior surface of the quadrate 1s covered by
the squamosal, that bone passing so far inwards as to touch the
pterygoid.

In Diademodon the Lln-nl rate 1s a very small bone, either with
or without a p‘re ygoid wing, but in no case articul: 1t111g with the
pterygoid. 'The outer e{lcre of the quadrate is fused with the
quadrato-jugal, from w hich it is separated only by a small foramen,
the articular surface being formed about equally by either bone.
The whole posterior surface of the joint bone is covered by the
very large m;u.lmoml which extends down to the condylar edﬂe

The pulmtl\n Pelycosaur palate has the following (hrll(l('tels ==
The ptervgoid is a triradiate bone, articulating l)v a movable
facet with the basipterygoid process, from w hich point the
quadrate ramus rises and runs backward as a vertically placed
sheet of bone, passing behind the quadrate. The lateral wing of
the pterygoid passes directly outward from the region of tlle
lmamptmywoul and terminates in the usual flange.

The antervior part of the pterygoid forms a large part of the
essentially flat palatal surface and articulates with the prevomer.
It meets its fellow in median suture in Varanosawrus. The
dorsal surface of the pterygoid is raised into a ridge near the
middle line of the skull. In later forms (])uwt?'odon g.), the
ridge is much exaggerated and its median amf‘u,e passes
blllOOL]l\ into the ventral surface. The palatines are small flat
bones. The prevomers are distinct. The anterior end of the
palate is not known in any primitive Pelycosaur, but from
the conditions in later forms there is no doubt that the posterior
nares were small and lay in the general plane of the rest of the
palate, which was essentially flat. In such later Pelycosaurs as
Dimetrodon, owing to the step in the lower edge of the maxilla,
the palate is considerably vaulted, and the posterior nares lie

above the level of the cheek-teeth.

In Diademodon the pterygoid articulates by a rigid suture with
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the lower surface of the basipterygoid process, and there is no
(lu:i.lh‘étte ramus, the bone terminating at its attachment. The
transverse ramus does not arise from the basipterygoid region,
but very much further forward, the posterior part of the bone
being a slender strip, which is united with its fellow and the
parasphenoid to form a slender bar.

The transverse ramus arises very suddenly from this bar, the
bone being drawn downward into (1(“-‘(—*13 and very pow erful flanges.

There is no anterior ramus, the bone ending in a fransverse
suture with the palatine at the region where iv joins the jugal.

The transverse bone is very small and is not included in the
flange at the foot of which it lies.

The palatine is a very large bone, forming a great deal of the
posterior part of the P’t]dt@ then turning downward to form the
lateral wall of the posterior part of the nasopharyngeal duct,
and, finally, developing a secondary plate, which forms a floor to
that passage.

The two palatines are separated by a median vomer, which
forms the roof of the nasopharyngeal passage, apparently ter-
minating behind in a pointed ‘«llp separating the anterior ends of
the ptervﬂmd but really passing backward to the basisphenoid.

The prevomers seem to have vanished entirely.

The maxillz send inward secondary plates, which continue those
of the palatine forward. The premaxillee have palatal processes,
which pass dorsally to the secondary plates of the maxillee and
touch the anterior end of an ossification in the nasal septum,
viz., a mesethmoid.

In Varanosaurus the e]niptervu-oid is a slender rod rising
vertically from the dorsal surface of the pterygoid just in advance
of the bﬁc.lptelyﬂmd articulation.

In Diademodon the epipterygoid is a large flat sheet of bone
forming a side-wall to the brain-case and ruhlcula.tmg by a very
long suture with the parietal and frontal above, having a suture
with the pro-otic behind, articulating with the basipterygoid
process below, and ending in a suture with the pterygoid.
Behind the baslpten’“oul and below the point of exit of the
maxillary, mandibular, and motor portions of the fitth nerve, the
eplpterwrmd is continued backward by a process occupying the
position of a quadrate ramus of the pterygoid. The ramus in
certain species articulates with the front face of the quadrate.

The preceding pages record the more important differences
between the most primitive and the most advanced known
Anomodont ; they bring out the direction of the evolutionary
advances and show how enormous is the structural gap between
them, a gap represented in time by the relatively small interval
hp’rween the bottom of the Permian and the middle of the
Triassic system.

It remains to show how completely this morphological gap can
be bridged by the material available. Although, as Case and
Williston have repeatedly and emphatically pmnted out, the Pely-
cosaurs are a self-contained group dying out with Dimetrodon and
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Edaphosavrus, they show evolutionary changes which are in the
main in the same direction as theose whiceh lead from Varanosaurus
to Diademodon, coupled, of course, with many individual speciali-
zations. Although it is not essential for the purpose of this
paper, it is, I thm]\, useful to point out certain of the more
striking of these advances, using laranosaurus, Deiopeus, and
Dimetrodon as the series of forms. These :mmm]s lived side by
side, and this series is only a morphological one.

In general shape Dimetrodon shows an advance on FVarano-
sawrus in that the snout is much deepened, is square in section
only immediately in front of the orbit, and is, in general, wedge-
shaped with a rounded dorsal edge. The parietal region is
narrower, and leaves the temporal fossze visible from above. The
oceiput 1s more vertical. In the brain-case Dimetrodon shows an
advance over [eiopeus in that the basioccipital is thinner, the
basisphenoidal tubera smaller, and the paroccipital process larger.
The anterior margin of the pro-otic lies further in advance of the
internal auditory meatus. The brain-cavity is considerably
deeper and wider posteriorly. The fenestra ovalis of Dimetrodon
is smaller than that of Deiopeus and the stapes lighter. The roof
of the skull of Dimetrodon differs from Varanosaurus in the
following ways:—the parietals are less wide and the pineal
foramen further forward. The postorbital is visible from above.
The paiv of frontals have acquired a cruciform shape owing to a
widening of the interorbital surface. Deiopeus provides an “exact
intermediate, the increased width of the interorbital surface
having arisen by an increase in size of the pre- and post-frontals,
so as to leave a gap which is filled up by a special process of the
frontal.

In side-view the skull of Dimetrodon shows a shortened and
deepened maxilla touching the nasal in a short suture. The
dentition is sharply divided into incisors and cheek-teeth by a
diastema. The third maxillary tooth is much larger than the
first two, and the lower border of its socket lies w el below the
rlentweroua border of the premaxilla.

The lachrymal does not reach the septomaxilla. The orbit is
placed high up in the skull.

It seems probable that the deepening of the maxilla and the
“step” depend on the necessity of finding room for the roots of,
and the development of, replacing teeth for the greatly lengthened
maxillary teeth.

The condition of the canine may depend on the following con-
siderations:—A large canine in the upper jaw presupposes a
similar tooth in the lower jaw; such teeth, which are designed
for killing animals, are most useful in the front of the mouth. The
lower jaw, as a whole, bites inside the upper jaw. The first tooth
of the lower jaw cannot be much enlarged, because of the difficulty
of making a pit for its reception near the middle line in the
palatal process of the premaxilla; hence the lower canine cannot
be quite at the end of the jaw. A large lower canine almost
involves a diastema in the upper jaw for it to bite into, because
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Text-figure 21.
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Series of drawigs of the right lateral aspect of Pelycosaur skulls,
reduced to the same length,

A. Varanosaurus acutirostris Broili, vestoved from the type-skull in Munich, partly
after Broili. B. Deiopeus leptocephalus Cope, restored from the type-skull
in the American Museum. C. Sphenacodon ferox Marsh, after Williston.
D. Dimetrodon gigas Case, from a photograph published by Case.
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being laterally placed, the formation of a pit in the palate
fer its reception so narrows the dentigerous part of the maxilla
outside it as to leave no room for a tooth. The same factors will
render difficult any great enlargement of the next tooth, and the
upper canine thus comes to lie behind the diastema and separated
from it by at least one small tooth. Considering the mechanies
of the whole arrangement, it appears useful to make the dentition
more or less symmetrical about the diastema by enlarging a pre-
maxillary tooth to correspond with the canine, so that the single
lower canine forces the prey into the gap between two large upper
teeth. The dentition so designed 1s realized in Jumetrodon.

Text-figure 22.
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A. Superimposed outlines of sagittal sections of the brain-cases of Deiopeus in
broken line and Dimetrodon in continuous line reduced to the same length,
to show the thinning of the basis cranii, the enlargement of the brain-cavity,
and the forward growth of the pro-otic.

B. Superimposed outlines of sagittal sections of the brain-cases of Leptotra-
chelus in broken line and Diademodon in eontinuous line reduced to the
same length, to show : the thinning of the basis cranii, the forward growth
of the pro-otic, the enormous increase of the cervebellar cavity, and the
relatively slight growth of the cerebral region. :

The great deepening of the maxilla demanded by the canine
automatically squeezes out of existence the anterior part of the
lachrymal.

Deiopeus and Ophiacodon provide an exact intermediate between
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Varanosaurvs and Dimetrodon in dentition, as Case has already
shown. |

In the palate Dimetrodon differs from Varaposaurus in that the
transverse flanges of the pterygoids have moved much forward
from the basmtervwoul region. The condition in Deiopeus is not
known. Thus many of the structural ch: anges which separate the
advanced from the primitive Pelycosaurs are in the same direction
as the general advances of the Anomodonts from first to last.

The earliest known Gorgonopsid is Galesuchus gracilis Haugh-
ton, from the Zapinocephalus-zone.

This skull I have not seen, but judge that it is so much
weathered that the original shape of the squamosals cannot be
seen. Only the dorsal aspect has been figured. The skull 1s very
remarkable, differing much from all later Gorgonopsids and even
more from Pelycosaurs. Its only primitive features seem to be
the extremely sloping occiput (the apparent slope being possibly
exaggerated), the high position of the foramen magnum and
foramen jugulare, the large deep paroccipital processes, the
great size of the frontal, and the lateral direction of the orbits.
It is, however, so incompletely known that a full discussion of
its affinities is impossible.

The most primitive known Gorgonopsid is Arctops. This re-
tains as primitive features, which it shares with the Pelycosaurs:—-
the square section of the snout with a depression on the preorbital
surface overhung by the prefrontal, the lateral direction of the
orbits, the extreme parietal width, and the shortness of the
parietals. The resemblances in the basicranial and otic regions
have been discussed (P. Z. S. 1914, p. 1027).

The palate retains a primitive structure in the non-fusion of
the prevomers.

The skull shows advances over Varanosauwrus in the following
ways :-—Owing to the need of increasing the size of the tempoml
museles the squamosftl is bayed outward, a modification which
makes the temporal fossa visible from above; this change not
only allows of greater thickening of the temporal muscles dunno
their contmutlon, a function which is believed by G1eg01‘f and
Adams to be the factor which determines the origin of fenes-
tration, but also enables the outer part of the temporal muscle to
acquire a new origin on the upper edge and inner surface of the
zygomatic arch, thereby establishing an independent masseter
muscle. At the same time this widespread zygomatic arch passes
much laterally to the t]uathate and leaves that bone, with
the quadrato- Jus:al attached to its outer margin, lying entirely
within the back of the enlarged temporal fossa ; these hones,
having thus lost the support that they 01‘10‘111‘1“\' received from
the ]unctlon of the quadrato-jugal with the jugal and squamosal
by sutures, can only be adequately supported by a more powerful
abutment on the paroccipital process and by an extension of the
squamosal down their posterior surface.

At the same time the lateral extension of the squamosal renders
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the back of the skull much wider than the neck, and makes the
tympanic membrane lie much nearer the middle line than the side
of the skull. As it is necessary to keep this membrane exposed
to the outer air, any swelling of the neck will automatically lead
to the for mntmn of an eJ\teu] al .uldlt,(u‘y meatus; the beginnings
of this passage are seen in dretops in a groove on the 1_;us-teum'
surface of the squamosal, just outside the end of the paroccipital
process.

On the vential surface Arctops has advanced over Farano-
sawrus in the shift forward of the great pterygoidal flanges to
a position far in advanee of the basipterygoid processes: this
change results in a further great enlargement of the cavity for the
iemlmm] museles, and allows the i]e\ e]olmmnt of great p’rm) ooidal
muscles with an insertion on the dorsal surface of the pdhte.

This shift forward of the flanges has oceurred in Dimetrodon,
but the conditions in Arctops tllf’ru from those in the earlier
form in the fusion of the })()Htt—'ll()l parts ot the ptm}g:mlb and
parasphenoid into a massive ridged girder. This change adds
greatly to the strex ieth and 1101111‘(\ (}f the skull, but its details
cannot readily be (J\p]ame(l lw mechanical (nuhu.ier'ttlons; the
most import: mt of these is the replacement of normal hasiptery-
goid processes by the laterally directed flat lappets which occur
in all Theriodonts.

In the palate itself the more important changes are the
development of a median groove, a necessary pwhnnn,u y to the
establishment of a H{’Ct‘)nt]dl\' palate, which is brought about by
that (*]mﬂge in the dentition involving the t]e\'ﬂl()pment of a
“step ” between the maxillary and incisor teeth which has been
discussed under Dimetrodon, and the extreme posterior position
of the hinder ends of the posterior nares; this latter change
is itself probably to be associated with thﬁ, mupwnt secondary
palate, leading as it does to a longer air-passage whose posterior
end is not so easily closed by the presence of food in the anterior
part of the mouth.

Another advance in Arefops is the more vertical position of the
oceiput.

t‘rm qonops is in some ways as primitive as drctops, with w hlch
it shares very bhroad p"lll(‘td] and interorbital regions and :
sclmuo sectioned snout. The orbit faces laterally in both fOImS
and each has a remarkably broad interparietal, a feature in whlch
they resemble Deinocephalians.

Gm'gormps has a pair of large frontals, which are er uciform in
plan exactly as in the later b elvt osaur,

The pteh ontal 1s a large bone which overhangs a well-marked
depression on the pr eorbital surface.

Glorgonops shows advances over Varanosawrus wlnch, so far as
the parts are known, include all those which occur in drctops,
with the following additions :—The external nostril in Gorgonops
is much cmnl_)hmtml by the great development of the septomaxilla
and the foramen behind it. This foramen, first recognised by
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Case in Dimetrodon, occurs in all the more primitive Anomodonts
and 1is still of uncertain function. In all Pelycosaurs the septo-
maxilla is a small bone resting on the maxilla and premaxilla at
the back of the nostril, hemg touched by the nasal and forniing
with the other bones the foramen, which I propose to call the
septomaxillary foramen.

In Dimetrodon the lower edge of the septomaxilla, where it
rests on the maxilla, is turned inwards and forms a partial floor to
the nasal passage. The anterior border of the septomaxilla is
provided with a process which partially divides the external
nostril into a lower and an upper part,.

It is probable that the process on the anterior edge of the
septmna\tlla is associated with the original turbin: e simply
forming the anterior end of that vidge. Jn the living lizards and
snakes, r,h(:- septomaxilla lies inside ’rlw nostril as it does in the

Captorhinids, the collateral ancestors of the Palycosaurs; it has
in them a characteristic and uniform situation, in that it is
ossified in the membrane dividing the main nasal cavity from
Jacobson’s organ, running nearly horizontally from the maxilla
to the car tliwumus nasal ‘«eptmn

In Anomoc Ionts I have only heard one possible suggestion for
the function of the :«epi.mlm.mll.l.ly foramen, that it served as an
outflow for the ductus naso-lachrymalis, the liquid poured out
from 1t serving to keep the muzzle wet as in Artiod: whh. This
view is in humrmy with the known position of the duet in early
amphibia and reptiles. It, however, does not afford any satis-
factory explanation of the rvwat size of the foramen in Gor gonops.

The very peculiar cmuhl,mns in the Deinocephalian Mormo-
saurus (Proc' Zool. Soc. 1914, p. 757, figs. 1 & 2) suggest another
explanation. In this animal ‘the ordmar) external llUStl 11, which
in early reptiles always lies between the premaxilla, the. septo-
mam]la, and nasal, appears to be represented by a mmute foramen
between the septomaxilla and the nasal. The large opening
which is the funetional nostril seems to be really a ﬁeptoma xillary
fornmen, as it lies between the premaxilla, the maxilla, and
5ept0umx1lla? a situation which is never occupied by the ordinary
nostril in early veptiles, but agrees with that of the septo-
maxillary foramen in the earlier illerlollnntb Thus this foramen
must be of the nature of a nostril. The characteristic position
of the septomaxilla in Squamates suggests that the foramen leads
into Jacobson’s organ, and it will fo]lm\ that that organ was
the functional olfactory organ of Mormosaurus; the shallowness
and small size of the upper part of the nasal cavity, which
distinguishes Hormosanrus from such Deinocephalia as Moschops
with a normal septomaxillary foramen and nostril, can thus be
accounted for,

The advances over Varanosaurus which are shown i the nose
of Gorgonops ave: (1) the direction of the mnostril forwards
instead of laterally, a change which renders the appreciation of
odours coming from the direction in which the animal is pro-
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ceeding more delicate, because owing to a Pitot effect more air
will he driven into t]w nasal cavity ; (2) a great increase in the
size of the septomaxillary foramen, posmb]y associated with a
further elaboration of Jacobson’s organ ; (3) a great increase in
the size of the facial part of the septomaxilla—this may be due
to purely mechaniecal reascns.

Another advance very clearly shown in Gorgonops is a great
deepening of the maxilla and a concurrent reduction of the
lachrymal, the prefrontal showing little reduction.

The palate of Gorgonops is ad ranced in the great size of the
internal nares, in the width, depth, and backward extension of
the median groove, in the internarial bar being single, and in
the occurrence of a median vomer in the back of the palate.

The very large size of the pterygoids and the forward position
of the roughened and possibly tooth-bearing areas on these bones
are primitive features.

The basicranial region shows no structural detail.

Seymmnognathus whaitsi shows m: any resemblances to Gorgonops
1n its snout.

It shows advances over Arclops in the thinner basioccipital,
smaller basisphenoidal tubera, and less massive paroccipital pro-
cesses.

The brain-case is advanced over that of the Pelycosaur
Dimetrodon in the great forward extension of the pro-otic and
supraoccipital and the junction of the latter bone with the
epipterygoid ; a remarkable feature is the forward process of
the basisphenoid, which forms a floor to the brain-case in
advance of the pituitary fossa.

The most striking advances over drctops are the great redue-
tion in width of the parietal region, the lengthening of the
parietals, and especially the enormous increase in spread of
the squamosals. The turning backward of the upper part of the
squamosal at the posterior margin of the temporal fossa makes
that opening even larger, and increases the length of certain
fibres of the temporal muﬁfle%

So far as known, similar differences separate Seymnognathis
from Gorgonops, the latter genus having much larger frontals
than the former.

By the great expansion of the width of the back of the skull,
the orbits of Seymnognatlhus are made to look partly forward.

Another small but important advance in Scymurognathus is
that certain fibres of the temporal muscle have secured an origin
from the dorsal surface of the parietal region.

Seymnognathus is probably less advanced than Arctops and
Glorgonops in its less vertical occiput. In the palate Seymmno-
gnathus is probably less advanced than Gorgonops in the small
size of the median groove, and its restriction to the anterior
part of the palate and to a narrow space round the hinder end
of the posterior nares.

The incompletely known Leptotrachelus shows an important
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stage in the advance in structure of the basicranial region,
llhecu}\' discussed in P.Z.S, 1914, p. 1027, figs. 3 & 4; it 1s in
this region more advanced than any other known meuz/unc!ma-
zoue Gorgonopsid. 1t retains as primitive features the very large
quadrate, large postfrontal and frontal, and a sloping occiput.
Thus the !mdotﬁw(?on zone Gorgonopsids show definite ad-
vancas over the Pelycosaurs in the direction of Diademodon.
Each form 1s advanced in certain features whilst retaining a
more primitive strueture in others, so that an Lnaginary dmnm,l
built up by throwing together the most advanced features found
in all the actual :unnmf., would be far more advanced than any
one is on the average; although in no point would it be more
advanced than a known form. [n fact, the evidence existing
here, small though it is, suggests that there is a limit to the
total amount of advance possible to the members of a group in a
given time, and that these changes may be distributed either
over the whole animal or concentrated on a definite region, which
will then present a structure of much more advanced type than
1s found 1n allied contemporaneous forms. A somewhat similar
conclusion seems to have been reached by W. . Matthew from
the study of the more abundant material of fossil mammals.

Discussion of the Gorgonopsids of the U."\siet'ep.’crrfus--m‘me 18
rendered difficult by two factors—the incomplete descriptions
and insufficient figures of many of the perfect skulls in S. Afriea
and New York, and the fact that the € istecephalus-zone 1s a
long one and that we do not know the relative ages of the
Gorgonopsids from it. It will appexr from the evidence to be
brought forwad in this 1)11)91 that the forms from Dunedin and
Nieuweveld localities are early, those from New Bethesda and
the Kagaberg which are associated with Dieynodon tigriceps
considerably later in time. There is, however, no stratigraphical
evidence that this is so.

From the Cistecephalus-zone Broom and Haughton have
described several forms as species of Seymnognathus—NS. tigriceps
B. & H., S. parvus Br., S. minor Br., S. angusticeps Br., S. serra-
tidens Hau., are all from the Nieuweveld. These forms may
very lnosslhlv be congeneric; they agree with Seymunognathus in
]nwmg o e il i 45 hut <lllltb “certainly do not belong to
that genus. They differ from bu;nmoqm:dﬁm whaitsi in the
tollowing characters :—

The snout is very much deeper, its anterior end instead of
being rounded is vertical (¢f. Broom, P. Z.S. 1913, p. 225, pl. 36),
the external nostril is much larger, the septomaxillary toramen
smaller, The anterior end of the nasal does not fully overhang
the nostril. The top of the snout may be ridged, : i the square
section with a plemlntal depression n\ulnmn by the prefrontal
is entively lost (cf. S. serratidens, Ann. South Afr. Mus. vol. xii.
p- 89, pl. xiii.). The snout is much shorter and the prefrontal
in consequence smaller.
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There is no step in the upper jaw, the curved tooth-bearing
edge of the premaxilla passing snioothly into that of the ma}uﬂa
lu S. tugriceps thé u,ciudmowla are not, nenl]\ so much spread, the
skull being much deeper in proportion to its width. If we may
trust the ehl%tlll deseription of a not very satisfactory prepara-
tion, the palate Uf N. tigriceps differs from that of S. whaitsi in
the lO.‘ab of the anteor projection of the pterygoid and the great
extension of the palatines. On the other hand, judging from
the description by Haughton of its endocranial surface, the
brain-case of S. tigriceps may have greatly resembled that of
S. whaits:.

Thus the Clistecephalus-zone animals veferred to Seymno-
Jn(ctfa,us do not belong to that genus, but differ from it by a
series of advances which will be seen to be all in the (111e(,t10n
leading to Diademodon. Certain of these species appear to
Iesemble Lycosauwrus pardalis considerably, agreeing with that
animal in dentition, the short high snout xuth a 1oumled dorsal
surtace, the large mostril, the vertical mternarial bar, the small

exposure of the septomaxilla, the absence of a step in the upper
jaw, the short and deep maxilla, and the small prefrontal. Ail
of them, however, seem to retain a large postfrontal bone.

Two ut-]u-'-.r remarkable forms, apparently from the lower part
of the Clistecephalus-zone, Scylacops capensis and Gorgognathus
longifrons, ave of interest because they strongly recall Kudothiodon-
zone forms.

(lorgognathus with its 111|:|191ne]\ Jong low snout somewhat
resembles Seymnognathus whaitst, and its ver y broad interorbital
and intertemporal surfaces agree with (I(JJ{;‘UHO}‘!Q. It 15, however,
advanced in the following characters :—The loss of the step in
the jaw, the rounded snout, and especially the vertical occiput.
Haughton has pointed out another advanced feature in the
structure of the hasicranial region. Seylacops is a small unusual
form with a low broad snout: 1t is advanced in the exclusion of
the frontal from the orbital margin, in the rather vertical ocei-
put, in the loss of the step in the upper jaw, and especially in the
loss of the anterior ramus of the pterygoid : 1t appears to retain
a rvather primitive Gorgonops-like mose and has only small
temporal fossw Broow’s figure of the oceiput suggests that it
is advanced in the shallowness of the paroccipital processes. [t
is probable that the fragment of a (;0100110})%1(1 skull which T
described (Ann. & Mag. Nat. Hist. 1913, vol. xi. p. 65, figs. 1-4)
belongs, it not to ;5(’-_{{5((-(;0}.)&, at any rate to a c]o.u.e.]y allied form.]

Arctognathus curvimola 1s a far more advanced form than any
so far discussed in this paper ; it presumably comes from a 11101191
horizon in the Cistecephalus-zone than (ro.vJanat]m.s ete. 1t
shows advances in the following features ::—The snout 1s short,
narrower than the orbital region, rounded over the mid-line.
The nostrils are very large and the septomaxillary foramen
small. The nasals do not overhang in front. The interorbital and
intertemporal surfaces are narrow, the orbits facing outwards,
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upwards, and a little forwards. The postfrontal is very
small, the preparietal is absent. The maxilla is very short and
deep, there is no step in the upper jaw. The prefrontal is short
and probably small. I have already shown that the basicranial
and otic regions are very advanced (Proc. Zool. Soe. 1914,
p. 1028). The eplptenwonl are widened and flat, very much
as in Diademodon. The posterior end of the quadrate ramus of
the pterygoid no longer reaches the quadrate. The pterygo-
parasphenoidal girder, instead of having a flat ventral surface
from which a deep median crest rises, 1s rounded, with the crest
represented by a low fillet.

The palate is most conveniently compared with that of
Gorgonops, which represents an earlier stage leading to it.

The great median groove 1s deepened and its roof 1s entirely
formed by a median vomer, which presumably represents a
forward growth of the posterior median bone of the Gorgonops
palate.  Anteriorly the ridge rising from the vomer in Arcto-
gnathus suggests that there was a soft secondary palate into
which a secondary bony plate may have grown out in the
concealed part of the palate.

The tooth-bearing roughened area of the anterior ramus of
the pterygoid lies mmh further back than in Gor qonops, and the
pterygoid no longer reaches the postt,lloi nares.

The quadrate “of dwretognathus is much smaller than that of
Seymanognathus.

The conversion ot {u,!ur;:m{fms into a "b}::(ulnllt like C'yno-
gnathus demands only the following changes :—Still further thin-
ning of the basis cranii, further reduction ot the quadrate wing of
the pteuwoul the development of a connection between the
quadrate wing of the elnptelsuuul and the parocecipital ; further
retraction of Hu, anterior ramus of the pterygoid, so as to reduce
the roughened areas to a pair of small knobs on e,u.ll side of the
posterior end of the median groove; a little reduction of the
ectopterygoid ; the lIt*\(—'lOlllll(—‘llt of neumn]‘n\ plates from the
maxille and palatines in the existing soft secondary palate;
the conversion of the narrow 111relbl,mp01'l.l area into a sagittal
crest, to increase the length of the temporal muscles; the loss
of the postfrontal, and a further reduction of the frontal and
prefrontal, leading to an increase in size of the posterior part of
the nasals. lllese changes are all in the same direction as those
which convert a Pelycosaur like Varanosaurus into a Theriodont
like Gorgonops, and an animal like Gorgonops into a form like
Arctognathus, and are, on the whole, smaller than those which arve
necessary to carry out the earlier improvements ; in fact, Areto-
gnathuws, which is technically a Gorgonopsid, is structurally closer
to C'ynognathus than it is to Gorgonops.

Amongst other advanced forms allied to the Gorgonopsids and
coming from the Cistecephalns-zone ave Cynosuchus and Whaitsic,
which have both been excellently described, though mnot com-
pletely figured, by Haughton.
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Whaitsie 15 a 1'e111a,rl'dl'>1e form with a somewhat primitive
basicranial region, and a palate which in general agrees with
Gorgonops, but differs in the development ut a spu,ml process
passing out on each side of the internarial bar so as to divide
each posterior nostril into two. [The meaning, 11:(‘;1'}}110]0 y, and
function of this arrangement are quite uncertain, the anterior
vacuities are not ex: Lctl\' homologous with the anterior palatine
incisions of mammals and C_ynodonta because the posterior
border of these incisions is always formed by the anterior edge
of the secondary plate of the maxilla.| Thaitsia is very advanced
in the reduction of the wide parietal region to a narrow sagittal
crest, which characterizes it, and in the extreme reduction of the
dentition.

The preceding discussion shows that the Gorgonopsids include
a series of forms which exhibit in their skulls a gradual series of
changes by which so primitive an animal as Arcfops passes in-
bellblbl’\' into a Cynognathid. It establishes clearly the existence
of a series of e\ulutlcm wy trends, which persist without change
from the beginning of the Anomodonts in Varanosaurus to then'
end in ])irtdemoduu and indeed to lead on to mammals. It
remains to discuss the other primitive Theriodonts included in
Brooem’s order Therocephalia and the Deinocephalia, to see how
far these evolutionary trends apply also to them, and to consider
the relation of these forms to the Gorgonopsids, which are
plainly the central group of the Theriodonts.

No Therocephalian is at all well known, despite the very large
number of forms which have been des{.nl.mtl. We Lknow the
dorsal and lateral surfaces of the skull in a good many forms
(Seylacosaurus, Lycosavrus, Scaloposavrus, ete.), the palate 1is
known more or less completely in others (Seylacosawrus, Seyn-
nosaurus, Sealoposaurus, ete.).  The basicranial region is known
in no Therocephalian, neither has any oceiput been figured.
Haughton has described the brain-case of Jllopeco_pmﬂms, but
his figure is not in all points (e.g., the character of the supra-
oceipitial Lm:] the relations of the 111191]mnetr11 and parietal) very
convineing

The mor_«t. important materials of Therocephalia in the British
Museum are the more or less complete skulls of Sealoposaurus
from the Cistecephalus-zone and Seylocosauwrus and Seymno-
sawrus watsont from the Tapinocephalus-zone.

SCYMNOSAURUS WATSONI Broom, Proc. Zool. Soc. 1915, p. 169,
ﬁ{r
Lycuaudmsg Watson, Proc. Zool. Soc. 1914, p. 1036, e 71

Type : a skull with seven cervical vertebra in natural articu-
lation, other vertebree and fragmentary limbs doubtfully
associated.  Tapinocephalus-zone, Uitkyk, Dist. Prince Albert,
(ape Province.

The skull of the type is curionsly preserved: 1t 1s embedded in
a calcareous nodule, which breaks with a conchoidal fracture and
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1s 5o loaded with a very fine siliceous mud as to be glass-hard,
completely blunting a carvefully hard-tempered chisel after a
single blow.

l‘llt skull is broken through along the plane of the palate, part
of that structure .thelmu to each block. The skull is then
broken through by a split which passes through the brain-cavity
and removes Lhe whole left posterior corner o’r the skull behind
the orbit. FKinally, another spht traverses the occiput, part of
that region adhering to each surface.

Where wedthelmu has softened the matrix, very good pre-
parations are easily made, and in these regions, especi: 1]1\ where

Text-figure 235.

Qu. A oe il 1B.50 QUJ

Seymnosaurus watsoni Broom. Type-skull.

Oceipital aspect. X §.

the bone has been cleaned by weathering, the preservation is
extraordinarily good. Dev elupment of the unweathered regions
is a very (hﬂlt,ult and extremely slow and tedious process. Never-
theless, I have been able to make a s: wtisfactory preparation of the
mner .,ulf.me of the cranial cavity.

The occiput now shows nearly every detail of its stiructure,
although a divect view of its ]m»«imlm surface (,.nnmi he seen.
Tts outline is well shown and the posterior surfaces of the quad-
rates and squamosals are clean.

Dr. Broom’s figures give a. good idea of the gemeral shape, the
structure of the do:ml “and theml aspects not beme, shown.

Proc. Zoorn. Soc.—1921, No. VI. 6
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MV former figure gives a good idea of the palate, whose struc-
ture is well shown. It, huwexet does not clearly illustrate the
exact mode of articulation of the quadrate to the squamosal and
the structure of the extreme postero-lateral corner of the skull
and the auditory groove. This inaccuracy, which is not of a very
serious nature, was due to a misunderstanding by about 30° of
the orientation of the detached left corner, which was at that
time the better exposed.

The basioceipital condyle is largely concealed by the attached
atlas, but 1s partly e\pospd from below and cut by fractures which
give sections through it. [t is rounded and 11ef11‘lv twice as wide
as 1t 1s deep. It is ‘Shortand immediately in front of it, at a plane
a little in front of the general (JLCllllt'Ll surface, Ile the very
broad and massive ndslsa])l]enom.d tubera. 'lheac have a flat
posterior surface overhung by ﬂlb projecting exoceipitals, which
are separated from them bv he small vagal foramen and per-
forated by small foramina for the XIIth nerves. The structure
of the anterior part of the basisphenoid has already been described.

The paroccipital process is very massive; not only is it thick
from back to front, but the small post- tmupoml fossa is placed
high up so that the process is deep. Although the fenestra ovalis
is not visible there can be no doubt, from consideration of the
general structure, that it lies far out.

Very little of the supraoceipital is visible from behind, the inter-
parietal terminating only a short distance above the foramen
Hlﬂagllllll'].

The joint supraoccipital and interparietal form a very thick
mass whose posterior surface stands nearly vertical.

The occiput, as a whole, forms an equilateral triangle with an
angle at the top. To the lower parts of the lateral sides of this
triangle two others are added, standing out as fins; these are
composed of those parts of the squamosals which articulated with
the jugals.

The lower and median parts of the main triangle are flat and
stand vertically. the lateral borders are turned back, so that
viewed as a whole the oceiput is deeply cupped, the back-turned
margins gradually approach one another and, finally, fuse to form
the very deep sagittal crest.

The extreme upper part of the occiput is formed by the
parietals, the interparietal terminating far below the summit.

Laterally the parietals are covered by the tabulars, which form
the margin of the occiput for some distance, strengthened by
production of the parietals along their anterior faces and more
laterally by a similar covering of squamosals, which, indeed, over-
lap onto the parietals.

The squamosals articulate, as just described, with the parietals
and tabulars, and then extend outward into powmfnl processes,
their upper parts being turned backward so as greatly to increase
the size of the dorsal opening of the temporal fossze.

The ventral halves of their posterior surfaces are vertical,
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continuing the plane of the paroceipital processes, with whose ends
they are rigidly articulated. The posterior surface of the lower
part of the squamosal is separated from that of the paroccipital
by the usual ridge, which borders a groove for the external
auditory meatus.

This ridge continues upwards until, just below the level of the
post-temporal fossa, its hinder margin is tuwrned inwards as
a scroll with a thickened edge in a very unusual manner, not
understood by me when I published my figure of the palate.

Text-figure 24.

Scymnosaurus watsoni Broom. Type-skull.

Brain-case in sagittal section seen from the left side. Epiptery goid of left
: . - . l_)‘
side seen in outer view. X 3.

I.Au.M., internal auditory meatus.

This scroll overhangs the oceiput, but very vapidly subsides
into the general surface of the squamosal, just at the pomt where
that bone begins to bend backward. ; (o 1 :

The lower edge of the squamosal is thin and is split by two
notehes associated with the attachment of the quadrate.

The quadrate, or in all probability the fused quadrate and quad-

rato-jugal, is relatively small, nothing of its hinder suifn.ce being
o ('i".
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visible except the extreme articular edge and the two processes
which interlock with the squamosal. There is evidence that it
is no higher than the paroccipital process, but its upper edge and
front face are not seen. The bone extends only very slightly
laterally of the outer process, forming the extreme end of the
lower margin of the occiput. Above its end the border of the
squamosal runs upward and slightly outward, its front face being
supported by the jugal.

The plan of this very remarkable U(-ciput is repeated in a less
exaggerated form in Scaﬂ(wow?u us sclatert, so far as the still very
incomplete preparation of the British Museum skull allows of a
comparison.

The brain-cavity of Seymnosaurus behind the epipterygoid is
now fairly well expoaml. I'ts general characters will be best umler-
stood from text-fig. 24. The foramen magnum 1s extremely
small, but the brain-cavity is somewhat 111091 than would be
anticipated ; although not high it is frm].) broad, capemall} mn
advance of the exit “of the vagus. 1t is of normal Anomodont
type with an opt,ninn' to the inner ear placed very low down and
with this opening confluent with the foramen for the Xth nerve.
The sunken edge which separates these openings is continued
upwards by a ridge on the wall of the brain-cavity, which
separates the narrow medullary from the wider cerebellar region.
The pituitary fossa, although not cleared of matrix, is undoubtedly
shallow. There is a pl)\\'eri’ul 111-0(-9:'-:% below the notch for the
Vth nerve, and the supraoccipital, with possibly a strip of the
pro-otie, {J\Lemh forward as side- \\,1]'5 as far as the epipterygoid,
passing median of that bone.

The limb-bones doubtfully associated with the t3*11e~~;kl|]l are
small and very slender, so that if they really belong to it the
pmpmtmlh of the amnml must have been like ]h;u nodon. 1t
they do belong the agility which they imply may be the ex-
planation of the une\pectuU} large cerebellar cav ity, which,
however, shows no trace of floccular fossa.

It 1s interesting to compare Seymanosarwrus with Seymncgnathus,
which is of about the same size, though later in time. The two
animals are carnivorous and have very similar dentition, especially
in the feebbe molar series,

The Therocephalian is the more advanced in the following
characters :—

1. The reduction of all parts lying below the base of the
brain, the basioceipital, lJ(lHI‘ﬁl)llellOllI and especially
the quadrates.

2. The reduction of the intertemporal region te a narrow
sagittal erest.

3. The shortening of the suout.

4. The lengthening of the temporal fosse.

Seymmnosawrus vather vecalls Seymunognathus in its squave-cut
snout, Seylacoswurus is much more advanced in the rounding of
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the dorsal swiface of the nose, in both forms the extreme lowness
of the face in early Gorgonopsids is lost, the maxilla being deep
and the anterior part of the skull in frenelal high.

The incisor-teeth in Seylacosaurus are small and the premaxilla
shallow below the nostril.

There is no step between the canine and the incisors, the teeth
forming a curved row like that of the latest Gorgonopsids and the
Cynognathids,

A preparietal appears to be lacking in Therocephalia, other-
wise the interorbital region does not difter greatly from that of
Gorgonopsids,

In the palate the Gorgonopsids are all more primitive than the
two Therocephalians in not possessing a suborbital fossa. They
are, however, all far more advanced in their possession of the

aulted pftlate which leads so directly to the (Tevelopmenf of
a secondary palate, and in the complete suppression of an inter-
pterygoid fossa.

The median part of the palate of Seymnosawrus even projects
slightly above the general level, that of Seylacosaurus is essen-
tially flat.

Seymmnosaurus shows an advance on Seylacosaurus in the median
vomer which appears on the palate.

Both Therocephalians agree with one another in certain special
features, such as the extent to which the ectopterygoid con-
tributes to the pterygoid flange (in which they differ from the
Gorgonopsids); and in theirr general appearance, in the structure
of the occiput, ete., they in no way recall the Cynognathids, as do
all the Gorgonopsids dealt with in the preceding parts of this
paper.

Seymmosawrus and  Seylacosaurus ave Tapinocephalus-zone
forms, and there is no evidence of any animals with similar
structure in the succeeding Hndothiodon- and Clistecephalus-
zones.

No certain Therocephalian is ];1‘10\’\'11 in the Andothiodon-zone
(as I understand it), unless Broom’s Zetidognathus is of that age.

In the Clistecephalus-zone Scaloposarrus, represented only by
the type-skull from Stylkrantz, is the only satisfactorily preserved
form. It has been well deacuhed and figured by Owen and Broom,
whose accounts should be referred to, The little skull differs
exeeedingly from Seymnosaurus, the temporal fosse are short,
there are no prenounced sagittal and lambdoid crests, the squamo-
sals are not expanded, and the postorbital apparently does not
reach the jugal behind the orbit. [This may be only on account
of weathering of the surface. |

On thke pa late there is evident a wide 111‘(01-111;91'\, ooid vacuity,
agreeing with tl:e much narrower opening in Seymnosaurus; there
are large suborbital vacuities as in that form. Nothing is shown
of the anterior part of the palate, nor are the details of the basis
cranii well displayed.

Thus the extant material of Therocephalia sheds no light on
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the evolution of that group, and the known forms are so few that
no classification is possible.

It is, I think, reasonable to assume that the Therocephalia
have sprung from the Gorgonopsid stock, and that they represent
a series of distinet branches which dhplay a much more rapid
advance in structure than the conservative main stem. These
advances are, on the whole; along the trends of Gor crmmps]d evo-
lation, quite early 'lhemu-plmh‘ma thus agreeing in certain
features with Cynognathids. It is, as I have ahmdj shown,
probable that Bawria and its allies are descendants of Thero-
cephalia, representing the product of a parallel series of changes
to that which resulted in Cynognathuws imposed on a different
ancestor.

In the preceding part of this paper, T have dealt only with a
selected series of Gor gonopsids which present resemblances to the
Cynognathids, and have tacitly assumed that these forms are
the main stock. There are, how ever, many other Gorgonopsids
which appear to represent side-branches, displaying either
accelerated evolution of certain features or else individual
specialisations.

Of these forms the earliest and one of the best known is #luro-
sawrus felinus Owen. This form was first described by Owen,
Q. J. G.S. vol. xxxvii. p. 261, pl. ix., Seeley subsequently figuring
an incompletely prepared }J{Llate. Broom later corrected cer ‘mm
features of Seeley’s description of the side of the skull.

The British Museum includes, in addition to the type, two
snouts which were regarded by Lydekker as 7. felinus. Broom
left manuscript-labels concurring in the identification, and
a detailed examination which I made of them showed that the
external surface and dentition are in complete agreement. One
of the specimens had no lower jaw attached and the palate has
been developed, with the remarkable result that it is shown to
differ very considerably from the type, being probably generically
distinet. The whole circumstance is of importance, because it
shows that a specimen showing only the outer surface of the
snout and dentition of a Gor, (ronopmd may be an inadequate type.
In text-fig. 25 I give three slightly reconstructed views of the
snout of B.M.N. H R. 855 from the Endothiodon-zone ? of Beau-
fort West. This type is very advanced in the depth and rounded
section of the snout, in the supression of a step in the maxilla
before the canine, and in the relatively slight overhang of the
anterior border of the nasal. It retains a very large septo-
maxillary foramen and a large facial exposure of the septomaxilla.
The palate unfortunately shows no sutures. but gives a good view
of the general form. In general form this palate differs very
considerably from that of Aretops, Gorgonops, Seymnognathus, ete.
The median region is excavated into a very narrow groove
bounded I‘Ltemﬂv by massive processes, whose palatal quaces
bear small teeth in sockets. Lateral to the process is a small
fenestra or possibly a very deep pit with a well-defined margin ;
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further laterally the palatine forms a deep groove, flattening
out as it is traced forward until it becomes the nearly vertical
surface of that anterior part of the hone which bounds the outer
side of the posterior narves. The pterygoid flanges are powerful,
but differ from the ordinary Gorgonopsid type in that the ecto-
pterygoids extend down to their summits. There is a single inter-
narial bar whose ridged lower surface lies far above the lower edge
of the maxilla,

Text-figure 25.

lurosaurid, ? gen, et sp.

Dorsal, right lateral, and palatal views of the anterior part of a skull.
R. 855, B.M.N.H. X 3.

The palate is of the same type as that of Bluroscurus felinus,
but differs in the much smaller development of tooth-bearing
areas and in the much more caudal position of the hinder ends
of the posterior nares.

An analysis of the structure presented by a series of animals
belonging to the Theriodontia thus suggests that that group is a
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natural one, the conservative main stem which leads on to the
Cynoonathlds being represented by a series of Gorgonopsids of
which Glorgonops itself is one of the most primitive members.
From this stem side-branches arise, which retain the broad
parietal region and other primitive features, but present either
an accelerated development of certain regions or are indi-
vidually specialised. From still earlier members of the main
stem arose the groups of animals, resembling one another in
the precocious conversion of the broad intertemporal region into
a sagittal crest and in the acquirement of suborbital vacuities,
which are usually included in the Therocephalia and belong to
many independent stirps, each in all probability being dependent
on the main Gorgonopsid stock. It is shown that there is a
series of evolutionary trends which persist throughout the whole
group of Anomodonts from Varanosaurus to Diademodon, and
I.-lm.{. the special rapid advances which separate the Ther ocepha]m.
from the Gorgonopsids, in the main, merely follow out the pre-
determined evolutionary track proper to the group.

Thus any classification of the Theriodontia is necessarily
complicated, as involved and difficult of coustruction as that of
the 7heria themselves. Existing material is so incomplete that
any attempt at detailed elasalhcmtlon even if only into families,
i1s dangerous, in that it will load th(—‘ literature with undefined
groups, who.se characteristic forms may only be known from the
front end of the skull or the dentition.

The detailed descriptions of skull-structures in this paper show
how unreliable, even for generic distinection, are the characters
presented by the teeth of Theriodonts.

Thus, for the present, I am inclined to retain my former
division of Theriodentia into Gorgonopsidae, Therocephalidae,
Cynognathidz, and Bauromorpha, fully recognising that these
groups—or, at any rate, the first two—cover a multitude of forms
not directiy of common origin and only held together by two
or three striking characters.

It remains to discuss the connections of the Theriodontia
with the other groups of South African Anomodonts—the
Deinocephalia, Dromosauria, and Dicynodonts.

In the copper-bearing sandstones and associated limestones of
the Ural Mountains, which immediately succeed the Artinsk
beds and are shown by a comparison of reptile and amphibian
faunas to be slightly older than the ZTapinocephalus-zone, are
found three types of Anomodonts, each represented by skulls or
jaws: of these Deuterosaurus is clearly a Demooephﬂllan of the
Tapinocephaloid group recalling many South African forms.

Deinosawrus (—Chorhwodon) is 1'epresente(1 b} jaws, in one
case associated with a palate whose dorsal surface is well exposed.

Rhopalodon is a name covering not only several jaw-fragments
but also a complete skull, which was described by Prof. ‘ﬁeelev

Of this skull, remark :11;]\’ beautiful llthoam]uln( drawings of the
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Rhopalodon fiseheri Kutorga.
Restoration of skull from the figures published by Seeley, Phil. Trans. B. 185, 1894,
and the brain-case figured by von Meyer, ‘ Palzontographica.’
Parts in broken lines hypothetical, sutures in dotted line suggested by the
original figures.
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dorsal surface and right side were published by Seeley, and that
author also gave less intelligible hwmos of the palate and of
the much c]amanod occiput.

This skull has the lower jaw in position, and except for the loss
of the end of the snout appears to be (as are the other bones
from the same rocks) very well preserved and undistorted.

The skull itself is in Russia and quite unreachable, but in the
light of our present knowledge of Anomodont structure it is
possible by a careful study of the drawings and of Prof. Seeley’s
description to gain a clear idea of its more important features.
In text-fig. 26 I have drawn four reconstructions of this skull
on the indications available.

For the occiput I have used that figured by ven Meyer as
Deuterosaurus, which cannot belong to that genus because it is

Text-figure 27.

Brain-case of Rhopalodon ?

Right lateral aspect. X 2.

From a cast in the British Musewm of the specimen figured by von Meyer
as Deuterosaurus.

only half the size of that in the skull figured by Seeley, and does

not appear to agree at all in structure. It is, on the other hand

of very nearly the same size as the occiput of Seeley’s Rhopalodon’

akull, ‘shows no features incompatible with the wreck of that

region in this skull, and must presumably belong either to
f:oyacslodma or the very similar Deinosawrus.

Bhopalodon at once recalls the Pelycosaurs in appearance and
in certain structural features. It has a high compressed snout
passing backward into a square-cut lachrymal region, with a
llepreaalon overhung by a plo]f.ctum ridge on the pr efl ontal just
as in Dimetrodon. lhe jugal in its .shqpe at once recalls t]m.t of
the earlier genus. It differs from ZDimetrodon in the much
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larger temporal fossw, visible from above, in the outward bowing
of the zygoma, in the vertical oceiput, and in the smaller
lachrymal—all changes which follow the ordinary trends of
Theriodont development.

The neural cranium, as shown in von Meyer’s figures and in
text-fig. 27, is Pelycosaur-like in general build, and especially in
the complete absence of that forward growth of the supraoecipital
and pro-otic above the notch for the Vth nerve which oceurs in
Theriodonts, and in the occurrence of a special notch for a vein
above the inecisura prooticis.

This occiput is, however, specialised in the development of a
mass of bone below the basioceipital condyle, which is presumably
associated with a very vertically placed fenestra ovalis. The
development of this plate is the explanation of the extreme
depth of the pituitary fossa.

The palate of Rhopalodon vecalls that of Dimetrodon in its
massive flanges on the pterygoids and in the row of teeth which
decks them. The very large internal nares also recall certain
advanced Pelycosaurs.

In certain ways the skull of Rhopalodon resembles that of the
more primitive Gorgonopsids ; the dorsal surface of the skull, for
example, is very like that of Gorgognathus. 'The side view
differs, however, in the great depth of the snout and in the
relatively powerful molar dentition.

Although Seeley’s figures are not very readily interpreted in
that region, it seems that the quadrate of Rhopalodon is large
and well exposed from behind, and that its outer edge lies on the
outer surface of the skull exactly as in the South African
Deinocephalia, and not at all as in the Gorgonopsids, although it
represents a state from which that in the latter group could
readily be derived. The brain-case of Rhopalodon differs from
that of any Gorgonopsid in the vertical plate below the condyle
and in the non-extension of the supraoceipital, ete., forward.

It is unfortunate that no part of the palate behind the flange
is preserved, but judging from the front of the fragment of basi-
sphenoid preserved in the occiput, and the general structure, there
can have been no narrow bar separating the subtemporal fosse
as in Gorgonopsids, but the conditions must have been more as in
the South African Deinocephalian Mormosaurus. There is, In
fact, no doubt that Rhopalodon is not a primitive Gorgonopsid,
but is a primitive Deinocephalian, with the members of which
group it agrees in all the characters in which it differs from the
Theriodonts. Its general resemblance to primitive Theriodonts
suggests, however, that we are very near the point of separation
of these two orders.

The present seems a suitable opportunity for adding to the
description which I gave (Proc. Zool. Soc. 1914, p. 770, etc.) of a
skull referred to Zitanosuchus. 1 vecently found a block fitting
on to the fragment of maxilla of that specimen which contains
the anterior end of the maxilla, parts of the premaxille, septo-



992 MR. D. M. 8. WATSON ON THE

waxilla, ete. This addition shows that there are only three
premaxillary teeth, that the end of the snout is longer than in
the original figure, and that it is rounded. Thus the skull
belongs to a new genus and may be called Anteosaurus magnifices,
gen, et sp. nov., holotype R. 3595, B.M.N.H.

Text-figure 28.
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Right lateral and palatal views of the anterior part of the skull of the holotype
of Anteosaurus magnificus, gen. et sp. n,

Parts in broken lines restoved, areas surrounded by thin irregular lines

present in the specimen. X 4.

The general structure will be best understood from text-fig. 28.
The septomaxilla is a small bone lying within the nostril, to
which it forms a floor, passing inward nearly to the middle line.
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It articulates with the nasul posteriorly, with the maxilla in the
middle, there being apparently no septomaxillary foramen, and
with the premaxilla in front.

The palatine extends forward to the middle of the canine
tooth, forming the greater part of the outer wall of the long
narrow posterior nares; at the hinder end of the opening it has a
suture with the prevomer, which appears to form the whole
inner bovder of the nostril.

The prevomers are unfused, each provided with a high, thin
dorsal ridge, similar tflanges from the pterygoids passing between
and separating those of the prevomers.

The whole structure is like that of the Tapinocephaloid
Mormosawrus, and especially like that of the detached nose which
seems to belong to Lamiasaurus.

The structure of these palates raises doubts as to the forma-
tion of the internarial bar in Gorgonopsids by the fusion of a
pair of prevomers, because in the Deinocephalia the pterygoids
separate the posterior ends of the prevomers, whilst in Gorgo-
nopsids they clasp the outer sides of the posterior ends of the
internarial bar. The difficulty is not, however, an insuperable
one.

The relation of the Dieynodonts to other Anomodonts is a
subject on which there has been much difference of opinion, but
which can be more satisfactorily discussed now that many details
of Gorgonopsid structure are known.

The characteristic features of all Dicynodonts are :—

1. The occipital condyle is triple, the exoccipitals forming

1ts upper parts.

2. The supraoccipital is only slightly drawn forward to
form side-walls to the brain-case,

The fenestra ovalis lies at the end of a long tube com-
municating with the vestibule.

The temporal tosse are very large.

The face 1s short.

The premaxille are edentulous and the maxilla is carried
out laterally to the molar teeth, if any be present, and
its margin is a sharp ridge covered by a hoiny sheath.

7. There is a rudimentary secondary palate.

8. The prevomers are fused, forming a roof to the depressed
median part of the palate.

9. There are no definite pterygoid flanges.

10. There 1s an interpterygoid vacuity reaching back to the
basipterygoid process and forward to the prevomer-.

11. Both quadrate and quadrato-jugal form the articular
condyle for the lower jaw.

12. The squamosal is of characteristic shape with a wide flat
zygomatic part rising from the upper part of a flat body,
the lower part of whose front face is covered by the
quadrate and quadrato-jugal.

13. The dentaries are fused and extremely massive.

(L

SLt s
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When the structure of the skull of a Gorgonopsid was dis-
covered, Broom and I independently pointed out the many
resemblances which it presented to Dicynodonts in the inter-
temporal, basicranial, and other regions.

These resemblances are real, but, with the exception (?) of the
occurrence of a preparietal, lie entirely in the common possession
of primitive Anomodont characters, such as the broad parietal
surface and the main features of the basis cranii. When con-
sidered in more detail, the structure of such a Dicynodont as
Endothiodon seems to show mno such resemblance to that of a
Gorgonopsid as to imply any closer connection between the
two groups than either of them bears to the Deinocephalia
or Dromosauria. The secondary palate of Endothiodon is dif-
ferent in type from that of Diademodon and all the forms of
Gorgonopsids leading up to it. In them, as in mammals, the
original vaulting of the palate is brought about by a down-
growth of the tooth-bearing edge of the maxilla below that of
the premaxilla; the internarial bar remains attached to the
‘ends of the palatal processes of the premaxillee, and when the
secondary plates of the maxille grow out they lie ventral to
the palatal parts of the premaxillee. In fact, the original surface
of the palate lies on the roof of the naso-pharyngneal duct, the
sides of the palate growing down below it.

In Kndothiodon (text-fig. 29), on the other hand, the palatal
surface of the premaxillee lie in the same plane as that of the
maxillee and transverse bones, the posterior nares open into a
deep groove, excavated in the original palate, which is roofed
by a great forward growth of the prevomers over the region
formerly occupied by the large posterior nares.

Thus it appears that the palate of Dicynodonts does not
present a real resemblance to that of Gorgonopsids, but repre-
sents a different mode of development of a secondary palate,
identical with that of a Chelonian. One of the most striking
features of the Dicynodont palate is the loss of the pterygoid
flanges, which are only represented by slight eminences on the
edge of the narrow posterior part of the palate over the pterygo-
transverse suture. I'his loss seems to be due to the very great
expansion of the temporal muscles squeezing them out of exist-
ence, their presence not being necessary to insure accurate closure
of the mouth in an animal without a closely-fitting dentition—in
some cases their function being taken over by the long canines,
which often present wear-faults on their inner sides in large
Dicynodonts.

When allowance is made for the changes resulting from the
development of the horny covering of the edges of the jaws and
the extension of the crushing palate, it is readily seen that the
main plan of the anterior part of the Hadothiodon palate is
reducible to that found in Therocephalia, except for the absence
of suborbital fenestrz.

Posteriorly, however, there is in Dicynodonts no trace of the
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long narrow girder which in the Theriodonts extends from the
basipterygoid processes to the flanges of the pterygoids, and 1t is
therefore probable that the Dicynodonts separated from the
Theriodonts before the establishment of this feature—that s, at
about the same time as the Deinocephalia. At the same time, in

Text-figure 29.
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Palate of Endothiodon ? microps Broom.

Drawn from R, 4044, B.M.N.H.; the quadrates, guadvato-jugals and jugals,
and quadrate rami of the pterygoids, from other material.

the Dicynodonts as in the Deinocephalia and all other S. African
Anomodontia in which the facts are known, the descending
flanges of the pterygoids lie well in advance of the basipterygoid
processes, a position which is markedly different from that found
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in all non-mammal-like reptiles, but which has arisen within
the group, as 1t does not occur in Varanosawrus.

The relation of the Theriodontia to the Dromosauria is obscure,
because of our very slight knowledge of the detailed skull-strue-
ture of the members of that group. In general build the
Dromosaur skull differs from that of the Theriodonts and also
of the Pelycosaurs in the extreme shortness of the face. In this
feature, and also in the depth of the squamosal below the root
of the zygoma, it recalls the Dicynodonts, differing from them,
Lowever, in retaining a very short temporal fossa. The Dromo-
saur skull recalls that of Bolosawrus, and also still more strongly
that of Palwobathria, it my interpretation of Credner’s figures of
that animal be correct. There are in the structure of the
post-cranial skeleton no characters which show significant resem-
blances to any other South African form, and it seems not
improbable that the group represents the Lnd members of an
Artinskian group which survived into Upper Permian times.

Thus, in my opinion, the three orders Deinocephalia, Dicyno-
dontia, and Theriodontia may have arisen from a common stock
whose direct conservative descendants are the Gorgonopsids,
and the Dromosauria may represent a more widely separated
stock of the Anomodontia.

One other line of argument which I have not before considered
1s concerned with the dentition,

In a discussion of the Dimetrodon dentition on p. 70, I pointed
out that it is desirable in a carnivorous animal with an enlarged
canine towards, but not actually on, the front end of the lower
jaw to have enlarged premaxillary teeth before the diastema to
balance the large canine behind that gap. In such earlier
Gorgonopsids as Gorgonops and Scymnognathus, the incisors are
actually of great relative size, much bigger than the cheek-teeth,
though, of course, not rivalling the great canines.

In Deinocephalia, both Tapinocephaloids (e. g., Deuteroswuris)
and Titanosuchids (e. g., dnteosaurus), the incisors may be of very
great size, and iu the former group very curiously converted into
eﬁectne crushing-teeth. Both these animals have an enlarged
canine, followed in the one ecase by a single molar, in the other
by a row of eight very small teeth ; in Deinosaurus (Cliorhizodon)
there is a smule i-‘]llrll"(:‘tl canine to!hm ed by ten smaller cheek-
teeth, all larger than the single incisor preserved.

Thus in this feature the Deinocephalia present a definite
resemblance to the Gorgonopsids, one which is shared also by
Dumnetrodon.

In later Gorgonopsids, as I have shown .Lhove the 1ncisors
become relatively smaller, and the * molars,” d]tllOl]Ull not
increased in number al;me the original five, become 1e]a,t1vel)
lavger.

'lhble is some evidence of an irregular replacement of all the
teeth of a Gorgonopsid.
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When the Cynodontia are reached we find a still further
decrease in the relative importance of the incisors, together with
an increase in the number of cheek-teeth in Cynosuchus to 8, all
still much smaller than the ineisors, in Nythosaurus to 8,
all larger than the incisors, Galesaurus ?10, Cynognathus 9,
Diademodon ?12, Trirachodon 9. This sudden increase in the
number of cheek-teeth seems to be associated with the develop-
ment of a bony secondary palate, which allows of prolonged
mastication being ecarried on without obstruction of the naso-
pharyngeal passages.

It is important to note that the anterior five “ molars” of
C'ynognathus erateronotus are sharply distinguished from those
which succeed them, and that in Diademodon, when the four
anterior cheek-teeth are similarly distinguished by structure,
these teeth and these alone amongst the cheek-teeth give indica-
tions of replacement.

In fact, the evidence bmught forward by Broom (Bull. Amer,
Mus. Nat. Hist. vol. xxxii. p. 465), a!thmloh it 1s not quite so
conclusive as one could wish, does tend to show that these
Cynodonts had a thoroughly mammalian dentition with premolars
1‘ephemg milk-predecessors and molars never replaced.

Comparison with Gorgonopsids suggests that the premolars are
the original cheek-teeth, the molars representing a new backward
growth of the dental lamina, in which the teeth all belong to a
single generation, and from their origin have never had either
predecessors o1 SUCCessors.

I hope to return to a consideration of the whole problem of
dental succession in early reptiles shortly.

The Gorgonopsids being characterized throughout their history
by the possession of a very short series of molar teeth, we have to
consider the problem presented by the fact that \‘-’1]1]‘31: some
Thex ocephnha e.g., Seymmnosawrus and Hyenosuchus, resemble
them in this feature, others, dlopecodon ete. amongst large forms
and Icticephalus and éca(oposa.m us amongst tlle s_snmﬂ, retain
a large series of molars, without, so far as known, having a
second ary palate, and possess in ﬂtllhtlon small ineisors.

It seems reasonable to regard these latter animals as unmodified,
the dentition being derived directly from their ancestors, whilst
Hyeenosuchus represents a parallel reaction to that of the Gor-
gonopsids to similar feeding habits. All detailed discussion of
the dentitions of Theuorh)nt ia are rendered nugatory by our
complete absence of knowledge of the posteranial skeleton, for
only by a study of the whole structure is it possible seriously to
consider the habits and adaptations of an animal, and teeth react
perhaps more quickly than any other structures to external
L pressions.

In any case the occurrence of these Therocephalians with a
long tooth-row and small incisors, and of a similar structure in
(Micrhizodon, shows that the heavy incisors of Gorgonopsids

I

Proc. ZooL, Soc.—1921, No. VII. 7
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and Deinocephalia have been independently acquired by these
two groups.

The study of Theriodont structure and evolution, which is the
content of this paper, thus leaves us still without any satisfactory
classification of that group, but in its establishment of a series of
evolutionary trends, which persist throughout the history of the
Anomodontia, has I hope laid a solid foundation on which =
natural arrangement may in future be built up when inereased
knowledge allows an examination of the adaptive radiation ” of
the order to be entered on. Meanwhile, the forms whose skulls
are well known fill in with considerable completeness the great
morphological gap which exists between the Lower Permian
Pelycosauria and the Lower and Middle Triassic Cynodonts, and
i this way enable us to understand the material steps in the
evolution of almost all the structures of a Cynodont skull from
those in so primitive a reptile as Seymouria or, indeed, in the
still more primitive Embolomerous amphibia. Dealing as it does
with many diverse faces of the subject with which it is concerned,
this paper does not lend itself to summarisation, but the point of
widest interest brought out in it is undoubtedly the demonstration
of the occurrence of the same evolutionary trends in so many
allied branches in the Pelycosaurs, Gorgonopsids, Therocephalia,
and Deinocephalia; and the fact that the changes brought about
in accordance with these trends often serve an adaptive purpose
and appear to depend on mere mechanieal necessities.

My thanks are due to the Percy Sladen Trustees for defraying
part of the expenses of my visits to South Africa and Texas.
To Dr. A. Smith Woodward and Dr. ¢. W. Andrews I am
indebted for many facilities and much kindness in the British
Museum, and to the Department of Industrial and Scientific
Research I owe the stipend which has enabled me to carry out
this work.
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