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INTRODUCTION

The Procynosuchidae is a cynodont family fro:m the
Cistecephalus zone of the Beaufort Series of the Karroo
System, and has five generaj namely Procynosuchus,
Leavachiaj Galeophrys, Galecranium and Paracynosuchus.

In 1948 the first Leavachia was described by Broom.
He called it L. duvenhagei (no.92, Rubidge Collectiom).

It is larger than Procynosuchus (Broom 1948), and has
a broader skull and broader nasals anteriorly with six
incisorsj three canines and eight postcanines. This
specimen had not been cleaned properly and some of the de-
tails were described incorrect~y by Broom.

In their 1953 paper Brink and Kitching redescribed
the type specimen after having cleaned tihe skull pr oper-Ly ,
They have flound that t.here are only f.ive incisors and rrott
six. A second skull of L. duvenhagei (no. 304, Rubidge
C olle cti oru.),f.ound by Ki tching in..1.951, is smaller than
the type. Since then more skulls of different sizes have
been found of L- duvenhagei, including_.the beautif.ul
no. 357 in the Bernard Price Institute nor Palaeontological
Research (B.P.I.) which was descrihed fully hy Brink (1963).

Also in, 1~48 Broom and Robinson creatied another new
genus, Aelu~odraco microps which is very much like
Leavachia but smaller and with the pineal foramen situated

""'more anteriorly. These differenc.es are insufficient for
the establishmente of t~e two distinct genera. According
to Broom and Robinson t~e only reason why they considered
it a new genus, is the fact that there are only two
oani.nes, On re-examination, Brink and Ki tching, (1951)
found the sccke.t OL. a third canine. They decided to re-
gard "Aelurodraco" as synon;r.nouswith Leav:achia but on
~ccount of its smaller size and other diflierences consider.
it a distinct spec~es, i.e. L. microps.
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In Mar-ch 1947 a skull and partial skeleton was dis-
covered by Mr. Kitching in the Murnaysburg, district. It,
has been numbered no. 234 in the collection of the B.P.I.
After preparation, it was found to be a new species of
Leavachia called L. gracilis (Brink and Kitching, 1951).
In general proporhllns it agrees with L. microps and
L. duvenhagei but there are diff.er.ences in the posterior
extension of the postorbitals, the degree of separation
of the post.orblLtals anterior to the pineal for8J1len,the
shape of t.he nasals and the overlap of;the squamos a.Ls on
the parietals • The dental L.ormula is 15., C3, Pc7.

In September. 1965 lVir.Ki tching made a collection in
the flood area of the Hendrik Verwoerd Dam. On the farm
Grampi~ Hills (Vaalkop and adjacent exposures), district,.
Phá Lappe Lá.s, a compLet.e skull (no. H.V.D.280) was found,

,
which after preparation. proved to be that of a Leavachia.

When all the specimens of Leavachia are carefully com-
pared, there seems to be very little difference between
tJlem. Great importance has been attlached to the number
of teetJl, especially the postcanines, in creating new
species and e'iÁ6ngenera. Aelurodraco microps was created
by Broom and Robinson 1948 b.ecause it was supposed to
have two canines instead of three as in Leavachia
duvenhagei. ThiB was later found to be incorrect, (Brink
and Ki tching, 1951). Perhaps the number of tieeth has
been overstressed in the taxonomy of the Procynosuchidaeo
Even between the two genera Procynosuchus and Leava'chia
there is very little diffsrence.

In his 1963 paper, Brink concluded that it is diffi-
cult to distinguish between the procynosuchid genera on
definite structural g:rounds but he does not suggest
synonymy wh ul,e certain genera are rrot adequately known .•

Anderson (1~68) states that the grounds for specific
diagnoses used in the past are unreliable especially when
the paucity of material is consider.ed.
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In 1967 Mendrez published a paper in which she ex-
pressed the opinion that the genus Cyrbasiodon is
synonymous with Leavachia. In the figures given of the
postcanine t.eebh of the two gerier-a, there is areLlarkabIe
correspondence.

Crompton and other authors have shown that basically
the crown patt.erns of u.pper and lower postcanines of
different specimens of the same species agree. In order
to investigate the validity of the different species of
Leavachit:, it was there:E.oredecided to make an extensive
study of the pattern of the crowns of the postcanines of
all available specimens. The teeth were cleaned properly
and figured from the labial, lingual and crown views
wherever possible. It was also decided to make a pre-
liminary study of the patt:.ernof tooth replacement. The
study of the teeth of the Procynosuchidae was restricted
to those of Leavachia to limit the extent of the present
investigation. Accordingly the genera supposedly
synonymous with Leavachia were not investigated fully.

The teewL of the Procynosuchidae have always been
described as simple, usually with three cusps. The re-
sults of the present investigation show that this descrip-
tion oversimplifies the tJZUe state of affairs. The post-
canines of a closely related genus Dvinia (Dviniidae,
Tatarinov, 1.968) from the upper Permium of Russia, for
instance, sometimes have up to twelve or more cusps, like
those of gomphodont cynodonts. In Leavachia up to seven
cingulum cusps have been counted respectively anterior and
posterior to the main one. In his publication~ IIpost-
canine occlusion in Cynodonts and Tritylodontsll, seen in
manuscript form (1969), Crompton states that the postcanine
teeth of Leavachia only .appear to be tricuspid and that
the two smaller cusps on each side of the main cusp belong
to the series of snlall cusps present on the internal edge
of the crowns. The present study indicates that this is
apparently not true. The accessory cusps do not form part
of the series of cusps on the internal edge of the crowns.
They are definitely located higher than the cingulumánd
its cusps even though in some teeth they are located
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slightly lingually of the longitudinal axis of the main
lateral cusp.

A careful comparison of the crown patterns of in-
dividual postcanines in specimen no. B.P.I. 304 and the
crown pat terns of postcanines of corresponding tooth
positions in the other specimens (no'so B.P.I. 8, 354, 357,
372 and H.V.D.280) have.,shown that there is indeed only
one species of Leavachia i.e. t~e original duvenhagei and
that the species added later all fit into a growth series
and thereL_ore hav:e no validity.

It would be an interesting s.tudy to compare more
fully the tooth pat tez-ns of these primi tiVve cynodontis wi,th
those of the more advanced specimens of the Therocephalia
and Gorgonopsia. Such a study migpt" reveal indications
of progressive tooth development present in these infra-
orders, or else prove that this phenomenon is limited to
the Cynodontia. In this way the exac t. relationships be-
tween these groups might he more clearly elucidated.

Mendrez (1967) made a tentative study of the
differences between the Therocephalia and Cynodontia. In
fig. G 1 - 3 Uhe lower postcanine teeth of Scaloporhinus
angulorugurus (Boonstra) are Ligured. They show s.li ght;
indications of the begtnning of the anterior and posterior
accessory cusp to the main cusp and in addition small
lingual ausps.



an adjustable hammering actiom. Steel gramophone needles

During the preparattion of skull no. H.V~D.280 in tho
Hendrik Verwoerd Dam collection from the farm Grampian
Hills, district Philippolis, most of the matrix was re-
moved by means of a Vibro-tool fitted with an adaptor
taking steel gramophone needles as chisels. For the
more deLdca'tework of removing, matrix near the surface of
the bone, an automatic dental mallet was used. The front
part of this dental mallet is adapted to convert the
rotary motion of the driving shaft from the motor into

were also used as chisels on this instrument. Whenever
the bone was exposed, it was immediately covered with a
thin coat of diluted Glyptal to prot~ct it. It was found
that the bone of.the postorbital arches, zygomatic arches
and upper edges of the posterior walls of the temporal
cavities was very delicate and tended to crumble away and
.it was repeatedly necessany tLOrejoin the broken-off bone
fragments with the Glyptal. As the whole surface of
the skull was badly cracked, great:.care had to be taken
in the preparation of this skull. When the ventral sur-
face of the skull had to be freed of matrix, it was de-
cided to usp, acid due to the cracked and crumbling con-
dition of the bone. The exposed parts of the skull were
covered with flive coats of diluted Glyptal applied at
24 hour intervals to allow Lor drying of each coat. Be-
flor-euse, the Glyptal had been diluted, one part Glyptal
to two parts of thinner. A 20% solution of glacial
acetic acid and water was prepared in which the skull was
8ub::nerged. After about three hour-s, the skull was taken
out and washed in clean running water for about an hour.
After allowing it to dry, it was examined. The brittle
matrix was scraped away and where the bone had become -
u:ncovered, diluted Glyptal was painted on. By examining
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t~e skull under the stereo-microscope and irnnediately
covering spots where the acid had attacked the bone, damage
to the bony surface was prevented. This process took
several months. By the time that the whole skull had
been cleaned, it was .covered with such a thick layer of
Glyptal that some of it had to be removed. with a thinner.
Unfortunately the skull was left in the thinner too long
with the result that all the Glyptal was removed., even
that used to rejoin broken-ofn. pieces. Consequently the
right postorbital arch and part of both the zygomatic
arches fell apart in small pieces. It proved an impossible
task to replace every small piece in its proper position.
The internarial bridge f.ormed by the premaxillaries was
also lost. Drawings of this skull were made with the aid
of a dioptograph.

Five more skulls were borrowed from t.heBernard Price
Institute for Palaeontological Research. For purposes of
comparison it was, hO.wever, necessary to clean the teeth
better. On03 again a 20% solution of acetic acid was used.
A few drops of acid were placed on the surface of the teeth
and left for a few hours but the process was checked under
the stereo-microscope every 30 minutes to ensure that the
surface of the teeth was not d~tlaged. The acid was
washed away with running water and the loose matrix scraped
away with a needle. Exposed surfaces of the teeth were
covered with diluted Glyptal. In this way minute detail
of the structure of the postcanines was uncovered. The
teeth were drawn at an enlargement of 10 X by means of a
drawing tube attached to the microscope.
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MATERIAL INVESTIGATED AND GENERAL DESCRIPTION OF
SPECIMENS

The following skulls were studied:-

1. SkuIL no. B.P.I.8, type of Leavachia microps from the
the Bernard Price Institute (:&oom and Robinson, 1948i
Fig. 2).

Both postorhi tal arches are absent, as"well as the
whole zygomatic ~rch on the left side and part of the one
on the right. The upper edges of the high and narrow
parietal crest and of the occipital crest, as well as the
front part of the snout are we atihez-ed. The skull is dis-
torted in a way which suggests the action of a force which
spiralled clockwise and upwards. The occipital region as
a whole leans sLá.gh't.Ly fLorward and t.o tihe right but the
left half, is pushed florwar'ds and the right half is pulled
back. The lateral wall of the right temporal cavity is
pushed outwards while the rightL side of the snout is
rotated a little downwards and inwards and the right half
of the lower jaw is pushed in towards t.he palate.
2. Skull no. B.P.I.234, type of L. gracilis (Brink and
Kitching, 1951, Lig. 2).

The left postorbital bar and part of both zygomatic arche
are absent, as well as par-te of the posterior left half of
the lower jaw. In the area of the nostrils there seems
to be some weathering. The skull has been distorted Dy
a force which acted obliquely from the left posterior side
towards the right anterior side and caused the occiput to
lean forward more than in skull no. B..P.I.8. The right
maxillary has been pushed onto its side and the right half
of the lower jaw lies almost flatly against the palate,
which makes a study o~ Uhe latter structure practically
impossible.
3. Skull no. R.P.I.354, L. duvenhagei.

This is a small skull with the snout broken off a
little distance behLnd the canines. The lower jaw is



absent and though the skull is symmetrical, it seems to
be considerably flatt~ned as is shown by the palate and
the walls of the braincase. The skull has been weathered
slightly.
4. Skull noo R.PoI.357, Lo duvenhagei (Brink, 19635 fig.lO).

~
It is a large, beautiLully symmetrical and complete

skull that has been well preparedo
5. Skull no. BoP.l0372, Lo duvenhagei.

It is slightly larger than no's. B.Polo8 and BoP.I.234
but it has a more robust. appearance. Its interorhital
width and w'i dbh of the snout measured dorsally anterior
to the orbits and also just behind the canines, is con-
siderably greater than those of specimens no's. BoPol08
and B.Pol.234 as is also t~e width of the pineal foramen.
The occiput is more hollowed than those of specimens no's.
B.P.I.8 and B.P.I.234 and the basicranium is much wider.
The left postorbital bar, part of the left zygomat.ic arch
and the right zygomatic arch are absent". The skull is
symmetrical but seems to have undergone slig:p.tinter-
orbital depression, althougp. considerably less than in the
same regj_on of no. B.P.I.354. The secondary palate is
also absent.
6. Skull no. HoVoD0280, L.(gracilis?) in the collection~
at the National Museum in Bloemfontein from the terrain
to be flooded ~y the waters of t~e Hendrik Verwoerd Dam.

When found, the skull was complete but as has been
described in the previous chapter, badly cracked. During
preparation the right postorbital bar and both zygomatic
arches as well as the internarial bridge were practically
lost when they fell apartt and the parts could nDt be re-
assembled in their proper..positions.

The skull is very slightly distorted on the left
posterior and the ventral sides. The left zygomatd c
arch is pushed Lnwands slightly. The left quad r-a'teis
displaced for~ard from its hollow on the anterior
surface of the squamosal. The anterior part of the
right postdentary compex became dislodged from the dentary
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Slightand is pushed ttowards t,hemidline of the skull.
weathering is ev.iderrtzat the lef.ttventral corner of the
skull and the occ.ipital condyle. It has a comparatively
longer snout and dentaries than specimens no's. B.P.I.8
and B.P.I.234.
'l.; Skull no. C 27, L. duvenhagei., from the National
Museum, Bloemfontein.

This skull has been very badly compressed laterally
and the whole of the rig:p.trha'Lfl of the skull is absentie
It is used in this study mainly for its dentition~

A table of measurements in mm is g;i_ vern
L.or skulls no's. R.P.I.8, 234, and 357 fr.om the Bernard
Price Institute for Palaeontological Research and
no. H.V.Do280 fnom the Hendrik Verwoerd Dam C otLec tdon Lm
the National Museum" Bloemfontein.
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DETAILEDDESCRIPTIONOF SKULLNOo280 FROMTHEHENDRIK
VERWOERDDAl\1COLLECTIONAT THENATIONAL

MUSEUM,BLOEMFONTE[N.

The premaxillaries (:fig. lA, li; and D, pmx) are rr.ormal
oot the ante:ni.or. median suture and the foramina bel.ow the
nestrils are indistinct" due te the state of pr-ese rvatzi on
in t:his part of; the skull. The internarial bridge is sh.ort.
The premaxillaries each carries fdve incis.ors which are
all mere .on less the same size. The premaxillaries are
net traceable .on tthe palaiml side due u.o the .occlusi.on .of
the lewer. jaw.

The sep.:tlomaxillanies (:E:.ig,.lA and D, smx) are thin
and slender. and nett veny di.etd nc ti, The normaf c.onspicu.ous
.openings at the j.unctGL.onlbetween the maxillaries , pre-
maxillaries and sept~maxillaries cann.otGbe seen because .of
the une at.Lsfiac.trony pr-es errva t.uonr of the ant eru.o.r part cf
the sn.out .•

Vent-r.o-laterally ifhe maxillaries (fig. lA, B' and ~,mx)
reac.h back just, ..as fur as in the types of gracilis and
duvenhagei, bu tc farther than in micr.ops. The suture wit.h
the pr-emaxáL'Lany is cLeartl.y vzis i.hil,e .onlyen the rigptt side
because tthe linne TIs t.o. badly cracked .on the left. Near
t!he p.oster.i.on transvense suture with tzhe palatd.ne, a shall.ow
gr-oove appears in each maxillany. T,his gr-oove leads te
the pesterier palatal flor-amen which penetrates tihe palatine
as a small IlDtLCh.

There ane tw.o small canines plus a normal large .one .o~
each side. On the leftL side the pos t em.or- one of tihe tw.o
small canines is the smaller. On the righ~ side they are
.of the same size. Thene is no diastema between the
pesterier canine and tihe anterior p.osilcanines. Each
maxillary has nine pos tc am.nae .

The nasals (flig~ lA and D, nas) are like these .of
gracilis, micr.ops and duv.enhagei. They extend practically'
to the levelef tthe anteri.on angJe .of the pesterhitals.
The internarial pno.Longata.one of the premaxillaries are
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like those OL o~her members of the genus.
The post:.orbi tals (ftig,. lA, Band D, po) do not form

ridges i~ the interorbital region as in microps, but there
is a slight interorbital depression. The posterior ex-
tension of the postorbi tals neach back posterior tic the
anterior margin of. the pi.neaL foramen. In the uype or
gracilis i~ reaches even farther back contrary to the de-
scription of Brink and Kitching (1951), who state that the
postorbi tals only reach the anterior marg:j_nOL.the pineal
foramen. Im general, however, the post.orbitals are like
those of duvenhagei. The postorbitals are well separated
by the frontBls anterior t:.o Uhe pineal foramen.

The lachrymals (nig. lA.and D, Lac) are as typical as
in the other members OLthis genus where they form the
anterior walls of the orhits and their:. surfaces are pene-
trated by the two foramina of the lachrymal ducts.

The prefrontals (f,igo• lA and D, prf.) are as tiypically,r
procynosuchid as in duvenhagei.

The frontals (fi~ lA and D, fn) are normal and the
median suture is somewhat!longer than Ln the t,ype of
gracilis.

The outen surface OLthe left jugal (fig. lA, li and
D, jug) is broken at the base of the postorbital bar. The
jugal reaches back to the quadr-at ojuga I as in skull no.
B.P.I.357. It" is not as high below the orbits as in microps.
T,he contact wit~ the transverse bones (Lig. IB, tr) cannot.
be seen with the lower jaw in situ.

The processes of the squamosals (fig.~ lA, B, C and
D, sq) that contribute tLOthe zygomatic arches are slightly;,
concave over their outer. surfaces, and pr-oje ctc forward on
about the same level as those of duvenhagei. The other
processes are the same as those described by Brink (1963)
for duvsnhage u.

The parietals (nig. lA, Band D, par) do not form
such a prominent. cnest; as in duvenhagei. The posterior
extensions of the pos t orbá tals are also 5 mmapart as in
duvenhagei (no. B.P.I.3.57) though the latter is a much
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larger skull. The parietal-frontal suture is distinct be-
ween the postor.bitals anterior to the pineal foramen. At
a lower level t~e parietals extend norwards a little more
than in duvenhagei. Postero-laterally the parietals
penetrate between the tabulars and squamosals. The canal
from the posterior temporal fossa forward is less curved
vertically than in duvenhagei (no. B.P.I. 357) and is
distinct along the whole lateral surface of the parietal.

The prootica (fl.ig.1Aand B, pr.o) seem t.obe similar
to those in duvenhagei t~oug~ t~ey cannot be clearly seen,
especially as regards their sutures with other hones. The
foramen for the fifth craniaJ;f.tervebetween the pr oot.ac and
alisphenoi.d is dLs t i.nct; on each side of the braincase.

The alisphenoids. (nig. le, asph.), orb:htosphenoids
(f.ig. rc., csph }, guadratcjugals (£tig. IB~ C. and D, q;t)
and parasphenoids (fig. IR, psph) are like those of the
other members of this genus.

The left quadrate (fig. lA, Band D, q) of this
specimen has been displaced forward and now lies in a normal
posi tion but, in front of the squamosal. On the right, side
the quadrate retains its normal relationships as exempli-
fied in other members of the genus Leavachia.

In general the pterygoids (fig. lB, pt)are similar
to those of duvenhagei .

The:péJ.latines(fig. IR, pa) and the vomer (fig. IB, v)
are the same as those in all the species of Leavachia.

In the present spec.imem, the interparietal (fig. le,
ip) is c.ompar'atd.veLy broader than in duvenhagei (no.
B.P.I.357) and its supraoccipi tal is reLatc. vely broader
compared with the interparietal than that of no. B.P.I.357.
The interparietal is Il.ectangulan:Un shape and nearly
square. It does n ot. extend quite as wedgelike between
the parietals as in duvenhagei. lts uppen part is more
or less flat" and its lower part only sLi.gh t.Ly convex.
The median vert t.c a). ridge is not as pronounced as in
dU.:v.:~_~agei.
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The tabulars (fig. IC, tab), basioccipitals (fig. lB,
bO) and opisthotics are like those Of duvenhae;ei in their
shapes and relationships with each other.

The exoccipital (fig. IB, eo) is more distinct on the
right side than on the left where is has been subjected t-o
weathering. The big jugular foramen can be distinguished
on both sides.

The supraoccipital (fig. IB, so) LS comparatively
broader than that of no. B.P.I.357 but'there is no
prominen~ depression with a ridge.

The lower. jaw has the same general structure as in
duvenhagei.

The dentaries (f;ig~.. ID, den) seem slight:ly more slender
and lower. Posteriorly they reac.h to a level about one
third of the length of the temporal fossae. They end
squarely. In.the left half of the lower jaw, one canine
and eight postcanines c~n be seen clearly. There is no
distinct diastemae. The symphysis is like that of microps
but with less indications of a "chin". The masseteric

.depressions are well defined without sharp bor'dens ,



-s -;

._o. - .:.

.., .....

<,

sq bo

.~ ,

c

pin. ! ( ri., '-11Ill

«jf

"1

sq
L_S :»""""'\ a s ~

o
""1;-'

..0:
Jus ,.

50

q
Iptv

~~.=,t/ pp

-:...~.
'-~:

."::

.~" ~'_:'-i..

,".

{' t-.

.:.>:; r

qj

.;",



Fig. 1 A, Dorsal view; B, Ventral view;
C, Occipital view; D~ Lateral view of
skull no. BoVoDo 280. Cc natural size,
A, Band D very slightly larger than
natural size).
(For abbreviations see chapter X).
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DENTITION

A. Introduction:
Until the publication of lVlendrez(1967) there was no

detailed description of the teeth of Leavachia. They
were regarded as fairly simple and usually tricuspid.
Even Ivlendrezhas figured only a few teeth. Now that a
larger number of teeth have been studied, it is evident
that the postcanine teeth are all expanded transversal
and have a c.ingu'lumWiL"tftL c.i.ngu.Lum cusps.

The number of postcanines increases Lrom seven in
the smallest skull no. B.P.I.354 to twelye in skull no.
B.P.I.357. After pJ1eparation the latter now has twelve
postcanLnes instead of eleven as previously described
by Brink (1963). The addittLtonalteeth in,tihedifferent,
skulls have been added to the posterior end of the post-
canine row. Skull no. E.P.I.354 has no lower jaw and it
was therefore possible to make a good study of the post-
canines from all views. This skull is used as a basis for
comparison of the teeth of t.he other skulls used in this
study. Due to the occlusion of the lower jaw, it was
sometimes difficult to study the structure of the teeth
in the crown and lingual views, especially in skulls nos.
B.P.I.8 and R.P.I.234,. Distortion also made the study of
the postcanines of the left,side 0:5 n.o.B.P.I.234 im-
possible. In skulls nos. B.P.I~8 and B.P.I.234 some
weathering seems tLOhave occured and the cingulum with
its cusps cannot always be seen as clearly as in skull no.
B.P.I.354,. In skull no. B.P.I.234 all the teetfu on the
right side seem on the po imn, of f'a.ll.Lng;out probably
because they had heen loosened hy the distorting pressure
to which the snout had been subjec't:ed.

The Lowen postcanines usually could not:be studied
properly because they were laterally occluded ~y the
upper postcanines. In the badly crushed skull no. C 27
(National Mus'oum, Bloemfontein) one has been cleaned
properly and in skull no. B.P.I.~34 the first and second
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postcanines have been cleaned sufficiently to show some-
thing of the accessory cusps and the posterior end of the
cingulum.

In skull no. B.P.I.354 part of the snout has been
broken off, and it is not- certain whether the remains of
the alveolus in front of the first remaining postcanine
contained a canine or a postcanine. Because this alveolus
apparently was that of a canine it was decided to consider
the first,remaining postcanine as the first and then
number them posterior.ly tLOthe severrbhand last postsc ani.ne,

In view of the studies my Edmund (1960) and Crompton
(1963) unevenly and evenly numbered postcanines are de-
scribed in two aeper-at.eseries to facilitate a comparison
during the study!of the tooth replacement phenomena. The
figures of tdiedifferent vaews of the postcanines are
drawn diagrammatically and a series .f photographs of crown
views of the postcaninea of skull no. B.P.I.354 is included to he._l
in the interpretation of the figures. The diagrams are
only the cLose atapossible appr-oxa.matdon to the ideal -.
lingual and crown views because of the difficulties of
focusing on these ~iews of the in situ postcanines. In a
number of cases the teeth themselves were somewhat turned
in their sockete (see plate 3). If measured the figures
of the labial and lingual views sometimes would not
correspond. This is because the "lingual" and the "labial"
views are not given from diagonally opposed positio~ but
especially as regards the lingual Vviews,from positions
where most details of the cingulum can be ascertained
under the existing conditions in the skulls studied.
B. Description of upper and lower postcanines in skulls

J.nvestJ.gat.ed:
(a) No. B.P.I·.354; Leavachia duvenhagei.•

On both sides of this skull seven functional upper
postcanines are preserved. They are numbered from one tic
seven anteroposteriorlyo In general the crown structures
of the unevenly numbered ones on the left form a less
elaborate series of decreasing complexiuy tman that formed



Plate 1. Upper: Left postcanines oL.skull no. B.P.I. 354
(.:t lOX).

Left: Postcanine no. 6..
Right: P~stcanine no. 7.
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Lefitpce tcam.nes of skull no. B.P.1.354
(.±. lOX).

Left: P~stcanine nQ. 4.
Ri ghtu Postcanine no , 5~.

Plate 2. Upper:

Plate 3. Upper:

Left:
Right:

LeftThpnstcanLnes of skull no. B.P.I.354
(.±. lOX) •

Postcanine no. 2.
postcanine no. 3.
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Plate 4.

Plau.e5.

Plate 6..

Upper:

Upper:

Upper:

Right.postcanine no. 2 of skull no. B.P.I.354
(.:t. IOX).

Right postcanine no. 5. of skull no.B.P.I.354
(.:t lOX) •

Right postcanine no. 6 of skull no.B.P.I.354
(+ IOX).



Diagrammatic, vviews of the upper rightv postcanines
of skull no. B-~oP.I.354(10X). A, Postcanine no. 2;
B::, Postcanine no. 5; C, Postcanine no. 6;
1, Crown view; 2, Labial view; 3, Lïngual view.
(For abbreviations see chapter X).
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by the ~enly numbered postcanines.
Postcanine no. 7 on the left seems to have erupted

only recently. It has a simple crown pattern (fig. 2 C,
plate 1). On its labial half the crovm has a distinct
main cusp hereafter referred to as m.c., and an anteriorto asaccessory cusp hereafter referredAa.a.c., but the posterior
accessory cusp hereafter referred to as p.a.c. is poorly
developed. The cingulum on the lingual half of the crown
is rather indistinct but below both the a.a.c. and the
p.a.c., there is a distinct cingulum cusp.

Postcanine no. 5 is broken but the remains of the
cingulum (fig. 2 A, plate 2) seern.s to indicate that it was
more elaborate than the cingulum of no. 7.

Postcanine no. 3 (fig. 3 B, plate 3) has a much better
developed cingulum than no. 7 with two cingulum cusps
anteriorly and one fairly large one posteriorly. The m.c.,
the a.a.c. and the p.a.c. are well developed.

The first postcanine is broken off below the level
of the crown.

Postcanine no. 6 on the left (fig. 2 B, plate 1) is
partly broken. There is a well developed m.c. but apparent-
ly no. a.a.c. and only a poorly developed p.a.c. A
cingulum is present but it has only three distinctt cingulum

. therecusps thoug~Amay have been a fourth one.
Part of the m.c. of no. 4 (fig. 3 C, plate 2) has

broken off:,\but the p v av c , and the a s av c , are present.
These three cusps are aligned along the longitudinal axis
of the tooth. The cingulum is well developed and has three
large cingulum cusps posteriorly with four smaller ones
anteriorly. Of the three posterior cingulum cusps, the
one in the middle is the Lar'gestc, while the four anterior
cingulum cusps are all more or less of the same size.

Postcanine no. 2 (fig. 3 A, plate 3) has the most
elaborate structure of all the teeth in skull no. B.P.I.
354, with a very well developed m.c. The p.a.c. and a.a.c.
are situated at the same heightuhut the p.a.c. is the
larger of the two. The cin~lum is well defined and has
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eight, c.Lngu Lum cusps. There are two small ones anteriorly
and t~en six similarly sized evenly spaced larger ones.

On the right side the seventh postcanine is broken
but evidently this tooth has erupted fairly recently.

Postcanine no. 5 (fig. 4 B, plate 5) is still erupting.
It has a very well deyeloped m.c. and a very distinct
a.a.c. and p.a.c. both on the same height. The cingulum
has a small cingulum cusp posteriorly preceded by tw.
large cingulum cusps and two smaller nnes anteriorly.

Postcanine no. 6 (fig. 4 C, plate 6) has a distinct
m.c. with a small a.a.c. but the p.a.c. has been broken
off. The cingulum is fairly well developed with a large
cingulum cusp posteriorly and three cingulum cusps anterior-
ly.

The median, anterior accessory and posterior accessory
cusps of no. 2 (fig. 4 A, plate 4) are broken. The re-
maining cin~lum is very well defined and def.initely more
complex than that of no. 6. There are Live large cingulum
cusps of which the two ant.erior ones are the largest. They
are evenly spaced.

Postcanines nols. 4, 3 and 1 are broken off below the
level of the crown.
(b) H.V.D.280; Leavachi~_(~r~~~lis?):

On the right side of this skull, postcanine no. 2
(fig. 7 A) has a distinct, slightly recurved m. c. and a
p.a.c. The cinglum is broken.

The fourth postcanine (fig. 6 B) has a well developed
p.a.c. Part of the m.c. is broken off. An a.a.c. is also
present and although the cingulum is slightly broken, it
appears to hav.e anteriorly three ViBry small cingulum cusps.

The m.c., the p.a.c. and the a.a.c. of postcanine
no. 6 (fig. 5 C) are distinct. The c.ingulum is broken but
halfway along its middle two equally sized cingulum cusps
can be seen.

The eighth postcanine (fig. 5 B) has its a.a.c. on
a slightly higher level than the p.a.c. The cingulum is
well developed and three evenly spaced large cingulum cusps
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Diagrammatic views of the upper lefiipostcanines
of skull no. H.V.D.280 (10X). A1 Postcanine no.l;
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anterior accessory, main and posterior accessory Cu.sps
are well developed and the a.a.c. is on a slightly higher
level than the p.a.c.

In postcanine no. 5. (fig. 6 C) the a.a.c. is also --_ ... -._. _.-
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can be seen.
Postcanine no. lis broken.
The cingulum "f postcanine no. 3 (fig. 6 A) is brokerr,The

higher than the p.a.c. A cingulum is present but the
cingulum cusps are small and poorly developed. Its
development is about the same as that'oftno. 7 on the left
in no. B.P.I.354.

The eeverrt.hpostcanine has very well developed anterior
accessory, main and pos ter-i.or-accessory cusps. It:also
has three large "cdngp.lumcusps almost identical with those
found on no. 8.

Postcanine no. 9 (fig. 5A) is small and seems to have
erupted only recently. It has distinct posterior
accessory and main cusps but apparently no a.a.c. The
cingulum is not developed.

On the left side of this skull, postcanine no. 1
(fig. 9 A) has a distinctlp.a.c. but the main and anterior
accessory cusps are broken. The cingulum has only two
anterior cingulum cusps of which the anterior one is
slightly smaller than the posterior one.

A large part of the labial side of the third post-,
canine (fig. 9 C) has broken off. The cingulum is better
developed than that of no. land apparently has five small
evenly spaced cingulum cusps.

The labial side of postcanine no. 5 (fig. 8 B) is
also broken, but lingually the cingulum is well preserved
and better developed than that of postcanine no. 3., There
are seven cingulum cusps i.e. a small anterior one, then
a very large one followed by a small one. In the middle
of the cingulum is a medium sized cusp followed by a small
one. The next c.ingu.Lum cusp is large and posteriorly is
a small one.
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The seventh postcanine (fig. 7 B) has a broken off
mvc , but t.hep.a.c. and the ava ;c . are distinct. The
cingulum has well developed cingulum cusps. Anteriorly is
a fairly small cingulum cusp followed by two large cusps
of equal size. In the middle of the cingulum are two small
cingulum cusps and posteriorly a large cingulum cusp.

Postcanine. no. 9 is very small and seems to have been
a simple tooth but as part of it,has broken off, no dis-
tinctive features can be seen.

Part of the main and the anterior accessory cusps of
postcanine no. 2 (fig. 9 B) has broken off, but the p.a.c.
is well developed. The cingulum is distinct and has two
medium size_d cingulum cusps anteriorly.

On the fourth postcanine (fig. 8 C) the m.c. is
partly broken, but the p v a >- and av av c .'s are distinct.
The cingulum is well developed and has three medium sized
cingulum cusps anteriorly and six very small cingulum
cusps.along the posterior part of the cingulum. It is
difficult to decide whether this posterior part of the
cingulum is merely strongly serrated or whether it has
very small c.ingulum cusps.

Postcanine no. 6 (fig. 8 A) has a well developed m.c.,
an a.a.c. and a p.a.c. Anteriorly the cingulum has three
large cingulum cusps, ftollowed by six smaller cingulum
cusps. The cingUlum seems more strongly developed than in'
that of the f.urtih postcaninB.

Postcanine no, 8,; is broken off below the level of
the crown but seems to have e.rupted recently th.ugh earlier
than no. 9.
(c) No. B.P.I.234; type of Leavachia gracilis:

The left upper. post cam.ne s of this skull could not
be cleaned properly because of the distort,ion of the skull
and the occ.Luei on. of tihe lower jaw. Postcanines no s. 2
and 7 show t,he typical t-r i cuep i.d structure labially while
the beginning of a c.ingulum can be seen lingually on the
posterior part of postcanine n.o, 7c.
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Om the right side the first four po.stcanines seem on
the poimt of falling GUt and have a rather. e.om.c.a.Lshape
(fig. 10 B, D). Only Ln postcanine no. 4 are there in-
dications of the presence of a cingulum but there are no
cingulum cusps (fig. 10 A). In all these postcanines
(no's. 1 - 4) there are only slight indications of an
anterior accessory and posterior accessory cusps. As all
the teeth seem to have a curious rounded surface, their
appearance may be due to weathering.

The fifth and sixth postcanine are so badly broken
that nothing of their structrure can be seen. Anteriorly
on postcanine no. 6 a small piece of the cingu.lum with two
cingulum cusps remaLns.

Of all the postcanines in this skull, no. 7 (fig.10 G)
seems to be the best preserved. It has a distinctl m.c.,
a p.a.c. and an a.a.c. There is, howeve:n little left of
the cingulum and cin~lum cusps of wh~ch there may have
been four on five.

Postcanine no. 8 is broken and dislodged from its
normal position and no. 9 is very small and also broken.
Cd) No. B.P.I.8i tlype of Leavachia mL.crops:

In this skull the first postcanine on the left is
broken off below the level ef tiliecrown.

Ther~ is a well developed m.c. on the third post-
canine as well as a poa.c. but apparently no a.a.c.
(fig. 11 A). A cingulum is present with four anterior
cingulum cusps.

The second postcanine (fig. 11 B) has a distinct
m.c., a rather indistinct p.a.c. and no a.a.c. Ne indi-
catien of a cin~lum can be distinguished.

Part ef the m.cc ef postcanine no. 4 remains but
there are no indicatQorrs of a CLngulum, cingulum cusps,
a p.a.c. er an a.a.c.

Pastcanine no. 8 has distinct main, anterior
accessory and posterier accessory cusps, and the cingulum
seems te be well developed. Mere precise detail cannet



2

,, .:

' ........
B
2

,.'.. .
"" .... - Ill'

-~-- -- ----

Fig. Il Diagrammatic. views of the upper rightilpostcanines
of skull no. B.P.I.B. (16X). A, Postcanine no. 3;
B, Postcanine no. 2. 1, Crown view obliquely
from above; 2, Labial view; 3, Lingual view.
(For abbreviations see chapten X).



, '(J, cc' .. ". I., . coc.

'A

2

p.oc.

L
p.c.c,

~. ..

\

i,,
I,

Fig. 12 Diagrammatic views of the upper Lef tc postcanine
of skull no. B.p.J.8 (16X). A, Postcanine no. 70
1, Crown view; Labial view; 3, Lingual view.
(For abbreviations see chapter X).



21

be distinguished, due to the position of the tooth and
the occlusion of the lewer jaw.

The fifth and sevent~ postëanines have broken off
below the level of their crovms.

On the left side postcanine no. lis almost conical
and its only cusp , t-he median one ~ is slightly recurved.
There is no cingulum and c.i.nguLum cusps.

The third postcanine has a m.c.~ a p.a.c. and slight
indications of a cingulum but no c.ingulum cusps or an
a.a.c.

Part of the main~ anterior accessory and posterior
accessory cusps and the cingulum of the fifth postcanine
have broken ofL. One cingulum cusp is still present
anteriorly and one posteriorly.

Pos t canLne.no. 7 (fug. 12 A) has a broken m. c,, a
distinct p ,a.c. and an Lndd st i.nctc a.a.c. A cingulum is
present with two c.i.ngu.Lumcusps posteriorly-.

The second postcanine has broken off below the level
or the crown.

Distinct main, anterior accessory and posterior
accessory cusps are present on postcanine no. 4. The
a.a.c. is much less distinct than the p.a.c. As the
posterior and anterior parts of the cingulum have broken
off, only the middle part remains. On this small piece
of cingulum a distinct, cingulum cusp can"be seen.

In the sixth postcanine only tihem.c. is distinct.
The cingulum seems to have crumbled away and the posterior
accessory and anterior accessory cusps are indistinct.

The main~ anterior accessory and posterior accessory
cusps of postcanine no. 8 are well developed. Viewed from
obliquely behind and above towards the lingual surface of
the t oo+h , a c.i.nguLum can be distinguished, though no
details can be made out due to the position of the teoth.



22

(e) No. ffiP.I.372; Leavachia duvenhagei:
On both sides of this skull the surface of the jaws

had been subjected to grinding during the origtnal
preparation of the skull or during subsequent investigations.
In most of t,he postcanines little was left of the m. c. ,
the a.a.c. and the p.a.c., especially on the left side.
This is unfortunate as the matrix of this skull makes it
easy to clean the t ee.tdiproperly and much of the structure
of the teeth had thus been destroyed unnecessarily.

On the left side only the sixth postcanine (fig. 13 A)
could be studied. It has a poorly developed cingulum in
which the anterior and posterior cingulum cusps are very
similar to those of the seventh left postcanine of skull
no. B.P.I.354. The posterior accessory and anterior
accessory cusps are not very distinct.

Postcanine no. 1 c.ouLd not be studieq,due to occlusion
of the lower jaw.

On the right side the third postcanine is a simple
tooth with apparently no cingulum and the p.a.c. is poorly
developed while nothing can be seen of the a.a.c. The
m.c. is, however, distinct.

Postcanine no. 5 (fig. 13 C) is a little more complex.
A cingulum is present but it is poorly developed. It
seems to have much the same structure as that of the sixth
postcanine on the right side (fig. 13 A).

The main, anterior accessory and posterior accessory
cusps of the seventh postcanine (fig. 14 B) are distinct.
The cingulum is well developed and has three small cingulum
cusps. of equal size posteriorly.

Postcanine no. 9 seems slightly more complex than
no. 7. The main, anterior accessory and posterior accessory
cusps are distinct.. Part of the cingulum is slightly
broken, but there seems to have been about four cingulum
cusps of equal size.



Diagrammatic views of the upper postcanines of
skull no. B.P.l. 372 (10X). A, Left Postcanine
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The second postcanine has fallen out but its imprint on
the matrix can be seen.

The fourth postcanine is fairly simple (fig. 13 B).
The m.c. is distinct but not the po sterior accessory and
anterior accessory cusps. The cingulum is not well
developed and has a single cingulum cusp posteriorly and
one anteriorly. It is almost identical to that of the
fifth postcanine.

Postcanine no. 6 (fig. 14 C) is too badly damaged
by grinding to show much of the m.c., the a.a.c. and the
p.a.c. but the cingulum is better developed than that of
postcanine no. 4. It has one cingulum cusp posteriorly
and two anterior ones of which the posterior one is the
largest.

The eighth postcanine (fig. 14 A) is the most complex.
The m.c., the a.a.c. and the p.a.c. are all well developed.
There are five cingulum cusps of which the anterior two are
small. The next is a larger one and the largest one is in
the middle of the cingulum. Posteriorly there is a medium
sized cusp , which is however, smaller than the third
anterior cusp.
(f) No. B.P.I.357; Leavachia dQvenhagei:

In this skull a few teeth have been studied on the
left side. The condition of the bone is rather cru.m·bly
and to prevent possible damage to the teeth, the stud~ of
the postcanines in this skull was limited.

The first postcanine has distinct main, anterior
accessory and posterior accessory cusps but the a.a.c. is
not very distinct~ There is no cingulum (fig. 15 B).

The second and third postcanines have broken off
but it is possible that the third may have fallen out.
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Fig. 15 Diagrammat·ic views of the upper left postcanines
of skull no. B.P.I.357 (10X). A, Postcanine no.
4; B, Postcanine no. 1. 1, Crown view,
2, Labial view,
(For abbreviations see chapter X).
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Postcanine no. 4 (fig. 15 A) also seems to be very
simple. The p.a.c.,.,the m.c. and the a.a.c. are distinct
but there is only a very slight indication of a cingulum
and none of a cingulum cusp.

The p.a.c. and the m~c. of postcanine no. 5 (fig.16 B)
are both well developed but the a.a.c. has broken off. The
cingulum is well developed with three cingulum cups of
equal size anterior.ly.

The sixth postcanine (fig. 16 A) has a distinct m.c.,
and a p.a.c. but the a.a.c. has also bnoken off. The
cingulum is distinct and has three large cingulum cusps
anteriorly and two small ones posteriorly.
(g) Lower postcanines:

"It was not possible to make an axtensLve study of
the lower post canines especially not of their lingual and
crown views~

In only one badly crushed skull (no. C 27) was it
possible to see something of the structure of the cingulum.
One lower poatc.arrLne (fug. 17 A) has been cleaned properly
but it is impossible to determine exac t.Ly which one it is.
Its main, anterior accessory and posterior accessory cusps
are distinct~ The cingulum is well developed. There are
three or four rather large, cingulum cusps of about equal
size.

In skull no. B.P.I.372 (Lig. 17 G, D) the labial
surfaces of the last two lowen postcanines could be viewed
from obliquely behind and above. The m.c. and the p.a.c.
are both very distinct and the p.a.c., is definitely situated
on a higher..level than the cingulum (see also fig. 17B and
E) •

Crompton states in his paper. "Postcanine occlusion
in cynodonts and trit~lodents" (seen in manuscript form
1969) that a series of small cusps are present on the
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internal edges of both the upper and lower teeth and that
the crowns appear to be tricuspid because the posterior
and anterior- of these small cusps are visible in external
labial view. ThiE}'6piniondoes not appear to be sub-
stantiated in the postcanines of Leavachia investigated
by the present author. In most teeth studied, both the
p.a.c. and the a.a.c. seem to form a unity with the m.c.
and not with the cusps on the inner edge of the crown (see
e.g. fig. 3 A, 4 B). The anterior and posterior accessory
cusps are set off sharply from the cingulum cusps on a
definitely higher level though in some cases the a.a.c.
itself is situated slightly higher than the p.a.c. (see
eog. fig. 5 B and 6A)~ I1Iis only Ln.the veny simple pas t-
canines that the p.a.c. and the a.a.c. (if present) are
almost on the same level as the cingulum and the cingulum
cusps (see e s g, fug. 2 A. and C). Even then it is quite
clear that the accessory cusps lie in a straight line with
the m.p. and thus form part of labial structure ofl: the
tooth. The cingulum and its cusps florma series seperate.
from the main cusp and its accessory cusps «

The upper and lower postcanine alternate with one
another (Crompton 1969) and direct tooth-to-tooth contact
does not occur.
C. Tooth replacement:

A study of this process has not been done in all of
the six skulls studied. In some skulls most of the teeth
were so badly broken that tooth c.omplexity and tooth size
could not be jud~d. Only in skulls no's. B.P.I.354,
B.P.I.357, B.P.I.372 and H.V.D.280 was the tooth structure
satisfactory enough to get an exactuview of the tooth re-
placement phenomena in the genus Leavachia.
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Tooth replacement_ could best be studied in skulls
no's. B.P.I.372 and H.V.D.280. The results for each skull
is given in a diagram showing the direction of the re-
placement waves which in each case appears to have moved
from back to front7 the degree of crown complexity of each
postcanine and the state of eruption of each postcanine.
Left and right postcanines are also indicated.

In skull no. H.V.D.280 (fig. 18) the replacement wave
for unevenly numbered postcanines bn the left moves in an
anterior direction starting with the addition of a simple
postcanine, no. 9. Postcanine no. 7 shows the most
advanced state of eruption and highest complexity with
postcanine no. 5 a little less advanced while postcanine
no. lis a fairly recently erupted replacement tooth. The
newly added ninth on t~e right apparently erupted beftore
the one on the left. It therenore appears as if the new
replacement wave which resulted in the addition of the
ninth postcanine had not yet reached the seventh which

J

would have been the nex.t to be replaced. The wave for the
evenly numbered teeth s.hows the same picture. The.eighth
postcanine on the right is a newer tooth than no. &on
the left which itself is older than no. 4, and the La'tt.er
is;61der than no. 2. The eighth posta.anine thus seems to
represent the spearhead of a wave which had not yet reached
the sixth and more anterior evenly numbered teeth. The
posterior teeth that had not been replaced recently show
the highest degree OL complexity. In subsequent replace-
ments they would have become more simple. The teeth that
are added at the posterior end of the row, have uncompli-
cated crowns, as evidenced hy postcanine no. 9. In order
to move downwards in the diagram to their place in the
posteriorly directed complexity gradient of the tooth row,
they would have to be replaced at least once by
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progressively more complex teetihwhich in turn would later
have been replaced by more simple ones as the complexity
gradient moved backwards during posterior additions and
anterior suppressions. It is clear from the conditions of
postcanines no's. 8 and 9 in fig. 18, that the replacing
wave for the evenly numbered teeth is ahead of that of the
unevenly numbered teeth.

A study of fig. 19, the diagram for skull no.
B.P .I .3,72,shows that the replacement wave of the unevenly
numbered tee.thhas just ended at the erupting postcanine
no. l,the crown of which ~ould not be studied propenly but
which one would expect to be very Himple. The wave for the
evenly numbered teet~ has just started with the replacement
of postcanine no. 8 and would have proceded forwards to
postcanine no. 6 and onward. The diagram seems to indicate
that the replacement of the unevenly numbered postcanines
would have been accompanied by increased crown complexity
as the evenly numbered ones tend to be more complex t-han
the existingJunevenly numbered ones.

In skull no. B.P.I.357 which has twelve postcanines,
the first eight increase progressively in size while the
last four decr-eases in s.ize in aposterion directi.on. In
fig. 20 only the first s.i.x, postcanines on the left of this
skull are diagrammed. Because of their crumbling conditiom
the study of the teeUh in this skull was seveFely restricted
and only the first si.xpostcanines could be studied for
complexity and crown structure. Of the other teeth only
the state of eruption could be studied. Postcanine no. 3
had apparently fallen out but no replacing,tooth was found.
Postcanine no. 1 does not appear to have been replaced
recently and migh~ therenore belong to the previous re-
placement wave. The replacement wave therefore would

. "
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Diagram to show integration and co-ordination
of additio~ replacement and possible suppression
processes in the postcanine series.
Diagram based on three additions for each sup-
pression. Solid line indicates integration of
new.addition into posteriorly directe.d crown com-
plexity gradient. Arrows indicate direction of
increasing crown complexity obtained by replace-
ment.

Al - 9 Addition to assumed basic series of four postcanines.
SI 3 Suppressions of numbers of basic series.
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have resulted in a new replacing tooth at the position of
postcanine no. 3 and would thereafter have gone on to re-
place postcanine no. 1.

Postcanines no's. 9 - 12 which are the youngest
additions to the tooth row, are apparently not yet fully
included in the gradienu of prognessive increase in size
and complexity towands the posterior part of the tooth row.
Apparently the posterior new additions a!e repeatedly re-
placed by teeth of increasing complexity while the anterior
and the formerly posterior teeth which are now in the
middle of the postcanine series are replaced by more
simple teeth. The anterior two thirds of the tooth row
would thus tend to move upwards in the complexity gradient
diagram and the posterior third would tend to move down-
ward until a completely integrated gradient resultod.(Fig.22)

In the small and apparently y.ungest skull no. B.P.I.
354 (fig. 21) it is more difficult to studlfthe tooth re-
placement waves. In the wav,efor the unevenly numbered
postcanines en the left si~e, the seventh postcanine is
the newest addition while the f i ft.hon the right has been
replaced rec~ntly. On the left side postcanine no. 5 is
on the pe irrtof being replaced. The older.:fhft,hpostcanine
on the left has a lower complexity than the newly replaced
postcanine no. ~ on the right side. Postcanine no. 3 on
the left has a hig~ complexity and is apparently ready to
be replaced by a toot~ which would probably have been of
lower complexity but..could conceivafuLy be of still higher
complexity judging by the c.hditioruin the second and
Lourth postcanines • The posteri.or part of the tooth series
is already increasing in complexity (compare the newly re-
placed fifth postcanina on the rigpt with the unreplaced
fifth on the left) while the anterior part mighuhave
been about i10 start decr-easi.ng,in e.omp.Lex.ity during further
replacements. The firsupostcanine would probabRy have
been replaced or depressed later but no informat~on could
be obtained from it because it is broken of~.
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In the evenly numbered wave, postcanine no. 6 on
both sides must be a new replacement. of a previously added
tooth, although the one en the right had been replaced be-
fore the left one. It is supposed that they are replace-
ments and not new additions because of their advanced
state of eruption and :Eairlyhigh complexity. They may,
however, be more r.ecently erupte.d teebh than tiheirstate
of ar-up ti.onimplitesbecause it is possible tiha.tthey had
not been firmly attached in their alveoli when the animal
died and had then almost fallen out during decay of the
soft tissues prion to L.ossilization. If they are not- re-
garded as fairly new.replacement teeth, it is difficult to
establish a satisfactory replacement pattern in this skull.
When the crown pattern, condition of eruptdon, tooth
position and size of the postcanines are taken into accoumt,
and the condition in the other investigated skulls of
Leavachia are considered, postcanine no. 6 cannot be re-
garded as a tooth on the point of being replaced. The
fourth postcanine is a newly replaced t.oothprobably of
increased complexitcy inlc.omparison with the one it re-
placed. Postcanine no. 2 on each side is ready to be re-
placed probably hy a tooth oL.decreased oomp'lexatw .
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COl-IPARISON OF L. DUVENHAGEI, GRACILIS AND MICROPS

In chapter III the manner of distortion of each of
the Leavachia skulls .examined during the present investi-
gation has been discussed.

Apart from the fact that conditions in the type
specimens do not always agree with the original descrip-
tions, the distinguishing characteristics for these species
are extremely unreliable due to the effects of distortion
on them.

In 1968 Anderson gave a table of characteristics
illustrating the differences between the three species of
Leavachia. The four characteristics used, are the backward
extension of the postorbitals; the position of the post-
orbitals just anterior to the pineal foramen, the shape of
the nasals and the overlap of the squamosals on the
parietaIs.

The description of the type specimen of gracilis
(no. B.P.I.234) Brink and Kitching (1951) appears to be
incorrect where it is stated that the backward extension
of the postorbitals reach to the anterior margin of the
pineal foramen. Examination of the skull during the present
investigation showed that these extensions of the post-
orbitals reach to a length halfway along the pineal foramen.
In the type of microps (no. B.P.I.8) the parietal ridge
seehlS to have been pinched to that it is difficult to
determine the exact position of the pineal foramen. It
is, however, clear on the left side that the backward ex-
tension of the postorbitals reaches at least to the anterior
margin of the pineal foramen and possibly slightly beyond
it.

In specimen no. B.P.I.357 of duvelli~agei it seems as
if the backward extension of the postorbitals does not
quite reach tbe posterior border of the pineal foramen
though it does reach farther back than in gr~cilis and
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microps.
The extent of separation between the left and right

postorbitals given for microps in the original description
and Anderson's table1 is not the natural position due to
the "pinched" appearance of the parietal ridge. When this
region is reconstructed to its normal c.ndi;tion1 the post-
orbitals would also be as well separated as in the other
two species.

Due to the distortion which pushed the occipital
region slightly forwards and to the right in skull no.
B.P.I.234 there is an unnaturally large overlap of the
squamosals on the parietals. If the occipital ridge could
be pulled back to a normal position the squamosals would
shift outwards to the right and the left and the overlap
of the squamosals on the parietals would be smaller and
rather like the condition found in microps, and skull no.
H.V.D. 280 which is also more or less of the same eLz e.,

The interorbital depression and the ridge which are
used as diagnostic features in L. microps have been formed
by the unnatural distortion of the skull which also caused
the near meeting of the postoribtals anteriorly to the
pineal foramen.

Though there is a large difference between the
anterior and posterior breadths of the nasals in gracilis,
it is not so much different from those in microps. The
fact that these breadths differ less in the large
duvenhagei (no. B.P.I.357) could perhaps be attributed to
the greater maturity of this specimen.

L. microps has been described as having a double
occipital condyle instead of a kidneyshaped one as in all
the other species of Leavachia. It does appear, however,
as if the kidneyshaped condyle have been bent by a dis-
tortion force to appear bicondyle.
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The dental formulae of the three species, gracilis,
duvenhagei and microps seem to differ only in the number
of postcanines, and in the small specimens of duvenhagei
(no's. B.PoI.354 and 372), it is the same as for microps
and gracilis.

It is evident therefore that when the type specimens
of the three species of Leavachia are carefully compared
there are no morphological grounds for their classification
into three different species.

This point of view is strengthened by the' study of
the number of postcanines of all the species and their
crowns. The number of postcanines in the different species
has no diagnostic value as the number of teeth increases
with the increasing size of the skull and thus apparently
with age. In all the skulls studied the teeth had the
same basic structure with a labial ID.C. and its poa.c.
and a.a.c. and a usually Li.ngua.Lcingulum with cingulum
cusps. The presence or absence of a cingulum and the number,
size and the arrangement of the cingulum cusps, combined
with the detail about the labial cusps add up to produce
about eight levels of crown complexity (see repla~ent
diagrams figs. 18 - 21).
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CONCLUSIONS

A reinvestigatiomof .the type specimens of Leavachia
and brief redescripttLons indicate that there is only one
valid species of Leavachia namely duvenhagei, the first
species described hy Broom in 1948 which therefore has
precedence. Morphological evidence. does not uph o.Ldthe
validi ty of the two other spec.ies microps and gracilis.

The available material p~ints towards a growth series
in which no. B_.P.I.354 was the youngest and no. B.P.I.357
was perhaps a mature animal.

The postcanines have a characterist:ic structure.
The main, anterior accessory and posterior accessory cusps
form the labial part of the crown while the cipgulum and
its cingulum cusps form the lingual edge of the crown.
The accessory cusps do not form part of the series of cusps
on the cingulum.~s tmplied by Crompton (manuscript seen
1969) •

There is alternate tooth replacement and the replace-
ment waves pass from back t. fr.nt. Crown camplexity in-
creases from the anterion to the. posterior teet,h. The
teeth added at the posterior end of the tiootih row is small
and fairly simple. During" subsequent replacement waves
they become more mmplex_ but simultaneously the former
middle and posterior postcanines which are then in t.he
anterior and middle parts of the series apparently bec~me
less complex, with the result tha~ the complexity gradient
over the postcanine series as a whole is maintained.

Mendrez (1967) reviewed the literature on Cyrbasiodon:
boysei which was sometimes considered to be a primitive
cynodont and sometimes as a scaloposaurid therocephalian:.
The Scaloposauridae are now regarded as belonging to the
Bauriamorpha. The infraorder Bauriamorpha as now composed
contains a collectil1!r;tof families formerly placed under the
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<..lt.Theroaphalia. Mendrez redescribed Cyrbasiodon boysei with
emphasis on the postcanines. This study led her to the
concIusi on, (op. cit) that Cyrbasi odon boysei is a procyno-
suchid cynodont very close to Leavachia and that, when
the dentition of Leavachia becomes be t ter known these two
generic names might perhaps be considered as synonyms.
She also points out that Parathrinaxodon proops described
by Parrington in 1936 was considered by him to be closely
related to Cyrbasiodon. Watson and Romer (1956) placed
Parathrinaxodon pro~ in the Pr-ocynosucb i dae- Mend.rez is
of the opinion that the simLlarities of these forms known
as three diffarent genera might help to denine their
systematic positions more accurately. The present.'
investigation of the postcanines of Leavachia has proved
their identity with those of Cyrbasiodon boysei. If
C1rbasiodon boysei originally deacribed by Broom in 1931
on an imperfect maxilla with eleven teeth is indeed
synonomous with Leavachia duvenhagei which appears now to
be the only valid species but which was described in 1948,
the former genus and species names will have precedence
over Leavachia duvenhagei. Since Cyrbasiodon is considered
by Mendrez to be a procynosuchid cynodont but the name
Pr_ocynosuchus was f.ir-st. used only in 1937 it might be
necessary to change the family name Procynosuchidae to
CyrbasiorDdae·.,These taxonomic problems will however have
to wait for a fuller investigation of the genera and families
concerned especially as there is doub tc about the validity
of some of,the genera nON assembled in the family
Procynosuchidae.
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SUMMARY

Five skulls of Leavachia from the B.F.I. including
the type specimens of ~~crops and gracilis and three of
duvenhagei were investigated. At the National Museum in
Bloemftltltein a skull was obtained from the Hendrik Verwoerd
Dam collection. After preparation it proved to belong to
Leavachia. This skull was described in detail. An in-
tensive study was made of the crown structure of the post-
canines in all the skulls as this was important for the
exact determination of t~e relationships between the three
species.

All the postcanines have a main cusp with an anterior
accessory cusp and/or a posterior accessory cusp. A
cingulum is present which has a number of cingulum cusps the
number and size of which varies with the complexity of the
tooth.

Tooth replacement was also studied.
Most of the morphological differences between the

species could be attributed to postmortem distortion and
the age of the animal. It was found that there was no
grounds for the existence of three different species and
consequently only duvenhagei is retained. This view was
strongly supported by similarity of the crown structure
of the postcanines in all the skulls studied. A study of
tooth replacement showed alternate replacement waves
which alvvays appeared to move from back to front (forward).
Evidence for the addition of posterior postcanines was
found but no definite evidence for anterior suppression
could be illustrated due to the difficulty of working in
the diastema with upper and lower jaws occluded.
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ABBREVIATIONS

a.a.c.
ac
ang
art
asph
bo
c
c .c.
cing
cor
den
eo
fen. oval.
fr
i
ip

iptv
jug
jf
lac
lacf
m. c.
mx
nas
oc
osph
pa
p.a.c.
pal
par
par'p

pc

pinf
pmax

pmx
po

pp

ppal

Anterior accessory cusp.
Anterior coronoid.
Angular.
Articular.
Alisphenoid.
Basioccipital.
Canine.
Cingulum cusp.
Cingulum.
Coronoid.
Dentary.
Exoccipital.
Fenestra ovalis.
Frontal.
Incisor.
Interparietal.
Interpterygoid vacuity.
Jugal.
Jugular foramen.
Lachrymal.
La~ry.mal.foramen.
lVlaincusp.
IV axillary.
Nasal.
Occipital condyle.
Orbitosphenoid.
Prearticular.
Posterior accessory cusp.
Palatine.
Parietal.
Paroccipital process.
Postcanine.
Pineal ::E:..oramen.
Palatal plate of the maxillary.
Premaxillary.
Postorbital.

Pterygoid process.
Palatal plate of the palatine.



prf
pro
psph
pt
ptf
q
qj
rl
sa
smx

so
spI
sq
tab
tr
v

B.P.I.
H.V.D.
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Prefrontal.
Prootic.
Parasphenoid.
Pterygoid.
Post-temporal fossa.
Quadrate.
Quaratojugal.
Reflected lamina.
Suranêllar.
Septomaxillary.
Supraoccipital.
Splenial.
Squamosal.
Tabular.
Transverse hone.
Vomer.

Bernard Price Institute Collection.
National W[UseumCollection. (Hendrik Verwoerd Dam

site).
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