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A detaile(~ morphological study of two skulls of Emydops was
undez-caken by using the serial grinding technique.
Graphical, wax mocieI and computer-3D reconstructions of
various aspects of the sku l l s were made. The inti-arnal
structurps are descri~)eu. in detail and compared to other
small dicyncdonts sue...h as Eodicmodort, Priste:t'odon,
Tropidostpma, Cistecepnal1.:s and Dii£tgdon. The structure of
the skull of J:;mygop~. confor.'1s within the limits of variation
known for this genus, to descriptions given in the
literat,ul:".~' It. was f01.md that Emyd_gpsis different from
other dLoynocorrts in thc\ t.ne par asphen ..l.d has a deiir:it.e
suture with the pterygoiJ anterior to the pterygoid-
basisphenoid suturer which is not noticed and mentioned for
other dicynodonts, except fOT Emyd...9.ll§.(Olson, 1944).
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1. INTRODUCTION

Dicynodonts li~ed during the late permian and Early Triassic

and found abundantly in the lower (Eodi9ynodon-

Tapinocaninus, Tg_.p.inocephalu~-B:t:"adysauru~1Pristeroanat..:hu5-

S;:istecephalus-

bulE&_~phalodonand Dicynodon-Thariognathus assemblage zones)

and middle (LJt!?t.rosauIus-P:~ocolophon assemblage zone) part

of the Beaufort G~OUPI and to a lesser extent in the upper

(cynognathu§-DiademodoQ assemblage zone) (Rul:'idgr::, in

preparation) part. The group has been extensiv81y studied,

because they contain the most primitive mammaLe-Li ke reptiles

found in South Africa and went extinct by the end of the

Triassic and because of their abundanc-e , but. only six

workers have produced serial sections in order to study the

cranial detail of dicynodon~s. Dicynodonts studied in this

way have been: - Dicynodon leoniceps (Sollas and Sollas,

1913) 1 EmydoYJssp , (Olson, 1944) I Diictodon (Dicynodon)

9I,_imbeeki (Agn.=wI 1958); Pristerodon bUffaloensis (Barry f

....~ 1967), cistecepha~yg microrhinus (Keyser, 1973a), and

OudenodQn baini (Keyser, 1975).

1.1 Ernydo12s
The internal skull morphology of Emydops has never been

( described in detail. Sollas and Sollas (1913) discovered,

by applying the serial sectioning technique to the genus

Dicynodgrt, the presence of a grooved vomer, the welJ.-marked



floccular recess, the existence of an ectopterygoid,
maxillary antrum as an inter-oss<:'dl space, and
septomaxilla in the Dicynodontia for the first time.

2

the
the

'1'his
marked the beginning of the quest to understand the inner
structures of the fossil skull. In 1944 Olson tentatively
referred his serially sectionad dicynodont specimen to the
genus .ElTI.y_dopsI but studied only the inner ear , occipital
region and basicranial axis. Hopson (1964) used Olson'S
(1944) sections of the Emvdops specimen to describe the mode
of t.cot.hrepLlc.::~:tient,Crompton and Hottoa (1967) described
the f unct.Lona I morphology of dicynodonts using BP/1/2642,

but incorrectly identified their specimen as EmydQ12.§j
subsequently research has shown this specimen rather to
belong to the genus Pristerodon (pers. observation). The
sphe:nethmoid, inner ear, bloo(4,'easelsand nerves, tooth
replacement and palatoquadrate ~omplex of mest dicynodonts
have not been described as ye~. For the purpose 0f this
study two E~ydops skulls were serially ground to describe
the internal skull structures which will add to the
descriptions of the fossil skull morphology of dicynodonts.
Emrd.QP.swas chosen because of its plesiomorphic (peLatLnes
extend medially and become incorporated into the rea.rof the
secondary palate) and synapomorphic (palatal exposure of
palatine a flat, horizontal plate with a concave posterior
border (King, 1990;) characters.

Broom (1913) described three species of Emydops, .!;.. minor,
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.E,. a:r.ctatus (.G..istecepl'8.1us arctat.us) (owen, 1876) and ~.

He described _Emydopsas having a greater

parietal width than Dir.:ynodon and as differin9 from

Pristerodon in having no posterior serrations on tne

postcanine ~eeth.

In his "Mammal-like Reptiles of South Africalt I Broom, (1932)

illustrates the var i.ous Emydops species described at ttiat

date, Toerien (.i953) added .E,. murr~ysburg_ensis and ,E.

kitchingi to this list.

Haughton and Brink (1954) recognised eleven species of

Enwgm2.§.,namely: E. _g.rctatus I .E.. kitchingi, E. longic..§R§.,E.

g. m:i:n0:!',

murraysburgensis, parvusf platyceJl§, and E.

trigonice£B,. Cluver and King (1983) only recognised E.

Jongicep.§l, ~. lonaus, .E,. minor and .E,. platyceps. King

(1988) accepted all the species listed by Haughton and Brink

(1954).

1.2 Techni.gue$ to study the i~ternal structure of fossil

skulls

In order to accomplish a greater understanding of the fossil

skull, tech.niques designed to reveal more detail than

mechanical or acid preparation and the cutting of thick

sections are necessary. The major difficulty with

mechanical preparation is to dissect out fine detail of the



internal skull morphology and some specimens
4

may
dLsLnceqr-at.ewith acid treatment (Crompton, 1955). The
Lderrt.LrLcat.Lor, and homologies of t.he components of the
interorbital septum (sphenethmoid) are not well described lh

dicynodonts. Serial grinoing is one method which can
effectively reveal fine details of the internal anatomy, at
least in refractory fossil material such as that offered by
the Karoo reptiles. A disadvantage is that serial grinding,
because it is a dsstructive process, sh0uld not be practised
on types or other particularly valuable specimens. However
the amount of information to be gained by serial grinding
more than out-weighs this disadvantage, and in many
instances photographs of the ground surface can provide a
permanent record, and are extremely useful for. reference
purposes (Agnew, 1958).

-:~

Furthermore, ma~y symmetrical specimens, even though rare,
could legi~imately be div~ded into halves, one side be used
for sectio~ing and the other for eurrace morphology and
permanent record (Simpson, 1933) .

cranial characters, such as the tooth replacement, sutu~es,
foramina, grooves, inner ear, interorbital septum, and tho
basicranium are described in more detail and it ~llows the
examination of the path of bloodvessels and nerv~s. Serial
grinding has the advantage over non-sectioning methods, in
that it indicates the pres6nce of even the smallest
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embryonic teeth if ttaey have begun to calcify ';Hopson,

1964).

The serial grind5ng technique therefore gives a satisfactory

picture of the relationships of the skull bones as well as

information about ·the irrternal structures which are not

readily available from other methods of preparation. Four

methods of rec::mstruction were used, because each method

emphasisec1.different featut'es {see below}.

1.2.1 9raEhic Reconstruction
This method takes the minimum of ettort: and can be done

quickly at any time. It is however required that a base

line exis ...·: to pile the dra',lngs i.e. the sections must have

reference marks and in this study three guldeholes ~oJere

used. Separate structures can be reconstructed on separate

pieces of paper as well as contour drawings to show the

anterior and p0sterior VIews (Pusey, 1939).

1.2.2 Wax_M-:»fiel
With this method of reconstruction each bone can be cut out

of t.he wax ind5.vidually and it permits t.he representation of

different bones in wax of various colours. The only problem

is that the wax In:;';:-eases in thickness around the margins as

t.he required shapes are cut from it, it is therefore

nec.essary tc" check at regular intervals to ascertain what

this increase is and correct it in the model (Brink, 1960).

J
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The model can assist in shading the drawings.

1.2. 3 ~m~J_~ AnalY§.i~i.

Image analysing is a fairly new computer method employed in
rieont.oloqy and palaeontology to obtain three-dimensicn:.l
images from consecutive drawings obtained by serial grindLig
or serial sectioning c anatomical mate~ial. Image analysis
is used quite extensively in dentistry and the other medical
sciences.

Three-dimenslonal reconstruction of serially sectioned
organs arid t.Lssues aids in the visualization of th,,;dr

spatial arrangement, relationships of component elements and
quantification of 3tructures (Ongaro gt al, 1991). The
Kontron Image Analysis programme used ~re is just one of
many used for 3D-reconstructions. It consists of the
cor:;~)uterhardware, including a digit.izing pad, and a
softwnra package.

1.2 • 4 gAT Sc~nll;iJl_g

Computer aided tomography is. uaed in many hospitals to
pro' ie c'7~oss-sGctional i.maqe s which represent the X-ray
attenuation coefficient of the tissues or bene in the imaged
plane. A 3D-image .is,>'?constxuctedby a comput.ar f:r:omX-ray
t.ransmission data obtained during the scan (Zonneveld et gl,
1985). This technique is very expensive and not often used
for Karoo fossils as th~ matrix is tOl)dense.
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2.1 Mate_!'ials.

The specimens select.tad for the

Bernard

study are hous ed in the

Price Institute forcollections of the

Palaeontological Research, University of the witwatersrand.

They were all collected from rocks of the Lower Beaufort

Group (Di cynod Q n '-'1he:r i o.gna thus, C1_stecep}1a IlLs...-

J\ulacepQ9_19don, Tropidostoma-Endothiodon, Pr istf:!rognathus-

Diictodon and 'I.'apinocephalul:?_-r'~adysf!.~ as scmbLo-je

zones) (Rubidge, in preparation). As there are quite a

number of EmygQQ§.specimens it was possible to serially

grind two specimens. The least distorted, best preserved,

specimens in a reasonable size range were chosen as finer

detail are difficult to observe on a small specimen and

sutures may be fused in big spr cLmer.s , A further 73

specimens (Appendix C) had been prepar3d by the preparators

of the Bernard Pr i.oe Ins1:i t.ut.e for ~alaeolltological Research

and were available fer comparative purposes.

2.1.1. £R~...f:_imen~~usP-~tj9X serial grinding

The specimens ".,rere identi.f ied as Emydop§.on the following

criteria (King, 1988); Small dicynodonts with broad

intertemporal region and wide parietal exposure on the skull

roof. Palatine meets posterior border of premaxilla and is

transversely enlarged into a horizontal plate with a concave

posterior border. Anter Loir trough-like extension of the
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interpterygoid Vacuity on to vomerine septum short or
absent. Embayment in palatal rim anterior to canniniform
process. Interpterygoidal crest weak, not continued on to
ventral surface of ante;-ior pterygoid ramus. Dentary shelf
prominent. Anterior symphys Lal region of de~i-::.rydrawn up
into a sharp cutting edge. Shallow groove on dorsal edge.of
dentary behind symphysis.

Specimen BPI/1/4386
This specimen is from the farm Klein Bloux-op, Richmond (31'
32' S 23' 34' E) • The biostratigraphical horLzcn is the
Ci.steceQh_glu!?-Aulacephalodonassemblage zone. The lower jaw
is present in position. Distortion is very slight. For
cranial measurements see Appendix r

Specimen BP/1/1619
This specimen is ft"om the farm Dunedin, Beaufort We3t (31'
57 'S 22' 25' E), and was identified as Emydops on the
criteria giv,en by Ring~ (1988). The biostratigraphical
horizon is the Cistecephalus-l.ulacephalodon assemblage zone.
It is slightly distc)rted. A crack runs through t:hetemporal
opening on the right side of the skull, but dees not damage
any of the internal structures,
see Appendix D.

For cranial measurements
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2.1.2 Reference maj:erial used

The following type specimens were examined:
Emydons Il1inimu§.(Broom, 1935).

Museum/Pretoria (Cat. No.
Kookf~ntein, victoria West.

in the TransvaalSkull
242) from the farm

AulacephslodoQ assembl~ge zone.

in the Transvaal
Museum, Pretoria (Cat. No.

Skull
269) from the farm

CisteceRhalus-Leeuwkloof, Beaufort West. Horizon:
Aulacephalodon assemblage zone.

Emydops murraysburgensis Toerien, 1953. Skull in the
Bernard Price Institute (Cat. No. 609) fr~m the farm
Blaauwpoort, Murraysburg. Horizon: cistecephalus-
Aulacephalo~on assemblage zone.

$myqop~ kitchingj.Teerien, 1953. Skull in the Bernard Price
Institute (Cat. No 625) frum the farm Blaauwpoort,
Murraysburg. H(")rizon: Cistecephalus-AulacephalQdon
assemblage zone.

2.2 Methods

The t.:woEmydops akuL'l.s (BP/1/4386 and BP/1/1619) were
serially ground usinq a Croft parallel grinder. This
process is tedious and time consuming, but it in the only
method in which the finer details of the inner struct.ures
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can be studied.

VarlOUs machines and modifications have been used for serial
sectioning and serial grinding in the past 47 years. Sollas
(1903) first described the serial sectioning method using a
'3rinding apparatus. Sallas and Sollas (1913) using an
improved machine anp t Led the technique on a specimen of
Dicynodon. 1eoniceJ?.§..

speCie.:,;. Olson
(1916)
(1944)

describsd an unknown dicynodont
looked at the inner ear and

Sallas and Sallas

neurocranium of six anomodonts (one being assigned to the
genus Emydops) I four theriodonts, two specimens of
CqQtorhin~~, one specimen of pj_adggtes, and two specimens of
Dimetrodon. He retained a permanent record of each section
by the use of nitrocellulose peels. Nitrocellulose peels
were not used in the present study a~ the photo0'raphs and
drawings tpplied an adequate permanent record.

Olson and Whitmore (1944) described t~a apparatus used by
them for serial grinding and the making of nitrocellulose
peels. Crort (1950) described the Croft parallel grinder.
This instrument proved to be the bAst for studying the
internal structures of the fossil skull. The Croft parallel
grinder is a combination of a large micrometer and a t_lpod
method. The micrometer is used to determine the grinding
interval. The Croft parallel grinder differs from earlier
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apparatus by using steel balls as rolling supports for the
tripod. In this way free move~ent is obtained over the
grinding plate, negligible abrasion of the supports,
exceptional precision in the determination of the grinding
interval, a fairly wi.der anqe in the size of specimens which
can be accommodated, and easy conversion to automated
grinding.

Crompton (1955) described the method of serial grinding with
a Croft parallel grinder and gave advice on how the drawings
can be done wi ~he nelp of an epidiascope.

Agnew (1958) studied the sphenet.hmoLd region and cranial
k i.: ;sis of P.iictodlll19.L~mbeeki (=Dicy'n~;dongrimbeeki) wi.t.h
the aid of a C~oft grinder while Brink (1960} gave advice on
the Croft parallel grinding method and referred to problems,
such as secticming up to the last trace of bone. Barry
(1963) used the parallel grinding technique to serially

, Igrind Pristerodon bu:tfaloen~Js alict other therapsids to study
the ear region. Hopson (1964) used Olson's (1944) specimens
to describe tooth replacement. Barry (1965) used the
drawings and photographs of ~ri.ster990n buffaloensis for
his studies on t.he epipterygoid-alisphenoid regi n, and
later: (1967) d6JScribed the skull of pristerodon buffaloensis
in full detail.

Boonstra (1968) d~scribed another met.hod of cntting thin
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slabs with a 1iamond-studded circular saw, but this can only
be done with large specimens. Cluver (1971) using the same
method as Boonstra (1968) gave a detailed description of the
anomodont genu3 Lystrosaurus.

2.2.1 ?rQced~;r~
2.2.1.a ca~ting of spe9imen
Prior to grinding bot.h spec imens used in this study were
measured, drawn and photographed before they were encased in
plaster of Paris. The D~Sr way of preserving the original
specimen is to produce a silico~ rubber or latex mould and
then to cast it with epoxy=r-enLn and fibre glass for a
permanent record. The two resulting casts are stored at the
Bernard Price Institute for falaeontological research,
University of the Witwatersrand.

Each specimens was placed in a vertical orientation with its
snout facing downwards on the micrometer disc. A cardboard
cylinder was placed around the specimen and plaster of Paris
was poured into the cylinder. The plaster of Paris must be
quick drying and ncn-ubsor cerrt , because the qrindi.nqis done
in a '\vetgrinding medium. 'I'hespecimens were left to har-d-en
for approximately 15min, before the cardboard cylinders were
removed and the positions of the ventral and dorsal sides of
the skulls marked. They were then left for the plaster to
dryout completely. The cylindrical block of plaster
containing the specimen was then attached to the micrometer
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footplate with warm dental modelling wax. This was left to
cool and set before grinding was begun.

As the length of the micrometer cylinder is limited (only a
100mm) it is not always possible to include an extra block
of plaster between the specimen and the supporting disc so
that grinding could proceed to the rear of the squ~~Dsals.
In order to achieve this an additional layer of plas~er was
added later; however, it is preferable to make the block
longer before grinding if the specimen is small enough, as
it obviates errors of orientation.

2.2.1.b Setting up of micrometer
The croft parallel grinder was set up next to a tap and
basin for a ready supply of water. Th~ retaining rings for
the ball-bearings were fixed onto the zinc grinding plate
with plasticine.

The embedded fossil on the footpl~te was screwed into the
micrometer cylinder and the scale was set. The reading on
the micrometer was noted. The cylinder is calibrated for
lOOmm. The section interval decided on was O.25mm as this
interval gives the best results in small specimens. Two
grades of carborundum powder were used, first a coarser
powder (400 grit) for grinding and then the finer powder
(600 grit) for polishing. Every section was either bleached
with 3% acetic acid or stained with Alizarine Red S (Sodium
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Alizarin - Sulphonate) dep8nding on the contrast between
hone and mat~ix. Photographs of each section were taken
with the aid of a photom~.croscope. Then each section was
traced ....,ith the aid of an epidiascope so as to obtain a
permanent record. Three set markers or guideholes on the
drawf.nq board were transferred to each tracing for later
orientation during the reconstructing phase. Two hundred
sections ...lere obtained for BP/lj4386 and two hundred and
sixty for BP/l/1619.

2.2.2 Reconstructions (See 1.2.1, 1.2.2 and 1.2.3)
The tracings were used to reconstruct both specimens on
graph paper according to the method of Pusey (1939). Five
views were drawn; dorsal, ventral, lateral, occipital and
medial. The Kontron Image Analysis programme WCl.S used tr,

o~~ain a three dimensional image of each specimen. Part of
the lower jaw of BPjl/4386 was reconstructed with dental
modelling wax to confirm the short dorsal dentary groove and
the tooth arrangement.

The Kontron Image Analysis division KAT 286 programme was
used. Using the Image Analyser a drawing of each section
was traced with a digitizer and then stacked on the previous
section. The thickness of the sections was determined by
the grinding intervals and was measured in pixels. In this
way a 3D-image of the whole skull could be obtained, and by
using the computer programme it was possible to project any
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plane through the skull onto the screen. These images could

then be photographed.

Markers were put on every drawing traced with the aid of an
epidiascope to make graphic reconstruction and image
analysis easier. These markers viere transferred to the
drawing pad of the analyser. It is importclntnot to use the
digitiz.ing pen as it damages the dig.....tizing sheet, but
rather the digitizing mouse. 'rhe Kontron Image analysis
programme has eight channels which are coLour=coded and
individual bones can be allocated to different channels. As
the skull has more than eight bones, this was found to be a
major shortcoming as they cannot all be differentially
colour coded in one run. Three to four less important
bones, such as the skull roof bones were assigned to one
channel and by doing this tho sutures were lost.
done as follows {Figure 22 and 24);

It was

BP/l/11386 Channel 1 Premaxilla, vomer.
Channel 2 Maxill,:;;.;jugal.
Channel 3 Lowe r jaw, quadrate, quadratojugal.
Ch8nnel 4 Skull roof bones.
Channel 5 Postcanine, dentary teeth

sphenethmoid,epipterygoid.
Channel 6 Palatine, pterygoid, ectopterygoid,

opisthotic, basisphenoid.
Channel 7 Basioccipital, squamosal, tabular.
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Premaxilla, vomer.
ii1axilla.
Skull roof bones, jugal, squamosal.
Sphenethmoid, epipterygoid.
Palatine, pterygoid, ectopterygoid,

basisphenoid.
Channel 6 Quadrate, quadratojugal, periotic,

basioccipital.
Channel 7 Tabular.

BPjl/1619 Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

The sutures could, however, be recovered in the framework
(Figure 27) mode or by running the programme again coding
for different bones.
different features (Figure 23),

Different combinations Hill give

Five menus ar~ available in the directory; editing, moving,
scanning, printing and inserting. The markers were set
first, then a suitable channel was chosen and the drawings
w'ere stacked in append mode. If a mistake was made tne

could be inserted.
who Le secti.on could be deLrrted and the corrected sect.ion

To obtain the 3D-image the alevation,
rotation and tilt dngles were manipulated. Before tracing,
the el~~tion, rotation and tilt angles must be checked, as
for t.r~cing and stack.ing they must be on set values (for
example E - 0,00, R - 0,00, T - 70,00) throughout the skull.
When plotting or phot.ographing cer ra i.n channels could be
deleted, or a framework function could be chosen. ~terewas
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also a zoom function for close-up vie::n:;> sections wez'e

saved automatically on the hard diak , '.:n." on back-up high
density floppies.

The CAT scan of the type spec of EmydoJ2§minimus (Figure
28) was examined to see if there is a possibility of using
this method nstead of the serlal grinding technique.
However in this process the image was blurred and transverse
sutures were Lcst.. The scanning interval of Lmm was too
thick for this 5cm long specimen. Most of the longitudinal
sutures were visible such as the frontal suture, as well as
some of the dentary teeth. The interparietal to parietal
suture was quite clear. It was also evident that the right
side of the skull was not well preserved. The greatest
advantage of CAT scanning is that it is one method of
determining if a specimen is we l.l, enough preserved for
serial grinding, and can thus be a useful tool for the study
of fos!.lils.

The advantage of CAT scanning is that it is less t.Ime

consuming than Image analysis. A 5c~ specimen took only
45min to scan. Back-up diskettes were made by the hospital
staff and kept in the hospital and from these fUrther ~ets
of X-rays can be obtained.

The specimen was scanned in contiguous lmm transa:x:ial
slices. The scan parameters included 46 projections, 7
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second scans1 125kV, and 0,52 amp-seconds with high-
resolution imaging at doubled windows of 2700/3500 Houns-
field Units and centres of 600/~JO HU (Figure 29).
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3.1 Desl::ription

3.3.1 El~dop~ specimen no. BP/l/4386
snout and Skull RQof (Figure 1, :~, 3 & l. ,

The fea1:ures of the skull roof do not differ from the usual

dicynodc:mt patt.ern, except for the fact that the

intertemporal region is wider than t.he interorbi tal region.

Premaxilla.

The premaxilla is quite tnick Ln transverse section and hac

a posteromedial contact with the nasal. The anteriormost

t.Lp of the snout Ls thin in comparison with the rest of t.he

premaxilla. The skull roof region of the premaxilla tapers

posteriorly between the nasals in an interdigitating suture.

The premaxillae form the internasal septum.

septomaxilla.

The septomaxilla is not well preserved, see BP/l/1619 for

the description.

Nasal.

A nasal boss is present (Figu .:3 1). The interdigitating

suture of the nasa 1 with the frontal is unclear. The

internasal suture is ~~lightly open suggesting that this is

a young specimen. The "asal ~orders onto the maxilla and

prefrontal laterall The nasal bone is very thin
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posteriorly and ti~,ckerisant.eri.crLy . 'llhe dozaaL exposure of
the nasal.bone is thicker than the lateral sides where the
nasal bone can be seen in section on the inner surface of
the maxilla.

Maxilla..
The maxilla is the largest bone in the snout region. The
maxilla is in contact with the Lachr-yma l latGra.lly, the
prefrontal dorsally, and sutures:vlith the jugal posteriorly.
The lateral portion of the maxilla is thicker than the
ventral palattll exposur~. It forms the greater part.of the
floor of the nasal cavity. In section it can be seen that
the maxilla has a ~entral (palatal exposure) and a lateral
pa"t'twith a cl-.cmnelbetwslim them that opens int.othe nasal
cavity.

Prefrontal.
'l'heprefrontal meets th~!,frl':mtalposterodorsaJ 1y and borders
the orbit posteriorly. It is in contact with the lachrymal
laterally. The nasal overlies the prefrontal at their
suture.

r

Lachrymal.
The lachrymal forms part of the wali of the nasa-lachrymal
duct (Figure 9B) I almost at a point where the jugal and
lachrymal meet, the maxilla forms the other wall of the
naso-Iachrymal duct. This duct runs from the anterior of
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Photographs of dorsal views of BP/1/4386 (top)
and BP/1/1619 (bottom). Scale on all ;lhotographs
3cm.
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Figure 3: i;myd.QQ!i. Graphic reconstruction of specimen
BP/1/4386 (topl and specimen BP/1/1619 (bottom).
lateral views.
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the lachrymal to the lachrymal-maxilla suture and opens

directly into the nasal cavity. Tht! lachrymal forms pact; of

the anterior border of the orbit. It partly underlies the

frontal and underlies the maxilla so that it is on the inner

surface of the maxilla. The transverse sections show the

lachrymal Ofl the inner surface of the prefrontal extending

downwards to Ineet the max.i.l.la and jugal laterally.

Frontal.

The front.al meets the parietal posteriorly, and is in

contact witrl the preparietal posteromedially and with the

orbit and postfrontal laterally. Both the postorbital and

postfrontal are overlain by the frontal dorsally. In

section, t.he anterolateral portions of the frontals are

cupped ventr~lly to surround the olfactory canals which run

longitudinally towards the nasal region (Figure 19).

Postfrontal.

The postfron"l:al is an almost triangular shaped bone forming

the posterodorsal border of the iJrbit. It meets the

postorbital laterally and the par i.eueL posteriorly. In

section it C,;3.n be seen that the postfror!t.al is overlain by

the frontal and also forms part of the cuppf.nq of the

olfactory canals.

Postorbital.

The medial side of the postorbital is in contact with the
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parietal, and it forms :he anterior and medial borders of
the temporal fenestra. In section it can be seen that the
parietal overlies the postorbital dorsally. The postorbital
has a posterior hook-shaped contact with the squamosal, as
vlellas laterally ovez LappLnq the jugal and squamosal. Trte

postorbital, jugal and squamosal meet on the zygomatic arcn,
with the postorbital dorsally, the jugal ventrally and the
squamosal is laterally. Exact contacts and sutures are not
clear.

Prepari,:=tal.

The preparietal extends anteriorly as far as a point in line
Hith the anterior limit of the temporal fenestra, and
borders onto the pineal foramen post.erLoz-Lyand the parietal
laterally. It is a superficial bone. In section the
sutures of the preparietal are indistinguishable so that it
can be deduced that these sutures do not run through into
the braincase, but they are only visible on the skull roof.

Parietal.
The parietals form the posterodorsal roof of the skull and
include the pineal fo;camen. Each is in contact with the

(

supraoccipital behind the pineal foramen, but the suture is
only visible in section. The interparietal meets the
posterior berder of the parietal. The medial parietal
lamina extends downwards from the parietal behind the
posterior border of the pineal foramen and suture with the
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Photographs of lateral views of BP/1I4386 (top)
and BP/1J1619 (bottom).
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epipterygoid ventrally on its inner surface. In section the
parietal laminae form an inverted U (Figure 5A).

Jugal:
The jugal, palatine and ectopterygoid can be seen meeting in
section (Figure ge). The jugal is a fairly big bone. The
j'.lgaland squamosal have an S-shaped contact as seen in
section. The jugal extends anteriorly as far as the
anterior of the orbit and the posterior of the maxillary
antrum. The ventral part of the jugal rests on the maxilla
and a groove is present between them. In section it can be
seen that the jugal and maxilla suture laterally. The
squamosal overlies the jugal at their suture.

Squamosal.
The squamosal forms the posterior and lateral borders of the
temporal fenestra and overlies the jugal anteriorly where
the jugal margins tha orbit ventrally.

S_phenethmoid Region. (Fiqure 5A & 25).
The presph~noid is displaced to the left side in this skull.
A displaced bone with a medial foramen is present dorsally
of the presphenoid, and could be the m(sr;ethmoidand should
have occupied part of the space anterior of the
orbitosphenoids. There are no signs of the orbitosphenoid
due to this region not being well preserved.
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'1'hepresphenoid is a large and fairly thick bone showing the

!::pongyinternal nature of the bone in section and it is flat

ventrally and rounded anterodcrsally. The

rostroparasphenoid is not attached to the vomer ver~rallYI

Dut lies on top of the vomer. The rostroparasphenoid is

grooved dorsally from its tip to just anterior of the

parasphenoid-pterygoid suture. The parasphenoid sutures

with the pterygoid posteriorly immediately anterior to the

level of the pterygoid-basisphenoid suture ;.Figm:e 6B). The

parasphenoid bone is visible through the int:erpterygoid

vacuity and is V-shaped in section. Both the vomer and

parasphenoid rostrum are grooved anteriorly as if they

housed a cartilaginous structure or contained a groove

between them (Figure 10, section 78}. Just posterior of the

septosphenoid is a separate presphenoid, it has separated

from the parasphenoid and is situated medial to the

postorbital and mayhave been mnected to the septosphenoid

with cartilage as it is grooved ventrally (Figure 5A).

The Palate. (Figure 7 & 8).

Premaxilla.

On the palatal surface of the skull the premaxilla borders

onto the maxilla laterally and has a very small contact with

the palatine posteromedially. The premaxilla-maxilla suture

is interdigitating and extends posteriorly as far as the

anterior of the premaxilla-vomer suture. The premaxilla

overlies the vomer on the ventral side for a short dl.stance
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The premaxilla is clasped by the dorsally ~!xtcnded vomer
medially at:t:heir su+uz-e. A pzomd.nent;picemaxi.Ll.aey ridge io
present on the ventral exposure. Thel:~e are four equally
spaced anterior foramina visible in the premaxilla in
crossection (Fi9UrE!9A). Th'3 two la.teral foramina are first
seen as fCilr foramina that unite posrterior-Ly to form t'ilJO
fIY;:'amina,~md1:hen continue for some dien:'.I'nce posteriorly
and are situated in ventral triangular protrusions of the
premaxilla, thl:lseprotrusions form the anterior palatal
ridges. This part of the premaxilla is SF :irculal..'in
transverse section.

Maxilla.
The maxilla meets the ectopterygoid pos~eromediallYI jugal.
and palatine posteriorly. The most posterior part of the
maxilla is overlain by parts of the ectop'terygoid dorsally
when viewed in section. billallforamina are present. in the
maxilla. The maxilla and premaxilla f<:rm a. do:rsomedial
groove posteriorly.

Maxillary antrum.
c,I' The maxillary antrum forms an inter-osseal maxillary space

surrounded by the maxi Lfa, jugal and lachrymal. The
maxillary antrum is the bony socket sheathing the root of
the canine. The posterior wall of the antrum consists of

(

the jut;faland maxilla laterally and lachrymal dorsally, and
is excavated to form the labial fossa. This fossa housed
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the maxillary branch of the tri.geminal nerve (Ewer, 1961).
The antrum consists of two compartments, and the unerupteci
canine is situated in the compartment nearest to the
midline. This compartment opens into the palatal surface
anterin:r::::"y(Fig'llre6A).

Dentition:
Right Upper Jaw (Figure 18).
All the postcanine teeth are situated jn sockets and only
the first tooth is fully ezupt.ed, An unarupted canine is
present in the maxillary antrum. ThE?first postcani.ne lies
posteroventrally of the canine, and is the biggest. The
second p05~canine is situated pOBterodors~lly of postcanine
one. ReplacemE?I",~postcanine teetl'.),).re riot visible as the
teeth are younsr, erupting from the frr-ntto the back.

Left Upper Jaw (Figure 18).
The canine is situated in the maxillary antrum and had not
erupted at this stage. The first postcanine is fully
erupted and is situated ventrally of the canine. postcanine
two is situated next to the first, right on the edge of the
maxillary rim: it is smaller than the first postcanine. As
they are very small teeth, they are probably yeung erupting
teeth.

Vomer (Figure 10).
The vomer border~)en the interpterygoid vacuity posceriorly
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Photographs of palatal views of BP/1/4386 (top)
and BP/1/1619 (bottom).
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and laterally for a short distanc&. The vomer sutures with
the premaxilla anteriorly (section !51) .in a long medi.aI
autiur'e, 'I'hetvlO anterior wings (section 57) form the
extensions of the premaxilla and do not continue
posteriorly. The vomer is characterised by t~"l.vO
dorsolateral ....<1ingsand one ventral rounded protrusion. At
approximately two thirds of its length from the anterior
erid, the vomer divides into two dorsalaterally projecting
flanges (section 65), each of which attaches laterally to
the palatine (section 72) and posteriorly to the pterygoid
'~ection 88) to border with the internal nares (section 78).
The ventral surface is deeply grooved marking the anterior
of the interpterygoid vacuity (section 81). The dorsal
surface of the vomer is also grooved (section 72), housing
the anterior portion of the parasphenoid rostrum in a loose
fit. Posteriorly at the closure of the internal nares the
vomers are triangular shaped bones I separated by a media)
groove. This medial groove closes off dorsally to form the
anterior of the interpterygoid vacuity ventrally.

G
Palatine.
The palatine meets t.hepterygoid posteriorly and laterally I

the ectopterygcn.danteriorly, and the interpt.erygQid vacu.i.t.y
and internal naris medially. The palatine-pterygoid suture
is difficult to distinguish. The palatine is bulbous-shaped
ventrally, but thin dorsally in section where its expanded
process contacts the vomer. Ventral and dorsal grooves
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exist ~.~eriorly on the palatine. rhe palatine meets the
posterior bordex of the premaxilla and is transversely
enlarged: into a hl.,..rizontalplate wi.t.ha concave posterior
border.

Ectopterygoid.
The ectopterygoid is seen in section as loose and
interconnected islands of bone lying on th€:dorsal side of

the palatine bons (Figure ge). In section the ectopterygoid
is seen to have a .juturewith th~ jugal. Both the palatine
and ectopterygoid bones have cavities within them and are
separated from one another transverse channels or
grooves.

Pterygoid.
The two anterior pterygoid processe~~s enclosing the palatine
and interpterygoid vacuity medially are thicker and rounder
posteriorly where they fuse in t.he midline to mark the
posterior extremity of the interpterygoid vacuity. This
fusion takes place ventrally so that the resulting dorsal
groove accommodates the parasphenoid :t'c\strum.The pterygoid
has a posterolaterally directed quadrate ramus which meets
the quadrate. The pterygoid sutures with the basisphenoid
posteriorly and anterior of this suture is the parasphenoid
suture with the pterygoid. The two anterior bulbous
processess unite to form the middle process of the
pterygoid.
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Basisphenoid.
The basisphenoid meets the
basioccipital posteriorly.

pterygoid anteriorly and the
The pterygoid-basisphenoid

suture is a very intricate suture and is situatad on the
anteri.orside of the pila antotlca and just posterior of the
quadr at.e ramus of the pterygoid. Ant.er-Lorly the
basisphenoid is constituted of two parts with a groove or
channel medially, then posteriorly the two parts fuse and
only a shallow ventral groove remains. The paired carotid
canals enter the basisphenoid ventrally, and dorsolaterally
pmerge together in the small fo&~a posterior to the vertical
presphenoid~l plate. The suture of the basi~phenoid with
the basLoooi.pi.t.a L is posterodorsally and the deep sella
turcica is present here. The pineal body was situated in
the sella turcica. The basisphenoid sutures with the
prootic dorsolaterally. The basisphenoid forms the floor
for the braincase. In section the basisphenoid meets the
basioccipital dorsally and the prootics dorsolaterally with
the basisphenoid continui.1g ventrally for a short distance.

Bnsioccipital.
The basioccipital sutures with the prootics dorsolaterally,
and betTtleenthese the long, ventrally dir"':(,,'tedauditory
canal is contained (Figura 11A). The fenestra avalis is
situated betwe~n the basiocci.pital, stapes and paroccipital
pr-coe-ss, and the jugular foramen is present between the
basioccipital and prootic~. Post€rolaterally the



40

I \--As.R.EPT.

-BAS.

\}--ST .•5mm

/!----+-!--------TAB .

.....,.=.LJ...--.------~----I.!'M.
_ _,...."'--.......---",,,,,,,,,,,...J.- SOC.

~;;::;...--_yG;..----- Fon.MAG.
-I------sa.

-.:__---~~t.------EXOC.-----.-..::::=::.,._---- BOC •

Gmm •
Figure 11: Transverse sections through,

A: baslsphenold-baslocclpltal suture showing the
prootic suture (section 139)(BP/1I4386), and
B: cleft bet.ileen supraoccipital, exoccipital and
paroccipital of the opisthotic (section
179)(BP/1/4386).



41
basioccipital is fused to the opi.at.hot.Lc , The basioccipital

and prootics unite pcstEriorly. The ventral surface of the

basL"::'.lpital is marked by the development of the condy Las,

The basioccipital forms the ventral border of the foramen

magnum.

Pro.::>tic.

The suture between the pr-oot.i,c and basisphenoid at the level

of the pila antotica is clear. Tha prootics unite to for~

the slight dorsum sellae. The prootics extend dorsally and

at the level of the dorsum sellae it is difficult to

distinguish the prootic-basioccipital suture.

Stapes.

The stapes on the left side of the skull is displaced The

distal portion abuts against the quadrate. Half way along

its Lenqt.h the stapes exhibi ts a slightly raised ::,dge

ventrally. This might. hC'\vebeen the point of attachment of

a cartilaginous process or a ligament. (Barry, 1963). As in

most anomodonts {Barry L~63), Witt.l the exception 0:'

EO:::licyno®)l (Rubic.1!fs, 1990a; and cistscephalus (Keyser,

1973a) there is no st:ipedial foramen. The stapes viewed

f:rom the ventral side is J:lroad and dumbbell shaped; in

posterior vi!::lwit is flat and L-shaped wi"'::' the footplate

forming the dorsal expansion.

ovalis .

It overlaps the fenestra

...
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Inner ear (Figure 12).

The auditory capsule is formed by the prootic anteriorly,

the basioccipital medially and the opisthotic posteriorly,

while the suprftoccipital completes the structure dorsally.

The two vert.ical (anterior and posterior) semicircular

cana l s join d01:sally at the crus communis canalium, the

"mtericlr vez-t Lca I canal cnt.e.r i.nq somewhat below the level of

the pc-sterior canal. The horizontal semicircular canal

joins ~he posterior vertical semicircular canal just above

the post(~rior ampullary reess:;.;. The utriculus is present

'ventrally of the crus communi.s canalium. The sacculus has

the elongate form cha..ri.lcteristic; of dicynodonts (Cox, 1959),

forming a t\..lb~~.lc"c.ending to the fenestra ovalis and is

contained betweem t.he basioccipital, prootic and opisthotic.

Interm\lly the dor-sa l, open inq of the auditory canal is

enlarged to form an auditory vestibule. Behind the

vestibule; a groove in the basioccipital leads into the

jugular fo:t:;;"1.menwhi.ch passes medial" the vestibule. The

vestibule contains the utriculus, sacculus and cochLea, The

span of the s't.apes LndLcatiesi the breadth of the tympanic

ca vi.ty and the ....fuadra.te forms the lat.eral liroj t;;.

~p~..pterygcid .

Tf ..e epipt.erygoid or columella cran.:i.i is 'r-shaped with its

base or fOl:)tplate (the quadrate r-amus {~f thE.. epipterygoid}

resting on the quadrate ramus of the pterygoid. The
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footplate extends anteriorly to the lavel of the anterior
extremity of the quadrate ramus of the pterygoid, but does
not ext.end as far backwards as the quadrate ramus of the
pterygoid. The columella is a lonq nar row structure wh Lch
extends dorsally to meet the :medial surface of a ventral
process of the parietal (parietal lamina) at a point lateral
to the pineal foramen. The epipterygoid is pierced by an
anteroventral forame.nfor N V (ramus opthalimicus) that runs
posterodorsally (Durand, 1991) (Figure t6A).

Quadrate and quadratojugal.
The quadrate and quadr-aboj uqaI are indistinguishably fused.
The quadr.ate is in the shape of an inverted Y, thus forming
sliding articular surfaces for the reception of the lower
j aw , There is a distinct quadrats toramen between the
quadrate a-id quadr-at.o juqal, possibly transmitt~ng a nerve to
the Lowez jaw (c luvez, l~~/l). Th..~ quadratojugal meets the
squamosal dorsally and the quadrate meets the paroccipital
process of the opi.ert.hot.Lcmedially as seen in section. Th ft

medial surface of 'thequadrat e bears a smooth facet for cne
reception of the post.erior end of the qu~drate ramus of the
pterygoid.

Occip~tal and otic Regions. (Figure 14 & 15).
'rhe braincase is form~d by the exoccipital posteriorI} and
ventrally, the basioccipital and basisphenoid ventrally I the

- paroccipital process of th~ opisthotic and prootice
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laterally and the supraoccipital dorsally.

Interparietal.
The interparietal has a contact with the parietal dorsally,
the tabular laterally, and ventrally with the
supraoccipital. A transverse sinus is visible hetween the
interparietal and supraoccipital (Figure 16B).

Exoccipital.
Tt...::exooci.pi.t aL is vdsi.ble in saczi.onand sutures with the
basioccipital and opisthotic ventrally and laterally, and
contacts the furamen magnum laterally. It is difficult to
distinguish the contact between the prootic and exoccipital.
Floccular recesses are visible on the medioventral side of
the exoccipital. Thq dorsal contact of the exoccipital to
the supraoccipital is not visible and it may be fused. The
eXQccipital is pierced by the mediodorsal hypoglossal
foramen. The excoc rp i.t.als form the occipital condyle.
Dorsally the exoccipital terminates on the occipital surface
as a process for articulation with the proatlas.
exoccipit~l borders onto the jugular foramen dorsally and
medioventrally.

opisthotic and prootic.
Both the opisthotic and prootic are distinguishable. The
Larqe jugular canal (N IX, X, XI and jugular vein) Li.es

between the axoooi.pi,tal and opisthotic. The opisthotic
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Photographs of ("~ ':"(';Ii '.. '::. Y m'/1/4386 (top)
and BP/1/1619 (:iV.hnH"
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forms the medial and ventral borders of the post temporal
fossa and meets the jugular foramen and exoccipital
laterally, and abuts against the quadrate laterally. A
cleft is present between the supraoccipital and the
anterodcrsal process of the prootic, and also between the
supraoccipital, exoccipital and opisthotic (Figure liB).

supraoccipital.
The supraoccipital is in contact with the upper half of the
foramen maqnum and is pierced by a dorsal cavity, probably
for veins draining the deep structures of the head (Figure
16B). The tabular has a medial suture with the
supra.occipital. rrh~ supraoccipital sutures with the
opisthotic ventrally I and has a short contact. with the
parietal dorsally.

Tabular.
The tabular is very :\;:r.lalland thin. The tabular sutures
with the squamosal ventrally and laterally, but this is not
clear <:>11 th(aoccipital exposure.

Squamosal.
The squamosal is the biggest bone on the occiput. A ventral
process of the squamosal forms a wedge between the
anterolateral side of the quadrate and on the medial side of
the paroccipital process. The squamosal meets the tabular,
post temporal fenestra and opisthotic medially, and the
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quadratojugal ventrolaterally and the quadrate ventrally.

Lower Jaw. (Figure 17).

The lower jaw consists of the the dentary, angular,

surangular, splenial, prearticular and articular bones.

Dentary.

Anteriorly the left and right dentary bones are fused at the

symphysis. The dentary meets the surangular

posteroventrally just behind the last dentary tooth. Th,e

dentary caps the anteriormost of the surangular for quite a

distance before the surangular is visible on the dorsal

surface of the jaw (Figure 17B). The dentary bone is very

spongy and is the largest of the bones in the lower jaw,

taldng up more than half of the length 0.(' the lower jaw. It

is pierced anteroventrally by a pair of canals probably

nutrient foramina for bloodvessels to the horny beak. On

the anterodorsal side of each ramus of the lower jaw I Ls a

l:-ounded depression, referred to as the dentary table. A

shor t; groove is pr~sent on the dentary labiad of the teeth

whi.ch is also sH:.uated in a groove that runs parallel to the

derrt.axy groOVE.I. The:dentary groove is short and extends the

lenlgt:h of the postcanLne row. The lateral dentary shelf is

not very prominent.

Splen:i.al.

The dentary meets the splenial posteroventrally and between
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overlies

Meckelian groove is contained.

the angular posteroventrally

5:3

The splenial

and meets the

prearticular postarodorsally.

Surangular.

The surangular 1 in section, i::; an almost cf.r-ce.ce r bone. 'rhe

surai.1qular enl3.rges poster:.orl:{ and projects downwal:ds on

the medial side of the angular 9nd lies along the lateral

surface of the angular. The euxanquLaz' is in contact with

the prearticular on the ventrolateral ar., v""lntr.al s i.des .

The surangular e:>::t"3ndsbetween the angular an... ';i.i..: .,>_articualar

on tne medial sid€' ',:'If the jaw f but can only :.)e seen in

J

section. In section at the poster lor articulatin'T! end of

the lower jaw the surangular is pre:sent en t:.he Latiea'a I sioe

of the articular.

(

Angular.

The angular is a U-shaped bone anteriorly where it is

.attached to tLL~ dentary and W-shaped posteriorly. A process

j:orming the angular notch is prese..'lt lying on the outside

leg of the W. The angular is situated on the lateral side

of the lower jav.~and forms 'c.heventral and posterior haroers

of the mandibular fEnestra and a lateral contact with the

prearticula:: and is also fused to it at its base. The

angular has a reflectE~d lamina and a horizontal canal on its

lateral side
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Prearticular and articular.

The prearticular .:is indistinguishably fused ~'.~ the

articular. The r,1eckelian sul.cus is present bet>;voenthe

surangular, angular ar.d prearticular. The articular

contacts the quadrate of the upper jaw by two articulating

facets. The prearticular becomes thinner as it extends

posteriorly and extenrls anteriorly as a long thin medial

bone to the level of the dentary tee h.

Dentition:

The teeth of most reptiles are not static, but are

cons t.aut.Ly being re.placed. HQPsol1(1964) illustrated t,hat

dicynodonts havp. back to front wavas of repla.::emE'nt in odd-
and even-numbered tooth series. Resorbtion of an 010 root

ccrrt i.nues. until its crown is shed and only a thin crescent

of its r00t remains within the jaws. At this pci.nti , t.,e

young tooth .is about to erupt. The uppe r teeth had a

functional relationship with thr O'>JE:rjaw such as the lower

teeth had with the palate (Crompton & Hatton, 1967). The

lower j~w teeth are drawn backwards as the jaw closes on the

food. cz-cnption and Hotton (1967) have describea the

( dicynodont jaw adductor musculature in detail. See also

King at al. (1989}.

Right side (Figure 18)
~

Nine dentary teeth are visible in section. The tirst

den~ary tooth is not fully erupted and is situated lingually
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of the second. The second tooth is also not fully erupted

ana is situated lingually of three. Dentary tooth two is

prE,',."ded by the partially resorbed roots of a tooth that

previously occupied this position. Dentary tooth three is

unerupted and is preceded by the partiRlly res ~ed roots of

a tootl!. tin. t previously occupied t.h Ls pos i.tLon , Dentary

teeth t"wOand three are eLtiua ted Ln very deep sockets.

Dentary tooth .fC"lr i5 fully erupted. Dentary t.oot.n five is

erupted. Dentary tooth six is not eruy~ed. Dentary teeth

seven is erupted. Derrt.ary tooth eLqht; is unarupt.ed and

sepa r at.ed fr,)m ·the unerupted small tooth nine by a bony

partition.

Left side (Figure 18).
The first dentary tooth is small and unerupted and is

situated in a deep socket. The second dentary tooth is not

fully eruptied and is situated more dorsally than one. There

is an open socket between teeth two and four for dentary

tooth tb-:ee. Denta:r.y tooth four is unerupted and it is

..~ situated lingually or five. Dentary tooth five { c,'....~,

unerupted. Lin~u?lly to it are the remains of a resorbed

tooth. :c.'Gmtar:i' tooth six is erupted and is sit.uated next to

the fully ezupt.ad seven whi.ch is s Lt.uat.ed lingually +o

eight. Dentary tooth eight is erupt.od . Dentary toot.h nine

is unerupted and is followed iJy an open socket for toot.h

ten. Eleven is the same size as tooth nine and is

"'" unerupted. only tooth six has resorbed roots preC'~Q.iIlgit.
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Figure 18: Graphic reconstruction of maxillary and mandibular
dentitions of BP/1/4386.
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The dentary teeth do not interact directly vlith the
poatxran i.ne teeth of the upper jaw as they are situated
further back than the upper postcanines to facilitate the
sliding action of the jaw. The dentary teeth are situated
in a groove in the dentary bone. Posterior serrations are
not visible, but they should be present on the young teeth.

3.1.2 Emydops specimen no. BP/l/1619
Only the features that differ from BP/1/4386 will be
described here.

(

§nout and Skull Roof (Figure 1,2, 3 & 4).
The septoroaxilla has a dorsal exposure due to preparation
damage on the nasals (Fig 9D}. It is situated pl:~st.erior('If
the the premaxilla and sutures with the maxilla ventrally
and laterally in ~he posterior wall of the external naris;
it has a tria.ngular shape with a medial canal, running
anteroposteriorly for the whole length of the septomaxilla.
The medial canal opens into the nasal cavity medially for a
short distance. The most anterior part of the septomaxilla
contacts the premaxilla ventrally. posteriorly it is
separated from the premaxilla by a thin sheet of maxillary
bone. The horizontal component of the septomaxilla
presumably formed a roof for the anterior portion of the
Jacobsons organ. A longitudinal groove is present on the
dorsal side of the septomaxilla where the maxilla has an
interdigitating contact with the septomaxilla.



58

The parietal laminae extend downwards from anterior to the

pineal foramen to form a channel for the pineal body or

nerve which is completed by the ascending rami of the

epipterygoids that suture on the inner surface of the

parietal laminae (Figure 5B).

~henetl.]]n_Q_idRegion (Figure 5B, 19f 201~ & 26j.

The septosphenoid (orbitosphenoid and mesethmoid) is roughly

rectangular in lateral view with a large median cavity

posteriorly and a small median notch ancer aor Ly , The

presphenoid is wider posteriorly and has a posterior

extension situated loosely on the parasphenoid. The

septosphenoid sut.ures vlith tLI~ frontal dorsally and the

presphenoid 'to]' the vomer arrce'rovent.t-al.Ly , The anterior

mesethmoid does not have a contact with the frontal in the

form of a suture. The orbitosphenoid is housed in small

recesses of the frontal dorsally, and clasps the presphenoid

ventrally. A pair of longitudinal foramina run

anteroposteriorly through the orbitosphenoid. 'rhe dorsal

foramen is for N II and the ventral foramen for N IV. 'l'he

canal running through the presphenoid meets up with N II.

The notch for the optic foramen (N II)

orbitosphenoid.

presphenoid.

F'nramina are also

is present on the

present on the

(

-
The rostroparasphenoid or processus cultriformis contacts

the vomer anteroventrally and the presphenoid dorsally. It
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is groov€!ddorsally and ventrally. The parasphenoi.d sutures
with the vomer posteroventrally and is then posterior of
this suture fused to it for a short distance. The
paro.sphenoid sutures posteriorly with the anterior of the
pterygoid (Figure 6B) and is fused to the posterior of the
pterygoid and basisphenoid. The parasphenoid is grooved
dorsally and is considered to have housed a continuous
cartilaginolls interorbital septum in ~istecephalus (Keyser,
1973a).

The Palate (Figure 7 & 8).
Anterior palatal ridges are absent and the premaxilla is
grooved laterally of the median premaxillary ridge. The
canine is at the erupting stage so that only the tip is
visible, it fills the whole of the maxillary antrum to where
the jugal sutures wi.th the maxilla. Two not fully erupted
posrccani.nes ar e present. The f irs\:~ostcanine is larger and
thus C011 ~dered to be the elder.

Vomer.
The vomer (Figure 19) is first seen anteriorly in section as
a small triangular bone situated on the dorsal surface of
the premaxilla with which it has an interdigitating suture
at the posterior end of the premaxilla. The'VOlller is
attached ant.exLor-Lyto the premaxilla for only a short
distance and posteriorly of this it is not attached to the
premaxilla (sectLon 60). The four foramina piercing the

J
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vomer are arranged as in the corners of a square. There are

two thin rod-like unatrcached bones (see beLow) on either

side of the vomer which enclose the rostroparasphenoid

dorsally of the main body of the vomer (section 70, Figure

20A, labelled X). The r'.)stroparasphenojd and vomer are both

grooved, the vomer de; sally and the rostroparasphenoid

verit.r-al Ly , Further posteriorly the vomer has an

intE:,rdigitating suture wi':h the premaxilla medLaLl.y

(section 81). Posteriorl~r of this suture the vomer is

thinner (se,;tion 94). The two rods on eith.er s i.ds, unite

~Nith tile body of the vomer and form the floor of the

internal nares (section 106), and suture with the palatine

on the inside of the inter: al nares.

Palatine.

The palatine sut.ur-as Tllith the ectopterygoid dorsally as seen

in section. 11he palatine meets the interpterygoid vacuity

posteriorly and not laterally.

1:-'::'.erygoid.

The presence of a groove on the dorsal surface of each

pterygoid, Which extends anteriorly from the front of the

epipterygoid up to the pterygoid·~ectopterygoid suture, is

considereO to have housed an anterior cartilaginous

extension of the epipterygoid. This is based on the fact

that the antarior and posterior edg,es of the footplate are

sharply truncated (Cluver a~~ King, 1983). The two
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Figure 20: A: graphic reconstruction of dorsal view of

sphenethmoid region, and
B: transverse section 213 to show the floccular
fossa of BP/111619.

1"-~h" )



63

pterygoid bones at the posterior '::'1.,:1 of the interpterygoid
vacuity has a median groove. It is here that the
parasphenoid sutures with the pterygoid (Figure 6B) so that
only a ventral greove is left. The pterygoid-basisphenoid
suture is hardly noticeable.

Basisphenoid.
The basisphenoid sutures with the pterygoid anteriorly and
with the basioccipital posteriorly; AS this suture of the
basisphenoid to the basj~ccipital is in a transverse plain
it is difficult to distinguish in the sections.

Periotic and basioccipital.
,

The pleurosphenoid can be clearly seen on the pila antotica.
The prootic is fused to the basisphenoid and basioccipital.
The dorsum sellae and sella turc.;icaare not distinct. A
floccular fossa can be seen as a recess on the i.nsideof the
exoccipital (Figure 6B).

The_Palatoquadrate Complex (Figure 3).
The suture of the epipterygoid wit.ht.he downward extended
process of the parietal lamina is visible anterior and
dorsal to the suture of the footplate of the ~pl.pterygoid
and the quadrate ramus of the pterygoid. The footplate is
small and does not extend posteriorly beyond the pterygoid-
basisphenoid suture. The quadratojugal is situated on the
outside of the quadrate; it is much smaller. A ventral

J
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depression is formed where the quadrate and quadratojugal
are fused and lateral to this are two ventral convexities,
these for~ the facet for articulation with the articular of
the lower jaw.

occipital and otic Regions (Figure 14 & 15)_

A definite opisthotic-squamosal suture exists. The t, )ular
does not seem to ~eet the post temporal fossa. but is bigger
than ::"nBP/l/4386. The exoccipital sutures are not easy to
di:stinguish.

3.2 Bloodvessels and Nervea
Bloodvessels:
Some of the important foramina that could be traced are;
Th(~ f oxami.napresent en the pr-emaxi.J'" raaxi.Ll.aand around
the root of the canine and on the derrcazy, They are thouc;ht
to be nutrient foramina. These fCJ:'aminaare ur.:m.ally
associated with the development of the horny beak, are
thought to have the same function in dicynodonts as in
cheton.i.a(Watson, 1960).

It is possible that the large septomaxillary foramen served
to transmit bloodvessels and nerves into the nostril or
housed a branch of the mucous gland that passed through to
reach the Jacobsons organ (Wible et al~ 1990).

The main supplier of blood to the brain are the anterodorsal

I
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internal carotid arteries and their foramina are visible in
the basisphenoid (Figure 7). In the primitive reptilian
pattern the internal carotids turn upwards into the
braincase through paired foramina in the basisphenoid, they
cu~tinue forward on to the underside of the spC-Jnoid region
and gives off palatine arteries. As therSl :LS no st::tpedial
foramen the internal carotid artery would have passed
forward just below the stapes as in modern reptiles (Romer,
1956) • Just in front of the foramen fer the internal
carotid artery is another small foramen through which the
palatine branch of nerve V II left the braincase.

The prootic incisure behind the pleuros,phenoid served as a
passaqeway for the root of the trigeminus nerve and the vena
cerebralis media to exit j '~tothe cavum epiptericum, which
housed the tri.geminal ganglion (Durand, 1989). The vena
cerebr&lis media joined the vena capitis lateralis beside
the ganglionated root of the trigeminus (O'Donnoghlle, 1920).
The jugular foramen allows the posterior cerebral vein~ the
jugular vein as well as nerves IX, X and XI, to escape from
the braincase.

The post temporal fenestra probably transmitted a branch of
the vena capitis dorsalis from the occipital area through to
the lateral supraoccipital fossa into tt - venous sinus
between the interparietal and supraoccipital (Figure 16B).
The vena capitis dors3lis probably formed a connection with
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.:11evena cerebralis media and the resulti.ng vein passed
through the pterygo-paroccipital foramen to join the vena
capitis lateralis (Durand, 1991). There is a prominent
groove leading down to the quadrate on the lateral side of
the squamosal. This could be associated with the bloodflow
of the post temporal fenestra (Cluver, 1971).

The lateral head vein (vena capitis lateral is) might have
passed through a channel created between the stapes and the
paroccipital process. The vena capi.tLs lateralis passed
back above the basipterygoid process, between th!~
epipterygoid laterally and the pila antotica medially and
through the pterygo-paroccipital foramen to leave the skull
througn the channel 'betweenthe stapes and the paroccipital
procesl, along with the hyomandibular branch of the ~aoial
nerve (Cluver t 1971). A foramen is also present between the
quadrate and quadz-at.ojuqaL bones, and the mandibular vein
may have left the skull through this foramen (King, 1990).

A cle.ftis present between the paroccipital process and the
supraoccipital in EmY.dops (Olson, 1.944) and Diictodon
(l>..gnew, 1958) and it is believed that it was assocLatredwi'th
the pineal circulation (ll_gnew,1958). This cleft :.n
BPj1j4386 is present betv,~eenthe supraoccipital, exoccipital
and paroccipital process {Figure l1B}.
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Ne.rves:

The olfactory nerve (N I) is c.ssociated with the vomeronasal

organ. It is impossible to determine the exact positions Qf

the optic (N II), occulomotor (N III) and trochlearis (N IV)

nErves. Both the oculomotor and ·trochlearis nerves are

associated with the eye muscles, as well as the abduscens (N

VI). The notch for the aptic feramen (N II) is present on

che orbitosphenoid as also the rcz amen for N IV (Figure 5).

The trigeminal nerve (N V) emerges from the braincase

through the pzoo't.Lc incisure into the cavum epipter::"cum,

which housed the trigeminal ganglion (Figure 13B). It has

three major xami. i the ramus ootihaLmi.cue ran through the

epip·terygoid foramen, the r arrus maxillaris and ramus

mandibularis passed pOBterior to the processus ascedens into

the temporal cavity (Presley & steel, 1976). The ramus

mandibularis passed downwardto enter the l-ieckelian fossa of

the lower jaw and ran forward in the Meckelian canal. The

ramus opthalmicus passed mesial to the processus as cedens of

the epipterygoid into the orbit and the maxillaris emerged

from the braincase, and together with the opthalmicus passed

outward behind the epipterygoid, the maxf.Ll.ar-Ls then ran

along the upper j?:r (Durand, 1991) • In Emydops the

epipterygoid is pierced an anterov,en"C.ral foramen for N V

that ;:.·~msposterodorsally (Figure 16A) and the labial fossa

housed the Il'~"dl.lary branch of the trigeminal nerve.
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The exit of the abduscens nerve (N VI) frequently pierces

the lateral part cf the dorsum sellae (Figure 13B) (Romer,

1956) • The root of chis nerve usually ex i t.s through a

foram>2n in the base of the anteroventral process of the

prootic (pila antotica). The fascialis nerve (N VII) giv~s
off a small palatine ramus and also enters che Meckelian

fossa in the middle e .r region. Its root exits through its

fora:men between the central and ve:r.tral ridges of the

pr oct.Lc halfw2.y ~etween the internal auditory meatus and the

incisura prootica (Figure 13B) (Romer; 1956).

The c:.::·ou~tic (0-;: vestibu1.ocochlear N VIII) (Durand, 1991)
nerve enters into the inner ear through single or double

foramina in the sidewall of the braincase (Romer, 1956).

There is no separate foramen for the g.J ,;sopharyngeal nerve

(N IX) and both the vagus (N X) and accessorius (N XI)

emr}r:;,ethrough the jugular foramen. The hypoglossal (N XII)

nerve has three roo' .. ' whLch may emerge by two or three

foramina ti"lrough the 8x.Jccipital from tilt! .level of the floor

of the braincase. rn .£:..m.yciqQ§' only one pair of these

foramina was observed. 'l'he hypoglossal nerve would have

exited into the jugular canal through i tfl medial \\rall, near

its e~ternal ap~rture (Durand, 1989).
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4. PISCUSSIOJ:!

7he two serially ground specimens were compared to each

other to emphasise their differences. They showed only

minor morphological and sutural differences and none of

these is generically il~portant, but could be significant at

the species level. Cirferences are mostly due to the Gtate

of preservation and skulls being of different sizes.

The sphenethmoid region and p,'11. atoquadrats compl.ex of

BP/l/4386 and Bl?/1/1619 have been described in 3.1.1 and

3.1.2 and are combined here to form a composite description

of these features in ~~dops.

A comparative study was undertaken to show that amongst

dicynodonts there are differences which may be generically

significant and t.he individual spec Lmenswere chosen because

they were the only small dicynodonts in which the internal

structures were described in enough detail for purposes of

comparison.

{, The various fe~tures of BP/l/4386, BP/l/1619 and other small

dicynodonts are summarLscd in Appendi.x B. The sutures

mentioned are not very iInportant as they are variable

deper.dLnq on the age and size of the specimen due to the

closure of the sutures with age.
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4.1 QOloparison of the two gerial~y_~ound~eime~s
'I'hstype specimens of Emyd·.:>pswere examined to become
familiar with the genus. Features that both studied
specimens (BP/1/4386 & BP/l/1619) have in common are: the
palatine meets the posterior border of the premaxilla and is
transversely enlarged into a horizontal plate with a concave
posterior border. The anterior through-liKe extension of
the inter-pterygoid vacu ity on to the vomer Lr.e septum is
short. The interpterygoidal crest is weak and net;continued
on to the ventral surface of the anterior pterygoid ramus.

The sphenethmoid region of specimen BP/l/4386 is not well
preserved and the extent of the septosphenoid (mesethmoid,
presphenoid and orbitosphenoid) c !not be d~termined with
certainty. The mesethmoid and orbitosphenoid of BP/l/IG19
show as a vertical plate with the mesethmoid lyil anterior
of the lateral wings of the orbit.orspheno Ld, The foramina
for N II and N IV can be seen in the orbitosphenoid (Figure
5) •

The presphenoid is the most ventral part of the median
vertical plate of the sphenethmoid and clasps the
orbitosphenoid dorsally. It does not extend as far
posteriorly as does the orbi .aphenoi.d, The prerphenoid
consists of two parts and the second part lies unattached
further posteriorly than the orbit.oc.phenoidand is much
sm(lll""";j~'than the anterior part of the presphenoid. 'fhJ.s

I
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part could have baen attached to the sphenethmoid by

cartilaqe, but could also have been part of the parasphenoid
and not the presphenoid. The presphenoid is in contact with
the rostroparasphenoid (processus cultriformis)
ante:cT/>,:entrally.'1'heparasphenoid is in turn in contact
with thp.vomer ventrally and the pterygoid post~riorly in an
extensive suture.

Both the vomer and rostroparasphenoid are grooved dorsally
and ventrally as if cartilage was present to form a
continuolls interorbital septum as the parasphenoid is also
grooved dorsally. At the premaxilla-vomer suture 'I/;'hichis
int.erdigitating, the premaxilla i.s clasped by the vomer.

Specimen BP/l/4386 cHsplays the bas ispheno.l.j suture with the
basioccipital posterodorsally and the b:'J';ioccipitalsutures
with the proo'tic dorsolaterally. These sutures should be
present in specimen BP/1/1619, hut they are not
distinguishable. The basLsphenoLd a:rldparasphenoid are
fused in both specimens. The sella turcica of BP/l/4386 is
deep with a slight dorsum sellae and the pleurosphenoid of
the p l La antotica is indistinct. The sella turcica and
dorsum sellae of specimen BP/l/1619 are not distinct and a
well ossified pleurosphenoid is present on the pila
ant.ot.Lce ,

The prootic and opisthotic are apparently fused in

J
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BP/l/1619, but in BP/l/4386 3 distinct suture is present.
A second notch lies dorsal to the prootic incisure, usually
at the junction of the periotic and supraoccipital and it is
believed to be af.1sociatedwith the venous system of the
crani~m (Olson, 1944). This could only be seen in BP/l/4386
and was not preserved in BP/l/1G19.

The parietal laminae extend downward from the skull roof
anterior of ~e pineal foramen to form the lateral laminae
that meet th~ ascending rami of the epipterygoids on their
mesial surface in BPjl/1619 and in BP/l/4386 these laminae
only extend downwar-ds from the level of the middle of the
pineal foramen (Figure 5). The posterior part of the
footplates of the epipterygcids are weakly developed and
short and therefore do not reach the quadrate.

BP/l/1619 is larger (Appendix D) chan BP/lj4385 and as
expected the canine has erupted, whe!'~ in BP/1/4JS (1 the
canine is still unerupted in the maxillary antrum.
BP/l/1619 being the larger has two erupted postcanines and
BP/l/4386 only one on each side.

The palates of the two specimens c)rrespond except for the
fact that the palat~ne in BP/l/1619 does not extend as far
back as in BP/l/4386 and is excluded from meeting the
interpterygnid vacuity by the vomer.
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The dentary shelf is not very prominent. The 1t.erior

symphysial r8gion of the dentar} is drawn ~ry in a shsrp

cutting edge and a shallow groove is present on the dorsal

edge of the dentary behind the symphysis.

4.2 cOIID2!!lrisonwith_Qj:her srnal1_g_:i~n~

It is evident from the King (1990) cladogram, :r'f~produced

here as Figure 21 tll3.t the CJenera used for comparative

purposes are in different families.

Eodigyn6dol} i the "nost. primitive,

paired prernaxillarles and strongly

'ivl-+:hpaired vomers I

developed pterygoid

processes not found in any of the other genera. ~mygop~

differs from Eodicvnodon (Barry I 1974) in lacking these

primitive f~"\tures. The paired prernaxillaries in

EoQ_i.cYlJQQon(Barry, 1974) point to the ancestral condition

as is the cond.it.Lcn in the primitive Venvukovi~ and

otsheria. The fusion of t.he premaxillaries in all other

Beaufort Group Dicynodolltia is a synapomorphir fOc:lture of

Dicynodonti.a.

Pristerodon has a large and leaf-like palatine which

receives the ~ite of the lower jaw teeth and the postcanines

are.arranged in a short row in a depression at an angle to

the longitudinal axis' of the palate. The postcanines of

,~mydops are reduced in number relative to more primitive

dicynodonts and not situated in a depression.
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~ropidostoma (Keyser, 1973b) has been redescribed as
Ctei'1.iosa'..lrlls12.latyceps(Cluver and King, 1983) and is not
included on the cladogram. In King (1988) Trop"idostoma and
ct.el)iOsalllJl.§.were placed in the same Trl.beTropidostornini as
they were found to be related. l'ropidostQma (Keyser, 1973b)
lacks the nar-row Lr: rtemporal region, where the parietal
exposure lies within a groove. A postcaniniform cr st is
also present. It shows ver? advanced features such as a
more extensive secondary palate and development of nasal
bosses. Tropidostomq is included because of its more
complete description. A narrow intertemporal region is only
present in Diictodon.

cistecephalus shows many advanced features such as the loss
of the floccular fossa, and sella turcica, and
interpterygoid vacuity. This can all be attributed to the
shortening of the skull (Keyser, 1973a). The palate is
advanced and there is a sutural contact between the
epipterygoid and parietals.

Due to the pronounced overlap of the ventrolateral portion
of the palatal surface of the premaxillary by the maxillary
the palatal surface of 'thepremaxillary is relatively narrow
in Eodicynodon (Barry, 1974) and Emydops (this study). This
relationship is reversed in Pristerodon (Barry, 1967).

Posteromedially the palatal portion of the maxillary
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participates in the formation of the lateral walls of the
choana through the formation of a wedge wh i.ch inserts
between the premaxillary and the palatine of lli.§_t~rodon
(Barry, 1967). This is absent in EmygQP.5 (present work),
:r'ropidostomq_(Keyser,
1973a) and present in
Qiicto9_ol1(Agne:'l,1958).

1973b) and cistecephalus
~~dt~ynodon (Rubidge,

(Keyser,
1985) and

Behind the premaxillary-vomer con~act of Eoqicynodon (Barry,
1974) the palatal surface of the anterior third of the
vomers form a pair of relatively broad, rounded ridges.
Immediately behind t.hisregion the vomer'scurve upwar-dabove
the general palatal level and the ridges now become thin and
blade-like with a V-shaped groove developing between them.
In this way the vomers form the anterior and anterolateral
ooz-dezs of the interpterygoid vacu.ity as in most
dicynodonts. Termed the intervomero-interpterygoidal
vacuity by Barry (1974).

At approximately two-thirds posteriorly along its length the
vomer in Eodi_cynodon (Barry, 1974), EmydQ.P.§.,Pristerodon
(Barry, 1967) and Cistecephalus (Keyser, 1973a) splits into
two flanges, each of which attaches laterally to the
palatine and posteriorly to t.he pterygoid, thus forming the
median and dorsal walls of the internal nares. In median
section the vomer shows as a triangular bone with the apex
of the t.rLanq Le pointing ventrally in Pristeroqon (Barry,
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1967). From the apex to the point where the vomer splits,
the ventral surface is deeply grooved as if it housed a
cartilaginous structure. This is certainly also true for
~mydop§.( },rist;ero(1on(Barry, 1967) and Piictodon (Agnew,
1958). The dorsal surface of the plate-like median portion
of the vomer is also grooved in most dicvnodonts, housing
the anterior portion of the parasphenoid rostrum in a close
fit only in Pristerodon and in a loose fit i.nthe studied
specimens.

The sphenethmoid complex consists of a median bony
interorbital plate roughly rectangular in shape extending
from the anterior rim of the orhit to the postorbital bar.
The anterior part forms the septosphenoid (mesethmoid and
presphenoid) and the posterior region the orbitosphenoid.
'I'heorbitosphenoid has two narrow, slightly convex wings
that covered the olfactory lobes from above.. This is
standard for all dicynodonts, but various autihor-s use
different terminology. Broom (1926), J.~gnew(1958), Barry
(1967) and Cluver (1971) explain the homology of the
elements compris~ng the sphenethmoid complex and the
terminology used by different authors in detail.

The wings of the orbitosphenoids of cistecephalus (Keyser,
1973a) extend as far back as ~he parietals and therefore
cover a very much larger area relative to the size of the
skull.

j
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A short distance behind the interorbital plate ot
Eodicynodon (Barry, 197- and £;mydops (BP/1/4386 &

BP/1/1619) the dorsal po~tion of the parabasisphenoid bone
ends abruptly as if it butted against an unossified portion
of the interorbital plate, maybe a cartilage wall of the
braincase. In the studied specimens this bone does not
s~ture to the parasphenoid.

Barry (1967) found in P:d_<::"terodona suture dividing the
parasphenoid rostrum horizontally and st&tes that the shape
of the posterior part of the rostrum lends support to the
conclusion that. it consists of. two fused elements, the
:rostrum parasphenoidale ventrally and either a rostrum
ba5isphenoidale or rostrum praesphenoidale dorsally. There
is no sutural evidence for this in Emyd.ops, but it can
possibly not be ruled out for Emydops and Eodicvnodon
(Barry, 1974).

The parasphenoid in .Emydops (Olson, 1944), Cistecephalus
(Keyser, 1973a) and Diictod~n (Agnew, 1958) is fused to the
basisphenoid J:,os·teriorlyand the parabasisphenoid is in
sutural contact with the basioccipital. The periotic
overlies this complex and makes contact at the
parabasisphenoid-basioccipital suture. The parasphenoid of
the studied specimans is also fused to the basisphenoid, but
sutures with the pterygoid just ant~~iorly to the quadrate
ramus of the pterygoid, Olson {1944} also reported t~e fact
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that the rostral portion of the parasphenoid passed between
the pterygoids and much of the juncticE must be between the
pterygoid and parasphenoid. This may be a synapomorphic
feature other' dicyn~donts the
parasphenoid only passes bet~}een the ptE:rygoids.

The epipterygoid of dicynodonts is T-shaped. with both the
vez-tLcal and pcsteriorly directed horizont.al lj,mbs well
developed. The vertical limb, or columella is relatively
thin and extends upwards and slightly forwards tow~rds the
vent.rallydirected Lami.naext.end i.nqfrom the ventral surface
of the parietal.

The epipterygoid in Eodic'y!}odon(BarryI 1974 and Rubidge,
1990a) is unusual in that its base is more expanded than in
dicynodonts in general. The footplate extends frcm a point
in line with the lateral flanges of the pterygoid to the
root 01:' the quadrate ramus of the pterygoid where it covers
more than half the dorsal surface of the quadrate ramus of
the pterygoid and extends t.o within 2mm of the quadratie,
The region from the front, of the epipterygoid up to the
pterygoid-ectopterygoid suture, is considered to have h0used
an anterior cartilaginous extension of the epipterygoid
(Cluver & King, 1983).

In most dicynodonts the fcotplate is only weakly developed.
In CistEiqgphalu5 (Keyser, 1973a) and Piictodon (Agnew, 1958)
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the footplate of the epipterygoid is continued backwards for

almost half the length of the quadrate ramus of the

epipterygoid. It is long J.n ;Pi i,sterodon and Pij,ctodon.

In the studied specimens (SP/1/4:386 and BP/1/16.:9) the

footplate of the epipterygoid does not extend anteriorly

beyond the q1.'..;td1:dte ramus of the pterygoid and does not

cover it far posteriorly. In Trogidostoma the quadrate

ramus of the epipterygoid does not extend along the quadrat.e

ramus of the pterygoid and is short. In Tronidostoma the

ante ior ~xtremity of the footplate of the epipterygoid is

fused to the basisphenoid and the descending parietal plates

are also fused to the expanded dorsal extremities of the

epipterygoids. In Cisteqephalus (Keyser, 1973a) the ventral

plates of thE: arietals ar e split in order to clasp the

broad dorsal expansions of th9 epipterygoids.

In Pristerodon and Diictodon the angle of the epipterygoid

is connected to the basisphenoid by a short basipterygoid

process. These are also described for EmydoDs(Olson, 1944)

where the epipterygoid is believed to suture with thes~,

pro::!esses. The basipt8rygoid process could not be observ~d

in Ci§_t.§.£§.p_halus.It does look as if the epipterygoid

touches the basisphenoid ~lightly at the pterygoid-

basisphenoid suture in BPjl/4386 and there is a possibility

that the basipterygoid process was present zn E\T}/lJ1619 but

is not preserved.
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As in Eri.~te,~odon(Barry I 1967) a ~vell-demarcatE~dgroove is
formed between the quadrate and quadratojugal, the latter
being attached at its ventral and dorsal ext)''amitiesin
f.ogj._<;!.Yn9dQll (Barry, 1974). Barry (1965) post.ulated t.hat
there could have been a cartilaginous link between the
quadrate and epipterygoid, as the posterior of the footplate
almo~t reaches the quadLate. Barry (1967) believed that a
great part of the stapes is sut.urally attached to the
qu~drate, but no evidence of this cou
or other dicynodonts.

There is a prominent groove leading down to the quadrate on
the lateral side of the squamosal on the occipital surface
in Emydops (BP/1/1619) and Cistecephalu§ (Keyser, 1973a) and
Keyser concludes that this groove was associated with tha
cervical musculature rather than with the function of
he ar-Lnq •

·~I

The basisphenoid of Emy.9..Qf!§' (Olson, 1~)44) contains the
shallow sella turcica,. comprises the indistinct dorsum
ael.l.aeand basi.p+er-yqoid processes, and is penetrated by the
canals for thr>,im:ernal carotids.
1958) the sella turcica is merely a shallow depres1;q~':In
s.ltuated immediately behind the carotid canal, and a
distinct dorsum sellae is absent. 'I'he sella turcica is
placed behind the anteroventral process of the periotics and
is more posteriorly placed in Cisttg.Q.gQlLY§ (Keysl~r,1973)
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than in any uther dLcyno.corrt.

Sutures b8tween the opisthotic and prootic were not
distinguishable in T~opid~g eyser, 1973b},
cister:ephallJJi(Keyser., 1973a) I p_iici;;.odon(Agnew, 1958),

Em:;ldops(Olson, 1944) and BP/l/1619, the sut ..r'e s were found
in Eod1£Yl}odcn (Barry, 1974) I Eristerodori (BarTY, 1967) and
BP/l/438G.

As in Pristerodon the opisthotic in Eodicynodon carries a
strongly developed ridge-like opisthotic pr(.')cess/tynpailic
process which laterally tapers into a posterH)rly directed
point. Present in most dicynodonts auch as Emydqp.§.(studied
specimens) and Tropido~toma.

.~

Rubidge (1990a) postulated that the position of the post
temporal foramen which is present on the medial side of the
boundary between the supraoccipital and squamosal bones in
line with a point about half way up the for.amen magnum is
!Ianextremely important" characteristic of Eodicynodon. In
other dicynodonts the tabular and exoccipital take part in
the formation of the side waIf of the post temporal foramen,
bu.t it is aIso present in that pesition in .Emydops (prt~sent
work) and Pri.,ptea:rod!2nwhere the tabular and exoccipi.tal take
part in the side walls of tha post temporal fossa, but can
only be seen in section.
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The int:erparietal of Eodi(::yng_cioD.(Barry, 1974) is not
\

situated between the parietals as in .~!1lY..d_o.I!§. and therefore

the t.erm postparietal is used. Barry (1974) da3cribed a

medial postero-ventrally directed Lonq.it.uddnr I ridge in

BodicYJ1odollthat divides the postparietal into bilateral

concave elements. 'l'his is also present on the interparietal

of Emydops (BP/l/4386), but it does not show a pronounced

midline groove o'r cleft extending along the length of the

bone, reflecting the ancestral paired condition as in

p:odicynodoIl. 'l'here is howevoera median interparietal suture

presoant in .gmydops (BP/l/4386) and ctst_g_£e_2halus (Keyser,

1973a), but it is not always visible on the occipital

surface.

The groove in the dorsal side of the dG~tary of PristerodoQ

is more extensive than in Emygp~ (BP/1/4~~6). The shelf

that projects laterally from the dorsal side of the

surangular and merges posteriorly with the short retro-

articular process of t.he articular of Eodicyn()do_l1(Rubidge,

1990b) is not present in EmY<!912§.

'1'hE~comparisons show that characters dependant on sutural

patterns ar~ not reliable t use on the cladogram, such as

the dorsum sellae, sella turcica and the pleurosphenoid.

These characters are also dependant; on good preservation and

the ~ge of the specimen. A character that can be included

in a cladistic analysis is the parasphenoid-pterygoid

mlture in .EI!ll~~Op§.
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The sphenethmoid and. palatoquadrate complexes are described

and do not differ much from the usual dicynodont pattern,

except. for slight morphological d.l.fferenc.:es and the fact

that the parasphenoid sutures '!tlith the pterygoid, before

fusing to the basisphenoid in f,mydQR~.

Courses of bloodvessels and nerves are proposeJ, but not all

the relevant foramina are visible, nor the impressions these

soft structures might leave on the surface of bones.

Both studied specimens conforrr. to the generic diagnosis of

Emydops (KingI 1988). There are slight morphological

differenoes between the two studied specimens which show the

variation in one gen':.ls and skulls of different size. The

positions and angles of the par'Let.a l. lall\ina~ and

epipterygoids differ and there is more variation in th'"

basicrania (proot:ic and opisthotic) and palatoquadrate

complexes than in the sphenethmoid region.

comparisons \vith other genera are in agreement i..;ith the

cladogram of King (1990). In all of the above mentioned

specimens the vomer forms part. of the anterior and part of

the lateral sides of the interpterygoid vacuity.

Eodicynodol1 and cisi.::ece..walus retailled the stapedial

foramen. Eodicynodon has a coronoid process not found in
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the other genera and the epipterygoid footplate extends
further back .
.Dij.r.todo.11,Emydops and cistecephalus have reduced palatal
exposures and the maxilla bears an embayment;anterior to the
caniniform proces:a: this is not always preservl'"!dand is a
cleft .inEodicynodon, Emydop~ and Cistecephalus share the
short and narrow vomerine -ceptum and the groove on either
side of the median premaxillary ridge. Only Emydops has a
palatal exposure of the palatine as a flat horizontal plate
with a concave posterior border.

The dors(..11ygrooved vomer in Pristerodon has a suture with
the parasphenoid. The orbitosphenoid in cistecenhalus
extends further back than in other dicynodonts. The
basicranium (basisphenoid, basioccipital and opisthotic) of
BP/l/1619 and BP/l/4386 have slight morphological
differences, but are very similar to Priste.Lodon.
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Appendix A: Abreviations.

A.C.!. - Arteria carotis interna.
]I..MP. - Ampulla.
ANG. - Angular.
ART. - Articular.
AS.R.EPT. - Ascending ramus of the epipterygoid.
ATLAS - Atlas.
A.V.S.C. - Anteroventral semicircular canal.
BAS. - Basisphenoid.
BOC.- Basioccipital.
C. - Canine.
c.c. - Crus canalium.
CL. - Cleft.
DEN. - Dentary.
DEN.GR..- Dentary groove.
DEN.T. - Dentary table.
EeT. - Ectopterygoid.
EPT. - Epipterygoid.
EXOC. - Exoccipit<~,L
FL.FO. - Floccular fossa.
FOR.MAG. - Foramen magnum.
F.OV. - Fenestra ovalis.
FR. - Frontal.
G.R.M.C.- Groove for Meckell~ cartilage.
H.S.C. - Horizontal semicircular canal.
I.N. - Internal. naris.
1.PAR. - Interparietal.
I.PT.V. - Interpterygoid vacuity.
J.F. - Jugular foramen.
JUG. - Jugal.
LAC. - Lachrymal.
L.J.T. - Lower jaw teeth.
L.S. - Lateral dentary shelf.
MAX. - Maxilla.
MAX.ANT. - Maxillary antrum.
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MES. - Mesethmoid.
NAS. - Nasal.
NAS. BOSS - Nasal boss.
N.LAC.F. - Naso-lachrymal foramen.
OP. .~op iat.not.Lc ,
ORB.SPH. - Orbitosphenoid.
PAL. - Palatine.,
PAR. - Parietal.
P.ART. - Prearticular.
PA.SPH. - Parasphenoid.
P.B.SPH. - Parabasisphenoid.
PIL.ANT. - Fila antotica.
P.FOR. - Pineal foramen.
PMX. - Premaxilla.
PL.$PH. - Pleurosphenoid.
POCo - Postcanine.
POF. - Postfrontal.
PO. - Postorbital.
PSP. - Presphenoid.
PRF. - Prefrontal.
PR.OT. - Prootic.
PP. - Preparietal.
PT. - Pterygoid.
PaT.FO. - Posttemporal fossa.
P.V.S.C. Posteroventral semicircular canal.
QJ..- Quadratojugal.
Q.R.EPT. - Quadrate ramus of the epipterygoid.
Q.R.PT. - Quadrate ramus of the pterygoid.
QU.- Quadrate.
REF.LAM. - Reflected lamina of the angular.
RPA.SPH - Rostroparasphenoid.
S.ANG. - Surangular.
SMX. - septomaxilla.
S0~. - Supraoccipital.
SF.I.J. - spLen i.a L.

SQ - Squamosal.
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ST. - Stapes.
SUo - Sinus utricularis.
T.S. - Transverse sinus.
TAB. - Tabular.
V. - Vestibule.
VO. - Vomer.

NIl - Foramen for the optic nerve.
NIV - foramen fOl:the trochlearis nerve.
NV - Foramen :Jrthe trigeminal nerve.
NVI - Foramen lor the abduscens nerve.
NV!I - Foramen for the facial nerve.
NVIII - Foramen for the acoustic nerve.
NXII - F,::>ramenfor the hypoglossal nenve ,

BP - Bernard Price Institute for Palaeontological Research.

x - Figure 16, supraoccipital cavity.
X - Figure 20A, rod-like unattached bones.
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Rubidge,l990 Olsoa.1944 BPIV1619 BP/l/4386 Bany,1967 KC}JeT.l973
Eodicy!lodor. ElII)'dops Emydopi EmydopI Prislcrodon 'I'ropidostoma

Locality PriJlce AJbert Murnysbllrg DuneJinBW Klein BIoukop R KirkvooJ J.{ Leeukloof nw
Zoee Eodicynodon ClStea:phaltl$ Cislea:plWUS Cistea:pbalUi Cisleccphalus ClStea:pba1US
Septomu. within nostril .. • + + + +
JIIC.Obsom of3lU1 .. .. + + ..
A&tr.rior palatal ridges + .. + .;-
Fused premaxillaries + + + + +
Paired vomcl'll +
Premax-pal CO'llIact + + + +
Maxillary IUltNm + .. + ..;- + +
Canniniform process • + + + +
Teeth indepres~ion +
Max. embayment ant ro c. ... + + + +
PiIa anlotica + + + + + ..
'i'ieufOlphenoid + + ... + + ..
Sella turcica .. + + + + •
l'liSI:nct dorsum sellae .. + + + + "
Sphenclhmoid-orb+mel + + + + + +
Patabasisphenoid + + + + + +
Prootic incisu~ • + + + + ..
Pineal OIl boss +
OpislhoCic/t)'mp. process + + + ... + +
Par. plate meet ept, + • + + + +
Ant ept meet bas. + + +
Ept. meet qr.pt. + + + + +
StapefJiDl foramen + a •
Vc!til)Uie .. + ... + + ..
Slapetl preserved ... .. + + +
Short dorsal groove on den. a • .. + •
Lateral dentary sbelf + .. • ... + •
Coronoid process + .. • ..

,-_........... "",,,_ ..

Legend:
+ - present
- - absent
• - unrecorded

I
I,
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Appendix c: List of speci.mens referred to in the BPI
collections.

Locality DescriptionSpec. No

BP/l/262
BP/l/34'3
BP/l/366
BP/l/Sl5
BP/l/609
BP/l/625
BP/t/687
BP/l/bas
BP/l/693
BPjl/778
BP/l/82l
BP/l/8S9
BP/1/842
BP/l/846
BP/ljl209
BP/l/l307
BP/l/l3l2
BP/l/149l
BP/l/1580
SP/1/I6l0
BP/l/16I9
BP/l!l630
BP/1/1648
BP/l/1656
BP/l/1794
BP/1/179S
BP/I/l862
BP/l/18n
BP/l/1878
BP/l/1890
BP/I/1906
BP/l/l917
BP/l/l918
BP/I/l9l9
BP/l/1941
BP/l/l947
BP/l/1952
BP/1/1962
BP/l/1963
BP/l/1964
BP/l/1967
BP/l/2l26
BP/l/2127
BP/l/2l34
BP/l/2299
BP/l/2304
BP/l/2366
BP/l/2375
BP/l/2390
BP/l/2393
BP/l/2402
BP/l/2410
BP/l/24l.2
BP/l/2413
BP/l/2545
SP/l/256B
BP/l/2642
BP/l/2796
BP/l/3005
BP/l/30l3
BP/l/3024

B~kens klip M.
B1e~jiespoort vw.
Biesjiespoort VW.
Suurplaas GR.
Blaauwpoort M.
Blaauwpoort i..,.
Aasvogelskrans M.
Aasvogelskrans M.
Aasvogelskrans M.
Fl!!rndaleGR.
Poortjie GR.
Houdconstant GR.
Doorr-plaas GR.
Doornplaas GR.
Hoeksplaas M.
Driehoeksfontr.in M.
Driehoeksfontein M.
Brookfield M.
De Bad Fr. road
Rosary BW.
Dunedin BW.
Dunedin BW.
Dunedin BW.
,Dunedin BW.
Kuilspoort BW.
Kuilspoort BW.
Leeukl.oof BW.
Leeukloof BW.
Le'9ukloof BW.
Leeuklcof aw.
Leeukloof BW.
Rosary BW.
Rosary BW.
Rosary BW.
Ncbelsfo.atein V'
Nobelsfonte:ln ,.
Nobelsfontein Vt;
Nobelsfontein VW.
Nobelsfontein VW.
Nobelsfontein VW.
Nobelafontein VW.
Kraaifontein M.
Rraaifontein M.
Kraaif\)ntein M.
BW. Commonage
Leeukloof BW.
Leeuklcof BW.
Leeukloof BW.
Dunedin aw.
Dunedin BW,
Dunedin BW.
Dunedin BW.
Dunedin aw.
Dunedin BW.
Houdenbek VW.
Kirkvors M.
De Rust Ab.
Stoffel ton ANTBN.
Driehoeksfontein M.
Driehoeksfontein M.
Drichoeksfontein M,

lndef.
Diictodon
D. sollas!
Indef.
E. murraysburgensis (Type)
E. kitchingi (Type)
Emydops
Parringtoniclla (Type)
Indef.
Indef.
Emydops
Emydops
Emydops
Indef.
Emydops
Indef.
Pristerodon
Pristerodon
Inde!:.
Pristerodon
Emydops
Pristerodon with lower jaw
Indef.
P.:dsterodon
Emydops
Pristerodon
Emydops \lithlower jaw
Emydops
Emydops
Only lower jaw,Pristerodon
Emydops, lower jaw -
Pristerodon
Juv~nile, lower jaw.
With lower jaw, Pristerodon
:ath lONer jaw, Pristerodon
Emydops
Pristerodon
Emydops
Emydops
Emydops
With lower jaw, Pr!sterodon
Pristerodon
Pristerodon
Pristerodon" lower J.:,·.w
Indef.
?risterodon
Emydops
Emydops
Pristerodon
With lower jaw, Pristerodon
Pris'terodon
tnde!.
~'rist{~rodon
~:...th ;.owerjaw, Emydops
Indef.
Pristerodon
Pristerodoll
With lower jaw, Emydops
Emydops, lO\Jerjaw.
Pripterodon
With lower jaw, Pristerodon



Loc.,litySpec. No

B1'/1/3053
BP/1/3132
BP/1/3159
BP/l/3386
BP/1/3399
BP/1/3410
BP/L'3601
BP/1/3961
B1'/1/4185
BPI114187
BP/l/41BB
B1'/1/4386

R1.chrnolldri,'erbed
Urieh()eksfontein M.
Driehoeks£onteii1 M.
U t.uangwa Va!.ley 4
U Luangwa Valley "
U Luangwa Valley "
U L1'Iangwa Valley "
Mid .lelwatel."11.
Wynaodsfontein VW.
Bulthoudersfontein VW.
Bulthoudersfontein VW.
Kle:Jn Bloukop RC.

Ab.
ANTBN.
PW.
Fr.
GR.
H.
M.
NF.
R.CP.
vw.
D.
E.

-Abe:.deen
-Afdee}. Native Trust Bulwer, :Mat",1
-Beaufort West
-Frazerllurg
-Greaf Reinet
-Hanover
-Mu.i:raysbu..:g
-Nieuw.afontein
-Richmond CP
.Vi,,~tcria West
-Dicynodon
-Emydops

rescription

With lower jaw, Pristerodon
Pristerodon
tnde!.
1'risterodon
Lower jaw, indef.
Pristerodon
Indof.
Prif!lterodon
Ernydops, lower jaw.
Pristerodon
Pristerodon, lower jaw
Emydops, lower jaw
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Appendix D. Cranial measurements in mm of t!'l\~two ser,ially
ground specimens.

BP/l/1'.386 BP/l/1619
sxou length 55.0 67.2
Skull width 43. o 44.3
Width/length 78.0 65.0
Basal length 51.5 62.0
Interorbital w. 1" t": 14.2..).;J

Intertemporal v , 19.5 20.6
Interorbl irrtertemp 69.0 69.0Snout length 13.5 15 •.5
Snout/skull 1- 25.0 23.0Snout + orbital 1- 21.0 26.7Snout to . ineal 1- 35.5 37.0
Interorb/~.kull w , ~LO 32.0
Intertemp/ 6kull w. 45.0 46.5Snout + orb/skull 1- 38.0 :19.7Snout - pineal/sk·1. 65.0 55.1
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APP~1dix E: Photographs ard drawings of image obtained on
Image .Analyser and Positive of CAT scan.

c

---op.
----I-----OU.

Figule 22: Posterior view of stacking with the image analysis
programme. Specimen SP/1!4386 ~howing the
ascendinq rami of the epiptf.lrygoids IScale;
Photograph magn. ;(1.64).
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Figure 23: Photoqraph showing only two of the ei\lhit
channels. Specimen BP/1I1619 showing the
sphenethmoid rt'!gion in three·dimensions.
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Figure 24: Photograph showing ~tacking in nroqress,
Specimen BP/1/43f;6 lateral view with lower jaw.
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Figure 25' Mecftal view using the outmode and deletion of
some channels to highlight the inner structures of
BP11/4386._)
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,

) figure 26: Medial view using the cutrncde and deletion of
some channels to highlight the inner structures of
BP/1I161 'l.



Figure 27: Occipital view in framework mode. Specimen
BP/111619.
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Figure 28: Photograph of CAT scan no •. 39 of the type
specimen of }:mydops mjnimu~ Transvaal Museum
(Cat no. 242' ..

Figure 29: Composite photograph of 1.Qur CAT scans (nos. 29,
30,31 & 31). .
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