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Descriptions of the skui%g;gge jaw muscles, the nasal

sacs and the middle ear are given. The cranial kinesis and

a possible made of jaw action are discussed. The palate

is shown to be of the scincid type. Although the stapes
pierced by the stapedial artery suggests geckonid affinity
(Underwood, 1957 snd Guibé, 1970) the non-geokonid relations
of the chorda tympani and the scincid type of palate argue
strongly in favour of a close relationship with the Scincidae.
There would indeed seem to be no valid reason for retaining
the family Dibamidae and it is suggested that the genus

Dibamus be included in the Scincidae.
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INTRODUCTION

Dibamus novae-guineae is one of the four species of the

family Dibamidae. It was first described by Duméril and Bibron
in 1839 and the family Dibemidae was created by Boulenger in 1884.
In 1887 he said the following about Dibamus: "A single genus,
which appears to stend in the same relation to the Scincidae as
Anniella to the Anguidae." Since then other authors (e.g.
Schmidt and Inger, 1957; Baird, 1970) have attributed scincid
affinities to the genus while tentatively retaining the separate
family Dibamidae. Romer (1952, 1966)includes it under the
Leptoglossa (Scincomorpha) as a family of dubious validity.
Recently Guibé (1970) following a suggestion by Underwood (1957)
placed the family under the Gekkota.

This purplish brown, wormlike fossorial lizard is widespread,
ranging from southern Indochina to New Guinea, the Fhillipines
and the Nicobar Islonds (Pope, 1956). It is frequently caught
in rotten logs (Schmidt ~nd Inger, 1957) and in the Malay
peninsula an egg with a fully developed embryo was found(Smith,
1935). Thé femele is completely limbless but the male has 2
pair of vestigial clasping hind limbs.

The anatomy is poorly knowvn (Romer, 1952)., Apart from an

intensive study of the eye of D. novae-guineae by Underwood (1970)

and of the cochlear duct of D. novae-guineae and D. argenteus

by Miller (1966 (a), 1966(b) ) knowledge of the cranial anatomy
of Dibamus is limited to notes on the exterior features of the
skull (Boulenger 18387; Camp, 1923: Smith, 1935; Romer, 1952 and
McDowell and Bogert, 1954). The present study attempts to
supplement this and was done with the additional purpose of

attempting to clarify the systematic position the genus.
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MATERIAL AND TECINIQUE
The specimen was obtained from the Ryksmuseum of Nutural
o

HistoryﬂLeiden, Netherlonds and its locality and date given as
Sinabang, Simaloer (1913).Simaloer is also knovn as Simeulue, an
island of Indonesia, The Specimenﬂ&cmale)was decalcified in a
mixture of 7,5% nitric acid and 70% alcohol for two weeks. It
was bulk stained in borax carmine and counter stoined in aniline
blue orange G mixture and embedded in paraffin wox, It was
sectioned at 12 m. Groaphic reconstuctions were made by the method

developel by Pusey (1939).

I wish to thenk Dr L.D. Brongersma of the R¥ksmuseum of
Naturel History, Leiden, Netherlands for a specimen of this scarce
genus., Also Dr M.E., Molan for guidonce ond advice, Dr M., Cluver
for reading the manuscript, lr J.A. Lintvelt for technical
assistance and the Council for Scientific and Industrial Research

for financial aid,

DESCRIPTION

THE DiRMAL BONES

The following dermal hones nre absent: lacrimal, jugal,

postfrontal, postorbitcl, squamoscl ond supratemporal.
Premaxilla: Contrary to Romer's (1952) statement the pre-
maxilla is unpaired, at least in D. novoe-guineae/ (Pig. 12).
It consists of & horizontal »palatal plate and a vertical median
plate. The bonc bears seven pleurodont teeth, one‘of which lies
Por‘f'i'cn. '
in 2 median position. The palntal,is joined loterally to the
maxillas at an oblique angle. In the posterior part of this
suture there is a considerable ventrol overlap of the premaxilla

on & posterolateral process of the maxilla. In front of this

overlap, the premaxille also mokes contact with the septomaxilla
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over the entire width of both bones (Fig. 17)‘Ihe nosterior edge

of the palatal plate is semicircular in outline, Medianly from

near this edge arises o ventrorostrad incisive process (Fig. 8).

j 2

v

Arising from the base of the latter is o small posterior protrusion

p

looscly attached to the anterior tips of the vomers.

Trie median vertical plate slopes dowm sharplg in front to
form & short, blunt rostrum (Fig. 4 & 3). Behindthis, the dorsal
ecdge of the vertical plate is horizontel and is clamped between
the downturned mecdion edges of the nasals, The posterior edge
of the vertical pnlate is concave (Fig. 8). Its lower part mcets
the free anterior edge of the nasal septum ond, more dorsally,
it lies between the anterior cupolac of the nasal capsules.

The medinl nasal ramus of the profundus nerve of cach side passes
through a channel in the bone near the ventral midline (dotted line
in Fig 8).

Maxilla: The polate of Dibomus is unigue in thot behind the
fenestra vomerocﬁalis externa the anterior section of the fenestra
exochoonalis is obliterated bv 2 suture between the lateral edge
of the vomer and the median edge of the maxilla; and the posterios
gsection is hidden from view by & suture between the lateral edge
of the vomer and the scincid-type palatal flonge of the palatine-
pterygoid (Fig. 2 & 7).

The maxilla consists of a latercl oblique vertical flonge
ond o palatal flange united by o thickened base (Fig. 9).  The
ventral face of this bascl portion cnrries the jow ridge with nine
pleurodont teeth, The whole length of the basal portion is
penetrated by a channel for the superior alveolar ramus of the
trigeminus nerve and for the maxillary artery. Anteriorly this
channel ovens through on alveolar forcmen (Celrich, 1956) (Fig. 3).

Laterally, low dowvn on the outside of the bhonec, approximately scven
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Terge labial foraminea onen from this channel. These are arrang-

ed roughly in a horizontal rov, The upner part of the lateral

verticol flonge is also pierced by o number of scattered forcmina

for the cuteneous branches of the laternl nas2l romus of the
profundus nerve (Fig. 4).

The lateral verticnal flange forms the greater part of the

side wall of the snout. The onterior edge of this flange is more

or less vertical and forms the posterior cdge of the fenestra

exonarina, The dorsal edge slopes up slightly townrds the back.

The onterior two thirds of this edze is connected to the loternl

cdge of the naoscl, and the rest of it slightly overlaps the loteral

anterior process of the frontal. The posterior edge of the

loternl verticzl flange is concave and is for the greater part

connected to the prefront~al, except low down where the nasolacri-—

mal duct pesses between the two bones. The maxilla is not
notched for the lacrimnl duct. The upper part of the maxilla

overlaps a fairly extensive dorsal ~nterior process of the pre-
frontal. Below the lacrimel foramen the moxilla is attached to

a small anterior process of the prefrontal.

The medion edge of the palatol flonge is slightly curved re-

peating the contour of the skull (Figs. 2 & 7). Anteriorly this

cdge terminates in o process which is grooved ventrolly for the
posterior process of the premaxilla (Fig.2). Loteral to this
process the oblique anterior edze of the maxille is conncected %o
the premaxille in an edge to edge suture. Dorsally the entire
premaxille - maxillo conncection is coverced by the onterior part
of the septomexilla (Fig. 7). Behind this, the lateral edge of

the septomaxille is connected to the maxilla just 2bove the

)

slightly downcurved median edge of the palatal flonge (Figs. 7 &
Posterior to the septomaxilla the medion cdge of the maxilla is

free for a short distonce, leaving a small gap between mexilla,

;1
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septomaxilla ond vomer, through which the nasolacrimal duct

-

passes (Fig. 2 & 7). From this point backwnrds the palatal
flange of the moxilla is dorsally grooved for the nosolacrimal
duct. This groove runs obliquelv backvard to end ncar the late—
1l side of the skull wherce the lancrimsl foromen passcs between
moxilla and prefront~l (Fig. 7). Behind the palatel gap for the
nagolocrimel duct, the medicn edge of the palatal flange of the
maxille is sutured to the vomer thus closing the fenestra
exochocnalis in this region (Figs. 7 & 9). Pogteriorly the palo-
tal flange forms the medicn postoerior moxillary proccess. This
is dovetciled between the median ond the loteral anterior proces—
sce of the fuscd nolatine pterygoid (Figs. 2 & 7). Between the

]

medion posterior process of

a1

the moxilla end o short, thick, late-
rcl posterior process (the latter being on extension of the moxil-
lary bose) the posterior cdge of the bone is hollowed, In this
hollow the mnxilla adjoins the cchoptervsoid laterally and the
lateral anterior process of the palatine-pterygoid more medinlly.
The lamino transversalis anterior crosses the palatal flange
Just posteriorly to the nrocess of the septomaxilla, to unite
laterally with the cartilaginous wnll of the nesal capsule
(Fig. 9). The e¢ctochoonol cartilage lies under the ventral bor-
der between the »-latol flonge of the mrxilln ond the foo¥plate
of the scptomaxills for the length of the suture. The poaries ncosi
is loterally supported by o~ dorsomedicn crest on the lotercl {lon-

ge of the mnxilla,

The Hoired septomnxilla is strongly develoned. In response

to & burrowing lifc¢ the bone acts as o buttress between 2ll the
other bones of the snout region. It forms o roof for the orgen
of Jacobson ~nd « floor for the vestibulum =2nd the anterior

chamber of the nosol soc.
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The bone consists of threc portions: an extensive medinl ver-
tical flmnge (Figs. 7 % 9) an anterol-teral horizontcl process
ond posterior to the latter n ventrolotercl footplate (Fig. 7,
right side), The medinn surf.ce of the cxtensive vertical flon-
ge is applicd to the upper two-thirds of the nnsal septum ~nd
dorsnlly it meets the nosal (Fig. 8). The upper edge of the
flange curves 1l tcrnlly thus incrensing the sutural surface
between septomaxills ~nd nosal. The sentomaxillo thus serves s
& buttress between the noscl on the one hnnd nnd the vomer and
premaxills on the other, Anteriorly the base of the vertical
flenge is pierced by © channel for the romus medinlis nosi of
the profundus nerve (Fig. 8). More posteriorly this chonnel
becomes cn open groove in the bone, bordered medinlly by the nasal
gseptum,

The cnterolaternl process of the §eptomaxillc is attached to
the dorsol surince whcatthe palatel flonges of the promoxilla
ond the mexilln meet mrking this o strong compound suture (Fig.7).
Leterally the process is ~2lso buttressed ~gninst the base of the
logeral vertical flonge of the mrxilla (Pig. 7, right side).

The ventrolaternl footplate of the septomnxilla is domed to
form 2. bony roof for the orson of Jocobson. It is connccted
anterolnte nll% in front of the prssage of the nosol-crimnl duct,
to the dorsal ﬂi‘e of the pzlatcl flonge of the moaxilln, Medinn
to the foramen for the nasgolncrimnl duct, the lnaternl edge of the
foofplﬁte is connected nt on acute ongle to the laternl edge of

the vomer to formn o gide wnll to the chmber of the orgon of
Jdacobson. THe brck vall of the orgon is formed by o ridge on the
dorscl surfrce of the vomer to which the »nosterior edge of the
septomaxillary footplate is npolied. Anteriorly the footplate

lies on the cartilige roof of the orgon of Jacobson. The ecto-

choancl cortilage underlics the suture betwoeen septomnxilla
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and moxille,

lasalg: This pairced medinn bone forms o slizhitly arched
roof over each nasal copsule, Its onterior edge forms the dorsnl
rim of the fencstr: exonorine (Pig. 4) ond overlops the back edge
of the cupolcr cartilage. interomediclly the nosnls ore connec-—
ted to the upper end of the vertical medicn plate of the pre-
maxilla (Fig. 1). Behind this suture the two median dovmcurved
cdges of the nosnls form o deep, strong suture. Ventrally these
dovmcurved cdges arce connceted to the medicn vertical plates of
the septomnxillos (Pigs. 8 & 9).

The extensive posterior process of the nosnl overlops the
frontal ot its tip but mediclly ~nd laternlly it is joined in edge
to edge sutures with the two ~ntcrior frontol processes/ (Fig. 1).
Loterally the nostl is sutured to the verticnl finnge of the

i na.,Sa..t
maxilla, Close to this suture the lower surface of the mssal
hos o low ridge to which the medisn edge of the paries nasi cdheres,

Vomer: As hos been scid enrlier, the pnlate of Dibomus is
unique in thet the lateral 2dge of the vomer is sutured to both
the moxilla ~nd the scineid type of palatsl flonge of the pnlatine,
there thus being no fenestr: cxocho~nnlis visigble in ventral

N
viet/ (Big, 2), The vomer is - medicn poired palotoal bone, bhest
described os consisting of three portions, lying =t inclincd
plones relntive to ench other: an ~nterior moinly horizontal
floor for the orcon of Jocobson ond behind this a laternl
horizont~l flonge ond - medinn oblique flonge forming with its
fellow of the other side o deep medioventrnl groove housing the
posterior vomer~l zlonds (Figs., 2 & 10).

The onterior portion of ench bone is dorsclly concove to form
n floor for Jacobhson's orgen (TFigs. 8 & 7). The medinn edges
are turned up to form ~djoining verticnl lamellne lying ventrome-

dially to the poraseptol cartiloges ond below the nosal septum
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are cxtended anteriorly ~nd

=n

(Fig. 9). The verticnl lomellan

~re connected in front to the posterior clongntion of the incisive

J

(Pig. 2). The laternl cdge of the

e

process of the premaxilln
vomer is free in front of the p~msscoge of the ncosolacrimnl duct.

Behind Jacobson's orgon the vomer is exponded dorsally, form-
ing o verticnl transverse winll trinnsular im cross-section
(Fig. 9, left & Fig. 7 left). The median sides of the tricngles
are sutured to one cnother, This wall is of considertble
thickness and is pierced by the vomeronnsnl ncrve innervating
Jacobson's orgon ~nd also by o gmll bronch of the medial romus
of the polatine nerve, The formecr lenves the bone by & dorscl
foramen to join the olfrctory ncrvc. The palatine bronchlet
vasses through o ventral forcmen to join the medial palatine romus
lying ventrol to the vomer in o shallow groove (Fig. 2). ‘This
groove 1ig shori bectousc the nerve soon pierces the vomer to lie
on its dorsnl surface in o shallow groove thot disappenrs poste-
riorly where the nerve tokes o medio-dorsal course, frec of the
vomer (Fig. 7).

Behind the fornmen for the polatine nerve the medinn oblique
ond laternl horizontel flanges differenticte distincetly, the
oblique gggﬁge being a continmuction of the dorsal port of the
thickened trinngulnr portion of the vemer ~nd forming the medion
ﬁ%&ough housing the posterior vomerrl glands (Figs. 2 & 10).

This trough dcepens posteriorly to ﬁ%ch congidernble nroportions
at the brek. Dorsnlly the two medinn edges of the vomers curve
laternlly to form o shrllow furrow for the low nasal sceptum
(FPigs, 7 & 10). Posteriorly the oblique fl nges deoroﬁseﬁ in
height ond the medi-n cdses diverge from cnch other (Fig. 2).
+— The curved 1lrternl cdge of the horizontal flonge is connec—
ted to the polt~l flonge of the mnxills, ond more posteriorly

to the pal~tnl flenge of the palatine (Figs. 2 & 7).
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The most posterior tip of the bone lics medioventrally 2longside
the partinl medion suture of the ring-shrped portion of the
fuscd prlatine-pterygoid (sce loter).

The polotine—pterygoid complex: The palntine ond pterygold
bones ~re so cXtensively fused thet it is cxtremely difficult to
distinguish them, A possible boundary between them is shown
on figure 7 on the lcft side cnd the de?tﬂils of this rcconstuc-
tion are given ot the end of the section on the polotine-pterygoid.
In ventrnl view the anterior holf of the combined bone is o roughly
tricngulor prlatal plate (Fig. 2). Its posterior cngle is
extended back into o long, slender quodraic process of the
pterygoid, The cnterior cngle of the trinngle is forked to form
o medicn ~nd . lntcfﬂl Nrocess, The third cngle is direccted
mesinrd towords its fellow, but is scprrnted from it by the small
interpterygoidnl vacuity. This middle portion of the bone is
highly compliciteds 28 con be scen in dorsnl view it forms o
comnlete ring ~round o nnsophoryngesl duct (Fig, 7 ~nd Fig. 11).
Between the two processcs, forming the ~nterior fork, the medicn

posterior process of the mrxillo is cloamped (Pig. 2). The

5

.ntoro@?iﬂn process ndjoins the oblique l~teral cedge of the pos-
terior holf of the vomer medi~lly, This suturc is continued

to where the posterior tip of the vomer overlnps the bony ring
medinlly. Loterally the nnterol-tercl process adjoins the
anteromedion edge of the cctopterygoid. Posterior to this con-
nection the two bhonces diverge to form the small infroorbitnl
forrmen, the lotter being bordered by the ectopterygoid nnd
apparently by both clements of the fused prloatine-pterygoid
(Bipy: Tha The ~ntcerolotersl process widens nostoeriorly to mect

the polotal plate ot on cngle ond continucs brekwnrds ~g o 1lotero-

s e,

dors~l flrnge (Fig. 7). Anteriorly the rrmus moxillorig overl%?% c.
[2 A
the dorsnl edge of the cnterolnterml process . Posterior to thgs

e | S

%
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the nerve t-~kes o more lotoernl CO%FC and o suture is formead

between the dorsnl cdge of the dorsol-ter~l finge ~nd the poste-
rior portion of the ventrol cedge of the prefrontol (Fig. 3).
Behind the prefront~l o short suturc is ~lso formed with the
ventrolaternl edge of the frontnl up to where the dorsnl edge of
the dorsolnternl flonge curves medi~lly to form the anterior

cdge of the dors~l crch of the bony ring (fig. 7). Figure 11
illustrotes in cross—scction the complicoted structurc of the
prlntine-pterygoid in the region of the bony ring. It is clenr

et we hove here o scincid type of prlotine(pterygoid),where

o polatnl flonge of the bone(s) tronsforms the nasophnryngenl

polatal groove of other lizards into =~ duct of varving degrees

of completencss (Puchs, 1908s; Prrsons 1971) In Dibaomus o

culmin atrion T

calminotiom im the process of closurc is achdicved in thot me-

dially the palnt~l flonge is cetunlly fuscd to the dorsnl arch

to form for =~ short distonce - complete bony ring ~round the

nosophorynge~l duct (Figs. 8 & 11 right side)., The onterior

portion of the ring ~pperrs like = closed C in cross-secction,

hoving o ventromedin~n suture between the medinn cdges (Fige 7).

This suture is medinlly covered by the posterior tip of the vomcr,

It ie behind the vomer thot the two cdges fuse vo form the com-—

plete ring. The bony ring lies posterior to the plonum cntexr—
orbitcle, ond the solum suprosept~le lies dors~lly to it (scc

orbitotempor~l region). More wmosteriorly, at ~ level behind

Figure 11, the medi-n vertical wall of the rimg disoppenrs ~nd the

bonc forms ~ dorsnl ~nd ventrol fl-nge thnt diverge nesind,

Thesc two flonges decrensc in width loateroposteriorly, thus

tonering towords the wosterior qurdrate process (Fig. T)a

The dorsal 2f¥ch is, of co%%c, the original m~in port (in
this region) of the palntine (pterygoid), the prlotnl flonge being

o ncw development in scincids, In Dibomus the dors~l ~rch
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ig insignificant compared to the very larse nnlatal flonge ond is

hidden by it. The onterior cdge of the dorsnl nrch renrcsents

the posterior border of the funes

.

tra cxochO”égﬁlis snd it is here
thet the nastl sne posses over into the nogonhoryncscenl duct ly-
ing in the bony ring. Externclly the fenestrn hos been close

over by suturnl comncctions betwecn vomer, maxille ond the polatol

flonge of the palatine (+ pteryooid). In this 'y o complete
bony secondory poloate hns been formed. Behind the bony wnalate

there is ~lso o soft prlote (Fig. 12(b) )which scrves to cxtend
the nnsophnryngenl duct further back to the point where they open
28 o singlc duct, between the two brsipterygoid processcs nnd
close to the glottol opcning,

The lateral w1l of the ring is continued laterclly o8 o
horizontnl cdze, the outer cdge of which is produced into ~ dor-
sl and o ventrol ridge, the two ridges forming o roué}y verticnl
flonge (Pig, 11). The ventr~l ridge termin~tes -~nteriorly os
~ 1aternl process, the cctopterygoid process, which overlies
the posterior tip of the ectopterygoid. This conncction com-
pletes the infroorbital fenestr: wosterolaternlly (Fig. 2). The
dorsal ridge ond the ring forms o ftrough between them (Fig. 7)o
The retroctor pterygoideus muscle fills the trough ond ~ttnches

to its surfrce onteriorly.

Behind the ring the loter-l nortion of the bonc (presumtbly
pterygoid in this ~rcen) is trirndinte in cross-scction, consisting
of o dorsnl ridge, ¢ ventrnl ridge ~nd o medion ridge. The ven-
trol surfrce of the medinn ridge is pndded with o cnrtilage cush-
ion, the meniscus pterygoideus, for articulation with the

agigspterygoid process. There is o well-developed synovial
cavity. The medirn ridge tepers bockwrds to end o little woy

behind the ~“rticular ecartilnge. The ventr~l -nd dorsnl ridges

continue posterioriy to form the long, slender qundr~te process
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of the pterygoid, The qundr~te process is crescent-shoped in
cross—~scction, its edzes curving wmedinlly, The laternl edge

of the third gquarter of the process is connceted to the ventro-
medinn cdge of the gurdrnte by merns of ~ thick lismentous pad
of tissuc. The posterior portion of the qundrnte proc3s
projects beyond the qu-dr-te ond is ~lmost enclosed by the pro-
tractor nterygoidcus muscle ottached to it, with the bulk of -the
muscle lyinge ventr:l to it (Fig 2%). A wide lig~ment 2lso
~ttrches the footplonte of t-¢ stopes to the dorsnl edge of the

posterior prrt of this portion of the quadrnte process, ” The

£

linc of fusion between p-lotine ~nd pterygoid ig indicnted by
o few smnll irregulnr strins of connective tissuce in the dorsnl
~reh of the bony ring (Fig. 7 risht side). An extension of ~
linc through these remnents results in ~n oblique line ending
«t the postcerior corner of the infroorbitol fonestrn, making
the cctopteryroid process of the fuscd polatine-pterygoid port

of the »nterygsoid. This would scom to be correet since in most

106}"!‘)";
lizards the ptervgoid £xeme the sole or the mrnjor conncction with
the posterior tip of the ectopterygoid., FProm these frets o

tentative reconstruction of the linc of fusion is indicnted by
a dotted line in Fisure 7 on the left, The line of fusion on
1.

the p~latsl flonge is less cmsy to detexmine, unless o notch

I

on the posterior edge of the pnlotol flonge, more or less in

line with the dorsrl line of fusion, is on indicntion of its
position (Tig. 7).
The cctopterysoid borders the infro-orbitnl fenestrn to the

salatine—nteryzoid (but sce Pigurce 7 ~nd the previous scetion).

-3

h¢ bone is shoped like & two-bladed propellor with ~ horizon-

+ - S e e ~ hl~de 1 a xraytd _ﬁl L I ﬁ]l"‘d (F' g 2 &: 3)
tnl ~nterior blnde and a verticnl posterior blade igs. .
The ~nterior edge of the horizontal bl:.de ndjoins the postarior

cdge of the prlatol flonge of the mnxilln, The medirn cdge of

R
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this bl~de is connected to the latercl edge of the ~nterolaternl

process of the prlatine-pterygoid, The dorsnl surface of the
anterior bl~de hns o smnll longitudinnl ridge in the middle to
which the onteroventr~l edge of the »prefrontal is connecteds
The medi~n wnll of the posterior bhlode forms the loteranl border
of the infmr-orbit~l fenestro. The posterior tip of this blnde
overlons the cctopterygoid nrocess of the pol  tine-pterygoid ven-—
trelliy.

The infro-orbit~l fencstro is funncl-shoped ventrally (Fig.
2) ond houses the loternl portion of the sphenopterygoidnl
mucous gl-nds, The decpened fenestr is continued back 28 o
ventrol trough in the plotine-nterygoid, formed between the ven-

al ridge ~nd the ring, ~nd contcins the posterior portion of

thesc mucous glnnds.

The prefrontal is unususl in thot it is o~ fl~t bonec on the
1l~ter:l side of the skull, the orbit being virtually ~bscnt
~s8 o rcsult of the grently degener-ted eye (Figs. 1,3 & 11).
Scen from the side, the bone is roughly saqu~re with the four cor-
ners frcing -nteriorly, posteriorly, ventrolly ~nd dorsclly (Fig.
The cnterior corner is clong-tced to form o slender ~nterior
process thot lies medinlly on ~nd ventr-l to thke suture be-
tween the loter~l flnge of the m~xillo ~nd the laternl edge of
the front-l, The nrocess covers the posterior h~lf of this
suture medi~1ly (fiz. 8). Posterior to the ~nterior process
the two thirds of the visible ~ntcerodors~l cdge, scen from the
outside, is connccted to the dorsnl portion of the posterior
adge of the moxilin, In this n~nren therefore, three boncs, the
prefrontal, the frontnl -~nd the mnxille meet in edge to edge
suturcs, except for - posterior overl-pping process of the m xil-
'a ond on ~nterior underlying nrocess of the prefrontnl. More

vosteriorly the o~pex of the prefront~l overl:ps the frontnl
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ond this overlop continuces down to the posterior corner of the
prefront:l.
The snteroventr~l edse benrs » notch, ~nteriorly closed by

L=

the posterior cedge of the moxille to form - loerim~l foromen.

—

% I

Below the notch the prefront: 3 sutured agoin to the moxillo
and bchind this for n short distrnce to the dors~l ridge on

the "nterior bl~de of the cctopterygoid, The ~nterior holf of
the posteroventrl edge of the prefront~l is not connected to

the ectopterygoid ~s the moxillory romus V lies between the two
bones, The posterior hrlf of this cdge is connccted to the dor-

Q
snl cdge of the 1~teral obligque fli-nge of the plﬁ%$ine-pturygoid.

Behind the prefront~l this flonge is connccted to the latoro-
ventral edge of the frontal (Mig. 8). The medioventr-l wall of
the prefront=l ~djoins the ~nterior wmoxillry process of the
cortlilnginous nasal coosule (Fig. 11). Lotertlly the bone is
foverced by the Horderirn glond, the lotter enfolding the rudi-
mentory eye (Fig. 10).

The frontol (Pige 1) is - thick medi~n p-ired bone covering
the olf-ctory bulb. The medi~n cdec is dovmecurved, forming o

decep suturnl surince for intim~te connection with its fellow

(Figs., 10 & 11). Anteriorly it hsa two large nrocesscs, one
latercsl “nd one medion, These clasp the posterior pointed
process of the nns~l. The tip of the laticr process overl.ps

the front~l, Anteriorly the laterol edge of the front~l is

~

suturcd to the umper edze of the mnxillao, Medinlly to this
suture the lotaernl edge of the front:l is ~lso connccted to

the “nterior process of the prefroni-:l, Behind the moxillae
the front:l is slightly overl-pped by the prefront-l. The on-
terior portion of the front~1l is flot ~ond more or less horizon-
tol (Fig. 10).

chind the prefront~l the front~l benrs o l~teroventr-l
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flonge which helps to form n side wnll for the brain (Fig. 3).

The ~nterior edge of this 1loter~l flonge is overlonped by the

o

obliquely dovmsloping brck edge of the prefront-l. The extiremec
ventrel tip of the fl-nge is suturcd to the dors~l edge of the
1laterodors~l flonge of the prlatinc—-pterygoid. From the lower
end of the 1l~teroventr~nl flonge ~ long, slender process, the
subolf~ctory process, projects inwrrds to lie immedicntely benenth
the olfactory bulb (Fig, 11.). This orocess does not re~ch the
midline ond is not ottoched to the bony ring of the prlotine-
pterygoid, The bose of this process is grooved for the romus
ethmoidnlis of the profundus ncrve.

Dorsclly the postcrior portion of the front~l is thickened

i

and forms ~ rounded tronsversc cdge with ~ 1laternl knob (Fiz. 3).

This edge is Jjoined to the p~rietnl by menns of ~n ~rticulntory

hinge suture (the mesokinetic joint). The posterior cdge of

the loteroventr~l flonge of the frontol is lnterally connected by

mecns of » thick pnd of conncetive tissuce to —n overl-pping onte-

rior portion of the side wrll of the prrict-l, This portion

is ~nteriorly rounded ~nd would function ~s o stop to »revent

o sldewrys dislocotion of the nwcokinetic joint. The whole

fronto-porietal articulztory suturce is strengthcened to be ~ble

to resist ~ lorge ~mount of stress (Fi
The medinn unprired poriesnl is the largest bone of the skull

(Frig. 1). The anterior two thirds, th~t lie in front of the

otic c~psules is arched ~nd forms extensive side wnlls for the

erandsal. euvity (Fias V). In the region of the otiec copsules it

ig n roofing bone only, with three postcriorly direccted prongs

th~t ~re connected to the otic cnpsules ~nd the suprroccipitnl

(Mg, 1) Both the pincnl eye ~nd the pinenl fornmen ore

~bsent.

Antceriorly the bhone is congidernbly thickened ond hhs o
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shm.llow lterodors~l denrecsion on e~ch side of the frce of the

snterior edge, Into this depression the rounded knob of the
front~l fits, forming t"bﬁll &4 131 socket“joint. The 1laterrl
flonges of the prrietnl nre extended ontericd to overlap the
front-ls, The structure of the frontop~rietnl suture indieates
thot “he mesokinetic joint is well developed (see kinesis).

e posterior cdges of the side wnlls nre connected to cnte-

and
rior portion consists moinly of the three blunt prongs, the

I]'I‘..

|...-

laternl two nre remnonts of the parietnl processes thot no longer
recch the qurdr-tes. These two pronge lie in shallow Zrooves

in the otic ecopsules nnd ore connected to them with thick con-
nective tissue, The medinn prong is much longer ~nd its laternl
edgeg are connccted to dorsnl medinn ledges on the otic cop-

cules ~nd its tip overlaps the ~rch formed by the suprnoccipit:l

(FPig. 8). The thick pnds of conncetive tissue might ollow some
slicht met~kinctic movement., The nrocescus nscendeng teeti

svnotici is ~bsent.

THE L0 it .;QE‘H}% nov-e—guinenc hns = short lower jow, O
condition correl~ted with the -nterior inclination of the qurdrate
conéyle ~nd the subtermincl mouth (Figs. 4 & 6). The sturdy
lover jow hos o mnssive coronoid process ~t lenst half of which
ig contributed bv the dentrry the other h~1lf being formed by the
sepnrrote coronoid, A1l the other derm~l bones of the lower Jjow
~re fused to the ~rticulcor forming » complex posterior element.
Anteriorly the two hrlves of the lower jow ~re joined by meins

of ~ very strong compound symphysis (Figs. 9 & 6). The two
Meckelirn crtil~goes ~re fusced ~nteriorly in the symphysis,

fhe ~nterior h~1f of this fused wortion is ossified, forming
mentom~ndibul,r, The posterior hi:lf of the fused portion re-
moins ns o cortilnginous thickening between the two holves of the

mrndible (Fig. 6). From the symphysis the Meckelinn cortilnge
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passes directly into the Meckeliin connl in the dentory,thot

lies medinlly to the inferior nlveolor cronnl, These two connls
merse in the vicinity of ~ lorse medicn slit in the dentory into
which fits the spleninl process of the compound bone. The
Meckelinn cortilage lies loteroventrnlly in this part of the
Meckelirn connl up to where it ossifies posteriorly ~s the arti-
cular,

The nrticular is o stubby bone with sm2ll marrow covities,
Its lorge, flot, slightly concove ~rticulor surface differs from
mogt other lizords in thot it frces posteriorly rather thin

dorsnlly o chonge correl-ted with the ch~nge in slope of the

o

gurdrate (Pigs., 62 & b). The ocrticul~r surfrce is seprroted

into two frcets by o slight ridge ~nd is covercd with ~rticul .tory

cortilage, The crtilage extends onto the 1l tzr-l surfoce of

the crticular corresponding to the ~nterior projection of the

gu~dr~te condyle. A well-developed synovinl joint is present.
From below the lower j~w ~riicul-~tion the rod-shaped retro-

articulnr pnrocess projeccts =2t - shorp ongle, downw rds ~nd bock-—

wnrds slightly outwnrds (Figs. 6,4 & 26). The proccss thus

lies wholly below the level of the lower mrrsin of the jow,

The posterior tip of the process row~ins cartilasinous (Fig. 19)
and in the bony port no boundnry between the articular ond pre-
crticulnr could be discerncd. The only indic~tion of » boun-
dory is the formmen ~nd the groove behind it for the chordn
tymponi (Fig. 6).

In front of the ~rticul- r frcet lics ~ smll mediodorsnl
~dductor fossaz through vhich the internci mondibulor ~rtery 'nd
the mendibul~r romus (V3) onter the Meckeli~n cannl (Figs. 1 & 6)-
The fossc is little more thon o r~ther large fornmen nnd no
~dductor muscle fibres inscrt in it. Directly loternlly to

he cdductor foss~ the ruricotempor 1l bronch of the mondibulor
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nerve lenves the Meckelisn conol through - moderctely sized
foromen in the lotercl surangul-r pé}ion of the compound bone
(fig. &Yy A scecond laternl formmen lies between the posterior
procegsses of the coronoid ~nd the dentory. The posterior sec-
tion of the Meckeli~n crnnl lies wholly within the comvound
bone ~nd it is not bordecred by the coronoid. Anteriorly the
compound bone h~g o pointed spleninl nrocess th-t is clrmped in
by ths dentory medinlly to the Meckelinn connl (Fig. 6). An-
teriorly to the process, the chord~ tymponi (VII) -na the lingunl
bronch of the inferior ~lveol~r r-mus (V3) posses from the
Meekeli~n crnal through the dentory fork. Anteriorly to this
the nlveol~r ecncl is seprroted off from the Meckelinn conel.
In the dent~ry there ~re opproximntely five later~l foramino
for the inferior lnbinl romi of the inferior ~lveolor romus of
V3 (Fig. 4).

The coronoid forms only the nosterior holf of the coronoid
process nnd it is o flot tricnsulor bone with its horigontcl brsc
suturcd to the fused comvound bone. Its onterior verticnl
edge is overlonoed 1lntertlly by the lorge dorsnl coronoid Pro—
cesg of the dentnry,. The npex of the coronoid is somewhnt higher
thon the wide nrocess of the dentory (Figs, 4 & 62). Aport
from the very lorge coronoid process the dentory clso has ~ long,
pointed posterior process overlnpping the compound bone
Ixterally. The ~nterior tip of the dentory curves invrd ond
slightly up before being connccted to its fellow in the jow
symphysis, The dentory benrs nine pleurodont teeth,

THiE  NASAL SAC:][bnless stnted otherwisc, the nomencloture of

Prrsons (1959) is followed, It is difficult to distinguish the
sac
divisions of the simplified nnstl s~e, the e=s being stroightencad

out with the divisions following e<ch other in o more or less

stroight line (Pig. 12). The ~nterior section of the choon-,
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with the exception of the vomeronns:l ovening, is obliternted by

sutures between the vomer medislly ~nd the moxille ~nd the
scincidtype p~lat~l £l nge of the palatine-pterygeid 1iternlly
(Figs., 2,3,10 & 13), Only the nosierior p%}ion of the inner
chorne. (Belloirs, 1950) rem-ing, vherc the nosnl c-visy opens
fSﬁlW%o th2 pr 1 flonge into the nagoph-ryngesl duet (Fige 12).

The neosel eowvity ¢'n be divided into w70 moin portions, the
cnteriorly lving vestibulum ond, posterior to the owvening of the
1ntern]l n.gel glond, the nne~l envity proper ("Muschelzone® of
Fuchs, 1503) (Figz. 12)

The vestibulum is L-shopoed with o 1oterlly directed short

anterior leg and o posteriorly directed medi-n leg. The tr.ngverse

,
o

leg opens to the exterior through the lrternlly frcing nostril ond
ig lined with ker-~tinisced strotified squomous epithelium thot is
continuous with ond simil-r in ~puvenronce to the epidermn] epithe-

lium., Anteriorly the nostril gives dircet prssare to the out-
side, but the posterior h lf of the dore-l rim he rs o ventrally
directed flop, The boge of the fi~p is gupported by the Latero-

ior cupela dircecctly onterior to the

L

;
e
o
el
o
o
=t

dors~l cdge of
superior ~lar process ond lies medinlly to the ventrol rim sup-
ported vy the inferior nl r process. Behind the posterior rim

of the nostril -~ n s~l muscle inserts on these DLOCCSSEH. (See
Nneol Copsule & Fig, 23).

The meditn ~n1l of the medi-n leg of the vestibulum is lined
ith straiificd tronsition~l cpithelium composed moinly of lorse
glondular cells, This 021l is folded, thrce persistent longhtu-
dimal crooves bclnq recognigable, At the pogterior border of the

vestibulum these grooves form o small recess mediclly cnd dorso-
mediclly to the negnl cnvity proncr, Except for the medicn wnll
mentioned above "nd for the ~nterior holf of the loter~l wall thot

ig lined with kertinicced epithelium the rest of the longitudinal



Stellenbosch University https://scholar.sun.ac.za

20
leg of the vestibulum is lined with noqﬁerdtinisod strotificd

squamous epithelium. Posteriorly the tubulonr vestibulum nor-
rows slightly before openineg into the nosnl c-vity proper. A%
this point the duct of the lotertl nosnl giond opens l-terodorssl-
ly into the n~s~1 sae.

The nnsl c ity proper is lined m~inly with olfactory
epithelium (hence the nme olf-ctory chuber of Belloirs, 1950),
There is o ventrolatersl strip of eili~ted resgi?atory epithelium
indic~ting the line of closurc of the choono og known in other
lizords, wherc the immer chonno is bordered by respiratory epi-
thelium (Bellrirs, 1950) (Figs. 132 & b). The naostl sne graducl-

-

1y widens posterind to obtnin its moximum width in opproximntely
the middle of the nosnl covity proper.

In the dibrmid nos~1l covity proper it is possible to dis-
tinguish only an ~nfterior c¢ov~l zone ~nd 2 conchol zone, s the
posterior portion of the nosnl s c is fl~ttened out ~nd no -ntor-
bitol covity o such is present (Fig., 12). The only indicntion
of the posterior border of the nnsnl roof supported by the Hos-
terior edge of the cartilaginous planum ~ntorbit-le. (See Car—
tilaginous Nogsol Capsule, )

The ~ntcerior cnv-l zone takes up the ~nterior hnlf of the
nasnl covity proper. Directly behind the vestibulum it ie eval

in cross—section, the loteir~l side of its longest ~xis tiltecd

2

ventrad, Becruse of the cdorsolatercl indent~tion of the trough
in the prries nosi (Fig, 9), the gre-ter port of the ~nterior coval
zone oppenrs like o flnt tube with its edges wpcurved, the lnteral

edge lying on 2 lovier level thoan the medi~n edge,
In the conchil zone the indent~tion increnses in depth. By The
nognl snc here is horsgeshoe~shzped with the open end loternlly
directed (Fig. 13). The conch-l zone c~n thus be subdivided

into three p-rts. The portion of the covity dorsal to the concho
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ond the conchal flonge is the s~kter (Fig. 132)., This is con-
tinuous with the medinl stommbeil, v/hile the ventrcl third cor-
responds to Fuchs' horizont~l portion ("horizontale Schenkel")
of the chonnengnng. The oblique norition ("cbsteigender Schen-—
kel®) of the choinengrng is ~bhsent gince the fenestr~ exochoonnlis
is completely closcd up. The whole of the chomchnl zone is lined
ith olfactory evnithelium excent for the Litierl strip of respi-
rotory epithelium ¢ described enrlier,

rosterind the surfl ce linced with resnir - tory cpithelium in-
crenges ropicly in oxtent while thnt lined with olfnctory epithe-
lium decrenses (Fig. 12). The 1l~st remaining strin of olfrctory
epithelium ends dorsomedillr (2t point A in F&gure 1%5 ~nd coin-
cices with the Cors .l ridge in the roof of the nascl sac ~nd op-
vroxim~tely with the ~niterior edge of the dorscl ~rch of +the homy

o

ring (M#m: prim-.ry p-late, Fig. 12) i.e. with the posterior border
of the fenestrn exocho~n~lis, This posterior limit of the ol-
T~ctory epithelium indicntes the vosterior end of the n gl covity
proper where it goes over inio the n sophorvngenl duct (Ffig. 1§Q
border petween the
thgﬂﬁwo structures bheing otvherwise indistinguish~ble. MThere is
no antorbhital cowvity, the nns~l ¢~ wity proper pessing directly
over %nto the nasoph~rvnge~l cuct lying immedi~tely behind it,
A def&nitc pogition for the chonno ig difficult to pinpoint, but
the "inner cho~nn' rmust in some vy be delimited by the border
hetween respirtory epithelium :nd olfoctory epithelium.

Anteriorly the n sopharyngeal ductﬁ of coch gide lics with-
in the bony ring of the pal~ntine-jpicrygoid (Fige 7). A short
distrnece behind the honv ring the ventromedinn ~spects of these
ducts fuse to form nn intricrnte flnt meuvi-n ansophnryngeal duct
with o venitre2lly projecting medi~n ridse on its dorsnl roof

Cir €

(Fig. 12 b). The two 1~ternl portions of this flnt duct 4=
cire
scpnrated by the medinn ridge ~nd 8 only confluent with ench
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other by me~ns of = glit ventr~lly to the ridse, The ridge
houses . decep medicn groove th-t is Y-shoped in cross—-section,
the vertical leg of the Y opening ventr~lly into the no.soph rvyn-—
geal duct .emd Che ridge is thus @iviled into two folds., Ante-
riorly o continu~tion of the groove forms o small recess between
the prired ~nterior nnsophoryngerl ducts ~nd the recess retoins
the Y=shaped lumen, This rcceas is lined with mucous epithelium
ond is vwogsibly ~ remn-nt of the medinn glondulne sphenoptery-—
goidere (Fﬂhr%ﬁolz, 1937). Posterind, bhehind the secondory
cho~nn the groove widens ~ndé the folds 1loter~l to it flatten out
~nd disnppe~r oprosite the glottis., The second~ry chotna is a
tronsverse slit tht lies between the boses of the bosiptery-
goid processes,

The gre~ter part of the ventrl floor of the medicn nosop-
Pharyngoal duct is sep~roted from the bucenl covity only by soft

(Fig. 126)-
tissuosﬁ Thus D. novoe-guinene has o soft secondnry »nolnte in

oddition to o comnletce hony secomdory pnlote. This polate Torms
on interesting ~nologue with the crocodilinn ~nd mommalinn secon-
dory prlates. (See Discussion. )

THZ ORGAN OF JACOBSON ¢

]

The smll noorly developecd or~n of Jncobson is situnted
ventromedinlly to the middle third of the ~nterior cav.l zone

tnd it is separcted from it by the septomnxille, he orgson is

w0

one ond & h~1lf times ~8 long oe it is wide, Its duct is ter-

2%
minol, opening ~nteriorly into the bucecnl covity (Fig. 1%@ A
distinct dome of thick olfrctory epithelium forms the dorsolateral

roof of the smcll, flot lumen (Fig. 14).

As there is no conchs for the orgon of Jacobson, there is
~lso no mushroom Hody, The ventromedi~n floor of the organ is
lined with cilinted epithelium ~nad curves slightly ~round the

prraseptal cortilage ~nd the portion of the vomer immedintely ven—
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trol to the enrtiloge (Piz. 14).

The vomeron~srl nerve lenves the orgen of Jocobson posteriorly
~nd picrces the bock w1l formed by the vomer (sse Dermol Bones).
The vomeron~s~l nerve le~ves the chonnel in the vomer through o
orrmen ~nd preses dorsad,l-ternl to the nastl septum, to

;: )

join the olfactory nerve dorstlly,

dorasnl

The "cho~nenrinne” (Fuchs 1903) found in some squnmotes is
coiletely cut oif from the bucectl covity ~nd forms the onterior
part of the nnsolocrimcl duet thot opens into the ventrolaternl
aspect of the lumen direetly nosterior to the terminnl duct of
the orson of Jocobson (Fig. 12). Fuchs!' secondnry p-l-tc is
thus gzcloscd on both the loier ~nd the upper level, (Fig. 14)

Tils  CARTITLAGINOUS WASAL CAPSULL

The nel coapsule of Dibnmus novae-guinene is dorsoventrally
sttened ~nd elong-ted (Fig., 16). It is reduced to thin corti-
lnge strips ~nd thus cpperrs very flimsy in comp~rison to the
(

"Goupp-~Ziegler? model of Lucerin ~mzilis (Grupp, 1900) (Fisﬁ.?16
& 37 ) The fenentra endocho~nclis, the fenestrn loterclis nnsl
the fenestro superior n-.si ~nd the fenestro olfnctorin ~re grett-
1y exponded. The forminen epiphi~ninle is confluent with the
fenestra olfnectoria (Pig. 15).

The dibomid ~mterior cupoln is less dome-shoped thin the
cupol~ of Licerts ~gilis ond lacks a wedian wall, the latter

being replaced by the vertical medion nlate of the premaxilia
se parales
th~t sepwsses the two cupolae,

T

The ~bsence of o cortilaginous

medirn wall ~llows the romue medi~lis nnsi of the profundus nerve
capsule . _

t0 pass into the naszal grpsule through . 5lit between the medinn

edge of the cupola and the verticnl medi-n premnxillory plate

(fige 16). The apiccl formmen is thus ~bsent, The dorscl

portion of the cuwnol~, behind the dome, forms nn nrched roof for

the vegtibulum of +the nasnl sac, The 1loterml edce of this roof-
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trol portion of the cupoln extends postericrly to form & well de-—
fined inferior aloar process (Fig. 17). The inferior ~lnr pro-
cegs lizs in o horigontal pl-ne ~nd i%s tip renches the ~nterior
edre of the 1nterwl fl-nge of the moxilla, The superior ~lor

W

process noints dovmwnrds ~nd its onterior edge forms the posterior
i frenestma i
bhorder of the Forcmen cncontrint, Posteriorly to this process
the duet of the l-ternl megnl glond opens loternlly into the
. PEy a’
posterior prrt of the vestibulum,. (Compore Figs, IEH& 17)

The inferior ~lmr nrocess scems in loter-l view to overltd
the ventr~l tip of the suverior ~l-r process loternlly (Big. A7),
but is sepnroted from it by the intervention of the anterior por-
tion of %he norinl muscle th-t inserts cnteriorly on both pro-
cesses (Fig. 23). This muscle contrins o high proportion of
fibrous connective tissuc ~nd origin~tes posteriorly on the rnte-

rior edoe of the nxilla, immedi~itelry dors:l to the posterior tip
3 .

\ge
of the inferior -l r Drccess. R

The posterior cdges of the dorstl cupol~r ~rches 2re me-
di~lly continuous with the n-stl septum by memns of two crrti-
lnginous strips, thess strips being seprroted by the medion ver-
tical »nlate of the nrem~xille. Ioterally the posterior elge of
the cupols is conneccted to the prhries nosl by aecns of ocnother
thin strip of cnritilage (Pige 15).

The n-g~1l septum is = veriticnl sheet of cnriil-ze, its

vertic~l “ntcrior else heing free except for the dorsnl cupolnr

2
connectiones The free edre lies immedintely posterior to the
medion vertienl premoxill-ry plote. Anteriorlr the ventral edge
of the nnsol septun is continuous with the two thin lominnse
tronsversales ~nteriores, fxcept for this, the whole ventrnl
edge of the nne~l sentum is free to form the medion rim of the

fenestrn endochonnlis (Fig. 16). The ~nterior poriion of the



15

Stellenbosch University https://scholar.sun.ac.za

25
nesntl septum is couinletely enclosed b7 the medi~n verticol

septomaxillnry flonses (Fig. 9). Behind this connéction the
ventral edge of the nostl scptum lies in o groove foriaed by the
two vomers (Fig., 10).
Midwy ~long its length the nostl sentum is considernbly
higher th~n elsewhere (Fig., 17). At this point of grectest
orsnl oxponsion the dorscl edge is continuous with the much crched
tronsvoerse teetum nosi (Pige. 10 & 15). Except for +this the dor-
sl edge of the nsnl sepium is free, the fenestra superior nnsi
lving rnterior to the tectum nici cnd the fenestro olf-ctori~
posterior to it (Fig, 15). Hehind the tcetum nnsi the nastl sep-
_ i ‘ ) _ To
tun accreses 1n helsht in corwvel vhiion =%k the increrse in size
of the olfictory lobes of the brmin, lving ~bove it, The l-st
portion of the n~ gl sepbtum just ~nterior to the plonum ~ntorbitale
recuced to the rodshaped dimension of o trobecula communis (Fig.l10).
The floor of the n~snl crpsule is revresented by o thin lo-
mina tronsversclis nterior thnt ciﬁkﬂuuﬁ the dorsnl surfice of
the nrlate, Medinlly it is continuous with the ventr~l edge of
the nosel septum ~nd 1oterally with the ~nterol-ter~l tip of the

[ 1

phries HOsi, Close to the scotum the loamine tronsvers~lis on-

i,

terior ~zives risce to o wosteriorlv directed prraseptal cartil ge.

This is 2 short, ventrol ‘ternlly lted strivn lying ventromedirlly
ot +'—.,| o o o T - - -1 PTRTLS pe iy . L . Ak ey 1R o " . -

0 the orann of Jacobson nnd extending over two thirds of its
lensWy. It ends nosteriorly in two blunt tips. This corti-

lage represents the snterior prrt of the pnrnseptal cortilage
ond o small onterior tip of tihe wlonum ~ntorbitole could represent
ite posierior vastlﬂeﬂ‘gfﬁ

Loterally to the prhreseptel cortilage, the laminz trons
versnlis ~ntcrior is continuous with the posterol-terclly di-
rected ectochocnnl cortilnze, This ghort cortilage is dorso-

ventrnlly exponded ~nd forms o loter~l wnll for the orgon of
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Jocobson (Fig. 17). Dorsnlly +the ectochosnsl c~rtil~ge has

very shhllow loteral groove into vhich the dovmcurved medinn
edge of the prlai~l fl nge of the mexille fits. Ventral o this
connection the cnritiloge projects bheyond the bony prlate to form

o perpendiculor ridge, The dorscl edge of this portvion lies ven—
trol to the suture between the septomnxills ond the moxilla
(Fig. 9). The ectochocnol envtilngze hhe 2 shorp tip thoat ter-

minates ventromedi~lly to the relatal gop in the bony polate

(Fig. 17)s¢ The lrainn tronsvers-lis cnterior be~rs no conchn for
the orgrn of J~cobson ~nd formse no floor for it. Thus the wholc

of the orzmm lies behind the 1w iinn, its onening being termincl
ond situ~ted so far forw rd between cctocho n~l <naé paé%;ptil
crrtllages that the duct of the orqsan is roofed by the lo.pinc,
Loaternlly to the ectochonnl cartilnge the l-minn trons-—
vers~lis ~nterior is < flimsy crtil-ginous rod thot lies
tronsversely on the p~l-inl flronge of the mnxille, behind the
anterolitercl horizontal process of the septomaxille (Fig. 9) .

Loteraliy this portion of the l:i:ina tr-nsversnlis -nterior

curvzeg dorsnd, medinlly to the lnter~l oblique fl-nge of the mo-
xilla ~nd is continuous rAith the cnterol~ternl tip of the paries

Nesl,
P

The ~nterior hnlf of the prries nnsi is on oblique pl~te of

.

crrtilage, its later~l cdge being tilted ventrelly. In addition
to its ventral commection "ith the lauine transversalis rniterior,
the cnterior edse of the parics mosi is dorsomedinlly continuous

by merns of g thin, later~l rod with the dors~l edge of the

anterior cupolc, Betveen these two rods the ~nterior edge of the
pories nosi is notched for the entry of the duct of the latercl

nisal glond into the nostl copsule (Fig. 15).
The pories nosi widens nosterind forming @ deepening lote=

rodors~l trough that houses the duct of the l-ter~l nasal glond,
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i of the profundus nerve ~nd severnl blood

[}

the romus loterclis n-

1y /
vessels (Figs, ZJ & Z@).  The posterior third of the trough
Neeseef
houses the tnterior prrt of the loternl r=st glond, The Llateral

-

and medinn edges of the trough in the posterior half of the »nariecs

i =

nosi is fused to form oo tubul~r conchnl cavity. Immedictely

- -

in front of this fusion thoe later:l edce benrs n shorid

—

Fig, 1T The conchal cowvity is anteriorly

o

Girected process
confluent with the trough throush the ~ditus conchne ~nd posterior-
ly i+t ends DHlindlwv, The dors~l rim of the ~ditus conchte is
notched for the »nrssnze of the romus lateralis nosi (Fige 15

left side), the notch representing o fornmen epipheninle thot is
fenestra

confluent with the #sesurs olfrctoria, The median edge of the

pories nnsi is continuous with the n-rrow tectum nosi immedi-tely

anterior to the ~ditus conch-e.

The concho nasclis protrudes into the neosnl s~c from lntercl-
1y ond the conchal covity beingz smnll, is laternlly connected to
the dermnl gide woll o tlic snout by me~ns of nn extengive
horizontal flonge (Fig. iﬁ). The 1loternl side of this process
adjoins the medion woll of the mrefrontaol,. Above the luternl
edge of the eonch~l flmnge the »nries nosi is interruphed by -
1~rge fenestr: laternlis nosi. Betieen this fenestro ond the
very cextensive oli-ctory fenestr: the side w1l is reorcsented
by ~ slender rod of the cortilnge only (Fig. 17).  This ~rises
from o smnll portion of sidce 11 continuous with the anterior
eige of the 1l tercl flonge. Thig rod mry represent o remnont
of De Beer's paronns~l cortilage (De Beer, 1937). It is pos-
teriorly continuous with the l-ter~l nortion of the planum on-
torbitnle,

The tectum n gl ig represented solely by o tronsvers

/
Nnoasa/

$il 'ginous nrch, medi~lly continuous with the mesel septum =nd

¥ BN .

o

loterclly with the pories nosi imwedintely in front of the ~ditus
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conchae, thus sep roting the fenestr~ superior nasi ~nd the fences-
tre olf~ctorin (Fig. 15).
Althou;h the ploanum cntorbit~le chondrifies as on independent

clement in the 1i5ﬁrd¢ embryo it is impegsible to distinguish

virll in the ~dult., In Dibomus

it from the roof ~né the side
it is difficult to interpret, becruse of its form ~nd position.

From the course of the rmue ethmoidalis illustroted in Figure 15
it is clear thnt ot least that nertion of the posterior cartilnge
medinlly to the nerve reoyresents the plonum ~ntorbitnle. An
cntorbital covity, ~s such, of the nnscl sne is cbsent since the
noasal covivy onens stroight back into the nosopharyngecl duct.

The »linum cntorbitnle, therefore, forms o ro fing cartilage to
the wnsterior poriion of the n~rs-l s~c, (See section on Nasal Soc)
rother thon o back w11l (Fig. 11). Adjacent to the notsal scp-
tum this posterior coriilige comsists of ~ horizontol triangulor
portion with ~n ~nieriorly directed apex (Fig. 15). The pos=—~
terior boase of the trinngle is slightly dovmeurved and its edge
coincides with the ridze in the nostl epithelium m~rking the
tronaition between nas~l snce ~nd nosopharyngenl duct. Imzediotely
~hove the dovmeurved edge ~ndé ~djocent to the nostl gestum there
is & short jpostoriorly directed Hrocess, Below the kase of this
process ¢ second ~nd much l-rger ventrnl process is ~ttoched

by & nnrrow strip of cnrtil-ze (Pig. 17). In 1l~te:~l view this

process ~pne~rs o8 o roughly crcscenaﬁhﬂped plate, This pl~ote

it

o

lies on the 1loternl frice of the oblique medinon flonge of the vomer
directly in front of its suture with the pnlﬂtinééterygoid.

This process lies wholly ventr-l to the rod-like nnstl septum
(Fig. 11). From its position it con only be =& pogterior remn.nt
of the pannseptal eartiloge.

The dowvmeurved posterior edge of the roofing trinngle is con-

tinvous loterally with o norrow cartiloge strip, the posterior
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edge of vhich supports the continuntion of the epithelinl ridge

mentioned ~hove. Laternlly the cortil~ge strip is nttoched to
0
enother roofing p¥rtion thot curves later~llv ond is continuous

s

ve of the conchnl flonge (Fig, 15 2 17).

(]

with the posterol-ter:l ¢

s

A posterol-ternl cuvity is thwus formed dors—lly to the conchao
flongze, This nosterior ~ttnchment of the conchal flange indicates
2 chnnge in the rel-tions of the posierolnotersl norts of the nmsal
cepsule coused by the gre~t reduction of the eve, It is likely

th2t the plonum antorbitele does not form prrt of the loater~l dome,

but without embryological m terinl it is imnogsible to cdecide thig

As o reesult of the couplete loss of the sphencthmoid commis-
sure there is . large fonestrs olfoctoric. cdvehens only, the fenes-—
ra olfrctori. evehens rnd the orbitoncsrl fissure being ~bsent.

t
THE ORBITOTEMPORAL REGION OF Tilii NEUROCRANIUM.

The very cerenernte eyes of Dibomus lie on the side of the

skull, lrier.lly to the fl-t prefrontol, Both orhit ond interor-

bitel septum ~re 1l cking (Fig. 10)., Behindé the nosal crpsule
the crriilnginous skull is represcnted by o median rod »nd » poir
of 1~fer -l wings (Figs. 15 & 17). The rod is ~ coatinuc~tion of
the rodlike posterior poriion of the nas~l zeptun. It lies ven-
trolly to the broin and is clenrly the undifferentintzd orbital
port of the trabeculs co.munis,. Its posterior tip is unforked

»nd lies in = dors .l zroove on the bony hsisphenoid nnd is conti-
nuous with it. A Tenestrm hynonhvseos is thus ~bsent,.

The ~nterior portion of the medion rod becrs dorsally o poir
of tronsverse horizoninl wings, Each wing lies o short distonce
behind the plﬂnum ﬁntorbétﬁlc »né immedictely behind ond in close
associntion with the subolictory »nrocess of the front-ol. The
1nternl tip of the wing is curved onteriorly and cverlies the

ramus ethmoid~lis of the nervus profundus cnd the nervus opticus.
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The wing is thus situnted ~nteriorly to the forcpem opticum

(Fig. 15) ond is 2lso closelv ~ssocinted with the dur~ m~ter ven-
2

tr~l to the nnterior dortion of the cerebrnl hemisphere and the

posterior poriion of the olfactory bulb, For the above mentioned

reasons this cortil~ge is best interpreted os the solum suprosep-

tale,

THe  BYE  AND  HWARDERIAN GLAND

The degenernte eves of D, novoe-guinece lie laterallyg to the

prefrontnls, there being no distinct orbits (Fig. 10), Under-
wood (1970) described the eye of D. novoe—suinene, My specimen
differs slightly from the drawing by Underwood (1370, Fig. 10 p.
24) as the loyers of the retinc appecr more clesrly demorcated
ond no such lirge ontic nerve could be found, On the contrary
to detect the minute nerve ot 21l on the slides (Fig. 21) it

w8 necessary to follow it 2ll the woy from the smell optic
chi~sma, The eye muscles ~re completely =lsent,

The relations of the eye ond the larrse Hirdﬁérian glond cor-
respond with that found in Amphisbaenn fuliginos~ (Bellairs, 1946).
The flot Horderinn glonc enfolds the depencrate eye except loter-
ally wvhere therc is o well-developed sub-brillor sp-ce. This
spr.ce is mediclly lined by the cormec cnd loternlly by the sub-
brillor epithelium. Its periphery is formed by the Herderion
glond thot dischorses its secretion into the lumen of the sub-

brallor sphce, Anteriorly this spoce is droined by the naso-

lnerimal duct, The 1loyer of sub-brillor epithelium is laternlly
covercd by o thick loyer or connective tissue (intesumentory
thickening - Belloirs 1946). This tissuc is more extensive

hon that in A, fuliginogt, covering the entire surfoce of the
inréerinn glond; the lotter hoving more or less the same size rnd
outlines ~s the »nrefrontal.

The nosolnrcrimel duct, after pnssing through the locrimel
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foramen between maxilla and prefrontcl lies in o groove on the

dorscl polat=l flonge of the moxilla, It posses through the
palatzl gop (Pige 2 & 17 right side) to the superficinl punlote

where it opens into the orgnn of Jocobson,.

THE_QQICO-OCCIPIT&L_@EGION OF THL NEUROCRANIUM

In shape ond proportions the otico—occipitnl region of D, novae-
guinene is adopted to o fossorinl mode of life, The tempornl
nrches ~re ~hsent ~nd the broincose is strecmlined, hoving lost
most of its procesces nnd impeding projections, The porietel is
extensively sutured to the otic cmpsules "nd to the supro.occi-
pital to stren%@en the braincose, The occipitcl region is unusuntl
in thot the exoccinit~l is not fuésed to the opisthotic but to the
bastoccipitnl.

Except between the hosioccipital ond exoccipitol, definite
boundnries ore present between ~11l the elements of the otico-
occipital region. These bound~nries aore indicated either by
cartilage strips and/or syndesmoses., The cnrtilage strips ore
often enlorsed to form extensive struetures, sometimes showing
signs of perichondr~l ossificotion. These c~rtilage strips ob-
viously represent unossified parts of the bordering bones., Th~ot
this is so, is proved by the inv-rinble presence of a dividing
line of weak chondrification through the cartilnginous areas,
corresponding to overlying syndesmotic sutures in the thin,peri-
chondr~l bony l%@r where this is present. These unchondrified
zones would seem to indicnte ~notomical immaturity. The snout-
vent length of the specimen is 126 mm in comporison to the 165 mm
recorded by Smith (1935).

The floor of the braincnse is formed meinly by the large me-
dicn sphenoid (porasphenoid & besisphenoid).  This more or less
flat horizontal bone has a slight tronsverse ridge thnt represents

the crista sellnris ~nd forms the back wall for the very shallow
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pituit~ry fossc, The reduction.of the cristo sgell-ris is due
to the cbsence of the eye muscles tht usuclly originate in the
pituitory fossa (Figs. 7 & 8),

The more or less tronsverse anterior edge of the sphenoid
beors o medion notch thot is continued on the dorsal surface of

-

the bone as a strongly defined groove, the extreme end of which

is roofed with o thin arch of bone (Fig, 7). This groove houses
the posterior end of the caritiloginous itrabeculn communis the
paired trabeculs being proboblyv incorporated in the sphenoid,

This medicn ottochment is unusucl in locertilinns, There is no
cultriform process ef the pnrosphenoid,

Anteriorly, on ite ventrol surfoace, the sphenoid bears two
cnterolaterally directed bosipteryvgoid processes. The cartilogi-
nous cpiphysis of ench process orticulates rith the meniscus
pterysoideus situnted on the medioventrnl surfrce of the palatine—
pterygoid complex (Figs, 2 & 7). There is o synovicl covity be-
tween the two cnrtilaginous poxrtions,

The onterior third of the laternl edge of the sphenoid is not
connected to "ny other bones ~nd is dorsnlly overlain by the pro-
fundus nerve ~nd the maxillory romus of the trigeminus nerve,

In the middle the lter~l edse is sutured to the overlying pro-
otic bone ~nd behind this to the basal tuber, of which it forms
no port. Most of these sutures consists of connective tissue
although irregular cortilge lumps ore present, Behind the
basal tubera the sphenoid has a rounded posterior odge sutured
to the basioccipit~l (Pig. 2).

The loter~l subture between sphenoid ond pro-otic is compli-
cated by o "porabassl® camnl lying in it (Fig. 19).  The sutural
foces of the bones nre grooved, forming the two hnlves of the cancl,
the bones being sutured dors-lly ond ventrally to the cnnal. Lo

spite of the fact thnt it cnrries the internnl crrotid artery
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and the palatine nerve the greater portion of the concl is not
a true parnboscl conal os it does not lie between the bnsisphe-
noid ond the parasphenoid, The geniculnte gonglion lies within
the pro-otic bone -~nd the prlatine nerve enters the contl from
above (Figz., 19),. Posteriorly the internnl corotid artery ond
the communicoting romus bhetwecen nerve 1X and the palatine romus
of V11 (Willard, 1915) enter the conal through o foromen in the
pro=-otic hone snteroventr llv to the oval fenestro (Figs. 2 & 20),
Lotertlly to the pituitory fossa the conal opens into the broin-
case, Both the polotine romus ~nd the internsl carotid artery
lenving the cancl through this cnterior foramen ond o very short
section of the connl behind it, could represent the true poribosal
conal, The intern~l corotid artery branches into two, one branch
being intimntely ossocinted with the pituitory glond on its woy
to the brain, the other n~ccompunying the nolotine romus ~nterind
in o groove on the dorsnl suri~cc of {he sphenoid (Fiz, T)s
This groove shallows ~nterind ns the ~ritervy ond the nerve gradually
toke . more dorsnl coéée. Anteriorly, while still in the groove,
the ~riery ~nd the nerve ench gives off 2 small branch that pierces
the sphenoid (Fiz. 7) and lezves the bone through o~ foromen ot
the base of the brsipterygoid process (Fig. 2). These serve the
bucenl lining in the vieinity of the choon~l opening.
The pro-otic, the opisthotic and the supr-occipitol oll
contribute towards forming the otic capsule. In gross cnotomy

the membronous lobyrinth of D. novoe-guineace does not differ much

from that of other lacertili~ns described, Although no thorough
study w&s ttempted -~ fer smnll differences were noted. These
cre mainly differences in pronoriion, e.g. the cmpullne of the
~nterior semicircul r cannls ~re slightly disploced ~nterind ond
posteriad respectively. This condition results from the genernl

streamlining of the skull, Also the posteromedinl connection
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of thHe lotercl semigirculor conel with the crus commune is situe-—
ted directly ventral to the connection of the crus commune with
the anterior and posterior semicirculor concls, As is generclly
the cnge, the small endolymphntic duct lenves the sncculus medio-
dorsally ond curves undernenth the utriculus. It lecves the otie
cmpsule through the endolymph~tic for-men (Fig. 7) ond opens into
a small endolymphntic soc that lies dorsally to the broin, A
detciled study of the dibomic cochlear duct was mide by Miller
(19664),

Anather difference is thot the perilymphitic duct forms 2
pronounced ~nterior loop ~fiter leaving the large perilymphatic cis-
tern cna before meking contnect with the bosilor membrone. This
loop licg in » bony chonnel which is an ~nterior extension of the
cochlenr cnvity in the pro-otic., This chonnel thus consists of
& dorsal ond ventr~nl leg (Fig. 19), The ventral leg opens into
the cochlenr cavity directly ant%%or to the ovnl fenestro ond ex-
tends ocnteriad to turn back ~bove the geniculote grnglion to form
the dorsal leg of the channel. The dorsnl leg of the chonnel per—
sists posterind post the cnterior rim of the ovnl fenestro to open
into the cochlenr cuvity directly below the posterior foromen for
the 2coustic nerve, thus for:ing o bony chonnel in the medinsn wnll
opposite the nnterior port of the ovnl fenestrn (Figs. 7 & 20),
Behind this, the perilyuph~tic duct adjoins the medirn nspect of
the cochlenr duct. The bony chronnel is continued postericd os
o2 shallow groove lving ventirally to the inferior cistern~l crest.
A similor type of loop, only lying in o horigontol plone, is found
in 2 number of other burrowing liznrds such s the omphisboenids

Monopeltis copensig and Rhineurn floridaona, Anniella pulchre

(Toerien, 1963) cnd the skinks Typhlosourus cascus ~nd Melo-

t
noseps ofer rondoensis to 2 lesser extent., It is interesting to

mote tr~t Typhloscuras lineatuéiacks such & long looped channel



Stellenbosch University https://scholar.sun.ac.za

35
bectuse the two species of Typhlosourus differ also in their

polotes, T, caecus having o closed paltte while thot of T, lineco-
tus is normal (Smit,in press).

Behind the papilla bosilaris the perilymphetic duct opens
into the perilymphatic sne thot fills the recessus scala tympeni.

A Tenestra rotundo is absent ~nd only & medion perilymphotic fenes-—
tro opens into the braincose (Fig. 8). This fenestra is covered
by o membrone formed by the perilymphotic sac ond possibly the dura
m~ter,

The bony lobyrinth consists moinly of the vestibular ceovity
dorsnlly oand the cochlenr craviky ventrally, A prominent inferior
cisternal crest (Baird, 1970) demorcotes the border between the
two sprces thot ~re for the rest widely confluent (Fig. 7). The
vestibulor covity houses the lrge sacculus ~round which the utri-
culus ~“nd the semicircular cnnilg ore arronged; it thus beors
recessi for the ampullae and bony chonnels for the semicircula
conals, Apart from the anterior chonnel for the perilymphotic
duct the lateral w1l of the cochlenr covity bhenrs o lorge ven-—
trolaterally facing oval fenestra thnt is for its grecntest p.rt
occupied by the footplote of the strpes, The cochlenr cuvity
~lso opens posteriorly into the recessus scola tympani,

The pro-otic is the l-rzest bone in the otic capsule enclosing
the anterior portiocns of the vestibular c~nd cochlecr covities,
Ventrol to the cochlear cavity the pro—otic forms o medioventrally
directed flonge thot is sutured to the sphenoid. This flinge de=-
creases in height posterind corresponding to the incrense in size
of the otic capsule itsclf, The suture between the ventrol cdge
of this flonge and the sphenoid contrins the "parabasal® conal
(See sphenoid), The anteroventrol end of the flhnge is extended

to form a short anterior process. Betwcen it and the otic cop-

sule obove it, there is o notch, the pro-otic incisure, for the
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trigemincl nerve (Figs., 8 & 18). Behind the notch the medio-
ventrnl flonge is indented ter-1ly for the gosserion gnnglion.
Fursher bnck the flange cncopsulctes the geniculate gonglion,

115

the palaotine romus of the foeinld nerve lenving the ghnglion by o
ventral onecning thot enters the "parnbosal" concl (Fige 19).

The hvomondibulor rrmue lecves the gonglion through = laterodor-
g2l foromen dircectly —nterior to the oval fenesiro. Mcdioventral-
1v to the cnterior rim of the ovrl fenestrn the fl-nge under the

s 2

otic copsule is representced by o stubby ridge only ond here the

posterior foramen of the "porobasal® concl opens l-terally for
the entry of the communicntirg romus of 1X ond the interncl caro-

tid ortery (Pigs. 2, 18, 20).

Above the wro-otic incisure the pro-otiec hrsg ~n cnteriorly

lirectod ¢ th~t ir comncesed to the side woll of
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dorsolateral. crest on the nro-otic ond it con only represent o
the taenia tecti marsinclis (Figs. 3 & 182).

The nortion of the rool of the otic copsule formed by the
vro-otic bears ¢ shollowd cxec~votion for the conncction of the
poriet~l procesg (Fige 20). Loternlly this excovotion is bordered
by o shorp dorsol-tcernl crest. This crest is posteriorly con-

1,

tinuous with the cristo poroticrn, the 1l tter housing the loger-l

geniecircul~r ecnal, Ahove ~nd behind the exervntion the pro-otic
ig connected to the suproccipit~l, This line of connection is

continued ventrnd between the loternl wolls of the pro-otic and
5 i % . - - . X = LI s A3 0
the opisthotic in the form of o vertienl cortilnge riage (Piz, 182).

The very loarge ventrol-ter~lly frcing ovel fenestr interrupts
this connection wventyinlly, Phe dorsn~l rim of the ovnl fenestro,
including the cortilnge ridge, extends ventirad os o nointed

R

process overh~nging and obscuring Ifrom lotornl view part ol she



Stellenbosch University https://scholar.sun.ac.za

37
oval fenestra and footplate, This ventral process forms the

erticular surface for the guadrate and therefore revresents the
paroccipital nrocess (Fiz., 18a), DMedioventrally to the oval fe-~
nestra the pro-otic adjnins the cartilaginous basal tuber, This

cartilage forms yart of the ventral rim of the oval fenestra, the

rest of the rim being fully ogsificd.
On the median wall of the otic capsule the pro-otvic has a
shallow indentation, the acoustie recess (Oelrich, 1956) into which

open the smell anterior and larc<e posterior acoustic foramine (Fia.
B Ventrally to the anterior foramen lies the foromen for the
facial (V1l) nerve trunk, Dorsally the median secition of the
pro-otic adjoins the medion flenge of the suprsoccipital and ven=
trally to this it is connected to the meilan section of the
opisthotic (Fig. 8).

The supreoccipital is a mediean unpaired bone forming & nar-—

row reafing arch behind the parietal, This acrch, the tectum

synoticum, is small in comnarison to that of st other fossorial
lizards (Figs. 1 & 7). It bifurcates laterallv to form two flangcs

on each side that contribute to the formation of the otic cansule
meeting the corresponding flanges of the pro-~otic and opisthotice.

A laterally directed orsal flange forms a portion of the roof of
mtd\un 'lu.n e '[‘c)I‘nWS [} PN‘ tony of ‘H’\f_

the otic cansule (Fige 7), andﬂventr 11y directedimedion wall
A
(Fig. 8), This median flange is picerced by the endolymphatic

foramnen.,

T
-
o

Where these two anses meet anteriorly to the tectum syn-
oticum, a mediodorsal ledge is formed and in this ledge, and where
the flangee Jjoin the tectum synoticum, the posterior semicircular
canals lies in a bony chennel (Figs. 7 & 20)e This ledge is

ol

sutured to the median prong orf

cl'

the parietal (Fig, 1). Behind
the long suture with the opisthotic the supraoccipital also

mects the upper end of the exoccipital over a short extent (Pig.5).
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The posterior portion of the otic capsule is formed by the

opisthotic,. Ventromedielly to the oval fenestra it meets the car-

tilaginous basal tuber (Fiz. 2). The lorge, flat basal tuber is
Wo similar in structure Lo the cartilage strips separating most
of the bones of the otico—occipital region. It too is partially

5
capped both dorsally and ventrally by perichondral home and iﬁ;al—
so traversed by a line of weak chondrification corresponding to
definite sutures in the perichondral layers, The position of this
sutural zone show that the tuber is formed by unossified parts of

the ownisthotic and basioccipital only, the ogigzotic contributing
the main portion. Thig ventral suture is continued dorsad he—
tween the posteromedial wall of the opisthotic and a vertical
exoccipital pillar that forms the lateral border of the foramen
magnum (Fig, 5)« This pillar is dorsally connected to the supra-
occipital, in a poorly defined boundary (Cp. Figs. 1 & 5). The
presence of a suture between exoccipital and opisthotic is most
unusual in ligards, That it does not result from the immaturity
of the specimen is shown by the {usion between exoccipital and
basiocecipital., It may perhops be regarded as a primitive charac—
ter.

The only indication of boundaries between the basgioccipital
anc. the two exocgipitals is the presence of two parallel cartilage
stripg that lie in the anterior portion of the occipital condyle,
dividing the condyle here into three bony strips. This condition
is found for only a short distance end is visikle only in cross-
sccetion (Fige 2 & 7)e The posterior portion of the condyle has
no boundaries and ig covered by a cartilage epiphysis.

The glossopharynceal nerve trunk pierces the opisthotic wall
of the braincase to pass into the recessus scala tympani, imme-

diately dorsally to the mediel perilymphatic foramen (Fig. 8).

The nerve lies dorsally to the perilymphatiic sac and leaves
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the recessus loterally through a foramen in the posterior aspect

of the recessus scale tympani. This foramen is not related to
a thin zone in the bone of the recessus scala tympani that may
represent the closed fenestre rotunda., The vagus nerve passes &
little posterodorsally to this, through a diagonal foramen in the
cartilage separating the exoccinital portion of the basioccipiteal-
exoccipitel from the opisthotic (Figs. 8 & 18a). The hypoglossus
nerve has two foramine thet open externally immedieately postero-
ventrally to the foramen for the vagus nerve, but they pass through
the bony basioccipital—exoccipital and open medially at a much
lower level than the vagus foramen (Fig. S). Behind the fora-
mina for the hypoglossus nerve a small independent accessory nerve
pierces the basioccipital—exzoccipitel (Figs., 8 & 18) ond has its
ovn ganglion enca ated by the bone. It supplies the longis-
simus capitis muscles that lies in the ¢irect vicinity of its
foramen, The_internal jugular veins leave the skull through th
foramen magnum, as in other lizards,

THZ QUADRATE AND STAPLS.

on epinterveoid,
i o ot . R et
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The quadrate is a greatly expeanded, flat plate lving in a
forward vposition laterally to the pro-otic port of the otic cap-
sule (Fiz. 3). Because of the virtual absence of & paroccipital

o

process the quadrate lies close to the skull, particulaorly at
the back (Fig. 5 ) and even in front diverres z}Hlutle from the

otic wall (Figz,., 2). This leaves only a narrow space into which
the collumellar apparvatus {it§. The slope of the bone differs
from that of the genercl lacertilian type, the two articular
joints, in stead of being dorsally and ventrally situated, lying

in almost the saome horizontal plane. The quadrate is roughly
triangular with the condyle for the lower jaow articulation situated

anteriorly on the horizontal bose, and the downsloping posterior
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edge representing the hend (Pig. 3).

Only the lower cnterior nortion of the bone is thickened and
v
amall narrow cavities are Sestricted to this condylar part. The

o 2

condyle for articulation with the lower jaw faces anteriorly and

slightly ventrally (Fig. 6). This condyle is rounded @nd covered
by & cartilage cenivhysis end on extremely well developed synovial

joint is formed with the articular of the lower jaw. The lateral

aspect of thig joint is formed by an anterior projection of the
; . A
wadrate condvle that liecs loterally to the articular and obviosly

o)
b

serves to prevent dislocotion (Fis. 4). The rest of the condylar

)]

urface is smooth ond ig only slightly grooved in the middle to
o [ L <o

]

form two articulation focets.
The guedrnte hend is extensive and comprises the whole of the

i\ 2,

neinly cortilosinous posterior edrme of +hie bone (Fig., 3 & 20).

It is ottoched to the side of the otic coapsule in a long 2rc indi-
cated by coarse stinoling in Fisure 18(a). Anteriorly the arc

follows the pro-otic port of the criste porotica, then crosses the

pro-otic to end ventroposteriorly on the vestigial paroccipitval

process overhonging the oval fenestro. Here the quadrate makes
a sma{}éontact 2lso with the o»nisthotic. The attachment with

the naroccipitnl nrocess is by means of a synovial joint (the
strentostylic joint) the resct of the connection being lissmentous.

fhe area of attachment on. the otic cansule ie much more extensgive

=

o

then that on the quadrote, esvecially anteriorly (Compare Figs.

LY,

=

3 & 18a). The onterior ligomont fibres nre therefore long and
are anteronosteriorly orviontated. The length of the fibres
cradually decrecses venbtred up to the well-developed synovial ca-

VitV It is clear thot the fulcrum for movement between gque—

o~

irate cnd otic copsule lics o little above the synovial joint as

the shortest fibres are situated here.

TIE R e N T
g g o YRSt

S3P

{4 flaas . J
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It should be noted that the Tfulcrum of the streptostylic
joint lies very low down, on & level only slightly higher than
the articulation between the gquadrate and the lower jaw, A gimi-
lar condition is found in e.g. some Amphisbaenidae (Zangler, 1944),
he Leptotyp%?pidae (Heas, 1930), and in Ophioseps nasatus (McDowell,
1954), and its significance in & fossorial animal will e discus-
sed under the section on kinesis,
There is a strong and extensive connection between the medio-
ventral and more nosteriorly the ventral surfece of the quadrate
and the quadrate process of the pteryzoid ventromedian to 1t;(41gs.

2

o

% 3)e This attachment is exceptionally low down. The nature
of the connection would restrict individual movement and the two
jfne, ecbiale
bones will tend to move together, The ventrel edgen(the origi-
nally posterior concave face) is notched imnediately in front of
the streptostylic joint (Fig. 3). n the medisl surface in front
of the notch there is an articular facet for a well-developed
synovial joint with the large internal process of the gtapes
(Figs. 4, 18a & 19).

The stapes consists of & very larce ovel footplate (Fig. 20)
and a much reduced shaft that bears two processes; a large in-—
ternal process and 2 small dorsal nrocess(Figs 182 & 18b)., An
extra-columellere as such and a tympanum are absent, The rim of
the fod%plaﬁe ig cartilaginous cxcept for & section anteriorly.
Bxcept for a large gap anteroventrally to this ossified portion

of the rim, the foobplate fits neatly into the oval fenestra

(Figss 2 & 7). The gap is Ffilled with thickened connective tis-
sue containing an area with different staining pronerties., The

shaft forms 2 foirly substantial ridge attached to the horizontal
midline in the anterior half of the footplate. The latersl por-
tion of the ridrelike shaft remains cartilaginous for most of its

h .
lengkt (Fig, 20) and it is ottached by means of a wide ligamentous
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band to that section of the quadrate,. The base of the ridge is

pierced by the stapedial artery running in a nearly horigontal di-

{63

Fal

rection (Figs. 18b & 20). The attachment of the ridge to the
ootplate is thus limited to two small areas, one anteroventrally

to the artery and the other posterodorsally to 1t. Anteriorly

the ridge ig continued forwards in front of the footnlate as a

O

large internal process (FPig. 18a) and backwards as a minute dor-
sal process (Fipg., 18b). Both thesc processcs are attached to the
quadratc.

The internal proccss forms & synovial Jjoint with the median

surfoce of the quadrate directly in front of the posteroventral

@]
o
T
l_f .
jn]
o
o
<
[é1]

notch (Fig. 19). Posteriorly thce synovial capsule is c
with o lisament between the ridge-like shaft of the stapes and the
guadrate process of the pterygoid. This ligement appear

elastic in nature and in section cach fibre is folded into a wavy
pattern although the lizoment itsclf is not folded in any way.
Such a ligament would allow of a considercbple amoumt of movement

o’

of the plervgoid—quadratc complex without affecting the strpes.
That the minute posterior process is @ dorscl process is proved

by ite relations both to the hyomandibular ramus of V11 (Pig. 18D)
and to the streptostylic joint, The nerve lics medial to the
nrocess and curves around the stones behind it ond the process is

q o

enfolded by an anterior ligementous continuation of the synovial
cansulc of the streptostylic joint.
T SOFD TISHULS OF JMils ITDDOLE AR

The tymponum is completely absent, its position being taken
up by the flattened quadrate and the m. depressor ma wndibularis
(Fig. 24)s The cavity of the middle ear is replaced by cxtensive

ce that occupy olmost all the limitced space available

[’)

lymph sinus

between otic wall, stapes, quedrate and m, depressor mandibula ris,

a
There is no sign of an Hustchion cvagination from the pharynx

/
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(Fics, 19 2 20). In D, novac—suinecc the ultimate stage of re-—

duction of middle car covity hos been reached.

The lateral hend vein lecoves the skull through the dorsal
nart of the pro-otic incisure ond runs posteriad immediodely lateral
to the otic copsule (Pig. 19). In the resion -of the stapes the

vein bronches, forming two lorse sinuscs, onc dorsally ond one

'.}v

ventrelly to the stapedinl ridge (Fig. 20). Together with the
lymph spaces these sinuses £ill the space hetween stapes and qul-
drate, Behind the stopedinl ridge the two "brenches" unite again
and fuither back, behind the fookplnte, the vein decreases aras-
tically in size and followe o more lateral course,

The internal corotid artery runs ventrolly to the loteral

L

head vein and the stopedial artery branches from it dorsolaterally

CA

to the basal tuber (Fig. 18b). The internal corotid artery then
enters the posterior foremen of the "parabasal' conal, The
stapedial artery runs dors~d, mcdially to the ventral branch of
the lateral heed vein and passes throusgh the stupedial foramen
(Figs. 18b 220)., Here it lics under the dorscl sinus of the la-
teral head vein, but grodually gains o more lateral position to
lic laterally to the single vein in front of the stapes (Fig. 19).
A in which
The hyomandibulor romus leaves the covity in the pro-otic ¥er

hes
the geniculote gznglionh(Fig. 19) through a dorsal Fforamen medially

to the single latercl head vein (Fige 16%). Behind the divi-
. 1on in the vein, the hyomondibular romu “'H?s voqtrwlly to the
sinus To lie mulfallﬂ 7‘0 he —Sfa/oec/m/ arflery ansl dor-so(
& dors 11A°E‘ yedial foromen (Fig, 20), From this 001n* backwards

the hyomondibulor remug runs dorsally to the stapes and posses

"

anteroventrad around the minute dorscl nrocess (Fig, 18Db). Here
the nerve bre nchu“ into %wo, & posterior hyoidecus romus anc on
anterior chorde tympaoni, The romus hvoideus innervates the

m, depressor mendibuloris and the m. cervicomandibuloris, The

chorda tympani tokes an oblique onteroventrnd coursc passing
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through the quadratc notch to lie laterally to the bose of the
quadrate. This nerve enters the retroarticular process, shortly

behind the lower jow articulation through o small, median foramen

To get o clear picture of the nerves and the bloodvessels the
parogrophs on the "parabasal® canal (Sphenoid) and the section on
the Pro-otic should be read (See alse Fig. 21).

THE LYOID APPARATUS

The hyoid apparatus is represented by a single triradiate
element that is mainly cartilaginous with ossifications in the
middle portions of a pair of posterolaterally directed processes
(Fig. 22). The anteriorly directed cartilage rod is E?e lingual

|
process that supports the thick undivided tongue, Itﬂcontinu@ws
with the small hyoid body that serves as no more than a bhase for
;he three processes

The posterolateral processes can only be the pair of first
ceratobranchials as this %%oment ig more often then not the_only

n

one To ossify & l“; ards [ Komer 14350 Tn « simtlar Tvicadiqle
hyoid eapparatus of the fossorial Acontla% meleagris, Van der llerwe

O, |

(1944) also names the two ossified posterior processce the first

ceratobranchials.

L] o

The ossification of the ceratobranchials is complicated as

each one forms a bony tube with two to three larse oval foramina

-

on its ventral side. Within this tube lies another smaller bony
tube also with a rnumber of small ventral foramina, The posterior

cartilace tins of +the naired element are slightly upcurved to lie

in a position laterally to the pharynx and these tips probably

tilage is

oy

represents the first cpibranchials, The arytenoid carx
an unpaired creseent-ghaped structure and the cricoid cartilage
is rather poorly developed (Fig, 22).

THE JAW MUSCLI B3 AND KINEIIC MUSCLES

Jaw muscles innervated by the trigeminal nerve (remporal muscles).
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The nomenclature used by Oelrich (1956) is followed. The

temporal musculature is massive and simplified compared to that of
Ctenosaurae pectinata., In the adductor mandibulae group there is

a clear distinction only between the m, adductor mandibularis in-
ternus (m. pseudotemporalis) and the m, adductor mandibularis ex-
ternus, the m. adductor mandibularis posicrior being apparently in-—

corporated in the externus.
It was found imposazible to determine the exact divisions of
the latter muscle mass from cross-sections, particularly in those

areas where the fibres are cut lengbhwise, Bagically there seems

to be three portions anteriorlyg one of +thich is a deep division,

the full extent of vhich is not visible im fipgure 23. Pogteriorliy
these portions merse into one muscle mass, It ig difficult to

homologise these partial subdivisions with those described by Cel-

1,

rich for C. pectinata. This muscle mass will therefore be treated

as a whole, Its most posterior orisin is an aponeurosis on the
neck muscles, In the dorsal midline an extensive aponeurosis is
formed with ite fellow of the other side, It also originates

from the otic capsule above &nd behind the quadrate; from the
anterior and posterior oblique cdges of the quadrate; from the
median surface of the quadrates; from the m, depressor mandibularis

where the latter is interposcd between it and the lateral surface

of the quadrate; from an extensive dorsal and dorsolateral surface
area of the parietal dorsally to the origin of the m. pseudotem=—
poralisy and from the posterior portion of the frontal.

The muscle maseg inscrits on & short mundplatt lateral to the
coronoid processs on the dorsal and posterior rim and on the
lateral surface of the coronoid; on the median, dorsal and leteral
surface of the compourd bone of the lower jaw be:ind the coronoid
and on the postecrior process of the dentary (Fig. 23). Only

- . e’

a few fibres insecrt on the large coronoid nrocess of the dentary.
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Contraction of this muscle nmass vwill 1ift aw and tend

to pull it bhackwards,

he m, »scudotemporalig (m. adductor mendibularis internus)

is ~n undivided muscle of mederate size and consists of a wide strip

!

of parallel fibres, It oricsinates ventrally to the compound m,

-

adductor moandibularis externus and m. adductor mendibularis poste-

rior on the posterior portion of the frontal and the anterior por-

tion of the parietal, It inscrts on the medien svrface of the

4

@]

i o i B e i i
coronoid and the comgend bone of “the lower jaw (Fiz. 24). Con-
traction will 1if+t the lower Jnw and tend to »ull it in towards

i
v

he skull,

]

The m, pterycomancdibularis is a large muscle that lies ven-
srelly to the lower Jjaw and the skull base. It originates from
the pOuUdrlor tip of the ectopterveooid and from the lateral and
vensral furthco of the fused palatine-pterygoid anterior to the

quadrate, It is also connected to the fascia of the anterior
pi"OTr\oucTam pler 9o.dau,>. The m. pféf‘ygo —
portion of th@ M, PHRLYT 3] i o o ;

mandibulaps inseprts on The ventral surfuace of'fhe, /owa\J'au)
behind the coronoid process un to the posterior tin of the Te-

troarticular »nrocess, This inscrtion is continued posteriad as
cn aponcurosis with the m., dewrcssor mandibulae (Pigs. 24 & 26),
Contraction of the m, pterygomendibuleris will closc the lower jaw
and also tend to pull it anteromesiad, being thus antagonistic

to the backwawd pull of the adductor muscle group ond sgcrving teo

[

stabilise the streptostvliic joint,

The congtrictor dorsalis rroup is also innervated by the tri-
geminal nerve, but is concerncd with the kinetic movement of the
upper jow. A well-devcloped m, levator ptervgoideus (Fig, 25)
originates from the ventral edgse of the lateral wall of the
parietal and its fibres lic enteromesind to inscrt in the dorsal

sroove of the fused palatine-ptervgoid, laterally to the bony

this inscrtion is comtinucd posteriad for some

[

ving (Fig, 7) anad
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dist~nce on the dorscl surface of the pterygoid,. Some fibres also

-

insert on the lateral edge of the sphenoid ond ventrolly some

fibres inscrt on the fascia of the m, protractor pterygoideus.

This muscle will exert & backward »ull on the »nilatine-ptervooid
P Ly . e

end to 1lift iv, thus deyressing the maxillory segment of the

The m, nrotroctor nteryvgoideus is considerably larger than

ntoryooideus and its filres lie horizontally. It

the m, levetor
has an extensive fan-ghaped origin on the lateral and ventral sur-

1

face of the sphenoid hetween the basiptirygoid articulation and

the basal tuber. From here the fibres run posierolaterally to

nsert on the posterior portion of the quadrate process of the vptery-

|

goid, on the ventral edze of the quadrate anteriorly to its notch
and also on the median surface of tliis bone laterodorsally to the
quadrate process of the pteryzoid (Figs. 25 % 26). Contraction
of this muscle will tend to pull the quadrate and the quadrate
orocess of the pterygoid anteromesiad, thus lifting the mexillery

segment of the skull,
The jaw muscle innervated by the facial nerve

The m, depressor mendibularis consists of a distinct anterior
portion and a large posterior portion, the m. cervico mandibularis
(the latter is not figured), I vwill use the name m, depressor
mandibularis for the anterior portion only. The origin of this

is extraordinary in that it lies wholly on the dorsolateral sur-
face of the quadrate. This short stout muscle is very strongly
inserted on the whole dorsal surface of the retro&fticular process
as well ag on the m. pterygomandibularis behind it (Figs. 24 & 26).
Contraction of this muscle will depress the lower jaw by pulling
the retroarticular process towards the guadrate,

A separate large m, cervicomandibularis inserts on the
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superficial fascia of the lateral surfaces of the m, depressor

mandibularis and of the m, pterygomandibularis behind the lower
jaw articulation, The origin of the muscle is unfortunately not
included in the sections, but none of the Tfibres have their origin
the skull, The contradiction between its massive size and
weak insertion makes it difficult to ascertain its ind¥luence on
the depression of the lower jaw. It would however be safe to as-
sume that it at least resists the tendency of the quadrate to move

forwards when the mouth is opened.

JAW PUNCTION AND CRANIAL KINSSIS

In 1962 Fraggetta pointed out the inadequacies of the clas-
sical account of cranial kinesis of Versluije (1910, 1912).
Versluijs saw in this complicated mechanism of liftings the snout
a method of increasing the gape. Frazzetta proved experimentally
that in actual fact the gape is lessened with kinesis., He also

showed that depression of the snout is as important in kinesis as
raising it. The chief deficiency in Versluijs' account seems

to be that he mace no allowance for the interaction between kine-
sis and jaw function,

AL

Although Frazzeitta (1362) examined some fosgorial lizards

(Amphisbaena alba, A. fuliginosa, Aniella pulchra) his account

Sl e A i A i R . S B L . i e e e B v

ig basged chiefly on terrestrial forme. The only fossorial form
treated by Versluijs (1912) is an amphisbaenid species, Lakjer
(1926) in his extensive account of the trigeminal muscles of the
sauropsids describes only two fogsorial lizards, both amphisbaenids

He gives some consideration to the functional aspects of these
muscles, but only as an cxten;ion of Versluijs' work. tore recent
work on fossorial forms which include a discussion of kinesis are
thosc of Van der lierwe (1944) on Acontias meleagris, Kritzinger

(1946) on lMonopcltis capensisg, Toerien (1950) on Anniella pulchra,
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Smit (in press) on Typhlosaurus, Cluver (in press) on Typhlacontias

and Boyd (in press) on Melanoscps. All these use Versluijs as

& pointfaeparturc and lack & full description of the muscles and
ligaments involved in lowcr jaw function,

A full modern account of the kinesgis and jow function of any
fossorial lizard is thercefore lacking, The following account is
based on secrial ccetions of the single gpecimen available, thus
éxcluding'ﬁhe possibility of experimental proof of the interpreto-~
tions arrived at.

Dibamus is a pronounced burrower and the obvious change in
proportion of the various skull elements (Fig. 25) may be expected
to have an influence on the cr%}al kinegis and jaw function.

The initial changes in skull »roportion follow on the reduc-—

fhe loss
tion of the eyes andﬂof the tympanic membrane and the tympanic ca-
vity. The reduction of the orbital resion leads to an increase
in the size of the parietal relative to the size of the skull and
consequently tq:more Toreward pogition of the mesokinﬂetic joint.
The origzin of the m, pseudotemporalis and of the anterior nart of
the m, adductor mandibularis externus also lies fufyzer forward
directly above their insertion on the coronoid process. Apparent—-
ly the initial reason for the loss of metckinetic movement lies
in the need for strengthening the skull for burrowing. The loss
of the circumorbital bones, particularly of the jugal allows a
forward movement of the lower jaw in that the large coronoid pro-—
cess is unimpeded.

Loss of the tympanic membrane and tympanic cavity, accompa-—
nied by the loss of the paroccipital process, allow the quadrate
to become platelike with an extensive attachment to the otic wall.
The quedrate head thereby becomes large enouch to serve as the

-

sole origzin of the m, depressor mandibularis, It is interesting
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to note the absence of the ligament between lower jaw and palatine-

pteryzoid complex, As Frazgzetta ( 1962) shows, the ligament nor-

mally serves to prevent damage

o

to the tympanum and the middle ear

”

by restricting the depresupion of the lower Jaw, Logs of +the

iy

tympanum and reduction of the extracolumellare allow the quadrate

to become enteriorly inclined}thhs bringing the lower Jaw arti-

. . . - P £ n - . ]
culation to & position from which agy forward kinetic movement would

raise the lower jaw articulation considerably, instead of merely

)

moving it forwards as in those lizards where the quadrate is ver-
tical, This effect is apparent to a very much smeller degree in

Veranug where the quadrate is slightly forwardly inclined (Frazzet-

ta, 1962),

= LI P Lqe £l ] )
In correlation with thp angle of the quadrate and to allow

e
)

an effective length for the m, depressor mandibularis the retro-

articular process projects dovnward at a sharp angle instead of
th

more or less straight back (Pis., 27). A furkter result of the
quadrate angle is the posteriorivy facing articular facet of the

lower jaw, and & considerablec reduction in the length of the Jjaw

-

at the back (Fig. 6).
The obvious advantage of a subterminal mouth in burrowcrs

also leads to an anterior shortening of the lower jaw (Figs. 4 & 24).
In

This would tend to restrict the size of the gapes W @z comparison

T

to the size of the skull, and thercfore of the mass of the jJaw _
dd.nrar_5 covndn bwbion to the

closing muscles, the lower Jaw is very small. Tthcoronoid pPro-—

cesg ig mainly a strengtliening device because few muscle fibres

attach to it.

The coronoid process is forwardly placed on the jaw to allow
enough lcverage power to compensate for the weakness inherent in
a short Jjaw, Such a position of t;e coronoid process would

+

tend to reastrict the gape even furkter because it places the angle

of the mouth forwards, The prescnce of & possible mechanism
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compensating for this loss in actual gape will beé postulated be-
low,

Crenial kinesis in Dibamus does not differ in principle from
that of other mesokinetic lizards, The mesokinetic joint ég placed
fer forward directly 2bove the equally forwardly placed coronoid
process and thus closely behind the ansle of the mouth (Figs. 27,
23,29). There is a well-develoned basipterygoid articulation thot
allows the usual sliding movement of the pterygoid on the bagipte—
ryszoid process, The quadrate process of the pterygoid is 1iga—
mentously connectcd Ho the quadrate medially to the quadrete con-
dvle and below the level of Hhe jaw articulation, The kinetic
muscles, especially the m, protractor pterygoideus are better
developed than in terrestrial forms and the fibres of the latter
are practicallr horizontal, Contraction of the m. protractor
pterygoideus will pull the pterygoid-pal%gﬁine unit and the gquadrate
condvle forwards causing the ptervgoid to slide over the basipte-
rvogoid process, The otcr7ooid-palatine exerts pressure on the
palatal rezion of the snout which is thus elevated on the mesoki-~
netic Jjoint. The fusion of palatine and pterygoid is an obvious

strengthening device . Movement between frontaols and parietal

is not impeded (as moy seem possible from Figure 11) by the sub-

olfactory processes of the frontals as they are separated from the
C
dorsal parts of the palatine ring by a2 tlood sinus., The restrif-—

osition

o
d

ted gape is partially comnenssted for by the anterior p

of the mesokinetic joint relative to the ongle of the mouth, thus

allowimg for the elevation of the snout to a mere cffective angle.
Contraction of the m. levator nterygoideus will reversc this

movement and depress the snoutb. In this it is aided by the mas-

sive adductor mandibulae muscle group that pulls the lower jew up

and backwards as will be shown later (Fig. 27).

e

The back and Torth movement of the pterygoid causcs the
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tylic joint. Ags this bhone lies

the
at an anteriorly inclined anslc an anterioxr movenent ofnpteryg01d

™
Lo
-

quadrate to rotate in the strept

will not only cause the guadrate condyvle to move Tforward, but will
also 1ify it. When the snout 1is kinetically raised the lower
‘jaw will thus be raised at the back and the jew itself will tend
to move forward (Fig. 29).

Simultaneously with the kinetic moveanent the depressor men-
dubularis contracts, deprescaing the lower jaw, It is of impor-
tance tﬁat the m, depresgor mencdibularic originates on the guadrate

]
[}

only and not on the occipital region of the skull. This allows

a Forward swing of the quadrate and lower jaw as a unit without

the restricting influence of a bockward pull on the retroarticular
process, particularly in a skull with a forwardly situated Jaw
articulatvion., As a muscle can not be stretched for more than

half ite restins length (Wells, 1955) the vertically directed fibres

K

of the m, pseudobtemporalis limit the distance to which the coro-
. | ) h
noid process can be depressed (Figs. 28 & 29). Furi=ter mor%
contraction of the m, dejressor mandibularis will add to the effect
the kinetic movement i.e. to the forward mowement of the quadratbe
condyle and the raiging of the lower jaw articulation. This
will cause the lower Jaw to pivot around the coronoid process

insertion of the strectched m. pscudotemporalis and the anterior

"

fibres of the adductor externus Jroup. lovenent in the fulcrum

at_the lower jaw articulation is therefore parfially replaced Dy

a _pivotal movement directly behind the angile of the mouth, With-
out kinesis a muscle in this position will regtrict the gape
drastically (Fig. 28). In combination with kinesis, however,
a 30% or more increase over this restricted sape is accomplished
(Fig, 29).

In this vay & somewhat restricted gape of short jaw length

but of large jaw ansle ic achieved, This effective gape is
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accomplished by the forward position of the mouth as well as the

pivoting of the lower jaw at the mouth corner. The combination
of the two mouth opening mechanisms, apart from increasing the
mouth angle, causes the mouth to be slightly protrudedfémd thue

to be placed in a more terminal position. A further advantage

of this protrusion under burrowing circumstances is that, although
the jaws can be opened at a wide angle, the size of the total gape
itself does not exceed the largest diameter of the head (Fig. 29).

The neck muscles will aid the m., depressor mamdibularis and
the protractor pterygoideus to overcome the pressure of the soil
by lifting the head when the mouth is opened; The subterminal
mouth can thus be placed in a completely terminal position. This
is an important feature for a fossorialk qnimal that has to catch
prey encountered directly in front of it, but would also bene-
fit from a subterminalﬁmouth when burrowing. Kincesis helps to
protrude the mouth to a more terminal wmosition but the completely
terminal position results from a backward tilting of the head (Pig.
29).

Another adaptive value of the short lower jaw, apart from pla-
cing the m&%h subterminally, lies in the greater leverage power achie—
ved when the massive adductor mandibulae muscle group closes the
jaws onto the prey. This muscle group pulls the lower jaw up and
bockwards, Those fibres that originate from the quadrate and insersd
on the lower jaw, particularly on the posterior rim of the coronoid
process, decreasof}the angle between the lower jaw and the quadratc
behind it when they contract. This causes the quedrate condylc %o
swing downwards and backwards aiding the m. levator pterygoideus
in pulling the palatine-pterygoid backwards and consequently in
depressing the snout. The depression of the snout is thus synchro-
nised with the adduction of the lower jaw. This simultaneous move—

ment of the upper and lower jaws not onmly increases the snapping

speed, but both jaws
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touch the prey at the same moment, a feature of great importance
for an insectivore,
Dibamus thus retains cranial kinesis in spite of the weaken-
ing effect it would tend t& have on the skull, as it increases the
h
angle of the opened short jaws and, togg;%er with the other fea-—
turcs mentioned above, increascs the animal's ability to catch
prey. For a fossorial way of life the angle of the jaws in re-
lation to the corner of the mouth is as important as the total gape
itself, A gape with larger jaws and a smaller angle is less effi-
cient than the same gape formed by smaller jaws at a larger angle.
he former type of mouth would force the animal to work or push
its jaws over the prey, Initially the »prey would be clamped
between the tips of the jaws where much muscle power is lost and
where the prey is situated awkwardly for manipulation by the jaws
and tongue.
With the same gape and a larger angle the mouth becomes

slightly protruded and when the jaws snap on to the prey a

larger proportion of the teeth row can sink into it. Also,

wien caught, the prey is in a more manageable pogition relative

to the jaws and the tongue and te—the wpoint whore relative 1o
the—Jeows—and—the—tonswe—and to the point where the jaw muscle

exert their maximum powcr on the lower jaw,

In Romer's "osteology of Rentiles" (1952, p.552) the diag-
nosis of the family Dibamidae contains several guestion marks
that can now be eliminated. In the species Dibamus novae -guineae,
at least, the postorbital, the epipterygoid and the interorbital
septum arc indecd absent as Boulcnger had noted in 1887,
Boulenger (1887), Camp (1923), Romer (1952) and Guibd (1970)

all say that the premaxilla ic naired, In D. novae-guineac there
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is a single fused element as Smith (1935) has also shown. Bou-
lenger , Smith and Romer note the absence of an infraorbital
Toramen (palatine vacuity). This is incorrect, at least for

J. novae-guineae, where there is a small but defénite fenestra
(Fig. é).

Skull characters that have been correctly noted by earlier

authors are the absence of cranial arches, the greatly expanded
quadrate (Smith, 1935), the absence of a tympanic cavity and a
stapes pierced by the stapedial artery (Underwood, 1957).

The Dibamus skull shows extreme fossorial degeneration
approaching in degree that of the Amphisbaenidae, the Pygopodidae
and the Leptotyphlopidae, “ith these (and other) taxoﬁomically
widely separated squamate burrowers it shares e large number of
acaptive tendencies, summerised by e.g. Romer (1952). In com-
parison to the extreme forms amongst these the skull is compara-—
tively lightly built, the bones not much thickened and except in
the nasal region not particularly closely knit,

THE _PATATE

Apart from Dibamus only one other lizard, the burrowing skink

Typhlosaurus (Smit, in press) is known to have a completely closed

palate with a secondary chonnal opening situated far back between
the pterygoids, although another skink Feylinia (du Toit, in
press) approaches this condition. A1l skinks, and among

lizards skinks only, have an air passage functionally closed off
from the mouth cavity proper (Fuchs, 1908). his is accomplished
by a lateral flap of skin that, anteriorly, covers the choana

and, vposteriorly, (where it is supported by a palatal flanre of
the palatine) converts the post-chosnnal palatal groove into a
functional nasopharyngeal ducts swxcept at the back where the

nasopharyngeal duct opens widely into the mouth cavity throush a

secondary choana, communication between the mouth cavity on the
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one hand and the nasal cavity and the nasopharyngeal duct on

the other is reduced to a narrow apparently non-functional slit,

The genus Typhlosaurus demonstrates beautifully how a clased type

of palate can arise in skinks by a simple elimination of these
slits: in T. lineatus the slits are present while in the otherwise
closely similar T. caecus they are closed by a fleshy fusion of

the lips of the slits anteriorly and further back by a suture be-
tween the median edges of the two flanges of each cylinder-shaped
palatine (Smith, in press).

In Dibamus there is a complete bony palate, formed anteriorly
by a sutural connection between the vomer on the on?‘hand and the
maxilla and a typically'sciééd palatal flange of the palatine
on the other, and, posteriorly, by an actual though only partial
fusion between the two flanges of each palatine. In Dibamus the
the dorsal flange is much reduced (Fig 12) and as in Feylinia
(where, however, the palatine and pterygoid are not fused)the

palatal flange mey contain a pterygoid component. It is extre-

mely unlikely that this type of secondary bony palate could hawe

arisen twice in the lizards and consequently a scincid origin for

Dibamus must be accepted, Whereas the genus Typhlosaurus demon-—

strates the development of 2 closed scincid palate in one single
step, Feylinia illustrates an intermediate stage towards its full
development,. The anterior two thirds of the vomer is sutured to
the maxilla but behind this a typically scincid slit connects the
nasal cavity and the nasopharyngeal duct with the mouth cavity
(du Toit in press).

Dibamus differs from both Typhlosaurus and Feylinia in that

the two palatines are not sutured together in the midline, the
enwy (LS &‘\‘- ao

interpterygoid vacuity extending adseo betweenﬂthe posterior scec—

tions of the vomers. It differs also in having a short soft

palate over a posterior common section of the Hwo nasopharyngeal
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ducts.,

In view of Underwood's (1957) and Guibé*s (1970) opinion§
that Dibamus belongs in the Gekkota it should be emphasised that
in having a bony connection across the f?estra exochoanalis behind
the organ of Jacobson (secondary palate of Fuchs, 1908) Dibamus
has a neochoggate type of palate while both the Geckonidae (Lakjer,
1927) and their fossorial derivatives, the Pygopodidae (Stephenson,
1962) are palacochoanate.,

In Dibamus the relations of +the ﬁésolacrimal duct to Fuch's.
secondary palate is different from that found in a neochoanate
such as Varanus. In Varanus the longer of the two nasolacrimal

T i (Bellairs , 1a50)
ducts runs ventrally to the short suture between maxilla and vomer ;
Dibamus the duct lics d.wg,a”j to the beny palate on the suture between vomer and'maxdle
asyfar as the palatal gap between maxilla, vomer and septomaxilla
(Frig. éa). It passes through this gep and then runs ventrally
to the septomaxilla to the organ of Jacobson. The palatal gap
represents the posterior scction of the external vomeronasal fe-
nestra, The Feylinia condition shows how the dibamid condition
could have come about. Here/the nasolacrimal duct issues from
the skull onto the ventral surface of the palate far back through
the anterior end of the much restricted choana, It then runs
forwards for some distance in a small groove formed by an over-
lap of the maxilla over the vomer mcdial to the maxilla-vomer
suture, but gradually moves dorsally into the suture where it
remains up to the vomeronasal fenestra. In Dibamus where the
choana became completely closed off externally the duct eventually
came to lie dorsally to the suture.

The organ of Jacobson is more degenerate than in any other
knovn burrower, It also differs from all others in that it lies
wholly behind the lamine transversaliis anterior and that its duct
issues terminally and opens into the mouth cavity some distance

in front of the organ. Perhaps as a consequence of this the
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anterior rim of the pxternal vomeronasal fenestra is formed by the

premaxilla and not by the vomer ond mnxilla,

PARABASAL _CANAL

In Dibomus os in e.z. Monopeltis (Kritzinger, 1946), Annielln
(Toerien, 1950), Feylinin (dw Toit, in press) -~na gxgg;§igggy§
(Smit, in press) the intcrnol carotid ~rtery and the palatine
branch of V11 run in o conal in the bonyﬁside wall of the brain
cavity., Tocrien (1950) postulates thnt the posterior poart of-
this conal is%hot o2 true parabasal c-nol but a sccondary canal
indicating the suturc between the fused sphenoid and pro-otic .
In Dibomus the suturé is present ond the canal actually lies in
it, thus confirming Boeriens sugrestion, In Dibamus the ante-

. I X ;
rior p%¢1on of the parabasal canal in front of the rudimentory
crigsta sellaris is open dorsaflly. This is 2l

so the caose in

]

mony fossorirlnAfrican skinks'c.g. Feylinia and Typhldsaurus.

LR S

OTICO-OCCIPIIAL RIGION

In burrowers, as o fesult of adaptive chonges in the middle
ear the proportions and the relations of the components clements
of the otic capsule nlso tend to change., In Dibomus the lengsw
of the large fenestra ovalis is grenter than its height and
it faces ventro-laterally instend of laterally, the whole #tic
capsule being tilted dovmwoardsi

A poculié& feature of the'inner ear of some burrowers, ap-—
parently without adaptive valup, is thot the perilymphntic duct
lics in a bony chnnnel, This: character occurs in ﬂgpig;&g)some
amphisbaecnids wnd to o lesser extent in some foscorinl skinks
(Toerien, 1963). It is found also in Dibomus but here the two
sections of the loop of bony chonnel lie in a vertical plane
compared tp the other burrowers where the loop;ljxﬁﬁn.n more or

lcss horizontal plane.,
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Known
Dibamus differs from all otherqburrowers in having a very

narrow tectum synoticum accompanied by the absence of a pro-
cessus ascendens tecti synotvici. In this region too is a feature
which distinguishes Dibamus from all other known lizards: There
is a well developed suture between the exoccipital and the opis-

thotic boneg.,

QUADRATT _AND LOWER _JAV.

The greatly expanded, flat plate-like quadratc of Dibamus is
in complete contrast to the rod-like quadrates of other extreme
squamate burrowers e.g. Ophicsepsg, Leptotyphlopidae, Typhléadae
and many Amphisbaenidae. Anything resembling it is found only
in burrowing skinks such as Typhlacontias, Feylinia and Typhlo-
saurus. In the first two it is a flattened inveried L--shaped
bone showing the Dibamus tendency towards enlargement of the head
but having a less expanded body. In Dibamus the body is much
enlarged for articulation with the enormous intern«l process of
the columella, In Typhlosaurus the bone is also flattened but
of a more compact, squarish shape with both head and body enlarged.
The shape is influenced by the type of columella, the angle of

he basic, inverted L being funnel-shaped to accommodate the
much enlarged forwardly inclined extracolumells (Smit, in press).
In shape the quadrate of Dibamus thus falls within the range

of vaﬁétion of thas—of scincid burrowers,

In its approach to @ horizontal position the quadrate of
Dibamnus is surpassed by the rod-like quadrates of the forms
mentioned above. In Feylinis the quadrate is also somevhat tilted
but whereas here the much reduced paroccipital process lies be~
hind the fenestre ovalis (éu Toit, in press), in Dibamus the

articulation for the quadrate head lies on an overhang lateral

to the fenestra.
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Something similar to the peculiar eylindrical, downwardly di-
rected retroarticular process of Dibamus is found aléo\in the

amphisbaenid Rhinecura floridena but in none of the burrowing skinks.

In some of the other amphisbaenids the retroarticular mocess is
absent (Zangexrl, 1944).
JAV _FUNCTION ' AND KINLESIS

In the descripiive part of the paper it was shomm how certoin
structural adoptations of the dibamid skull and the comsequent
changes in muscle attachments influence the Jow function and cra-
nial kinesis, Thesc adaptotions occur to a gg;ater or lesscr de-—
gree inm all bq#rowers e.g. an anteriorly inclined quadrate, a
lower Jaw greattly shortened both because qf the quadrate angle and
because of the subterminally placed mouth, and an-anteriorly'siﬂéted
mesokinmetic joint (c.g. Zangerl, 1944 on Amphisbacnidaes Mndjpowell

et.2l, 1954 on Ophioseps nasatus).

The jaw'mpscles, where they are known e.g. Amphisbaena 2lba

Lepidosteran microcephalon (dnkjer, 1926,figures 82 and 86), Rhi-

neura floridana (ovm obscrvation )end Leptotyphlopidae (Haas, 1930)

show an overall rescmblonce in general patterm to that of Dibamus.
It can be expected thercfore that the type of jow action and cra-
nial kinesis postulated for Dibamus would occur also in thesc other
extreme burrowcrs, It is intecresting to note that although
Versludys (1912f does not mention it in his account, his figurc on
poge 633, illustroting the kincsis of _Amphisbaino sp., shows o
similar tendency for the qutdrnte—lovcr jow articulation to be
raigsed during celevotion of the snoute.

THE MIDDLE EAR AND SYSTEMATIC POSITION

Since the time of Bawmlenzer (1887) the Dibamidac have been
generally rcgorded as relatcd to the Scincidae. Romer in his

"Osteology of reptiles ¥ (1952) places the family as of uneertain
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affinity within the Infraorder Leptoglossa (Scincomorpha ) and
retoins this in his lotest clossificotion (1966).  Guibd (19702,
following a tentn;ivo suggestion by Underwood (1957), places the
Dibamidec in the Infroorder Gekkota close to the fossorial Pyvgo-
podidaoe, This they bnse chiefly on the fact thot in living rcp-
tiles the primitive condition where the stapes is picrced by the
stopedicl artery, is preserved only in Dibamus and in somc geckos.
The few othcr points of evidence prescented, such o the common
lack of osteoderms and the gecko tyone vertebrac in Dibamus, arc af
best rather ambiguous and in mny casc outside the scope of this
(%‘/bqlbar.

The perforated stopes, olthough certainly o valid point, loscs
a great deal of its importonce when it is shown that the rest of
the middle ear structurc of Dibomus is of o definitely non-gecko-
nid type. In ncither the geckos (Versluys, 18983 Brﬁock, 1932)

o

nor in the Pygédidae (Underwood, 1957, p. 218) is there an inte%hl
process of the columella,  Dibomus has, in cdditiom to o small
dorsal process, o prominent internal process in synovial articu-~
lation with the quadrate (Figo}gi). A further proof of the non-
geckonid oricsin of Dibomus is the course token by the chorda tympani
through the middle car. In all non-geckos the nerve is looped
“round behind thc internal process in a proximal-~distal dircction
before running dovm in front of the columelle on its way to the
lower jaw. In the fossoricl skinks Feyliniz (du Toit, in press)
ond Typhlocontherds (Cluver, in press) the cxtrocolumella is abe
scent and the chorda tymponi pnsses dovm behind the stapes to the
lower jow.  This is the vase also in Dibomus (Fig,|8b). In geckos
(Versluys, 1898) =nd in pysopodids (Underwood, 1957 p. 255) the
chorda té%ani, in the abscence of nn internal process, docs not
pess over the stapes but runs down in front of the columella,

We thercefore have to explain the prescnce of a perfornted stapes
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in on animel with an otherwise non-geckonid type of middle ear
and o palate of a definitely seincid typec. If on the strength
of the polate we regard Dibomus as o scincéﬁhorph, we can inter-
pret. the perforated stapes in one of two ways: FPFirsily, it may
be o primitive character retained by on corly offshoot of the main
skink line in parallcl to its retention in the gecko line, It is
interesting to note thot Comp (1923 p. 333) in a chort illustrating
the phylogeny of the 1izardf fomilies regords the Dibomidae as
the enrliest offshoot (Bocene) of the Sc%%oidoa; the Feylin%ﬂao
(including Typhlosourus) cnd the Anelytropsidae being later off-
shoots,

The sccond possibility namely that the perforated stapes%is

Cannoel e [frroved

% sccondary character is incapable ofvreef without cmbryological
materinl, However, the ridgelike naturce of the stapes shaft and
the nature of the stapedinl foramen through it are such that o
sccondary origin can casily be attributed to the perforation (Fig.
18). The greatly enlorged, forwnrdly inclined internal process,
subjected to the stresscs imposed by on articulation with o move-
able quoadrate would obviously be ik nced of buttressing to stobi-
lise it ngainst the large footplate. It is possiblefito wisualise
how o stoapedinl artery, passing through thce narrow space between
Tootplate ond internnl proccss, behind the original shaft, could
be trapped by an ndditionnl skeletal conneetion betwoen footplate
ond process (Figs. 5, 18a, & b). In the limbless skink Mclconoseps
atggﬂ%ggm there is an anomalous#anndition in which the hyoid braonch
of the ¥11 th nerve pierces the base of the short stapes (Bova,
in press). This connot possibly be o primitive condition ond

is a clear case of trapping by the stapes, Mclonoscps thus shows

that 1t is unwisc in degenerote lizards to use o nerforated stones
as o systematic chhracter. The moin argument in favour of o

geckonid relationship for Dibomus thus folls away.
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ibamus on the evidence of /fmiddle ecar structure belongs to the non-
-

geckonid group of lizards and on the evidence of the scincid tync

of plate is clearly = member of the Scincomorpha.

AFFINITIES WITH OTIHER _SCINCOMORPA

The offinitics of Dibomus within the Scincomorpha is uncertain,
although nccording to Millecr (1966h) the structurc of its cochlear

duct shows closc resemblance to thot of Anclytropsis. Among

Tossorial skinks the skulls of several Africon forms have been do—
scribed (Acontias, Typhlosourus, Melenoseps, Typhloacontins and

Feylinia) and the externnl features of the skull of the Modagascar

genus Voeltzkowis ore known from the work of Rabonus (Romer, 1952),

The Africon forms foll into two groups onc i i 185
apd culminating in Iyphlosaurus and the other culminoting in
Feylinia (de Witte and Lourent, 1943), As faor as the skull is
concerned the two groups differ chicfly in the structure of the
palate and in the form of the stapes and quadrate and the genersl
proportions of the otiec rcgion. In pnlate type Dibamus is closer
to Feylinis than to Typhlosaurus. In the structure of the colu-
mella curis, and in the proportions of the otic capsule Dibomus
differs from both Africon groups but not more than they differ from
each other,

Apart therefore from one or two}perhaps primitivelfcatures
(seprrate exoccipital and opisthotic bones nnd the perforated stopes)
there would Beem %o be insmfficient grounds for seporating Dibomus
from the Scincidae in a family of its own., If forms such as
Iyphlosnurus and Feylinic, both equally or very little less de-
gencrate thon Dibaomus, are to be included in the Toamily Scincidae

there is no reason to cxclude Dibamus from it.
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Figure 1. Graphic reconstruction of the skull in dorsal view.
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Figure 2. Graphic reconstruction of the skull in ventral view.
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Figure 3. Graphic reconstruction of the skull without lower jaw in lateral view.
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Figure 5. Contour reconstruction of the skull in posterior view.
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Figure 6. Graphic reconstruction of the lower jaw and the quadrate in medial view.
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Figure 7. Graphic reconstruction of the skull in dorsal view. The dorsal bones are removed
to show the dorsal surface of the palate and a frontal section is made
through the left otic capsule.
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Figure 12(a). Graphic reconstruction of the nasal sac in lateral view.
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Figure 12(b). Cross-section through the nasopharyngeal duct (section AA)
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Figure 13. Diagramatic cross-sections through the nasal sac in the conchal zone of (a) Dibamus
and (b) in a generalised, skink to show the closure of the choana in Dibamus.
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Figure 16. Graphic reconstructicn of the nasal capsule in ventral view.
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Figure 17.¢ Graphic reconstruction of the nasal capsule in lateral view.
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Figure 18(a). Graphic reconstruction of the otico-occipital region in lateral view.

Diagram to show relations of the nerves and arteries of the middle
ear. The paroccipital process is removed to show the upper edge of
the footplate and the quadrate process of the pteryqoid
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Figure 19. Cross-section throujh the anterior portion of the otic capsule.
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Figure 20. Cross section through the otic capsule behind figure ?9.
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Figure 21. Graphic reconstruction of the cranial nerves and the brain in lateral view,
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Figure 23. Graphic reconstruction of the jaw muscles in lateral view.
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Figure 24. Graphic reconstruction of the jaw muscles in lateral view with the external muscles removed.
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Figure 25. Graphic reconstruction of the constructor dorsalis group (kinesis muscles) in lateral view.
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figure 26. Graphic reconstruction of the jaw muscles in ventral view.



Stellenbosch University https://scholar.sun.ac.za

4 % y > AR ‘
mesokinetic joint /
A7) / / 7/
— position of undepressed snout V/

s //ﬂ////...///“

y“ .ln

XX
é“unh""
/ 440 \Y 'Snout
& :
c Y ‘ . .

’I:,

bt
VIO
. /# lower jaw

[j)d\,'ax!s ///// /

il }\\i\\ﬁ\*\— ,’r : :ﬂ'—i@\\ NUR TR \\‘ \b / //A\\ /
% i “vj//;fszL 7 /4/‘ W /f
= el "\—5 S

r/ / / /‘\\\\\V/ A% /Xﬁ&\\ UI A I" :‘\\‘ ““iﬂ\ i

|
force of m. pterygomandibularis

- hypothetical tunnel in soil

L force of the adductor mandibulae group

Figure 27. Diagram to illustrate the influence of kinesis on the closure of the mouth. Arrows indicate the forces exerted
on the lower jaw and snout by the muscles.
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\Figure 28 Diagram to illustrate the size of the gape if the mouth should be
opened without utilizing kinesis.
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Figure 29. Diagram to illustrate the increase in size of the gape when kinesis is utilised. Note that for the same tilted axis
of occipital segment, as in fig. 28, the mouth is placed more terminally.





