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. ABSTRACT .
* . A . N - B (q
S

Superb specimens of the early Permian captorhm\nqp\rr reptile

— -

Eocaptorhinus laticeps reveal nerve and blood vessel canals Eﬁd\mugcle

scars that permit reconstruction of the soft anatomy of the head. \

. ! S
The cranial arterial systems of primitive and modern reptiles were

grossly similar while the venous systems differed tonsiderably. Palatal
sinuses in captorhinomorphs drained anteriorly through prepalatal foramina

into the orbitonasal veins and orbital sinuses. In more advanced saurian

‘ reptiles the palate was drained posterodorsally Ehroqgh large suborbital

PR isumar wovalpR
- “

¥

fenestrae into the pterygoid veins.

e The captorhinomorph M. adductor mandibulae was divided into partes

"; N . externa (subdivided into partes superficialis,’media, and profunda), interna,

g,;; o (subdivided into M. p‘seudotemporalis and M. pterygoidefxs) , and posterior.
The M. constrictor dorsalis was well developed. This complex musculature .

operated a metakinetic skull. This movement between the skull roof afxd
i )

H, “braincase synchronizéd mandibular and maxillary impact on prey Kx:‘educing
*"g prey acceleration, unnecessary energy expenditure, and prey escape. Thé .
?

primitively metakinetic skulls of early captorhinomorphs, millerosaurs,

° -

diapsids, and procolophonids had vertical occiputs with large post-temporal ‘

fenestrae. Akinesis resulting from size increase in pareiasaurs and
.advanced captorhinids did not affect this ;:attern. Akinesis resulting from
strengthening the skull of early carnivorous pelycosaurs led to the

characteristic steeply sloped, plate-~like occiput with small post—temporal ’
‘ )

fenestrae.
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Il a été possible d'observer sur de magﬂiffques spécimens de
Eocaptorhinus laticeps, Reptile captorhinomorphe du Permian inférieur, les
canaux des nerfs et vaisseaux sanguine ainsi que les traces d'insertion

musculaire; ceci a permit de reconstruire 1'anatomie des structures molles
1

de la téte. - .

4

N

Les systémes artériels criniens des Reptiles primitifs et modernes sont .
grossiérement similaires tandis que les systémes ‘veineux différent

considerablement. Chez les captorhinomorphs, les sinus palataux passent vers T
1'avant, & travers les foramens prepalataux dans les veines orbitonasales et

.

les sinus orbitaires. Chez les Reptiles sauriens plus évolués, le palais

était drainé posterodorsalement 3 travers de grandes fen€tres sous-orbitaires
dans les velies ptéry.goid\es‘.

Le M. adductor mandibulae des captorhinomorphes était divisé'en partes
externa (Subd.ivisée en partes superficialis, media, et profunda)\, interna
(subdivisée en M. pseudotemporalis etM‘.. pterygoideus), et posterior. Le
M. constrictor dorsalis btait trds developé. Cette mus¢ulature complexe
faisait ‘fonctionner un créne métalfinétique. Ce mouvement entre le toit
crinien et la boite cranienne synchronisait 1'impact maxillaire et mandibulaire
sur la prole, réduisant d'une part ‘1'acce1eratiox;1 transmise & la proie, d'autre
par la deprese éne}‘getique non nécessaire ainsi que les possibilites dh'échapp‘er
de la proie. Les crlnes primitivement métakinétique des Captorhinomorphehs
primitifs Millerosaur’es, Diapsides, et Procolopho{nid.és, ont des occilputs

verticaux a relativement grandes fenétres post-temporales. L'akinétisme .
resultant de l'accroissement de la taille chey les Paréiasaures et les

Captorhinides évolués n'a pas modifié ce plan. L'akinétisme résultant du

\
.
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renforcement du crane chez les Pélycosaures cérnivores primitifs méme 2

E J -
un occiput: caractéris a petites fenéires post-temporales.
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simple collection and description of fossil bones.’

The\science"of, vertebrate paleontology has long revolved

+ " PREFACE

L)

vii

around the

Only in the past decade

has a concerted effort been made to examine the biological aspects of ancient

-

animals. To date such studies have been confined principally to fossil

- mammals, the anatomy of which is grossly similar to that.of manrlivingﬂ

/

z

mammal taxa. Amongst r.éptiles only dinosaurs with their generally Jbird-like

o morphology and advanced thefapsids with their mammal-like anatomy have been

studied even superficially. No concerted effort Mas been made to study the

complex non-osteological anatomy of one of the most primitive groups of

fossil reptiles, the Capterhinomorpha.

-

The best preserved captorhinomorph reptile known is Eocaptorhinue

. . \ - A
' laticeps of the relatively specialized family Captorhinidae from the lower

McGill Univ., 1975).

’

Permian Wellington Formation of northcentral Oklahoma (Heaton, M.Sc. thesis,

Its skull and mandibles have revealed many channels,

canals, and foramina "formerly occupied by nerves, arteries, and veins as

weli as large .scarred areas from which muscles formerly originated or onto

which they inserted. No study of the cranial coirculatoﬂfy system of a fossil

reptile has ever been attempted. In fact,.fewer than a half dozen detailed

studies of the cranial circulatory systems of all types of modern reptiles

have been pursued and these mostly during the middle of the nineteenth

. fi
1
> ¢ ?

ns and arteries passed through foramina and

century. Primitive reptiles were sufficiently heavily ossified that many

canals in the bone of the skull

L

~thus allowitg reconstruction of the cranial &irculatory system with a

surprising degree of confidence. It is believed that a knowlmedge of the

‘

@
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/ While the mandibylar adductor musculature

o - ©
ctanial circulatory system of captorhinomorph reptiles is éssential 1f an ‘

)

ﬁnderstanding of the stages and processes leading to the‘diverse cranial
circalatory patterns of later reptiles and mammals is to be gained.

' Reconstrugtions of ‘the’cranial musculature of primitive reptiles have ¢

Al

appeared irregularly during the last sixty years. :If"l most cases the

n

mandibular muscles have been regarded as a single adductor or "temporalis"
: p :

[

a

muscle mass. It is only with the discovery of well developed muscle origin
and ‘insertion scars in the early Permian’ captorhinids Focaptorhinus laticeps

and Captgz!hinus aguti that separate muscle segments and slips can be

[

reconstructed. Such reconstructions have never been attempted for primitive
v ®

reptiles.
~

i
of modern reptiles seems to

be grossly similar to what is believed to have existed in captorhinomorphs
the adductor musculature of modern mammals is considerably different. If

* the complex changes that odccurred in the modification of the mammalian lower
o .

o

jaw and the origin of the mammalian innerﬂ ear are to be understood completely,
the structure of the muscles in th“e most pz.:imitive reptiles must be outlined *
completely. Likewise 1if tl;e evolutionary events that accompanied the
amphibian—‘-reptvilian transition, with it; chapge from an aquatié piscivorous
feeding mode to a terrestrial insectivorous mode, are to be apprec,i'ated

fully, the cranial’anat‘omy of the earlliest rep‘i:iles, the end products of

@

nthis trans?[tion, musa'\be outlined in detail. The rapid diversification of
reptiles after their first :appearance was aé much due to the funf:tional
‘a\dvantages afforded by the newly evolved mandibular addx‘xlctor musculaguré to
a terrestrial insectivore. I:.-md t;) the the high degree of Variz{bility and
adaptability Jof the, many segmen;s of this mu§c1e mass to perform different

functions as it was to the development of the amniotic egp.
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\primitive chanacteristic of reptiles.

‘ x £

S\Cranigl kinesis has long been rvecognized as a curious feature typical

of’'many modexrn lizards and a few/ advanced Jfossil reptiles., Many different

hypotheses have been advanced to explain why‘ this system of relative movement

i

of different segments of the skull and mendibles occurs with only a few
r

Meeting any degree of acceptability. ‘Only’Versluys (1912) and Bock (1963)
expected that a simple form of cranial kinesis, metakinesis, movement between

the skull roof (maxillary segment) and braincase (occipital segment), was a
éq

The realization that metakinesis

+

' was not only present as a primitive characteristic of the earliest reptiles

'
but also was an exr:remely important factor in the adaptation of reptiles to

a terrestrial insectivorous feeding mode is essential if the relationships
amongst early reptiles and the rapid radiation of these early reptiles during

the late Carboniferous and Permian are to be understodd,

ot

Eech section of this eiies'is has been prepared as a separate publishable
manuscript. ‘As’. such, a complete literature review is included in’ eacﬂ I ' :
section.

!
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CRANIAL CIRCULATORY SYSTEM
OF A

PRIMITIVE CAPTORHINID REPTILE
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McGill University -
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. Abstract

\

The cranial ar-teri.al system of most modern reptilgs is based on a
two part ‘division of t:th, internal carotid into a dorsal stapedial and a
ventromediai palatal distributary system. The system in primitiv;a, \
captorhinomorph reptiles was similar with minor exception‘s. There were
three branches of the inferior e\rbital artery (stapedial s/ysftem) » two

intraosseous (supramaxillary and superior alveolar arteries) and one

N

extraosseus (maxillary artery). Turtles are the least specialized modern

reptiles in this region for they have retained the superior alveolar and

/

supramaxillary arteries but have lost the maxillary artery. In.rhyncho-

cephalian Spherédon and in acrodont lizards the intraosseous supramaxillary

‘

and superior alveolar arteries are present and the maxillary lost. 1In
éleurodont 1iiards, extensive reduction of the bone of the maxilla hai;ggt
an extraosseous supramaxillary artery with the maxildary and superior
alveolar arteries being lost or indistinguishable. 7

: The venous system c;f captorhinomorph rept;iles was considerably more
primitive than that of any modern reptil&. Captorhinomorphs appar;ently
drained blood from the palate anteriorly into the large orbitonasal vein
thence posterodorsally into the orbital sinus before leaving the head
through the vena capitis lateralis. 1In mode'rn reptiles,’ bloed from the
palgte is conducted‘ posterodorsally through large suborbital fgnestlrae into
the pterygold vein, by-passing the orbital sinus. Sphenodon exhibits‘ an

intermediate condition in which palatal blood can drain into both the
\

pterygoid vein and into the orbitonasal vein. In lizards, the orbitonasal

) ‘ ' . g
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* _vein i8 greatly reduced so thatr palatal blood "drains only into thJ i
<y - ' oy ~§
pterygoid(vein. Pelycosaurs possessed no valatal foramina through which :
¥
. b i Q
blood could be transported to either the pterygoid vein or the orbitonasal - 4
foramen. Palatal drainage may have been accomplished through an éxternal -}
. - ) ;
. - : . , 4
mandibular vein, the precursor of the marmalian deep facial vein anid . b ?
- v
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proximal portion of the external facial vein. ’ !
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. FIGURES

Fig. 1. [Eocaptorhinus laticeps. Skull reconstruction.

Fig. 2. Reconstruction of the cranial arterial systems of Focaptorhinus,

Sphenodon, and a typical lizard.

}

F1g. 3. Schematic reconstruction of the cranial arterial systems of

Eocaptorhinus / Sphenodon, and a typical lizard.

1

t

Fig. 4. ‘Reconstruction of the
in ventral aspect.
\d
‘Fig. 5.

cranial circulatory system of Focaptorhinus

~

.Reconstruction of the cran{al{tirculatory system of Eocaptorhirnus

in dorsal aspect.

Fig. 6. Reconstruction of the cranial circulatory system of.Eocﬁptorh?nus
in dorsal aspect.

\fig. 7. ﬁeconstrdction of the cranial circula?ory system of Eopéptorhinus
in lateral aspect. \ " "

Fign.h 8. 1Inside of snout of Focaptorhinus in medial aspect.

Flg. 9. Anterior portion of orbit of Eocaptorhinug in posterior aspect.

Eig.xlO. Schemgtic‘recqnstruction of the branches of the inferior orbital

Fig.

Fig.

Fig.

Fig.

Ky

artery in Eocaptorhinus, in a turtle, in Sphenodon and acrodont lizards,

and in pleurodont lizards.' )

~
’

[ {4 . )
11. Reconstruction of the cranial venous systems of Eocaptorhinus,

Sphenodon, and a typical lizard.

12. Schematic reconstruction of the cranical venous system of
Eocaptorhinus, §phenodan, and a typical lizard.

13. Vena §apitis lateralis of a primitive reptile, modern lizan,
Sphenodon and amphisbaenid lizards, and a turtle.

14, FEocaptorhinus laticeps. Palate in ventral aspect.
I
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i

. THE CRANIAL CIRCULATORY SYSTEM OF A CAPTORHINID REPTILE

L}

{

The study of the Iorl:igin{and diversification of the earliest rgptiies‘
is both fascinat‘ing—and frustrating. The fos$il record is meagre, providing
brit;_f glimpses of an evolving fauna through fre;gments of bone from many
scattered sites. Although reptiles firs“t appeared in the Middle
Pennsylvanian (300 million years agb) , the first major reptilian fauna that’
is curren;:ly well known did not appear until the lLate Pennsylvanian (290
million years ago). By this time three dis\:ipct groups of réptiles were
represented, a seemingly primitiye anapsid (no temporal fenestrae)
captorhinomorph lineage, a synapsid (one lateral t;ampOtal fenestra)
pe]Tycosaur lineage, and a diapsid ‘(one dz;rsal and one la‘teralntemporal
ﬁene\stra) e;much:fan lineage: It is known that the 'dia'psi]d line expanded
to giye rise to modern Sphenodon, lizards, snakes, crocodiles, and birds

as well as to the extinct dinosaurs, and that the synapsid line eventually

gave rise to mammals. The exact relationships of the anapsid reptiles of

" the sub-order Captorhinomorpha have remaIned obscure although they are

sid lineage. Although modern

thought to be closely related to the dia

3

turtles are essentially anapsid, few researchers have considered them to

be captorhinomorph derivatives although this has been. considered a 4

.possibility by Carroll (1969b and c¢; Carroll and Gaskill, 1971; Clark and

Carroll, 1973). Because of their uniqﬁe positiébn close to the origin éf
all modern diapsid reptiles and, accox;d‘ing to Carroll's theories, turtles,
knowledge of ‘captorhinomorph anatomy is extremely important to the
development of modern theories on the evolutionary diversification and

subsequent radiation of reptiles.

]
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Amongst the Captorhinomorpha, the members of the somewhat specialized
family Captorhinidae are known from the most com_plete material. The species
Eocaétorhinuie laticeps (Fig. 1) from the Early Permian Wellington [Formation
6f northcentra;l Oklahoma and the Belle Plains and Clyde Formations of
nor'thcenfral Texas, 18 a primitive captorhinid whose i‘emains are perhaps

o

the best preserved of any P.aleozoic reptile so far discovered *(Heaton, 1975,

1978) (Fig. 1). Although fossil captorhinomorphs have been discovefed 1
earlier deposits, including some earlier captorhinids, none is well enough
preserved to provide a comparable amount of osteclogical :detail as that

. 9
available in Focaptorhinus. This form if()thus of great significance in v

-
v

determining the basic anatomical characteristies of the most primitiv

’group of érue reptilés and in interpreting the ancestry and early phylogenetic
h‘istory of reptﬁes; Its fine osteological details have been studied by
Heaton (1975, 1978) as has its mandibular addu,ctor musculature.

The development of an accurate reconstruction of the cranial circulatory
system of Eoeaptorhinus laticeps is hi\ndered by a paucigzy of published
;lnformation on the development\of this system in modern reptilés. Older
papers such as Bojanus' ‘(1.819-21) study of the anatomy of the turtle Emys
orbicularif: ("Testudo europeae"”) and Corti's (1847) investigation om the
circulatory system of Varanus griseus' (Psanmos;’ur'us griseus) are of chiefly
historical importance. While Rathke (1856, 1857, 1863) made important
contributions to the l‘j:terature on the basal divisiong of the carotid arches
in many reptiles and mammals, it was not until 19(')7‘ that a complete system
was studied. In that year Bruner produced an excellent study of the
éranial venous Bystem of a lizard based primarily on Lacerta agilis with .

brief notes on turtles and snakes. O"'Donoghue (1920) studied the circulatoi‘y

system of Sphenodon punctatus including both the arterial and venous systems
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of the head. It was not until 1956 that a compléte description of the

cranial arterial system of a specific lizard, Ctenosaura éecfinat;, was
p;od;ced by Oelrich. Even less has.been done on turth}éranial arteriAl
8§stem§x Albrecht (1967) e#tended McDowell'; (1961) sFudy of the major

cranial arteries 1nytestudini¢ kinosternid,and trionychid cryptodires. A

~single paper by Hochstetter (1906) on the circulatery system of crocodiles

is extremely difficult to obtain in North Amerdca. The only papbr'to date s
dealing with a comprehensive and truly comparative study of the cranial

arterial system of modern reptiles was published by 'Shindo in 1914. No

such-study of the venous systems has been made,

The reconstruction of soft anétomy in fossil reptiles is sure to excite
diverse and often heated discussion on }he practicality or advisability of
A
such an approach in the stuéy of vértebrate fossils., Some workers prefer
to dismisé all of‘most such reconstructions as meaninglesslexcursigns into
anatomical analogizing and circular reasonihg while others maintain that a

good knowledge of the anatomy of living forms accompanied by much careful

and logical reasoning, can lead to accurate interpretations (Barghusen,

< [

1968, 1973). The former attitude, while undoubtedly safer, will not advance
our knowledge or understanding of fossil reptiles nor will it promote the

conception of fossil vertebrates as living, functioning organismg in their

own time rather than just as osseous remains.

Not all of the arteries or veins of Eocaptorhinus Zaticep; can be

‘{dentified with equal confidence. The presence of well formed foramina and

canals through the skull bones of fossil forms in positions that have the i

. same anatomical relationships to the cranial elements as are éxhibited by
modern reptiles provide good evidence for the identification of many arteries.

.and ve%ps. The heavily ossified skulls of captorhinomorph reptiles lend
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L themselves well to the identification of both blood vessel ccanals and the

1

> - 4 ' , .
) gf iL . heavily scarred orligins and insertions of the jaw adductor musculature.

In other cases, the courses of arteries and veins through the head -where
1 &

) ]
they do not contact the bone¥must be determined by analogy with modern

forms. The courses of these vessels around and'through the jaw adductor

(Iguanidae), Gekko gecko (Gekkonidae), and Tupinambis nigropunctatus

’g musculature is of particular importance. * Careful- reconstruction of fhese
" muscles in fossil reptiles allows the pafh of the arteriés and veins to be
; det;rmined with reasonable accuracy. -
t ‘ Ig order to provide a firm basis from thch to discuss the cranial
\ ééj‘ i circulation system in Eocaptorhinus laticeps, a numbgr of modern reptile
g species including the lizards Iguana iguana (Iguanidae), (tenosaura sp.
| - .

(Teiidae) were dissected. The modern testudinid cfyptodire turtle

Pseudemys scripta was also examined so that variation from the lepidosaurian

pattern might be exposed. Pseudemys is a typical testudinid and is thus

1
© relatively primitive in its cranlal arterilal system compared to many other

S Frt TRARS i Y O

© turtles (McDowell, 1961;.Albrecht, 1967; Gaffﬂey, 1972). 1t revealed a
! N ’ - ’
pattern similar in general form to that of lepidosaurs. The highly

specialized skull stfuctﬁre of crocodilians has influenced the positions

bet W\f'mﬂcon—‘ww - e—— v

of many blood vessels, leading to the development of secondary aﬁastonmses,

particularly of the arteries, that have rerouted blood flow through the head.

R RIS
R

Hochstetter's (1906) study of the cranial circulatory system of crocodilians

T

: g is apparently the 5nly one to have been made.

Since the cranial blood vessel patterns of a diverse assemblage of

: modern reptiles including Sphenodon (0'Donoghue, 1920), lizards, and some

relatively primitive turtles, are generally consistent, it is safg to assume

o

<:) that a primitive reptile such as Eocaptorhinus had a cranial circulatory

) 4
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system that was based on a similar pattern. \
P

Cranial Arterial ‘System

it

The most comprehensive reviews of the cranial arterial systems of 0
modern reptiles have beén produced by Bojanus (1819-21) on the turtle Emys,
Qorti (1§47) on the iizard Varanus, 0'Donoghue (1920) on the rhynchocephalian
Sphenodbﬁ, and Oelrﬁch (1956) on the lizard (tenosdura. Rﬁthke (1856, 1857,
1863) studied the primary‘éivisions of t?e internal carotid in numerous
modern 1i;ards and snakes while ﬁcDowell (1961) and Albrecht (1967) have

examined the development of these branches in some modern cryptodire turtles.

To date there have been no studies of the cranial arterial system in
primitive reptiles with the exception of Price's (1935) brief mention of
‘the arteries passing thfough or contacting the braincase in the captorhinid
Captorhinus aguti. 1In the clo;ely related form Eocaptorhinus Zaticeps'

many arteries pass through osseous canals or extend along well marked channels

-

in éhe bone of the skull (Heaton, 1975, 1978), thus allowing reconstruct;qg

g, 0~

(N

of the cranial arterial system with considerable confidence.

A

Oxygenated blood is pumpeﬂ from the heart anteriorly éhrough a common

carotidl which bifurcates to form a prominent internal carotid and a smaller

1

external carotid (Boganus, 1819-21; Corti, 1847; Rathke, 1856 1857, 1863

-0'Donoghue, 1920). Blood from the external carotid circulates to the hyoid

and intermandibular musculature while that from the internal carotid passes
to the head through two main brancﬁes, the palatal artery and the stapedial

artery. The palatal artery is a relatively small antérior continuation of

thé internal carotid that provides blood t? the brain and the ventral surface

of the palate. The larger stapedial arter&, which 1s lost in some turties

i

1A carotid is, by definition, an artery and, to avoid unnecessary redundancy,
should never be called the carotid artery.
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(McDowell, 1961; Albrecht, 1967), extends vertically into the adductor )
£

-

chamber to supply the adductor musculature, the orbit, the snout, the A

dorsal s{xrf%:\? of the palate, and the skin through 1its many branches.
»

Carotis internus (CI) -

The internal carbtid. forms the maln blood supply to the head of )
Sphenodon, liza'rds; snakes, and turtles. In crocodilians it is supplemented
by, a ;:or.mection with the ef;ternal carotid. In modern reptiles the internal
carotid approaches the head, 1at%i to the oesophagus, ventrolateral to
the braincase (Figé. 2 and f;). At ‘the 1evei of the third cervical vertebra,
before entering the head, it divides <dnto two branches, the l_s;rge dorsal
stapedial artery (AST) and the smgallér ventral continuation offthe int'ernal
carotid. In Sphenodon and ‘lizar&s the internal carotid continues anteriorly,
as a vessel ‘of greatly reduced diaméter, along the lateral surface of the

basisphenoid to enter the vidian canal with the vidian (palatine) ramus of

- i

the facial nerve. In Sphenodor, the course of the*internal carotid runs
'anteroventrally in a prominent .groove on the lateral surface of the
canal soon after the 'separation‘ of the stapedial artery and is joined anteg-
riorly, within thegnal, by the vidian nerve. In crocodilia;ns, the
greatly e:xpanded braincase and modified quadrate ixa\;.e enclosed the internal
carotid posterior to the divergence of the stapedial artery. _
In E'ocaptoz’hinus, the iptern;ll carotid appears, judging By the diameter

" of the stapedial foramen and the vidian sulcus through vhich its b\ranches
passed, to have been a large artery. The course of the stapedial artery

and the anterior continuation of the internal carotid extended anterr.orly

along the ventral surface of the stapes in the angle between the footplate

v

e

A

»

basisphenoid. 1In turtles, the internal carotid enters the' internal carotid B

B
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and the columella. The stapedial artery-turned dorsally (Fig. 4, 5) while the
' internal carotid ran further anteriorly and slightly media/lly withi:n a

| narrow, shallow gro:)'ve on the lateral surf:-;ce of the parasphenoid where it
app?rently lay beneath an ensheathing mucousg epitheliugn; as in modern
repti];es, dorsal to the; crista ventrolateralis and ventral to the grooves

for the vidian (palatine) ramus of the fac;iall nerve and the vena capitis

" lateralis. . At, the point where the grooves for the intermal carotid and the
vidian netve intersec.:ted,”a major trunk of the internal carotid, tixe pal.‘atine
artery (APL), continued anteriorly th}:ough the vidian sulcus and a much

smaller vertical branch entered the posterior internal carotid foramen

and canal as the cerebral artery (Fig. 2). The vidian sulcus has a uniform

width of about 0.5 mm and the stapedial foramwen a diameter of about 2 mm

,, ’ thus reflecting the noticeable difference in the sizé between the two major
- ‘ F 4
4 divigions of the internal carotid. i

'

Arteria stapedialis (AST)

\

The stapedial artery is the c}xief conduit of blood from the internal
carotid to the muscles and organs ’of the headk in Sphenodon, lizatds, and
many genera of turt';les. Some turtles (kinesternids, trionychids) have
greatly reduced the s't;apedital artery and nquri“sh the majority of the
structures of the head through the p;alatine‘ artery. Amongst modern
- lepidosaurs, the presenc':e of a stapedial foramen traversed by the stapedial

; artery, in thfe specialized ascalobotan lizards Dzbamus and AneZyatropszo
. of the family Dibamidae, is. considered to be a retained primitive character
| (Underwood, 1971; Greer, 1976). In Sphenodon, gekkonid and pygopodid lizards,
‘ and snakes, the staped'ial artery passes anteriqr to the stapes while 1;1 all

.

‘ other lizards, it\ts-ses posteriorly (Greer, 1976). Similariy, the stapedial

e .t
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artery of turtles and crocodilians lies posterior and dorsal to the stapes {

L (Shindo, 1914). ' , ”
) . .

In Eocaptorhinus, the stapedial artery entered the large (2 mm diameter)
stapedial foramen by way of a short groove in the ventral surface of the
stapes (Figs. 4 and 6).. It passed vertically through the foramen to emerge

o

anterior to the dorsal process of the! stapes. Within the stapedial foramen

it gave off a tiny ventrolaterally directed columellar twig that penetrated

into" a tiny foramen in thé"body of the columella of the stapes (Price, 1935; . ;

Heaton, 1975, 1978). The stapes is perforated by the stapedial foramen in |

ST PR RS et s h e - ————
-

. a}l known captorhinomorphs. The post-arterial segment of the columella of
the stapes of Eocaptorhinus, which includes the dorsal process, isimu;h
more robust than the‘pre~arteri;l portion, in contrast to the form seen in

’ Hylonomus‘(Carrqll, 1964) and Paleothyris (Carroll, 1969a) where the pre-

and post-arterial sections are of equal size.

"In most modern reptiles, as the stapedial artery passes the dorsal

S M emege Y v eremas mmmeimes s s weep ey

 ldmit of the stapes, the stapedial artery divides into a small auricular

branch (AAU) and a large temporal artery (ATM). A similar pattern is
\ i

believed to have existed in Eocaptorhinus.

[y

Arteria auricularis (AAU)

T A s B ——— o Bt . .
Rt A = -

Auricular arteries have been described in both Sphenodon (0'Donoghue,

1920) and in lizards (Corti 1847; Oelrich, 1956) although their apparently

R R T

s

diffetent structure puts their supposed homologies in question. In

¥ ) Sphenodon, where the stapedial artery 1ies anterior to the stapes, the

auricular artery arches posterodorsally over the stapes, although O'Donoghue
}

(1920) is not clear on thlS latter point, apparently medial to the squamosal \

\
( } processes of the extracolumella of the stapes (Versluys, 1898, 1904; Gans }

\
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Figure 6, Eocaptorhinus laticeps. Skull in lateral aspect showing

arterial, venous, and cranial nervous systems. Reconstruction.
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\ and Wever, 1976) before extending vertically down the posf:erior surface qf

{ the tympanic cavity accompanied by the éhorda tympani ramus of the facial
nerve (O'Donc;ghtfe, 1920). This description appeats to be incorrect since
the chorda tympani nerve in reptiles is pré-—tympanic (Goodrich, '1915,, 1930; "
Hotton, 1960), passing dow‘m the anterior wall of the éympanic cavity on the
i)osterior surface of “the quadrate. It appears most likely that the auricular
artery of, Sphenodon accompanies the hyomandibular ramus of the facial nerve -
(not the chorda tympani) across the posterior surface of tile tympanic ;ac.

, ~ In lizards, the auricular artery is quite comple:;, consisting of three
major rami (Oelrich, 1956). One ramus arches over the extracolumella and

extends down the posterlor face of the quadrate, a second extends laterally

: \ :
to the tympanic membrane, and the last extends ventrally across the

A

posterior surface of the tympanic é:avity accompanied by the hyomandibular

( ramus of the facial nerve (Oelrich, 1956). 'It is to the last of these that

tpne auricular artery of Sphenodon al;pears to be hom[blogoﬁs. It is possil\plle
that a pre—tyt;panic ramus of the auricular artery that _eiccompanies thé chorda
tympani may have been missed in O'Donoghue's study (1920). Auric:t‘l‘qlar arteries
have not been described ;l.n either turtles or crocodilians. Whether this 'is

b " a result of the absence of such arteries or the absence of hd;atailed
1nf6rmaiion about these groups of animals in general is not known.

. A deep grbove in the dorsal surface of the stapes anterior to the dorsal

.l -

- o .

)

process suggests that Eocaptorhinus possessed an'auricular artery.

1

= RS

Examination of well preserved stapes of Focaptorhinus and the closely

o

,related form, Captorhinus, show slight channelling on the anterior surface

indicating that the auricular artery bifurcated, producing a pre-tympanic

branch that accompanied the chorda tympani nerve and a post-tympanic branch
N \

- RS o Y

( ! that accompanied the hyomandibular ramus of the facial nerve. It is apparent
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-

that {f the post-tympanic branch existed, it crossed the columella lateral
to the dorsal process (Fig. 5). The sharp angle s-eparating the stapedial
formamen from the jugular canal between the dorsal process and the footplate

makes it unlikely that the auricular értery passed through the jugular canal,

Arteria temporalis (ATM) ‘ ) |

The stapedial artery of Sphenodon and 1izards pagses dorsal to the

superior edge of the pterygoid lamella of the quadrate and enters the adductor

chamber where it becomes known as the temporal artery. At this point it

produces f‘irst a small cervical artery (ACV) and then, slightly more distally,
it gives rise to the mapdibular artery (AMD) before tu;ning anterodorsa;lly

to pass through the body of the M. adductor mandibulae externus megius
(Oelrich, 1956; Haas, 19;3). No ‘compreh'ensive study of the rele;tion-ship
between the cranial arteries and muscles of tyrtles has been published.

It appears tha‘t the deepf,é'ﬁxarg_ination of the poste{'ior margin of the skull
roof in most turtles has led to the reductfi‘on in size of the medial mass of

-

the M, adductor mandibulae externus medius so that the temporal artery now

- passes medial to the remaining lateral mass, between it and the greatly

enlarged M. adductor mandibulae externus profundus. Crocodilians with their
even more highly specialized braincase are of little applicability to the

qdescion of the po:‘siq'ion of the temporal arterylin relation to the M,

adductor mandibulée superficialis, .

i " In S‘ph‘enodon (O'Donog‘hue, 1920) and lizards (Oelrich, 1956) the temporal
artery produces a .short branché.‘at or just posterior to the anterior edge of
the M. gdductor mandibulae externus med;ius that supplies.the superior
temporal fascia and skin gové;'ing that muscle. Anteriorly, the temporary

artery-runs along the lateral surface of the M. pseudotemporalis superficialis

7
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medial to the M. .adductor mandibulae externus superficialis, Posterior to

the orbitotemporal membrane it divides to produce anpam:erd

~—

orbital artery (AOS) and a ventrolateral inferior orbital artery (AOI)

medial superior

. (Rathke, 1863; Shindo, 1914; 0'Donoghue, 1920; Oelrich, 1956). The same

division occurs in those turtles that.retain the stapedial and temporal

\ arteries (McDowell, 1961; Albrect, 1967).

L)

In Focaptorhinus, there is little evidence in the bone of the exact

\

course of the temporal artery, however, both the proximal end ‘and several

branches of the distal end pagsed through bony foramina, in this case, the

|

former through the stapedial foramen and the latter through the infraorbital

-and anterior orbital foramina. This evidence supports the assumption that

the temporal artery passed through the adductor chamber as in Sphgnodon,

1izards, and most turtles. Such a position 6f the temporal artery is further

\

supported by the presence of a prominent foramen which may be attributed to

the temporoparietal branch of the temporal artery and which lies within

the large parabolic depression identified as being associated with the M,
~ ! , .

adductor mandibulae externus medius (Fig. 7). The.position of this foramen

c

corresponds c¢losely with the position of the temporal artery in Sphenodon )

3

and 1izards on the one hand and Eocantorhinus on the other, it appears
7 .

that the femporal a'rtery, and its short dorsal temporoparietal branch passed

through the body of t:;hg M. adductor mandibulae externus medius dividing

it into lateral and medial segments. The temporal artery is reconstructed

as passing laterally around the M. pseudotemporalis as in Sphenodon (Haas,
A .

1973), Tupinambis, and Gekko (where the M.
'ireduced). This appears more probable than
(6elrich, 1956) and Iguana where it passes

M. pseudotemporalis and, hence between the

pseudotemporalis is greatly

the position it has in (tenosaura '

over the dorsal surface of the

muscle and the parietal.
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In Sphenodon, lizards, and most turtles, the temporal artery divides into
two major branches at the anterior end of the adductor chamber, a ventral

inferior orbital artery and a medial superior orbital art.ery. Since both

v

' /
the inferior orbital artery and the superior orbital arteries of

Eocaptorhinus have left excellent evidence of theiTr presence in the normal

\

reptilian positions, it is probably safe to teconstruct the bifurcation of

the temporal artéry in the usual position just poste:rior to the position

)

of the orbitotemporal membrane. The position of the orbitotemporal membrane

’ N
in Eocaptorhinus has been determine réally-and laterally by the

\ \
orbitotemporal crest on the media) orbital rim composed of the jugal,
postorbital, and postfrontal and ventrally by the orbitotemporal ridge on
the dorsal surface of the pterygoid (Heaton, 197;5, 1978) . Medially the

orbitotemporal membrane was apparently limited by the periorbital membrane

and the chondrocranium. .

\ ~
Arteria cervicalis (ACV)

’

~The first branch of the temporal arteéry is the cervical artery., It is

present in Sphenodon and 1lizards, where it is uéually known as the qccipitall

_artery, as well as in turtles where ‘the term was first used by Bojanus

(1819-21). Bojanus' term is used here to avoid confusion with the amphibian

- . ~

(anuran) occipital artery which is _post—cranial, originating from the lateral

dorsal aorta (daupp, 1899; Jarvik, 1\975). In Sphenodon, lizards (Oelrich,

1956) and those turtles that possess temporal arteries, the cervical artery

passes posterodorsally to the paroccipital process through the large post—
tempdral fenestra to supply the cervical mugculature with blood.

Since large post-temporal fenestrae are present in Eocaptorhinus, just

-
3

‘as 1n Sphenodon, 1lizards, and turtles, it {s reasonable to expect a similar
A .
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o

t'y:pe of blood supply to|the cervical mpacu}ature (Figs. 5 and 6). C(Crocodiles,
whose post-temporal fenestrae have been reduced to narrow cartilage~filled

slits (Iordansky, 1973), appear to be the omnly gmufn of reptiles that have

lost the cervical artery, other than those specialized turtles that have

»

lost the temporal artery.

Arteria temporoparietalis (ATP)

.0"Donoghue (1920) described a branch of the temporal artery as the

—_——

“Arteria temporomasseteris” that "supplied the origin of the similarly ., —

named muscle" in Sphenodon. The use of the term "masseter" in reference to

’

muscles or associated arteries is now normally restricted to work on_ :

-

mammalian anatomy, hence the name change here as applied to diapsid reptiles

and to Eccaptorhinus.. Haas (1973)'illustrated the temporal artery of

Sphenodon running deep within the M. adductor mandibulae mass rather than
along the dorsal surface of the muscles within the superior temporal -

fenestra as in lizards. He does not mention the presence of a'temporoparietal

- \

artery as found by 0'Donoghue (1920).' 0'Donoghue did not note the position

of the temporoparietal ai‘i:ery within the M. adductor mandibulae mass.

~

Lizards appear to be similar to Sphenodon in the presence of a temporoparif:tall

v

artery, although the whole temporal artery and its branches run along

. d
the dorsal surface of the, adductor musculature. In lizdrds, the teﬁ'lporo—
pariletal artery is given off where the temporal artery passes from between

the medial and lateral divisions of the M. adductor mandibulae externus

medius and extends laterally to supply the skin and lateralportion of the

. pars media. The general reduction of the medial portion of the pars medi%

4 \
and its apparent replacement by the M. pseudotemporalis (superficialis,

a

particularly in the more advanced forms such as Tupinambis make it difficult

-
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. to compare with more primitive forms. The position of the temi}%roparietal

artery 1s a reliable indicator of the position of a more ventrally situated

1

témporal artery.

*
In Focaptorhinus, a prominent foramen penetrates the internal surface .

of a parabolic depression on the ventral surface of the parietal just

A

posterior, to'its anterior edge t(Heat:on,w',lWS, 1978) (Fig. 7). This foramen
wat

. s
suggests that the temporoparietal artery (Figs. 5 and 6) branches dorsally

v

from the temporal artery to penetrate the gskull roof. The position of the

temporal artery and the root of the temporoparietal artery and, hence, the
temporoparietal foramen are believed to indi:éate the line of separation

between the origins of the lateral (A) and internal (B) segments of the M.

’

g™ N

adductor mandibulae externus medius just as in modern Sphenodon and lizards.
1 l’ .

The temporoparietal artery 1s presumed to have anastomosed through the ' °

o

~

vesicular bone of the parietal from which tiny arterioles originated and
penetrated fine pores in the bases of the sculpture pits to supply blood
.to the skin. Other fine arterioles presumably supplﬂied the muscle orilgins . ' {

just as in modern diapsids.

N \
/ ! ’
~

Apteria orbitalis superior (AOS) , ‘ :

The position and form of the superior orbital artery (often termed

simply the supraorbital artery) 1s consistent in all modern reptiles with

0 +

the exception of some specialized ‘turtles (Shindo, 1914). It branches
anteromedially" f(rom the temporal artery to extend along the ventral surface

of the frontal in the angle formed by the junction of the solum supraseptale

v

et b A

and the medial edge of the crista cranii and suprorbital ridge. This

[

|

same artery was termed the frontal artery by Oelrich (1956), a misnomer since

[

it does not correspond to the frontal artery as defined by 0'Donoghue

\ : FER
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(1920). 1In those turtles that have retained .a ,temﬁotal artery, the superior

/

( ’ orbital artery extends along the lateral surface of the crista cranii of’

the frontal and prefrontal. Since bothy the solum supraseptale of the

o Interorbital septum and the supraarbital ridge and crista cranii aré heavily

ossified (Heaton, }975 1978) (Fig 7), the junction between the skull

o

o
W

)

roof’ and the anterior bra:anase can be reconstructed wKith confidence., The

o

R

great similarity in the frontal-solum sﬁuraseptale junction in Eecaptorhinus

\

and modern lepidosaurs, and esnecially in Sphenodon, suggests strongly

P

that the superior orbital artery of Eocaptorhznus followed the intersection
o . of these elements as it does in Sphenodon. The presence of numerous

foramina in the frontal that c(a/gy distributory rami of the superior-ofbital -

artery in modern reptiles are-also found in the frontal of 'Eocaptorhinus.

J N

Near its origin from the temporal artery, the guperior orbital artery

of Sphenodon, lizards, and testudinid turtles produces ‘a small medial.

(a- ‘ " frontal artery as may‘ have the superior ofhital artery of Eocaptorhinus.

. -

3

Arteria frontalis (AFR) . @ !

A o

In Sphenodon a short branch of the suferior orbital artery suppliesi

I

P
°

blood to the ventral surface of the frontal vhere oceasionally small rami

. enter the body of the bone throughl'very smail fordmine W(O"Donoghue, 1920).

In lizaitds, .a true ffrontal artery as seen in Sphenodon hes ndt been
‘ described. The artery described by Oelrich (1956) is actually the superior ./~
orbital (eﬁpraorbita{) artery as des'rcribed by Bojan:ls (1819-21), Shindo “ ;
(1914), 0'Donoghue (1920), and Albrecht (1967) in other reptiles. No
{ N specific‘ frontal"art:ery, as 1is fouixd in Sphenodon, was ideiltified in

dissections of Iguana, Gekko, and Tupmambzs. One or more fine arterial

branches from the superior orbital artery enter the frontal chrough tiny

¥
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foramina in its ventral surface. - A similar arrangement is to be found in
®

testudinid turtles (Albrecht, 1967).

It cannot be determined whether a distinct frontal artery existed in

e

Eocaptorhmus as 1t does in Sphenodon or mot. It is probablé that, as in.

- rd

~

all. modern reptiles, arterial branches originating either from a frontal

artery or directly from the sg}erior orbital artery penetrated the ventral

surface of the frontal through several small foramina.

-
v
+

Arteria nasalis (ANA) ' -

v

‘ 3 '
Thé nasal artery of modern reptiles, when present, is the anterior

e Thip
continuation of the superior orbital artery from tlie point where it reaches
!

o

the' orbitonasal’ foramen and passes through the ophthalmic foramen.

.

the superior orbital artery enters the‘nasal capSule in many turtles, it
is not renamed the nasal artery (Bo_]anus, 1819-21; Albrecht:, 1967) as it

is in Sphenodon (0" Donoghue,” 1920) and lizards (Oelrich, <1956) . In'iizards,

jusf as the pasal artery enters the nasal capsule, two lateral branches
are produced, the superior nasal artery (ANS) and the ventrally directed

infer:lor nasal artery (ANI). An inferior nasal artery is not present in

.$‘phenodon (0 Donoghue, 1920) nor, apparently, in turtl,es.
In Foecaptorhinus, both the superior nasal artery aﬂnd}ventr‘al%y directed

inferior nasal artery are believed to have been well dewveloped.

-in lizards.

Arteria nasalis superidr (ANS)
i 1 \

In Sphénodon the" nés&\grtery extends anteriorly into the snout on
the dorsal surface of the nasal capsufe to supply the sub-cutaneous tissue

of the snout. There is no ventral ramus of the nasal artery as there is

In 1lizards wi{ere the nasal artery ﬁifurcates, the two sections

a7

Although_

a

Soue

s




are given positional designations. Thus the superior nasal artery of

bl

{. lizards (Oelrich,' 1956) is the equivalent of the entire nasal artery of
. 'Sphenodon and the anterior continuation of the superior orbital artery of
w turtles.

The nasal artery of Eocaptorhinus appears to have been divided as in

L

iw‘qﬂx}%&;.t;. R

o L N
lizards, hence the adoption of the lizard terminology. The superior nasal

artery of Eocaptorhinus

ig. 8a) apparently extended anteriorly from its

. separation from the infeérior nasal artery along the ventral surface of the

o

ey

frontal and nasal as ‘gsuggested by,a shallow groove in this position. ‘

Laterally it extended across the posterior portion of the heavy antero-

the ventral bone surface and passed anteromedially, apparently dorsal t:oﬂk

o PR ) T SOINER -
N

the .orbitonasal veln, which ran within the orbitonasal canal that traversed

the lengt}l of the nasal portion of the-nasofrontal ridge and exited from ~

( . the posterior orbitonasal foramen. The superior nasal arterﬂr is\believed

f ! ‘ to have anastomosed over the whole of the internal surface of the nasal

and the lachrymal as in Sphenodon, lizards, and turtles and, as in these

" meagre supply of blood to the skin compared with that which was transported

to the parietal. This is reflected in the much lighter sculpturing of -

i

the external surface of the nasal.
Py

o i

Arteria nasalis inferior (ANI) .

{

There does not appear to be a well defined inferior nasal artery in
. ¢ N

either Sphenodon or in turtles. In lizards the inferior nasal artery is

well dévelopéd with two main divisions, a medial ramus (ANM) and‘a lateral

posterior nasofrontal ridge. The superior nasal artery presumably ran along

forms, fed the dorsal \regions of the paranasal cértilage. There are numerous:

small foramina in é:he bone of the nasal but in general there was a relatively

-
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Figure 8. Focaptorhinus laticeps. Snout in medial aspect. a) Showing
. ) [
g(rterioles entering nasal capsule. b) With medial surface of the

lachrymal removed to show intermal structure. Reconstruction.
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ramus (ANL). A bifurcate inferior nasal artery is believed to have

. , ‘
extended, in Eocaptorhinue, from its separation from the superior nasal
artery down the posterior/surface of the orbitonasal membrane as in lizards

(Oelrich, 1956).

Artéria nasalls inferior ramus medialis (ANM) ’

i

In 1izards the medfal ramus of the inferior nasal artery continues

" ventrolaterally until it reaches the palatine posterior to the orbitonasal

membrane where.it turns rostraily and accompanies the medial ethmoidal
(palat;Lne) ramus of the facial nerve anteriorly through the medial
orbitonasal fenestra.' It s:upplies blood to the posteromedial portidn of
th,e paraseptal cartilage_ of the “nasal capsulAe. In modern iguanid lizards,
it plerces the vomer anteriorly (Oelrich, 1956).

In Eocaptorhinus there is no direct evidence for the presence of a
medial ramus of the inferiox" nasal artery, although the la‘rge medial \
orpitonasal fenestra could easily have accommodated it. If the medial ramus

of thie infefior nasal artery did exist in EZocaptorhinus, it did not penetrate

the vomer as it does in iguanid 1izards.

\ o~

Arteria nasalis inferior ramus lateralis (ANL) . !
—

The lateral ramus of the inferior nasal artery of lizards descends °
vertically until it contacts the dorsal surface of the palatine immediately
posterior -to the orbitonasal ricige and membrane. IHere it turns laterally
to run in a d'eep( groove Between the orbitonasal and periorbital membranes
(Oelrich, 1956). The lateral ramus entefs the lateral nasdl fepegtra with

the intermedfate palatine nerve and the lateral palatine artery. Both
' S

' the lateral ramus of the inferior nasal artery and the intermediate palatine

M
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nerve immediately enter the posterior palatine canal of 'Eocaptorhinus which,
| .

unlike that of lizards, bifircates and opens through two anterior palatine

'foramina within the posteroventral margin of the internal naris. It is not

known whether these foramina carried the nerve "and arter§ separately or

whether one or both divided within the canal to send both arter'ial and

nerv;a branches from each foramen. It is proBable that both ;:f the anterior

palatine foramina carried arterial branches in order to supplement the

otherwise meagre supply of blood to 'the ventral surface of the palate to | -

\

judge by the small size of the suborbital fenestra. The lateral ramus of - \

the inferior nasal artery presumably supplied the oral mucosa ‘and the incisive

pad lining the anterior portion of the ventral surface of the palate and
the choanal epithelium within the posterolatereal part of the dinternal naris

as fn modern lizards.

1

Arteria orbitalis inferior (AOI)

i

The inferior orbital /(infxagi;b\ital) artery 1is found in all reptiles,
\

» f
In Sphenodon, lizards,jocodilians,\and primitive turtles the inferior

’ §
orbital artery arises as/a ventral i)ﬂ\nch of the temporal artery (Rathke,

o [

" 1863; Shindo, 1914 o’ Donoghue, 1920; . Oelrich, 1@56) In advanced turtles

/
posterior surface of the orbitotemporal membrane to where it meets the

.,/ ¢

including the kinosternid and trionychid c\'-p\tlodires, a secondary origin of
the inferior orbital artery has developed frow the palatine artery (McDowell,

1961; Albrecht 1967) . The :mferior orbital ;rtery descends along the

mahdibular ramus of the trigeminal n'erve’.( Together they continue ventrally

T

to pass beneath the periorbital membrane where they cx:o-s-sg:he dorsal surface

of the pterygoid and pala(tine to the anterolateral corner of the orbit.

Here they extend along a prominent groove between the anterior priocess of

i
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the jugal and the palatine in line with the conjunctival groove when present
3 4

(in Sphenodon and lizards ox)ﬂy). Where the inferior orbital artery crosses

-

the floor of the orbit it produces— a small anterior orbital artery (AOA).
\ ' - . - .
The inferior orbital artery, accompanied by the maxillary nerve continues

forward in the conjunctival groove until they both reach the infraorbital

foramen at which point they are joined by the lateral palatine nerve which
]

forms a ganglionic union with the maxillary nerve before the artery and the

united nerves enter the infraorbital foramen (Bojanus, 1819-21; Watkinson,

1906; Oelrich, 1956).

7

e g

The inferior orbital artery of Eocaptorhinus (Figs. 5, 6, and 9)

>

appears to have followed the same path as it does in modern Sphenodon,

ot ’ o

; ( lizards, crocodilians, apnd many turtles, As in Sphenodon and’ lizards,

Eocaptorhinus has a deep conjunctival groove in line with the infraorbital

foramen. ’Presumab‘ly the inferior orbital artery, accompanied By the maxillary
? Loy

} \ nerve, entered the infraorb1t:al foramen,® iwvhere it became the maxillary

. X ,”3 '

artery, probably anterior to a final ganﬁlionic connection between the

b maxillary and lateral palatine nerves. Just before entering the infraorbital

foramen the inferior orbital artery produced the anterior orbital artery.(

Arteria orbitalis anterior (AOA) ’w\\

An anterior orbital artery is present| in lizards (Oelrich, 1956) and

D Lt TR r

in turtles where it is often referred to a the alveolar-nasal artery
ﬁ .

(Albret:‘k;t, 1967). It is much smaller than Eg:he inferior orbital artery.

1

1 sryamms g

In Sphenodon no anterior orbital artery has \@een described although such a |
{

reported absence should be regarded with suspicion. The anterior orbital

\

‘artery supplies blood to the anterior corner o the orbit and then extends

\ I3

( ) anteriorly along the medial side of the lachrym 1' duct which in lizards.is
~1

G T e
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Figure 9.  Focaptorhinus Zat-i'ceps. An'tgrior portion of orbit in

posterior aspect showing otrbitotemporal membrane, foramina, and

nerves and blood vess'e\]‘s believed to pass through the foramina.
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Reconstruction, |, .

-

g

et

v ot




R e =

P — . L

i 2

k)

not enclosed in a bony canal (Qelrich, 1956): In turtles where there 1s
no lachrymal duct, the ant;zrior orbital (postn;r‘ial) artery supplies the
pbsterior region of the nasal capsule before entering the medial superior
alveolar foramen., The cir;:‘ulatory ‘system of the orbit in c;ocodi'lians is
r%ot known in detail so that the presence of an anterior orbital artery is

unknown.
. , o
Eocaptorhinus is thought to have posséssed a well developed énterior | '
orbital artery. The lachrymal duct was completely enclosed within an osseous )
lachrymal canal in contrast to modern lizards. The a;u:erior orbital artery
is believed to have entered t:lhle bone through the anjterior orbital foramen
that is situated just medial to the conjunctival groove land midway between
the two large lachrymal puncti. The artery would have passed through the
short anterior orbital canal to emerge on 'the medial side .0f the 1achry;mal
duct at the confluence of the lachrymal pufxcti. Fin\e pores that are -
situgtéd at the bases of the .sculpture pits may have served for the passag‘e
of branches of the anteri‘oﬁr orbital artery through the ves}cular bone of
the lachrymal to su;:pl‘y the skin. Five:iny foramina that are aligned
horizontally along the med‘iai wall ‘of the lachrymal above the lachrymal

ridge (¥Fig. 8) may have accommodated- other fine arterj.bles which may have

supplied blood to a lateral nasal gland.

Arteria maxillaris (AMX) \

" of teeth) as well as upon. the presence or absence of a secondary palate.

The divisions of the inferior orbital artery are quite vellried in form
v '
in moderq’}re‘ptiles/depend,ing upon the type of tooth implantation (or lack

All modern reptiles-are prbbably specialized from the primitive pattern. x
l -\
Basically there are three:branches of the maxillary artery, two intraosseous

-
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and one extraosseous. The supramaxillary artery (ASM) 'lies within the
. \ : \
supramaxillary (infraorbital) canal and the superior alveolar artery (ASA)
Al 8

within the superior alveolar canal. The'maxillary artery lies medial to

tﬁe maxilla‘lateral to the nasal casule and 1s not enclosed within asbonx

.canal. Turtles appear to have the least specialized pattern of inferior

orbital artery divisions for they have retained the superior alveolar and .

supramaxillary canals and assoclated arteries (Fig. 10). The reduction

¢

and subsequent disappearance of the osseous lachrymal canal brought the

‘

anterior orbitgl (alverolar-nasal) artery into close contact with the ,1

maxillary artery, with the latter eventually peipg lost and the superior

e

alyveolar artery forming a'conneciion with the anterior orbital artery (Fig.
10). This connection is not present in either Sphenodon or lizards. 1In
Sphenodon and acrodont 1lizards (agamids, chamaeleonids), a supramaxillary -
canal is present that carries a single supramaxillary (and confluent superior

alveolar) artery that has usually been referred to as the maxillary artery -
| L

s

(0" Donoghue, 1520). This artery nourishes the free margin of the dental
ry

lamina of the maxillary teeth.

superior alveolar supramaxillary canals have been lost, only one extraosseocus '

In pleurodont lizards where the primitive

artery 1s present. This is usually termed the maxillary artery (Oelrich,

o \ o

1956). Its main function is to supply blood to the free margin of the' dental

lamina of the maxillary teeth just as does the supramaxillary artery of

Sphenodon. The extensive modificiation of the maxilla inherent in the

development of the crocedilian secondary palate and pneumatization makes

+ {nterpretation of the inferior orbital artery division’pattern of this
bgroup difficult,
1 As’ in turtles, Ebcdptorhinus has a long Qupramaxillary canal extending

\

anteriorly from the supramaxillary foramen to where it meets the small
o \
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Figure 10. Schematic representation: of the branches of the inferior

orbital artery entering the snout in Eocaptorhi#fus, in a turtle

in Sphenodon and acrodont lizards, and in pleurodont' lizards.
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medial superior alveoiar canal and, thence, continues further anteriorly

as the sqperior alveolar canal. The supramaxillary artery presumably -
extended anterigrly through the supramaxillary canal until it joined the
superior alveolar artery (Fig, 8). Unlike turtles, however, there was no
connection between the(anterior orbital artery and the superior nasal artery
s;nce the iachrymal duct and the cﬂosely associated anterior orbital artery

were presumably enclosed in a heavy osseous canal that had no known connection

with the medial superlor alveolar canal. It is probable that a superior

alveolar artery was present that would have been supplied by an extraosseous . (

maxillary artery. Where the inferior orbital artery of Eocaptorhinus

passed through the infraorbital foramen, it apparently bifurcated, sending
the supramaxillary artery l;terally into the supfamaxillary foramen and the
maxiilary artery medially into the narial chamber. A promineniugroove

aloné the medial surface of the maxilla jolning the superior al;eolar foramen
and the supramaxillary foramen and lying just dorsal to the suture between

the maxilla and the palatine is believed to have carried the maxillary

artery (Fig. 8). This artery does not have a homologue in modern turtles,

- Sphenodon, or acrodont lizards. The maxillary artery of pleurodont lizards '

appears, at least in part, to be homologous with that thought to have

existed in Ebcaptorhinus.e The crocodilian pattern is noé known. |
It is appa%ent from the structure of the maxiila that the maxillary
artery of Eocaptorhinus produced at least one anterior branch, the subnarial
artery (ASN) and probably a postnarial artery (APN) as well. In pléurodont
lizards, these branches‘form from what is usually termed the superior ‘
a}veolar artery (Oelrich, 1956)1 ;t i1s apparent that the superior alveolar

artery of pleurodontlizards is not homologous with the similari} named

artery in turtles or in Eocaptorhinus and may, in fact, be homologous with

oo gy wmre s s e - —-— rrvy - - P v —_—
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the anterior portion of the maxillary artery that was apparently present in

Eocaptorhinus.

»

>

Arteria supramaxillaris (ASM) ,

Thé supramaxillary -artery is a lateral branch of the inferfor orbital
artery that enters thé‘suprama£illary foramen and exténds through the
supramaxillary canal (Figs. 8 and 10). It is well formed in turtles
(Albrecht, 1967) ;nd in Sphenodon where it has been called the maxillary

artery (0'Donoghue, 1920). Acrodont lizards also have a supramaxillary

artery that,,as in Sphenodon, supplies blood to the frée margin of the dental

1ami§a and to the teeth. Similarly, the posteroventral expanse of the
triturating surfacé of turtles is/supplied by the supramaxillary artery.

In turtles the supramaxillary artery anastomoses with éhe superior alveolar
.artery anteriorly. ‘

( In pleurodont lizards there is no supramaxillary cénél, nor is there a
supramaxillary artery. The single artery r;nning along the medial surface
of the maxilla is termed~the maxill;ry artery since it is extraosseous in
form but its function, to supply blood to the dental lamina and teeth, is
more like tpat of the supramaxillary artery. If, as ‘the structure of
Eocaptorhinus~intimates, both an extraosseocus maxillary artery and an
intrFosseous supramaxillary artery were present primitively then, with the
reduction of ossification of the maxilla in ple&rodont 1izard§, one of
these arteries was lost but which is not certain. It appears that the
supramaxillary artery becane reduced and eventually was lost and that the

maxillary artery was retained in modified form to supply blood to the teeth

and déntal lamina.

| ' | [ -
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The supramaxillary .artery of Eocaptorhinus appears to have been
) {, identical to that of turtles, having entered the supramaxillary canal through
- ' ¥
the supramaxillary foramen and extended anteriorly to join thg superior

alveolar artery. The supramaxillary artery supplied the dental lamina and.

pulp cavities of the post-caniniform teeth. In additic!n, fine arterioles

PRGN 3 1 B Ry

passed laterally through fine pores in the sculpture pits of the maxilla

oy 2 E P

to supply the skin and external "lips". There were no mental foramina as
)

in procolophonids, rhynchocephalians, or lizards through which branches

of the supramaxillary artery could reach the skin.

\

Arteria alveolaris superior (AAS) -

o

In turtles a well developed lateral extension of the anterior orbital

o : (alveolar-nasal) artery enters the medial superior alveolar canal through
the superior alveolar foramen. It co'ntinues laterally until it enters

the main ;;ortionrof the superior alveolar' canal wvhere it anastomoses with
the suprama}:gillary artery (Fig. 10). In'Eocaptorhinus the Janterior orbital
artery was apparently encloséd within the osseous lachrymal canal and so
did not join the superior laveolar artery. Blood was supplied to it i)y the

extraoskeous mandibular "artery. Otherwise, the superior alveclar artery

NI

of Eocaptorhinus appears to have been identical in form to that of turtles.

It supplied blood to the dental lamina and pulp cavities of the éaniniform

-

B

) .
and pre-caniniform teeth.

A superior 'alveolar artery has been described in lizards as a

"+ continuation of the maxillary’artery.that extends anteriorly through the .

' W

supérior alveolar canal to produce two important branches, the postnarial

artery and the subnarial 'artery. It appears likely that the superior

(\ alveolar canal and artery of lizards is not homologous Owith that -of turtles

’
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‘or, apparently, of E’ocapto}'hinus. In turtles and Eocaptorhinus the superior
alveolar canal dbes not open. anteriorly into the external naris, thereby

preventing the formation of postnarial and subnarial arteries from the

,

‘ superior alveolar artery in both of these forms. In conjunction with the

.
N

loss‘rof the septomaxilla in turtles, neither the postnarial nor t;he subnarial

artery has developed, at least in recognizable form. This appears to be a

sl
specialized condition, for the primitive form, Focaptorhinus, evidently

°

had-both a postnarial and subnarial artery that developed as an anterior
L

extension of the maxillary artery. In Eocaptorhinus, a prominent groo%ze

a

separating the main body, of the maxilla laterally from the septomaxillary
tubercle medially may have served for the passage of the maxillary-subnarial
artery. It is beJ%eved that the primitive superior alveolar canal

degenerated in pleurodont lizards concommitantly with the {s_upramaxillary

canal, this leading to the associated reduction and eventual loss of the )

3

superior alveolar and supramaxillary arteries and the assumption of their
functions by the maxillary artery. 'If this is true it is\probable that the..

superior alveolar, canal of pleurodont lizards is a neomorph developed from
. R N he ) - p’
the groove separating the main'body of the maxilla from the septomaxillary

tubercle by increased vertical growth of the septomaxillary tubercle and |

dorsal fusion with the high maxilla. This is given considerable support

'

by the fact that in primitive lizards (iguanids and gekkos) tl’}e superior

alveolar canal, perhaps more correctly termed the anterior maxillary canal,

v

is much shorter than in more advanced lizards (varanids). It is believed

H

that there is a correlation between\ the development of the anterior maxillary

2

canal in lizards and the increase in height of the maxilla apd reduction in

size of the lachrymal.
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Arteria postnariral"is (APN)

o

A well developed postnafial artery ds known in lizards (Qelrich, 1956)
branching dorsal]g} from the, maxillary artery upon leaving ~the anterior

maxillary canal and supplying blood to the postefior region of the vestibule
] ‘

of the nasal capsule immediately posterior to the septomaxilla.' A postnarial

artery has not bee_n reported ifx either turtles or crocodilians, where the
s\'eptomaxilla'has been lost, or in Sphenodon. 1t is pc/.\/sﬂsible‘ that the lack of
refe;ence to such an artery is a resulut. of the lack of detailed study of
the arterial suppiy Ato the snout in these animals. ’
The apparent similarity between the-: development of the anterlor maxillary
canal in lizards and the groove loateral to the sé&)maxillary tubercle ih
Eocaptorhinus suggests that blood was supplied to the posterior region of
/«the vestibule of the nasal capgule by a lizard-like postnarial artery. In-
turtles the vestibular region‘ oﬁ the nasal capsule i3 supﬁlied throygh the
anterior orbital (alveolar-—ﬁasal) artery (Albrecht, 1967). It is not .known,

how this region is supplied in crocodilians where the extreme modification

inherent in the development of the secondary palate has obscured many of

* the relationships between the soft anatomy. and ﬁnes of the ’skixll.
, b :

-
o

1

Arteria subnarialis (ASN)
T~ :

In pleurodént lizards, a fine extension of the maxillary artery passes’

1

anteriorly over the premaxillary process of the maxilla, lateral to the

’ q

,septomaxilla, ventral to the ﬁvestibule of the nasal capsule. It continues
aroundu the intearn;l surface of \the premaxill.a\:ifo 'send a t»iny branch through
the prepalatal foramen of the premaxilla to aqastoihose on the vefnt:ral surface
of the vomer anii.to s'upply blood to the fléshyincisive pad (Oe'lrich‘, A1956). .

In Sphenodon an anterior continuation of the superior alveolar artery exists
5 t‘ ! -
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from the lateral surfat‘:f of the maxilla then extends forward below the

’ (— external naris (0'Donoghue, 1920). It does not appear to enter the snout

A

anterior to the vestib;xle of the nésal capsule. Blood is supplied to the
" . - |

vestibular reglon by ventral branches of the nasal artery. -
In turtles there appears to be no gut?marial artery. The prepalatal

" foramen of turtles does not transmit a subnarial artery. A subnarial artery

7/

o B RS el el

is present in crocodilians but its homologies are not fully underst:ood\. > '

In Eocaptoﬁhfnus there is, as in lizards, a well developed prepalatal

. foramen at;terior to the typical tutrtle position, as well as a large posterior
premaxiliary foryamen. It is believe‘d that a lizard-like subnarial artery

& ) ‘ entered the snout and sent branches 't\hr’ough each foramen, thg former to T %

supply the vomerine raphe with blood and the latter to -nourish the teeth

s

! " and dental lamina of the premaxilla. |

- . “ 1

Arteria mandibularis (AMN) ‘ : ' j

3 ' »

!

The mandfbular artery of modérn 1izards and Sphenodon is formed as. a

4 ] @

prominent proximal branch of the stapedial artery that turns laterally and

then ventrally (Shindo, 1914; 0'Donoghue, 1920; Oelrich, 1956) to pass-

@

. between the M. adductor mandibulae externus laterally and the M. adductor

s
¢ 2

mandibulae posterior and M. adductor maidibulae internus (M. pseudotemporalis)
medially (Oelrich, 1956; Haas, 1973). “Just before entering the adductot
fossa it produces a number of smaller arteries to the muscles and, at least

o : <
in lizards, and anterior and posterior condylar artery. As the mandibular r

L

artery reaches the dorsal edge of the lower. jaw it- divides into®an internal

and an external mandibular artery ‘(AMI and AME, respectivelv).

) Some turtles such as Testudo retain a primitive origin of the ,
O mandibular artery from the stapedial artery. In many other turtles
v L3 .

’
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(Emys, Kinosternon, Trionyx) the extensive remodelling of the braincase has

. N N \‘\ )
( ‘led to the reduction and loss of the proximal portion of the mandibular,
artery. In these forms, the mandibular artery originates as a ventral

extension of the inferior orbital artery (Bojanus, 1819-21; Shindo, 1914)

. Crocodilians exhibit a highly modified braincase that may }e related to the

1
7 -

loss of the proximal portion of the mandibular arte;'y. A secondary anastomosis
of the external carotid has occurred with both "the inferior orbital anud
mandibular arteries. Neither turtles nordgrogodi;ians have external. , . ¢
pandibular arteries (Bojanus, 1819-21; Shindo, 1914).

Since the braincase of Eocaptorhinus is primitive with coxm’nuniéation
’ befwegn the/ adduc*tor chamber: arid the middle -ear cavity,\it is probable that
\'; the mandibular artery originated from the stapedial arterykas ,in Svhenodon,
lizards,lsnakeé,,and some turtles (e.g.Testudo). Because of the low position
of the quadrate ramus of the pterygoid relative to the articular surface of

the quadrate, it is unlikély that a posterilor ‘condylar artery extended

. posteriorly from the méndibular artery beneath the pterygoid. Whether the’

mandibulaxr artéry dmthOU@ there is no evidence, that

!

there was an external/ mandibular artery.

PRI ) pe . L

'ﬁrteria mandibular interna (AMI)

—y

Y

\ Just before entering' the adduc\tor\foé‘sa, the*Tandibular artery in

o N o
N

' Sphenodon and lizards divides. The internal branch runs anteriorly along

the dorsal surface of the Meckelian cartilage where it produces several‘

n medial iamtermandibular branches. It anastomoses laterally with the external
. e \ ‘

mandibular' artery through the mental foramina. The gntferior extremity of

-

the internal mandibular artery reaches the "chin'" through the symphvsis as

-

b ,(L) the symphysial artery (ASY). The internal mandibular artery of turtles and
- - \

' ’
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i

crocodilians {s similar ‘except that, in the absence of’'an external mandibulc'x-r
artery, there is "2;0 lateral anastomosis and hence no mental foramina. In
Eocaptorhinus an ‘;rh;iterpal man‘dibularcartery appears to have been present in
the typical reptirlian position giving rise to severpl intermandibular
arteries and a téﬁinal symphysial artery.

o 7 1. v / . . Co

Arteria int:ermandil&ﬁlaris caudalis (AIC)

retpiles, only crocodilians have a large foramen’

intermandibularis caudalis (Mecklian foramen) similar to that of Eocaptorhinus.

In Sphenodon where |

only a long sulcus,

he splenial has been lost, there are no separate foramina,

In turtles and l1izards, the foramen intermandibularis

caudalis is greatlylireduced yet always retained. In all modern reptiles,

the iantermandibulari‘s caudalis artery, a branch of the internal mandibular
[

artery, accompanied,"the ramus intermandibularis caudalis of the mandibular

division of the trigeminal nerve (V3) to nourish the(LM. geniohyoideus. "It

is believed that a similar arrangement occurred in Eocaptorhinus.

1
i

Arteria intermandibularis medius (AIM) ' S

o

A tiny foramen intermandibularis medius is present in lizards and

crocodilians. In turtles and Sphenodon the foramen/iies within the sulcus
. 7

[

cartilaginis meckelii (Gaffney, 19'7*2ﬁ//In Eocaptorhinus two extremely small

chevron~-shaped canals about 2 m long extend dorsally between the dentary

and splenial, appear to represent the foramen (foramina) intermandibularis i
medius, !thus conforn;ing in. position to the ‘pattefm seen in lizards. 1In
modern reptiles the intermandibul‘aris medius branch of the internal

mandibular artery pas:;ses through this foramen accompanied by the ramus

intermandibularis medius of the mandibular division of the trigeminal nerve o

*
(
e et A= A oo o

. “
e e o ot st

U




B e o At . AR ———r

e T e e ™ Ae—
>

T R i

e W

HTRTPAT T RS

45

(V3) and the ramus chorda tympani of the facial nerve iVIIC ). In pleurodont

ht
\ .
lizards, blood is supplied to the dental lamina of the teeth by this artery.

In all modern reptiles blood and nerve endings to to the gustatory and

mucosal tissue of the inmer "1ips". 1Two small foramina in Eocaptorhinus

et

N t
appear to have carried the same nerves and the intermandibularis artery as

7

in modern reptiles, possibly with the nerves extending through -one canal and

the artery through the other. . ®

Arteria intermandibularis oralis (AIO)

In lizards and crocodilians there is a small foramen intermandibularis
oralis within the splenial while in Sphenodon and ﬁurtles this foramén lay

i

within the sulcus carfilaginis me'ckelii (Gaffney, 1972). 1In Eocaptorhinus | .
a prominex;t foramen intermandibularis oralis is found within the splgni:al.

It appears that, as in mode(rn reptiles, the intermandibularis oralis artery
and ne‘rve passed through this foramen to r;ourish and innervate the origins

of the M. genioglossus anteriorly and the M. inte;rmandihglaris oralisﬂ
poster.brly. ’

S

Arteria symphysialis (ASY)

Aosymphysial artevry extending anteriorly from 'tghe internal mandibular
artery below the symphasis of the two mandibular rami to nourish the skin of

the "chin"™ is found in lizards and crocodilians. , In turtles, where this

region is co":exted by a heavy keratinous beak, there is no symphysial artery.

The skin covering the "chin" in Spher‘lodon is nourished by the external
mandibular artery.
In Eocaptorhinus a well developed ‘canal passes anteriorly through the

symphysis and is believed to have cérried a symphysial artery. ' -

\
» '
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Arteria alveolaris inferior (AAT)

Sphenodon, lizards, and turtles among modern reptiles have an in‘ferior~ N
alveolar artery that branches laterally from the internal mandibular artery '

i , |
inferior alveolar foramen. In Sphenodon this artery supplies blood to the - \

within the adductor fossa and enters the inferior alveolar canél théough the

|
tee}h and dental lamina of this acrodont form, while in edentulous turtles
the artery supplies blood to the triturating surfa@g of the dentary. This
syst;m has not been reported in either crocodilians of lizards although it
13 to be expected in acrodont (aganid, chamaeleonid)\lizards. Additionélly,
in Sphenodbﬁ and lizards, cutaneous branches extend laterally through the
mental fbramina.

In Eocaptorhinus a prominéni inferior alveolar canal and foramen is
present although much further'anieriorly (ﬁosterior extrepity at the eighth
tooth position) than’in either turtles or Spheﬁodon. It is apparent that
this canal carried ttte inferior alve;lér"artery to the teeth and dental

lamina.) o

q

$ ‘

Anteria mandibularis externa (AME)

Turtles and crocodilians do not have external mandibular arteries.
In the former most of the lateral surface of the dentary is covered by the

closely adhering keratinous beak. In the latter, blood is supplied to the

~ .

skin internally from the internal mandibular artery. In Sphenodon and
: .

lizards there is a large external mandibular artery that branchés laterally

e

from the mandibular artery, passing dorsal to the surangular and posterior to

the coroﬂoid. then turning to run anteriorly along the lateral surface of

the mandible where it nourishes the skin and anastomoses with the inferior

alveolar artery (Sphenodon gnd acrodont lizards) or the internal mandibular
LN o
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artery (ﬁleurodont lizards)., In Sphenodon a posterodorsal extension of the
surangular and an anterodorsal projection of the articular meet above the
. external mandibular artery to produce the neomorphic articular foramen.

j The mandible of Eocaptorhinus most closely resembles that of crocodilians

’

‘/> ‘with an' internal blood supply to the skin. It is, therefore, probable that

[ 9

~

.

an external mandibular arfery did not exist.

-

-

Arteria palatina (APA)

The palatine artéry is \an anterior continuation of the internal carotid
anterior to the separation o‘ the posterior cerebral artery (ACB). In
Sphenodon * and lizardg it passks anteriorly through the viéian canal to emg%ge
on the dorsal surface of the pharyngeal membrane ang) ventral to the inferior
orbital membrane. Here is proéuces a small dor;al muscular ramus that
éupplies blood to’the M. levator pterygoidei and the M. protractor
pterygoidei, then continues antepiorly wﬁere it divides to produce a large
medial palatine artery (APM) and iateral palatine artery (APL).

,In turtles, the palatine artery is entirely enclosed within tﬁe %nternal
carotid canal. There is no dorsal muscular ramus since the M. levator
'pterygoidei'adﬁ q. protractor pterygoidei have been lgst. Wiéhin the
internal carotid canal, the palatine artery of many turtles (e.g. geétud;nidsf
divides into a medial palatine artery (palatine artery of McDowell, 1961,

' Albrecht, 1967). ;nd a lateral palatine artery (posterior vidian artery
of Albrecht, 1967). |

The palatine artery of ¢rocodiles coéntinues antgriorly through the
internal carotid canal to emerge 6n the'dorsal sﬁrface of the pterygoid

¢

which forms pért of the secondary palate. There is no pterygoid artery. It

°

has not been determined whether thérq is a 1aterai\pa1atine artery.

13
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the

medial and lateral palatine artery (Fig. 4). Pelycosaurs also possess a

~

similar déep vidian sulcus. Amongst the primitive reptilian groups s

1abyrinthodon§s by Shishkin (1968). ' N

\

Arteria muscularis levator pterygoidei et protractor pterygoidei (APT) e

As the palatine artery leaves the vidian canal in lizards, a small -

branch, a muscular artery, extends doi‘sally to supply blood to the M. L=

levator pterygoidei pxrmd M. protractor pterygoidei (Oelrich, 1956) . Ir/the

=

é;;ecimens of Sphenoaon examined by O"Donoghue/. 21920\)‘\< this sgmﬁft’e/i'y was
present. Whether this muscular artery degenerates in old\eﬁ/ akinetic ‘
individuals where the M. protractor pterygoidei is lost is not knqwn (Ostrom,
1962; Haas, 1973). The M. levator pterygoidei and M, protractor pteryg_oidei/3
and the associated musculary artery are not present in akinetic turtles or -

¥

Eocaptorhinus appears to have ‘had a metakinetic sl*tull (i.e. the braincase
} N

¢rocodiles.

c;mld move relati\;'e to the skull roof) with a movable basicranial articulation

\as‘ a juvenile ‘but probably became akinetic as an adult, In relationship to
. ‘ !

K
\

this, it has‘ been ‘interpreted that an M. levator pterygoidei and probably

an M. protractor pterygoidei were present. A small muscular értéry is

‘believed to have curvegf dorsally arcund the anterior end of the basisphenoid

Ly
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in a narrow, but deep groove between the basipterygoid tubercle and the

cultriform process of the parasphenoid, much as in lizards.

-
¢
“ \

SN .
Arteria palatina medialis (APM)

" The medial palatine artery is the anterior continuation of the palatine
artery. In Sphenodon and lizards it traverses the dorsal surface of the
pharyngeal membrane along the medial rim of the interpterygc;id vacuity and

|
then extends along the dorsomedial surface of the.pterygoid (0'Donoghue,
1920; Oelrich, 1956). It does not enter the nasal capsule. Fine arterioles

anastomose with those of the lateral palatine artery to éupply the inferic:r

orbital membrane. In turtles the medial palatine artery continues anteriorly

" through the lateral carotid foramen upon the dorsal éurface of the pterygoid

and the palatine (Albrecht, 1967; Gaffney, 1972). The cdurse of the medial
palatine artery is not known' in crocodilians.
The medial palatine ;artery of Focaptorhinus is believed to have been

1 N J 1
much like that of lizards, passing anteriorly over the dorsal surface of

'

the pterygoid, lateral to the medial ridge. It is unl:[kély that it entered

the nasal capsule since this aftery does not do so in modern reptifes. A
; ' . ! -
lateral arteriole anastomosis with the lateral palatine artery is probable.

J
| \
i

Arteria palatina lateralis (APL)

The lateral palatine artery of Sphenodon and lizards extends from its
orig/in from the palatine artery ant:erol;aterally across the pterygoid
immediately anterior to thelepipterygolid and the attachment of the
orbitotemporal me\mbrane. Just medial to the suborbital fenestra, a short
inferic;r palatal ‘\artery is produced. The laterai palatine artery continues

anteriorly along the lateral margin of the dorsal surface of the palate,

~
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’

beneath ‘the inferior oghdital membrane, to pass through_‘ the lateral nasal

1

fenestra into the nasal capsule. A system of arterioles anastomoses medially

with branches of the medial palatine artery. ) .

The situation in turtles is extremely variable. Where a lateral

palatine (anterior vidian) artery 1s present as in testudinoids, it resembles

the 'proxi:mal portion in lizards except that it lies within the anterior
vidian canal. When present, it does ‘mot extend as far anteriorly as the
pos;:erior rim of the orbj.t. In some turtles, such as the trionychids, the
lateral palatine ‘artery has b;aen lés?completely. This artery has not been
described in crocodilians.

_ The la;:eral palatine artery of Eocaptorhinus is interpreted as having

-been similar to that of Sphenodon and lizards in \its course (Fig. 5). It

appears to have run anter;alaterally through a shallow groove on the heavy
medial surface of the neck of the pterygoid immediately anterdor to the
epipterygoid recess. It passed laterally across the dorsal surface of the
pterygolid and palatine anterior to the ridge for Athe atytachment of tk;e
orbitotemporal pmembrane. Although there is no groove identifying the precise
course of this"artery, its position can be reconstructed“ withireasonable
assurance since the point at which fhe infer;ior palatai artery branched

laterally into the inferior orbital fenestra 1s easily determined. It 1s”

thought that the lateral palatal artery continued anteriorly to enter the

nasasule through the lateral palatal fenestra.

N

Arteria palatina inferioris (API)

)

In Sphenodon and lizards a small lateral branch of the lateral palatine

 artery, the inferior pa'latine artery, that accompanies a terminal branch of

th¥ lateral palatal ramus of the faclal nerve, passes through the inferior
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’ : 4 |
orbital fenestra, as does the pterygoid vein, to nourish- the oral mucosa

¥
—

lining the ventral surface of the palate. In turtles the same function 1is

performed by the inframaxillary artery, a branc§ of the inferior orbital
| artery that passes through the posterior palatine fenestra (Albrecht, 1967),
It is not known how the turtle pattern developed or whether the diapsid
inferior orbital fenestra is homologous with the chelonian posterior

palatine fenestra. The crocodilian palatai arteries_have not been described.

A fine inferior palatal artery is believed to have accompanied a branch

of the palatine ramus of the facial nerve through the tiny suborbital 
fenestra in Eocaptorhinus. The small size of the fenestra precludes the

passage through it of a pterygoid vein as in modern forms.

-
'

Since a suborbital fenestra was not ﬁiesen; in any pelycosaur, ther;
was no inferior palatine artery. The ventral surface of the palate appears
to have been supplied with blood from some other source, moét probably the
external carotidf

3

Arteria cerebralis (ACB) t

At the point where the palatine artery separates from the 1n§erﬁal

% M
carotid, in Sphenodon and lizards, and enters the vidian foramen, a small

)

dorsal cerebral artery is produced. It enters the postericer internal

i

carotid foramen and internal carotid canal where it bifurcates to produce an

anterior cranial fﬂmus and posterior caudal ramus that leave the anterior

carotid foramina. In focaptorhinus, as revealéed by the course of the internal

1

carotid canal through the basisphenoid, the'pattern appears identical. |
. \
Extreme modification of the braincase in turtles and.crocodilians has altered

the form of the internal carotid canals significantly thus obscuring the

relationships between the cerebral artery and the skull.

i

1
i . S S 2, S - o
1 "

et

PPN SN

P et




I o AN A -

TP W N TR IR T e,

- = s e = o e - - N —

52

Cranial Venous Sy

The principal works on the cranial “enous system of reptiles are those
of Bojanus (1819-21), Corti (1947), Grosser and Brezina (1895), Brumer
R

(1907), and O'Donoghue (1920). No comprehensive study of the cranial

|

venous system of primitive reptile;o, has ever nbeen undertaken although brief
mention has been made by Price (1935) of the position of veins rt;nning
around or through the braincase of ‘Captorhinus. It is only with great
difficulty tilat the venous system of fossil reptiles can be traced. Unlike

arteries, which are compact in form and often are held in prominent grooves

-~

or canals, veins tend to be more widely dispersed as anastomotic networks
N ! J
or broad sinuses that lie on flat or only slightly depressed bone surfaces.

As a result, many of the determinations of size, position, and form of the

venous system are based subjectively on spacial relationships and functional

interpretations.

’

The precaval venous systems of most non-mammalian tetrapods are
generally similali'. The same pattern 1s assumed to have been pres;nt in )
Eocapiéorhinus and is the basic form from whicil the cranial venous system,
'as‘ described here, was developed. Deoxygenated blood from the hqad is
transported posterior1§ through a large common jugular vein or vena
jugularis communis (VJC) and from the throat through a vena oesophagea
(VOE) to where these veins; and the subclavian vein or vena subclavia (VSC)
meet to enter the vena cava anterior. Thg venae cavae anteriores from
each side of the head enter the sinus venosus, along with the vena cava

posterior. In modern reptiles, the'left vena cava anterior is slightl};

to significantly larger than the right.
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Vena jugularis communis (VJC) » '

- 1 Bojanus (1819-21) was the fi?sﬂ: to describe and 1llustrateo the ’

reptilian vena jugularis communis (truncus venae jugularis) in Emys

1 »

orbicularis ("Testudo europaea”). 1t is essentially the same as that of \

g ht

Sphenodon (termed vena jugularis interna by O'Donoghue, 1920) and lizards

B AmEE

Ly

(Bruner, 1907). The vena jugularis communis of modern reptiles is a large

e

-~ Ay iy

' vein that is formedl by the confluence of the vena capitis lateralis (VCL). -

and the vena mandibularis (VWMD) (Figs. 11 and 12). Blood 1is conducted )

\

posteriorly from these veins and from the combined dorsal vena occipitalis ) |
(VOC) and vena cerebralisposterior (VCP), which enters the vena jugularis o X
communis dorsally just poster:For to the head, into. the vena cava anterior.

~ ©
~ 8ince this pattern is common td all modern reptiles, except snakes which

@ AR S 2 e

-~ v “ 1
have developed an additional connection between the maxillary vein and the

R

vena jugularis communis, it is reasonable to expect that' the vena jugularis

; . communis was essentially similar in Focaptorhinus. -

) g

Vena capitis lateralis (VCL) \ ‘ ‘ ( '

Grosser and Brezina (1895) noted, in the early embryonic stfages of

[N
-1izard development, that the primitive vena cardinalis passed ventral to ’

4
°

-~the cranial nerve trunks, while in later‘embryonic stages, a new vein

'

"' ‘develops above the post-trigeminal nerve trunks (except the vagus accessory)

and the earlier subneural, poos‘t—trigeminal segment degenerates. They called

&

b this neomorphic supraneural vein the vena capitis lateralis (VCL). Bruner
(1907) preferred to group both the vena cardinalis and the post-trigeminal

neomorphic vena capitis lateralis together as the vena jugulari’s% interna.

’ £ This is considered to beiinapi)ropriate since 1t does not correspond to the

vena jugularis interna of mammals which is, for the most part, homologous 4
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Typical Lizard

. .

Frigure 1I1. Reconstructi:on of the venous systems in dorsal and lateral

.4

“aspect of Eocaptorhinus, Sphemodon, and a typical lizard (Iguana

o outline representative).
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. Sphénodom, 'and- a typical lizard.
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Figure 12. Schematic reconstruction of major Weins in Eocaptorhinus,
> : " >

+

R R oot

R N

[




4

o T SRR AR, g
»

R T

4

e e e

—_—

-M..r

G e

o

R
1

o SN

. : 56

,

with the vena cerebralis posterior (in part) of Sphefzodon'. Since the

[

original literature is so confused in the establishment of homologies and

cé‘nsequeﬁt lack of stability of names, it 1s deemed preferable to follow

t

Romer's (1956) example of referring to the entire adult veil joining the
orbital sinus to the vena jugularis communis, and composéd of Grosser and
Brezina's (1895) vena cardinalis anterior and vana capitis lateralis (sensu

stricto), as the vena capitis lateralis (sensu lato) or lateral head vein.

P -

This is by no means the perfect solution but it does avoid the necessity of
introducing yet another name into the literature. The vena caﬁitis lateralis
(s.1.) of Sphenodon has a similar.relationship to*the cranial nerves as that

seen in ldizards.

\
In Sphenodon and lizards, the vena capitis lateralis (s.1.) originates

C

fron the posteroventromedial corner of the orbital sinuf -at a point lateral

! \

* to the subiculum infundibulum of the chondrocranium (Gaupp, 1900; Bruner,

4

~1907) (Figs. 11 and 13). Just posterior to the subiculum infundibulum and

anterior to the cristae trabeculares, the left and right venae capitis

‘laterales are joinéd by a supratrabecular vena anas:tcimotica (VAN) (Bruner,
1907; 0'Donoghue, 1920; Save-—Soderurgh, 1946). The vena capitis lateralis
(s.1.) extends posterforly dorsal to the basipterygoid processes and along

the lateral surface of the braincase, where it receives the pterygoid vein

medial to the‘epipt rygoid. As it passes ventral to the Gasserian ganglionm,

L

. the vena capitis lateralis (s.l.) recelves one dorsal vein in'Sphenodon' and

“

amphisbaenids or two in other (npn—amphiébaenid) lizards. The latter have
a neomorphic vena cefebtlalis media secunda that enters thé dorsal side of
the ve‘na capitis lateralis (s.l\.) ;nterior to the maxillary division of

the trigeminal ﬁerve. In all lepidosaurs a primitive ve.na ccerebraliso media

- - ¢ -
(Sphenodon and amphisbaenids) or vena cerebralis media prima (non-amphisbaenid

¢
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Figure 13. ' Vena capitis lateralis of a primitive tile (recomnstructed)

and of a modern,lizard (except amphisbaenids), Sphenodon and .

1 ‘

amphishaenid lizards, and a turtle..
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‘(s. 1.) of turtles

y [ ‘

1izards) joins the vena capitis lateralis (s.l.) dorsally just posterior . to

the mandibular vein, the vena ﬁympanica anterior {VTA),.

The course of the

¢

wvena capitis 1ét‘eralis (s.1.) receives a ventral anastomotic connection

from the mandibuf'lar veln, the vena tympanica anterifor (VIA). Thus far,

1

the course of the vena capitis ‘lateralis (s.1l.) corresponds to the position

of the embryonic

1907).

vena cardinalis anterior (Grosser and Brezina, 1895; Bruner,

~

’

The vena capitis lateralis (s.1l.) then curves slightZy dorsally above

the post—trigeminal cranial nerves (except the vagus acce

position of this

ry nerve). The

vein relative to the trunk of the auditof‘y nerve (VIII)
o

cannot be determined but it is generally implied that the vena capitis

lateralis (s.l. and s.s.) develops dorsal to it (Grosser and Brezina, 1895;

Bruner, 1907). The vena capitis lateralis continues posteriorly dorsal to

S
€

the stapes (columella auris) and then receives numerous small branches

posterior (VCP)
vein to form the

Only Bojanug

cavernogsus—vena j
as sepérate venaEJ
vena ‘capitis late

anastomotica, ven

" draining the braincase and occipital region including’the vena cerebralis

A

nd the vena ocecipitalis (VOC) before jgining the mandibular‘
vena jugularis communis. d ==
(1819~21) has illustrated the vena capitis latera\lis

. This wvein which he regarded as a combined sinus

ugularis‘ extends posteriorly from the orbital sinus (regz_n‘déd
ophthalmicae by Bojanus). It 1s generally similar to the

ralis (s.1.) of J;epidosaui:s, recelving a medial vena

a pterygoidei (vena infraorbitalis of Bojanus) and a large,

single, dorsal pr
Bruner reported t
below the otic ca

cranial nerves to

~trigeminal vena cerebralis medis (secunda) (Bruner, 1907).
at the vena capifis lateralis (s.l.) continues posterlorly -

sule and the auditory nerve thence over the remaining

receive the vena cerebralis posterior then to join the

Kl
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mandibular vein to form the vena jugularis communis. In both Pseudemys
seripta and C'helqdra serpentina, the vena capitis lateralis passes through a
heavily walled canal (canalis cavernosus) bétwéen the braincase and the
greatly expanded epipterygoid and guadrate and the highly modified I;rootic‘
and opisthotic (Gaffney, 1972).  Although almost completely enclosed in
bone, the vena capitis lateralis \ (s.1.) is not intracranial (within the
braincase) as Grosser and Brevz’ina (1895) reported but extracranial (Gaupp,
1900; Bruner, 1907). Since the auditory nerve is entirely int\racranial,
it is not certain how Bruner (1907) established that the vena capitis
lateralis (s.l.) passed ventral to the auditory ‘nerve in contrast to'
lepidosaurs where it is above the nerve. In Pseudemys and Chelydra, the

vena capitis lateralis extends lateral to the otic capsule, ventral to the.
'otic capsule, ventral to' the membranous labyrinth (semicircular canals), ‘but
dorsal to the stapes.’ This is the same course followed by the vena capitis
lateralis of inodern lepidcsaurs.

In crocodiles and birds, the extensive re"modellingh of the skull, and
especially the braincase,  in the c;)urse of archos:;ur evolution, has led to
the loss of the véna capit;_is lateralis (s.1.) and its éeplacement by a
secondary, more laterally position vein (van Gelderer, 1924) .“

The vena capitis lateralis (s.l.) of Eoccaptorhinus is believed to have
been similar to that c;f modern non-archosaurian reptiles. It was lapp rentiy
the largest cranial vein (Figs. 4, 5, and 6) into which drained severg
intracranial ve‘ins, as well ;s Ythe orbital sinus wz-md possibly c;ne or more
extracranial veins. It apparently extended posteriorly alpng the dorsal
surface of the neck of the pterygoid between the orbitotemporal and ’
periorbital membra;les. It continued posteriorly along the lateral surface

.

of the braincase, medial to the epipterygoid. The vena, capitis, laterdlis

P
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i1s believed to have passed over the basicranial articulation and then

{" entered a shallow groove on the lateral surface of the basisphenoid that

fl

it followed posterior dorsolateral to the vidian (palatine) ramus of the

\
facial nerve until it passed ventral to the paroccipital process, dorsal to

the columella of the stapes and medial to the dorsal process (Price, 1935).

It is presumed to have passed ventromedial to the foramen through which the

¢
¢

hyomandibular ramus of the facial nerve left the braincase. There is a
deep groove in the posterior surface of the dorsal process of the stapes of. ..
Eocaptorhinus that is aligned with the dorsal sur‘f}ace‘of the columella over

which the vena capitis lateralis (s.l.) is believed to have passed. It

appears that the hyomandibular ramus of the faéal nerve descended across

the lateral face of the footplate of the stapes, then passed ventral to the

vena capitis lateralis \'(s.l.), just as in modern reptiles, and then entered

the groove on the posterior surface of the dorsal process. Caudad of the

.

stapes, t}}e vena cal;itis lateralis (s.1.) seemingly turned slightly ventrally
{ to pas-s beneath thg opisthotic to its jﬁnction with the mandibular vein to g4
Iform the vena jugularis communis. /

A number of veins are believed to have entered the vena capitis

lateralis (s.l.) along its length. Since a vena anastomotica joining right-

and left venae capitis laterales (s.l.) is present in all modern reptiles,

- AT e

its presence is regarded as virtually assured in Eocaptorhinus, probably
dorsal to the trabecula communis and just anterior to the prominent cristae
trabeculares' of the bésisphenoid. It is probable that the dorsal surface
of the palate ventral to/the suborbital membrane and the region of the

interpterygoid vacuity was drained by a small medial pterygoid wvein,

B
i | an (gt Rl AT T AT | S LY

although giving no physical evidence of its presence. It ié(thought to have

entered the vena capitis 1atera1is (s.1.) laterally, medial to the epipterygoid.

“
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Beneath the trigeminal notch, just anterior to the paroccipital process,
\ .

~

the v\ena capitis lateralis (s.l.) 1is believed to have received a pretrigeminal

: \
\

vena cerebralis media secunda (VCMS) and a post-trigeminal vena cerebralis
media prirqaa(VCMP) just as in non-amphisbaenid l1izards (van Gelderen,1924).
" Bruner (1907), however, does not show a union of the vena capitis lateralis

(s.1.) and the vena cerebralis media secunda in Lacerta. This pattern is

believed to be primitive since it 1s present in some fish and in non-therian

' mammals as well as lizards. Van Gelderen (1924) and Goodrich (1930)

believed that only a post-temporal segment was present in 'protetrapods',
It seems preferable to regard a bipartite -vena cerebralis media, as the

primitive condition as retained by non-amphisbaenid lizards. The single \

N

‘ post-trigeminal vena cerebralis media (prima) in Sphenodon and amphisbaenids

(Grosser and Brezina, 1895; Bruner, 1907; Dendy, 19093 O'Donoghue, 1920) has
resulted from the loss of the vena cerebralis media secunda jdst as in
tur_tleS\(as far as is known) the vena cerebralis media secunda i/s retained
and the apparently redundant vena cerebralis media prima eliminated (Bojanus,
1819-21; Bruner, 1907). E’o:cap‘torhinus is reconstructed (Fig. 6) with both
the ramus primus and ramus secundus.
‘

The presence of a vena tym/panica in Eocaptorhinus is suspected but
cannot be proved. It is reconstructed in its pi:esumed position joining the
vena capltis lateralis anterior to the stapes (Fig. 6). Aftér havipg passed

- \

posteriorly dorsal to the stapes the vena capitis lateralis (s.l.) is '
believed to have received a prominent vena cerebralis poste;'ior that drains
the polsterior region of the braincase through the vagus (jugular) foramen,
or the vagus foramen and foramen magnum. At least omne additional vein is

believed to have drained the occipital musculature into the vena capitis

lateralis (s.1.) before the latter joined the vena mandibularis to form the

PR

L




vena jugularis communis. ‘ . X

C

Vena anastomotica.(VAN)

A vena anastomotica is present in Sphenodon (0" Donoghue, 1920), lizards

k (Bruner, 1907), and turtles (Bojanus, 1819-21) in the same position joining
Z:‘ T the right and left venae caPit:is latera\lés dorsal to the. trabecula cémmunis,
% posterior to the pila mefoptic (Kunk\el; 1912; DeBeer, 1937), the ventral
%* portion of which forms the sub%culum infundibulum in Séheno'cion (Save-Soderbergh,
?’ 1946, 1947) and lizards (Gaupp, 1900; Bruner, 1907; Rice, 1920; DeBeer, 1930),!
and anterior to the pila antotica. It occupies the most ventral portion of
% the fenestra metqptica anteroventral to the ypituitary body. The venae
1 “capltis laterales (s.l1.) of snakes have been lost with the orbital dx}a\inage
; being assumed by a lar\ée lateral ma};illary vein, hence the loss of the vena
: anastomotica_i'n this group. While crocodiliansha’ve lost the posterior

i ( ‘ portion of the vena capitis lateralis (s.s.), it i.s not known whether the -

more anterior portio(n and a' vena' anastox;xotica is retained.
' In Sphenodon, a small vena hypophysialis lateralis is thought to have
" éntered the posterior side of the vena énastom;tica from each side of the

fuséd, medial, subhypop_hys:ial segment of the metoPtic membrane (0'Donoghue,
1920; Save~S;)derburgh, 1946, 1947). Bruner (1907) illustrated -a vena
hypophysialis that drained 1ater’ally into the véna cerebralis media secur‘llda
and not into the vena anastomotic. In turtles it appears that a major

- ‘ venous plexus drains the entire fo::ebrain region into the vena anastomotica

('Bojanus, 1819-21) but this needs to be reviewed.

Since a vena anastomotica of identical form is pregént in Sphenodon,

() structure. This is supported by evidence that a vena hyp lateralis,

R
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_ similar to that of Sphenodon, was preseat.

© Vena hypophysialis lateralis (VHL)
N ;

In Sphenodon, the sella turcica and the enclosed pituitary body is

-

drained\anteriorly into the vena anastomotica through a fine vena hypophysialis
'laterali; (O'Donoghue, 1920; Save-Soderburgh, 1947). This is quite different
f;om the pattern seen in lizards where a small vena hypophysialis drains the
sella turcica and pituitary region laterally into the anterior extremity

of éhe vena cerebralis media secunda where that vein is joined by a secondary
connection from the orbital sinus (Brunmer, 1907) (Fig. |[11). The hypophysial
drainage is not well known in turtles, the only géod illustrations having |
been produced by Bojanus (1819-~21). There is a well developed primitive

vena cerebralis anterior, connected posterodorsailywto the pre—trigéminal
vena cerebralis media (secunda), into wﬁich branches friom the forebrain

drain  and which empties anteriorly into.the vena anastomotica (Bojanus,
1819-21; Brumer, 1907)., Since the presence of a large éna cerebraiis
anterior is a primitive cha;acter preserved in modern fish and amphibians

(van Gelderen, 19?4), the pattern of hyomandibu%ar drainage present in -
turties appears to be the most primitive amongst modern'reptiles. The vena.
.hypqphysialis lateralis of Sphenodon is believedifo repfesént a reduced vena
cerebralls anterior that has lost its connection’with the vena cerebralis
media (secunda) internally and drains anteriorly into the vena anastomotica

just as in turtles. The hypophysial vein of 1lizards appears to be a neomorph..

The hypophysial drainage system of crocodiles has not been described in

detqil.

o

N o b




. 64

It is not possible to degermine whether the intrﬁcranial portion of

(M tbe vena cerebralis anterior.of Eocaptorhiﬁus was a large vessel connected '
) to the vena cerebralis media (secunda) as in turtles or if it was a small

‘ _vena hypophysialis lateralis ag in Sph?nodbn. The extracran{al portion of

this vessel appears to have run anteriorly along the lateral surface of

the median raphe of the metoptic membrane beneath the sella turcica, in .
L A

which the pituitary bddy sat, to drain, into the vena anastomotica. The

T,

g~

median raphe was attached to a low, median septum of the basisphenoid and
# S

was’ flanked laterally by a pronounced groove that lay between the septum . 5

and the anterior carotid foramina. The vein that appears to have run
through this groove is believed to have resembled the extracranial vena

hypophysialis lateralis of Sphenodon, hence the use of this terminology

. MIRY TS

for the similar vein in Eocaptorhinus in the absence of more detailed .

\ information on the form of the intracranial extension of this vein.

( ‘ '
,

?

Vena cerebralis media (VCM) ‘ ( . -

The form of the vena cerebralis media is quite varied in modern

l}eptiles. The typical 1lizard pattern in which a small post-trigeminal vena oo : N

cerebralis media primi (VCMP)};nd a larger pre-trigeminal vena cerebralis
\ media secunda (VCMB) appears to be more pfimi;ive than the sgsingle poét-

trigeminal venacerebralis media (prima) of Sphenodon and amphisbaenids or

' .

the pré-trigeminal vena cerebralis media (secunda) of turtles (Bruner, 1907;

PP

van Gelderen, 1924). However, the retention of a well developed vena

ﬁerebralis anterior with a connection t& the vena cerebralis media (secunda) ‘ |

" is turtles is probably a retained primitive character. An analysis of the
i

1 3

vena cerebralis anterior and media drainage of modern reptiles suggests a
L

( ) possible ancestral pattern of anterior cerebral drainage employing a well
B - ) ) .
1
1
! !
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transverse sinus and vena cerebralis media was present in Eocaptorhinus

"developed vena cerebralis anterior joiﬁing a biparatite vena cerebralis -

media. It is possible that bocaptorﬁinus had this most primitive vena .
cerebralls media pattern or a more or less modified one:s The lack of

ossified anterior cranial walls and the consequent absence of diagnostic

osteological reflections of the course of the anterior intracranial

circulatory system makes it impossible to determine whether a large vena

‘
~

cerebralis anterior existed in Focaptorhinus. That a well developed \

is confirmed by the existence of a prominent supratrigeminal process
(prbmenentia vestibularis interna of Bruner, 1907), as-in lizards and

S

especially in turtles, and as developed to a lesser e#tent, in Sphenodcn.

The process floors the laéeral intracranial passage through which the vena
cerebralis media flowed from the transverse sinus to the trigeminal notch.
The supra-trigeminal process is relatively longer in modern forms in which
the vena cerebralis media is, at least in part, pre-trigeminal. Tﬁe well-
devéloped process in Eocapiorhinus thus indicates the former presence of

at least a well developed pre-trigeminal and probably a large post- ’ \

trigeminal division of thé vena cerebralis media (Fig. 11). Both branches

are believed to have emptied into the vena capitis lateralis as Grosser "

e ———— - ——rt et 1

aﬁd Brezina (1895), Bruner (1907), and van Celderen (1924) suggésted.

v

Vena tympanica anterior (VIA)

. t
In Sphenodon and lizards, a vena tympanica anterior comnects the vena

capitis lateralis (s.l.), just posterior to the vena cerebralis media (prima),
4
to the vena mandibular;s, anterior to the stapes and medial to the quadrate

(Bruner, 1907; O'Donoéhue,‘1920) (Fig. 11). At about mid-length, the vena

V.
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tympanica anterior gives rise to an anteroventrally projecting vena
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mandibularis interna. Additionally, in Sphenodon a small‘dorsal muscular
{: ramus of the vena tympanica anteriorldrains the' M. longissimus capitis
(cervical musculature) through the post-temporal fenestrae and the tissues
surrou&dinglthese fenestrae (0'Donoghue, 1920).
A vena tympgnica anterior-was not described or illustrated in the turtle

Emys orbicularis by Bojanus (1819-21) nor was it mentioned by Bruner (1907)

who noted that the mandibular vein and presumably its tributaries were not

w ' well known at that time nor are they‘well known even today. The presence

or absence of a vena tympanica anterlor in crocodilians has not been noted.
Since the roots of the sub-thecodont teeth, of Eocaptorhinus were
apparently drained by an infernal mandibular vein similar to that of
Sphenodon it is thought 1ikely that the vein drained into a vena tympanica
anterior just as it does in Sphenodon and lizards (Fig. 6). In addition,
the primitively éfen middle\ear cavity of Focaptorhinus is similar to that
( of Sphenodon and lizards in allowing direct contact between the vena capitis
lateralis and vena mandibularis.' This is a markedly different pattern from
that seen in modern turtles wherein the middle ear cavity is éxcluded from
access to the adductér fossa by the pOSterOﬂedial expgnsion of the
pterygoid that forms the floor of tﬂe encapsulated middle ear region and,
thus, leading to the loss of the vena tympanica anterior. It seems likely
that the vena tympanica anterior has been lost in crocodilians because of

+

similar remodelling of the braincase.

Vena cerebralis posterior (VCP) .

The vena cerebralis posterior of modern reptiles drains deoxygenated

blood posteriorly through the occiput from the Intracranial, sinus
¥

1ohgitudinalis cerebrl (sinls occipitalis posterior of Dendy, 1909) to the
. ‘
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vena capitﬂis 1ate'ralis (Figs. 11 and 12). " In‘turtles, the vena cerebralis

posterior has two branches, a small one that leaves the braincase th\nough

1

the vagus (juéular) foramen accompanied by the vagus merve (X), and a larger
ramys that exits through the ventrolateral portion of.the foramen magnum
(Bojanus, 1819-21; Bruner, 1907). In addition, a large dorsal vena
occipito"temporalis (sinus oceipitalis of Bojanus, 1819-21) leaves the dorsal’

portiop of the foramen magnum and invests the dorsal region of the temporal

P

. musculature within the emarginated temporal regfon, if present, from whiéh

region it drains posteroventrally into the vena jugularis communis (Bo/janqs,

1819-21). it appears that the de\}elopment of the vena occipitotemporalis '
is a uniquely derived chelonian character, not a primitive pattern. The
existence of two outlets for the sinus longitudipalis cerebri, one through

the vagus foramen, the other through the forakén magnum, is believed to be
the primitive coddition. '

In Sphenodon only the branch of the vena cerebralis posterior exiting

A through the vagus foramen is retained (Dendy, 1909; d'Doﬁoghue, 1920) while

in lizards (except at;lphisbaenids), only the ramus leaving the head throug}}
the foramen magnum remains. . ;

<The large\sizﬂe of the vagus foramen in Eocaptorhinus suggests that a
substantial bran;:h of the vena cerebralis posterior /ac"companied the vagus
nerve (X) and probably the vagus z‘!:ééessoory {(XI) though the foramen (Figs.
4\, 5, e;nd 6)./ In addition, Eocaptorhinus, like many other ?rimitive‘
reptiles, had a well ,deveioped facet on the e:-(occi,pital that axiticulated
with the proatlas, a vertebral element absent in all modern reptiles (Price,
1935; 'Romer and Price, i940; Carroll, i969a; Heaton, 1975, 1978). This facet

i s

along the.lateral edge °/£ the-foramen magnum was separated from the occipital

condyle by a prominent opening through which a well developed spinal branch
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. continues p;osteromedially to/joj.n the vena capjtis lateralis medial to the

68

» °

of the vena cerebralis posterior is believed to have passed. The vagus and

\

spinal branches probably united before joining the vena capitis lateralis

anterior to its junction with the mandibular vein to form the vena jugularis

communis, Additionaliy, a small occipitaluveiﬁ ;nay have drained the

Qoccipital region into the base of the vena cerebralis posterior as in;

e

Sphenodon (0'Donoghue, 1920) but this cannot be confirmed. -\ »

3 o

-
[

Vena pterygoidei (VFT) ;

In all modern reptiles the pterygoid vein drains both the dorsal surface :
of the palate including iynterpterygoid vacuities (where preéent) and ‘tPe‘
lateral palatine sinus through a moderate t; very large suborbital fenestra
(Figs. 11 and 12).  This is demonsi:rably a derived character that may have

developed separately in both turtles and in diapsid reptiles, for the most

primitive reptiles had either only an extremely small suborbital fenestra,

b

.

as dq the captorhinémorphic‘r-clco1ophonoids, and paraiessaurs, or no
feneatra at all as :‘i.s characteristic of f)elycosaurs. Of modern reptiles,
only Sphenodanphaus a pterygoid vein t};at bears any ‘similax:ity to that
suspected to' have been present 1r]1 more primitive forms. In Spher;odon the
pterygoid vein drains the dorsal surface of the palate and the inte"rptlsrygoid
vacuity beneath the inferior orbital ‘membran‘e in thé region where bloé%

«

is supplied by the palatiné artery. The pterygoid vein' extends posterioriy
// ’
to the medial corner of the suborbital foramen where a short ventrolateral

a \

-

connection with the lateral palatine sinus is made through the foramen. It
epipterygoid.

Since it 1s presumed that the dorsal surface of ‘the palate of
E’acapto}’hinus must, somehow, have been'drained of deoxygenated blood and,
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! N
eince a pterygoid vein, albeit in highLy modified form, is common to all

‘ {: modern reptiles, a pterygoid vein similar to that of Sphenodon without the ‘

) ventral connection with the lateral palatine sinus, has been reconstructed -

£ ., (Fig. 5). g

4 Sinus orbitalis (SOR) . ) o

g , Both Sphenodon and lizards have well/ developed orbital sinuses that lie

i%fi ' between the ball of tﬁe‘e)'e and its adneka, and the. periorbital membrétle t
? \ medially, suborb;l.::al melybrane ventrally, ; .d orbitotemporal membrane” | g

: posteriorly. They do not usually dnvest the anterior. portion of the orbit, .
. ) | this room l;eing” occupied by the orbital adt@\xai inclu‘ding the nictitating

mmbrane, Harder's Gland, Superioi‘ and inferior oblique muscles, several

' negksg a number -of arteries, the cohjunctiva and the lachryma® ducts

¢

b’

(Bruner, 1907; O' Donoghue, 1920; Underwood, 1970). The orbital sinus is
‘ 3

e

.
R et bk ac
3,

formed of a number of tl}inwalled sacs thawt have app-'aréntly developed bly

: ’ ' expansion of primitive ophthalmic veins as a?.re present in modern fish and , - u

‘%mphib‘ians. The difference in terminology between what is considered to - = o

’ . ° " ///
be a vein and what a sinus is pureJ.y subjective fIn generaJ, —4 sinus, such
— 5 }
as the orbital sinus, is a loose anastomoti“c’network of thinwalled venous !

] > o o,
A

channels _that -is often perforated to allow‘\passage of muscles (e.g.x ‘the :

- \

- rectus, bursalis, and retractor bulbi musculature), nerves (e.g. optic,

\ L
oculomotor, trochlear, and trigeminal ne\rvesg, and arteries (e.g. ophthalamic,

orbital, and inferior orbital arteries). 'The orbital sinus drains

Al

ve_ntroi)osteromedial\ly into the anterior end of the vena capitis 1aéeralis .

(sensu lato). It collects blood from the.vena palpebrae inferioris (VPI), .

\R . e
. vena supratemporalis (VST), vena fr8ntalis (VFR), vena praefrontalis (VPF),

Sk,

=N C} " vena orbitonasalis (VON), and vepa maxillaris (VMX) and additionally, in

! /
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lizards, develops a secondary comnection with the vena cerebralis media

~

secunda (Bruner, 1907; 0'Donoghue, 1920) Figs. 11 and 12),

In turtles the orbital sinus appears to be simpler than in Sphenodon

\

and lizards.h Bojanus (1819-21), the only person to illusgfate the orbital
drainage system in turtles, referred to numerous ''venae ophthalmicae” while

Underwood (1970) regards these veins as parts of an orbital sinus similtar

+

to that of lepidosaurs. With the great reduction in the length of the snout

- \ . o
and loss of the septomaxilla in all and, the nasal in most turtles, extreme

differences in preorbital drainage are seen. The intracranial sinus

.
N v o

falciformis serves asvthe major drainage channel froin the snout (Bdjanus,
1819-21). This is not, however, believed to be a primitive dondition. The
orbital drainage of crocodilians has not been described (Underwood, 1970).

There is little direct evidence of an orbital sinus in Eocaptorhinus. .

Well developed foramina, channels, and canals that apparently carried

'

typically lepidosaurian inferior palpebral, frontal, and orbitonasal veins

provide solid assoclated evidence for the assumed presence of a lepidosaur-

a

like orbital sinus draining posteriorly éhrough th/e vena capitis lateralis

* -

(s.1.). i R

°

A

0 a

Véna palpebralis inferior ,(VPI) ' .

Bruner (1907) described an inferior palpebral vein in lizards that
drained the reéion of the lower eyelid and the lachrymal duct between,’ and

just medial to, the lachrymal puncti and lateral to the anterior orbitdl

, artery. An inferior palpebral vein has not been described/im other reptiles,

{
probably because of its small size. . i

In Eocap\torhinye, where the 1déhrymal is heavil); ossified and encloses

the lachrymal duct and associated blood vessels, there is a small foramen’

B e e MW o
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~ and canal that enters the lachrymal about midway between and slightly

71

medial to the lachrymal puncti and just lateral to the anterior orbital canal

which 1s believed to have carried the anne;ior orbital artery. It is

o

believed that this small canal carried the anterior extremi\iy of an inferior

palpebrall vein. I

\

‘Vena frontalis (VFR)

A well developed vena frontalis is present in both Sphenodon .and lizards

(Bruner, 1907; O'Donoghue, 1920). \ In Sphenodon it is formed from the junction

of an anterior and a'posterior branch entering the dorsal rim of the orbital

sinus vhile in lizards, only the anterlor branch is developed. is vein

perforatés the frontal and drains it and its overlying tissues. In lizards

fine lateral supraorbital branches drain the‘ supraorbital tissues,

Small foramina in the orbital rim portion of the frontal and prefrontal

of‘Eocqptorﬁinus/ lateral to the solum supraseptale are“believed to mark the

points where the frontal artery or its branches entered the bone.

]

Vena orbitonasalis (VON)

w

Awmongst modern reptiles, only Sphenodon retains a primitive orbitonasal

! !

veln that joins the superior premaxillary sinus and the nasal sinus to the

prbital sinus. In lizards this vein is much reduced, draining the postero-—

o

dorsal portion of the nasal capsule, and is not comnnected to the superior

premaxillary vein. In turtles the orbitonasal vein has been lost, at least

in part»bécause of the assumption of the snout drainage functions by the

“Intracranial falciform sinus and its anterior nasal venules. The specific

Y
nature of the drainage of the snout of crocodilians is unknown but is

expected to be highly modified as a consequence of the remodelling of the
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© of the nasal from{the nasal-premaxilla suture, where 1t runs confluently

snout and the development of the secondary palate.
In Eocaptorhinug the orbitonasal canal 1s a long osseous tube whose

RN It
ventral surface forms the prominent orbitonasal ridge on the ventral surface %\%

with the dorsal ektension of the rostral sinus within the gremaxilla,
posteriorly to open ventrally through the orbitonasal foramen just anterior

to the nasal-frontal suture (Heaton, 1975, 1978) (Fig. 11). It is believed

that this canal carried a well developed orbitonasal vein which, when it
l‘eft' ;He orbitonasal foramen, continued posteriorly in a shallow but sharply

delineated groove/ in the ventral surface of the frontal to enter the

i

anterodorsomedial| corner of the orbital sinus. A short prefrontal vein is

'

believed to have entered the orbitonasal vein just before it entered the
orbital sinus. is camnot be confirmed for it is posgible that the
prefrontal vein Jntered the orbitdl sinus separatei);. Theb apparent close
contact Jftween the orbitonasal vein and‘the ventl."al surface of the frontal,
as is suggest'ed" by the well marked groove, indicates that the orbitonasal
veln passed dox;:_s°al to the nasal artery., Several small, foramina in the )
ventromedial surface. of the orbitonaasal« ridg(; may have served to transfer
some blood from the nasal sinus to the orbitonasal vein although the quantitmy
of blood so transported would have been small.

It 18 suspected that th/e presence of a well develloped orbitonagal vein

o

was characteristic of manj} or most captorhinomorphs including the ancestors

«

of the modern diapsid lineages.” The devélopment of an osseous orbitonasal
canal in captorhinids may be a specialized character of that group or it
may represent a more primitive pattern associated with heavy bone development

that has been lost in smaller, lighter forms with greatly reduced bone

thickness. The available data are mot sufficient to allow a decision to be

. . \
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1 1 ’
made elther way.

<

Vena, praefrontalis (VPF)

The prefrontal, vein of Sphenodon (part of the vena masalis dorsalis
of 0'Donoghue, 1920) appears to be homologous with that of lizards (Bruner,

1907) even ‘th:)ugh that of Sphenodon drains into the orbital sinus

j}lSt posteromedial to the inlet of i:he orbitonasal (vein while that of

lizards enters the orbitonasal vein just posterolateral to where it

empties‘ into the orbital sinus. Since the vein-sinus junction is not

" sharp, 'exact identification of. the point of entry of the prefrontal

. . ~/’
veln is difficult. It is fully possible that further investigation
will reveal substantial diversity in the development of this feature

in modern reptiles. A prefrontal vein has not been described in either

|
‘

turtles or crocodilians. ‘

‘A prefr;mtal vein appears to have collected blood from the anter%or
surface of the orbital rim section of the prefrontal of Eocaptorhinus,
from which small branches seem to fiavey emerged through several tiny
foramina. As well,\ the vé:ntral surface, and throﬁg‘}f it the skin, over the
prefrontal and frontal bones appear to'have ‘been drained through this
vein. A small vena nasalis ciorsalis may have drained the posterodorsal
region of the nasal capsule into the prefrontal vein as in Spheri’adon or

! ! .

into the orbitonasal vein as in lizards. There is, however, no definite

\

.

evidence for the presence of such a vein,

3
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. A
" * Vena supratemporalis (VST) \
A.supratemporal vein of similar form is present in both Sphenodon

el R
and lizééds (Bruner, 1907; 0'Donoghue, 1920). It conducts deoxygenated

- 3

is laterally and the M. pseudotéﬁporalié superficialis

. blood from the adductor musculature between the M. adductor mandibulae
externus superfic%g?

medially, anteriorly into the posterodorsolateral cormer of the orbital

sinus. Posteriorlybthg vena suprateﬁporalisiis divided, with a short

lateral branch €xtending between the M. adductor mandibulae pars

\

supérficialis‘laterally and the pars media medially and a short medﬂal
branch separating the M. adductor maﬂ;ibulae externus medius pos;eroiateyaliy
E and the M. pseudotemporﬁlis superficialis anteromedially. This is tLe

? «same type of pattern that is belleved to have existed in Eocaptorhinus °

\ where the positions of the muscles are knownvwith some certainty.

P (_ ! The drainage of the temporal region in turtles is considerably
different, being derived fraﬁ a loop of the cefvic;l’vein that has 'l
migrated anteriorly over the dorsal surface of the’ temporal musculature

in the area of the posterodorsal emargination 6f the skull (where presepi),

and being connected medially with the sinus longitudinalis posterior

through the upper part of the foramen magnum (Bojanus, 1819—21).‘

1
s

Vena ﬁaxillaris (VMX)

‘In most modern reptiles, with the exception of snakes, the maxillary

vein is a fine vessel that drains the alveolar portion of the maxillary

i

tooth row posteriorI?Nﬁhrough the supramaxillary and superior alveolar

canals (Figs. 11 and 12) to the infraorbital foramen. In Sphenodon and

A )
lizards it feavgs the maxilla through this foramen and extends along the

dorsomedial edge of the maxilla, dorsal to the palatine and suborbital ;

s
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foramen, and ventral to the orbital sinus. The posterior portion of the .

,

{. superior labial vein turms dorsomedially around the posterior end of

the xil}a and the ectopterygoid, then pierces the orbitotemporal

membr ne to join the maxillary vein and extend dorsally to emfty into.

>

the posteroventrolateral corner of theaorbital sinus (Bruner, 11907;

+

‘ .° 0'Donoghue, 1920). 4
- Co . ki

T =777 "~ The structure of the vena maxillaris of turtles 1is generally similar
to that of Sphenodoﬁ and lizards, however, it exits onto the dorsal surface
1 .
of the palate through a displaces supramaxillary foramen that is exposed @

within the orbit by the reduction and eventual loss of the lachrymal

which forms the primitive dorsal rim of the infraorbital foramen.

o~ AU A Lo

"

Assocfated with the loss of the primitive reptilian marginal dentition

| v

R

in modern turtles and the development of a keratinous beak is the absence
&

of both a superior labial vein and, thus, any connections between the

- - \

subpalatal dr inagé and the orbital sinus. It appears that the maxillary’

£ artery,; upon 1eaching the posterior wall of :g; orbit turns medially
across the dorsal surface of the palate where it joins thé pterygoid
veln and\togetﬁer enter the vena capitis lateralis (s.l.)vindeﬁéndent
of the érbital sinus (Bojanus, 1819-21).

4

The maxillary veln of Focaptorhinus appears to have had characteristics
s \

TR g

1

3

.. '3
of both lepidosaurs (except snakes) and turtles. It is believed to have

R
;

drained posterioriy through the superior alveolar and 'supramaxillary

canals from which it exited through the infraorbital fenestra onto the

"

dorsal surface of the palate, essentially as in Sphenodon and lizards or,

with the exception of the loss of the lachrymal, in turtles., The maxillary

-

vein is believed to have emptied into the orbital sinus as in lepidosaurs
4 A -

(:) (Figs. 11 and 12) rather than into the pterygoid vein as in'turtles. This

: ‘ , y
! ¢
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assessment haQ been made because of the generally greafer apparent
similgrity of the cranial circulatory system of Eocaptorhinus to
lepidosaurs than to turtles. There is, howe;ver, no hard evidence to
confirm this recgnstruction. The heayy sculpturing of t};e lateral
~surface of the maxilla is asnsovciated with the internal draiknage of the
skin into the méxillary vein and with the probable absence of a superior

labial vein. Heavy sculpturing .and the ap%uarent absence of a superior

labial vein is characteristic.of many groups of primitive reptiles.

Sinus rostralis (SRO)

4

The rostral sinus of lizards is a short, horizontal expanded vein

that lies across the anterior face of the premaxilla and communicates

1

posteriorly with the superior premaxillary sinus by means of a very short
medial nasal vein that passes through the posterior i:remaxillary foramen

‘(Bruner, 1907; Oelrich, 1956; Heaton, 1975, 1978). Bruner has shown

"

that the rostral sinus does not drain laterally into the superior labial

vein.
0'Donoghue (1920) described as the sinus rostralis of Sphenodon, a

small sinus that lies behind and above th§ premaxilla that appears actually

’

to be the superior premaxillary sinus, hence its drainage into the
maxillary and superior labial vein. It appears that there is no rostral

sinus 1n Sphenodon, the skin covering the anterior surface of the: - Il
. . b . 1
premaxilla being drained through fine venules into the superior labial |

’
v EEIEIEY

vein. ' . L & ’ .
The venous drainage of the snout is not well known in either turtles
or ‘crocodiles,

Eocaptorhinus appears to have had a larger rostral sinus enclésed

1
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'sinus in Sphenodon but mistakenly referred to it as the rostral vein
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L ' ¥
within the body of the premaxilla. It was connected posteriorly to the

superior premaxillai’y sinus through the large posterior premaxillary : !
fo;'amen just as in 1izards,'ar;d 1like them, did not drain laterally into
the superior‘ labial vein or the maxillary vein. The skin covering the
/ premaxilla drained internally through numerous fine.pores in the well
developed sculpture pits into the siixus rostralis. Ac;ditionally, the
éinus rostrasl‘is communicated dorsally through the orbitopasal canal of )
the nasal and the nasal ramus ‘of the premaxilla and wit}l\ the orbitonasal
vein. if the development: of the orbitonaéal vein-rostral sinus is typical
of all c;ptorhinomorphs, a point fhgt cannot as yet be confirmed, it
appéars that during the appare‘nt captérhinomorphl—diapsid transition.
3

extensive reduction of the external layer of-lamellar bone of the

premaxilla occurred until the rostral sinus was exposed externally as in

1izards or lost as in Sphenodon,

‘Sinus praemaxillaris superior' (SPS)

Sphenodon and 1izards both possess a small sinus that lies transversely

. across the dorsal surface of the vomerine process of the premaxillae,

Bruner (1907) 1illustrated it just posterior to the rostral sinus, to

whi::h it 1s con‘n\ected‘l{y a pair of short veins that pass through the

posterior premaxillary fqramina. He dici not name this sinus, fhowever, 1
possibly because he regardéd it as a continuation of the maxillary vein

although this point is not clear. 0'Donoghue (1920) recognized the same

(sinus) which it 1s not since it lies ‘g,thin the nasal région, not within

\ )
or anterior to the premaxillia. In fact, as noted above, Sphenodon does

c

not appear to have a rostral sinus. In lizards the superior premaxillary

PPUTT. S R
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‘ {
. -+ ginus is situated anterodorsal to the prepalatal foramina through which

S i: it discharges blood into the lateral palatine and transverse palatine
sinuses. Laterally, the sdpgrior premaxillary sinus emptles into both

the superior labial vein and the maxillary vein. The drainage of the
premaxillary region in Sphenodon‘appea‘rs to be similar except for the
absence of any.prepalatal foramina. :0'Donoghue (1920) has indicated

that there 1s a connection between the superior premaxillary sinus and

?

extremity ‘'of the internal naris, ' In any case, the superior premaxillary

e Y ST Ty

Eocaptorhinus appears Fo have had a superior,premaxillary sinus
gimilar in position to that of liza}ds but different in func‘tion. Where
& 3 in Spher[odon and lizards this sinus drains posteriorly into the lateral

palatal sinuses and posterolaterally into maxillary and superior labial ‘

vy o o
3

. veins, in ‘lEocaptorh'inus it appears that the direction of flow was
reversed with the lateral and medial palatine sinuses draining anteriorly
into the superilor premaxillary sinus thence into the rostral sinus and

the orbitonasal vein. There appears to have been no superior labial

] vein in Eocaptorhinus and no connection to the maxillary vein.

°

g Sinus nasalis (SNA)
x The nasal sinus is a loose aggregatidn of venous channels and
connective tissue that forms the spongy tissues that surround and line

the ca\rtilaginous vestibule of the nasal capsule in both Sphenodon and
'y , .

(:) 'lizards (Bruner, 1907; O'Donoghue, 1920). It drains laterally into the

4

the nasal sinus. It is not known how the connection between the transverse
palatine sinus and the superior premaxillary vein was effected, as O'Donoghue

(1920) indicates it was, unless passage was made through the most anterior

vein empties into the superior labial and maxillary veins in Sphenodon, also.

O nd L o % LA
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maxillary vein. In Sphenodon the principle drainage of the nasal sinus

takes place through the prominent orbitonasal vein. In addition, the
i

-

nasal sinus of Sphenodon 1s connected directly to the super;or oremaxillary
sinus“iQ'Donoghue, 1920). Lizards have neither a connection with an
orbitonasal vein nor with the superior premaxillary foramen. “
The vestibule of the nasal‘capsule of Eocaptorhinus can be recoﬁgtgucted

easily within the conical tube of the septomaxifla. The nasal sinys

1ined the vestibule a; well as that portion of the snout anterior to the
v;stibule and 1ts enclosing septomaxilla. The septomaxilla meets the

nasal, lachrymal and maxilla along its posterolateral edge, thus preventing
access of the naéai sinus to the posf-vestibular région of the maxilla.

\ > s
This, combined with the absence of an anterior opening of the superior

alveolar canal, confirms the absence of any connection between the nasal L

sinus and the maxillary vein. Spall foramina are present in the ventral

surface of the orbit;nasal ridge thus iddicating a minotr amount of

drainage of the nasal sinus into the orbitonasal vein. Although the

nasal sinus was relatively smallér than that of modern lepidosaurs

because of the more anterior ﬁosition of the septomaxilla and enclosed
vestibule of the nasal capsuie, it 1s apparent that the dorsal access to
the orbitonasal vein was not sufficient to accommodate the total drainage
of 'the nasal sinus. It thus appears that the principal flow of deoxygenated
blood from the nasal sinus took place into the’sup;rior premaxillary sinus

and thence to the orbitonasal vein by way oﬁxthe large posterior
- oA

premaxillary foramina,

o
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Sinus palatinus transversus (SPT) .

The sinus palatinus transversus anterior of both Sphenodon and lizards
is similar, lying ventral to the vomerine\processes of the premaxillae
and divided into anterior and posterior parts by the incisive process. It
receives blood from the medial paiatine sinus ahd the superior premaxillary

sinus. Deoxygenated blood flows from it into the lateral ﬁalatine

N 2

ginirses (Bruner, 1907; O'Donoghue, 1920). Iﬁ Sphenodon there is a small
;onnection,between the transverse palatine sinus and the nasal sinus that
apparently is absent in lizards. The direction of flow through this

short vein is not known élthough it may be variable. The pattern of venous
drainage in the snout region of turtles and crocodilians has-not heen
described adequately.

Eocaptorhinus appears to have had a transverse‘palatine sinu§ similar
in general form to that of Sphenodon and‘lizards. It is not known whether
this sinus was divided into anterior and posterior parts, as it is by the .
incisive(process in lizards. Since.it is apparent gpat Fhe nasal sinus
of Eocaptorhinus did not drain principally into the orbitona;al vein as
it does in Sphenodoﬁ, a comnection with eithé; the superior prémaxillar;
or transverse,palatinersinus, or both, is regarded as a functional

' o

necessity.

Sinus palatinus medius (spM) .

The medial palatine sinus of both Sphenodon and lizards is generally
similar in form. It is a long medign vein running from the anterior rim

of the interpterygoid vacduities anteriorly, miedial to the internal nares
to join the sinus transversué palatinus. The palatal drainage systems of

S

turtles and crocodilians have not been described or illustrated.

*
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. In E\ocaptorh'inu? the left and right halves of the palate peet in a

deep "V"-~shaped trough, anterior to the interpterygoid vacuities, that - «

it believed to have held.a large medial palatine sinus (Fig. 14).. ) l ‘,f

3

v

.Sinus palatinus lateralis (SPL)

' Modern lizards and 'Sphenodon have well developed lateral palatine”
' #

- ginuses that drain posterior by way of the pterygoid vein Into the vena'

N v

capitig lateralis by way of the large suborbital fenestrae (Bruner, 1907;

0'Donoghue, 1920). The lat'erél palatine sinus is a loose }xetwork of :

- thin-walled veins that may be roughly divided into anterior and posterior

’

. portions. The anterior segment covers the ventral surface of the voner

.and anterior end of .the palatine within the incisive pad as well as l :

-~
‘)

investing much of the choanal tissue lining the intel“nal naris, It is
divided laterally by the chc;anal ‘clieft which it surrounds, O"'Donoghue
21920) has illustrated a\‘vem;us connection between the intrachoenal
lateral palatine sinus and the-extrachoanalnasal sinus in Sphenodon but
this has not been confirmed. Bruner (1907) d':{.d notode’scnribe such a |
con;n‘ection ir; lizara"s. The lateral‘palatine sinus is constricted just
posterior to the internal naris before again expanding t‘o cover the
‘'ventral surface of the paiatine and pterygoid. The palatal tooth rows,
when well developed, perfofate the lateral palatine sinus. The lateral
palatine sinuses of Sphenodon and lizards are constricted posterolaterally
where they join thoei pterygoid véin through the large suborbital foramen
and, thu§, drain into -the \;ena caPitis latéralis. \ “

Bruner (1907) has briefly described both medial and lateral palatine

sinuses in the turtle Emys orbicularis.' He notes many unusual relationships

with other veins. His lack of {llustrations of the venous system df Zmys
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'Figgre 14. Eocaptorhinus-laticeps. Palate in ventral aspect showing'

R

lateral palatal sinuses. Reconstruction.
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and its relationship to the bones of the skull makes interpretation of
this. description difficult. It appears that Bruner is indicating a
connection between the lateral palatine sinus and the oriaital sinus
through the postgri‘or palatine foramen' (suborbital fenestra) .B?janus
(1819-21) illustrated a branched palat\:ine vein, t‘hat appears to correspond
to };runer's sinus palatir‘tus lateralis, that drained through the posterior
palatine foramen directly into theu vena cagitis l‘ateralis. Obviocusly
considerable study of the cranial venous éf%tem of modern turtles needs
to be done, although a basic similarity t; other modern rept‘:i‘les is apparent.
Nothing has been reported of the crocodilian pattern o’f palatal drainage.
Two clearl); demarked, smooth, and slightly \depress('ed regions of the

ventral surface of the palate of Eocaptorhinus appear to reflect a division

of a well developed lateral palatine sinus just as in Sphenodon and lizards.
' ' {

anap

“Except for the‘ greater development of the falatal tooth fields in

¢
Eocaptorhinus which must surely have extended through the si 'uses as separate

"{slands" of teeth, differences are. small. The drainage of biéod from
t \\7.5

the lateral palatine sinuses must, however, have been vastly dlitffer/ent

fory in the absence of a largd suborbital fenestra, as 1is presé?nt in all
/ 3 _
modern reptiles, there could ‘have been no passage of blood froh% t:he palate
posterodorsally through the pterygoid vein into vena capitis laz,\s.\erahs
% uE

Somg, and perhaps-all, of the blood from the palate appea to f—"tgve

drained anteriorly into the transverse palatine sinus, thenc fﬁrsally

- through the prepalatal foramina into the super\ior premaxillary sinus and
P )

P

then through the posterior premaxillary foramina to the rostral sinuses (Fig. 14).

It is possible that, in view of the relat‘:tvel)‘r small size of the prépalatal
{

foramina, that 'some bléod drained from the transverse palatine sinus to
AR T gk . (N

superior prémaxillary sinus through# the ;;nterior end of the internal naris
R {
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as O'Donoghue (1920) described in Sphenodon although this!is regarded with

suspicion. - The main route of'palatgl drainage appears ”to have been
anteriorly to the rostral sinus thence bosterbdorsally ‘thrt;ugh the iarge
o‘rbitonasal vein to ithe orbital sinus. It is possible that the lateral
palatine sinus drai'ned pc;stérolaterally into the external mandib:xlar vein /

AY

but such a course cannot be confirmed.

¢ .

%

Vena mandibularis (VMD) o : . v
’ N \ v L}

The \mandibular vein of"mogern reptiles drains the posterior region

v

of the mandible aﬁd the tympanic cavity into the vena capitis lateralis -
at about the same position as the entrance of the vena cerebralis posterior.
Distally it passes lateral to the quadrate, and through the quadrate

N \ S
foramen in Sphenodon. In Sphenodon and lizards it then receives the
- ¢

anastomotic, anterior tympanic vein before separating to form an external
mandibular vein (VME) and a connection to the internal mandibular vein

(VMI). The extensive remodelling of the skull in turtles has led to the

- .

- 1 e B
loss of the anterior tympanic vein. . P

A The large qgadrate foramen in Focaptorhinus appears to' have carried

., /
a well developed mandibular vein as in Sphenodén.

® .
- 1 I

* Vena mandibularis exterpa (VME) ’ ‘ . )
L { R

W

In Sphenodon and lizards, the externfl mandibular vein runs

anteroventrally along the lateral s\urfac of t;he\ mandible just ventral to

externus superficialis, inciuding
A \ = N

4
the origin of the M. adductor mandibula
the M. levator anguli oris, and then contixypes forward along the lateral

edge of the crista dentalis of the dentary where it

the skin and

mendibular labial 'glands (Bruner, 1907; O'Donogh
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In turtles,

: \ ) 3 ‘
\the mandibular articulation, the external mandibular artery‘receives the . ?:
‘ ) anastomotic, anterior tympanic vein. Just forward of this point, a ;
medial connection is m;de with t:heg ;.ntemal mandibular aiter}; (Bruner, §
1907). In 1lizards, thi; short vein passeg dorsal to the mandibule and
posterior to the ‘M. adductor mandibuléle externus superficialis v.;hile in ;
Sphenodon, the sufanéuiar has c‘axpan;ied anterodm:'sally and the dentary ;

N . A1
posterotforsalply to form an arch that enclo?es the surangular fora'me:} i “
through which passes the small connecting vein. l f

\ \ &
athe external mandibular wvein ariseil rom a bifurcation “‘

wr X

“—_\\~
of the mandibular artery that also produces a‘lérge posterior tympanic

"

vein similar to that of Sphéencdon and lizards. The main extension of
the external mandibular vein runs anterfogly lateral to the quadrate and Ty
ventral to the insertion of the M. adductor mandibulae externus superficialis.

It drains the skin covering the lower surface of the mandible. Unlike g

the external mandibular

: | .

'\" artery that extends up the anterior edge of the M. adductor mandibulae
A

( ) . lepidosaurs, turtles have a dorsal branch of

externus superficialis to the level of the dentofacial foramen. The

‘function of this foramen has not been recorded in print, principally X

i

because of the difficulty of dissecting through the heavy bone of the

L]

*

) K * o By N
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mandible, but ij; appears to have accommodated a connection between th%‘
internal mandibular ‘\J:ein and the external mandibular vein. In addition,l
in the many advanced turtles that have lost the prokimglx region of the

. mandibul\aréartery and in which the adductor fo;sg is greatly rédueed, a

ventral extension of the inferior orbital artery may pass through this

v
\

foramen to join the internal mandibular artery.

f(‘ Eoecaptorhinus is presumed to have had an external mandibular vein
. .
0 that extended from the quadrate foramen along the lateral surface of S
! .
: ‘ \
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- the mandible just ventral to the insertion of the M. adductor mandibulae

‘ externus superficialis, including the M. levatar anguli oris and M.
- Al .

]

retrac;tor anguli oris. It may have continued anteriorly along the dorsal
edge of¢ the dentary lateral to the crista dentalis to drain the labial .
glands but this seems unlikely. The heavily develc‘)p‘ed pit-and-ridge

sculpturing of the lateral surface of the mandible indicéjes that most of

the skin overlying’th:ls reg1051 drained internally rather than through the

r -

5 gzl

g™

$xternal 'mandibular vein. It is possible that a branch of the external

b e

mandibular vein tui‘ned dorsally along the anterior edge of the M. adductor

7

mandibulae externus superficialis possibly even joining the posterolateral

S

corner of the lateral palatine sinus in order to supplement the palatal

"
<

L pesle

drainage although this cannot be confirmed.-

[

C " Vena mandibularis internus (VMI).

'

In lizards, the internal mandibular vein has two major branches, one

dorsal, the other ventral. The dorsgl branch originates from the mid-point
t . * N ‘

-of the anterior tympanic vein and exten'ds énferiorly through thg Meckelian
canal dorsal to the Meckeli_an cartilage. Anteriorly it is intraosbeous,
lying within the inferior alveolar canal with the inferior alveolar artery
and nerve (Brunex, 1907). Sphenodon has an internal mandibular vein
similar to the dor;él branch of lizards. O'Donoghue (1920) did I.lOt

«

describe a ventral branch in Sphenodon such as exists in lizara%. In

a

lizards, the ventral branch extends from the sinus articularis, a secondary,
ventral anastomosis between the external mandibular vein and the dorsal

branch of the internal mandibular vein, forward to drain the symf:ohysial

]

_region. )

‘ ‘ The structure of the internal mandibular vein is not known in any
\ ‘ ‘ . -
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detdil in,either turtles or crocodiles. R ' .

Since the structure of the mandible in Eécaptorhinus 1s, except for
; . .

its more robust(‘ construction, similar to that of lizards, a generally

'

lizard-like internal mandibular vein has been reconstructed with a doFsal
branch draining the -dentary”through the inferlior alveolar canal and a ventral’
/'Sf\\ ! -

braGgh)draining the region of the jaw symphasis ag well as the insertion of

the M. intramandibularis. . )
.
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characteristics are to be noted.

|
Discussion ‘c

The cranial arterial systems of modern reptiles are, with the exception

of those” of crocodilians and some. turtles, simiiar in for£n. In
Eocaptorhinus few differences from Sphenodon or lizards can be traced in
the postorbitai arterial ‘;’.ysgem. Nevertheless, a few primitive

In Eocaptorhinus the palatine branch

of the internal carotid accompanied the vidian (palatine) ramus of the

facial nerve through a deep vidian sulcus in the ventral sutface of the

basipterygoid process at the junction of the basisphenoid and parasphencid. - .

An open vidian sulcus 1s a common feature seen in primiﬁive\ temnospondyl
(Shishkin, 1968) and anthracosaurianamphibians (Panchen, 1964, 1970) as
well as in captqrhinomor;;hs and pelycosaurs (Romer and Price, 1940). A
distinct enclosed vidian canal has developed independently in stereospondyl
amphibians (Shishkin, 1968) and in modern tuf’tles, crocodilians, and
lepidosaurs. In lepidosaurs, a relatively short vidian canal has formed
by lateral expansion of the‘ parasphenoid ventral to the‘ vidian nerve and
palatine artery to joirfi and fuse with the basisphenoid of the basipterygoid
process. The vidian canal 1is much longer in modern turtle;; and 1s often
'éonnected to a separate internal ;:arotid canal (Gaffney, 1972). The
evolutionary events leading to the diverse forms of vidian canals in

y

modern turtles are mot well known. The highly modified braidcase of

[ .
crocodilians has not.allowed the history of the development of the

internal carcotid (vidian) canal to be traced in any detail. The structure

of the vidian sulcus in Focaptorhinus and other captorhinomorphs is

éufficiently primitive that any of the modern vidian or internal carotid

’ K

canals could have developed from it.

The temporal artery of the most brimitiye reptiles was a continuation
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of the stapedial artery after it passed the dorsal edge of the quadrate

and entered the adductor chamber between the origins of the partes media

A and ‘B of the M. adductor mandibulae externus just as it does jn modern
Sphenodon and lizards. In forms such as the captorhinomorpli\s wher\e the
partes media A and B were well developed, ::1l short dorsal temporoparietal
branch of the temporal artery evolved to supply blood to the origins of
these muscle segments and to the skin covering the parietal through a
temporoparietal foramen in the ventral surface of that bone. In reptiles
in which either the Pa;'s media B (turtles) or th? partes media and

profunda (synapsids) of the M. adductor mandibulae externus were absent,

no temporoparietal artery or foramen developed. 7Tt 1s believed that the

temporoparietal foramen of captorhinomorphs served, in small forms with ¥

very lightly puilt skulls, as the locus about which the upper temporal ‘fenestra.

of diapsids developed. Iguanid 1i€3rds possess a small dorsolateral branch

of the temporal artery in the exact position of the temporopatrietal.

foramen and presumed artery in Eocaptorhinus that may be homologous with

1

the primitive temporoparietal artery.
The infraorbital artery is a major anterior branch of the temporal

artery In most reptiles. It exhibits diverse patterns of divisioh and

4

passage into the snout region. Eocaptorh?lnug appears to have had an

»

infraorbital artery that was almost identical to that seen in many modern

turtles. With the reduction and subsequent loss of the septomaxilla and

&

the nasal ramus of the pfemaxilla, the subnarial and postnarial branches

c

of the maxillary artery of turtles have been lost. The chelonian

prepalatal foramina transmit terminal branches of the anterior nasal

; -

artery (Bojanus, 1819-21; Albrecht, 1967; Gaffney, 1972) and are positioned

more posterior than they were in Focaptorhirnus indicating that they may

Al
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not be homologous structures. The pattern in crocogliliahs appears to

be similar to thatlof turtles., The postnariai artery disappeared with

the loss of the septomaxilla while the subnarial artery remains r;ther

larée. The extelnsive modification(of the x‘naxillan inilerem: in the “\development

of the crocodilian secondary palate makes other compallisons difficult.

The péttern of‘branching of the infraorbital artery in lizar;is is confused

by the generally lighter bone .structure that has led to the loss 6f some

of the distinctive canals througlh whi“ch specific arteries pass and which

aid in the identification of these arteries. hile descriptions of

1izard cranial anatomy are relatively coxﬁmon, fe;.r have been detailed

enough to reveal the exact structure of the maxillae and the associated

arteries. In animals with thick dermal bone (captorhi;xids, turtles, A

crocodiles), there is a well formed separation between the courses of

the maxillary artery and the suprama;:illary)and superlor alveolar arteries

laterally. The maxillary aftery is not enclosed ir} bony canals in these

forms. In many lizards, however, the great redl;ction in bone thickness

correlated with the development of a pleurodont dentition has allowed

the maxillary, éupramaxillary, and superior alveolar arteries to come in

contact with each other to fo{rm an arterial ‘plexu§ suppiying blood to

the skin of the snout, the "lips" and the dental lamina. In Sphenodon

and lizards with acrod.ont dentitions (Ag;amidae and Chamaeleontidae) the

maxillary and supramz;xillary arteries maint‘a}in their primitive positions.
While it a{npears from the 1iterature“ (Oelrich, 1956) that the \

su’pramaxillary attery degener'ated in pleurodont lizards, the superior °

alveolar artery may not Have, at leggt if the superior alveolar arteries‘

of both turtles and lizards are homologous as is )often believed. There

: Y
is reason to think that such a hgmology may not exist. In turtles, the

.
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superior alveolar artery does not enter the external naris or form a

subnarial artehry but instead ends abruptly. The superior alveolar artery .y
- e . - © \r

of lizards, on the other hané; becomes the subne;rial artery and crosses

the ventral surfacg of - the external naris j ust as the maxillary artery
" of Eocaptorhinus may have. It appears that pleurodont lizards, rather

than having deveiop;d a r'{éw anterior superlior alveolar fora;nen' an’d new \ ’ )
pbstna}ial and subnarial arteriel to replace analogous bran;hes of the

maxillary artei'y in captorhinomorphs, had a superior alveolar artery that

degenerated in the same manner as did the supramaxillary artery with the

alveolar canal in lizards is a neomorph, preferably called the maxilflary
‘canal, and has evolved by a vertical e:%te:nsion of the captorhinomarph
septomaxillary tubercle dorsally to contact the dorsal brbcess of th
maxilla and thus enclose the maxillary artery. 'y o "
The pattern of branches of the maxillary artery in Sphénado;ft i's
determined by the presence of an ,acrodoﬁt dentition. As 1In agamiél lizards,
a prominent supramaxillary’ artery runs forwazjcli within the infraorbital
canal and what was primitively the superior alveolar canal: There 1is no
ma:Eilla]ry ariery and thus no superior:'alx\reolar artery, its function having it
been taken over by the anterior extension of the supramaxillary: artery,
.and no smaxillary canal, it is obv’ious that ‘there is a very close correlation
between the patterns of inferior orbital artery branching and the type of
tooth emplacement in any reptiles group but such a discussion is.we;l beyond
"the scope of this p‘aper. *\-‘ . o !
In all modern reptiles, the inferior palatal artery passes through

the suborbital fenestra to nourish the posterior region of the o‘ral‘

mucosa. In Eocaptorhinus, 1f this artery existed at all, it was extremely

'
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small. Pelycosaurs, the earliest known synapsid reptiles, never developed
or had lost the primitive small suborbital fenestra and, as a result, did &

not have -an inferior palatal artery.

Any analysis of the pattern of cranial veins and their importance in
primitive reptiles 1is hampered by the paucity of incontrovertible evidence

pertaining to them and by the consequent need to make subjective decisions

based on a knowledge of the anatomy of modern reptiles. With this\in
N

mind, certain conclusions can be based on the described positions of the

cranial veins of Eocaptorhinus.

The gene}al configuration of the Praincase, palate, and snout éf
Eocaptorhinus is similar to that of lizards, Séhenodon, and, to a lesser
degree, turtles, ZJthough\individual differenges do occur. The principal
.course of venous drainage from the head of Eocaptorhinue is thought to

' ﬁébe been a large vena capitis lateralis that colfected blood from within A)
the braincase and chondrocranium ;nd from the orbit just as in modern
lepidosaurs and turtles. Few differences are noted in this area that are
of significance to this discussion save that the ven; cerebralis posterior
of Eocaptorhinus appears to have exited through\the foramen magnum.

It is difficult to determine just what form the orbital sinus took
In lizards and Sphenodon large thindwalled sinuses are the rule. In
turtles, particularly Emys, the only form to haée been.investigated even
guperficially, Bruner (1907) described a lizard-1ike orbital sipus wifﬁ
which Underwoo& (1970) agreed, while Bojanus (1819-21) showed separate
véins, the ophthalmic veins, running:through the orbit. ’Presumably-the
sinuses developed from the more primitive system of ophthalmic veins

vsimilar to those seen in modern amphibians and mammals. Underwood (1970)

I

has noted that there is no mention in the literature of the venous drainage

- —————— - =
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s
of the orbit in crocodilians., While it is not possible to say positively
whether a fully developed lizard-like orbital sinus ~e£<i.sted in Foecaptorhinus,
it does seem probable, and is so deséribed‘, since it 1s possible .to
identify many peripheral veins of distinctiy lepidosaurian form that
drained into it. ‘

The orbitonasal vein of Focaptorhinus connected the rostral sin:s
to the orbital sinus just as in frogs (Gaupp, 1896-1901). The captorhinomorphs
appear ,to be relatively primitive amongst non-synapsid reptiles in having
the orbitonasal vein completely enclosed in a bony canal. In Sphenodon,‘
the vein, called a sinus by 0'Donoghue (1920),is much smaller and is not

enclosed. The orbitonasal vein has been lost in lizards. Concommitant

with the reduced importance of the orbitonasal vein in the captorhinomorph-

lizard line is the development and elaboration of the pterygoid vein.
There has t;een a complete reorientation of the venous drainage of the
palate from an aﬁterior drainage through the rostral and nasal sinuses
and then posterior through the orbitonasal vein into the orbital sinuses

]

to a post‘erior drainage of the palate and ventral snout through the lateral
palatal sinuses anld the lateral pterygoid Véin. In captorhinomorphs thev
suborbital fenestra apparently carried only the imnferior palatine artery

and nerve. ' In all diapsids including the oldest kmown form Petrolacosaqurus
(Reisz, 1975, 1977), the suborbital fenesL:ra is much larger so that the .
lateral palatine sinus was in close proximity to the dorsomedial

pterygoid vein that drained the suborbital membranes. A comnection

b)e.tween the lateral palatine sinus and the pterygoid vein was effected

and soon beeame the principal means of palatal drainage. Once this ;attérn

had developed, communication between the lateral palatal lsinusl and the

maxillary vein, as occurs in lizards (Bruner, 1907) could be effected.

g v o
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Well developéd medial and lateral palatal sinuses %appear to héve
been present in ophiacodont and sphenacodont and in some (caseid)
edaphosaurian pelycosaurs where they covered the palate between the

palatal tooth fields. All pelycosaurs lack suborbital ‘fenestrae and thus

did not drain these sinuses posterodorsally into the vena capitis

lateralis through a pterygoid vein as do modern Sphenodon (0' Donoghue,

1920), lizards, and turtles (Bojanus, 1819-21; Bruner, 1907). "Pelycosaurs
also lack prepalatal and posterior premaxillary foramina as well as the
orbitonasal canal as are present in captorhinomorphé and procolophonids

-

(Ivakhnenko, 1973) thus inddicating that a primitive saurian drainage of

the pa,late t’hrough the snout did not occur. \It is remotely possible that
the lateral palatal sinus may have drained dorsally inﬂto the nasal sinus
through the interpal naris. The nasal sinus iies' anterior and e:;ternal
to the vestibulum of the nasal casule in reptiles. In sphenacodontid
pelycsoaurs, the position of the v\estibulum is indicated by the dpreset‘lce“
of a large septomaxilla that would have precluded a connection between

the intraconchal lateral palatal sinus and the extraconchal nasal sinus,

if the latter even existed. The alternative to draining the lateral
palatal sinus internally is to Erain it externally into the external
maridi\bular vein. The drainage of the ventral surface of the paiate
postgriorly into the external mandibular vein _is thought to have been

z; typical synapsid character and is, in fact, probably homélogous with

the vena facialis profunda and proximal portion ‘'of the vena facialis externa
of mammals. The lack, in Sphenacodontid pelycosaurs of deep pit and r;Ldge
sculpturing with perforating pores that is common amopgst pr'im‘itive non-

synapsid reptiles (Carréll and Baird, 1972; Clark and Carroll, 1973;

Heaton, 1975, 1978) suggests the posibility that t;,he skin covering the

/a
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well developed prefrontal ridge of sphenacodontids indicates that the

" existed in pelycosaurs but it is expected that it did not.

95
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jugal, lachrymal, and prefrontal\ and the posterior portion of the maxilla

of sphenacodontid pelycosaurs such as Dimetrodon (Romer and Price, 1940)
was drained by a superfiucial vein not unlike the superior labial vein of
Sphenodon and lizards (Brumer, 1907; O'Donoghue,u‘ 1920)° but not connected
internally with the ozrbital (;r palatal :sinuses. This external vein that
may have drained wventrally into th;a external mandibular vein, is thought

o

to have been the precursor of the mammalian vena nasalis externa. The

B

vena nasalls externa had not as yet developed a posterodorsal vena

3
nasofrontalis. The premaxilla and pre—caniniform region{ﬁ% the maxilla
apparently drained internally through pronounced pits and pores into

the superior alveolar canal and into the superior alveolar and supramaxillary

' divisions of the maxillary vein in the primitive manner.

It is 'difficult to determine whether a well developed orbital sinus

In contrast to

the low, oblong orbits of Eocaptorhinus and many diapsids that accommodated
large sinuses anterior and, especially posterior to the bulb of the eye,

pelycosaurs have noticeably higher, rounder orbits with significantly

less room for the sinuses. The lack of orbital sinuses, surely a primitive

-

chafacteristic, is strongly correlated with the absence of the pa’latai

drainage into the orbit as is characteristic of non~synab§id reptiles.
§ : :

o
H
i
3

. Conclusions °

The cranial arterial system of E’ocaptoz;hinus is’ of a primitive pattern

from which rj;he arterial, systems of all modern reptiles could have developed.

. The vidian or internal carotid canal of modern ,reptiles had’ not yet

developed, in its place was a deep vidian sulcus between the ~basisphénoid
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and the perasphenoid. A prominent temporoparietal ‘branch of the temporal

o~

artery pierced the parietal posterior to Su“pi)ly the skin and the origins

LR

of the M. adductor mandibulae externus medius in captorhinomorphs. The

fordmen through which it passed may have formed the locus about which
’ 7

the dorsal temporal fenestra of araeoscelids and diapsids developed.

S
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Differences in the‘ development of the infraorbital artery subdivisions
!

can, in some cases, be related to the types of dentition or the lack 'of

J

#

dentition exhibited by each group of living reptiles

s The cranial venous system of Eocaptorhinus is in most casges more

difficult to trace than is the arterial system. Orbital and palatal ’

[

(._._,,A sinuses appear to have been an ‘important part of the system. .In
/

Eo7aptorhinus the main system of venous drainage from the palate vas

!

n o TR VST Y

apparently anteriorly into the rostral sinus thence posterodorsally

N

/thrOugh the orbitonasal’ vein to the orbital sinus. In lizards the flow
| ;
is completely reversed. The orbitonasal vein has been lost. Venous

b

blood travels anteroventrally into the rostral sinus thenc"e posteriorly
into the lateral palatal sinus from which it drains dorsally through the
suborbital fenestra by way of the pterygoid vein. Sphenodon e*chibits a

pattern intermediate between these two extremes, a small orbitonasal

I

'vein draining the dorsal smout region posteriorly into the orbital sinus

and a small pterygoid vein draining through the lateral palatal foramen

into the vena capitis lateralis. The palatal venous system in pelycosaurs
. < 4 o
was much different, apparently having drained pos‘teroventrelly through ‘the

)

externsl mandibular. vein.

¢

The cranial circuwlatory system of the captorhinid' E'oaaptorhinué is of

a generally primitive form thought to be common to many, if not all,

?

"ot rrte oo agn - <Ayt

L ‘captorhinomorphs. "It s suspected, but by no means sure, that a connection

—




N -

ey

. between the posterolateral extremity of_‘the lateral palatal sinus and - . ' KJ

( the external mandibular wvein ‘was a primiéive repéilian characteristic iy

a

¥ that has been lost in modern reptiles but that has been greatly expanded

: in mammals. The dorsal M. adductor mandibulae externus supérficialis
Il ' { I tos

3 & branch of the external mandibular vein in many modern turtles may be a

AN

remant of this primitive link, The'development of a prominent anterior

ot

' . Voo
circulation from the palatal sinuses to the rostral sinus, thence through
' i

’

the snout to the orbit is an advanced characteristic of captorhinomofphs

w b

and their .modern descendents. Pelycosaurs had a very different cranial '

v

‘ circulatory system even at the time of their first appearance in the

fossil record. While ‘it is probable that the pelycosaurian cranial
, -
circulatory system developed from a pattern similar to that of non-synapsid
§ reptiles, the separation miist have occurred long before the first appearance i
[ S ) e
i ( . _of captorhinomorphs with thelr specialized palatal venous drainage.
) : ! ’ . ‘ '
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' ABSTRACT
{,‘ T Superbfy preserved remains of-the captorhinomorph reptile

Eoeaptorhinus laticeps- from the Lower Pergian Wellington formation

’

' §
(Wolfcampian) of morthcentral Oklahoma have -revealed well developed

.

muscle origin and insertion scars. Reconstruction of the mandibular

adductor musculature on_the basis of these scars on skull elements

v

reveals that captorhinomorphs pogsessed a typically reptilian tripartite

M. adductor mandibulae. The M. adductor mandibulae posterior was a

i
’

small simple muscle. The M. adductor mandibulae externus was extremely
complex with three subdivisions, the partes superficialis, media, and

: profunda, each .of which was further subdivided. The M. adductor

mandibulae internus was divided into two bipartite‘muscles, the M. pseudo-

temporalis and the M. pterygoideus. There was a well developed

\

tripartite M. constyictor dorsalis grotp. °
These muscles were essential components in a primitively metakinetic
skull, some serving as skull roof elevators during\mandibular d;prgssion
and others serving as paEts of either a kinetic inertial or a static
pressure system during mandibulaf adduction. This primitive metakinetic
condition dgveloped concomitantly with the attai;ment of a ;ery small

size, and hence small terréstrial ihsectivoreéfeeding mode, that must

have been necessary for the development of the amniote egg.

A

[

-

ditna P e w -




o,

RN SC T 2k e
—

| o R IR 40

:\\\\\\_,/ ‘ 106 °

. FIGURES

,Fig,/{i‘ Foeaptorhinus laticeps. Skull. Rekonstruction.

Fig. 2. Geonetry and anatomy”’of muscle origins and insertions?

Fig. 3. Muscle Tension-Elongation Curve. o S

Fig. 4. Primary divisiqns of the M. adductor mandibulae.

Flg. 5. .Eocaptorhinus laticeps. Skull roof in ventral aspect showing

. regions of muscle origin.
()

-Fig. 6. Eocaptorhinus laticeps. Braincase showing regions of musclé origin.

+

Fig. 7. Eocaptorhinus laticeps. [Regions of muscle origin and insertion.

Fig. 8. FEocaptorhinuddlaticeps. Head in lateral aspect showing the

{ .
M. adductor mandibulae externus superficialis and its divisions, the

.

o
8

M./ij)atof anguli’ oris and the M. retractor anguli oris. Reconstruction.
Fig. 9.7 Eocaptorhinus laticeps. Head in lateral aspect showing the
M. adductor mandibulae externus superficialis with the M. levator

angull oris and M. retractor angull aris removed. Reconstruction.

O

o Fig. 10. Eocaptorhinus laticeps. Head in dorsal aspect!showing the

mandibular adductor muscuiature. Reconstruction.
Fig. 11. Eocaptorhinus laticeps. Head in dorsal aspect. Reconstruction.
Fig. 12. Focaptorhinus latieceps. lHeaé in lateral aspect showing the

M. adductor mandibulae externus meéius segments. Recounstruction.

Fig. 13. Eocaptorhinus laticeps, Palatal comwplex showing regions of

muscle origid. ’

¥

Fig. 14. FEocaptorhinus laticeps. Head in. lateral aspect showing the
M. pseudotemporalis superficialis, M. intramandibularis, and the ‘

M. adductor mandibulae posterior. Reconstruction. °

r
o

Fig. 15, FEocaptorhinus laticeps. Head in, ventral aspect showing the

M. pterygoideus. Reconstruction. @
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THE ADDUCTOR MANDIBULAE MUSCULATURE OF A PRIMITIVE

, {i : CAPTORHINID REPTILE .~ .
\ N
' : Introduction ‘ - .
L4 ' The early . Permian terrestrial deposits of the southern United Stateé

f’ ‘ have produced a large fauna of primitive reptiles. It is from'these

i . .
] deposits that the well known mammal-like or synapsid reptiles, Dimetrodon,

a sphenacodonid pelycosaur, has been cqllécﬁed (Romer and Price, 1940).

From here also have' come many specimens of the Order Captorhinomorpha,

y — often considered to be the most primitive group of true reptiles. ﬁosi

of these belong to the F;mily Captorhiﬁidge. Two species, CaptorhiéusA

; < aguti of early Leonardian age (Fox and Bowman, 1966) and the slightly

earlier Eocaptorhinus Zatiééps of late Wolfcampian age (Heaton, 1975,'1978)

(Fig. }) have been exhaustively séudied. Eocaptorhinus is known from a ” .
L ) ‘ 1§rge collection of superbly preserved spec;mens from the Wellington I

¢ e Formation of northcéhtrél Oklahomé (gee Heaton, 1975, 1978, for specimeA'

; numbers, descriptiops, and locality.data)‘tﬁaf reveal muscle attéchment

: "gcars". Since little.information on the adductor jaw musculature of
primiéive captorhinomorph; is avallable in the literature,'a reconstruction
of the pattern presént:*:tm—ﬁ—”rma‘fJtozf*h:’l?7HSf7‘&ez4&Jlaapsi__t;:hg_eaL:lalze*:-;«t—.—a‘dequan:re:icfy'\\;\\\;\~
kqown captorhinomerph ;s presented. Although Fox (1964) has attempted to

reconstruct the musculature of ‘a captorhinomorph, Captorhinus aguti, in

_ detail unfortunately this was done on the basis of an assumed mammalian

Ll e s LS e S e

muscle arrangement (Barghusen, 1968, 1973). -

Detailed studies of the addudtor musculature of primitive Paleozoic
reptilés are rare. Because of the superb reconstructions of the skull of

‘:3 the early Permian sphenacodontid pelycosaur.Dimetfodon, presented by Romer

1 '
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and Price (1940), and the availability of numerous well'preservegi and

s - v a
prepared specimens, most studies have concentrated upon this genus

(Watson, 1948;'Parringtonn, 1955; Fox, 1964; Barghusen, 1968, 1973).

Any attempt at reconstructing the cranial soft anatomy 'of fossi

'
¥

reptiles presupposes an extensive knowledge of the cranial anatomy of
modern reptiles and, to a lesser extent, of modern amphibians and mammals.
In the past, such reconstructions have been erratic in quality since few

paleontologists have had a sufficiently good understanding of anatomy to

permit good reconstructions to be made and anatomists have generally been

o

/
ufiinterested in fossil forms. Only Barghusen (1968, 11972, 1973) and
Ostrom (1961: 1964, 1966) have achieved any notable success in this field.

The literature on modern reptilian cranial anatomy is also limited.

°
”

Much of the published information is old and often inaccurate or grossly
over-simplified. Much was acquired by means.of careful dissection. Since
the "general decline of comparative anatomy since the 1930's, 1ittle has
'been published beyond reviews of the older literature. Comparative
vertebrate anatomy is making a-noticeable ;eappearahce as a neéessary tool
in vertebrate paleontology though mos;t research has been confined to
mammals. As a result, relevant anatomical knowledge had to be acquired
first hand by means of extensive; dissections of modern forms. In this

study one or more sp‘eci'mens of the following modern reptiles has been
di§sected£ Pseudermys concinna (Chelonia: Testudinidae), Pseudemys scripta‘
(Chelonia: T:astudinidae), Ctenosaura pectinata (Lacertilia: Iguanidae),
Gekko gecko (Lacertilia: Gekkontdae),’ Iguc;na iguana (Lacertilia:- fguanidae) ,
Phrynosoma cornutum (Lacertilia: Iguanidae), Tupinambis nigropunctatus

(Lacertilia: Teiidae), and Varanus bengalensis (Lacertilia\w Varanidae).
\mcen; ith

In addition, a number of modern amphibians was examined in ¢
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Robert B. Holmes of McGil{‘ University: Ambystoma maculatum. (Urodela:
(1‘ ‘ ~ Ambystomatideae) ,’ Amphiuma tridactylium (Urodela: Amphiumidae), Ascaphus ,
truei (Anura: Ascaphidaé), Cryptobranchus alleganiensié (Urodela: \

' Cryptobranchidae), Hynobius retardatus (Urodela: Hynobiidae), Necturus

f

macbzlgsus (Urodela: Proteidae), Rana pipiens (Anura: Ranidae), Siren

Y
2

lacerting (Urodela: Sirenidae), and Xenopus sp. (Anura: Pipida;a).
The mandibular adductor musculature of modern reptiles is basically

gimilar "“even though the three, major groups, the chelonians /(turtles

and tortoises), lepidosdurs (rhynchocephalians, lizards, and snakes)

and cro;:odiliq\ns have evolved separat‘ely for at 1e§st 200 miliion years.

Both chelonians and crocodilians have become highly specialized in

| theit: skull's;:t:fucture and modes of feéding with a consequent change in

emphagis in ‘the development of some segﬁents of the adductor musculature.

( Rhyﬁchocephalians (Sphenodon) and many lizards, although specialized in

the development of two pairs of temporal fenestrae in the skull roof and

cheek have a general\ly gimilar gkull size and construcéion, and for tie
- - \ +

most part, have retaine&\a primitive reptilian insectivorous feeding

~

mode and hence have rétaine the primitive pattern of fept.ilian muscles
segment development. Since the muscle development in these primitive

lep:ldosauriaps i8 less specidlized than in either turtles, which

o

Bap’erficially resemble t;he ul fenes.tréte gkulled captorhinomorph reptiles,

or in crocodiliaris, 'comp son with relatively unspecilalized lizérds such

¢

‘as Iguana and Tupi‘namb:;e and the primitive, sﬁhenodo:)xtid rhynchocephalian

1

‘e .

Sphenodon 1s stressed. )

Barghusen (1973) has given an excell¢n£”~%5tiopqle'fot identifying

the regions of mus/cle' origin aqd’insertion in fossil reptiles )Some‘

-

(“) * explanation and amplification of his criteria do seem appropriate. The
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Sharpey's fibers have been loskt. Many pefpendidular muscle attachments

‘boundaries of the muscle produce slightly

s ‘ 111

\ .
major criterion he msed was the presence of attachment "scars' that were

to be considered —tlﬁ’;;ologous by reason of similg,r' placement in both the ‘ '
. . (

fossil and living reptiles. Attacimer;t "scar" is a frequently used but

poorly defined term. quically there are two methods of anchoring muscles

to bones. These are fleshy comnections and tendinoué connections \(Edwards‘,‘

1946) . All bone surfaces are sheathed in a layer of dense mesenchymal . ] |
‘

conn'e‘igtive tissue, the periosteum, the deep layer of which produces

osteoblasts that deposit thin, dense layers of lamellar bone. This °

gpplies to both dermal and perichondrél or periosteal bone although o

their exact process of formation is slightly different (Ronter, 1970).{ 7 ‘ ‘ |

The periosteum is bound to thé lamellar bbne by short bundles of

.col;agenous fibers known as Sharpey's fibers (Edwérds, 19{{6“;‘ Ffazzetta, »

1968) (Fig. Z)L./ As Frazze‘tta noted, greater stresses are placed on the . ' : 3

periosteumn by forces associated with perpendicular or near perpendicular T

muscle attachments than byD'sub—tangential attachments. In regions where
. -

fhe periosteum 18 heavily stressed, ;dditional clusters of S}]arpey's ~ ’ EE

fibers are 'produeed so’ that fossils, 'frkom which all organic Wcomponents

been removed, show an inc‘reased degree of microscopic pitting where/ the,

cover large areas in order t:) dissipate s_tress across the periosteum.

This type of broad attachment is always fIeshy a‘lthc\mg\H it may be

supported by minor tendons. 'Slightly dished.or excavated areas of \ ‘ i

perpendicular muscle attachment are typical ‘because the external )
| ) ! \ , E

greater stresses and hence

ol

greater degrees"of ossification (Edwards, 1946). In these cases, the ' i

rims often show wesk concentrations of Sﬁarpey's fibers pits. TIn regions

of inclined or nearly tangential muscle attachment, extreme shear loads

§
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Sharpey

Muscle origin from ridge
ridge supported tendon

Unipinnate muscle
insertion onto
, tendon
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Tendon supported flesh

muscle origin

Bipinnate muscle
"insertion onto
tendon

Multipinnate muscle
insertion onto
tendon

Figure 2. Geometry ‘and anatomy of muscle origins and inéert:ipns.
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\

may be placed on the periosteum. In these cases, a' collagenous’extension

of the periosteum, a ;endon, is normally formed' in'whose base are »
embedded many bundles of Sharpey's fibers, around which additl:ional
fleshy attachments, resulting fxrom a pinnate attachment of the muscles
to the tendon, are developed. The increased numbers of Szﬁarpey's
fibg:s ‘give the ridge a heavily pitted surface and, in al:"eas of extreme
‘ stress, this, as well as diffgrential ossification at the base of the .
tendon producés, a heavily gnarled region. These bony evidences of
mscle or tendon \attachment are the scars to which reference is often
made.
~ Each u;uscle fiber has a single fixed length at which it will come

to rest if unexcited and if not subje;cted to any external applied
"c‘ompressive or tension forces. This is known e;s \the resting fiber'

length ‘and is usually considered to represent 1OQ percent elongation

of the muscle fiber (Fig. 3). iﬂach division and subdiviéion'of a muscle
mass may, an:i uéually does, reach its resting fibér length m%i a different:1
point in the mechanical .tycle through which the skezletal eleéents, to

'

which it is attached, pass. When the muscle fiber is stimulated, it

é\ay contract as muc}; as 30'percent,of its resting fiber length, but as \
it do_es so,‘ the active tension in the activated muscle decreases from
» a maximum at the rest_ing fiber length Ct04zero at its point of maximum
contraction (Zierler, 1961). This‘ has two consequences in jaw adduction.
F‘irat, a unitary adductor ma;s, while being strong at one position,
would be rélatively weaker at other points in the jaw adduction cycle.
Obvidusly a jaw adductor muscle mass with numerous divisions and
subdivisions that reach their resting fiber lengths sequt;_ntially and,

\
thus, exert a constant: force throughout the adduction cycle, is a

/
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distinct=advantage. Second, forms with complex subdivided jaw adductor
musculature primitively sﬂow a proportionately .larger cro;s;sectional
'ﬁreé of muscle fiber in order to maintain adequate strenéth/throughout
the cycle. Animals with simpler jaw adductor muscle;'usually have
proportionately smaller cross-sectional areas of these museies unless
some structure or mechanism, such.as the coronoid process in nammals
‘(DeMar and Barghusen, 1973) or the exfremely mobile cranial kinesis
in gekkonld lizards, has been developed to overcome the problems of a
s;ngle,'or at least, extremely limited number of positions of maxim;m
active tension.

Muscles can be stretched passively beyond their resting fiber
length by the application of an external force, usually the contraction

’

of another muscle, on the mechanical system. "Passive thsion increases ’
o

geometrically with elaétic elongation to about 130 to 140 perceni of the
resting fiberllength before inelastic elongation of some muscle fiber
components begins and passive tension rapidly decreases (Zierler, 1961).
Haines (1932, 1934) has shown that striated ;keletal muscle adapts 1ts
maximun elaétic fiber length under passive tension to thehgreatest
degree of physical excursion iﬁxthe mechanical system of which 1t is a
part. An increase in tendggzéength at the expenée of ﬁuscle fibver
length is typical in systé;g where physical movement has been restricted.
| .
.~ In all such cases, the tendon adjusts the maximum elastic ﬁiber length
under passive tension to about 130 ko 140 percent of the.resting fibgr
length. Barghusen (1968), in his reconstructions of the jaw adductor
musculature in the sphenacodont pelycosaur, Dimetrodon,.used a factor

of 132.6 percent elongation as the maximum fiber length. This figure

wag derived from an idealized, generalized tension-elongation graph’
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based on results obtained by Zierler (1961)’ using human skeletal muscle

t (Fig. 3). Hailnes (1934) does not quote- any figures for elongation as P | i
X (
Barghusen (1968) has implied. Because.of the numerous generalizations

3

necessary to determine the point of maximum elastic muscle fiber élong§tion
undér passive tension, a figure of 132.6 percent is thought to represent

spurious accuracy, especially when an extrapolation of experimental

values obtained from human skeletal muscle is applied to primitive .

" reptilian musculature. The figure is believed to range between 130 and J
140 percent but may be as high as 140 to 150 percent as suggested by \ N
Gans (1966)\ and Reisz (1972) but surely does not reach tffe 200 percent

. (

suggested by some authors.

. Frequently thé term 'resting fiber length' has been misinterpreted,. ‘ o

especially when being discussed in relation to the jaw adductor

\ \ i

' musculature of modern reptiles. It has usually been assumed that all .

maxildibular adductor muscle fibers reach their resting fiber lengths

/

- ———" T

L

when the mand'ib“le is adducted. This rapidly leads to the assumption

- that primitive reptiles were limited in the degree to which‘ the mandible
.could be depressed (Reisz, 1972) or that the muscle fibers of primitive \
reptiles could acconuuc;date greater elastic elongation. Examix;ation of

| ¥ ‘ the skull and jaw adductor musculature of modgarn reptiles reveals a ' -

+ i

similar apparent discrepancy between the maximum observed degree of

v 1

I mandibular depression and the assumed resting fiber lengths. In fact,

what has happened is that the original assumption that all muscles are i

at thelr resting fiber length when the mandibl\e 1s adducted is incorrect. ‘

| length t =

to iceep the mouth closed without the need for continuous active tension

. Only one muscle segment need be maintained at its resting fiber

-: C) in the muscle mass. This segment, usually the most posterior of the 4

! 1 !
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mandibular adductor divisions in order to remain as close to the jaw
articalation (fulcrum) as possible, so as to decrease the degree of , -
angular excursion and thus muscle fiber elongation, keeps most other
muscles in slight compreséion thus leading to the lcommonly observed
passive bulging of the jaw adductor musculature when the mouth is
closed. M‘uscles having origins or insertions, or both, at some distance

from the jaw articulation reach their own resting’ fiber lengths when

- the mandible is depressed to a specific degree for each individual

muscle segment.

The re-constructions of the mandibular adductor musculature in
Eocaptorhinus Laticeps have been made to represent, as closely as
possible, the actual ap;;earance of the animal as if being dissected
today. All nerves and blood vessels have been reconst’ruc;ted in their
api;;c’)priate po\s;itions. ‘Certain liberties have been made in the
re-construction of the skin and the pupil of the é’ye for the sal,ﬁe of
artistic continuity. A pattern of large non-imbricate scales was
;srelected to cover the lightly“sculptured later;ll snout elements since
this is similar té the form of scalation to be observed in at least
some members of most groups of modern reptiles where relatively large
size and thick bone and skin are present, Reconstruction of the skin

covering ‘the heavily sculptured cheek and skull roof.is more difficult.

It is felt that this/region was probably covergd by many small, nen-

“imbricate ebidermal scales, one scale podsibly correéponding in size

roughly to each sculpf:ﬁre pit. large plaque-1like scales or small

.;!“
'{mbricate §cales would appear to be inappropriate for a region of heavy
pit-and-ridge sculptgriné. ‘The general appearance of the scalation

would probably resemble that of a larger teiid‘lizard such as Tupinambis

-

N
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if the scales were simple and unadorned. An elliptical pupil of the eye
gimilar to that seen in crocodilians and many ldizards is illustrated
hltﬁough there is; of course, no concrete evidence to support or

contradict this aspect of the reconstruction. All other features of

the re-constrictions are supported by one or more pleces’ of( corroborating

evidence.

M. ADDUCTOR MANDIBULAE OF EOCAPTORHINUS LATICEPS
\

!

The older,\and some of the newer, literature has often considered

|
the jaw adductor musculature to be an undifferentiated or bipartite
Y

muscle usuélly referred to as the M. temporalis (Meckel, 1812-33;

Cuviér, 1836—~46; Stannius, 1856;J Owen, 1866; Mivarf, 1867, 1870; Sanders,

1870, 1872, 1874; von Teutleben,| 1874; Hoffman, ‘1879-90; Sl;ufelt, 1890;
Edgeworth, 1907; Lubosch, 1933) |in accord with the presumed homologies
with the mammalian, and in partiéulér the human temporal muscuiature, .or
the M. capitimandibularis (Hoff n, 1879-90; Bradle&, 1903; Adams, 1919;
Fox, 1964) in con}parativ‘e‘ anatom ‘(origin-;insertion) terminology.
‘Luther (1914) and Lubosch (1914) were the first to describe a tripartite
;separation of the adductor musculature of ampﬁibians based on the
position of the divisim;s of this\{musculature based on the position of
the divisions of this musculature relative to the maxillary and
mandibular rami of the tr\?‘.gcminal nerve w}(xich inner.vates these muscles.
This system was applied to a disc&ssion of the homologies of the jaw
édductor muscles of modern reptiles by Lakjer (1926). It is his scheme
that has generally been accepted ‘by anatomists and most paleontologists

(Schumacher, 1953, 195354, 1954-55a, b, 1956a, b, ¢, 1973a, b; Oelrich,

1956; Haas, -1960, 1973;. Ostrom, 1961, 1964, 1966; Barghusen, 1968, 1972,

3
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1973; Gomes,ll97l»). Many paleontologists have used dther terms, or
presumed homologies, when trying to reconstruct'the adductor musFulature
of fossil reptiles, of;:ekn using mammalian musculature and t:armin'ology
for compar'ison (Wafson, 1948 ; Pérrington, ’1955; Olson, 1961; Crompton,

L]

1963; Crompton and Hotton, 1967; Fox, 1964) with the result that much of
the a\vailable data are badly confused. As Lakjer (1926) pointed out,

all modern reptilés possess a tripartite jaw adductor formed of the M.
adductor nfandibulae posterior that lies posteroventral to the mandibular
division of the trigeminal nerve (V3)0, the M. adductor mandibulae externus
that lies anterolateral to R'che: mandibular ramus (\{3) and ventrolateral

to the maxillary ramus (VZ) of the trigeminal nerve, and the M. adductor
mandibulae internus anteromedial to the maxillary ramus (Vz) of the
trigeminal nerve and lateral to the pterygoid and epipterygoid (Fig. 4).

.

Also innervated through a separate ramus and medial to the pterygoid/ and

epipterygoid are the small musales of the M. constrictor dorsalis

group.
The M. ‘adductor mandibulae divisions are themselves further subdivided.
While it is usually recognized that the M. aciductor mandibulae internus
is divided into discrete M. pseﬁdotémpor;llis and M. ptery%oidgus segments .
in all modern reptiles and most amphibians, this 1s not the‘ case with
the the;' two divisions. The M. addl;ct;)r mandibulae postérior is a
small muscle in reptilies with a silngle homogeneo;xs origin and inéertion.
In contrast to amphibia;n&, it is 'seldom sub‘—dividec.i. The adductor
mandibulae externus on the other hand, is divi'.'ded into three distinct
parts (except in the Gekkota), “ the partes superficialis, media, and

profunda. Only Ostrom (1961, 1964, 1966) has taken these divisions into

account when reconstructing the jauw musculature of fossil forms.

N
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'Figure 4. Primary divisions of the M. adductor mandibulae.of a

’ typical reptile in frontal section, .
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1

‘The three parts of the M. adductor .mandibulae externus have fixed

positions rela“ti\:ve to the bones of ‘the skull roof, the mndibuiar

tendons (t)asal apo;léurosis), and certain nerves ;nd blood ;ressels,
especially arteries. If these 1andmar;<s can be identified in foss:.il
‘forms, then the parts of the M. adductor mandibulae externus, and' even
sc;me of their sub-divisionns, can be identified. The heavily ossified i
akullsl‘of the o;‘:rimitive reptiles w\itazh their 1argé areas of origin and
:lnlsertion are ideally suited for this ‘type of reconstruction (E;i/gs. 5, h

6, and 7). These attachment areas must be identified and muscles joining

them be reconstructed with due regard for the positions of all nerves

and blood vessels.

M. adductor mandibulae externus (MAME)

The M. adductor mandibulae externus of most modern reptiles is
.divided into-three segments, the partes superficialis, media, and
profunda. The only known exceptions to this rule are the gekkonid
1izards which have, as a consequence of the loss of the tem;;oral arche;.s,
reduced the degree of segmentation of the M.'adducto? n;andibulae externus:
Attempts to reconstruct the adduc’torlmusc'ulature of fossil reptiles
based l\argely on a gekkonid model (Cxiompton gn& Hotton, 1967) are
séverely handic;pped by the diffic/ult:yf in determini}lg which characteristics

are primitive and which specialized Uin this family. Snakes have a

tripartite M. adductor mandibulae externus but, in the absence of an

insertional basal aponeurosis, the homologies of the parts cannot be

established with confidence. For this reason, snakes and thelr jaw -

adductof musculature are not discussed’ in detail. Large relatively
.

primitive lizards (iguanids and teiids), the sole surviving rhynchocephalian’

D
Sphenodon punetatus, cryptodire turtles, and crocodilians have formed
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the basis from which an undgrstanding of the o\rigins, insertions,

related structures, and functions of the adductor mandibulae musculature
i \ . STy
of reptiles has been developed. .t
\

M. adductor mandibulae externus superficialis

s

The pars superficialis of the M. adductor mandibulae externus

Aoriginates from the medial surfaces of the posterior procéss of the -
pos't:.frontal and the anterior process of the squamosal, which form the
dorsal temporal arch, in Sphenodon. The origin is similar in_ most

1

\

lizards except in forms, such as the gekkonid lizards, in which the

~
N

dorsal temporal bar has been lost (Lakjer, 1926; Brock, 1938; Haas,
.1973) . In crocodilians, bepéuse of the extensive modificiation of the
braincase and posterior region of the adductor chamber, the pars

stperficialis originates from the ventral surface of the ‘quadratbjugdl

.

and thle‘ lateral surface of the quadrate (Schumacher, 1973a). In most

. : . >
turtles, which retain a primitive unfepestrated (anapsid) skull, albeit

Gith variable degrees of posterior and ventral emargination of the skull

roof and chek respectively, the 'pars superficiﬂalis originates from the

-

post frontal and va/riously, in addition, from the parietal; frcsm the
. ‘ \

dorsal sufface of the quadrate, the sqtzxamosal,'and the prootic; from

the opisthotic and the be;sisphenoid; or, where temporal emargination is

extreme, from the temporal fascia (Schumacher, 1973a). The\M. adductor “
, |

mandibulae extérnus -superficial?sds typically bounded laterally by the

t:empoi:al fascia (Decksehn; of Poglayen-Neuwall, 1953, 1954) and medially

f

by the external tendon.(Sehnenplatte),
In all cases, and in fact by definition (Lakjer, 1926), the M. ‘
adductor man(dib»ulae externus superficialis lies lateral to all divisions

\of the basal aponeurosis (''Bodenaponeurosis" of authors) or tendon éheet‘ .

<
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In Sphenodon and lizards the pars' superficialis is divided into g medial

a

segment (M. ac\lductor manglibulée externus 1b of Le;kjer, 1§26) that is

apparently homologous with the entire pars superficialis of érocodilians

B

and most tu\rtles, and a lateral division (M. adductor mandibulae

externus la of Lakjer,m926) composed of a single muscle sheet in lizards,

- ‘ -
the M. retractor anguli oris (often called the M. levator anguli oris

even though it pulls posterodorsally or retracts rather than pulling
dbrsally or'eleva;:ing) and of two elements in Sphenodon, a posterior
sheet-1ike M. retractor anguli oris and a narrow, ve\rtical ;anterior M,
levator anguli oris (Lakjer,\l926; Haas, 1973). In modern turtles\aﬁd
croqodi}ians, the anteroposterior width of the M. adductor mandibulae
ext\érnus superficialis is short relative t'o the length of the skull,
thus the angular acceleration of the mandible is fzigh as would be
expected in forms requiring a quick snapping action ir{?orde’r to catch
fast moving prey (cfocodiles) or to shear foo:;d into small portior\\s uéing
"a sharp ker;tinous beak (turtles). A(short leye‘r arm such as thi.s
results in a limited degree of circumferential elongatic;n about 1its

°

distal end. In turtles and crocodilians, the rictal plates are shallow

, ¥

since a minimum of‘ folded skin is required in the Mundplatte system ;—c)
accommodate elongaéion of the adductor mx;sc\ulature. Although the
heavily keratinized skin of reptiles is much less clastic than is the _
skin of mannn_als it does still allow some stretching. Thus, as the
ventral cheek margin becomes emarginated in both adv;mced turtles and
crocodiles, and the pars superficialis inéertiion migrates ventrally on
the; lateral surface ofa the mandible 4n some turtles, more and more of -
\t:helT elongation of the skin overlying the adductor muscula‘tm:e can be

- -
accfommodated by simple stretching rather than by a much more:complex

\
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" plaited Mundplatte system. In Sphenbdon and lizards, the M. adductor

-

mandibulae externus supe,ifici’alis is wide relative to the length of
the skull, bLing afaproximately 45 to 507 in 5'phenod5n, about 407 in

Iguana in contrast to only 25 to 30% in Pseudemys and Alligator. The
: |

degree of elongation of the adductor muscle at the posterior angle of

the mouth in modern lepiﬂosaui‘s is great enough that a deeply folded

»

Mundplatte system with well developed lateral and medial rictal .plates
1 .

i8 necessary in order/to \compensate for this elongation. If selection
has been toward a relatively slow speed but high power add\xctor system y

s o ¥ ~
such as this, a separate muscle slip from the pars superficialis must /

\ K}
surely also have been developed in order to operate the deep Mundplatte

efficiently. This is especially true for any form with a <complete,

|
unemmar ginated ventral cheek border since there is no leeway to allow

skin stretching to assume a significant role in the accommodation of

M. adductor mandibulae elonéat‘ion. If this aspect is considered, the

Mundplatte-M. retractor anguli oris system of lizards must have been

-]

"well developed before the loss of the lower temporal bar, otherwise .

skin stretch and temporal emargination wou}d have beconge the principal ~
meéns of accommodating aldductor lengthening.. “In Eocaptorhinus laticeps,
the width of the M. adductor m:alhdibulae externus superficlalis rep'resented
betw;een 45 and 50% of the total skull length or about the same as in
Sphenodon. Likewise a straight vengral cheek margin and failure of

i
the pars superficialis to extend below it when the jaws were adducted,
. L ‘ Al

¢ |, suggest the presence of a deep Mundplatte in &ocaptorhinus that most

probably was supported by a separate lateral slip of the pars Euperfi:cialis

|
(Fig. 8). In lizards, where a large anterodorsally projecting quadrate.

has restricted the posterior portion of the addu¢tor region, the
9 :
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Figure 8. Eocaptorhinys laticeps. Head in lateral aspect showing the
M: adductor }nandd:bulae externus superficilalis and its lateral divisionms,

the M. levator anguli oris and M. retrac anguli oris. Reconstruction.
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M. re;ract?r /z;ﬁ‘glyxli oris origin hag migrated anteriorly with this
must‘:le becoming t/:he only one inserting on the medial rictal plate.
E’ocaptor‘hinus,‘ 1like Sphenodon, has a small dorsaily oriented quadrate
that does pot impinge upon the adductor chamber. As a resulf:, two
separate ml;scles, a dorsally oriented M. levatzor anguli oris and a
posterodorslally dir;acted M. retractor angulil oris appeal: to satisfy the

mechanical requirements of rictal plate support in Eocaptophﬁus as they

do in Sphenodon. ) e ’

=

e v en o

In turtles and crocodiles, tendons are not normaily assoclated
with the origin of the M. addur‘:tor mandibulae externus superficialis.
Sphertodon and lizards, on the other hand, have numerous auxillary
tendons. The posterodorsomedial surface of the pars supe;rficialis is
typlcally covered by a prominent aponeuro;is (Delcksehne‘of Ingeborg

| Poglayen—Neuwall, i953, 1954) . Muscle fibers of the main segment of.th__e

pars  superficialis parallel this tendinous sheath but do not, for the

wost part, originate from it. The muscle fibers extend ventrolaterally

e

'
)

then ventrally to form a pinnate insertion onto the lateral surface S{f /\
the dorsomedialluy inclined lateral sheet of the external tendon |

(Binnensehne of Ingeborg Poglayen—:Neuwall, 1953, 1954) of the basal‘
aponeurosis (Bodenaponeurosis) and onto the lateral surface 'of ‘the
_coronoid and s’urapgular ventral to thei tendon. The presence and position
of Athes‘e .tendons has been sﬁowp ta be l‘;emarkably consistent am;)ngst 1izards
(Gomes, 1972). . "

The internal skull roof of Eocaptorhinus exhibits a heavily gnarled

and pitted ridge extending along the lateral edge of the ventral surface

. of the parietal just medial to the suture with the postorbital and
3 v

squamosal (I"ig. 5). This is interpreted as the site of attachment, as E

\
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3 . + !

revealed by the lﬁany prominent Sharpey's fiber pits, of a well developed
dorsal external aponeurosis. There 1is no evidence of heavy tendinous
insertions on the squamosal just lateral to the parietal, i)ut scattered
light pitting indicates the presence of a fleshy origin of a tl*;in, wide
muscle lateral to the tlendon which is interpreted here as the main
segment of the M. adductor mandibulae externus §uperficialis (Figs. 9 and
10). Xt appears t:haf, as the superior temporal fenestr; de‘beloped in

diapsid reptiles, and the lateral extent of the parietal shrank, the

origins of the M. adductor mandibulae externus superficialis migrated

>

laterally onto the squamosal. )

The insertion of the M. adductor mandibulae externus superficialis
in Eocaptorhinus appears to have been essentially similar to tt:hat: of:
mc:dern reptiles. It is belleved that a well develoﬁed&basal aponeurosis
existed as in" all modern reptiles with the exception of snakes. Pinnate
insertion onto the lateral surface of the most lateral element of
the external tendon of this system would be typical (Fig. 11). An
extensive region of the lateral sur\face of the’ surangular is covered
with a un‘iférm field of tiny ‘Sharpey's fiber pits that indicate a broad
reglon of {leshy attachwent Qf the pars superficialis to the bone. The
cor;ynoid d§f8 not extend dorsally in Focaptorhinus as it does-in Sphenodon

\

and modern lizards, and so did not receive muscle fibers,laterally as

|
t

part of a fleshy insertion. It appears that in Eocaptorhinus and the

iat:er, larger ca ‘torhinids, that the pars superficialis became an

exceptionally large muscle developing the very heavily ossified pars
| .

éuperficialis origin ridge on the parietal and the greatly increased

degree of "cheek| swelling' characteristic of these forms. °
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Figure 9. Eocaptorhinue laticeps. Head in lateral aspect showing the

M. adductor mandibulae externus superficialis with its M. levator

.
{

anguli oris \qnd M. retractor anguli oris removed. Reconstruction.
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\, Figure 10. Zocaptorhinue laticeps. Head in dorsal aspect showing the /
\ . _ . R
: mandibular adductor musculature. Reconstruction.
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Figure 11. - Eocaptorhinus laticeps. Head in cross-section. A) Transverse

plane through incisura prootica. B) Transverse plane through sella

(:b turcica. - Reconstruction.
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In order to produce an accurate re-construction of the adductor

musculature of Eocaptorhinus, the degree of maximum mandibular deprgssion

1

must be dete;mined. In modern iguanid lizards, tﬁg.ﬁaximum angle of
mandibular depression has been observed to be approximately 40 degrees.
In those forms such as the varanid lizards, with highly kinetic skulls,
a greater angle can be attaiﬁed. Since the length of the adductor
chamber is about 50 percent of the skull length in Eoéaptorhinus rather

than only about 30 percent in iguanid lizards and since cranial kinesis

11

was less well developed in Eocaptorhinus, the maximum angle of mandibular

depression selected for the reconstruction as appropriate, is less than

for iguanid lizards. This is in gener&l accord with figures obtained

by using the longest potential muscle fiber length of the M. adductor

mandibulae externus superficialis ®xtending from tﬂ% most anterior fleshy

.origin to the most anterior fleshy insertioh'at the base of the basal
aponeurosis. &ith a sheet-like, relatively straig?t-fibered nuscle such
as the pars superficialis, compression beyond thexgoint of maximum /
contraction is not likely to have been significant. This is in marked
contrast to the apparent condition in a curved-fiber muscle such as

the M. pseudotemporalis superficialis where considerable passive
compression apparentiy existed when the;mandible was adducted. 1If, as
is expected, the M. adductor mandibd'ﬁe externus superficialis is fu]zly~
contracted but not compressed when the mouth is closed, then 40 to 45
percent elongagion from the contracted position (30 to 35 percent
resting fiber length) té the resting fiber length ?gsition reveals a
mandibular depression angle of about 15 degrees (as illustrated). An
addiFional elongation under passive tension by about 30 to 40 percent of

the resting fiber length or 85 to 100 percent of the maximum contracted

3
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length produces a maximum angle of mandibular depression of about 30 -
degrees. Considerable confusion has existed in the literature regarding

. mushle fiber elongétiPn and hence the degree of maximum mandibular
depression, much of it resulting f}om the confusion between the resting
fiber length and the minimum contracted length. Elongation and active
contraction of about 30 to 40 percent of the ,resting fiber length is
possible from the resting fiber length position. Elongation but not

P

active contraction, of up to 85 percent to 100 percent of the minimum

contracted length or 60 to 80 percent of the'resting fiber length is

possible from the fully contracted, but not conmresséd position.

M. adductor mandibulae externus medius

The pars media is the most strongly developed segment of 'the M.
adductbr mandibulae externus‘in Sphenodon AQd lizards. It is also large
In turtles and crocodilians where it is usually somewhat smaller than ‘

e pars préfunda. The p;rs media of Sphenodon and lizards is roughly
divied into two segmegts by the temporal artery which penetrates its
osterior end. Each of these segments, designated M. adductor mandibulae
externus medius A laterally and B medially is further sub-divided, by
small intermediate tendbns, i;fo as many as four smaller divisions each
(Lakjer, 1926; Haas, 19Z3). The lateral-or A segment o;iginaceg from “
the squamosal and opisthotic while thg medial or B segmeng originates

from the parietal and supraoccipital. The pars media inserts onto the
anteromedial surface of the external tendon of the basal aponeurosis
aﬁd onto subsidiary medial tendinous laminae of the external tendon

(Lakjer, 1926; Haas, 1973).
The "extensive modification of the braincase and pterygoids associlated

with the development of the secondary palate and cranial akinesis in -

.

»

f
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‘turtles and crocodilians has altered the sttucture of the posterodorsal

border of themadsluctor chambexr and, thus, extensively modified the

Ay g L
¥ ]

origins of the M. ‘adductor mandibulae externus médius. In many' turtles,

and also in crocodiles, extensive and often extreme specialization of _

the cranial arterial system in the adductor region has prevented the

e

]

< . .
establishment of exact homologies between sub-divisions of the M.

adductor mandibulae externus medius. The insertion of the pars media is
/ a9

gimilar to that seen in Sphenodon and lizards.

-
o

The M. adductor mandibulae externus medius appears to have been the

kS

4

5 .

B largest and most powerful muscle in the head of Evcaptorhinus laticeps

% as well as the most complex (Fig. ‘12) . Two-thirds of the ventral surface
% of )the parietal, which roofs the adductor chamber, is devoted to the

i v

¥ origin or accommodation of the pars media. Two distinct regions are

: )

' (*; 5 visible, an anterior trapezoidal area with five pqsteromedially directed

low ridges marked by many Sharpey's fiber pits and a smaller, posterior ,

_parabolic excavation with lateral pitting and a large anterior temporo-

parietal foramen. The pars media evidently was divided into two units

o

N . ¢
separated by the temporal artery. A short dorsal branch of this artery

is believed to have entered the temporoparietal foramen. This artery
and its associated foramen estéblish the position of the division
between the lateral and medial divisions of the pax:s media (M. add. mand.
ext, 2A and\ 2B of Lakjér, 19265. These two main muscular vdivisjions do
not conform to the two topographic divigions. The lateral division of
the pars media consisted of at least one and possibly two thin slips.

ay
The primary lateral slip (pars media Aa) originated tendinously from

thiflateral rim of the posterior parabolic depression lateral to the

&

o~ ¢

temporoparietal foramen. It is apparent from the marked line of Sharpey's-

,1-,
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Figure 12. Ebcaptorhinus laticeps. Head in’ laféral aspect showing the
! M. adductor mandibulae externus medius segments. ' Reconstruction.’
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. the lateral surface of a mediai sheet of- the external tendon. The

lizgrds. ‘

‘tfle medial sheaet of the posterior end of the exter®#¥i tendon (Fig. 12).
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fiber pits that the muscle fibers weré oriented posterodorsolaterally to
oriéinate on the medial surface of the poster:'ior end of the external
aponeurosis. The t;endon ;attachment ridge, although heavily pitted, 1is -
not\gnarled, thus implying that adduction forces :;{ecreased pos~teriorly
toward thé jaw articulation as moment theory predicts. ‘Thi§ long, thin, ,

wide muscle” apparently extended anteroventrally to insert pinnately onto

médial tendon sheet has been reconstructed in order to compensate for

a small fiber length shortfall that occurs when the assumed 30% maximum

contraction calculation is employed and to iieep muscle fiber orientations
in line. The pattern resulting from this procedure is sin;hr to that

seen in Sphenodon, Iguana (Lakjer, 1926), Tupinambis, and ma;ny other /-

ey

!

' v

A thin, narrow superficial siip of the lateral division of the pars -

¢ e ¢

media (pars media Aul?) has been Treconstructed ‘with a fleshy origin on
the anterior surface of the occipital flanges of the quadrate and , .

squamosal and an insertion medial to the lateral sheet and lateral to

This is the most weakly documented to the adductor muscles. 1Its présence

¢ Q

aQ

is proposed ‘as a filler between the straight fibered pars nedia Aa
1 TS
immediately medial to ib and the arched pars superfiqialig laterally. In

addition, it has the shartest muscle fiber length of any adductor muscle
i <O v

" inserting on the mandibu)a“i thus reducing passive stretch considerably

agd acting as a major stabillizer of the jaw articulation. Such a muscle
(11lustrated as M. add. mand. ext. 2c¢ but described as M. add. mand. ext. /
24 by Haas, 1973) 1s present in Sphénodon as well as in many lizards

including Iguana and Tupinambis., ’ o
3 IR ) v .
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A . The medial segment of the M. adductor mandibulae externus medius
‘g c - (pars media B) was divided into two units. The posterior unit (pars
1

- media Ba) 1s judged_ to have filled the parabolic Ldegression of the

g parietal medial to the temporal artery and the lateral segment of the

lw,w O

pars media (pars media Aa) (Figs. 5, 7, and 1_0) . The depression in the

ST

’ parletal is smoothly surfaced without Sharpey;s/fiber pitting. It

T
o gt

Fibendla o 37 e

appears that the pars media Ba was not attached to the ventral sﬁffa\ce

)

o

of the parietal but rather ;nad a fleshy origin on the heavily p\itj;ed
.\ o

anterior surface of the lateral ascending process of the supraoccipital. ..

- This muscle apparently bulged dorsally against the skull roof when the ) - f

"' .mandible was adducted but was probably separated from it slightly when N

the mandible was depressed. Because the parabolic depression was formed

’

principally as a means of accommodation for slight swelling of the pars ' .

v

media Aa, which originated along its lateral margin, and the pars media

Ba medially, there are no preserved osseous reflections of the interface \

4

between these two muscle segments except for the diagnostic temporoparietal

g foramen, u .
“

R VR -SRI s
RN
- -

The pars media Ba, judging by its relationship to the anteromedial

pars media Bb, inserted onto the lateral surface of a slightly more L.
P [ h

medial. segment of the medial lamina of the external tendon anteromedial

o - 5 i SRR 8

to the pars media Aa. The pars media Bb. inserted onto the lateral

surface of this tendinous sheet. Physical evidence of these sub-divisions
. ) Ty .
of the external tendon is absent. They are reconstructed here to provide
o g;"/

. AN o*
as simple a means as possible of accommodating the insertion of muscles,

with definable sub-divisions, while maintaining ‘necessary muscle fiber

orientations and functoionaily viable mechanical arrangements of the

mandible and adductor musculature. All modern turtles éhd lepidosaurs
Y

o
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(ex—cept snakes) possess a multilaminate external tendon in the basal

]

it is not possible to homologize all of the laminae amongst modern reptiles.

e J .
{: aponeurcsis system. Although thls appears to be a primitive characteristic,

A large trapezoidal scar on the ventral surface of the parietal
anteromedial, to théﬁ previously determined position Of, the body of the
M. adductoer ma‘ndibulae externus media Ba and posterolateral to the M.
l pseudotempo;.'alis superficialis and braincase is b-elieved to ha\(e been
“Jthe area from whichk the M., adductor mandibulae externus media Bb
. origimated. Five or six tendinous laminae apparently were anchored to a
similar number of low ridges that bear maﬁor Sha'rpey‘s f\iper pit:
concentrations. Togethgr they tre;-xded posteromedially th;:ouéh the bulk ‘
of the pars media\Bb parallel to the pars. media Ba-Bb and pars media Bb-M,
: \ pseudotemporalis superficialis interfaces. Th?se Bupplementary tendons
i formed the base of a multipinnate lateral origin of the pars ‘media Bb. 1In
addition, the posteromedial reéion of the pars n\ledia 'Bb apparently had

- a strong fleéhy origin from" the lateral face of °the median ascending

process of the supraoccipital and the cartil‘aginous taenia marginalis

r

dorsal to the incisura prootica. Anteroventrally, the pars media Bb is
believed to have inserted onto tk\xe\medial sur‘face of the pars media Ba
insertional lamina of the external tendon of the basal apor;eurosis.

As in Sphenod&n ::md lizards, the ;;a\rs media is thought to have been,
with the M. pseudotemporalis superficialis, the major power adducter
with the pars media Ba and Bb almost equal in cross-sectional area and

together constituting “the majority of the pars media mass. 1In both

turtles and crocodilians, the pars media is relatively smaller yith less

s

N, S

: . ety

well defined sub-divisions, These simplifications- are apparentlg/‘dﬁgrived,
’ ey

S
"

y

not primitive, conditions related to the extreme specializations g_f the
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braincases and temporal artéry circulation systems in these two groups
and to the emphasis on the pars profunda in turtles and the M. . ‘
pseudotemporalis and M. pterygoideus in crocodilians as the major power

-adductorsd.

M. adductor mandibulaé externus profundus

The str&cture\ of the M. adductor mandibulae externus plrofunda is
similar in those moderr;' reptiles where the braincases are not excluded
from the adductor chamber by thé pterygoid “and quadrate and which possess
large post-temporal fenestrae. h 'I'ile pars profunda of Sphenqdon and' lizards
has a fleshy double headed ori\gin on the lateral surface of the —
supraogcipital (or in some’ cases the overlapping parietal) and on the
dorsloiateral surface of the prootic (Lakjer, 1926; Haas, 1973). Turtles

have increased the area of pars profunda origin on the supraioccipital,‘ L

|
prootic, and opisthotic and dorsomedially onto the descending lamina of

* the parietal and laterally onto the quadrate. The pars profunda 1is, the'

} -
major mandibular adductor in turtles. Crocodilians, although having
\ . .

arisen from forms with a primitive braincase-—adductor musculature arrangement
similar to that believed to have been present in Eocaptorhinus, have

modified the braincase so extensively that the pars p/rofund%i origin 1is

now excluded from the braincase ent:‘./rely;"“fﬁi_s has led to considerable

//

disazv,reement as to the\ia)f'a’&/hgmologies of the pars profunda (Lakjer, .
1926; Anderson, 1936; Ivo Poglayen-Neuwall, 1953; Iordansky, 1964;
Schumacher, 1973a) and 1its frequent confusion with the M. adductor
mandibula‘e postgrior.

ﬁe M. ‘adductor mandibulae externus profundus of Eocaptorhinus

laticeps has been re-constructed with a double headed fleshy origin on

the lateral surface of the supraoccipital and on the anterodorsal surface

o

-
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: {: of the prootic and opisthotic (Fig. 6) much as in Sphenodon which it
resembles 1In the structure of the adductor chamber. The pars profunda .,

“ -apparently arched anteriorly over the dorsal margin of the quadrate ramus

Pt

0

of the pterygoid posterior to the epipterygoid thence ventrally to its

insertion posteriorly onto the medial surface of the pars media ins‘ertional

oy

Y lamina of the external tendon. Iti,flay ventral and medial to the pars
+media, medial to the pars superfi;:ialis and lateral to the M.
pseudotemporalis. When contracted, it probably bulged posteriorly into

the post-temporal fenestra.

M. adductor mandibulae posterior ' .

3

G R T —— 3

All modern reptiles possess a relatively simple M. adductor mandibulae

1
i

| i‘, ? posterior. It typilcally originates from tﬁe quadrate and inserts onto

-

the posterior region of the medial insertional lamina of the external

{ tendon (Vorderfahne of Ingeborg Poglayen-Neuwall, 1953) (Lakjer, 1926;

. Haas, 1973; Schumacher, 1973a). In Sphenodon this muscle is often inclined
(Haas, 1973) as it is in Tupinambis. In the latter, however, a massive
anterior M. adductor mandibulae posterior pars intermandibularis has

> ‘ ’\ developed to aid in adduction. This is a unique and presumably specialized

‘

B ) characteristic in this large lizard (Ingeborg Poglayen-Neuwall, 1954;

v

‘ Haas, 1973).

it

The M. adductor mandibulae posterior in Eocaptorhinus is believed

’

"to have been a small, simple muscle that occupied the posteromedial

TR T e

portion of the adductor chamber (Figs. 13 and 14). It appears to have

had a broad fleshy origin on the 1atera‘11 face of the pterygoid lamella

arew

=

and anterior surface 'of the occipital flange of the quadrate as far

ventrally as the mandibular articulatien (Fig. 13). Its dorsolateral

*

; (}x surface was probably covered by a thin medial lamina of the external

L. S
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Pigurg 13. Eocaptorhinue laticeps. Palatal complex showing regioms of - '
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[ . muscle origin. a) Do:sal aspect. b) Ventral .aspect. c¢) Medial
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Figure 14. Eocaptorhinus laticeps. Hegd in lateral aspect showing

T M. pseudotem;@ralis superficialis, M\ inframandibularis, and M. adductor

mandibulae posterior. Recomstruction.\

1ot Mt orre . . "
S Nt ot T R [ Ay S

e e arsteomn ;




B - 145

aponeurosis which separated the muscle from the M. adductor mandibulae

externus medius Aa and Ab. \ )

i
a

The M. adductor mandibulae posteriof appears to have extended

t

laterally into the posterior half of the adductor fossa where 1t inserted '
onto the dorsolateral surface of the articular and, apparently, the

Meckelian cartilage. Shorter medial fibers formed a pinnate imsertion

-

onto the lateral surface of the posterior segment of the internal tendon

of the basal aponeurosis. There is little difference between the origins,

/

ingertions, and structure of this muscle as it is believed to have existed . .

in Eocaptorhinus and as it is in modern reptiles.

)

M, adductor mandibulae internus - )

'1"he M. adductor mandibulae internus of modern reptiles is always
divided into at least two major segments which, by tradition, have been
given full recognition as separate muscles. /These are the M, -
pseudlbtempor'alis and the M. pterygoideus. In addition, crocodilians and

many- turtles have a well developed M. intramandibularis.

M. pseudotemporalis

The M. pseudotemporalis is a muscle of quite varied size in modern
reptiles. It is well developed in Sphenodon and most lizards where it is
f.ypically sub—divided into superficial and.deep segments. Gekkonid,

\ .

ﬂygopodid, and possibly xantusiid li\zards, as well "as snakes, are

el(ceptions since they have a secondarily: reduced, undifferentiated M.

¢

pseudotemporalis as do turtles. Crocodiles have a large single M.

pseudo\temporalis that appears to be homologous with the pars superficialis

of Sphenodon and most lizards..
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M, pséudotemporalis superficialis

-~

In Sphenodon, most lizards, and crocodiles, the dorsal temporal
fenestra is partially or entirely filled with the large mass of the M.

pseudotemporalis superficialis. The pars superficialis in Sphenodon

-

originates from the posterior surface of the postorbital and from the

medial, descending flange of the parietal so as to fill the anterior
portion of the dorsal temporal fenestra ahead of the slightly larger
M. adductor mandibulae externus medius. The M. pseudotemporalis of most

primitive lizards, with the exception of the gekkotan families (Gekkonidae,

Pygopodidae, Xantusiidae), fills the anterior portion of the dorsal

Clacs-t. s ot et J'rrawhw‘ 2 f_‘:}*{“\" ;.3";‘\?2;2 ..: IO Ty ven -n

temporal fenestra as in Sphenodon, and similarly originates from the

(

T

medial, descending flange of the parietal. 1In more advanced 1lizard

families (Lacertidae, Teiidae, Varanidae), the M. pseudotemporalis

R s

superficlalis is larger than the M. adductor mandibulae externus medius

~~

and often fills the dorsal temporal fenestra., In these forms, the M.
-pseudotemporalis superficlialils may originate from the anterior surface
of the supratemporal as well as from the lateral surface of the medial,

descendiﬁg 'flange of the parietal (Lakjer, 1926; Haas, 1973). Spheﬁodon

] and lizards with poorly developed mesokinesis, such ag the Iguanidae and

¢

larger members of the Teiiidae have a well developed separation between

the partes superficialls and profunda of the M. pseudotemporalis.

The M. pseudotemporalis of crocodilians 1s essentially similar to the
¥ . pars superficialis of Sphenodon and most lizards and appears to be its-
] homologue. The M, pseudotemporalis of crocodiles originates from the

parietal, supraoccipital, squamosal, ‘and alisphenoid. This increase in

the latitude of origination sites is related to the great modification,

-

C) ' _of the braincase and apparently related de.crease in the size of the dorsal

L

f
) B s s = pe e el
i} ‘\:‘MWMW -y rars— r¢ 1 . Y r———— [t

v N o

- ¥
At o Kid N ‘ . . N - v
v st Tk b ¥, e el R .

B e e




ER TN

I

PR D
.
s

Ty : [ERE N

£
= e 7 v LS b § gk Wﬁ%m
o e BTSRRI S IR, T HME SR Mt < i

- e

R TR SR

temporal’fenestvra i modem\?:rocodiles.

The M. pseudotemporalis of turtles is a relatively small muscle
that originates from the lateral surface of the descending proces’s of
the parietal and partly from the anterior surface of the prootic. ’The
muscle 1s hqrmally undivided, except in the case of the chelydrid
Macroclemys and the testudinid Platystemn. The origin of the M. .
pseudotemporalié superficialis in Sphenodon and most lizards and seemingly
can be interpreted as being its homologug, The pars profunda is, thus,
interpreted as being absent in most forms. Barghusen (1973) considered

-

a smafll, undifferentiated M.’ pseudotemporalis, such as is seen in umost
turéles, to be characteristic of all primitive reptiles. He believed '
thig muscle to be the homologue of the pars profunda of Sphenodon and
lizards and that the pars superficialis ih these latter forms is a
specialization in which the M. pseudotemporalis has invaded the dorsal
temporal fenestra. It is believed that this is.not the case, however,
for the origin is more like that of the M. pseudotemporalis superficialis
of lizards and Sphenodon on’t;he parietal rather than on the epipterygoid
as 1s the origin ¢f the M. pseudotempo/ralis profundus in these animals.
The M, pseudotemppralis superficialis is typically pyramidal in
form with one apex directed ventrally to form a‘ bipinnate attachment onto
the M. pséudotemporalis tendon. In turtles the bulkﬂ of the muscle is
reduced compared with that \of Sphenodon and most lizards, but the
insertion onto the M. psc::udlotemporalis tendon is the same. [The M.
pseudotemporalis of turtles does not insert ont;o the medial surface of
the corqnoid and interngl tendon and, thus, does not satisfy La}cjer's

(192€Q criteria for identification as a pars profunda of the M.

pscudotetiporalis. The M. pseudotemporalis of gekkotan lizards does’

« -
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satisfy these conditiohs and 1s, tpus, identifie& as a ﬁaré profunda
(Lakjer, 1526; Haas, 1973). ' In Sphenodon, non-gekkotan lizards,
crocodilians, and turtles, the M, pseudotemporalis‘teqdon} onto which
the M, pseudotemporalis superficialis inserts, is a major segment of the
e basal aponeurosis (Bodenaponeurosis of Ingeborg Poglayen-Neuwall, 1953;
Barghusen, 1973). It ié located at the anterior extremity of the adductor
fossa and is formed by the union of the laminae of both the external and
internal tendons. In both crocodilians and turtles, the M. pseudotemporalis
tendon serves additionally as a dorsal inéertion of a M. intramandibularis.
Well preserved specimens of Ececaptorhinus seem to provide solid .
evidence that a differentiated M. pseudotemporalis with a large pars
superficialis was a primitive characteristic of captorhinids and probébiy
all primitive reptiles. The M. pseudotemporalis of Eocaptorhinus
appears to have been a bipartite muscle that lay aﬁterolateral to the
pterygoid and epipterygoid. There was no’'medial, deséending flange of
the parietal ensheathing the dorsolate;gl portion of the chondrocranium
on which the M., pseudotemporalis superficialis could originate, as there
is 1in Sphenodon, many lizards, and turtles. %he M. pseudotemporalis ‘
superficialis is believed to have been a large muscle that had a fleshy
origin on the lateral surface of the chondrocrgnium (taenia parietalis)
including the sellar processes and pila antotica (Figs. 6 and 14),
Posteriorly some fibers appear, also, to have originated from the anterior
surface of the columella of the epipterygoid. A smooghly rounded
depression on the ventral surface of the parletal anteripr to the M.
adductor mandigulae externus medius Bb origin scar indicates that none

of the M, pseudotemporalis superficialis muscle fibers originated from

this bone (Fig. 5). It is apparent, that, when the mandible was adducted,
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the pars superficialis bulged against the ventral surface of the parietal

Loy

but that a slightvamount of space may have separated muscle and bone when .

the mandible was depressed. - : ] N |

‘

The M. pseudotemporalis superficialis tapered rapidly ventrally as

L3

e
.

indicated by the apparent position and configuration of the M. addtictor

mandibulae externus medius ‘Bb.‘ The M. pseudotemporalis superficialis h

concentrated its fibers onto a narrow lateral M. pseudotempora»)lis lamina
’ of the internal tendon, at its junction with the external tendon, that

extended into the anterior end of the adductor fossa (Figs. 11 and 14).

AI ey

LW

This tendon, while part of the system attaching the musclé to the medial .

e
v pm e e e ——

e

rim of the adductor chamber, also served to link the M. pseudotemporalis

with the'vM. intramandibularis.

M. pseudotemporalis profundus

( Sphenﬁbdon and all mpdern lizards ﬁcﬁsess a pars profunda of the M,

vy

——r _“4-»%7“-#'\\"(5"@'?»?71-.,
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pseudotemporalis:) In gekkonid and pygopodid 1izards, the pars profunda

is the only segment of the M., pseudotemporalis remaining (Lakjer, 1926;

S e K s e e T hbm, .

Haes, 1973). As Haas noted, the absence of the pars superficialis in
these forms and in snakes seems to be correlated wit;rx the loss of Fhe
upper temporal bar in these animals. The presence of only a pars pro;ugda,
qoes not appear to be a primitive feature as Bargliusen (1973) believed.’
In Sphefiodon, the M. pseudotemporalis profundus is variable in its ‘
development. It normally has an anterior head originating from the
‘ventrolateral surface of the medial, descending flange of the parietal ;

1
- v

and the anterior edge of the epipterygoid. There is also a smaller r

At

\posterioi‘ head that originates from the posteromedial edga of the expanded

dorsal extremity of the epipt(erygoid. Thils expanded dorsal extremity lies

() between the two heads of the pars profunda (Haas, 1973); The muscle




A

%

¥
-

a3t

AR B e

Pl

PR ¢ R e 1, RO

{

150

/

fibers from both of these heads cor?(erge to form a broad, fleshy insertion

' onto the medial surface of the_coronoid and the anterior extremitynof

v

the articular. There is no prearticular in Sphenodon. Since the
epipterygoyid of lizards (except chamaeleonid‘s where the epipterygoid has

been lost) is more slender than that of Sphenddon, the M. pseudotemporalis

profundus is not separated by it into distinct anterior and posterior

heads. Instead, the pars profunda norn?ally has a fleshy origin on the

lateral surface of the ca

ginous and membranous braincase anterior
and just posterior to the epipterygoid, which it surrounds laterally, '

\

and may extend posteriorly to orIginate from the anteromedial edge of the
prootic. As in Sphenodon, the M.ﬁpséudotemporalis profundus of lizafdé
inserts onto the medial surfaceé ‘of the coronoid and, occasionally, the
anterior end of thé prearticular. A distinct, identifiable M.
p;;eufiotemporalis profundus has not been recogﬁized in either crocodiligns
or in turtles (Lakjer, 1926; Schumacher, 1973).

The M. pseu&otemporalis( profundus of Efocaptorhinus is believed‘ to

have originated on the lateral surface of the chondrocranium, ventromedial

. ‘
to the origin of the pars -superficialis, and also to the dorsal and lateral

..surfaces of the epipterygoid (Fig. 13) since there.was neither a median

descending flange of the parietal nor a ].argé alar process of the prootic
from which to originate as there is in Sphenodon and most none gekkota}l ' ¢

lizards. The large anterolateral crest on the columella of the epipterygoid

is thought to have divided the pars profunda inte distinct anterior and n

posterior heads. Anterior to the crest, the epipterygoid’is heavily
scarred by a diffuse pattern of Sharpey's fiber pits that are indicative
of a broad, steeply inclined fleshy origin, possibly with mifor tendon

support. The majority of the anterior head.is believed to have originated

RS 8T T T el assh S




M. intramandibularis
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’

from the lateral surface of the chondrocranium. The poqsterior surface

: ’

of the columella of the epipterygoid bears some Sharpey's fiber pitting,'l

~

but it is not as edtensive Qpn the anterolateral surface. While some
\ .

fibers of the posterior head do appear to havé arisen here, most muscle

fibers are believed to have originated from the chondrocranium. The -

o

pars profunda apparently had a well defined fleshy insertion on a rough,
Y

w

pitted, triar'xgulgr scar on the medial surface of the 'cor,gnoid, dorsomedial

" edge of the prearticular, ﬁnd possib\ly pinnately onto the medial surface

¢ s vEd

of the internal tendon (Kﬁé. 7¢) . The épparent shortness of thé

re-constructed pars profur;da in lateral ViE\;l is compensated Hy a pronounced

lateral arching over the wellzdeveloped“M. pterygoideus mass and is |

probably a specialization ofD tl:he 1';w, wide~skull captorhinids. 1In addition,
. ) .

it seems likely that the M. pseudotemﬁoralis prof;mda reached its resting

fiber length when the mandible was fully, or almost| fully, @epressed.

v o

\

o

The large teiid lizard Tupinambis has a largé muscle that is usuall
identified as the M. intramandibularis, It is not thought to be

E)

with the M., intramandibularis c\)f turtles or crocodilians. No othe
lepidosaurian reptile is known to possess such a muscle. T};e M.
1n£ramandibu1aris of Tupinambis is believed to be a development (;f the

M. adductor mandibulae posterior (Ingeborg Poglayen-Neuwall, 1954;
Schumacher, 1973) rather }:han a part of the M. adductor mandibulae
internus.. Both turtles and crocodilés have an M. intramandibularis derived
from the M. adductorjmanc‘iibulae‘ internus. In turtles it is a rglativ‘ely
small muscle that lies within the restricted Meckellan canal and'adductor
fossa in contrast to the form in croco@ilians where the M. intramandi}:ularis

is much more massive and fills most of the/greatly expanded Meckelian
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canal and adductor fossa., In both groups, the nuscle fibers originate

from the M. ps'eugotemp?rali's lamina 6f the internal‘ tendo 'pf the bas;1
aponeurosis and insert onto the lateral surface of the Meckgliamcartilage.
‘Eocc;ptorhinus'has a very deep mandible and an ac!ductc;r fossa tha
léads anteriorly into a Meckelian canal that is proportlionately lafrger
than that of any similar sized modern reptile. 'Since the Meclycelian\
cartilage, mand:fbtilar artéry and vein and mandibular ramus of the
trigém:/Lnal nerve could not }:e expected to fill more than "about 20 percent
of the canual',fla 'l‘arge\ M. ;Lntramandibularis is proposed to have occupied
this volume (Figs. 1l and 14). It would haveooriginated wmost likely on

.

may have been sufficiently free to allow \it to slide slightly along a smooth

fhe insertion tendod of the M. pseudotemporalis, supgrficialis.‘ "This tendon f‘
;
channel in the medial surface of thHe coronoid at the anterior end of the ﬁ

adductor fossa and at the base of the basal aponeurosis.. Insertion is a

presumed to have been on the dorsolateral surface of the Meckelian .

+

cartilage. - ) ' 7

B M. pte}ygdideus ‘ ’ o .

°
e e

The M. pterygoideus of modern reptiles is extremely variable in form

and has, thus acquired an equally as varied nomenclature. Tablé I presents '

o

K. PP St et P

the nomenclatﬂnr:.al system used in this paper, based on Haas" (1973) . /
] \ ;o
description of the M. pteryg01deus of 6‘phenodon. .-

~

In Sphenodon there is a large M. pterygoideus typicus and a small

'

; M. p:ery/goideus atypicus (Haas, 1973). TUnfortunately, they have often .

”

been named the M, pterygoideus anterior ancf" posterior respectively

E 4

T, B ‘ (Adams, 1919; Barghusen, 1973). This has given rise to the expressed

opinion that lizards do mot possess an anterior component of thé M,

| ] O pterygoideus (Ba“rghusen, 1973) when, in fact it is the M. pterygoideus

e |

& N ' } : R
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° . - N ) ) i . Cryptodire Pleurodire , .
Sphenodon , Liizards Crocodiles . Turtles Turtles .
; | M. ptery. atypicus , - -
(M. ptery. ant.) \ I ’ . A
. . M. ptery. typicus M. ptery. typlcus , ’ i ’ T : é
) . (M. ptery. post) _ (M. ptery. post,) .7 - ] N I RN - - ;
M. ptery. sup., - M. ptery. sup. - M. ptery. sup. M. ptery. wventr.: o . .
) ) : (M. ptery. post.) )
t < (M. ptery ¢ vent M ) ~ ) ) ’ ° - . ’, - /,;
e M. ptery. prof. M. ptery. prof. M. ptery. prof. M. ptery. dors. M. ventro-lat.
n N (M. ptery. ant.) M. rostro-med.
’ i - - — 4 - +
(M. ptery. dors.) M. rostro-lat. S~
- ‘ ' . : . . N

L ~

Muscle names in italics have been sdbetceded by more éodern‘terminology,

N> . 2
LI :\,v _ - N
. _ -
g ) Table I. Apparent homologies of M. pterygoideus segments in modern reptiles. R
- Q ) - 0 e ©
: - ] . -
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(1964), and Schuméicjﬁéx_: {1973a) have used the anterior-posterior

s

154

This would be of little consequence, in fact

only a matter of establishing a synonymy of muscle names, were it not for

¢

thf fact that Anderson (1936), Ivo Poglayen-Neuwall (1953),Ioi:dansky

terminology for crocodilian pterygoideus musculature without establishing

th%t their partes anterior and posterior were, Or were mot, t:he homologues

of| the similarly named parts of the M. pterygoideus in Sphenodon and

a

lﬁards. As a3 result, there is no established éystem of homolog\ es of

Pr

mxlscles amongst the difker\ent groups .without the cénfusion of redefining

{
{

! .
division of the M. pterygoideus into typical and atypical parts in the

|
[

ha‘s been made to include the highly specialized ptefygoideus musculature

o

th[ parts of the M, pterygoideus as Table I shows.

tlie partes anterior and posterior.
ma"inner of Ingeborg Poglayen—Neuwall (1953) and Haas (1973).

-oféboth cryptodire and pleurodire turtles. in this- scheme but the veracity

Table I includes a

reorganization 'is based on a

An attempt

posed reorganization of the nostenclature of the M. pterygoid\eué of

i modern reptfiles that establisheé the homologies of the segmen&s of these.

\

of  these proposed homologies has not been established with assurance.

J “ The M. pterygoideus atypicus appears to be a unique specialization of

Sp}zenodon. There.is no evidence to suggesj: that any fossil reptiles,

save perhaps some sphenodontid rhynchocephalians, possessed such a muscle.

'
1

pf'erygoideus

Sphenodon, a primitive diapsid reptile, and that was, thus, thought to have -

been present

i Both Sphenodon and lizards have a large, often bila_minatef M.

typlcus. This is the muscléd usua\ly referred to as the M.

pterygoldeus posterior in lizards in allusion to
o7 .

an M. pteryéoideus anterior (M. pterygoideus atypicus)~

in all early reptiles.

e supposed ''loss" of

Since it is now considered unlikely \
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o

that a pars atyplcus was prese\:nt in early réptiles, it 1s best to regard
| 1 -
the large -muscle inklizards to be the M. pterygoideus typicus. ' Slnce /

A

7
;

this muscle 1s considered to be the primitive or \typical condition, and

v

the small anterodorsal muscle segment in Sphenodonm the derived or

atypical condition, the M. pterygoideus typicus will, henceforth, be

termed simply, the M. pterygoideus.
¥

The M, pt\erygoideué of Sphenodon is a m;ssive muscle that apggars to
be ;livided into two units. These divisions are not distinct nor}have
they been described in detail. Haas (1973) makes it clear that there
are two distinct origins that appear to be c[:mparable to those observed
in the lizards Iguana and Tupi\mmbis and described by] Lakjer (1926) in

Uromastix. The muscle fibers originating anterolaterplly from the

posteroventral surface.of the ectopterygoid and the ventromedial surface ,

Y

¢

»

\
rrespond to the fibers of the

M. pterypoldeus superficialis of Uromastiz (Lakjer, 1926), Iguaﬁa, and

Tupinambis. The fibers of the M, pterygoideus superficialis in 1lizards

°

and-the corrésponding muscle segment in Sphenodon extend
posteroventrolaterally from their origin to form a large masticatory ;

cushion on the ventral surface of the angular where they curve

-

posterodorsally, thence, medially to insert onto the articular and
angular ventral to the mandibular articulation. A large superficial
tendon ensheathes most of the anteroventra\l surface of the M. pterygoideus

superficialis. It gerves as an additional site of origin for the more

superficial muscle fibers. .

Both Sphenodon and lizards have medial fibers of the M. pterygoideué

that originate from the ventrolateral surface of the pterygoid, the lateral

surfacé/ of the quadrate ramus of the pterygoid, and the lateral surface
{ s i
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M. pterygoideus profundus in Uromastix, a term that can be used in
identifying the muscle fibers in some 11zards including Iguana and
Tupinambis and probably also in Sphenodon. '.'\['hese muscle fibers extend
ventrally to insert,onto the medial surface of the angular and, where
present, the prearticular. There' is little tendon associeated with the
predominantly fleshy origin and insertion.

The. M. pterygoideus of crocodilians is essentiaily similar in
construction, but much different in size from that of Sphenodon and
lizards. The origins and insertions are gemerally the same alt;\ough a
large anterior slip of the pars profunda origir;ates high on the dorsal
surface of the pterygoid beneath the eye. Typically the M. pterygoideus
has been divided into a pars anterior .and a pars posterior (Anderson,
1936; Ivo Poglayen—Neuwaﬂl‘l, 1953; Jordansky, 1964) or occasionally a pars
dorsalis and 2 pars ventralis (Lakjer, 1926; Schumacher, 1973y that appear
to be the ‘homologues of the M. p.terygoideus profundus and M, pterygoideus
superficialis respectively, of Sphenodon and lizards. It is the lack o‘f
correlation between the M. pterygoideus poste‘rior‘ of crocodilians '

(M. pterygoideus profundus) and the M. pterygoideus posterior of lizards
(M. pterygoideus typicus) that Barghusen (1973) fou‘nd so confusing.

The extensive modification of the M. pterygoideus/ of turtles, attendant

with the extreme r_e—modelling of the pala\te' has hindered previous Jattgnpts

at establishing homologies. Table I presents the proposed homelogies: of

I

the M. pterygoideus of both pleurodire (Podocnemis) and cryptodire turtles.

Much further research must be pursued before these can be accepted with

*

.

certainty,
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Focaptorhinus “Zaticeps apparently had an M. pterygoideus typiéus
sinilar to that of Sphenodon and lizards. It appears to have been |
sub-divided into a plars prolfunda and a pars su{:erficialis (Fig. 11) :‘\ The 8
M. pterygoideus profundus had a fleshy ?rigin on the lightly pitted
lateral surfac_e o.f the \/rentrolaterally sloped quadrate ramus of the
pterygoid, on the ventrolateralhédge of\ the epipterygoid: and on the
more heavily pitted dorsal surface of the transverse flange of the -
pter}goid posterior to the attachment ridge of the orBitotemporal membrane
(Fig. 13).  The musclle fibers are believed to have extended ventromedially
and 8lightly posteriorly to insert :mto the ;nedial \s\g}:jé o§ the

i
ini:ernal t\endon posterior to the M. bseudotemporélis profundu’s inserEion‘
and fleshily onto the anterodorsal surface of the articulaJr at the base
of the angular process and onto the medial surface of t:'he prearticular.
" At no time did the M, pteryg‘(l)ideus extend anteriorly below the orbit as
it does in cr?codilians'and cryptodire turtles (Schumacher, 1973a) or
as it apparently did in labyrinthodont awphibians (Panchen,. 1970). !

The M. pterygoideus‘superficiali‘s was a large muscle that apjparentlyﬁ
originated tendino'usly from the medial and ventral édges of the transverse
flange and quadrate ramus of the pterygoid (i‘igs. 13, 15, and 16). Some medial,
fibers seem to have had a narrow fleshy insertion on the slightly pitted
ventral surface of the neck of the pterygoid. Laterally, the pars
sﬁperfiéialis pro,babl‘y was sheathed by a long narrow tendon that extended/ .
posterior to 14é in a marked groove in the ventral surface of t{he
prearticular immediately med:ial to its sutural contact with the angular.
The tendon inserted onto the ventral surface of the retroarticular process

of the articular just as in modern lizards, The muscle fibers of the pars

superficialis extended posteroventrolaterally toward their insertion. -
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Figure-15. Focaptorhinus laticéps. Head in ventral aspect showing |

M. pterygoldeus. Reconstruction.
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Deep fibers would have formed a thick ventral mas£icator; cushion that
had a fleshy ins%{tion onto the heavily fcarred prearti?ulaf portion of
the ventral surface of the anéular process., More shallow fibers
apparently arched ventrally over the large mass of the deep fibers to
form a deep recumbent fold against the lateral sg:face of the angular

at vhich point they inserted onto the ventral surface of the most posterior
part of the angular and onto the long tendon (Figf 11). The whole of the
masticatpry cushion is thought to hav; been covered by a broad tendon, |
just as in modern reptiles, that attached to the posterié} rim bf the
articular portion of the angular process and to a prominent longitudinal
ridge on the'angular that separated the sculptured, skin-covered surface
from the rough insertional region of the\shallow fibers of Fhe pars |
superficialis (Fig. 15 ané 16). ‘

The M. pterygoideus superficialis is believed‘to have reached its
maximum resting fiber length when the mandible was'fully depressed. The
strongly curved muscle fibers, even though heavily tendon supported
superficially, were of suificient length to have allowed such elongationm.
Since this muscle was not the only mandibular adductor, it could be passively
pompresged by the M. pseudotemporalis and M. adductor mandibulae externus
after reaching its minimum active contracted length.

'

M. constrictor dorsalis

The M. constrictor internus dorsalis or as it is more commonly and

"
J \

. simply known, the M. constrictor dorsalis, is not strictly part of the

: l
.mandibular adductor complex. Rather than being innervated by the mandibular

ramus (V3) of the trigeminal nerve, the M. constrictor dorsalis group is
| ) .
innervated by its.bwn, unnumbered (except by Lakjer, 1926, who called it

the Va) ramus of the trigeminal nerve. Typically it comsists of three

\
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\ distinct parts, the M, levator bulbi, M. levator pterygoideil, and M.

-

protractor pterygoidei. They lie medial to the maxillary ramus (V2) of

"the trigeminal nerve and lateral to the ophthalmic ramus (Vl)’ not medial .
N i

i
i
k)
.
g - to the ophthalmic ramus as S#ve-Soderbergh (1945; Gomes, 1972; Haas, 1973)
i —has indicated. These muscles are intimately asséciated with cranial
8 . C
é metakinesis in Sphenodon (Versluys, 1912; Ostrom, 1962) and lizards o
§ . . . ’
* (Lakjer, 1926; Frazzetta, 1962). In modern reptiles where metakinesis

" has been lost during ontogeny as in Sphenodon (Versluys, 1912b; Ostrom,

+ve

" 1962) or during phylogeny as in turtles and crocodilés (Schumacher, 1973a)

i R
the members of the M. constrictor dorsalis group may be partially or

i
§
b

completely lost, In Sphenodon old akinetic individuals may have an

atrophied M. protractor pterygoidei or even may have lost it entirely

Hnlaidde s

(Versluys, 1912b; Ostrom, 1962). The other muscles are seemingly unaffected.

SR,

‘ .
In turtles, some remnants of the M. constrictor dorsalis group may be seen -

only in the embryonic stages (Fuchs, 1915; Edgeworth, 1935; Schumacher,

R O N

1973a). 1In contrest, crocodilians retain a post-embryonic segment of

P

the M. levator bulbi, although the M. protractor pterygoidel and M.-
: - -

levator pterygoidei, which are normally assoclated with metakinesis have

been lost.

. While there is evidence that\Eocaptorhinué possessed both an M.
i « N
levator pterygoidei and an M. prottactor pterygoidei, there is no such

SR, WS s K prenet = g

evidence either to confirm or deqy:the presence of an M. levator bulbi.

N 4 ! N
Since an M. levator bulbi is present in all modern reptiles in which one

or more of the other components of .the M. constrictor dorsalis group are

retained, albeit often with considerable reorganization, an M. levator

1
bulbi is believed also to have been present in Eocaptorhinus. The M.
. . ~

. (N) levator bulbi of modern reptiles typically originates from a tendon and

1 v

f
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in thids description. ‘ '
P M. levator ptervygoidel J\
§ In\Sphenodon and 1izards, tﬁe M. levator pterygoidei originates from
% . thg lateral surface of the chondrocranium medial to the dorsal tip;of
% the columella of the epiptefygoid. Only in akinetic lizards which%lack )
% an epipterygoid such as the Chamaeleonidae, is the M. levator pterygoidei
g absent (Ingeborg Poglayen~Neuwal}, 1954; Haas, 1973). It has a fleshy~
§ ‘ »inéertion on the mediaf surface éf the base of the epipterygoid and, in
: é lii;rds, mariginally onto the. dorsal edge ofﬁgﬁe quadr;te ramus of the
t § pterygoid slightly anterior and posterior to the epipterygoid-pterygoid
¥ a¥ticulation. \
t
PO
:

{

13).

quadraté’(Lakjer, 19263 Oelrich, 1956; Ostrom, 1962; Haas, 1973).
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Its muscle fibers are‘exgremely short in metakinetig férms but may be
atrophied.-and greatly reduced or even,iost if kinesis is lost during the
lifetime of the animal (Ostrom, 1962; Haas, 1973). An M. protractor
pterygoidel doeé not develop 1in turtles and crocodiiiéns (Lakjer, 1926;
Haas, 1973). S S

The cristg alaris of the prootic and the a;terior edge .0of the prootic
portign of the’paroccipitél process are well developed in Eocaptorhinus.
They lie just dorsomedial to the dorsal edge of the quadrate ramus of the
pterygoid. Théese regions are not kno&n in greﬁ; detail in Eocap torhinus
so that musgle oriéin and insertion scars have hot been seen. It is
believed that cranial metakinesis was present but was relative}y pooriy
developed in juveniles and was lost in adults as the median ascending
process of the su?raoccipital, the paroccipital procesées, and the stapes
ossified. The M. protractor pterygoidei, if present at all, was probably

ﬁoorly developed, at least in adult animals.

\ s Discussion

.\

The , reconstruction of musculatgre in fossil vertpgbrates is always
a(aifficult task fraught wikh the dangegs of over extension of available
information and circular feasoning. Nevertheless, -an \ttempt must be
made to increase our knowledge of the biology of these animals, in the
context of their living, functioning existence, through the study of
fine anétomical de?ail, even in the face qf these possible shortcomiégs.
In a discipline more attuned to the description of suture patterns and

i
general outlines of bones and to the recognition of new taxa and the

development of bread phylogenetic schemes, ‘the biologic\aspects of the
. ¥

study of fossil reptiles are, unfortunately, too cften forgotten.

it
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Attentionsto the fine detail of preserved remains reveals far more

3 ( bioloéical information than has generally been appreciated. Careful

¢

4

b

cross referencing of anatomical characters of the fossils with the \
' & '

g observed structure of modern reptiles permits accurate re-construction

e - of soft structures when all functional and spacial limitations, are
satisfied, )
That the mandibular adductor system of Eocaptorhinus laticeps more /

closely resembles that of the sphenodontid rh);nchocephalian Sphenodort

and, to a slightly lesser extent, uynspecialized lizards,is not surprising

*"in view of the similarities .in size and ‘genérally insectivorous feeding

'
s

mode., Numerous differenced do occur, espgcially as 'related to the
develop';nent of 'temporal fenestrations in the modern forms. The drastic

re-arrangement of the braincase of modern crocodikians’ and the specialized

‘\aquatic feeding pattern have altered the adductor musculature so greatly

that only general simj[a)fities can be recognized. Alt};ough turtles are
e nominally regarded as "anapsids", their feeding mechanisms and cranial

osteology are so special'izéd', with respect to the primitive captorhinomorph:

pattern that, as in crocodilians, little other than the most general 2

characteristics 'pf\the adductor musculature can be compared.

a

. Perhaps the most significant observation that. can be made about the )

mandibular adductor system of Eocaptorhinus laticeps and other early
9

Y

captorhinomorph reptiles is that it was at least equally as complex and
sub-divided as is the adductor musculature of any modern reptile. For

. the first time, a primitive reptile has been found in which xﬁuscle

\

’ attachment scars can be identified with confidence. There is no evidence

L

/
that th‘e primitive mandibulalr adductor was an arrangement of three

un?[directional, undifferentiated muscles as has so often, of necessity
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bgén assumed in the absence of detailed information (Adams, 1919; Olson,
, 1961; Carroll, 1969; Barghusen, 1972). If anything, a tendency toward l
simplification of mechanical systems and related adductor musculature -

appears to be observable; particularly amongst turtles and., apparently,

§

mamnal-like reptiles.

The M. adductor mandibulae of Eocaptorhinus laticepe was, for the

most part, typical of primitive non-synapsid reptiles, The large M.

*

adductor mandibulae externus apparently was divided into three main parts.’

\

The pars superficialis originated from the lateral margin of thé parietal.

1

§
The bipartite pars media had a lateral origin on the parietal and a medial

s e .

origin on the anterior face of the'supraoccipital. The temporal artery

separated sub—divisions A and B of the pars media. The pars profunda

7

inserted onto the lateral surface of the supraoccipital and the anterodorsal

i

surface of the paroccipital process.
Although the cr?nial muéﬁﬂaﬁure of synapsid reptiles has not been"
described in detail; some obsexl:vations have been made on the development
of various muscle segments. In contrast to the form of the H. adductor
mandibulae exterpus of non-synapsid )repti\les, that of primitive synapsids
(pelycodaurs) appears i:o have consi,?ted)of a single unit,n the origin, on ’

the lateral edge of the ventral surface of the parietal, and the insertion

—
N o

of which, on the lateral surface of the external tendon and mandiialg, would \

seem to identify }t as the spacial equivalent, and thus in Lakjer's
(1926) sense the hqmologue“, of the M. adductor mandibulae externus
sui)erficialis of non—synapelsid reptiles. There is no evidence:. that either
‘a pare media or a pars profunda existed in S}\maps”ids. These differenc_es .
id the M. adductor mandibulae externus appear to be cl‘obsely related to’ T

the profodnd differences in the structure and mechanics of the braincases ’

.
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. the tabulars and quadrate (Romer and Price, 1940},
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of primitive non-synapsid and synapsid reptiles. 1In non-synapsid

reptiles where the large M. adductor mandibulae externus medius and
profundus originate from the supraoccipital and the paroccipital process,
- AN

the occiput is typilcally vertical with a natrrow supraoccipital that

contacts oniy the postparietals., The paroccipital processes -are slender

«

and the post-temporal fenestrae, consequently, very large. In synapsid

v

reptiles, t;he M. adductor mgndibulae externus medius and profundus

RS
o

apl‘)arently"were not develope The occiput éloped anterodorsally into the s

4

reglion that would have been occupied by the partes media and profunda in

~ 9

non-synapsid reptiles. In the absence of these muscle segments, the
supraoccipital and the paroccipital processes expanded to close most of

the posi:;-,.temporal fenestra and produce the C};pically synapsid plate-like

. -

occiput with the supraoccipital typically bécoming sutured to the post-
: ]

parietals (interparietal) and ‘tabulars and the paroccipital process to'

o The M. pseudotemporalis of Eocaptorh'inus apparently was sub-divided

into a large dorsal pars superficlalis and a small)!r, ventromedial pars
a ] ° .

profunda. The pars, superficialis, thus, was a prominent muscle in both "

n’on-éyr}apsids and synapsids in contrast to the pattern” proposed by "2

Barghusen (1972). Rather than developing after the formation of the dorsal

»

temporal fenestra in diapsids, it appears to gave been a large muscle that

LIRS

L e - - . .
wag an important factor in the rapid emlargement and later investment of

%

the fenestta. In nou-éynapsid reptiles, tfxe M. pseudotemporilis

aupetfic:&nh; the major muscle in the anterior half of the adductor
o . :
a A ,
ch r while the M.\adductor mandibu%ae externus medius and profundus

L= e # .
became the major posterior muscles, a‘ll of which lay medial to a relatively

‘ N “ - N N
In synapsld reptiles, the medial half of the/

. .

thiih pars superﬁc}a}is .
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adductor chamber appareut:ly was filled by the M, pseudotemporalis
superficialis and the lateral half by the M. adductor mandibulae externus
superficialis. A small M. adductor mandibulae posserior occupied the
posteroventral -portion of the addug\}:co)r chamber in both synapsid and r;on—
syngpsid reptiles.

The braincases of primitive rept\iles (Heaton, 1975, 1978) formed a

‘Loose metakinetic articulation with the skull rogf as Versluys (1912a, b)

had expected, based on his study of modern reptiles. The absence of a '

long, restricting median ascending i)rocess of the supraoccipital and thé
q

presence of poorly ossified, laterally prejecting paroccipital processes

permitted ‘the braincase to rotate relative to the skull in small

r

captc;rhinomorphs. As captorhinomorphs grew larger du;‘ing theig:
evolutionary history, particularly amongst the Captorhig}idae\, a large
median z;scending proces.s was developed and the paroccipital processes
became fully ossified, thus, eventually preventing any form of metakinesis.
Eocaptorhinus represents an-intermediate s;:age in ;:his sequence i)n which

a moderapgly larée median ascending process of the supraoccipital and fully

!

-

ossified, aroccipital processes probably restricted or even prevented
A El

<

;netaynesis in adult animals. Juveniles are believed to have had

b

i . . :
metakinetic skulls as had the primitive captorhinid Romeria, from the .

holotype specimen of which the loosely aarticulatedo braincase was lost -

5

/during preservation (Clark and Carro‘il 1973). Primitive qaptorhinomorphs

such as PaZeothyms (Carroll 1969) and Protorothyrie (Clark and Carroll

[N

1973) likewise appear to have had .metakinetic skulls. Sphenodgn and many

» lizards have developed the paroccipital processes as the metakinetic

-

axis, something that could not be accomplished by captorhomorphs in which
the patocciﬁital processes were not fully ossified. Captorhinomorphs
- \

o
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appear to have had a more dorsal metakinetic axis along the dorsal edge

of| the supraoccipital where it contacted the postparfetal. In all

metakinetic reptiles’ excessive movement between the skull roof \and the

braincase must be prevented. Limitation of this movement has be\qn

actomplished in Sphenodon and most 1lizards by the de\}elopment of accessory

O A et

structures on the dorsolateral edge\ of the crista alaris of the

' “

4

supraoccipital that contact the medial, descending flange of the parietal

P

when the skull roof is fully elevated. This 1s possible with the low
meﬁ:akinetic axis of modern lepidosaurs but was not applicable to

ca]itorhinomorph metakinesis. Instead, extensive relative posterior

1

23

|
mow'ement of the ventral portion of the braincase at maximum slgull roof

elevation was accomplished by use:of the massively ossified posteroventro-

=

léaterally directed stapeé‘ The use of the stapes as a mechanical link in

o g - i

1

(* a l::inetic skull is a primitive character exhibited by rhipidistian fish.
sThe use of the stapes as a stabilizing unit is believed to have reached
its maximun in the gigantic late Permian captorhinid Labidosaurik_os
meachani (Stovall,” 1950) in which the stapes is s;ltprally attached to the
basisphenoid, prootic, Ppisthotic (paroccipital process), and apparently

- 1
the quadrate, Such metakinesis is a functional necessity amongst small,

insectivorous,' terrestrial tetrapods that employ inertial feeding since )
: .

. it allows the caniniform teeth to be accelerated down upon the prey item

at the same time the mandible is being raised (Frazzetta, 1§62). Modern

’

lizards represent the culmination of\ sqcﬂ a metakinetic mechanical System
i

-with the dntroduction of an addition%l mes\okinetic articulation between
. . §

the frontal and pariletal. The muscle' fibers of the M. adductor mandibulae

externus medius and profundus and the M. adductor mandibulae posteripor all

M g T

O \ originate from the braincase in the earliest reptiles. It 1s, therefore, '
)

? ‘ ' >
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necessary to know with the greatest possible confidence, the configuration
of these muscles if the mechanics of the braincase and its metakinesis - &‘ﬁ%@
b
b

are to be understood. Turtles apparently have followed .a course of =

.braincase immobilization at an anapsid grade of development similar to that

of captorhinids as; did pareiasaurs. Although both groups appear to havek
separated early from the same basic non-synapsid stock, they share many
common features indicative of a primitive metakinetic heritage. In
particular, they posséss high narrow supraoccipitals and large post\itemporal

fenestrae that are correlated with the possession of metakinesis and well

3

developed partes media and profunda of the M. adductor mandibulae externus

in Sphenodon, lizards, captorhinomorpﬁs, and iaerhaps even primitive

procolophonids (Ivakhnenko, 1972). Large size appéars to be the primary

. . A
factor controlling the degree of metakinetic movement, apparently because

. A
of the limjitions in the size and strength of the constrictoer dorsalis

musculaturf which is the major skull roof elevator. C(losely associated

with size increase is the development of herbivorous and carnivorous

feeding modes, the former requiring great adduction power but not

'
o

metakinesis, the latter often placing extreme loads on the skull roof and

braincase. In both cases, metakinesis is of little practital advantage
and may, on occasion be a distinct disadvantage. It 1s, therefore, not I ,

surprising that few reptiles with skull lengths of over about 10 cm )

< [ .

‘retained metakinetic skulls. The exceptions include platynotan lizards

(varanids and mosasaurs), the "former"witéh extremely light weight truss
s’trugture skulls, the latter aquatic forms where natural bouyéncy reduced
the significancé of increased size and weight. The only .ol:her known
exc;aptions are the saurischian dinosaurs in whic@metakinetic system

was modified considerably and a mesokinetic (fronto-pari}etal) joint also

- . \ . N i
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A
developed. This arrangement is retained in modern /birds.
;‘gnctionally, the trigeminally innervated muscles of modern non-
synapsid reptiles and apparently also Eocaptorhinus, appear to be divisible .
into four major groups: (1) skull roof elevators; (2) mandibulaf

D
accelerators; (3) mandibular power adductors; and -(4) mandibular .
stabilizers. The skull roof elevators are the posterior members of the
M. constrictorrﬁdorsalisk group, the M. levator‘pterygoideil and, if present

in Eocaptorhinus, the M. protractor pterygoidei. Two misc¥s function as

mandibular accelerators during the adduction cyele, the M. pterygoideus, -

a massive muscle that initiates tl}mgveiﬁent, and the much thinner M.

adductor mandibulae externus superficialis that maintalns the adduction

speed Initially imparted to ;;he.mandible ’by t:l';e M. pterygoideus. lfo;:er.‘

for cFushing or shearing resistant food items is provided by the massive

M. pseudoteml?oralis, and more post;ariorly attached M. adductor mandibulae
externus medius and profundus. Particularly resistant food i‘tems or ; \
struggling prey may provide forces that might potentlally strain or even

disarticulate the articular-quadrate joint. The M. adductor mandibulae

P
posterior serves as a major mandibular stabilizer holding ‘the joint in
i .

position during jaw adduction.

) -
Conclusiong . .

~

Eocaptorhinus laticeps 1s a captorhinomorph repi’.il_e~ of the family

.~

Captorhinidae known\from numerous superbly preserved specimens from the -
lower Permian deposits of northcentral Texas and central Oklahoma. The

r . X
immense amount &f fine detail available from these specimens has permitted

reconstruction of the adductor mandibulae musculature with a high degree

of confidence. As in all modern reptiles, it was a complex nuscle mass

2
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v divided into three major \mits, the M. adductor mandibulae posterior, M.
( adduct:.‘orS mandibulae externus, and M. adductor mandibulae intern;xs. The

v

M. adductor mandibulae posterior was a simple undifferentiated muscle. The

[y
¥ '

M. adductor mandi};?ae externus apparently was of tripartite form with
, partes superficialis, media, and profunda, the latter two parts originating,
at least in part, from the braincase and bulging into the large post-

temporal femestrae. The M. adductor mandibulae internus was divided into
two distinct unitts, the M, pseudofemporalis and tl:xe M. ptérygoideus, both
of which were bipartite in form. The M. ‘pseudotemporalis superficialis

was a large muscle that originated from the lateral surface of the anterior

braincase and bulg\ed laterally up against the ventral surface of the

- parletals but was not attached to them: The pars profunda was a small

e RO P, 7 MR NS TSRS T

ventromedial segment. The M. pterygoideus had both superficial and deep
. ,
pérts that expanded ventrolaterally about their insertion to form a

prominent masticatory cushion. In addition, prominent constrictor dorsalis

e + e AT T

musculature connected the palate-skull roof complex to the braincase,
‘These muscular characteristics are intimately related to the
osteological characters t:’hat differentiate this non-synapsid reptile from
a primitive synapsid‘ réptile. The ocecipital surface 1s nearly vertical.
The supraoccipital, on which much of the M adductor mandj:])ulae gxternus
medius and profundus originates, is ‘narrow\ ith consequer.utly large
post-temporal fen‘estrae. In contrast, primit'ive synapgid reptiles have
steeply sloped, anterodorsally arched, plate-like occiputs with wide
su;raoc‘cipita;ls and consequently tiny,post:-;:emporal fenestrae. This-is
{apparently, the résult of the absence of the M. adductor mandibulae

externus rmed‘ius and profundus in-the synapsid:lineage. ' o

() \ Metakinesis was a major functional characteristic of primitive
, ! Y .
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.reptiles that was further developed by some non—synapéid linegges. The

A}

T
fgﬁ Captorhinidae was an early specialization of the basic non-synapsid
radiatfion in which the metakinesis was progressively lost as increasingly
lét\'ger members of the family appeared. Other non-synapsid reptiles '
including pareiasaurs, turtles, and criocodilians also followed a similar
history of grai‘ncase immoi>ilization and M, Zonstrictor dorsalis reduction
as they evolved ouS' of the small, terrestrial, insectivore niche to which
they were p;imitively adapted. The earliest synapsids that are adequatély
known had already adapted to a‘ carnivorous feeding mode. These apparently.
were accompan/ied by herbivorous types that had also solidified the '
primiltive metakinetic braincase-skull roof junction by expanding the
supraoccipitalys gnd paroccipital processes and suturing them to the large
tabular. In the ysynapsid lineages, the M. constr;.ctor dorsalis probably
was lost with the early attainment of an akineti‘c Skl;ll.

The non—synagsid and synapsid reptiles ‘may be separated at least as «
far back as the earliest appearance of rep‘tiles in the fogsil record. The
osteological characteristics of the skulls of thessz groups are determined

<

to a large degree by the configuration of the adductor mindibulae musculature.
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Cranial metakinesis, méy‘e,nexent between the skull' roof (maxillary
segment) and braincase (occiﬁi/t:al sep,meﬁt) of the 'skulﬁ, was-a primitive, .

reptilian characteribtic. It developed in association with small size which

was a prerequisite for the developinent of the amniotic egp. There was a

gelective 'advantage to adapting ‘the loose braincase-skull roof junction of

t

tiny reptilian ancesto&s to’ a refined gape orienting mechanism that

-

permitted near simultaneous tooth impact onBto prey and little energy loss

N "

in unnecessary acceleration of prey items during capture. Excessive skull
roof elevation was prevented by the positioning of the dorsoventxolaterally

. _ directed stapes preventing it from fynctioning as an auditory ossicle as

1

| .
it did im many later groups of reptiles.

Mulfisegmented mandibular adductor musculature was required to permit
efficient metakinesié‘g}.’ A vertical occiput with large post-temporal fenestrae

. reflected the presence of a large M. adductor mandibulae externus medius

and prof:ﬁ@us. 'Large size limited, the ability of the comstrictor dorsalis

musculature to elevate the skull roof leading to akinesis while retailning

- * M

the primitive reptilian occigital pattern. Akinesis developed in &mall

primitive synapsids in respose to heavy stress&s encountered as a result of
their active, carnivorous feeding mode. The plate-like occiput of pelycosaurs

" was -sloped @xﬁd/orsally. The post-temporal fenestrae were smally( in respohqe

.

«to the loss of the partes media and proft/mda of the M. add\;ctor mandibulad

t

externus.
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The structure of the occiput and the evidence it bears on the history
. ¢ \ .
of metakinesis in the eyolution of any group of primitive tetrapods allows J

" a renewed assessmént of the phylogenetic pﬁsition of many groups. It . 4

appears that ‘diadectids), tseajaiids, limnoscelids, and .seymouriamorphs N

) fox&a)smgle coherent group of amphibians, the true cotylosaurs. Procolophonids

~

.3 * !
and pareiasaurs are true but extremely primitive reptiles and are not

e

’ \) . . L . \

'
'

cotylosaurs.
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b - CRANIAL KINESIS IN PBI'MIlfIVE REPTILES

K\ INTRODUCTION

“

The study of cranial lzinesis in modern reptiles, which was begun by

Versluys (191‘28, b, 1927), has been pursued in depth only recently.

Frazzetta's study (1962) of the kinetics of the skull of modern lizards,

L

and in particular the.extremely mobtle form Varanus indicus, is the most

A

detailed to date: Both Versluys and Frazzetta recognized two major types "
: of kinesis in lizards: metakinesis, movement between the braincase and
posterior skull roof (parietals) and mesokinesis, movement between the

frontals and the parietals. Additilonal types of kinesis are present in

some groups of lizards and snakes. Only meta- and mesokinesis are common ,

- to most groups of 1izards; neither is present in snakes. Modern turtles and
N . ! '

' crocodilians are akinetic. Except for Versluys (1910, 1912a, b, 1927, 1936)
i ‘

( investigation of the possible mesokinesis in carnosaur dinosaurs, little

f has been mentioned of the cranial kinesis in fossil reptileé. Gow recognjaed—

r

. in Tichvingkia vjatkensis, an early member of the primitive reptilian family
Procolophonidae. His claims of a mesokinetic fronto-parietal union are,

’ however, hard to substantiate from a structural point of view. Amongst

members of the prim‘i tive reptilian sub-brder Captorhi}xomorg}‘\a, cranial
kinesis was well developed in small, primitive forms élthougn}‘l it has been .
: mentioned only as "probabl"y possible" by €arroll (1969c).
Primitive captorhinomorph 'reptiles are thought to have been the ancestors
_of modern cro;:odiles, lizards, rhynch:)cephalians, and snakes (Carroll, 1969a,

Yy
b, c; Reisz, 1977). Whether modern turtles have evolved from captorhinomorph

() | "y ' .
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(’ ancestors has not been established. At least part of the reason for the

’

"+ enormous success of reptilian lineages developed from aj primitiye captnvrhino—

&orph stock 1s the presence, unless secondarily reduced (e.g. crocodilians)

, of well developed cranial kinesis within this group. Ié the great radiation
e .

x ! 3

i of captorhinomorph descendants, including dinosaurs, birds, pterosaurs,

i ‘

g nothosaurs, and plesiosaurs among other fossil groups as well as modern

&

”

reptiles (excepg turtles), 1is to be understqod, an insight inté the basic
mechanism that gave this group its. great cmhpfatitive advant&;ge over
‘ contemporary fnorms must be gaitied. /
Hylonomus lyelli and Paleothyris: acadianum from the early to middle
Penngylvanian of 'Nova Scotia are the most primit:i.ve menibers of the
cagtorhinomorphy lineage (Carroll, 1964, 1969a, b; Carroll and Baird, 1972).

The known specimerns of these animals are all disarticulated and fragmentary

( . although individual bones are usually well preserved) By using these

bones and information on the structure of the captorhinomorph braincase

obtained from a study of superbly prgserved specimens of the advanced

Wl .~

aguti (Price, 1935) of the family Captorhinidae from the middle lower'

y

Permian deposits of Texas and Oklahoma, it.is possible to reconstruct.a

braincase and skull roof, with a high degree of confidence, that would

have been typical of many and. perhaps all primitive cai)torhinomorphs.

——r

v

Such a braincase and skull roof would not be significantly different from

Rouich ot i o S

that of the primitive captorhinid reptile Rgmeria prima (Clark and Carroll )

i 1973). Eocaptorhmus Zatweps, although its osteological and myological

] . structure {is much better known ‘that that of the more primitive forms is

not used here as the model of primitive captorhinomorph cranial structure

since, in correlation with -dts relatively large size, the primitive

captorhinomorphs Eocaptorhinus laticepe (Heaton, 1975, 1978) and Captorhinus

NPT Ta S Y
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cranial metakinesis had been greatly reduced and probably even lost in

’ ‘the adult. Much as the adult’ Spheno'do‘n, a modern sphehoc_lontid ‘

t ¢
o =

’ rhynchocephalian, is akinetic while the juvenilé is rﬁetakinetic (Versluys,

w

H i e T e

1912b; Ostrom, 1962), so too is it thought that the juvenile Eocaptorhinus

was metakinetic. Certafnly the smaller ancestors of Eocaptorhinus, )

kY
AT e

Romeria primaj. R. texana, and Protocaptorhinus (= Puercosaurug?) pricei

were metakinetic eyen as adults. Differences 1n muscle architecture

A

“ra seg

-

'

between Eocaptorhinus and a Hylonomus—like generalized, primitive

~
s Fagk

captorhinomorph are believed to have been minimal, Such, differences as do

o

appear to have existed are discussed. 4 .

?

SKULL AND CRANIAL MUSCULATURE OF CAPTORHINOMORPHS \

Pl

The skulls of numerous primitive captorhinomorphs including Hylonomus
(Carroll, 1964), Paleothyris (196%9a, b, 1970), Brouffia, Ce‘phalérpeton,
Anthracodromeus, Coeldstegus (Carroll and Baird, 1972) and Protorg thyris

(Clark and Carroll, 1973) are known; several in considerable detail.

Braincase material is present in Hylonomus, Paleothyris, Coelostegus, and

Protorothyrie as well as in an undescribed Hylonomus-1ike, primitive

.-
e NI R - s hle
s R A P e 30

capterhinomorph from the Pennsylvanian of Colorado (Vaughn, personal

Ny

communication). Well preserved skull and braincase material of the more

b e e e S50

advanced captorhinomorph Eccaptorhinus has been described By Heaton (1975,

~

1978). o . - ‘ )
) . . .
As in the modern sphenodontid rhynchocephalian Sphenodon punctatus,

r

*

the skulls of cabtorhinomorphé,l both primitive and advanced, were composed

* of three functional units (Fig. 1). The "occipital segment' consisted of ) j
. ]
the braincase made up of the supraocccipital, exoccipitals, opisthotics,
basioccipital, prootics, parasphénoid, and basisphenoid but not the anterior

} . - RN
(“ * braincase (Fig. 2). The "maxillary segment" was composed of the remaining

prio? st
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) Figure 1. Skull in latefal aspect of the primitive captorhinomorph )

' . reptile Hylonomus lyelli. a) Reconstruction. b) Functional units.
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bones of the skull. The "mandibular segment" was formed solely from the
c‘ mandible. There appear to have been few significant differences amongst

b i
X4 Y\
the braincases of the primitive captorhinomorphs. In general, the

¥ }
E : processes laterally to meet the quadrate. In advanced captorhinid
¥

captorhinomorphs, there was an increasing tendency toward ossification

cranial kinesis. A simllar asgsociation of the development of a prominent

3 medial ascending process of the supraoccipital 1n captorhinids--this

2 process was absent in pri‘mitivé captorhinomorphs—-with an akinetic skull

has also ‘been observed.

'

) Captorhinomorph reptiles, both primit,.:Lve and advanced, appear to have

had a tripartite adductor magdib;xlae muscle mass (Fi{g. 3) as do all mwodern

( reptiles, including turtles, which may not be captorhinomorph derivatives,
and many amphibians. The M. adductor max}dibulae wag divided into an M.,

- adductor mandibulae posterior, and M, adductor mandibulae e:fternus and an

. !
- M. adductor. mandibulae internus. Both the partes externa and interna

or onto tendons attached ot it. The origins were on either the occipital
segment or the maxillary segment. The occipital segment served as thea )
origin for fhe large M. adductor mandibulae externus medius Ba and the

almost equally large M., adductor mandibulae externus profundus. The

-maxillary segment had four reglons of origin. The anterior region of the
braincase, in the absence of a medial descending flange of the parietal,
as is présent in most modern reptiles (gekkonid lizards are an exception),

served as the site of origin of the M, pseudotemporalis superficialis.

opisth#tics were not fully ossified but extended cartilaglnous paroccipital ’

of the paroccipital processes correlated with increasing size and decreasing

.
oA s A :
o .rm»wk,»% Vateihnr  wa v

were themsleves further subdivided (Fig. 4). All inserted onto the mandible
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i - Figure 4. FEocaptorhinus laticeps. Skull with reconstruction'of M. adﬁgﬁctor
. mandibulae. a) Dorsal aspect. b) Lateral aspect, sup/erfi%ial. ‘
. Lo i . c) Lateral aspect, second depth. d) Lateral aspect, third depth.
X (,) ; e) LatteraI aspect, deep. - ‘. ,
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The M. adductor mandibulae externus medius*A‘a,_ Bb, and the M. adductor

Tagh el T den oy pmenko e s

mandibulae externus superficlalis originated from the skull roof and the
M. adductor mandibuiae posterior and possibly an M. adductor mandibulae
externus medius Ab from the quadrate. The pferygdid functioned as the site
of origin of the . pterygoideus. Two 'poszterior'segments olf the M.
constrictor dorsalis, the M. protfac.tor pterygoidei and M. levator .

. ' X
pterygoided comnected the occipital segm‘er:t (llateral‘braincase) and the
maxillary ségment (pterygoid). e

Consider\able\ cervical :musculature inserted onto the occipif:al\ surface
of 'both the occipital and maxillary segments, Dorsally, the P‘I\ spinalis
capitis, M. latilssimus capitis dorsalis, and M. episternoc],eidomastoi‘deu:;:.
inserted onto the parietals, gosthparietals, and tabulafs (where presént),
all part of the maxillary segment. The M. rectus capitis post,:erior inserted
dorsally onto the suprdoccipital, 'ei-(ocycipit‘al, and opisthot‘i;: and t};e M.
rectus' capitis anterior and M. 1l‘ioco_sca1ris tapitis. inserted ve%trally
onto the ba\siocc‘ipitaI dnd é\xoccipital, all components of the occipital
segment. These we;:e the principal muscles th'at governed braincase movement

1
in the vertical (sagittal) plane. Other cervical musculature controlled .

L
1

movement in the horizontal (fronté{) plane including the M..obliquus S
capitis magnus and M. latwi.ssimus‘capitizs t;ransvgrsalis capitis that inserted
on the opisthotic afxd the M. latissimus capitis transversalis cervicus

that inserted onto the basioccipi‘tal. Rotation of the head in the transverse ,
plane at the occ.:ipitéal cohdyle is beiieved to have been l‘imite;i, as with

many modern grel;tiles. Wirh the possible e;:ception of ti};e (M. ro :

<&

episternocleidomastoideus, there were no muscles inserting on either the

‘ : . g ‘ :
skull roof or the braincase that could have "applied significant ‘torsional
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forces. The cervical musculature was important during feeding as a . .

SN

P

C

braincase stabilizing mechanism. In the following discussion of . H

¢

e 2w

n{etakinesis, the role of the cervical musculature is not discussed since

£
3t e ..
e

the braincase is regarded as having been maintained in a fixed posision.

o s
o

The cervical muscles would, thus, be activated irregularly to hold the

oot

e

fixed position of the braincase.

P
&

] ' The M. cervicomandibularis or dits smaller anterior segment the M. ”‘;‘
- depréssor mandibulae originated from the fascla overlying the cervical i
[ - musculature and from the posterior edge of the supratemporal and possibly i

the parietal. It inserted onto the posterior surface of the articular ) ,

-

and, in the case of Focaptorhinus where a prominent retroarticular process

B I

i 3

was present, the dorsal surface of that process.

P b e iz 22 )

The final group of muscles that had a bearing on the cranial mechanics

CT of the primitive captorhinomorph reptile skull were a number of hyoid ‘ .

muscles, in particular the more posteriorly located M. coracohyoideus, M. ; '

.

geniohyoideus, M, omohyoideus, and M. sternohyoideus. )

A

Each group of muscles had a specific major role and often one or

A e

more minor roles to 'play at each poiné ‘in the adduction—depression cyéle.

-

In 1961 \0lson introduced the terms "kinetic~inertial' and "static-pressure',

1
1

/" to describe two fundamentally ‘different patternf of mandibular adductor
. ‘ X
muscle structure and dynamics in tetrapods (Fig. 5a). Since a mandibular 1

adductor muscle exerts 1ifs greatest force tangentially to the arc of -

\

-

> rotation of the mandible about its mandibuloquadrate articulation, the

further the origin of the muscle from the articulation rgl‘a/tive’to the O

insertion, the greater\ the angie of mandibular depression possible while “.

maintaining a right angle between the muscle action line and the mandibular

7
~
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Figure 5. a) Force configuration in Kinétic-Inertial and Static-Pressure
mandibular adduction systems. b) Méxi}num gape vs.distance between

adductor muscle.origin and mandibular articulation. -
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radius (Fig. 5b). It‘is in this way that the maximum gape can b;
estimated. Olson believed that the kinetic—inertiai system, in which
maximum adductor fower was transmitted to the depressed mandible by a

largé anterior adéuctor (M. adduqtor mandibulae internus/segments) with its
origin far forward of the insertion, was primitive’to fﬁipidistan fish v
and their early tetrapod descendants. He considered the static-press;fe

system, in which maximum adductor power was transmitted to a fully adducted

mandible by a large posterior adductor (M. adductor mandibulae externus et \

. . .
posterior) to be a derived condition typical of most reptiles. He

believed that some reptiles, particularly the aquatic crocodilians had a

secondarily derived kinetic~inertial mandibular adductor system. While
the récognition of these two types of mechanical systems is useful in

analysing the functional mechanics of mandibular action, it must be
emphasized that the two systems are mot mutually exclusive. Many early,
& v

¢ . .
genéralized reptiles’ such as the captorhinomorphs had both a kinetic- .
inertial and a static-pressure system that -were well developed rather than

a predominant static pressure system as Olson has implied.

£ ' :

Because of a lack of %ata oih cranial kinesis even in modern reptiles, |,

the reconstruction of the metakinetic mechadfug.and its function in .

»

primitive reptiles nust be based on a strictly mechanical analysis. The

physical, parameters of moment arms in cranial lever systems and elasticity

! \
v

. / .
and elongation—contraction in adductor muscles can be estimated with
reasonable precision and, thus, would have limited the fesponse; that might

potentially be expected. Even Frazzetta's (1962) important paper on

cranial kinesis in modern lizards followed the same mechanical approach

-
a

since it is extremel; difficult to obtain data on the electrical activity

'
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and tensiéns (passive or active) of indivi@uai m?scle slips as well as
on small scale movements of the skull segments even in 1living forms.'
Nevertéeless, an attempt mustlge made even in the presence of formidable
obstacles to gain.an understanding of this extremely important mechanism.
boL It is~hoped that as new information on muscle physiology, cranial k?nesis;
i .

and behaviour in modern reptiles becomes available that a more refined

explanation of the functional ﬁechanigs’of fossil reptiles can be produced.

v Electromyographic studies of vertebrate, and ig*particular mammalian,

' Ry 4 Al

musculgfure are relatiygly common- (Basmajian, 1967f‘éans, 1974) an@ provide
mucﬂ of the basis for ocur ;nderstanding of the processes of muscle
excitation and contraction. The eledtrical act?vity of reptilian musculatu
especially cranial musculature, has‘only ju§t begun to be studied ‘(Rieppel,
personal communication)., A large number of backgrouﬁd Qction po;entials
are recorded from‘mﬁsclé tissue tHroughout its range of movement and

0

activity. 1In general, however, there 1s a greater degree bf excitation

recorded above the background when the muscle’is actively contracting that
when it is at rest with maximum excitation occurring at the point of -
“§Sgangst applied, power. Muscle fiber—tendon lengths and bone ossification
’ ;na d&velopment areﬁsufficiently plastic within individuals that natural
opt&misation of mechanical systems will always_ocecutr (Haines, i932, 1934;
Washburn, J946,°1947). 4s a result, conclusions as to tﬁe mechanical
effigiency and funct%on of a simple dynamic system with only one or two
" moving parts %nd operating“in only oﬁe plane can be made with a reasonable
degree of confidence. ' -
. A muscle fiber when at rest ha? a sinéle fixed length (resting fiber

i

length). 1If excited that fiber will exert its greatest force as {t begins
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its contraction. As contraction progresses, the power that the muscle

fiber can exert diminishes uﬂtil the point of complete contraction, about
LY

kY

65 to 70 percent of the restipgﬁfiber length, is reached (Fig. 6).5r
Elongatiog{of toﬁgmu5cle fibet-by an external load is‘reoisted by‘ao aotive
tension tﬂot dei%éases with elongation and .a passive (elastic) tension

that increases to allow a maximuo elonggtion of about 130 to 135 percent of
the resting fiber length before the sarcolemma begins to tear (Zierler, -
1961; Gordon, Huxley, and Julian, 1966) It is obvious that maximum gape
must be achieved without any segments being'elongated beyond the critical
130 percent elongation beyond the resting fiber length. If all of the
muscle segments poss through their full contraction range during the
adduction cycle, the common.elongation factor may be eliminated and the®
time reqoired for that eloogation to proceed substituted and the speeds

@

of conttaction of individual segments comparea. The cascoding gffect of
the different muscle divisious and subdivisions reaooing their resting‘.
fiber lengths at‘different times maintaino the near constant total power
curve as 1llustrated in Fig. 7. ) '
TAL KINESIS IN PRIMITIVE CAPTORHINOMGRPH REPTILES

The adduction-depression cycle of jaw movement can be divided into
six distinct stages, each characterizod by spegific relationships between
tho maxillary and mandibular segments and between the maxillary and

occipital segments. The first stage of analysis consists of an examination

[2

of movements in the vertical plane only, with the braincase and neck held

N

horizontally by the cervical musculatﬁre. Even in the analysis of cranial

kinesis in small %rimitive\captorhinomorphs, gravity must be recognized
ag a significant force typically acting in the sagittal plane.

’
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Figure 6. Muscle Tension-Elongation Curve (after Zierler 1961).
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Resting Position

.i; The so-called resting position with the skull roof lowered and the

<. jaw adduéted 1is, in reality, a misnomer since the force of gravity acting

A

upon the maxillary, occipital, and mandibular segments must have been’

§ o ,

P e e

countered by various different muscular forces, either internal (elaﬁgih)

or external (stimulated) (Fig. 8a). Grévitational and adductive fortes

4

kept the skull roof lowered relative to the braincase as they do in modern
4

a2

metakinetic repxiies. Gravitational forces were transmitted to the

occipifal segment from the maxillary and maqdibular segments through some

of the adductor musculature, through the supraoccipital and basipterygoid

articulations and, to a lesser ektent, through the paroccipital processes. .
/

Interestingly, the basipterygoid articulation lay -immediately ventral to

the apparent centre of gravity of the head in contrast to the condition

- seen in modern Sphenodon and lizards where the articulatipn lies much

!
? ' further posteriorly. In captorhinomorpﬁs the epipterygoid was laTrge and
| .

roofed the epipterygoid recess, thus allowing transmission of gravitétional‘

| L

{
5 : forces to the basipterygoidqprocesses. Since the metakinetic axis in |

primitive captorhinomorphs was along the contact between the postparietals

and the supraoccipital rather than between the paroccipital processes and

‘

the squamosal and quadrate as in Sphenodon and most lizards, an antero-

'

posterior compressive force couple existed between the epipterygoid and
. ) :

S i

the basicranial tubercle in addition to the typical dorsoventral force

couple (Fig. 9). 1In Sphenodon and lizards in which metakinesis is not

v T e Y

‘well developed, an anteroposterior, gravity induced, compressive force -

couple between the pterygoid (the epipterygoid is secondarily reduced) and

the basipterygoid tubercle has been greatly reduced or eliminated because
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+«' , Figure .8, Schematic diagramof metakinetic movments during a complete

mandibular depression-adduction cycle. a) All forces acting upon
the skull. b) Beginning of mandibular‘dé}ression cycle. ¢) End of
mandibular depression cycle. d)‘Beginning of mandibular adduction

cycle., e) Middle of mandibular adduction cycle. f) Ead of mandibular

adduction cycle. Solid lines: beginning of contraction. Dashed"

1ines:£gaximum active contraction. Dotted line: end of active

contraction. . ¢
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the basicranial articulation lies in the same plane as the metakinetic’

v

P i: axis, normal to the line of actdon of the gravitationai force. As a result

. ' of the anteroposterior force couple in primitive captorhinomorph repéiles,

g” the basicranial articulation consisted of a deep; heavily reinforced solket B
4
g' into which the robu’st basipterygoid tubercle fit. This was similar to the

form of basicranial articulation seen in Sphenodon but quite different

s

‘ .
from the lightly built sliding articulation in lizards: -

It is believed that the mandibular segment in all reptiles does not

pu——

require significant ‘active muscular forces, beyond background excitation, ’ ,

to keep it adducted. All muscles have a specific resting length of muscle L AR

4
'

fiber from which a maximum of aboyt 30 to 35 pefcent total elongation or

B -
— e -

shortening.is possible (Zierler, 1961; Barghusen, 1968). In most cases

the resting fiber length is‘thought to occur when the mandible is partially

o depressedln In only a fewséases isathe resting fiber length beli;ved to be - ;ﬁ |
regched when the mandible is fully adduc;ed.p Because of these limits Bn %‘

v total éiongation and\contraction, ﬁuscles that reach their resting fiber - ;g <
Jength at the ﬁoint_of £u11 adductioﬁ must be so constructed or positioned ﬁg”

‘\that elongation at fuil mandibular depression does hot exceed the 30 to 35 -
percent maximum éFig. 7). This can only be accomélished in two ways.
'Since ci;cumferentiaiﬁextension at a glven angular displacemen; of the jaw -
varies directly as the leng£h of the moment arm between the articulation B
and the origin or insertion, a muscle originating well anteriorly on the
. skull roof or braincase, or inserting far anteriorly on the mandible ﬁust
have exceedingly long muscle fibers in order for the total elongation of

the muscle to remain less than the maximum allowable 30 to 35 percent total -

resting fiber length. This is a system that is present in both chamaeleonid
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’ ~braincase ventral to the M. pseudotemporalis superficialis origin and
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lizards (Poglayen Neuwall, 1954; Haas, 1973) and ceratopsian dinosaurs

(Haas, 1955,.;\’03trom. 1964) where the frill supported M. adductor mandibulae

’

externus profundus.is greatly elongated, but otherwise is‘extremely rare.

In anapsid captorhinomorphs such an approach was impossible so that an

. L\_ﬂ -
alternate arrangement developed. 1In captorhinomorphs, the musculature

\

inserted close to the articulation, thus greatly decreasing the circumferential o

extension. This musculature apparently consisted of the large M. adductor
4

manddbulae e;cternus profundus that originated on the lateral surface of

the supraoccil;ital and't,:he anterodorsal surface of the prootic and of the
smaller M. adductor mandibulae pos}:erior that bad its origin on the lateral *
and anterior faces of the pterygoid lamella and occipital flange, respectively,

r

of the qua,ylrate. The mandible was apparently held adducted by the reétiﬁg

" muscles and, hence, the natural elasticity of the muscle fibers, with little

physiological effoi‘t. -There was no need for active stimulation, above
background, of the muscles to keep the mandible adducted. Gr‘avitational‘

'

forces écting upon the mandible ;Jere t—ransferredlto the braincase and
maxillafy segment’ b\; these m\;sé}es.
» Beginning of Mandibular Depression

At the begim;ing of the ,mandib'ular depression cycle the man&ibular
seguent was iowered and the maxillary segment r;aised slightlj; (Fig. 8b).
The principal elevators of‘ tf;e maxillary segment in primitive
captorhinomorph:s are believed to have been the M. levator pterygoidei ar;d
M. protractor pterygoidel divisiong of the M. co_nscrict‘:or dorsalis :group

just as in modern Sphenodon and lizards. The levator pterygoidei of

captorhinomorphs apparently originated from the lateral surface of the

&
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inserted onto the medial surface of the broad base of .the epipéerygoid.

This is generally similar to the position of the M. levator pterygoidei

a
A

~d N
in the modern rhyachocephalian Sphenodon (Lakjer, 1926; Ostrom, '1962;

Haas, 1973). , In Sphenodon the quadrate ramus of thé pterygold is propor-
N * - w

tionately lower than in captorhinomo”rphs and the ala;‘r process of the

v

Iprootic greatly ‘expanded anterodorsally. As a reé-ixlt, ‘when present in
ydungef individuals, the M.u protractor .ptery:goidei of Sphenodon 1is
relatively long-fibered and is oriented lanterodorsally.\ In captorhi‘nomorphs,
the high pterygoid and ;l‘ow ala}: pr’ocesé of the prooti;: apparently indicat;s

the former presence of a short-fubered, posterodorsally oriented M.

protractor pterygoidei. In E’ocap&{:orhinus where metakinesis appears to

I

have been greatﬂly reduced or even lost in adult animals, the M. protractor

a

ptet:ygoidei is thought to have been reducedﬁ significantly in size and,

t

perhaps, évén lost. This parallels closely the condition seen in Sphenodon
which 1s metakinetic as a juvenile,but often is akinetic as ap adult
. (Verslays,.1912b; Ostrom, 1962), It was contra_c’tion of the M. levator

pterygoidei and possibly the M. protractor ptog.rygoidei that -initfated
& .
» R 1 4 ; s il
elevation of the maxillary segment (snout, skull roof, a‘nd palate) relative

i

to ther occipital segment (braincase). The primary antagonist acting

against initial elevation of the maxillary segment was the force of
gravity. OSince only the M. adductor mandibulae posterior and possibly
_the M. adductor mandibulae externus profundus are thought to.have reached

their esting fiber length at full mandibular adduction, little if any

-muscular forces were likely to have acted upon the braincase at the \
Ky

S
A

bepining of the mandibular depression cycle.
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g . Mandibular depression was apparently injtiated by contraction of the

B r R ) " | .

( posteriorly directed superficial hyoid musculature, in particular the M.
. coracohyoideus, M. genioh&oideu\s, and M. omohyoideus. In primitive

0w captorhint;ﬁlorphs that had not developed a long retroarticular process,
the M. cervicomandibularis apparently inserted too -close to the mandibular ©
articulation to have been significant in initiating mwandibular depression.

Since the hyoid museulature was located well belgw the articulation, these .

mliscles would have had ,a signif\iéant mechanical advantage during the early
stages of mandibular depression thus allowing them to'function as the
’ earlies\t acting -mandibular depressors.
Complete Mandibular Depression
As mandibularq depression increased toward the maéc_imum gape (Fig. 8c)’,

the various adductor muscles successively reached or passed their resting

e S
|
{

fiber lengths. The points at which these resting fiber lengths were

«4.
A

reached or passed varied from muscle to muscle, depending upon the specific ¢
\ \ . . ) .
function of the muscle in the depression-adduction cycle. The first miscle

_to bass its resting fiber length is believed to have been 'the M. adductor

g . 4 '

mandibulae profundus. Because it did not originate on the braincase, it

was not a significant element. in crania‘\l metakinesis. Sequentially

thereafter, the M, adduct;)r mandibulae externus pars profunda, pars media,
. * ' - \ i

_pars superficialis, M. bseudétempofalis superficialis and profunda, and

 : oo finally M. pterygoideus are believed tc\:‘a have reached their festing fiber

’

. lengthe (Fig. 7). The effect of passive tension in these muscles would be

o

\ -to deprefs -the maxillary segment relative to the ”occipita"l segment. These

’

pterygoidel and, to a lesser extent, by the smaller M, protractor S
\ ! = n !
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" captorhinomorphs and many other primitive reptiles had a heavily built.

joint with the lateral wall of the braincase around the small fenestra

- ~ : ’ 208

7
’

pterygoldedi, lwhich acted to raise‘fhe maxillary segment of the skull '
xelative to the o;:cip;tal segment: ,

\ In Sphenodon and many metakinetic lizards, full elevation of the
maxillary segment is limited not only by the maximum contra;:ped léngth of

_ - -~

the M. ievator pterygoidei and M. protractor pterygoidei (about 65-to 70
percent resting fiber lengé:h), but also b)} physical 1imits. These consist
of the broad lateral ascendipg processes of the supraoccipital rocking
forward to meet the medial descending fIange of the parietals or, as in
iguanid lizards, the long median ascending process of the supraoccipital

rocking forward t:) the anterior end of the pari:atal* fossa (Fig. 9). Physical limits
of this type can only be developed iff forms witl'lx a low metakinetic axis.

passing through the paracicipital processes. In pfimitive ca;;torhino‘morph

repti‘les, where the mWetakinetic axis lay aloﬁg the postparietal-supra-

occipital junction, physical limits such as have been developed by many

modern lepidosaurs, /\did not exist. Instead, the robust, dorsoventrolaterally
inclined stapes gserved to 1limit ;ngximmp elevation of the maxillary segm‘ent.

Unlike the condition found in lepidosauré where the stapedial footplate

ils'suspended iay an annular \1igament within the fenestra ovalis,

N

stapes whose broad footplaté formed a three—-dimensional ball-and-socket

ovalis (Fig. 10).' The true fenestra ovalis "internuAs\“/was only about 25
to 30 percent of the diameter of the stapedial fodtplate in Epeaptorhinus ‘
(Heaton, 1975, 1978). The distal end of the stapes typdcally lay within

a pronounced columellar or stapedial recess in the quadrate (Carroll, 4196951;

Heaton, 1975, 1978). along which it may have been able to slide. It was

!

.n S AR N

e S R S




H

~

Spgrr Uy e €

e e it TN IO LI s e g S A RS

§

B

‘ ’
B R IR IO e Doy PR St harta

209 ,

Axis

Figure 9. Potential degrees of freedom at basicranial articulation.
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Position of metakinetic axis.
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Figuré 10. Eocaptorhinus laticeps. Section through fenestra ovalis

showing ball and socket articulation. a) Transverse section along the

columella of the stapes. b) Frontal section ventral to the columella

of the stapes. - \
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apparently limited in the extent of 'its posteroventral mcr%ept by both a
él{ght narrowing of ~the columellar recess and by a small m/edial ‘1ip at the

-

posteroventral end of the recess. ) : . /\
‘ As the power applied vby the hyold musculature to depress the mandible
decregsed with fncreasgd contraction, it is believed that the M.
cervicomandibularis (M. depressor mandibulae) began to‘increase its applied
. power. Because \the "ﬁla;ldible of primitive captorhinomqrphs did not\ possess
a regroarticular process, the M. cervicomandibula’,ris passed too cl‘ose to
the manciibular articulation, when the jaw was adducted, to gain a significant
"mechanical advantage durfng the initiql(stage of mandibu}ar depression.
Wi;h the insértion of the M'. cervicomandibularis on the posteroventral ,
extremity of ‘the articular weli below the mandibular articulation, the M.
cervicomanliibularis gained a significanf. mfachanical adyant«age as 'mandi})ular
depression progressed. This ai)pears to have been an efficient system
dstressing high speed but relatively low powered action duriné the early
stages of mandibular depress“;;bn befbore the resting fiber lengths of the
. j;aw adductor muscles were reached. LAs the mandibular adductor muscles
reached or passed their resting fiber lengths, tk;e eccentric cam action
of the posterior extremity of the mandible allowed application of increased
power to the mandible by the M. cervicomandibularis to counter increasing
e
passive elastic forces in the adductor muscles. This same basic pattern
of agtachment of the M. ce}vicomandibularis has been rete;ined by most
synapsid reptiles with some develbping a ventral retroarticular process
to increase the mechanical advantage of the M. ce{rvicomandil?t{laris' at

full mandibular depression (Gans, 1966). A large number of reptiles

including Eocaptorhinus, developed long, posteriorly directed retroarticular
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processes that greatly increased the émountl of‘powerR that could be applied
to open the mand;.ble both by increasing the mechanical ad\’mtage afforded
the M. c/er\;icomandibulat:is and by increasing the area of Insertion of

that muscle. The development of a 1ong posteriorl¥ directed re.troarttcu'l;r

process may be related to the greatly 1ncreased mass and, hence, strength

* of the adductor musculature in forms such as Eocaptorhinus and Captorhinus

anfl the necessity to increase the power applied to the mandible to stretch
these muscles beyond their resting fiber length at which point passive
tension would have begun to increase. As Gans (1966) indicated, development
of a posteriorly directed retroafticular l;rocess wouid have reduced the '
maximum gape of these animals considerably. Amongst modern insectivorous
lepidosaurs, Sphenodc;n; which lacks a tympanum, has retained the primitiize

(SN

condition with no well deve'loped retroarticular process. Most lizards

have a tympanum supported by a deéeply recessed quadrate. A long retro-
articular process has developed ventral to the tympanum allowing the M,

1

cervicomandibularis to inmsert onto the articular without impinging upon
the tympanum. The selective pressures that hé_ve led to the d-evelopme:{t of
posteriorly directed retroarticular'proqesses in many capi:orhinids and in
many lizards appear, therefore, to be unrelated,

Beginﬁing of Mandibular Adduction

The adduction cycle is {nterpreted as if a uniform, resistant but

compressible prey object were held in the mouth. This object would develop
- a resistance tg the adductive forces in accordance with Hooi(e's Law that

- "within certain limits the ratio of unit stress to unit strain is congtant'.

-

Thus, as strain (compression) is increased by decreasing the angle of

mandibular depression, stress (internal resistive force) increases linearly.

-
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Since no shearing or|tearing of the prey item is }ikély to’ have occurred

3

in primitive taptorhinomorphs, the teeth ltxaving served only to grip it, ‘
non-Hooklan characteristics associated with the mechanical ydeld or failure
‘of the p‘rey.item need not be considered. While most; prvey items encéun‘tereé
by primitive captorhimomorphs were not, of homogeneous stru;:ture and, hence,
were n;)n-Hookian in their response to stress, the use of a ux;iformly
cémpressible solid prey simulation aids in simplifying the explanat‘ion of
the adductive forces involved. The simulated prey item is assumed to have
had a diameter equal to about 50 perc;nt of the distance, measured
circumferentlally about the mandibuloquadrate articulation, between the :
maxillary caniniform tooth and the mandibular teeth at an assumed maximum
gape of 25 degrees. Under these conditions, no external ‘ioad vas appli(;d
to the maxillary, occipital, or mandibular segments during“initial adduction.
Mandibular adduction in primitive captorhinomorphs apparently occurred
tﬁrough sequential contr;(:‘tion of mar{y separate jaw muscleg just as In
modern reptiies. The first muscles to come in_}:o play were itho‘se forming
part of the kinetic-inertial adductor system. The principail muscle of
this group was the M, pterygoideus (Fig. 8d). As Haines (1;932) h;zs shown, ~
muscles accommodate their }'esting fiber ’lengths to the mechjanically most -
efficient podition of the elements to which they are attachHed. Because
it ériginate on the posterodorsal surface and ventral mar%i"n of the
pterygoid much below the origins of the other adductor musEles, the M.
;;terygoideus would have ree;ched its most efficient line of action,
approaching 90 degrees, only when the mgndible was fully depressed (Fig.
5b). It has been assumed, using Haines' observations as a guide, that
the resting fiber length of the M. pterygoideus were achieved at tohis ‘

point. : /
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While the origin of the M. pterygoideus, and especially the pars

!
| - \ .
b ' .
L {"‘ super ficialis, was concentrated far from the mandibuloquadrate articulation,
b .

——h 4 oo,

g G AR oy e

the insertion was not.‘ This suggests that the pfimary function of tf‘1e M.
pterygoideus was as a rapid jaw accelerator in adduction just as the M.
cervicomandibularis was in depression, at least in primitive
captorhinomorphs (Fig. 7). 1In contrast to the depression cycle, there was
no powerful muscle to initiate rotation of the mandible nor was the force )
of gravity of assistance. As a result, the M. pterygoideus had to be a
massive m:ile of much greater cross-section area than the M,
cervicomandibularis even though both muscles were acting upon the same
mandible within comparable ranges of rotation.

Since corlltraction of the M. pterygoideus streésed only the maxillary
"and mandibular segments and not the occipital segment, movement between.
the braincase a;nd the skull roof did not necessarily occur at this stage.

Partial M;mdi‘bular Adduction

After initial acceleration of the mandible by contraction of the massive
M. pterygoi-deus, a second stage of modest sustéined adduction force, acting
“at high contraction speeds was needed to continue \to accelera;te the
mandible. A relatively thin, long-fibered muscle with a wide circumferential
oI;erating range was necessary to develop a significant applied force at
high s.peeds. Tt appears that the M. adductor méndibulae externus
supe;fic}alis, a thin muscle sheet tha‘t originated fr‘om the ventral surface
of the parietal and inserte‘d on the ‘lateral edge of‘:' the late‘ral s{Jrface'
' of t;he surangular served this p~urpose (Fig.' Be). ’

Neither the M. pterygoideus nor the M. adductor mandibulae eéxternus’

superficiaiis originated or inserted onto thg, occipital segment, therefore,
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, {« ) contraction of one or both of these elements need not necessarily cause
1 Ay

rotation of the maxillary segment relative to the occi;iital segment. If,

as 1s suspected, the M. levator pterygoidei and M. protractor pterygoldel

. s
2]
~

did not relax until after initial acceleration of the mandible was begun,

proportionatrely little depression of the maxillary segment woul?i have

A A R Y

occurred. If the prey item were first contacted by the mandibular
4 \

e

dentition, kimmedia‘te (\leceleration of the mandibular segment and.acceleration o *
of the maxillary segmeﬁtt would occur, within thg narrow rot’ationa-l hlimits
of the maxillary segmen\t, so as to egualize, as nearlyy as possible the . .
impact forces both dorsal and ventraél to the prey item. The reverse would‘

have occurred if the maxillary segment contacted the prey item first. In

- U+ e,

elther case, 'the effect would have been to /Aminimize the centrifugal force

couple by reducing radial acceleration of the prey item before contact by ’ .
A ' ) ' R :
both the maxillary and -mandibular dentitions, thereby reducing the chances

of the prey item being expelled from'the mouth. In addition, this system '

is believed to have allowed the maxillary caniniform teeth to be acceleratéd »

R s o

downward into the prey item at the same time as the mandibular teeth are ,
being accelerated upward, similar to what Frazzetta l(1962) believed ot':curred
in modern lizards. | '

Once contact had been made with the prey item, both the maxillary and
mandibular segments wogld have begun to deceler?,att'e rapidly. It is believed
that the M. pseudotémporalis superficilalls, a massive jaw adductor

" inserting far anteriorly on the basal aponeurosis,» began to contract at
about this-position. 1Its large cross—-section indlcates that it was

v

primarily a power adductor,)ithe first contracting element of a static

pressure system whose main function was to crush and compress the prey item

o e |




[

L
¥
3
B
b
¢
)

'

WEW N O

ey

connects the maxil&ary and mandibular segments of the skull. In primitive .
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(Olson, 1961). The M. pseudotemporalis superficialis is believed to have

originated from the lateral surface of the cart:tl:aginous elements (pila
RN . ,

antotica, taenia marginalis) of the braincase (chondrocranium) and the

a'nterodo’rsél edge of the epipterygoid. The attachmgnt to the dorsal

/
—

ridge of the chondrocranium was apparently a unique feature of primitive

\
reptiles since all later reptiles, wherein the M. pseudotemporalis is
N s ’ :
lérgeu, originate from a descending medial flange of the parietal that has

|

|

come to sheath the lateral surface of the chondrocranium. Thus, in most 1
i

modern lepidosaurs and crocodilians, the M. pseudotemporalis superficialis

® .

reptiles, the dorsal elements of the chondrocranium were undoubtedly par}: , i

z
T

Ny {
of the maxillary segment and probably were separated from the ossifiad

ventral braincase elements of the occipital segment by a thin flexible

R R,

postoptic membrane. It appears, therefore, that even though the M,

PRCS R

pseudotemporalis supeificialis drigin appears quite different in primitive

reptiles and in modern lepidAosaurs and crocodilians, there were few, if

e Geiat
.

any, functional differences.

[

Soon after the M, pterygoideus superficialis began to contract, the

* ® ]
.

M. ‘adductor mandibulae externus medius Bb apparently started its contraction ‘ |
(Fig. 7). §Its function is believed to have been similar ta that of the M
pseudotér;poralis super,'ficialis, serving as a massi;ze power adductor moving
the mandibular segment relative to the ma}—c.jlllariv segment. This muscle

was apparently quite large in primitive captorhinomorphs and even larger

in captorhinids. Its position with both its 'origin and insertion postero-

lateral to those of M. pseudo:temporalis superficialis suggest that it began

/
its contraction as the ‘active tension in the M. pseudotemporalis superficialis

°
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hd /

began to decrease rapidly (Fig. 7). :
The M. pseudotemporalis profundus was apparently a thin, relatively

short-fibered muscle originating from the base of the epipterygoid and

e

inserting on the medial surface of the coronoid. Its exact function is
'obscure but its ventrolateral orientation suggests that it may have served
principally to oppose lateral loads on thg mandible rather than as a primary

adductor. :

" The M. intramandibularis was ap (f‘e tly well developed in . L

captorhinomorphs as it is in moderq crocodilmians and t'urtle‘s. It appears
to have been an accessory adductor glving greater range of 1eng;h and power
to the action of the M. pseudotemporalis superficialis.
Full Mandibular Adduction

As the fully adducted position of the mandible was approached, t‘h»e
M. adductor mandibulae exterr;us pars media Ba, pars media Aa, pars medii
Ab, pars profunda, z;nd M. adductor mandibulae posterio£ are believed to
have contracted sequentially form front to back tFig. 75 Bf)‘. The effect
of this would have been to maintain a relatively constant force on t':lile
mandible t.hx:oughout the final phase of its adduction. All o'f‘ thése

muscles except the M. adductor mandibulae posterior originated from the

occipital segment. The contraction of these muscle served to propei the

" maxillary segment downward, forcing the caniniform teeth into the prey

item. There are no maxillary segment depressor muscles directly connecting
the maxillary segment and the occipital segment. Instea'd, an indirect
system exists in Sphenodon and lizards and, apparently also existed in

primitive metakinetic captorhinomorphs, in whichrmuscles originating from

the braincase elevate the mandibular segment relative to the occipital

»
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°

seghent and muscles originating from the maxillary segment and inserting
on the mandibular segment depress the lpaxillary segment relative to the

mandibular segment. As long as the muscles p;:iginating from the maxillary

2]

segment exert more force than the muscles originatir/ug’ fro;m the occipital

seglnént, the maxillary segment will be depressed relativekto‘ the occipital
\ \

]

gegment. In accordance with the basic assumption that \ipus,cle lengths and

anéles of actlon were optimized to produce their greate%t forces at t/t}e::
mechanically most efficient poéition, the sm:c.eséively iater acting muscles
originéted mdre posteriorly and ventrally on the braincasle'. The most’

efficlent muscle insertion angle (90 degrees) was probably achieved by

the M. pseudotemporalis superficlalils anfl M. adductor mandibulae externus :
meciius Bb. Depending upon the degree of arching of the muscle fibers. the i
M. adductor mandibulae externus partes media Ba and media Ab may a;s have
had\insertion angles near 90 degrees when the mandible was depressed between
about 10 and 5 degrees. Although the origin of the M. adductor mandibulae
externus profundus was low and the proa-cimal fibers Yorientéd almost ‘
horizontally', they probably arched over the quadrate ramus of the pterygoid

and thence ventrally to an insertion at nearl): 90- degrees to the mandible

vhen™ it w;s depres‘sed‘about 5 degrees, The M., adductor mandibulae posterior .
does not seem to have inserted onto the mar;g!ible at anywhere near a right

angle. This is thought to indicate that the fuscle was n;)t a significént

power or speed adductor. Rather, the M. adductor mandibulae posterior

appears to have functioned primarily to keep the mandible adducted, when

~ ~

" the mouth was empty, without excessive muscle stimulation. This was

‘possiblé if the muscle reached its resting fiber 1éngth when the mandible

-

Q
was fully adducted (Fig. 7). Many of the early acting adductors would have

-
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been‘held in slight passive corhpression with the ounly forces counteracted

being gravitational forces. The apparent lov insertion angle of the M.
adductor mandibulae posterior suggests that it may als.o have served as a
stabilizing element preventing or at least limiting anteroposterior ;novement
of the mandibular-segment relative .to the maxillary segment. / 4

At the point of full depression of the maxillary‘ segment, further

. .
thovement was prevented by the basicranial articulation.

1

)

FUNCTION OF CRANIAL METAKINESIS i 4
Frazzetta (1962) has given an excellent discussien of how cranial
kinesis 1s employed in modern lizards. His work concentrated on the species

Varanus indicus which is amphikinetic (wore than ome functioning crgnial

joint) exhibiting metakinesis, mesokinesis {movement between the frontal ’

and parietal), hypokinesis '(moveme;lt between the palatine and pterygoid),

and streptostyly (anteropoéterior movement of the quadrate),

-

Captorhinomorphs had a much simpler" meta-monokinetic skull with a single °§
moveable joint between the supraoccipital and the postparietals and, where i
f

present, the tabulars. This simplifies the analysis of the kinesis in

captorhinomorphs and eliminates many theories on the function of the various
types of kinesis that are typically found, in lizards. ' < B
It has been proposed that cranial metakinesis affords a degree of

shock absorbing protection for the braincase during rapid jaw adduction

(Crompton, 1955a,.b; Bellairs, 1957). As Frazzetta (1962) noted, while

o e

. . v . .
this may indeed occur in some lizards, there is nup evidence to indicate-

that this is even a minor factor in the selection for or retention of .

metakinesis. ,Since the momentum of the adducted mandible travelling at a

ioa .
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constant velocity varies as the cubé of the linear size, small size,

TS, <) SRR
. i}

especially with its attendant thimmer, more flexible bone, is in itself a , N
' . & . ]
sufficiently good protection against heavy shocklloads. In fact, ‘there

appears to be a negative correlation between metakinesis and size in

* primitive reptiles, small- forms being kinetic and large forms being

o

i akinetic.

|

"The discussion of how gape is affected in amphikinetic lizards is

quite complex (Frazzetta,_ 1962) . In meta-monokinetic captorhinomorphs

: ; only the man;iibuloquadrate joint controls the gape in a simple scissors
\ ' —
¢ action. Metakinesis hzasvno effect on the gape.

7
»

Frazzetta (1962) investigated the possibility.that kinesis, and

particulatly+metakinesis, oriented the gape with respect to the line of

- sight between the animal and its prey 1;mch as Moller (1931) and Bocl; (1960)/ i
. - - "
. / (" have" t.suggested occurs in birds. Ié‘razzent:ta decided that it was unlikely / 1
that this was ‘Fhe reason kinesis developed ;Ln li;ar&ds since'the whole . 3
. maxillary segment of the skull .'was mobile during preyn captute. This would '
have meant constant reorientation of Fhe line of sightt during mandibular ;, .

adduction which is the opposite of the hoped for resultt of developirfg

cranial kinesis. .

- The usefulness of gape orientation in synchron{zing ma;(illary and
mandibular impact on a prey{ item was not discussed by Frazzetta (1962). - IO
. In the case of the mandibpla‘rh segment striking the prey item first, the
inertia‘of the prey was probably not sufﬁicient to have provided a strong‘
enough antagonistic force to impale the prey with the mandibular teeth.
Thi:x is thought to ha\;e been the case with maﬁy small terrestrial

.
Y

insect‘:_i\m)tc'us ‘tetrapods, - In akinetic forms, the mandibular segment, after

(5 - . -
@ ,
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contacting the prey item would have{ imparted a tangential acceleration,

. -
about the mandibuloquadrate articulation, with a significant centrifugal
or 'r."adial force component that would have tended to expell the prey item

from the mouth. There was a significant selective advantage to reducing
. |

w . “ '
the tangential acceleration of the prey item. This was acconplished with

the develoi;ment of metakinesis. As already noted, by having the tooth-

A

/bearing segments free to move rapidly relative to- the braincase; it waé

[

o possi‘blé for the tooth-bearing segment first contacting the prey item (in

this instance the mandibular segment) to decelerate quickly and transfer

the applied force to the acceleration of the mandibular segment to drive the

7

caniniform teeth down into the prey item. A similar pattern would have ;/

been followed in reverse if the mandibular segment contacted the prey item
| first. ' L - |
A - '
Metakinesis 1s not presSent in all small terrestrial insectivorous

lower tetrapods. In these other groups selective ixrqssures actix}g upon

'
L

different parts of the animal have produced structures that served as
e \ *
effectively“to catch ‘and hold act:ive prey. Such diverse g'roups as frogso,

[

salamanders, and chamaeleonid lizards employ a sticicy tongue to capture '

prey-and use the usually ‘quite small teeth oniy for' gripping the prey after
~ o
captyre. A number of primitive amphibian groupijfncluding some microsaurs
and dissorophids may have employed a pr.imitive form of tongue—-feeding (Carroll,
;-
N i

. Jﬁn L)
personal commupication) thus allowing them to compete successfully with
. ¥ g '

early reptiles. o .

-
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"(Rice, 1920; Goodrich, .1930) not from tlle tectum synoticum as proposed by .
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EMBRYOLOGICAL DEVELOPMENT OF METAKINESIS

The developmgnt of metakinesis in reptiles implies a very specialized
braincase structure with large unossified regions cor{tribdting to marked
dorsbventral flexibility. Oniy part of the ‘inraincas;a including the i
supraoccipital, exoceipitals, opisthotics, basioccipital, basisphenoid,
paraspbenoid, and occasionally the interorbital septum or pr;:sphenoid was
psgified. Re;;ti_lés with ossified :{nterprbitz;l septa were akinetic. 1In
mc;dern lepidosaurs the me;:akinetic axis lies along the axis of the

paroccipital process but in captorhinomorphs it laSr along the junction

between the supraoccipital and the postparietals and, when present, the

[

‘tabulars. The suprioccipital is formed as an ossification of the embrybnic

tectum posterior, which 1ies posterjior to the embryonic fissura metotica

n
’

Gaupp (1900, 1905%, de Beer (1926, 1930, 1937) and Romer (1956) (Fig. 11).

In ‘fact,sit 13 the lack of a-heavy tectum synoticum'anter"ior to the embryonic
fissura metotica, either cartilagin;aus és in c;ros;sopterygi?ns (Romg:r, 1937,
1941; Eaton, i939; Westoll, 1943;1Jarvik, 1954; Thomson, 1966a, b) or v
ossified as ‘in labyrinthodont amphibians £Sawiﬁ, 1941; Romer and Witter,
194“2;~‘Panchen, 1964, 1970, 1972b), that has .given the flexi'g;ility to the
chondrccraniun{ of reptiles. It is believed that were the tectum synoticum
present a; an embryonic cartilage in akinetic primitive "pelycosaurs,
parelasaurs, ‘and true cotylosaurs: (diadectids, tseajaiids, limgosceiids, 5
and possibly sey;xloufiamorphs), it would have ossified, as it did in
labyrinthodonts, in order t¢ strengthen the gkull. The regién dorsal to
the otic capsules that i; héavily ossified in labyrin‘thodont amphibians and
Lven some modern frogs (Hylidae, some Leptoda‘ctylidae, Baldauf, 1963)

\ ‘ !
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fissura
metotica

Figure 11.° Embryonic' chondrocrania. a) Amphibian - the primitive

salamander Aynobius. Lateral QSpect. (from Sehmalhausen 1968 after

_Regel 1963). b) Reptile - the lizard lacerta (modified after Gaupp

1900)."
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fexists in reptiles ’only as thin membrane (postoptic membrane) and a narrow
! §

cartilaginou; tienia margiﬁalis the latter of which is not present in
amphibians, The pila antotica of reptilés igs a narrow cartilgge that bows
laterally.when compressed during depression of the skull roof. 1In
labyrintl}odont amphibians, the pila antotica was a broad heavily ossified

. \ '
plate that formed the dorsal border of the incisura prootic (trigeminal

notch) and was sutured to the ossified tectum synoticum, In feptiles,

the incisura prootica is open dorsally.

The Sphenethn'xoid region of the braincase’of both labyrinthodont and

at least some lepos?ondyl awmphibians was a‘heavily ogsified structure
1 O
(Sawin, 1941; Romer and Witter, 1943; Romer, 1965; Panchen, 1968, 1972F;
.\ : }

Carroll and Currie, 1975) composed of'several parallel ttub‘tes' of triangular

cross—-section. The sphenethmoid region of reptiles is much m;are simply

constructed, It consists of the thin vertical, median, cartilag?.nous

interorbital septum topped by the slightly bowad‘, paired solum (planum)

supra.septale ;Jhich together have a‘n approximately "Y"-sﬂaped» cross-gsection
. L

anterior to the optic foramen and the paired pila metotica and possibly

taenia pariectalis posteriorly. This type of structtire is typically seen

A

in metakinetic modern Sphenodon (Hdwe‘s and Swinnerton, 1901; Save~Soderbergh,
1946) ~e‘nd lizards (Gaupp, 1900; Rice, 1920') as well as in turtles (Rathke,

1848; Kunkel, 1912) and crocodilians (Rathke, 1866; Shiino, 1914), forms

v

that are, today, akinetic., 1In a few early akinetic reptiles such as adult

Eoeaptorhinus, pelycosaurs, and pareiasaurs, the sphenethmoid region may be
heavily ossified as the presphenoid. ‘

¢ '

In general, compression of the braincase in primitive metakinetic

reptiles was compensated by slight lateral bowing of the solum supraseptale,

.
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pila metoptica, pila antotica, and their assoclated métoptic, postoptic,

{‘ and possibly epiloptic meml/vranes. There appears to have been no such

e A AT

,allowance for flexibility and, hence, no metakinesis in the braincase of
true labyrinthodonts. |
: IDENTIFICATION OF METAKINESIS IN FOSSILS
Thenpresence or absence of metakinesis in the skul%s of primitive
reptiles can be determined by examining the degree of ossification of
éhe embryonic chondrocraniu&. The'primary prerequisite is the absenc? of

s

] : an ossified, or even thick, cartilaginous, tectum synoticum. Only

i reptiles‘and true cotylosaurs (dladectids, tseajaiids, limnoscelids, and -
possibly seymouriamorphs) have thig type of conddition; lrue labyrinthodonts

i ﬂtemnosponyls, anthracosaurs excluding seymouriamorphs) do not. The

* presence of an unossified sdlum éuprgseptale in the sphenethmoid region

is also necesé;;y to,ailow dorsoventral compression of the braincase. Iﬁis

‘characteristic is u;;ally found only in small lightly ossified forms. Most

. large primitive reptiles (pelycosaurs, advanced captorhinids, pareiasaurs)

\ n

and true cotylosavrs had fully ossified §phenethmoid regions. The only
~groups of ptimitive reptiles not known to have had ossified éphenethmoids

are primifive s,captorhinomorphs, millerosaurs, and procolophonids, all of

1

, which are thought to have been metakinetic (Iyakhnenko, 1873; Gow, 1973) .
‘and all the primitive members of which were small. In these three groups

bf small, potentially metakinetic reptiles, the braincases were not sutured
oy

I

to the skull roofs. The paroccf%ital processes continued la;erallylto the
quadrate, and occasibnally the tabular, as a cartilaginous extension of .

the opisthotic. The supraoccipital was génerally narrow with its dorsal

e eyt o o
:
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edge generally contacting the ventral Surfacg of the postparietals and
tabulars (Fﬂg.gi;)} In procolophonids, the supraoccipital developed a very
lizard-1like sliding joint between the supraoccipital and‘the pgrietal
(Ivakhnenko, 1973).  In all of the othér groups éf primitive réptiles, the
supraoccipital was solidly sutured to the skull roof and, with the

éxception of ophiacodont pelycosaurs, the paroccipital processes sutured

" to the cheek. This same condition is present amongst' the true cotylosaurs

except for Seymouria in which much of the wide occipital plate was

cartilaginous. (:; \

In metakinetic reptiles, as noted above, the maxillary and mandibular

segments of the skull could only be moved relative to the occipital segment

°

if some of the jaw adductor musculature originated from the braincase. A
metakinetic gkull indicates a complex mandibular adduction eycle that
required a complex system of sequenced muscles such as was present in

captorhinomorphs. The simpler adduction c¢ycle in akinetic skulls reiuired

a less complex system of adductor muscles. In modern metakinetic lizards

i

and apparently metakinetic captorhinomorphs, the M. adductor mandibulae
exter&us media originates from the anterolateral surface of the supraoccipital,
the pars profunda from thg laLeral edge of the supraoccipital and the dorsal
surface of the paroccipital process and bulges posteriorly into the large
post-temporal fenestrae. Altho&gh the adductor musculature of procolophonids
and millerosaurs has not‘been.reconstructed, it is believed Fo(have been
generally similar. The development of peculiar lateral temporal fenestrations
in the cheeks of soﬁe millerosaurs may have permitted the M. adductor

LR

mandibulae externus profunda to bulge laterally rather than posteriorly

i [+

thus allowing medial expansion of the tabulars' and squamosals, for increased

insertion area of the superficial ceérvical muculature, to constrict the

3
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the post-temporal fenestrae to become greatly constricted and even lost in

228

post-temporal fenestrae slightiy: ' i

In akinetic true cotylosaurs, the'M. adductor mandibulae externus

-~

profunda apparently bécame reduced and eventually %ost, thus allowing

the supraoccipital and opisthotic to increase in size to accommodate a
sy
large region of origin of the deeper cervical musculature, and causing

»

diadectids. These animals were generally large and very heavily built,

requiring powerful muscles to raise the mandible. The M. adductor mandibulae

externus medius was probably retained as a major power.adductor in true
cotylosaurs. The vertical occiput of true cotylosaurs was a primitive
character that apparently was retained because of the retention of a large
M. adductor mandibulae externus media. ’ .

Pelycosaurs, which were akinetic, also show evidence o% simplification
of thejaddtctor muscylature. The restriction of the pést—teéporal fenestrae
had a history similar to that of true cotylosaurs. The occiput of

pelycosaurs was, however, steeply sloped anterodorsally rather than

'

. vertically as 1in true cotylosaérs. It is believed, that the slope of the ?

occiput in pelycosaurs was a structural-modi%ieafgég of the skull aféer the
1oss\of the M. adductor mandibula; externUSfﬁéaius and its drigin on the
s&praoécipital. The M. adductor mandibulae externus medius could probably

be lost only in small, lightly built akinetic forms where the light mandible
could be adducted easily by the remaining jaw mdscles. The sloped, plate-
like occiput with small post—te&poral fenestrae in pelycosaurs ist therefore,
a reliable indicator of an akinetic skull even in the absence of other

Pl

evidence. : .
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EVOLUTIONARY IMPLICATIONS -

\

Origin of Reptiles

The existence 9f metakinesis 1in primitive reptiles must cast doubt
»

on the currently accepted theory of the origin of reptiles from akinmetic
anthracosaurian amphibia;s{ The only amphibia; group -exhibiting the
necessary prerequisite for the development of metakinesis, the absence of
an embryonic- tectum synoticum in the chondrocranium are the true cotylosaurs
(similar to the "Parareptilia" of Olson, 19473 including aiadectids,
tseajaiids, limnoscelids, and seymouriamorphs (sensu stricto)L Many of
these animals have been feferred to the Anthracosauria on the basis of
assumed similarities in the strhcture of the teeth, skull roof, and ’
vertebrae. It is now.recognized that phylogenies, and the establishment
of relationships, must be based upon the possessiéﬂ of .shared derived
characters (speciaiizations), not primitive characters. In this case,

teeth with labyrintﬁine infolding of the enamel, as ére present in

seymouriamorphs, are primitive characters inhberited from their remote

) AN

crossopterygian fish ancestors and should not be used to ally this group

with the Labyrinthodontia. Panchen (1Q723) has Indicated that the pattern
. . .

of skull roof elements wherein the tabular,and parietal are in direct

sutural ‘contact and which 1s regarded as being "anthracosaurian' (Romer,
g g

1947, 1967) is probably the primitive pattern amongst amphibians rather

" than the derived condition as Romer thought. Romer (1947) modifie&

Watson's (1919) theory of amphibian vertebral element evolution to derive
the. reptiliamorph (reptilian-true cotylosaur) and the embolomerous
(anthracosaurian - sensu stricto) vertebral pattern from a rhachitomous

pattern. Recent discoveriles of protoreptilian vertebrae in early,

@
»
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primitive dendrerpetontid temnospodyls (Holmes and Carroll, 1977) and
gephyrostegid ;nthracosaurs (C;rroil, 1969b, ¢) has invalidated the Romer-
Watson theory and has led Panchen to recognize the protgreptilian vertebral
pattern, with its large pleurocentrum and small crescentic intercentrum,

"

as the probable primitive amphibian vertebral type. It is apparent that

" anthracosaurs have numerous specialized, derived characters, particularly

in the ;tructurelof the braincase, middle ear, verteb;ae, and forelimb
structure that distinguish them from ghe true cotylosaurs and reptiles with
quite different specialized, derived characters also in the braincase,
middle ear, vertebrae, and forelimb structure.

Althouéh the reptiles and true cotylosaurs sﬂared suéh specialized,

derived characters as the loss of the tectum synoticum and its ossifications,
"

vertebrae, and forelimb structure, all known true cotylosaurs appear too
late in the fossil record and are too specialized to have giver rise to

> .
'reptiles. That reptiles and true cotylosaurs are closely related seems

|
1

certain. It is even possible that a common ancestor, that:could have

|
|

© glven rise to both groups, would be identified as a true cotylosaur.

The amphipian—reptile transition wag characterized by Lhe thange in
the reproductive cycle from an anaﬁhiotic egg to an amniotir egg. As
Carroll (1970) has indicated, an intermediate stage 8f an anamniotic egg
laid on land was necessary between a primitive, anamniotic pgg laid in
f%esh water and an advanced, amniotic egg léid on land.. Th animum size
of an anamniotic egg laid on land was severely restricted by the surfgce
area to volpme ratio that controls both the rate of oxygentcarbon dioxide

exchange and the rate of water loss. The maximum diameter/ of anamniotic

egg laid on land by modern plethodontid salamanders is abput 7 mm (Salthe,
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are herbivorous as adults are insectivo
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1969; Carroll, 1970). There is a strong correlation between egg size and
maximum adult size in all ‘terrestrial tetrapods that do not undergo <~ |
metamorphosis after an aquatic juvenile stage. Carroll (1970) showed that

it was unlikely that adult amphibians laying terrestrial anamniotic eggs

A3

had a snout-vent length exceeding 100 mm. It 1s also apparent that until
all of the embryonic membranes typical of amniotic eggs developed, these

"protéreptiles“ and their descendants the very first true reptiles, could

(A

not have been any larger. This classic application o%‘modern physiological

/

knowledge to a paleontological problem must control all suﬁsequent work on

the origin of reptiles. g>

The consequences of ancestral reptiles having to have undergone a long
period of development at a very small size have been enormous. Potential
¢ W -

food resources were extremely limited. As Szarski (1962) and Ostrom (1963)

_ have shown‘for‘modern lizards, herbivorous feeding strategies are'practical

only for relatively large reptiles (snout-vent length greater than 250 mm) .
The only foodstuff capable of‘supplying sufficfent energy quickly encugh
to small reptiles was apparently animal protein. Most of this is believed

to have been supplied,.by the diverse fauna of small terrestrial invertebrates,

L4

' LY
most notably insects and arachnids. In faCtt“Tiiﬁngdern lizards that

us as juveniles.

. - . ()
Competition between these tiny reptilian ancestors and contemporaneous

insectivorous labyrinthodonts and lepospondyIs\was probably Fierce.

\

Structures that gave any animal a selective advantage in the capture of
small agile invertebrates was strongly favoured. ,While some amphibians

apparently developed tongue feeding to aid in prey capture, a system still

- '

seen in modern frogs and salamanders, reptiles developed cranial kinesis.

1
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The many advantages of kinesis, as noted previously, were in part
responsiﬁle for the enormous radiation of reptiles that soon occurred.
- ¥ | '
* One of the features most closely associated with small size in

!

amphibians and reptiles is the reduced degree of ossification of endochondral
elem;nts. Carpal and tarsal elements, limQ ends, and portions of the#
chondrocranium are often unossified. As already.noted, the' absence oé

|
a tectum synoticum is a character of all reptiles and their true '
cotylo;aurian Felatives. It is belleved that the amphibian~ancestbré of
reptileg were true cotylosaurs er éitremely closely related to them ‘and,

consequently, ‘also lacked a tectum synoticum. It was the absence of a

) s - ¢

tectum synoticum that permitted metakinesis to deveiop. Very smali
animals in which ;heré was no tectum synoticum aqd in wﬁich sohe $f the
cartilages of the chondrocranium, such as the sphenethmoid and the
opisthotic, were unossified were preadapted for a metakinetic cpndition.
In these animals the contact between the supraoccipital and ghe skull
roof was narrow and, considering the light weight of the skull, was
probably slightly flexiﬁie. Slight passive movement of the braincase
relative to the skull roof wa;\ggfffble. MUSéles of the, M. consérictor
dorsalis group (M. levator patatoquadrati of rhipidistian crossopterygians,\
Thomson, 1966,'1967,; Panchen, 1970) were present in many amphiSians

(Panchen, .1964) including the ancestors of reptiles. These permitted - ¢

active elevation of the maxillary segment right from the fifst occurrence

of metakinesis. ‘
In rhipidistians the paroccipital process extended latérally leaving®
a large open fossa bridgei (post-temporal fenestra) (Jarvik, 1954, 1975)

within which segments of the'mandibular adductor musculature apparently

.
i
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inserted. Theui)ter}goid was low enough and close enough to the braincase

to allow these muscle segments to stretch over it dorsally. This arrange-

ment was retained in reptiles and their ancestors, possibly because the

‘relati\u/ely large size of the semicircular canals of the inner ear did not

permit the paroccipital processes to migrate dorsally and become sutured

to the skull roof as they did in the la;‘ge labyrintho;lonts (Carrolil, 1970) .
The access of the adductor muscles to the braincase is critical to the -
development of metakinesis for it" is the musc;nles oeriginating from ;t that
are able to accelerate the skull roof downward into a prey item. In ‘
labyrinthodonts, the large epipterygoid and high pterygoid (Sawin, 1941;
Rsmer and Witter, 1943; Panchen, 1964, 1970, 1972b) prevented the mand;tbular
adduc;tor nuscles from origimating fr?m the braincase as did the closing

of the fossa bridgei.

As a result of the attaimment of crahial metakinesis during the passage

of the immediate ancestors of reptiles through a stage characterized by

extremely small size, a number of cranial osteological characters developed

0

that fmmediately identify a reptile. A natrrow supracccipital with a limited

u

contact dorsally with the skull roof and horizontal paroccipital processes

provided an area of origin for the M. adductor mandibulae externus profundus

and produced largeApost—-htemporal fenestrae that allowed for the bulging
. }

of this muscle. The occipital plate was vertical, making room for the

a

origin of the M. adductor mandibulae externus profundus on the ’ - ,

anterolateral surface of the supraoccipital.

]
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®  captorhinid Romeria, with a skull iength of 52 to 57 mm was metakinetic.

234

0 The Effect of Size on Metakinesis ,

" While depression of the maxillary segment of the skull ‘relative to -

the oécipital segment was accomplished by several large muscle segments

aided ﬁy the force of gravity, elevatior; of the maxillary segment was

[y

effected by only two small slips of the M. constrictor dorsal#s group, : i
the M. levator pterygoidei and the M. protractor pterygoidei. -Strength ' ‘

t a
of bone or muscle tension is directly related to the cross-sectional area

- - i}
of said bone or muscle (a squared function) given a retention of the same
proportions while weight, which is dependent upon volume, is a cubic

’

function., It follows that the M. levator pterygoidei and M. protractor

,v

pterygoidei were better able to elevate the maxillary segment in a small

animal than in a large c;ne. Among primitive anapéid reptiles with massively
¢ N 3

built skulls, a critical weight seems to have been teached in animglé with

gkulls with a lemgth of about 70 mm as adults. As a result Edcaptorhinus

1]

with an adult skull length of about 75 to 85 mm was"ak;netic,\as were all o

R

adult pelycdsaurs, none of which are known to havé had skulls of ligs than

’

I

75 mm.

The captorhinomorph family (t:ap.torhf‘hiidae exhihits a well documented

T T e Rt AN AR

increase in skull size through time. As already mentioned, the earliest
2 %

The next oldest form Protocaptorhinus (=Puercosaurus?) pricei had a skull -

of about the same length and also seems to have been metakinetic. The R
next form to appear was a new (unnamed) species of Pr-otocaptonhinus

Puercosaurus?) 121 mm long which, although the only good specimen is

badly crushed has beén preserved with the braincasé"in place and appears 3
. . . ]

"

to have been akinetic as an 'adult as was its contemporary E’ocaptor'hznus. |

)
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Labidosaurus, with a skull length of about 250 mm, apparently a direct
| B :
descendant of the new species of Protocaptorhinus - (=Puercosaurus?), .

# yag akinetic as was the even larger and younger genus Labidosaurikos .

(Stovall, 1950) which had.a skull length of 300 mm.

. In the cdptorhinid Eocaptorhinus, the braincase was stabilized by the

A}

anterlior extension of the median ascending process of the supraoccipital.

f i N
&'he long, heavily ossified stapes formed a- solid brace between the latéral X ‘}

surface of the braincase and the deep columellar recess of the quadrate ,

but it was not sutured to either. The median ascending process of the .

supracccipital was firmly sutured to the ventral surfaciAof the parietal

t Qo

in Labidosaurus while the anterior edge of the footplate of the stapes was.

sutured to the bgsisiahenoi.‘g. The same condition existed in Labidosaurikos

g |+ with additional buttressing of the braincase against the cheek by the .

( paroécipitgl process and by the stapes which wrapped\arognd )its\anterod(orsal/ K

;' edge. The stapes h;d beco?e sutured to the p\root\ic around the base of the | .
footplate and dorsal process as well as along the paraccipital prbcess.n

Strongly correlated with the loss of xﬁgakinesis during_the evolutibnary
:history of the captorhinids was the ﬂrogfessive reduction in the size and
importance of the caniniform teeth. Accompanying the general inérease in .

s

side was a significant change \i&x dental characters culminating in the

R, SRS S A 835, e it a7

unusval multi-rowed tooth sets.of such advanced captorhinids as
1 ‘ N . -

»

. x * &) .
’  Labidosaurikos (Stovall, 1950), Rothianiscus (Olson and Beerbower, 1953),

- tand Moradiosaurus (Taquet, 1969). It is obvious tﬁa}: food sources and

A4 B

feeding regimes changed radically during the evolution of the captorhinids

F3

o possibly culminating in an herbivorous feeding strategy. With the loss of

o -~

metakinesis and the change from invertebrate food sources, there was

3
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apparently a slight selective advaﬁtage toward reducing the canin‘iform
-~

tooth; Such a correlation between loss of metakin€sis and the reduction
of the caniniform teeth in captorhinids is very apparent, -

Relationships of the Procolophoneids and Paretasaurs

’ Two groups of primitive reptiles, the'procolophonoids and the

parelasaurs have had a checkered systematic history. They have ofgeif‘\been

b )

grouped together as a separate suborder within the poorly undeufstced' group

of primitive reptiles identified by the much abused term '"Cotylosauria” 1

(Romer, 1956, 1967). These two groups exhibit few if any shared derived : .
characters. The main features that appear to unite these two groups seem
to be early expansilon into a different geographic range, late appearance in

the fossil record, and a general dissimilarity to captorhinomorphs. The

A

two grouﬁs are probably no more ;:losely related to each other than either

is to captorhinomerphs. In fact, there is no general concensus that these
two groups are true reptiles. Some most notably (0lson, 1947) have refetred

t6 them as the "Parareptilia,. ' .

~

It does -appear that both procolophonoids and pareiasaurs had inetakinetic

ancestors and were, thus, true albeit very primitive reptiles. Primitive

a3 2

procolophonids such ds TZchvinskia ujatkensis have been shown to be

metakinetic (Ivakhnenks, 1973) a fact that could have been surmised by

1

the narrow supraoccipital, large post-temporal fenestra, vertical oceciput,

and appareﬁtly uvnossiffed interorbital septum)- All known pareiasaurs vere )
skinetic with the supraoccipital sutured solidly to ti)e/ skull roof and
the paroccii)ital process to the quadrate (Watson, 1914; Romer, 1956). It !

is apparent that early in pareiasaur history they were wmetakinetic for they

have retained the narrow supraoccipital, large post-temporal fenestrae and
]
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vertical occiput of their metakinetic ancestors. The loss of metakinesis

- - - . I e A T T L R

2
appears to have been directly related to large size.

Relationships of Pelycosaurs e
’ i
The pelycosaurs, vere tke"primitive reptiles t%t first invaded/t’he

large terrestrial carnivore and herbivore niches. They are characterized

by relatively large adult size and akinetic skulls with wide supraoccipitals,

small post—temporal fenestrae, and anterodorsally inclined plate-like (occiputs.
. L

‘It is believed that the M. adductor mandibulae externus partes media and

profunda had been lost by the time pelycpsaurs first appeared in the fossil

record. The loss of these muscles was probably correlated with the loss *

-

of the ancestral,, reptilian metakinesis. It would be simple to asc’r‘ibe the
‘loss of kinesis irn pelycosaurs to a gene;ral increa‘Se-in size as occurred
in captoﬂ/)inids and pareiasaurs but is is difficult té see how loss of
metakinesis for this _reaéon could lead to 1|:he loss of the large power
-adductors, the M. adductor mandibulze externus parEes media and profunda
for they were not lost in ;:aptorhinids or pareiasauts. The loss of
primitive metakinesis appears to have occurred early inl pelycqsaurilan

history when they were still generally quite small. Immobilization of the
L . . D

braincase cccurred through the ossification of the presplienoid, and the

lateral expansion of the supraoccipital EQ become sutured to the interparietal

o ; !

and' tabular.,‘ Primitively, the paroccipital processes were not fully

4 >

ossified just as they were not Iin primitive captorhinomorphs (Carroll,
1969a; Carroll and Baird, 1972)., Even the relatively late form Ophiacodon

displays this pattern (Romer and Price, 1940)..
The secondary' development of akinesis appears, to have occurred in
. 1

résponse to the development of a more active, opportunistic; possibly
7 }\_g’

b -
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omnivorous feeding pattern. A solely linsectivorous role‘ had been
abandoned under heavy competitive pressures from the rapidly expanding
captorhinomorph lineage. An inci‘easin‘gly .Q:‘f.verse fauna of small/ terrestrial
amphibians and reptiles ;;rovi_ded a. potential food source for any group
suitably equipped to exploit it. The chitinous exoskeleton of terrestrial
’ arth:ropodsas;everely~ %estricted ‘th‘e amount of muscle fiber in the body so
tl;at, once firmly clasped by the jaws of a primitive reptile, they were
effectively immobilized. ILt is apparent that small arthropods ‘and soft~
bodied ilnvertebrates did not possess the inherent strength to sfress the
primitive reptilian metakinetic é\l;ull. Such was not the case with
ver;eprates. Their generall; larger size,‘rigid skeleton, and much more
ﬁassive body musculature wou1d~ have_made them much more difficult to subdue.
The relatively unfsophist::licated metak/inetic mechanism of primitive reptiles
was probably unable to Withstand the'heavy stresses placed on it by struggling
vertebrate prey. Solidification of the braincase and skull was the most

- efficlent way of reducing these stress problems. It is likely that the

assumption of carnivorous feeding modes aided by the development of secondary

v

akinesis first appeared only 1in sub-adult and adult animals and was acquired at

a successively earlier age through time as select;iyke/préssure‘s favoured
' T } ‘ 1

- general size increase. -

—
e
T
¢ —

Two interrelated events accompanied the development of secondary
akinesis ‘in pelycosaurs. As the supraoccipital expanded, its area of
,attachment ot the skull roof increased and the paroccipital [;rocess
widened and lengthened, réstricting the areas of origin and thus the
ultimate size of the M.«adductoxi mandibulae e;ctemus partes' media and

profunda. As a result of the loss bf the metakinesis, these muscles were

'
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of little use in thelr original role of maxillary segment depressors.

3
\

CDnséquentlyJ the partes media and profunda hecame progiessively reduced.

" This undoubtedly occurred tapidly since the reducftion of these muscles

T

pet"mi.ttied a genera1 shortening of the adductor chamber. As Reisz (£972) ’
has indicated such a shortening of the posto'rbitgl T gipn‘ o’f( the skull’
would llmave been a tremendous advantage to a carnivore since it would have
resulted in a greatly increased ma;{imum gape. By shortening the postorbital-
region of the skull a need fof separate segments of the power adductors

was eliminated ?ince the reduced relative distance between the mandibular

3

N \
articulation and the adductor muscle Insertions allowed considerable

- angular excursion of the mandible withouf undue lengthening of the muscle i

t

fibers. This eliminated the need for the cascading of maximum active
tension points (resting wfibelc‘ lengéhs) of separate' muscle segments without
significantly decreasing maximum “applied power. . This allowed a significant
increase- in adduction speed, all of which were important factors in the
development of a carnivorous feeding pattern (Fig. 7). .

N

) Ophiacodont and sphenacodont pelycosaurs appear to have conformed
‘eilrlosely to this paftern with ophiacodonts retaining a more primitive
strategy of feedipg on vertebrates that were generdlly small enough to be
swallowed whole. The lack of serrated cutting edges on the teetk; of |
primitive ophiacodonts and the strongly recurved ti'ps of the tdeth in
Ophiacodon its‘elf tend to favour this interpretation. Sphenacodonts are
believed to have appeared later, as ‘large terrestrial herbivores developed
upon which they appe;rently fed. The large teeth with serrated anterior and

posterior cutting edges weré well suited to tearing ingestable pieces of

flesh from animals too large to 'be swalflowed whole.

&
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Both edaphosaurian and caseid pelycosaurs have typical pelycosaurian’
plate-like occlputs with wide supratemporals, and tiny post-temporal
feﬁestrae. It appears that they arosé relatively early from the incipient

carnivorous pelycosaur lineage after the development of akinésis and the
/

loss of the M. adductor mandibulae externus partes media and profunda. . It

is tﬂought unlikely that these herbivorous forms wouild have reduced or lost
the powerful partes media dnd profénda if the development of an herbivorous
feeding mode had ocbuireﬁ before the loss of metakinesis.-wPareiasaurs

glve an excellent example of what structural changes occurred when .a group -
became herbivorous first‘and, although they became akinetic, retained the

large post-temporal fenestrae, narrow supraocccipital, and M. adductor
J

mandibulae externus pértgs media and profunda. The obvious implication

_of this sgtructural pattern is that the ancestors of edaphosaurs .and caseiids -

< —
must have been active carnivores. This idea of having an herbivorous form

-~

develop from 4 carnivore at first seems unlikely until it is realized that
both of these feeding strategiesgare size and erlergy dependent. Insects
did not pgovide enough'useable prﬁtein relative tp the energy gxpended in
their capturé to have supported either large size or highhaétivity in

reptiles. Since increased size usually afforded a measure of protection

-

irom predators and would have .permitted greater efficiency in food gathering,

there were significant selective pressures leading to increased size in '

k3

many groups of early reptiles. Insects undbubtedly formed the major portion

" of the food supply of juvenile primitive pelycosaurs with vertebrates making
v

an increasingly significant proportion as the animals grew and their energy

requirements increased. Competition amongst primitive pelycosaurs, captorhi-

+

nomorphs; and terrestrial labyrinthodonts and lepospondyls favoured
' 5 .
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exploitation of any potential food resource. The one food resource not
( exploited by either reptiles or amphibians was the abundant terrestrial <.
S | plant material readily available at that time. While it is unlikely that
A}~ adult carnivorous pélycosaurs would exploit this resource, their basically ‘
- " insectivorous juveniles might, particularly in periods of extreme competitive
(% ' pressure. Ostrom (1963) has suggested how primiéive insectivorous lizards
, } . might have inggsted plant material accidentally at first then, with
/// f increasing frequency, began to Iinclude more and more‘plaﬂt material in their
gl‘ diet as a result of selection for the more efficilent e#ploitatiPn of a new
T‘ / food resource. It is believed that selection amongst the insectivorous
juveniles of primitive ophiacodont-like pel?ﬁosaurs, the adults of which

L
'
g were carnivorous, led to a similar development of an herbivorous feeding

strategy. The exploitation of this enormous food resource at a low ., ]

*. . herbivorous péiycosaurs.

energetic cost permitted\thé development of large size in thes; early
Cranial Kinesis ani Hearing

} ’ In primitive reptiles excessive elevation of the maxillary segment of
the skull relative‘to the occipital segment was prevented bx{}he massive

3 “ posteroventrolaterally dirccted stapes. The large stapedial footplate

¢ inserted 1nto a socket in the lateral surface of the braincase at the
junction of the basisphenoid, parasphenoid, basioccipital, and_ prootic.

This socket, in the captorhinid captorhinomorph Eocaptorhinus appears to

) have been lined with an articulating cartilage suggesting that it may have

. . L
. been a synovial joint. A small fenestra ovalis "interna" with an area of %a
1

about 25 to 30 percent of the area of the socket (fenestra ovalis "externa')

v

was located within the socket. The rounded edge of the base of the N

. e

() : | :




CBAEICeT T e A

haio Skt

RERENSURRSENNITRS S s TSI s oy
,

a

roon 242

\
/ \

- |
footplate of the stapes indicates that: the st\apes could rotate about its

The stapes does not appear to have been’
|

axis ‘as well as rock slightly.

'capable of any longitudinal movement along its' axis as is po‘ssible in the

stapes of modern reptiles. The stapes of pelycosaurs was generally similar

except that the socket was normally ridged to prevent rotation of the stapes.
It appears that the solid stapes—hraincase abutment was a i)rimitive

reptilian character. The dista} end “of the s,t;apes in Eocaptorhinus was

held tightly within a deep columellar recess in t:?'le quadrate‘ so as to
restrict\ axial or rotational movetx;ent. Although it:he distal ‘ends of the
stapes have not b:;en preserve‘ci in other captorhinomorphs, the presence of --

a'deep columellar recess indicatés a similar pattern. 1In ophiacodbnt and

edaphosaurian pelycosaurs, the distal end of the stapes apparently was

continued into a shallow columellar recess by a stout s‘tylohyal cartilage.
In both captorhinomorphs and pelycosaurs a stout dorsal process

buttressed the mid-dorsal surface of the stapes against the underside of

the paroccipital process.

The general appearance of the primitive reptilian st;xpes was similar

to that of the rhipidistian hyomandibula. Like it, the stapes was an

important link in the system of cranial kinesis and was not aséociatedf

'with héaring in any way. The fact that the distal end of the rhipidistian
ilyomandibula abutted the otic capsule predisposed it to be adapted, ‘whenever
it became free to vibrate, as a hearing ‘ossicle. The most frequent way

in which the hyomandibula was released was through the los;s of the

priﬁitive. neurokinesis and the subsequent freeing of the hyomandibula from

its function as part of the kinetic linkage. The hyomandibula was freed

different times in several separate lineages. The loss of kinesis in

-~
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temnospondyl and anthracosaurian labyrinthodoht lineages and 1n several
lepospondyl lines led to the deveiopment of a number of quite different
stapes, types.

.The transition from a rhipiéistian neurokinetic mechanism \to a
reptilian metakineéic mechar;ism seems to have occurred almost directly
with<‘>ut an intervening labyrinthodont stage and at a rglati\iely small
size for either the deveiopment olf large size and/ox akinesig would have
released the stapes from its supportive function as happened in the true

cot‘ylosaurs .
The reptilian stapes was released a number of times from its function

as a braincase support to Be incorporated dinto the middle ear structure.

The development of secondary akinesis in pareiasaurs, pelycosaurs, and

turtles lead to a change in function by the stapes. The \sequence of

changes 1is best illustrated in the pelycosaur-therapsid (synapsid) lineage.
The earliest pelycosaurs of which there are good cranial remains indicate

\ : ' ' ,
that they were already akinetic and that reduction of the stapes had begun.

The stapes of Ophiacodon was similar to that of captorhinomorphs with only

a slight reduction of the proximal end (footplate). In bimetpodon, the

stapes, although sti1ll quite massive, was further reduced proximally. This °

reduction, paralleled by the reduction of the quadrate and post-dentary

elements of the mandible continued in the ’therapgid line leading eventually

to mammals. !

Only two réptilian groups succeeded in freeing the sltapes from its
function as part of the metakinetic linkage without losJ':ng the metakine;is.
Both thé procolophonids and the diapsidé which had a lower metakinetic |

axis along the paroccipital processes developed large alar processes of

\
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ascending processes of the

i

i supraoccipital (Ivakhnenko, 1973). These, in addition to a siender .

<

. median ascending process of yhe supraoccipital, contacted the parietal to

limit elevation of the skull roof relative to the braincase. The ’

v development of alternate limits of skull roof elevation freed the stapes

from performing a similar function an;i permitted it to become reduced and

S

incorporated into the sound conducting apparatus of the middle ear.
\'M M . .

i

CONCLUSIONS

+
Cranial metakinesis in primitive reptiles functioned as a gape orientation

L

mechanism to synchronize maxillary and mandibular impact on prey items.
| ;

Typically the mandibular segment contacted the prey item first. Because
of the small size of the most primitive reptiles relative to their prey,

—

the méndibullar adductor muscles were not capable of accelerating the prey item
up;lard. Instead, the maxillary segment was ac.cele_rated downward so that prey
was impaled on the caniniform tee—th as effectively as if it had been accelerated
upward and with less energy expenditure. By sync}lronizing mandibular and
maxillary conta:t and th;xs preventing circumferential ac;celeration of the
prey item with its centrifugal force component, the chances of deflecting
the prey item from the mouth during prey seizure were g‘reatlf diminished,
Loss of cranial metakinesis occurred independently in several lineages.
Gﬁ,e gyeg‘; weight of the skulls in parelasaurs and advanced captorhiuids‘
preveqted any form of elevation of the skull roof by the relatively small
constrictor dorsalis musculature thus leading to the a.kinetic condition found
in these groups. The high stresses placed on the occiput by active carnivores

apparently led to selection for a more solid occiput to oppose them thus

precipitating the loss of kinesis in carnivorous pelycosaurs. The herbivorous -
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edaphosaurian pelycosaurs are believed to have.developed from primitive

carnivorous or omnivorous pelycosaurs that were already akinetic.

.
1

The development of cranial metqkinesis'presupﬁoses the presence in the
amphibian ancestors of reptiles of a dorsally open braincase without a tectum
synoticum. Only the true cotylosaurs, a group of amphibians including

diadectids, tseajaiids, limnoscelids, and possibly seymouriamorphs (sensu

stricto) had such a braincase. The labyrinthodonts including the Anthracosauria

(sensu stricto) with which the reptiles have so often been allied have solidly
roofed braincases with well developed tecta synb;ica. All known true
cotylosaurs appear too late in the fossil record and are too specialized to

have been the ancestors of reptiles. Nevertheless, the similarities between

. the braincases, humeri, and vertebral columns of the true cotylosaurs and

¢ :
reptiles suggest '+ that théy had a common amphibian ancestor. )

Metakinetic action requires the presence of a segmented mandibular
adductor mass originating from both 'the skull roof (maxillary segmept) and
the brainca;e (occipital segment). The primitively large post—temporal
fenestrae remained large in metakinetic reptiles téméccoméodate syelling of
some of these muscles, in particular the M. adductor mandibulae externus
profundus. Any tetrapod exhibiting large pbst—temporal - fénestrae is believed
tﬁ have paésed thrSugh an evolutionary stage when it was metakinetic., At
present, only reptiles are known to have passed throuéh this stage. Where
secondary akinesis developed because of increased size, thenpost-tempotal’

v

fenestrae remained large. In cases where akinesis evolyed in small, active

[

carnivorous forms, reduction of the adductor musculature and a consequent

expansion of the occipital plate occurred, causing the post-temporal fenestrae

to become reduced.
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It is possible to use these observations to establish criteria for
differ;;tiating conventional or saurian reptiles ("sauropsids" of Goodrich,
1916; Watson, 1954). from synapsid or mammal-like ("theraopsid") reptilé;
(Fig. 12). Saurian reptiles are distinguished by vertical occiputs with
narrow supraoccipitals and paroccipital proacesses with large poét—temporal

i

fenestrae. Metakinesis has been retained by many of the smaller members

of the group. Synapsid reptiles are identified by the presence of‘anterodorsally
sloped occiputs with broad supraoccipitals and paroccipital processes with
t

" small post-temporal fenestrae. None of these animals is known to have been

metakinetic. As a result of these critéria it is possiﬁle}to identify both
procolophonids and pareiasaurs as true saurian reptiles, albeit very primitive
members of that group. Likewise captorhinomorphs, perhaps the most generglized
group of primitive reptiles related to modern forms, are true saurian reptiles
("saurépsids“) not "cheropsiés" as-Watson (1954) thought: Similarly it may

be determined’ that the true cotylosaurs with vertical plate-like occiputs

with small post-temporal fenestrae are not true reptiles.

f

The presence of a dorsal metakinetic axis in primitive reptiles could
/

function only with the presence of a structure that limited "excessive

elevation of the skull roof. The stapfs with solid articulatiéns on both
the braincase (cup-shaped- foramen magnum) and %he quad;ate appearé to have
served this function. Only when akinesis developed (in pelycosaurs,
procolophonids, true cotylosaurs) or élternative limiting st;uctures evolved
gproéglophonidq, diapsids) was the §tapes freed from its supportive‘function
and adapted as a hearing element. r

Osteological éﬁaracters indicative of cranial 'metakinesis are, believed
to have been present iﬁ the earliest reptiles laying amniotic eggs since small
slze was a prerequisite for the development of bothAmetakinesis and the

amniotic egg. !
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% Bones of the Skull -and Braincase . ' ‘ f ‘
% ‘ bo - basioccipital oo v : .
E bsph - basisphenoid ) ) }‘
eo - exoccipital ) : o ‘ gs
| f - frontal L
op - opist c ‘ ' / ‘ %
Jpa — parietal 2
ok
1 pof — postfrontal o - ' :
R ' ﬁbp -~ paroccipital process g \
N PP - postparietal \
¥ pro - prootic
i psph — parasphenoid .
o0 . Pt - ptefygoid 2 ) 4
| ' q - quadrate ,
‘ so - supraoccipital ' ) . ;T !
‘ "' v - vomer !

« . Cranial Arterial System

t
e
(3

Arteria alveolaris inferior

(AAI - 3
’ AAS - Arteria alveolaris sﬁperior ¢ \ |
ACB - Arteria cerebralis |
‘ AFR - Arteria frontalis 1 '

f% o AIC - Arteria intermandibularis caudalis

AIM - Arteria intermandibularis medialis

ATO - Arteria intermandibylaris oralis

- . AME - Arteria mandibuléris externa

AMI - Arteria mandibularis interna
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. P, y ]
@%ﬂ - Arteria‘mandibularis h i
AMX - Arteria maxillaris ﬂ )
ANA - Arteria nasalis anéerior ‘
ANI - Arteria nésalis inferior .
\ w
ANL - Arteria nasalié lateralis
AOA - Arteria o}bitalis anterior ’
AOI - Arteria orbitalis infefior o \
A0S ~:Arteria orbitalis superior '
APK - Arteria palatin; anterior . . .f
API - Arteria palatina inferior o ’ - 7 ' %
APL ~ Arteria palatina lateralis 'é”
APM -~ Arteria paiatina medialis jg
APN’ - Arteria postnasalis ‘ . ) ‘ . ’ § |
?

ASN - Arterla subnasalis

AST - Arteria stapedialis

AR\

ATM - Arteria'temporélis ' ‘ ‘

~
T A A e WU st e

ATP - Arteria temporoparietalis
CE - Carotis externa
CI - Carotis interna

Cranial Venous System

SCM ~ Sinus cerebralis medius .

SNA - Sinuys nasglis ‘ ‘ . . \ .

SOR ¥ Sinus orbitalis
“SPL ~ Sinus palatinus lateralis '
SPM -~ Sinus palatinus medialis

SPT ~ Sinus palatinus transversalis ‘ .
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| |
\f C s VAN -~ Vena anastomotica
' ca VCL - Vena capitis lateralis I “
:' ) VCLp ~ Vena capiti‘s lar.ez:alis prima i
‘ ‘VCLS - Vena capitis lateralis secunda o N
VCM - Vena ;erebralis media >
VCP -~ Vena cerebralig posterio; ‘ ) k
¢ VFR ~.Vena frgr\talis ) % ‘ ) ' .
VHL - Vena \hypophysialis lateralis , !
i , VIC - Vena jugularis communis / {“ )
j *  VMD - Vena mandibularis , 1
r / VME - Vena mandibularis externa 4 i . ‘ ‘}
: ’ VMId - Vena mandibularis in’tern“a dorsalis . g'_ - fﬁg
VMI“’ - Vena mandibularis interna ventralis C ,§ i
&) VON ~ Vena orbitalis \ - ¢ ; ‘
VPF - Vena praefrontalis :
VPL - Vega palpebralis inferior
VST - Vena supratemporalis “ 1
VTA - Vena tympankica anterior P
| Crax;ial Nervous System * ,
\ II - Optic Nerve . ' , )
III - Oculomotor Nerve ) !
) IV - Trochlear Nerve rod \
\ | - V- Arigeminal Nerve:.
o V1 - OphFhalmic ramus of Trigeminal Nerve
: . . V2 - Maxillary ramus of Trigeminal Nerye
1': (] ‘V3 - Mandibu]/.ar ramus of Triggminal i\lerve’
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Va - M: constrictor (I) dorsalis ramus of Trigeminal Nerve -

VII - Facial NerQe

\
\

VII . - Chorda tympani ramis of Facial Nerve

cht

VIIhy ~ Hyomandibular ramus of Faclial Nerve

VIIp - Palatine ramus of Facial Nerve S

“VII_ , - Lateral palatine ramus of Facial Nerve

pal
IX - Glossopharyngeal Nerve

’

X - Vagus Nerve .

** . XI - Vagus accessory Nerve

5

XII - Hypoglossal Nerve .

Cranial Musculature o | . .

Trigeminally innervated muscles
() MAMEM - M. ad:iuctor mandibulae externus medius
MAMEP ~ M. adductor mandibulae externus profundus

MAMES - M. adductor mandibulae externus superficialis

MAMP - M. adductor mandibulae posterior

MCID - M. constrictor (I) do\;:salis

MIMD - M. intramandibularis

MLAO - M. levator angull oris <

' MLB - M. levator bulbi
MLPT - M. levator pterygoidei
MPPT - M. protractor pterygbidei

MPSTP -~ M. pseudotemporalis profunda

' MPSTS - M. pseudotemporalis superficialis
‘@‘35 . : MPTP - M. pter};goideus profundus . . \

a (‘) / MPTS - M. pterygoideus superficialis S

¥ . MRAO - M. retractor anguli oris
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o IiISPce - M. interspinalis cervicus

»
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Intermafld‘féular and Hyoid Musculature

MBMD ~ M./ branchiomandibularis dorsalis
MBMV —‘ M. branchiomandibularis ventralis
MCH -~ M. c’oracohyoideus . ; .
MGG - M. genioglossus
. 'MGH - MJ. geniohydideus
MIMC ~ M. intermandibularis caudalis
MIMO - M. intermandibularis oralis
b&OH - M. omohyoideus ) .
Cervical and Other Musculatufe ‘
R MBUR - M. bursalis o N -
MCM - M. cervicomandibularis . : \
MESCM - M. episternocleidomastoideus
Md - M. Infra-articularis dorsalis
MICC - M: iliocostalis capitis
MIdE - M. intercostalis externa
MICI ~ M, 1ntercostg1f,ls interna

MICIv - M. intercostalis ventralis

MLCap - M. latissimus capitis auriculoparietalis
MLCca ~ M. .latissimus capitis transversalis capitis

MLCce - M. latissimus capitis transversalis cervicus

’ a

| MOCM - M, obliquus capitis magnus

MRCA - M, Tectus capitis anterior

MRCP - M. rectus capitis posterior o
MTZ - M. trapezius — -
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‘ MSC - M, sphincter colll ' g .
'MSda - M. spinalis capit'is ) . ' .
Other st;ructures ‘ _ '~
. CB I - Ceratobranchial I < .
CB II - Ceratobrépchial II A \
EH - Epihyal

\
Lig. N. - Ligamentum nuchae

LRP - Lateral rictal pla;:e
MC - Metkel-iaq cartilage ’

: MRP - Median rictal plate ° ‘ :
PL -~ Proces‘s‘ linglxalis 4 .

T ~ Tympanic membrane ' ‘ ’ :






