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ABSTRACT 

~', 
Superb specimens of the early Permian GaPtorh~~r reptile 

~" 
Eocaptorhinus Zatiaeps reveal nerve and blood vessel canals aÎîd_~muscle 

~ 
scare 'that permit reconstruction of the soft anatomy of the head. ~_ 

\ 

The cranial arterial syst~ms of primit:ive and modern reptiles were 

grossly similar while the venous systems differed considerably. Palatal 

stnuses in captorhinomorphs drained anteriorly throur,h prepalatal foramina 

into the orbitonasal veins and orbital sinuses. In more advanced sauri an 

reptiles the palate was drained posterodor~ally thr0'1gh large suborbital 

fenestrae into the pterygoid veins. 

The captorhinomorph H. adductor mandibulae was divided into partes 

externa (subdivided into parteS superficialis, media, and profunda), interna, 

(subdivided into M. pseudotemporalis and M. Pterygoide~s), and posterior. 

The M. con~trictor dorsalis was 'iVell developed. This complex musculature 

operated. a, metakinetic skull. This movement between the skull roof and 

'braincase synchronized mandibular and maxillary impact on prey r,educing 

prey Acceleration, unnecessary energy expendfture. and prey esc~pe. Thé 

primitively metak1netic skulls of early captorhinomorphs, mill~rosaurs, , 

diapsids, and proc,olophonids' had vertic'al occiputs with large P?st-t,ernporal 

fenestrae. Akinesis resulting from size increase in pareiasaurs and 

.advanced ca~torhinids did not affeè.t- this pattern. Akinesis r~sulting from 

strengthening the sk.ull of early carnivorous pelycosaurs led to the 

characteristic steeply sloped. plate-likè oc'ciput with smarll post-temporal 

fenestrae. 
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RESUME 

l " 

" 

il a ét~ possible d' obs'erver sur de magnifiques 'spécime,ns de 

Eoaaptorhinus latic:epsJ Reptile captorhinomorphe du Perrnian inférieur, les 

canaux des nerfs et va.'is~eaux sanguine ainsi que les traces d'insertion 

musculaire; ceci a pernJ:it de reconstruire l'anatomie des structures molles 
l 

de la tête. c 
\ 

Les,systèmes artériels crSniens des Reptiles pr.imitif~ et modernes sont 

, ...., / 
grossierement similaires tandis que les systemes veineux different 

considerablement. Chez les captorhinomorphs, les sinus palataux passent vers 

l'avant, à travers les foramens prepalatau:x dans les veines' orbi tonasales et 

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

,., , " etait draine posterodorsalement a travers de grandes fene-tres sous-orbitaires 

dans les veines ptéry~oides. 

Le M. adduator mandibulae des captorhinomorphes ~tait divis~ 1 en partes 

extema (subd.ivis~e en partes supe'1'fic:iaHsJ media3 et profunda),' interna 

(subdivis~e en M. pseudotemporalis etM., pterygoideus), et posterior. Le 

M. aonstriator dOY'salis hait très develop~. Cette musculature complexe 

faisait -fonctionner un crâne m~takinètique. Ce mouvement entre le toit 

cr~nien et la boite crânienne synchronisait l'impact maxillaire et mandibulaire 

sur la proie, réduisant d'une part lilacceleratio~ transmise à la proie, d'autre 

par la deprese ~nergetique non nécessaire ainsi que les possibilites cl' échapp,er 
, . 

de la proie. Les cr~nes primitivement m€!takin~tique des Captorhinomorphes 

" primitffs Mtllerosaures, Diapsides, et Procolopho,nides, ont des occiputs 

verticaux a relativement grandes fen~tres post-temporales. L'akinétisme 

resultant de l'accroissement de la taille chey les Par~iasaures et les 

cl '" 1" 1 cl" Captorhini es evo ues n a pas mo Hie ce plan. L' akinétisme r~sul tant du 

, -
~,~iiilD, ~mM",;u"; ___ ",,,,_Q"'(iIC"' __ ""."'U;;"")i'~""'''r~''''------''''''' . ~.~ 
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renforcement du crane chez les Pèlycosaures c4rnivores primitIfs même à 

un occiput: caract~ris à petite~ fenêt'~e~ post-temporales. 
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Th~ycienoc .. oL ver;ebrat. pa1eont~logy has long revolved aroond th. 

simple col1ection and description of fossil bones.' Only. in the past decade 

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

, 
animaIs. To date such studies have been confined principally to fosrl1 

o 

mamma1s', the anatomy of Wh~ch is grossly similar to that~ many'living 

mammal taxa. Amongst' r'èpt~Ùes only ainosaurs with their generallY,bird-like 
/ 

morphology and advanced therapsids with their mammal-like anatomy have been 

studied even superficia~ly. No coneertèd effort ~s been made to study the 

complex non-osteological.anatomy of one ,of the moat primitive' grou~s of 

fossil reptiles. the C,'WtQrhinomorpha. 

The best preserved cap,torhinomorph reptile known is Eoaaptorhinus 

" tatiaeps of the relatively specialized family Captorhini~ae from the lower 

Permian Wellington Formation of northcentra{. Oklahoma (Reat'on, M.Sc. thesis, 

McGiU Univ., 1975). Its skull and mandibles hàve revealed many channels, 

ca~als. and foramina' "formerly occupied by nerves, arteries, and veins as 

weIl as latge ,scarred ,areas from ~hich muscles formerly originated or onto 

which they inserted. No study of the cranial circulatory system of a fossU o • 

reptile has ever been attemp'ted. In 'fact" ,fewer than a half dozen detailed 

studies of the cranial circula tory systems of aU types of modern reptiles 

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

century. Primitive reptiles were suffidently h~avily ossified that many 

~ns and arteries pass~d through foramina and canals in the bone of thè 

/--thU~ 'alIOWitl& reconstruction of the cranial ei:CUlatory system with ,a ' 

-
surprising degree of confidence. It i8 believed that a knowledge of the 
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ctanial circulatory system of captorhinomorph reptiles i;B éssential if an 

understanding of the stages and processes 'leading to thell.diverse cranial 

circ~latory patterns of Iater repti1~s and mammals i5' to be gained . 

, Reconstru5tions of 'the"cranial musculature of primitive reptiles have <e 

appeared irregularly during the last sixt Y years. ' lfi most cases the 
,1 

mandibular muscles have been regarded as a single adductor or "temporalis" 
.' 

muscle mass. It is only witn the d1scovery of well deV'eloped muscle or1g10 

and "insertion scars in the early Pendant captorh1nids Eoaaptorhinus Zatiaeps 

and CaptprhinU8 aguti t;hat separate muscle segments and slips can he 

reconstructed. Such reconstructions have never been attempted for primitive f 

~ 

't" ~\.'~;_ 1 r __ 4 //,;ePtues. 
1 ~ Whlle the mandib~lar adduc1tor musculature of modern reptiles seems ta 

be grossly simllar to what 1~ believed ta have existed in captorh1nomorphs 

1 !' / 
t ' 1 

( // 
/' 

the adductar musculature of modern mrumnals ~s considerably diffetent. If 

'the comple~ changes that 6ccurred in the modification of the mammal1an lower 
l' 

jaw and the o1'1gin of the mammal~an inner, eat are to be understood compfetely. 

the structure of the muscles in the most primitive reptiles must be outlined 

completel', Lik~wise if the evolutionary ~vents that accompanied the 

amphibian~reptilian transition, with its change from an aquatie p1scivorous 

feeding mode to a terres trial insectivorous mode. are to bja apprec~ated 

, fully~' the crania! anatomy qf the earliest rep'tiles f the end products at" 

. 
" • 

this transition, mus~,be outlined in detail. The rapid diversification of 

reptiles after their tirst appearance was as much due to the functional 

advantages afforded by the newly evolved mandibular adductor musculaturê to 
"/ r 

a terres trial insectivore, and tQ thé the h.igh degree of v-aria:bility a~d 
1 

adapt'ab11ity of the" many segments of this muscle mass to perform diffe1'ent 

functions as it was ta the development 9f the amniot,ic eg'g. 
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~ C~ani!~ kinesis aS,lQng been reCOgn.ized as a curious feature typical 

of many modern lizards and ,a, few, advanced foss1l reptiles. Many different 
", 

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

of different segments of the skul1 and mandibles occurs' with only a few 
( 

lIIeeting any degree of acceptability. 'On1y' Vers1uys (1912) aitd Bock ,(1963) 

expected that a simplE!; form of c,ranial kinesis,' metakinesis, movement betwe~n 
\ . 

the skull roof '(maxil,lary segment) and bra1ncase (occip'1tal segment), was a 
'1: • 

primiti-ve character::lstic of r~ptiles. The reallzation that metakinesis 

'was not only present as a primitive characteristic of the ea'rllest reptÙes 
t ~ fJ 

,but also was an I;!xtremely, iInportant factor in the adaptation of reptiles to 

a terrestria1 insectivorous feeding mode ls essential if the. re1ationships 

amongst early reptiles ~~d 'the rapid radiation of these early reptiles during 

the la te CarbQniferous and Permian are to be unde-rs toôd , • 
• 1 

, " 

Each section of this thesï8 has been prepared as a separat.e publishable 
, . 

manuscript. A~ 8uch, a complete literature review i8 included" in' each 

section. 
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Abstract 

The cranial arterial system of most modern reptil~s is based on a 

two part Idivisfon of the internaI carotid into a dorsal stao.edial and a 
l, 

ventromedial p'alata! distribu'tary system. The system in primitive, \ 

captorhinomorph reptiles was similar with minor exceptions. There were 

three branches of the inferior orbital artery (stapedial :ys,tem) , ~~o 

intraosseous (supraI!laxillary and superior alveolar arteries) and one 

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

r~ptiles in this region for they have retained the superior alveolar and 

sup-;amaxillary arteries but have lost the t!1é\xillary artery. In. rhyncho

cepnalian spherhdon and in' acrodont lizards the intraosseous supramaxillary 

and superior alveolar arteries are present and the J'1axillary lost. In 

ple4rodont lizards, extensive reduction of the bone of, the maxilla has left 

an extrar;>sseous supramaxiqary artery with the J!l.axilJary and superior 

alveolar arteries being lost or indistinr.uishab~e. 

The venous system of captorhinomorph reptiles wé3;s cOllsiderably more 

primitive th an that of any modern reptil". Captorhinomorphs apparently 

drained blood fraI!! the palate anteriorly into the large orbitonasal vein 

thence posterodorsally into the orbital sinus before leaving the head 

throu~h the vena capitis lateral1s. In l'lodern reptiles, blood frorn the 

palate is conducted posterodorsally throu~h large suborbital f~nestrae into 

the pt'erygoid vein, by-passing the orbital sinus. Sphenodon exhibits an 

intermediate condition in which palatal blood can drain into bath the 
1 

pterygoid vein and into the orbitonasal vein. In li.zards, the orbitonasal 

---_.~-- -_.~~-, 
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-vein i5 greatly reduced 50 t'hat>' palatal blood· drains only into' thj 
, 1 

pterygoid J vein. Pelycos~urs posses,sed no oalatal foramina through which 
,1 

blood could be transported to either the pt~ry~oid vein or the orbitonasal 

foralllen. Palatal drainage may have been accomplished through an éxternal 

~ndibular vein. the precursor of the mammalian deep facial vein antl 

proximal portion of the external facial vein. / 
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FIGURES 

Fig. 1. EocàptorhinU8 Zaticeps. Skul1 reconstruction. 

Fig. 2. Reconstruction of the c~anial arterial systems of Eoaaptorhinu?,,, 

sphenodon3 and a typical lizard. 

'Fig. 3. Schematic reconstruction of the ,craniai arterial systems of 

Eocaptorhinus / Sphenodon" and ~ typicai lizard. 

Fig. 4. 'Reconstruction of the craniai circulatory system of Eocaptorhinus 

in ventral aspect. 
~ 

'Fig. 5. ,Reconstruction of the 

in dorsal aspect. 

<~~~irCulatorY system 0 f Eooap.torhinus 

Fig. 6. Recons truc t ion of the craniai circula tory system of ,Eoaaptorhir.us , 

in dorsal asp~ct. 

Fig. 7. Reconstruction of the cranial circula tory system 
1 

of Eopaptorhinu8 

-
in lateral aspect. 

Fig. 8. Inside of snout of Eocaptorhinus in medial aspect. 

Fi'g. 9. Anterior portion of orbit of Eocaptorhinu8 in posterior aspect. 

," 

~ig. 10. Sche~tic.rec9nstruction of the branches of the inferior orbital 

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

and in p1eurodont lizards.' 
r\), if ... 

Fig. 11. Reconstruction of th"e 'cranial venDus systems of Eocaptorhinus, 

Sphenodon, and a typical lizard. 

F~g. 12. Schematic reconstruction of the cranica! venous system of 

Eoéaptorhinus, Sphenodon, and a typical lizard. 

Fig. 1). Vena ~apitis lateralis of a primitive reptile, modern lizard, 

sphenodon and amphisbaenid lizards, and a turtle. 

Fig. 14. Eocaptorhinus Zaticeps. Palate in ventral aspect. 
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THE CRANIAL CIRC~TORY SYSTEM OF A CAPTORHINID REPTILE 

Introduction' (: 
, \ ' 

The study of the origin and diversification of the earliest reptiles 

19 both fascinatin~ and frustratlng. The fossil record ia meagre, providing 

brief glimpses of an evolving faima through fragments of bone from many 

scattered sites. Although reptiles first appea~ed in the Middle 

Pennsylvanian (300 million years ag'o). the first major reptilian fauna that . 

ls currently weIl known did not appear untii the Late Pennsylvanian (290 

millIon years ago). By this time three distinct groups of reptiles were 

represented, ,a seemingly primitive anapsid (no temporal fenestrae) 

captorhlnomorph lineage, a synapsid (one Lateral temporal fenestra) 
\ 

pelycosaur lineage, and a diapsid (one dorsal 'and one la teral "temporal 

• 
f,enestra.) ":9suchian lineage. It is known that' the diapsid line expanded 

to give rise to modern sphenodon~ lizards, snakes, ctocodiles, and,birds 

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

gave rise ta mammals'. The èxact relationships of the anapsid reptiles of 

the sub-or,fer CaptorhinolllDrpha have rematned ~bscure although they are 

thought to be c10sely related to the diaJsid 1inea~e. Although modern 

turtles _are essentially anapsid, few researchers have considered them to 

be captorhinomorph derivatives' although this has been. considered a 

"possibility by Carroll (1969b and Cj Carroll and Gaskill, 1971; Clark and 

Carroll, 1973). Because of their unique positiôn close to the origin of 

ail modern diapsid reptiles and~ accord~ng to Carro1l's theories, turtles, 

knowledge of 'captorhinomorph anatomy ia extremely important to the 

development of ID?dern theories on the evolutionary diversification and 

Bubseq,uent radiation of reptiles. 
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Amongst the Captorhinomorpha, the memhers of the somewhat s ecialized 

family Captorhinidae are known from the most com?lete materia1. he species 

Eocaptorhinus Zaticeps (Fig. 1) from the Ear1y Permian We11tngton Formation 

l, 

of northcentral Oklahoma and th'e Belle Plains and Clyde Formations of 

. ' 

northcentra1 Texas, is a primitive ca~torhinid whose rem~ins are perhaps 

the hest preserved of any Paleozoic reptile 50 far discovered '(Heaton 

1978) (Fig. 1). Although fossil captorhinomorphs have been di5COV 

ear1ier deposits, including some earlier captorhinids, none 

preserved to provide a comparable amount of osteo1ogica1 .detai1 as that 

available in Eocaptorhinus. This .form fthUS of great signifieance in 

determining the basic anatomica1 characteristics of the most primitive 

\\ 

group of ~rue reptiles and in interpreting the ancestry and early phylogenetic 
~:-

history of reptiles.' Its fine osteolog'ical details have been s tudied hy~ 

Heaton (1975, 1978) as has its mandibular adductor musculature. 

The development of an aacurate reconstruction of the cranial circu1atory 

system of Eoeap'torhinu8 Zaticeps i5 hindered by a paucity of published 

information on the deve10pment of this system in modern reptilès. 01der 

papers such as Bojanus' (1819-21) study 0; the anatomy of the turtle Emy8 

orbicul.aris ("Testudo europeae"J and Corti' s (1847) investigation o'ra the 
\ 

-." 

circulatory system of Varanus griseus (Psammosaurus gnseus) are of chiefly 

historica1 importance. While Rathke'(1856, 1857, 1863) made important 
, . 

contributions to the lîterature on the basal divisions of the 'carotid arches 

in many ~eptiles and mammals. i~ was not uhtil 1907 that a complete system 

was studied. In that year Bruner produced an excellent study of the 

tranial venous system of a 1izard based primarily on Lace~ta agiZis with 

brief notes on turt1es and snakes. O'Donoghue (~920) studied the circu1atory 

( > system of Sphenodon punctatus inc1uding both the arteria1 and venous systems 

, ' 
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Figure 1. Eo~aptorhinua tatiaepa. a) Lateral a~pect. b) Dorsal aspect. 

Reconstruction. Natural size. 
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of the head. lt was not unt!l 1956 that a complete dëscription of the 
, 

~rania1 arterial syst~m 9f a specifie 1izard, Ctenosaura pectinata, vas 

produced by Oe1rich. Even less has.been done on turtle ~ranial arteriJl 

systems~ Albrecht (1967) extended MeDowe11's (1961) study of the major 
. 

cranial arteries in testudini~ kinosternid.and trionychid cryptodires. A 

, sJngle paper by Hochstetter (1906) on the circul~tory system of crocodiles 

i8 extremely difficu1 t to obtain in North Amer4.ca. The on1y pap~r' to date '" 

dealing with a comprehensive and tru!y 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 ana'tomy in fossil reptiles is sure to excite 
. . 

diverse and often heated discussion on the practicality or advisability of 

such an approach in the study of vertebrate fassi1s. Some workers prefer 
, 

ta dismiss aIl or most such reconstructions as meaningless excursions into 

anatomical analogizin~ and circular reasonibg while others main tain ~hat a 

good knowledge of the anatomy of living forms accompanied by ~uch careful, 

and logical reasoning, can lead to accurate Interpretations (Barghusen. 

1968, 1973). The former attitude, while undoubtedly safer, will not advance 

our know1edge or understanding of fossil reptiles 'nor will it' promote the 

conception of fossi1 vertehrates as living, functioning_organis~ in their 

own time rather than just as osseous remains. 

Not aIl of the arteries or veins of Eoaaptorhinus tatiaeps can be 

identified yith equal confidence. The presence of weIl formed foramina and 

canals through the skùll bones of fossil forms in po~iti~ns that bave the 

, same anatomieal relationships to the c!anial elements as are exhibited by 

modern reptiles provide good evidence for the identification of many ar,teries . 
. 

,and vei,s. The heavily ossified skulls of captorhinomorph reptiles lend 
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themselves well to the identification of bath bload vessel !canals and the 

heavily scarred origins and insertions of the j aw ad'ductor musculature. 

In other cases, the courses ot arteries and veins through the head ·where 
~ .... .,..,~ 

,> 
they do nQt" conté+ct the bone1'must be determine,d by analogy with "lIIodern 

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

musculature Is of particular importance. 'Careful-reconstruction of these . 
muscles ln fossil reptiles a110ws the path of the arteries and .veins ta be 

determined with reasonable ac~uracy. 
- ! 

I~ arder to provide a firm basis fromwhich to diseuss the cranial 

circulation system in Eocapto~hinu& Zaticeps, a numoer of modern reptile 

species inciuding the lizards Iguana iguana CIguanidae), CtenosauTa sp, 

(Iguanidae), Gekko gecko (Gekkonidae), and.Tupinambis nigTopunctatus 

(Teiidae) were dissected. The modern testudinid cryptodire turtle 

Pseudemys scripta was also examined so that variation from the lepidosaurian 

pattern might be exposed. Pseudemys is a typical testudinid an~ i8 thus 

relatively primitive in its craniai arteriai system compared to many other 

turtIes (MçDowell, 1961;.A1brecht, 1967; Gaffney, 1972). It reves.led a 

" ' 
pattern simÜar in general fôrm ta that of lepidôsaurs. The highly 

specialized sku11 structure of crocodilians has influenced the positions 

of many'bIooâ vessels, leading ta the deve10pment of secondary anastomoses, 

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

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

18 apparently the ~nly one ta have been made. 

Since the cranial blood vessel patterns of a.diverse assemblage of 

modern reptiles inc1uding Sphenodon (o' Donoghue, 1920), lizards, and some 

relatively primitive turtIes, are generalIy consistent, it ia sate to' assume , , 

that a pr1imitive reptile such as Eocaptorhinus had a cranial circulatory 
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system that was based on a similar pattern • 
.::' 

Crapial Arterial 'System 

The most comprehensive reviews of the cranial arterial systems of 

modern reptiles have be~n produced by Bojanus (1819-21) on the turt1e Emys, 

~rti (1~4 7) on the lizard Val'anus.. 0' Donoghue (1,920) on the rhynchocephalian 

sphenodbn .. and Oe1rich (1956) on the lizard Ctenosàul'a. Rathke (1856, 1857, 
j 

1863) studied the primary divisions of the internaI carotid in numerous , 
\, 1 

modern lizards and snakes whi1e McDowell (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 th~ough or contacting the braincase in the captorhinid 

Captol'hinus aguti. In the closely related form Eocaptol'hinU8 laticeps 

many arteries pass through osseous canals or extend along weIl marked channe1s 

in the bone of the skull (Heaton, 1975, 1978)., th us allowing reconstruction 
, ,2-'" 

> • r . . 
of the craniai ~rterial system with considerable confidence. 

'. 

Oxygenated b~ood is pumped from the heart anterior1y through a common 

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

externa1 carotid (Bojanus, 1819-21; Corti, 1847; Rathke, 1856, 1857, 18&3; 

'O'Donoghue, 1920). B100d from the external carotid circula tes to the hyoid 

and intermandibular muscula'ture while that from the internaI carotid passes 

to the he ad througij two main branches, the palatal artery'and the stapedial 

artery. The palatal artery is a relative1y small, anterior continuation of 

th~ internaI carotid that provides blood tf the brain and the ventral surface a 

of the pa1ate. The larger stapedial artert, which is lost in some turtles 

lA carotid is. by def!nition, an artery"and, to avoid unnecessary redundancy, 
should never be called the carotid artery. 

" fi 

},.., ' ,,, 
... .Jt •. " 

, ' 
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(McDowell, 1961; Albrecht, 1967), extends vertically into the adductor 

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

dorsa~ surf~ of the palate, and the skin through its many branches . 
.... 

,', 

Carotis internus (CI) 

The internaI carotid forms the main blood supply to the head of 

sphenodon~ lizards, sn~kes, and turtles. In crocodilians it is supplemented 

" by/ a ~onnection with the e~ternal carotid. In modern reptiles th/;! interna! 

carotid approaches th~ head~ lat~i to the,oesophagus, ventrolateral to 

the braincase (Figs. 2 and 3). At the level of the third cervical vertebra, 

before entering the head, it divides 'i.1l~0 two branches, the l.arge dorsal 
, 

st~pedial artery (AST) and the smailer ventral 'continuation of the internaI 
, 

carotid. In Sphenodon and I1zards the internaI caro~d continues anteriorly, 
" 

as a' vesse! of greatIy reduced diameter, àIong the Iaterai surface of the 

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

the facial nerve. In 'Sphenodon, the course of th~;-:internai carÇltid ~uns 

'anteroventrally in il prominent groove on the la,terai surface of the 

basisphenoid. In turtles, the interna! cax::otid enters the' internaI carotid, 

1 

canal saon after the separation of the stapedial artery and is joined ant~~ 

riody, within th0naI. by the vidian nerve. In crocodilians. the 
.. 

greatly ~xpanded braincase and modified quadrate have enclosed the internaI 

carotid posterior to the divergence of the stapedial artery. 

In Eoaapto!'hin~8.J the i~ternal carotid appears" judging by the diameter 
, 

of the stapediai foramen and the vidian sulcus through which its branches 

passed, to have been a large artery. The course of the stapedial artery 

and the anterior continuation of the internal carotid extended ante~rorly 

l\;Long the ventral surface of the stapes in the angle between the footpla'te 
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Figure 2. Reconstructions of the arterial' systems in dorsal and lateraI 

~spect of EocaptorhinU8~ Sphenodon; and a typical lizard CIgu1:ma 

outÜne representative). 
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.Figure 3. Sc:henultic: reconstruction of maj or arter1es 1n EoaaptorhinU8 and .. 
Sphenodon and 1n'a lizard. 
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and the c01umella. The stapedial artery,;turned dorsally (Fig. 4, 5) while the 

internaI carotiq ran further anteriorly and slightly medially with~n a 

narrow J sha110w groove on the lateral surface of the parasphenoid where it 

apparently 1ay beneath an ensheathing mucouf\ epithe~i~J as in modern 

reptiles, dorsal to the crista ventrolateralis and ventral to the grooves 

for the vidian (palatine) ramus of the facial nerve and the vena capitis 

lateralis .. At, the point where the grooves for the internaI carotid and the 

vidian netve intersected,' a major t;runk of the' internaI carotid, the palatine 

artery (APL), continued anteriorly through the vidian sulcus and a much 

. " 
smal1er vertical branch entered the poster~or in ternal carotid foramen 

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

width of about 0.5 mm and the stapedial foramen a diameter of about 2 1IUII 

thu8 reflecting the no~iceable difference in the sizé ,b's~een the two major 

divisions of the interna! carotid. , i 

Arteria stapedialis '(AST) 

Thé. st~edial artery is the chief conduit of blood from the internaI 
\ 

carotid to the muscles and organs ai! the bead in Sphenodon j lizafds, and 

many genera of turtles. Some turtles (kinQsternids, trionychids) hav~ 

greatly reduced the s'tapedial artery and nouri'Sh the majority of the , 

structures of the head through thé palatine artery. Amongst modern 

lepido~aursJ the presence of a stapedial foramen traversed by the stapedial 

artery J in tne specialized ascalobotah l1zards J?ibamus and AneZyatropsis 

of the family Dib ami dae, ls' considered to be a retained primitive character 

(Underwood, 1971; Greer, 1976). In Sphenodon~ gekkonid and pygopodid lioords, 
, 

aria snakes 1 the stapedial art,ery passes ante the stapes while in a11 

other lizards, i~se~ ~osteriorly Similarly, the stapedial 

1 
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Figure 4. EocaptorhinU8 za~iaepB. Skull in ventral aspect showing '. r 

arterial, venous, and cranial nervous systems. Reconstruction. 
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Figure 5. Eocaptorohinu8 Zaticeps. Skul1 in dorsal aspect showing 
\ ' 

arter~al, venous, and cr~n~al nervous\systems. Reconstruction. 
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artery of turtles and crocodilians lies po~terior and dorsal to the stapes 

(Shindo, 1914). 

In Eocaptorhinus, the stapedial artery entered the large (2 1IIIIl diameter) 

stapediaJ foramen by way of a short groove iri the ventral surface of the 

stapes (Figs. 4 and 6) .. It passed vertica1ly through the fo~amen to emerge 
, 

anterior to the dorsal proc~ss of the: stapes. Within the stapedia1 foramen 

it gave off a ,tiny ventro1ateral1y directed y co1umellar twig that penetrated 
,,' 

into" a tiny foramen in the body of the colume11a of the stap.es (Priee, 1935; 

Heatan, 1975~ 1978). The stapes i9 perforated by the stapedia1 foramen in 

aIl known captorhinamorp.hs,. The post-arterial segment of the colume11a of 

the stapes of Eocaptorhinus, which includes the dorsal process, is much 

more robust than the pre-arte~ia1 portion, in contrast to the_forro seen in 

Hylonomua (Carr~ll, 1964) and PaZeothyris (Carroll, 1969a) where the pre-

and post-arterial sections ar~ of equa1 size. 

'In mast modern reptiles, as the stapedial artery passes the dorsal 

1imit of the stapes, the stppedial artery divides into a smal1 auricu1ar 

branch (AAU) and a large temporal a~tery (ATM). A simi1ar pattern i9 

believed to have existed in Eocaptorhinus. 

Arteria auricu1~ris (AAU) 

-..,'y 

Auricu1ar arteries have-been described in both Sphenodon (O'Donoghue, 

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

different structure puts their supposed homologies in question. ln 

sphenodOn, where the stapedial artery lies anterior to the stapes, the 

auricUlar artery 'arches posterodorsally over the stapes; although O'Donoghue 
" 1 

1 

(1920) is not c1ear on this latter point, app'arentl~ media1 to the squamosa1 
\ ' 

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

~ 
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Figure 6~ Eoaaptorhinus Zatiaeps. Skull in lateral aspect showing 

arterial, venous, and cranial nervous systems. Reconstruction . 
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a~d Wever, 1976) beforé extending vertically down the posterier sutf~ce ~f 

{ the tympanic cavity aeeompanied by the chorda tyntpani ramus of the facial 

nerve (O'Donoghue, 1920). This description appea'ts to be incorrect sinee 
, 

the chorda tympani nerve in reptiles is pre-tympan:f.c (Goodrich, 1915,,1930; 

J 

Hotton, 1960), passing down the anterior wall of the tympanic cavity on the , 

posterior surface of the quadrate. It appears most 1ike1y thàt the auricu1ar 

artery of,Sphenodon accompa~ies the hyomandibular ramus of the facial nerve -

(not the chorda tympani) across the posterior surface of the tympanic sac. 

" In lizards, the auricular artery is quite complex, consisting of three , 

major rami (Oelrich, 1956), One ramus arches over the extracolumella and 

~xtends down the posterior face of the quad~ate, a second ex tends laterally 

~ \ 
to the tympanic membrane,' and the 1ast extends ventrally across the 

posterior surface of the tympanic ~avity accompanied by ~he hyomandibular 
;' 

ramus of the facial nerve (Oelrich, 1956). 'It ls to ,the l,ast of these that 
. ' ,/ /' 

tr~ auricular artery of Sphenodon appears ,to be homblogous. . It is possib,le 

that a pre-~ympaniè ramus of the auricular artery 'that accompanies thé chorda 

tympani may have been miss~d in O'Donoghue's study (1920). Auricu1ar arteries 

have ~ot been described in either turtles or crocodilians. Whether this -i5 
. 

a result of the absence'of such arteries or the absence of detailed 

10fomtion about these groups of animais in general is not k\lown. 
, 

, ;. deep groove in the dors'al surface of the stapes antefior to the dorsal 

process suggests that EocaptoT'hinus possessed an' auricular artery. 

Examination of weIl preserved stapae of EoaaptoT'hinus and the clqsely 

,re1ated forro, CaptoT'hinus, show s11ght channelling 00 the anterior surfac,e 
-, 

iodicating that the aurièular art~ry bifurcated, proqucing a pre-tympanic , 

branch that accompanied the chorda tympani nerve ~nd a past-tympanic braoch 
,\' \ 

that aCëompanied the hyomandibular ramus of the facial nerve. It is apparent 
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that U the post-tytnpan!c branch existed, ft croased the columella lateral 

to the dorsal proc.ess (Fig. 5). The sharp angle separating the stapedial 

formamen from the jugular canal oetween the dorsal process and the footplate 

. , 
makes it unlikely that the auricular artery passed through the j ugular canal. 

Arteria temporalis (ATM) 

The stapedial artery of Sphenodon and lizards pa!?ses dorsal to the 

8uperior edge of the pterygoid lamella of the quadrate a1!'ld enters the adductor 

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

pro duces first a smaii cervical artery (ACV) and then, slightly more distally, 

it gives rise to the mandibular artery (AMO) before turning anterodorsally 

to pass through the body of the Ml. 'adductor mandibulae externus medius 

(Oe~rich, 1.956; Haas, 1973). No comprehensive study of the relationship 

between the craniai arteries and muscles of t'Qrtles has been published. 

-.. ' '" 
lt appears that the deepd~mar~ination of the posterior margin of the skull 

roof in most turt'les has led to the reduction in si'!:e of the medial mass of , ' 

, 
the M. adductor: mandibulae extenl,US medius 50 that the temporal artery, now 

passes medial to the remaining lateral lI!Pss, between it and the greatly 

en.larged M. adductor mandibulae externus profundus. Crocod~1ians with their 

even more highly speciaIize4 brflincase are Qf little app li cab ilit y to the 

question ()f the po'sit'lon of the temporal az:tery in relation to the M . 
.). . 

adductor mandibulae superficialis. 

. " In Sphenodon (O'Donognue, i920) ang lizards (Oelrich, 1956) the teinpo-ral 

artery.produces a _short branch at or just posterior to ,the anterior ed?e of 

the M. ~dductor ·mandibulae- externus medius that supplies,the superior 

temporal fascia and skin ~ovéring that muscle. Anteriorly, the temporary 

artery·runs along the lateral surface of the M. pseudotempor~lis superficialis 

~_"':.=':i:"'=",,={ ===:;::--:,--:_ -:':-:;-'':~:'':'-':'_-:'"':-:'~--'-:'-~'':''' ...... __ ~_~~. __ ~_" .. 
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medial to the M. ',adductor mandibulae externus superficialis. Posterior tc 
, , 

the orbitotemporal membrane it divides to produce an anteromedial superior 
. r_, 

orbital artery (AOS) and a ventrolateral inferior orh! tal arteIiY (AOI) 

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

division occurs in those turtles that, retain the stapedial and tempor,al 

arteries (McDowel1
j

, 1961; Albrec t, 1967). 

In Eoooptorhinus J there i9 little evidence in the bone of the exact 
\ 

branches of the distal 

arteti' , however, both the prox'imal end 'and several 

end pa\sed through bony foramina, 'in this case, the 

course of the temporal 

\ 

former through the stapedial foramen and the latter through t'he infraorb~tal 

-and anterior orbital foramina. This evidence supports the assumption tlia't 

the temporal artery passed through the adductor chamber as in Sphenodon J 

lizards, and most turtles. Such a position Of the tempora~ artery i5 further 

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

the tempor:oparietal branch of the tf:!mporal artery and which lies within 

the large parabolic depression identified as being associated with the lM. 
1 

ad~uctor mandiblllae externus medius (Fig. 7). The,position of this foramen 

correèponds closely with the position of the temporal artery in Sphenodon 

and lizards on the one hand and Eocaptorhiml8 on the other, ft appe~rs , 
1 

that the temporal arter'j, and its short dorsal temporoparietal branch passed 
\ 

through the body of ~'tiê M. adductor mandibulae extemus medius dividing .' ,~ 

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

as _passing laterally around the' M. pseudotemporalis as in Sphenodon ,(Haas, 
" ' 

1~13), Tupinambis~ and Gekko (where the' M. pseudotemporalis is greatJ,.y 

"feduced) . This appear~ more prob"able than the position it has in CtenosaU1'a 
•• 

~ 

(Oelrich, 1956) and Iguana where it passes over the dorsal surface of the 
J 

H. pseudotemporalis and, hence ~etween the muscle and the parietU. 

1 
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In' Sphenodon" lizards, and most tuttles, the temporal a~tery di vides into 

(' two major branches at the anterior end of the adductor chamber, a ventral 

inferior oFbita1 artery and a medial superior orbital artery. Since both 
• 

/ 
the inferior orbital artery and the superior orbital arter.ies of 

Eocaptorhinus have left excellent evidence of thei~ presence in the normal 

reptilian p,ositions, it ls probilb'ly safe to Î'econstruct the bifurcation of 

the temporal artery in thè usual position just posterior to the position 

of the orbitotempora1 membrane. The position of the orbit9temporal membrane 

in EocaPtor~inus has been deter~t:ne ~a~l~d laterally by the . 

orbitotemporal crest on the media' orbital rim composed of the )ugal., 

postorbital, and post frontal an ventrally by the orbitotemporal ridge on 

the dorsal su~face of the pterygoid (Heaton, 1972' 1978). Medially the 
, 

orbitotemporal memb~ane was apparent1y limited by the periorbital membrane 

and the chondrocranium. 

\ 
Arteria cervica1is (ACV) 

The fir{lt branch of the temporal artéry is the cervical artery. 1 It 19 

present in Sphenodon and lizards, where it ls usua11y known as the 9ccipital 

artery, as weIl as in turtles where 'the term was/first used by Bojanus 

(1819-21). Bojanus' terrn is used here to avoid confusion wÙh the amphiblan 

(anuran) occipital artery which 1s post-cranlal, originat1ng from the latetal 

dorsal aorta (Gaupp, 1899; Jarvik, 1975). In SphenodenJ lizards (Oelrich, 
1 

'1956) and those turtles that possess temporal a:teries, the cervical artery 

pa~ses posterodorsally to the paroccipital process through the large post-

tempdral fenestra to supply the' cervical mu,?culature with b1ood. 

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

, as in Sphenodon, lizards. and turtles, it fs reasonable ta expect ~ 
l. ' 

similar 

t , -.---_.- ._ .. ---_., -

" 

.. 
J 

,1 

i 
1 



1 
t 
r 

J, 
1 
t 

.-- -

24 , 

tyPe of blood supply to \ the cervical mllBctq.ature (Figs. 5 and 6). Crocodile's, 

,{~ , whose 'post-temporal fenestrae have been reduced to narrow carHlage-filled 

,-

slits (Iordansky, 1973), appear to be the only group 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 lt that "supplied the origin of the similarly 

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

muscles or associated arteries is now normally restricted to work o~ 

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

and to Eoaap~orhinu8 .. paas (l973):illustrated the temporal artery of 

Sphenodon running deep within the M. adductor mandibulae roass rather than 

along the dorsal surface of the muscles within the superio~ temporal < 

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

arteryas found by O'Donoghue (1920).' O'Donoghue did not note the position 

" 

of the temporoparietal artery within the M. adcluctor mandibula~ mass. 

Llzards appear ,to be similar to Sphenodon in the presence o~ a temporopariftal' 

artery, although the whole temporal artery and its branches run along 
.:)' 

" 
the dorsal 'surface of the,adductor musculature. In liz~rds) the temporo-

parietal artery ia given off where the temporal ,artery passes from between 

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

med1us and extends laterally to supply, the skin and lateral'portion of the 

pars media. The general reduction of the medial portion of the pars medi~ 
o 

and its apparent replacement by the M. 'pseudotemporalis Isuperficialis t 

'particularly in the more advanced forms such as Tupinambis make it difficul~ 

T 

, 
1 
l, , 
1 
l 

i 



l 1 

25 

to c01ll1>are with more p~imitive fonna. The position of the tem~roparietal 

{~. artery ig a reliable indicator of the positio,:l of a more ventrally situat~d 

temporal artery. 

\ 

• 
In Eoooptorhinus, a prominent foramen penetrates the internal surface . 

of a parabolic depress~on on the ventral sur,face of the parietal j ust 
, ' 

posterior, to 0 :l,ts anterior edge (Heaton~ ,_1'975, 1978) (Fig. 7). This foramen 
! ~~~ 

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

from the temporal artery ta penetrate the skull roof. The position of the 

temporal artery and the root of the temporoparietal artéry and, hence, the 

-

temporoparietal foramen are believed to indicate the 1ine of separation 

between th~ origins of the lateral CA) and internaI (B) segments af the H. 

adductor mandibulae externus medius jus t as in modern Sphe,nodon and lizards • 
. 

The temporoparieta1 artery is pr"esumed t<;> have ,anastomosed through the 
; , 

vesicular bone of the parietal from which tiny 'arterioles originated and 

penetrated fine pores in the bases af" the sculpture pi ts to supply blood 

,to the skin. Other fine arterioles presumabl-y supplied the muscle origins 

just as in modern diapsids. 
.J 

Anteria orbitalis superior (AOS) 

The position and form of the superior orbital artery Coften termed 

s,imply the supraorbita,l artery) is consistent- in a11 modern reptiles with 

the exception of some specialized 'turtles (Shindo, 1914). It branches 

anteromedia11y yom the te~paral artery te extend along the ventral surfac~ . 

of the frontal ,in the angle for~ed boY the junction of the sol,UlO suprasepta1e 

This 
, ( 

and the medial edge of the' crista cranii qnd suprorbital, ridge. 

same ariery was termed the frontal artery by Oe1rich (1956). a misnomer sinee 

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

, , 

J · 
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(1940) . In those turtles that have retained ,a ,temporal artery, the superior 

1 " 

orbital I;1rtery extends a10ng the lateral surface of the crista crani! aI 

the frontal and pre frontal. . Since bot~.the solum supr~sept~le of the 

interorbital septum and the sup1:aorbital t'idge and cris.ta cranii are heavily 

08sified (Heaton, 1975, 1978) (Fig. 7). the junction between the skull 
, , 

roof' and the anterior braincase can be reconstructed wfth corifide~ce •• The 

~eat similarity in t~e frontal-se1um ~upraseptale junction in Eecaptorhi~us 

and modern 1epidosaurs, at;ld especia.lly in Sphenodon, suggests strongly 

that the supertor orbital artery of Eocapto1'hinus followed t;:he intersection 

:r 
of these e1ements as it does in Sphenodon. The presence of numerous 

foramina in the frontal that cliEfty distributory rami of the superior-cibita1 

attery in modern reptiles are 'a1so t'ound in the frontal of 'Eocapto1'hinu,B. 

Near its origin from the temporal artêry. the iuperior orbital artery , 

of Sphenodon, lizards, and testudinid turtles' produces 'a smal1 medial, 
l , ' 

. frontal artery as may have the superior oibital artery of Eocapto1'hinus. 

• 
, 

Aroeria fron talis (AFR) 

In Sphenodon a short branch of the superior orbital artery supplies)' 
<-

, 1 
b100d to the ventral surface 'of the 'frontal where occasionally small rami 

'" enteF the body of the bone through very ~mall for~l1nine (0 l'Donoghue, 1920) . 

• 
In 1izards, a trtÏe ~rontal artery a;; seen in Sphenodon hSiS nbt: been 

" 1 

~escri~ed. The artery described by O,elrich (1956) is actually the sup~rior 

orbital (s~praorbital) artery as desfribed by Bojanus (1819-21), Shindo 
"', ' ~ 

(1914), Q'Donoghue (1920), and A1brech~ (l96?) in other reptiles. No 
, , 

.. specifie frontal"artery, as 18 found in SphenoÇion, was identified in 
\, 

dissections of Ig~'~" eekko, and Tupinambis. 
r 

One or more fine arter:lal 
..; 

branches from the s.uperior orbital artery enter the frontal through tiny 

. , 

. , 

• 

1 { 

! ' 
} 
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foramina ln its ventral surface. ,A similar arrangement is to be ~ound in 
ji. 

testudinid turtles (Albrecht, 1967). 

It cannot be determined whether a distinct frontal artery exis'ted in 

Eocaptorhinus as it does in Sphenodon or not. lt ls probable that, as in . 

• aIl modern reptiles, arterial branches originating either from a frontal . 

artery o~ dir~ctly from the s~erior "orbital artery penetrated the ventral 

.surface of the frontal th:rough sever,al small fpramlna. 

Arteria nasalis (AN4) . ' .. 
o l " The nasal artery of modern reptil:es. when present. i5 the anterior 

If' 2'11' 

continuation of the superior orbital artery from die point owhere it reaches 

the' orbitonasal'foramen knd passes through the ophtha1mic foramen. Although, 

the superior orbital artery enters the( nasal ,capsule in lIlany turtl'es, it 
( 

18 not renamed the nasal artery. (Bojanus, 1819-21; Albrecht, 1967) as it 

is i'/1 Sphenodon (O'Donoghue; 1920) and lizards (Oelrich, (1956). In'-Uzards, 

just as the nasal artery enters the nasal capsule" two lateral branc.hes 

are produced, the superior nasal artery (ANS) and the ventra11y directe~ 
/ ... " 

inferior nasal artery (ANI). An inferior nasal ar"tery' i5 not present in 

~phenodon (O'Donogh~e, 1~20) nor, apparently, in tuitles. 

In EocaptorhinU8, both t,he superlor nasal artery and ventrally directed 
,~! ~ 

inferior nasal artery are believed to have been weIl: dev~loped. 

Arterià nasalis su , \ 

In Sphènodon thJ nasa rtery ~xten.ds anterior1y into the snout on ' 

the dorsal surface of the nasal caps~ to supply the sub-cueaneous tissue 
, 

of the snout. There ls no ventral ramus of the nasal ~rtery as ther~ Is 

,in !izards. ln lizards ~ere the'nasal artery bifurcates, the two sections 

'. 
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are given positional designations. Thus the superior nasal artery of 

l1zar:ds (Oelrich: 1956) ia the equivalent of the entire nasal artery 015 

turtles • 

superior oro ital 

~, 
ar.tery of 'Sphenodon a.nd the anterior continuation of the 

The nasal artery of Eoaaptol'hinus appears to have been divided as in 

..1 "" ' 
lizards, hence the adoption of the lizàrd terminology. The. superior nasal 

artery of Eocap~orhinu8 ig. 8a) apparently extended an teriorly from its 

separation from, the in rior nasal artery along the ventral surface of the 

frontal and nasal' as uggested by"'lJ~ shallow groove i!l th:!:s position. 
1 

Laterally it exte,nded across the posterior portion of the heavy antero-

posterior nasofrontal ridge. The superior nàsa1 artery presumab ly ran along 

the ventral bonè surface and passed anteromedially. apparently do~sal t~ 

the ,orbitonasal vein, which ran within the orbitonasal canal that traversed 

the length of the nasal portion of .the ,nasofrontal rfdge and' exi tedfrom ~ , 

the posterior orbitonasal foram~n. The superlor nasal artery la believed 
, . 
to have anastomosed over th~ whole of the internaI surface of the nasal 

and the lachrymal as in Sphenodor;., lizards, and turtles and, as in these 

foms, fed the dorsal regions of the paranasal cartilage. There are numerous ' 

small foramina in [he b,ç:me of the nasal but in general there was a relatively 

méagre supp'ly of 'blood ta the skin "compared wit~ that which was transported 
, 

to' the parietal. 
~. 

This' is reflected in the much lighter sculpturing of ' 
1 

the external surface of the nasal. 
"'--. 

Arteria nasaUs inferior (ANI) 
, 

There does not appear to be a weIl defined inferior nasal artery in , 

either Spherzodon or· l.n turtles. ln lizards t:he inferior nasal artery is 

well developed with two main divisions; a medial ramus (ANM) and 'a lateral 
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Figure 8. Eoaaptol'hi11U8 "Laticeps. Snout in medial aspect. a) Showing 
c 

~rterioles entering nasal capsule. b) With medial surface of the 

l~chryma.l removed ta show internaI structure. Reconstruction. 
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ramU8 (ANL). A bifurcate infer;f.or nasal,artery ls believe-d to have 
1 

(, extended, ' in Eoaaptorhi~us, from it8 separation from the superior nasal 

o 

( . 

artery down the posterior surface of the orbitonasal membrane as in lizards 

(Oelrich, 1956}. 

Arteria nasal1s inferior ramus medlalis (ANM) 

In lizards the medial ramus of the inferior nasal art~ry continues 

ventrolaterally until it reaches the palatine posterlor to the orbitonasal 

membrane where it turns rostrally and accompanies the medial ethmoidal 

(palatine) ramus of the facial nerve anteriorly through the medial 

r 
orbitonasal fenestra.' 1t supplies blood to the posteromedial portion of 

the paraseptal cartilage .. of the nasal capsule. In mogern iguanid lizards, 

it pierces the vomer anterior1y (Oelrich, 1956). 

In Eooapto!'hinus there i8 no direct evidence for the presence of a 
, l 

medial ramus of tl1e inferior nasal arte~y, altl}.ough the large medial 

orbitonasal fenestra could easily have accommodated it. If the medial ramus 

of tHe infefior nasal artery did exist in EoaaptoI'hinus, it did not penetrate 
. 

the vomer as it does in iguanid lizards. 

ft ...... 

Arteria nasalis inferior ramus laterali~ (ANL) 

The lateral ramus of the inferior nasal artery of lizards descends 

vertically until it contacts the dorsal surface of the p~latine inunediately 

posterior ,to the orbitonasal ridge and membrane. Here it turns laterally 

to run in a deep groove between the orbitgnasal and periorbital membranes 

(Oelrich, 1956). The lateral ramus enters the laterai nasà'l fenestra with 
1 

the intermedfate p~latine nerve and the lateral palatine artery. Bath 
'\ 

the later,aI ramus of the inferior nasal artery and the intermediate palatine 
- , 
,,' 

1 • 
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nerve immediately ent~r the posterior palatine canal of \ Eocaptorhirr.uB which. 

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

-
'foramna within the posteroventral margin of the internaI naris. It is not 

known whether these foramina carried the nerve' and artery separately or 

whether one' or both divided within the canal ta send' both arterial and 

nerve branches lirom each foramen. ,It i5 probable that both of the anterior 

palatine foramina carrled arterial branches in or'der ta supplement the 

otherwise meagre supply of blood to the ventral surface of the palate to 

judge by the sma!l size of the suborbital fenestra. The Iaterai 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 posteroiaterai part of the internaI daris 

-
as in modern lizards. 

o • 1 , 

Arteria orbitalis inferior (AOI) 

J 
The inferior orbital /(i-nfra!l~tal) artery is found in aIl re,ptiles. 

\ 

In Spheno.don, lizards 'J~OCOdi1ians .\and primi ti ve turtles the inferior 
, ~ 

orbital artery ~~S!~ as a ventral J?;~nCh of the temporal artery (Rathke, 

, i' 1 ~ 1863; Shindo. 914; O'Donoghue, 192°
1
;, Oelrich, 1~~6). In advanced turtles 

• ,1 

including the k:i.nosternid and trionychid c?yptodires, a secondary origin of 
, ~ 

the inferior orbital prtery has developea frollt the palatine artery (McDowell, 

1961; Albtecht. 1967). The l.~feriOr orbital Jrtery desce~d~ along the 
) 

,posterior surface of the orbitotempo,ral membrane to where it meets the 

.' ( 
mandibular ramus of the trigeminal nervi., Toget-her they continue v~ntral1y 

, , 
, - ~'I 

ta pass beneath the periorliital membrane wh'ère -theY~~r.o&S-.the dorsal surface 
" . 

of the pterygoid· and palatine to the anterolateral corner of th orbit_ 

Here they ex tend along a prominent groove between the 
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the jugal and the palatine in !ine wlth the çonj unct! val groove when present 
1 ~ <_\ 

1 1 1 
(in 'Sphenodon and lizards only). Where the inferior orbital artery crosses 

the floor of the orbit it produces' ,a sma11 anterior orbital artery (AOA). 
\ 

The inferior orbital artery, accomp~nied by the maxillary nerve continues 

" ' 
forward ~n the conjunctiva1 groove unt,il they both reach the inf1'aorbital 

foramen at which point they are joined by the l,ateral palatin,e nerve which 
1 

foms a ganglioriic union with the maxillary nerv~ befo're the artery and the 

united nerves el"\ter, the infraorbital foramen (Boj anus , 1819-21; Watkin50n, 

1906; Oelrich, 1956). 

The inferior orbital artery 0 f Eoaaptorhinus (Figs. S, 6, and 9) 

appears to have fo11owed the same path as it does in modern Sphenodon, 

1izards, c1'ocodi~ians, and many turtles. As in Sphenodon and" liza1'ds, 

Eocaptorhinus has a deep conjunctival g1'oove in line with the infraorbital 
, 

foramen. 'Pr~sUIllflbly the inferior orbital ,:rtery. accompanied by the rnaxillary 
\ 

, '1;', 
nerve, entered the infraorbital foramen,,~where it became the maxillary 

" "w~ 

artery, probably anterior to a fin"7l gan~lionic connection between the 

maxi11ary and latera1 palatine nerves. Just before en.tering the infraorbital 

foramen the in~erior orbital artery produced the anterior orbital artery. 

Arteria orbita1is anterior (AOA) \ 
, ' 

An anterio'r orbital artery is present in lizards (Oelrich, 1956) and 

. h 1 in turtles where it i5 pften referred to ait \e alveolar-nasal art~ry 
. ; \ 

(Albreèht, 1967). It is m\lch smaller than ~he interior orbital artery. 

In Sphenodon no anterior orb~ta1 artery has \een des'cribed although such a 

\ 
reported absence should be regarded with suspicion. The anterior orbital 
\ \ 

,\ artery supplies blood to the anterior cor~er ~\' the orbit and then extends 

anterior1y along the media! side of the laChrym\ll duct which in lizards, i5 

~ t , , 
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Figure 9~. EocaptorhinU8 ~ati~ep8. Ant~r1or portion of orbit 1n 
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p08terior aspect showing orb1totempara~ membrane, foramina, and 

nerves and blaod vesse.\,s believed ta pass through the foiamina. 

Reconstruc tion. 
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Dot enc10sed in a bony canal (Oe1rich, 1956). In turtles ,where there i~ 

no lachrymal duct, the ant~rior orbital (postna~'ial) artery supplies the 

posterior reg10n of the nasal capsule before entering the medial' superi:or 

" 
alveoJ:ar fo+,amen. The circ'ulatory 'system of the orbit in crocodi1ians i5 

~ot known in detail so that the presence of an anterior orbital artery is 

unknown. 

Eoaapto1,'hinUB 18 thought to have possessed a weIl developed anterior 

orbital artery. The lachrymal duct was completely enclosed within an osseous 

1achrYJ,Da1 canal in contrast to modern liz,al?ds. The anterior orbital artery 
" . 

is believed to have entered the bone through the anterior orbital foramen 

that 1s situated jlust medial to the conjunctival groove land midway betweén 

the two large lachrymal puncti. The artery would have passed through the 

short anterior orbital canal'to émerge on the medial side .of the lachrymal 

duct at the confluence of the lachrymal puneti. Fine pores' that are' 

.. situatéd at the hasès of the ,sculpture pits may have served for the passag~ 

of branches of the anterior orbital artery through the vesicular bone of 

the lachrymal to supply the s1dn. Five tiny foramina that are aligned , ' 

horizontally along the medial wall of the lachrymal above the lachrymal 

ridge (Fig. 8) may have accommodated· other fine arte~ioles which may haye 

supplied b~ood to a lateral nasal gland. 

Arteria maxillaris (AMX) 
1 1 

The divisions of the inferior orbital artery are quite varied in form 

~n moder~;~tileS-depending upon the type of tooth implantation (or lack 

of teeth) as weIL as upon, the presence or absence of a secondary palate. 

All modern teptiles'are probably specialized from the primitive pattern. 
1 -\ 

Basically there are three:bran~es of the maxil1ary artery, two intraosseous 
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and one extraosseous. The supramaxi11ary artery (ASM) "lies within the 
, \ ' 

supramaxillary (infraorbital) canal and the superior alveolar artery (ASA) 

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

t~e maxilla'lateral to the nasal easule and is no,t encJ.osed within al bon1 
canal. Turtles appeat to have the leaat specialized pattern of inferior \ 

orbital artery division~ for they have retained the superior alveolar and 

supramaxillary canals and associated arteries (Fig. 10). The reduetion 

and subsequent disappearance of the osseous lach,rymal canal. brough t: the 

anterior orbital (alverolar-nasal) artery into close c~ntact with the 
\ , 

, ~'-

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

al~eolar artery forming a ,connection with the anterior orbital artery '(Fig. 

la). This connection is not: present iI!- either Sphenodon or !izards: In 

sphenodon and acrodont lizards (agamids, chamaeleonids), a supramaxillary" 
, 

canal. 1:s present that carries a single Sùpram~xillary (and confluent superior 

alve,olar) artery that has usually been referred to as the maxillary artery 

(O'Donoghue,1920). This artery nourishes the free margin of the dental 

lamina of the maxillary te~th. In pleurodont lizards where the primitive 

superio; alveolar supramaxillary canals have been lost, only one extraosseous 

artery 1s present. This 15 usually termèd the maxillary artery (Oel;ich, 

195.6) • 
et 1 

!ts main function is to supply blood to the fre,e \margin of the dental· 

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

sphenodon. The extensive modificiation of the maxilla inherent in the 
\ 

development of the crocodilian secondary palate and pneumatization makes 

Il Interpretation of the inferior orbital artery division' pahern of this 

• group difficult. 

As'in ,turtles~ EocàptorhinU8 has a long supramaxillary canal extending 

anteriorly from the supramaxillary' faramen ta where it meets the small 

" - .. -..,. .. _ .. _____ "'''"~h ... __ ~ 
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Eocaptorhinus Turtle Sph~nodon Pleurodonr 
Lhard 

1· 
l', Figure 10. Schematic representation, of the branches of the inferior 

, ~ orbital artery entering the snout in Eocaptorhi~U8~ in a turtle 
,\ . 

in SphenodQn and acrodont lizards, and in p1eurodont. lizards. 

o 
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\ 
media! superior alveolar canal and, thence, continues further ao~eriorly 

as the superior alveolar canal. The supramaxillary artery presumably , 
• 1 

extended anteriorly through the supramaxillary canal until it joined the 

superior alveolar artery (Fig. 8). Unlike turtles, however. there was 00 

connection between the(d~terior orbital artery and the superior nasal artery 

since the lachrymal duct and the ~~OSelY associated anterior orbital artery 
'!' 

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

witp the medial superior alveolar canal. It, i5 probable that a superior 

alveolar artery wa!> present that would have been supplied by an extraosseous. 
, 

maxillary artery. Where the inferior orbital artery of Eoçapto~hi~us 

passed through the infràorbital foramen, it apparently bifurcated, sending 
1 " 

the supramaxillary artery laterally into the supramaxillary foramen and the 
l , 

maxil1ary artery medially into the narial chamber. A prominent groove 

along the medial surface of the maxilla joining the superior alveolar foramen 

and the supramaxillary foramen and lying just dorsal to the suture between 

the maxtlla and the palatine 18 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 p~rt, ta be homolagous with that thaught to have 

e~isted in Eocapto~hinus. The crocodilian Ptitern is not known. 
, • 1 

It is apparent from the structure of the maxilla that the'maxillary 

artery of Eocapto~hinu8 producèd at least one anterior branch, the subnarial 

artery (ASN) and probably a postnarial artery (APN) as weIl. In pléurodont 

liz~rds, these branches form from what ls usually termed the superior 
, 

alveolar artery (Oelrich, 1956). It 15 apparent that the superior alveolar 
". 

artery of pleurod~ntlizards is not homologous w~th the similarly named 

artery in turtles or in Eocaptorhinus and may. in fact, be ~omologous with 
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the anterior portion of the maxilI'ary artery that ,was apparently present in 

Eocaptol'hinus. 

Arteria supramaxillaris (ASM) 

The supramaxillary-artery i8 a latèral branch of the inferior orbital 

artery that enters th~ supramaxillary foramen and extends through the 

supramaxill~ry canal (Figs. 8 and 10). It ls weIl formed in t~rtles 
, 

(A1b~eeht, 1967) and in Sphenodon where it has been called the maxillary 

artery (0' Donoghue, 1920). Acrodant lizards als~ have a supramaxillary 

artery that,.as in Sphenodon~ supplies blood to the free margin of the dental 

lamina and to the teeth. Similar1y, the posteroventral expanse of the 
\ 

triturating surface of turt1es is supplied by the supramaxillary artery. 
1 

In turt1es the supramaxillary artery ariastomoses with the superior alveolar 

/ artery anteriorly. 

In pleurodont lizards there is no supramaxillary canal, nor is there a 

supramaxillary artery. The single artery running along the medial surface 
, 

of the maxilla is termed the maxillary artery sinee it is extraosseous in 

form but its function, to supply blood ta the dental lamina and teeth, is 

more like t?at of the supra1l1?xillary artery. If, as 'the struc.ture of 

Eocapto~hinus' intimates, both an extraosseous maxillary artery and an 

intr~osseous supramaxillary artery were present pri~tively then, with the 

1 

reduction of ossification of ~he maxilla in pleurodont lizards. one of 

these arteries was lost but which is not certain. It appears that the 

supramaxillary artery became reduced and even~ually was lost and that the 

maxil1ary artery was retained in modified farm to supply blood to the teeth . 1. ' 

and dental lamina. 
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The supramaxillary.artery of Eocapto~hinus appears to have been 
" , r 

identicai to that of turtles~ having entered the supramaxillar~.çanal through 

the supramaxillary foramen and extended anteriorly to join the superior 
1 

alveolar artery;- The supramax~llary artery supplièd the dental lamina and: 

pulp cavities of the pos t-caniniform teeth. In addi tidn, fine arterioles 

passed laterally through fine pores in the sculpture pits bf the ID&xilla 

to supply the skin and 'external "l~ps". The're were no mental fOJ;&mina as 

in procolophonids, rhynchocephalians, or, lizards th~ough which br~ches 

df the supramaxillary artery èouid reach the skin. 

Arteria alveolaris sueerior (AAS) 

In turt~es a weIl developed laterai extension of the anterior orbital 

(alveolar-nasal) artery enters the medial superior alveola~ canal through 

the superior alveolar faramen. It continues laterally until it enters 

the main portioncof the superior alveolar canal where it anastomoses with 

the supramaxillary artery (Fig. 10). In" Eocaptorhinus the anterior orbital 
, \ \ '~ 

artery was apparently encloséd within the osseous lachrymal canal and so 

did not join the superior laveolar artery. Bload was supplied to it by th~ 

extraosSeous mandibular'artery. OtherT~se. the superior alveolar artery 

of Eocaptorhinus appears to have been -identical in forro ta that of turtles. 
, 

~t supplied blood to the ~ental lamina and pulp cavities of thè caniniform 

~ 
and pre-catliniform tee th. 

A super~or 'aI vealar artery has been described in lizards as a 

continuation of the maxil1ary' artery, that extend~ anteriorly through the. 

811périor alveolar canal to produce two important branche's, the, postnarial 

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

alveolar canal and artery ~f lizards is not homologous with that 'of turtles ... 
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cr t apparently, of Eocaptorhinus. In tut:t1es and Eocâptol"hinua the superior 

alveolar canal g'oes not open. anteriorly'into the external naria, thereby 

preventing the forma~ion of postnarial and subnarfal arteries from the 

superior alveolar art.ery in both of these forms. In conjunet~on with the ~ 
,~ 

108s of the septomaxilla in turtles, neither the postnarial nor ~he subnarial 
, "r 

artery has developed, at least in recognizable form. This appears t.o be a 
1)"1J} 

specialized condition. for the primitive form~ EoaaptoFhinus, evidently 

had·both a postnarial and subnarial artery that developed as an anterior 
<II 

extension of the maxillary artery. In Eoaaptorhinus, a prominent groo~e 

sep~r.t~ng th~ ~~ of'the maxill. "~teràl"Y from the septo~xill&ry 
tuberele medially may have served for the passage of the maxillary-subnarial 

artery. lt fs, be~eved that the primitive superior alveolar canal 

degenerated i~ pleu~odont lizards eoncommitantly with the(~upramaxillary 
. 

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

superior alveolar and supramaxilla~ arteries and the assumption of their 

fmetions by the maxillary ?rtery . 'If this is ttue i t j..s' probable that th~,· 

superior alveolar, canal of pleurodont lizards is a neomorph developed from 
. , • , ff 

the groove separating the main' body of the maxilla from the septomaxillary 

tuberc~e by increased vertical growth of the septomaxillary tubercle and 

dpFsal fusion with the high maxilla. This is given considerable s~pport 

br the fact that in primitive lizards (iguanids and gekkos) t~,e superi~r 

8:1 veolar canal. perhaps more correctly termed the an ted.or maxillary canal, 

,is mu ch shorter than in more advanced lizards (varantds). lt is believed 

that there is a correlati~n between, the·development of the anterior maxillary 

canal in lizards. and the :L.ncrease in height of the maxilla a~d reduction in 

siz~ of the lachrymal • . . 
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Ârteria postnari~iis (APN) 

A well developed poétnatial artery .i.s known in U.zards (Oelt'ich. 1956) 

branching dorsally from the, maxi1larr artery upon leaving the anterior 
, , -

maxillary canal and supplying blood to the posterior region of the vestibule 
l ' , 

of the nasal capsule immediately posterior 'to the septomaxi11a. A postnarial 

artery has not be~n reported i~ either turtles or crocodilians, where the 

septomaxilla has been lost. or' in, Sphenodon. lt is possible ,that t-be lack of 

reference to such an artery is a result of the lack of detailed study of 

the arterial supply to the snout inthese animaIs. 

The apparent similarity between the development of the anterior maxillary 

canal in lizairls and the groove laterai to the s~maxillary tubercl~ ib 
(\ 

Eocapto!'hinW1 suggests that blood was supplied to the posterior region of 

(the vestibüIe of the n~sal capeule by a 1izard-like postnariai artery. In' 

turtles the vestibular region of the nasal capsule is supplied thro~gh the 
, ' 

anterior orbital, (aIveo1ar-~asal) artery (/ù.brecht, 1%7). It is not ,known, 

how this region i6 supplied in crocodilians where the extreme modification 

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

1 • 

the relationships between the soft anatomy. an~ l'''nes 9f the skull. , . 

Arteria subnaria1is (ASN) 
t , 

In pleurodônt Iizards, a fine extension of the marllÙry artery pass~s~ 0' 
~ 

~teriorly ove,: the premaxillaryi' process of the maxille. laterai to thé 

,septomaxilla. ventral to the ,veêtibule of the nasal capsule. lt continues 

around the internaI surIace of the premaxill~·.'t'o 'send a tiny branch through - , ' 

ç' ,<' 
the prepalatal foramen of the premaxilla to anastomose on the ventral surface 

of the vomer and, to supply blood to the f1~shyinc;.isive pad (Oelrich~ 1956). ' 
o 

In Sphenodon an anterior continuation of the superior alveolàr artery exists 
\ 
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from the lat~ral surfaSE of ~he "maxi11a then extends forward below the 

external naris (0' Donoghue" 1920). It does not appear ta en ter the sno~t 

• ~ \ t 

anterior to the vestibule of the nasal capsule. Blood 15 supplied to the 
~'I 

vestibular region by ventral branches of the nasal artery. 

In turtles there appears to be no ~u~narlal artery. The prepalatal 

foramen of turtles do es not transmit a subnarial artery. A subnarial aE-tery 

Is present in crocodilians but its homologies are not fully understoo~. ) 

In Eooaptopninus there is, as ln lizards, a weIl developed prepalatal 

foramen anterior to the typical tuttle position, as weIL as a large posterior 

premaxillary foramen. It is believed ttiat a lizard-like subnarial artery 

entered the snout and sent branches 't'hrough each foramen. the former" to 

supply the vomerine raphe with blood and the latter to ·nourish the teeth 
1 

and dental lamina of the premaxiLla. 

Arteria mandibularis (AMN) 
o 

The mancf{bular artery of modèrn Hzards and Sphenodon is formed as. a: 

prominent prnximal branch of the stapedial artery that turns 1ateially and 

then ventrally (Shindo, 1914; O'Donoghue, 1920; Oelrich, 19'56) to pass-

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

mandibulae posterior and ,M. adductor maridibulae internus (M. pseudotemporalis) 

medially (Oelrich. 1956; Haas, 1973).' '"Just before entering the adductot 

fossa it produces a num~er of smaller arteries to the muscles and, at least .. 
in lizards, and ~nterior ând posterior condylar art~ry. As the mandibular 

artery reaches the dorsal edge of the lower, jaw it' divides into' an internaI 

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

Some turtles such as Testudo retaln a 'primitive origin of the 

mandibular artery from the stapedial art~ry. In many other turtles 

l , 
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(Emy8" Kinosternon" Trionyx), the extensive remodelling of the braincase has 

" lIed to the reduction and 108s of the proximal portion o'f .the mandibu1ar 1 

artery. ,In these forms. the mandibular artery originates as aven tral 
, 

extension of the infer'ior orbital artery (Bojanus. 1819-21; Shindo, 1914). 
, ' 

Crocodilians exhibit a high1y' modifi~d braincase that may)e related' to the 

loss of the proximal portion of the mandibu1ar artery. A secondary anastomosis 

of the external carotid has occurred with both 'the inferior orbital and 

mandibular arteries. Neither turtles nor crocodilians have externa1.. r' 
" <J, 

mand~bu1ar arteries (Bojanus, 1819-21; Shindo, 1914). 

Sinée the braincase of Eoaaptol'hinU8 is primitive with conrinunication 

between the adductor chamber' arid the midd1e 'ear cavity i \it is probable that 

the mandibular àrtery originated ftom the stapedial artery as in Sphenodon~ 

lizards, snake~,.and some turtles (e.g.Testudo). Because o,f the low position 

of the quadrate ramus of the pterygoid rel.ative to the artfcular surfaèe of 

the quadrate. it is unlikely that a posterior 'condy;lar artery, extended 

pos teriorly' from the mandibular artery beneath the pterygoid. Whether the' 

'.--------
mandibular artéry divide=-d;rcr:rs;;--;n"'o"t.-1k-"o"'o"'wo=---a;oIthough there ls no evidénce" that 

there W8S an externa~ mandibul~r artery. 

o 

rteria mandibular interna (AMI)' 

\ "' " 

Just before , entering' the adductor fossa, the'mandibular artery in 
\ 

Sphenodon and Ifzards divides. The internaI brao'ch runs anterlo~ly a'long 

the dorsal sùrface of the Meckelian cartilage where it produces severa! 

medial iBtermandibular branches. It 'anastomoses !aterally with the externa1 
\ 

mandibular' artery t,hrough the mental foramina. T?e ~nterior extremity of 

the internaI mandibuIar artery reaches th~ "chin" through the symphysis as 

the sYmphysial artery (ASY).. The internaI mandibular artery of tU1:-tles and 

-,. 
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crocodilians :ra similar except that.' in the absence of' an external mandibular 

artery, there ls 'J;lO lateral anastomosis and 
_: ..J.~ ., 

EoaaptorhinU8 an J..nternal mandibular .artery 
", -

the typical reptilian position giving rise 

arteries and a temnal symphys laI artery . 

\ , . ) 
Arteria intermandi caudalis (Al(~) 

hence no mental foramina. In 

appear~ ta have been presen} in 

to sever~l. intermandibular 

Amongst mader retpiles, only crocodilians have a large foramen' 

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

In Sphenodon where i he splenial has been lost. there are no separate foramina, 
1 

only a long sulcus '\' In tur.~les 

caudalis is g1;"eat1y reduced yet 

and iizards, the foramen intermandibularis 

always retained. In aIl modern reptiles, 

the i?termandibular~s caudalis artery, a branch of the internaI mandibulal" 
1 

arte"ty, accompanieq: the ramus intenn~ndibularis caudalis of the mandibular 

division of the trigeminal nerve (V
3

) to nourish the1M. gen~ohyoideus. oIt 

18 believed that a similar arrangement occurred in E aaptorhinu8. 

Arteria intermandibularis medius (AlM) 

A hny foramen intermandibularis medius ls present in lizards- and 

crocodilians. In turtles and Sphenodon -the foramen i:i.es within the sulcus 
~"-

---------cartilaginis meckelii (Gaffney, 19nr.~ In Eoeapt.orhinus two extremely small 

chevron-s~aped canals about .z UII!l long extend dorsally between the dentary 

and splenial, appear te represent the foramen (foramina) intermandibularis 

medius, thus conforming in· position to the patte~n seen in lizards. In , 

modern reptil~s the intermandibul'aris medius branch of the internaI 
r 

mandibular artery pa~ses through thi~ foramen accornpanied by the ramus 

intennandibul'aris medius of the mandibular division of the t:rigeminal nerve 

/' 
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(V 3) and the ramus chorda tympani of the f,acial, nerve (VII cht) . In pleurodont 

\ 

lizards, blood ia supplied to the dental lamina. of the teeth by this artery. 
1 

In aIl moderd reptiles b~ood and nerve endings to to the gustatory and 

mucosal tissue of the inner "lips". 'Iwo smal1 foramina in Eocapto!'hinu8 

appear to have car~ied the same nerves and the intermandibularis artery as 
r:' 1 

in modern reptiles, possibly with the nerves extending through ~ne canal and 

the a~tery through the other. 

Arteria intermandibularis oralis (AIO) 

In lizar~s and crocodilians there ls a smal1 foramen intermandibularis 

" 1 ora1is within the splenial while in Sphenodon and turtles this foramen 1ay 

within the sulcus cartilaginis meckelii , (Gaffney, 1972). In Eocapto!'hinus , 
. . 

a prominent foramen intermandibularis oralis is found within the sp1~nial. 

It appears that, as in modern rep.tiîes, the interrnandibularis aralis artery 

and nerve passed thraugh this foramen to naurish and innervate the origins 

of the M. genioglossus anteriorly and the M. intermandibu1aris oralis 

poster:arly. 

Arteria symphysialis (ASY) 

o • 

A symphysial artery extendin~ anteriorly from the internaI mandibular 

artery below the symphasis of the two mandibular rami ta nourish the skin of 

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

l ' 
reglon i8 covered by a heavy keratinoU8 beak t there/ i8 no symphysial artery. 

. . 
The skin covering the "chin" in Sphenodon is nourished by the externa1 

mandibular artery. 

In Eoaaptorhinus a weIl developed 'canal pa8$eS anteriorly through the 

SYIIlPhysis and ls believed ta have carried a symphysi,al artery. 

_. 
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Arteria alveolaris inferior (AAI) 

Sphenodon, lizards, and turtles among moftern reptiles have an inferior 

alveolar artery that branches laterally from the internaI mandibular artery , 

• 
within the adductor fossa and enters the inferior alveolar canal through the 

\ 
/ 

Inferior alveolar foramen. In sphenodon this artery supplies blood t9 the 

teeth and dental lamina of this acrodont form, whil~ in edentulous tuttles 

t~e artery supplies blood to the triturating surfa~~ of the dentary, Thi~ 

system has not been 'reported in either ~rocodilians of lizards although it 

is to be expected in acrodont(agamid, chamaeleonid)\ l~zards. Addition~lly, 

in sphenodOn and lizards, cutaneous branches extend laterally through the 
o 

mental foramina. 

In Eoaaptorhinus a prominent inferior alveolar canal and foramen is 

present although much further'anteriorly (posterior extremity at the eighth 

tooth position) than in either turtles or Sphenodon. It is apparent that 

, this canal carrièd tHe inferior alve~l~r-artery to the teeth and dental 

1 
lamina. 

Anteria maridibularis ex~erna (AME) 

Turtles and crocodilians do not have external mandibular arteries. 

In the former most of the Iateral surface of the dentary is covered by ~he 

closely adhering keratinous beak. In the latter, ,blood is sup~lied to the 

skin internally from the internaI mandibular artery. In Sphenodàn and, 

" lizard~ there is a large external mandibular artery that branches laterally 

from the mandibular artery. passing dorsal to the surangular and posterier ta 

th~ coronoid. then turning to run anteriorly along the laterml surface of 

the mandible where it nourishes the skin and anastomoses with the in'ferier 

alveo+,ar artery (Sphenodon ~~~ ~r~ont lizards) or the internal mandibular 
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artery (pleurodont 11zards). In ?phenodon a posterodorsal extension of the 

eurangular and an anterodorsal projection of the artlcular meet above tHe 

externai mandibular artery to produce the neomorphic articular foramen. 

The mandlble of Eocaptorhinus most closely resembles that of crocodilians 

l , 1 :1.' ,with an internaI blood supply to the sk n. It ls, therefore, probable that 

an external mandibular artery did not exist. 

Artêr'ia palatina (APA) 

The palf1tine artery is fn anterior continuation of the' internaI carotid 

anterior to the separation 0\ the posterior cerebral artery (ACB). In 

sphenodon 'and lizards it pass~s anteriorly through the vidian canal to emerge 

on the dorsal surface of tlte pparyngeal membrane aIlfil ventral to the inferior 

orbital membrane. Here ls produces a small dorsal muscular ramus that 

supplies blood to the M. Ievator, pterygoidei and~ the M. protractor 
, 

pterygoidei, tpen contin'ues anter:iorly where it divides to pf'oduce a large 

mediai palatine artery (APM) and lateraI palatine artery (APL). 

oIn turtles, the palatine artery ls entlrèly enclosed within the ~nternal 

carotid canal. There 1s no dorsal muscular ramus sinee the M. levator 

pterygoidei and M. protractor pterygoidei have been lost. Within the 
-l. 

internaI cétrotid canal, the palatine Cartery of m,any turtles Ce.g. testudinids) 

divides into a medial p~latine artery (palatine artery of McDowell, 1961~ 

Albrecht, 1967), and a lateral palatine artery '(posterior vidian artery 
1 

of Albrecht, 1967). 

The palatine aitery of erocodiles continues ant~riorly through t~e 

internaI carotid canal to emerge on the dorsal surface of the pterygoid 
1 

which forms part of the secondary palate. There la no pterygoid arterY. It 

has not been determined whether there ls a lateraI ,palatine artery. 
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There la no vidian or internaI carotid canal in Eocapto1'hinus 

( rather, there ia a deep sulcuB on the ventral surface of th,e basip 

process between the basisphenoid and the crista ventrolat!'!ralis 0 the 

(, 

parasphenoid. lt is apparent that the palatine artery passed ant 
,1 

\ through this su1cus before producing a small pterygoideus a:t;tery and larger 

medial and latera1 palatine artery (Fig. 4). Pelycosaurs a1so 

similar déep vidian su1cua. Amongst the primitive reptili~n gr 
\ "- '--

procolophonids and pareiasaurs had deve10ped 1epidosao~-like v 

A similar formation of a vidian ,canal has been demonstr~d i 
\' 

a number of 

dian canals. 

1abyrinthodon~s by Shishkin (1968). 

Arteria muscularis levator pterygoidei et protrftctor pterygoidei (APT) 

As the pa,latine artery leaves the vidian canal in lizards, a small 

branch 1 a muscular, artery, extends dorsally to supply b100d to the M. 

levator pterygoi~ei ... ,~nd M. protractor pterygoidei (Oe1rich, 1956). II)/the 
') 

specimens o~ Sphenodon exam1ned 
___ ---~ -....--== , 1/ 

by O'Donoghue (1920)\~ this s~~lët~ry was 

present. Whether this muscular 
, ( , 

artery,degenerates in oldgi akinetic, 

individuals where the M. protractor pterygoidei is lost 15 not known (Ostrom, 

1962; Haas, 1973). The' M. 1evatQr pterygoidei and M. protractor pterygoidei l
and the associated muscular\ artery, are not present in akined.c turt1es ,or 

c;rocodiles. 

Eocaptorhinus appears to have\had a metakinetic S~UII (i.e. the braincase 
\ 

cou1d move relati~e to the skull roof) with a movable basicrania1 articulation 

às' a Juvenile 'but prob~bly became akinetic as an adult~ In relationship ta 

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

an M. prot'ractor ptery~oid~i were present. A small musc~lar ~rt~ry 18 

believed to have curve~ dorsally around the anterior end of the basisphenoid 
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1n,8 narrow, but deep groove between the basiptery~oid tubercle and the 

cultriform process of the parasphenoid, much as in lizards. 
1 

i \ 

l:'\ , 
Arter!a pala tilla med.1Jalis (APM) 

The medial pa1atine artery is the anterior continuation of the palatine 

arte~y. In Sphenod~n and lizards it traverses the dorsal surface of the 

pharyngeal membrane along the me~iial rim of the interpterygoid vacuity and 

then extends aiong the dorsomedial surface of the.pterygoid (O'Donoghue, 

1920; Oelrich, 1956)': It does not enter the nasal capsule. Fine arterioles 

anastomose with those of the lateral palatine artery ta $upply the inferior 

orbital membrane. In turtles the medial palatine artery continues anteriorly 

tbrough the lateral carotid foramen upon the dorsal surface of the pterygoid 

and the palatine CAlbrecht, 1967; Gaffney, 1972)", The eJurse of tjle medial 

palatine artery i8 not knowo'in crocodilians. 

The medial palatine ~ artery of Eocaptorhinus i's believed to have been 
l' 

much like that of lizards, passing anteriorly over .the dorsal: surface of 

the pterygoid, lateral to the medial ridge. It ia unlikély that it entered 

the nasal 'capsule sinee this aitery do es ' not do sa in modern reptifes" A 

! . 
lateral arteriole anastomasis with the laterai palatine artery is'probable. 

Arteria palatina lateralis (APL) 

The lateral palatine artery of Sphenodon and lizards extends fr-om its 

origin from the palatine arl~ry anterolaterally across the pterygoid 

iDDllediately anterior to the epipterygoid and the attach,ment of the 

orbitotempora! membrane. J st medial to the suborbital fenestra, a short 

inferior palatal 'artery is produced. 
"-

The lateral palatine artery continues 

anteriorly along the latera! margin of the dorsal surface of the palate, 

~J, "--~--:--~~''''r---'----~" J ~I « " 'h t ft t 
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beneath 'th~ infierior o~tal membrane, to pass through. the lateral nasal 

(~ fenestra inta ,the nasal capsule. A system of arterio!es ana~tomoses medially 

with branches of the médial' palati,ne artery. 

(J 

The situation in turtles i9 extremely variable. Where a latera! 

palatine (anterior vidlan) artery 15 present as ~n testudinoids, it resembles 

- . 
the 'proximal portion in lizards except that it lies within the anterior 

vidian canal. When present, It 'does'not extend as far anteriorly as the 
. . 

posterior rim of the orbit. In some turtles, such as the trionychids, the 
...... 

laterai palatine artery has been lost completely. This artery has not been 

described in crocodilians . 

• 
The lateral palatine artery of Eoc:aptor>hinus 15 interpreted as having 

·been similar to that of sphenodon and lizards in lits course (Fig. 5). It 

appears to have run anterolaterally through a shallow groove on the heavy 

media! surface of the neck of the pterygoid iIlUllediately anter-lor to the 

epipterygoid recess. It passed laterally across the dorsal surface of the 

pterygoid and palatine anterior to the ridge for the attachment of the 

orbitotemporal membrane. Although there is no groove identifying the precise 

course of this'" artery, its position can be reconstructed" with' reasonab!e 

assurance sinee the peint at which [1:he infer;i.or palatal artery branched 
./ ,/ 

laterally into the inferior orbital fenestra i5 easily determined. It is 

thought that the latera! palatal artery continued anteriorly te enter the 

na8a~sule through the lateral palatal fenestra. 

Il 

Arteria palatina inferioris (API) 

ln Sphenodon and lizards a small latera! branch of the lateral palatine 

, artery) the inferlor pa:latine artery, that accompanies a terminal branch of 

t~ lat,erai palatal ramus of the facial ne'rve, passes through the inferior 
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~ 

orbital fenestra, as does the pterygoid vein, to nourish· the oral mucosa 

lln1ng the ventral surface of the palate. In turtles the same function ia 

performed by the inframaxillary artery, a branch of the Inferior orbital 

\ a~tery that passes through the posterior palatine fenestra (Albrecht. 1967)~ 

lt Is not known how the turtle pattern developed or whether, the diapsid 

lnferior orbital fenèstra ls homologous with t:h,e chelonian postlfdor 

palatine fenestra. The crocodilian palatal arteri~s_have not been described. 

A fine inferior palatal artery i~ believed to have accompanied a branch 

of the palatine ramus of the facial nerve through the tiny suborbital 

fen~stra in Eocaptorhinus. The smal1 size of the fenestra precludes the , 
passage through it of a pterygoid vein as in mode-rn forms. 

Since a suborbitai fenestra was not present in any pelycosaur, there 

was no inferior palatine art~ry. The ventral surface of the palate appears 

ta have been supplied with blood from some other source, mast probably the 

external carotiq. 
l 

Arteria cerebralis (ACB) 

At the point where the palatine artery separates from the in~ernal 
.r 

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

dorsal cerebral artery is produced. lt enters the posterier internaI 

carotid foramén and internaI carotid canal where it bifurcates tQ produce an 

8nterior cranial r~us and poste~ior caudal ramus that leave the anterior 

carotid foramina. In Eocaptorhinus, as revealëd by the course of the internaI 

carotid canal through the basisphenoid, the 'pattern appears idêntical. 
\ 

Extreme modification of the braincase in turtles and,crocodilians has altered 

the form of the in~ernal carotid canals significantly thus obscuring the 

relationships between the cerebral art'ery and the skull. 
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Cranial em 

The principal works on the crania! sy~tem of reptiles are those 

of Bojanus (1819-21), Co~ti (1947), Crosser and ~rezina (1895), Bruner 
- 11 

(1907), and O'Donoghue (1920). No comprehensive study of the crania1 

venous system of primitive reptiles has evér 'been under~aken although brief 

mention has been made by Priee (1935) of the position of' veins running 

around or through the braincase of paptorhinus. It:[s only with great 

d!fficulty that the venous system of fossil reptiles can be traced. Unlike 

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

or canals, veins tend to, be more widely dispersed as anastomotic n~tworks . 
1 

or broad sinuses that lie op flat or on1y slightly depressed bonesurfaces. 

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

venous system are based subjectively on spacia1 relationships and functional 

interpretations. 
, 

The precaval venous systems of most non-mammalian tetrapods are 
, 

generally similar. The same pattern is assumed to have been present in 

Eooaptorhinu8 and is the basic form from which the cranial venous system, 

as.described he~e, was developed. Deoxygenated b~ood from'the head is 

trànsported posteriorly 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 ven a subclavia (VSC) 

meet to enter the vena cava anterior. The venae cavae anteriore8 from 

each side of the he ad enter the sinus venosu8, along with the vena cava 

posterior. In modern reptiles. the' left vena cava anterior i8 slightly 

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

Bojanus (1819-21) was the fi~ to describe and illustrate the 

reptilian vena j ugularis communis (t runcus venae j ugularis) in Errrys 

orbiau~a1'is ("Testudo europaea"). It is essentially the sarne as that of 

Sphenodon (ter,med vena jugularis interna by O'Donoghue. 1920) and lizards 

(Bruner) 1907). ?-'he vena jugu1arf.s coml'lunis of modern reptiles is a large 

vein that i8 formed by the confluence of the vena capiti'5 laterali~ (VCL), 
1 

and the vena mandib:ularis (VMD) (Figs. 11 and 12). Blood is conducted 

posterior1y from ,these veins and from the coml:d,ned dorsal vena oc'cipitalis 

(VOC) and vena cerebralis posterior (VCP.), which enters the vena j ugularis 

communis ~orsally just posterior tb the head, into. the vena cava ant:erior. 
. ! 

Since thts pattern is common t~ aIl modern reptiles, except snakes which 
• "j 

ha"V~ developed an additional connection between the maxillary vein and the 

v~na jugularis communis, it is reasonable to expect that·' the vena jugularis 

communis was essentially similar in Eocaptorhinus. -

Vena capitis lateralis (VCL) 

Grosser and Brezina (1895) noted. in the early embryonic stages of 

---lizard development, that the primitive vena ca,::dinalis passed ventral to 

. the cr~nial nerve trunks. while in later \embryonic stages, a new vein 

, l ' 
'develops a~ove the post-trigemina1 nerve trunks (except the vagus accessory) 

o 

and the earlieli subneura1, pos't-trigeminal segment degenerates. The"y called 

this neomorphic supraneural vein the vena capitis lateralis (VCL). Bruner 

(1907) preferred to grdup both the vena cardinalis an9 the post-trigeminal 

neomorphic vena capitis lateralis together a~ the vena jugularis_ interna. 

This i8 considered to be 1 inappropriate since it does not cqrrespond ,ta the 
, 

vena jugulari8 interna of rnamma18 which is, for the most, part, homologaus , . 
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Figure 11. Reconstruction of the venous systems in dorsal and lateral 

- . .... 
aspect o~ EoaaptorhinU8~ Sphenodon, and a typiq.l lizard .(Iguana. 

out1~ne representative) • 
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with the vena cerebraJis posterior (in part) of Sphenodon'. Since the 

original l1terature is so confused in the establishment of homoTogies and 
~. 

consequent lack of stability of names, it is deemed preferable to foUow 

Romer's (1956) example of referring to the entire adult ~ei~ joining the 
1 

orbital sinus to the vena j ugularis communis, and composèd of Grosser and 

Brezina' s (1895) vena cardinalis an terior and, van a cap~ tis lateral1s (sensu 

stricto), as the vena capitis laterali~ (sensu lato) or l~teral head' vein. 
0, 

This Is by no means the perfect solution but it does avoid the necessity of 

introducing yet another name into the literature. The' vena capttis tateralis 

(s.l.) of Sphenodon has a similar.relationship'to'the cranial nerves aS"that 

Been in l~zards. 

In Sphenodon and lizards, the vena capitis lateral\is (s.1.) or;lginates 

from the posteroventromedial corner o~ the ,orbital BinUr, 'at a point lateral 

to the subiculum infundibultnn o"f the chondrocranium (Gaupp, 1900; Br~ner, 

<, 1907) (Figs. Il and' 13). Just posterior to the subiculum infundibulum and 

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

1 1 

laterales are joined by a supratrabecular vena anastomotica (VAN) (Bruner, 

1907; O'Donoghue. 1920; Save-Soderburgh. 1946). The vena capitts lateralis 
1 

(s.1.) ex tends. po~~eriorly dorsal to the basipterygoid processes and along 
, , 

the 'lateral surface of the braincase, where tt' ,:r,eceives the pterygoid vein 

~dial to the' ePiP~rygOid. As it passes ventral to the Gasserian ganglion, 

J" the vena c.apitis latera1is (s.1.) receives one dorsal vein in' Sphenodon' and 

amphisbaenids or two in other (n?n-amphisb/?enid) 1izards. The latter have 

a neomorphic vena ceiebraHs media secunda that enters the dorsal side of 
, 

the vena capitis 1ateralis (s.1.) anterior to the maxillary division of 
. - ' 

G 

the trigemina1 nerve. In a11, 1epidosaurs a primitive vena cerebralis media 

(Sphenodon and amphisbaenids) or Vena cerebr~alois media prima (non-amph1spaenid 

• 1 
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F~gùre 1:3 . Vena capitis lateral1s ~f a primitiv~ ~ile (reconstructed) 
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and of a modern"l1zard (except amphisbaenids), Sphenodon and \.. 
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lizards) joins he vena cap.id"s lateralis (s.1.) dd"t'sally just posterior, to 

the ... d~bu1.r Je~n. the vena tympan~c. anterior (VTA)" The course of the 

vena capitis 1aJeralis (s.l.) receives a ventral a~astomotic connection 

\ from the mandibu1.ar vein. the véna tympanica anterior (VTA). Thus f'ar, 
1 

the course of th~ vena capitis 'lateralis (s .1.) corresplI>nds to the position 

of the emhry~nicl vena cardinalis anterior (Grosser" a~d Brezina, 18"95; Bruner, 

1907) . 

The itis lateralis (s.1.) then curves Slightly dorsally above 

al cranfal nerves (exceBt th~ vagus accebery ner~e). The the rst-trigemi 

p.ositlon of this vein relative to the trunk of the auditory nerve (VIII) 

cannot be determ ned but it is general~y implied that the vena capitis 

lateralis (5.1. nd s.s.) develops dorsal to ft (Grosser 'and Brezina, 1895; 

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

the stapes (colu ella auris) and then receives numerous small branches 

draining the bra ncase and occipital region including 'the vena cerebralis 
"-'1 " 

posterior (VCP) nd the vena occipita1is (VaC) before joining the mandibular 

vein to form the vena j ugularis connnunis. 

Only Bojanu QS19-21) has iHustrated the vena capitis lateralis 

(s .. 1.) of turtle. This vein which he regarded as a combined sinus 

c'avernosus-vena j ugularis extends posteriorly from the orbital sinus (reg~rdéd 

as separate vena ophthalmicae by Bojanus). It is generally similar to the 

vena 'eapitis 'late alis (5.1.) of ~epidosaurs,. receiving a medial vena 

anastomotica, ven pterygoidei (vena in~raorbitalis of Bojanus) and a large. 

single, dorsal pr -trigeminal ven a cerebralis media (secunda) ,(Bruner, 1907). 

BruneI' reported t at the vena capiÜs lateralis (s.l.) continues posteriorly . 

below the otfe suIe and the auditory nerve, thence over the re'maining 

craniaI nerves to receive the vena eerebralis posterior then to join the 

! 
( 
\ 
r 

) 

.'" ... ..,------- ................. _-- .---- ~~ --
~ 

" 

j 
l 
l 
t 
1 

r 

j 

1 

1 
l 
! 



r 
f 
1 

(' 
J , 

, . 

( 

59 

mandibular vein to fom the vena jugularis communis. In both Pseudemys 

80ripta and Chel~dra 8erpentina, the vena capitis lateralis passes through a 

heavily "falled cana"l (canaHs cavernosus) between the braincase and the 

greatly expanded epipterygoid and q'uadrate and the hi!iZh1y modified prootic 

and opisthotic (Gaffney. }-972). Although almost completely enc10sed in 

bone. the vena capitis lateralis ' (s.1.) 1s not 1ntracranial (within the 

braincase) as Grosser and Bre/ina (1895) repor:ted but extracranial (Gaupp, 

1900; Bruner, 1907). Since the auditory nerve 15 ent1rely in tracranial, 

it i8 not certain how Bruner (1907) established that the vena capitis 

lateralis (5.1.) passed ventral to the auditory'nerve in contrast to 

lepidosaurs where it is above the nerve. In Pseudemys and Che lydra, the 

vena capiÙs lateralis extends laterai to the otic capsule, ventral to the" 

otic capsule, ventral to the memb'ranous labyrinth (semicircular canals), but 

dorsal to the stapes. This is the same course followed by the vena capitis 

.s 
lateralis of modern lepidcsaurs. 

In crocodiles and birds, the extensive remodelling of the skull, and 

espëcially the braincase," in the course of archosaur evolution. has led to 

the' loss of the vena capi tis lateralis (s.1.) and its replacement by a 

secondary, more 1aterally position vein (van Gelderer:, 1924). 

The vena capitis 1ateralis (s.l.) of Eoca.ptorhinus is believed to have 

been similar to that of modetn non-archosaurian rept~les. It was app~rently 

the largest cranial vefn (Figs. 4, 5, and 6) into which drained severai 

intracranial vt:;ins. as weIl as the orbital sinus and possib1y one or more 

extracranial veins. Tt apparent1y extended posteriorly along the dorsal 

surface of the ~eck of the pterygoid between the orbitotemporal and 

periorbital membranes. It continued p'osteriorly along the 1ateral surface 

of the braincase, medial to the epipterygold. The vena, capitis, latera'lis 

" , 
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ia believed to have passed over the baslcranial articulation and then 

(" entered a shallow groove on the laterai surface of the basisphenoid that 

it followed posterior dors~lateral ta the vidian (palatine) rarous of the 
\ 

facial nerve unti1 it passed ventral to the paroccipitai process," dorsal to 
, 

the colume~la of the stapes and medial to the dorsal process (Priee, 1935). 

It i6 presumed to have passed ve~tromedial to the foramen through whi~h the 

hyomandibular ramus of the ~acial nerve 1eft the braincase. There i5 a 

deep groove in the posterior surface of the dorsal proces~ of the stapes of -' 

Eoaaptol'hinus that is aligned with the dorsal sur'Ac.e 'of the columella over 

Which the vena capitis 1atera1is (s.l.) is be1ie:J"to have passed. lt 

appears that the hyomandibular râmus of the fa~al nerve descended across 

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

\ 

vena capitis 1ateralis '(s.l.), just as in modern reptiles, and then entered 

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

stapes, the vena capitis lateralis (s.l.) seemingly turned slightly ventrally 
" -

to pass beneath th~ opisthotic ta its junction with the. mandibular vein to " 

forro the vena j ugula~is communis. 

A number of veins are believed to have entered the v~na capitis 

lateralis (s.1.) aiong its length. Since a vena anastomotica j oining right' 

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

Its presence ,is regarded as virtually assured in EocaptoY'hinus.. probably 

dorsal ta the trabecula communis and just anterior to the prominent cristae 

trabeculares" of the basisphenoid. It is probable that the dorsal surface 
, 

of the palate ventral to the sUDorbital membrane and' the region of the 

interpterygoid vaeuity was drained by a small medial pterygoid vein, 

although giving no physieal evidence of Hs presence. It 1$ (thought to have 

entered the vena capitis lateralis (s.1.) laterally, medial to the epipterygoid. 
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Ben ath t~e trig~mina1 notch, just anterior to the paroccipita1 process, 
\ , 

\ c , 

the vena capit~s lateralia (s.1.) la belleved ta have received a pretrigeminal 
\ 
\ 

vena cerebralis media secunda (VG.MS) and a post-trigemina1 vena cerebralis 

media pri~a.(VCMP) just as in non-amphisbaenid lizards (van Gelderen.1924). 

'Bruner (1907), howev~r, qoes not show a union of the vena capitis lateralis 

(s.1.) and the vena cerebralis media secunda in LaoeT'ta. This pattern is 

believed ta be primitive sinee it is present in sorne fish and ln non'-therian 

mamma1s as weIl as lizards. Van Gelderen ({924) 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 

priu4tive condition as retained by non-amphisbaenid lizards. The single \ 

" post-trigeminai vena cerebralis media (prima) in Sphenodon and amphisbaenids 

(Gross'er and Brezina, 1895; Bruner, 1907; Dendy, 1909; o 'Donoghue , 1920) has 

resu1ted from the 10ss of the vena cerebralis-media seeunda just as in 

tur~les 1 (as far as is known) the ven a cerebralis media secun,da Is retain~.d 

and the apparent1y redundant vena cerebra1is media prima e1iminated (Bojanus, 
. 

1819-21; Bruner, 1907). Eooap,torhinus ia reconstructed (Fig. 6) with both 

1 
the ramus primus and ramus secundus. 

The presence of a vena tympanica in Eooaptorohinùs is suspected but 
, 

cannot be proved. It is reconstructed in its presumed position joining the 

vena capitis 1atera1is anterior to the stapes (Fig. 6). After havi~g passed 

posteriorly dorsal to the stapes the veria capitis lateralis Cs.1.) is 
, 

believed to have received a prominent vena cerebralis posterior that drains 

the posterior region of the braincase through the vagus (jugular) for amen , 
. 

or the vagus foramen and foramen magnum. At least one additional vein i5 

be1ieved to have drained the occipital musculature into the ven~ capitis 
", 

\ 
lateralis (s.1.) before the latter joined the vena mandibularis to form the 
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vena j ugu1aris communis. 

Vena' anastomotica ' (VAN) 
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A vena anastolll0tica is present in Sphenodon (Ô' Donoghue', 1920), lizards 

(Bruner, 1907), and turtles (Bojanus, 1819-21) in the same position joinfng 

f the right and left venae capitis lateral~s dorsal to the trabe cula communis, 
... \' 

posterior to the optic (Kunkel, 19p; DeBeer, 1937), the ventral 

portion of which he subiculum infundibulum in 5Dhenodon (Save-Soderbergh, 
" ' 1 

1946~ 1947) and lizards (Gaupp, 1900; Brun~r. 19Q7; Rice, 1920; DeBeer, 1930), 

and anterior to the pila antotiea. It oecupies the most ventral portion of 

,the fenestra metoptica an'teroventral to the pituitary body. The venae 

o capitis 1aterales (5.1.) of snakes have been lost wi th the orbital dr.:-alnage 

\ 
being assumed by a large lateral maxi11ary vein, h'ence the 1055 of the vena 

anastomotica in this group. While crocodilians.have lost tne posterior 

,port:I,on of the vena eapitis lateralis (s.s.). ft is not knoWn whether the 
\, , 

!' . 
more ,anterior portion apd a vena' anastomotlca i$ retained. 

In Sphenodon~ a sma1i vena hypophysialis lateralis ls "thought to have 
~ 

èntered the posterlor side of the vena ~lUastomotica from each side of the, 

fused, med~al, subhypophysial segment of the metoptic membrane (0' Donoghu,e, 

1920; Save-Soderburgh, 1946, 1947). Bruner (1907) illustrated 'a velta 

hypophysialis that drained laterally into th~ vena cerebralis" media seeu~da 

and not into the vena anastomotic. In turtles it; appears that a major 

venous plexus drains the entire forebrain region into the vena anastomotiça . 
(Bojanus, 1819-21) but this needs to be reviewed. 

Since a vena anastomcrtlca of identical form Is, pre in Sph~nodon, 
\ 

!izards and turtle~, it appears li~ly _that Eocaptol'hinu, had a similar 

'. 

struçture. This is supported by evidence that a vena hyp hys \ora11o. 
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similar to that of Sphenodon~ was present. 

; Vena hYpophysiplis lateralis (VHL) 
\ 

In sphen~n~ the sella tur~~ca and the enclosed pituitary body is 
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l 

drained anteriorly into the vena anastomotica through a fine ven a hypophysialis 
'J 

'lateralis (O'Donoghue, 1920; Save~Soderburgh. 1947). This ,is quite different 

from the pattern seen in lizards where a small vena hy ophysia1is drains the 

sella turcica and pituitary region laterally into the terior extremity 

of ~he vena cerebt'alis media secunda where that vein i joined by a secondary 

connection from the orbital sinus (Bruner, 

drainage i5 not weIl known in turtles, the 

1907) :Fig • Ill). ~e hypophysia1 

on1y good i lustrations having 

been produced by 'Bojanus (1819-21). There is a weIl d veloped primitive 

vena cerebralis anterior. connected posterodorsally,. to the pre-trigeminal 

vena cerebralis media (secunda), into which branches from the forebrain 

drain and which' empties anteriorly into the vena anas omotiea (Bojanu~, 
) 

1819-21; Bruner, 1907). Since the presence.of a large ena cerebralis 

anterior is a primitive character preserved in modern f sh and amphibians 

(van Gelderen, 1924), the pattern of hyomandibular drai age present in . 
" / . 1 

turtles appears to be the most primitive amongst ~od~rnl reptiles. The vena 
\, 

.hypophysialis lateralis of Spheno40n is believed to represent a reduced Ven a . \ 

cerebralis anterior that has lost its connection with the ven a cerebra1is 

media (secunda) internà11y and drains anteriorly into the vena anastomotica 

just as in tur,t:1es. The hypophysial vein of lizards appears to be a neomorph .. ' 
- . 

The hypophysial drainage system of crocodiles has not been,described in 
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It 1a not possible to de~ermine whether the intracranial portion of 

the vena cerebralis anterior.of Eoaaptorhinus was a large vessel.connected 

to the vena derebralis media (secunda) as in turtles or if it was a small 

, vena hypophysialis lateralis as in Sphenodon. The extracran~al portion of 
\ 

this vesseI' appears ta' have run anteriorly along the lateral surface of 

the median raphe ~f the metoptic membrane beneath the sella turcica, in 

which the pituitary body sato ta drain. into the vena anastomotica. The 

Median raphe was attached 'to a low. median septum of the basisphenoid and 

wa& flanked Iaterally by a pronounced groove that 1ay between the septum 

and the anterior carotid foramina. The vein that appears to have run 

~hrough this groove i5 believed to have resembled the extracranial vena 

hypaphysialis lateralis of sphènodon J hence the use of this terminology 

for the similar vein ~n Eoaaptor~inus in the absence of more detailed 

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

Vena cerebra1is media (VCM) 

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

rept~les. The typical Itzard pattern in which a small post-trigeminal vena 
./-

cerebralis media priIDl .(VCM ):and a larger pre-trigeminal vena cerebralis 
P . 

media secunda (VCM ) appears to be more p~im1tive than the single post-s . 

trigeminal vena,cerebralis media (prima) of Sphenodon and amphisbaenids or 
, . 

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

van Gelderen, 1924). However, th'e retention of a we~l 'developed vena 
1 

~erebralis anterior with a connection to the vena cerebralis media (secunda) 

ls turtl/s is probably a retained primitive character ~ An analysis .of the 

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

possible ancestral pattern of anterior cerebral drainage employing a weIl 

....... :t:.-_.-;~~ ;.~~~~d;:;::tt::,:::::~::.-:;;,,,-:-:-. -----.7'~::;: ... :-:.-:::_':;: ....... ::.tJ .. ;;;;· ... ~::l.lâ:wzt;;;::;;:*=i;='I;;j1jJi;l;===~=.:"--:_-::-_"""". -=---- ~- ~ "' ..... 
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d:velope~ vena cerebralis ancerior joining a bipa~atite vena cerebraiis 

media. It ls possible that Eocaptorninus had this most primitive vena 

cerebralis media pattern or a more or less modified one. The Iack of 

ossified anterior craniai walls and the consequent absence, of diagnostic 

osteological reflections of the course of the anterior intracranial 

circula tory system makes it impossible to de termine whether a large vena 

cerebralis anterior existed in Eocaptorhinus. That a weIl developed 

transverse sinus and vena cerebralis media was present in Eocaptorhinus 

ia confirmed by the existence of a prominent supratrigemin~l p~ocess 
, < 

(promenentia vestibularis in,terna of Bruner," 1907), as" in lizards and 
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espec'ially in turtles, and as developed to a lesser extent, in Sphenodcn. 

The process floors the lateral intracranial passage throu$h which the vena 

cèrebralis media flowed from the transverse sinus to the trigeminal notch. 

The supra-trigeminal process {'s relatively longer in modern fortnS in which 

the vena cerebrali~ media is, at least in part, pre-trigeminal. 
1 

T1l.e well-

developed process in Eocaptorhinus thus indicates the former presence of 

st least a weIl deve10ped pre-trigeminal and probably a large post~ 
, 

trigeminal division of the vena cerebralis media (Fig.,11). Bath branches 

are, bel-ieved to have emptied into the vena capitis lateralis as Grosser 
, , ( 

and Brezina (1895), Bruner (1907). and van Gelderen (192M suggested. 

Vena tympanica anterior (VTA) 
1 

In Sphenodon and lizar~s, a vena tympanica anterior connects the ven a 

capitis later~lis (s.l.), just posterior to the ven a cerebralis media (prima), 
1 

ta the vena mandibular~s, anterior to the stapes and medial to the quadrate 

(Bruner, 1907; O'Donoghue,'1920) (Fig. Il). At about mid-length, the vena 
, 

tympanica anterior gives rise to an anteroventra~ly projecting vena 
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mandibularis interna. Additiona11y, in Sphenodon a 9ma11 dorsal muscular 

ramus of the vena tympanica anterior drains the' M. longissimus capitis 

(cervical musculature) through the post-temporal fenestrae and the tissues 

surrounding these fenestrae (O'Donoghue, 1920). 

A ven a tymp~nica 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 presumab1y its tributa·ries \Vere not 

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

or absence of a vena tympanica anterior in crocodilians has not been noted. 

Since the roots of the sub-thecodont teeth/of Eoactptorhinus were 

t ' 
apparently drained by an inter~al mandibular vein similar to that of 

sphenodo~ it is thoughtlikely that the vein drained into a vena tympanlc~ 

anterior just as it does in Sphenodon and lizards (Fig. 6). In addit'ion, 

the primitive1y open middle ear cavity of Eocaptorhinus is similar ta that 

of sphenodon and lizards in al10wing direct contact between the vena capitis 

1atera1is ~nd vena mandibu1aris. \ Thls is a marked1y dlfferent pattern from 

that seen in modern turtles wherein the middle ear cavity ls excluded from 
( , 

access to the adductor fossa by the :oste~o,edial exp~nsion of the 

pterygoid that forms the floor of the encapsulated midd1e ear region and, 

thus, leading to the 10ss of the vena tympanica an~erior. It seems likely 

that the vena tympanica anterior has been lost in crocodilians because of ' 

simi1ar 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 

longitudinalis cerebri (sin~s occipitalis posterior of Dendy, 1909) to the 
r ~ 
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vena capitis lateralis (Figs. Il and 12) •. In'turtles, the vena cerebra1is 

pOBterior has two branches, a small one that leaves the braincase th~ough 
\ 

the vagus (jugular) foramen accompanied by the vagus nerve (X). and à 1arger 

ramq5 that exits through the ventro1atera1 portion of· the foramen magnum 

(Bojanus, 1819-21; Bruner, 1907). In addition, a large dorsal vena 

" occ1pitotempora1is (sinus occipitalis of Boj anus, 1819-21) leaves the dcrsal'" 

portio~ of the foramen magnum and invests the dorsal region of the temporal 
/ 

. musculature within the emarginated temporal region, if present, from ~hiêh 
, 

region it"drains posteroventra1ly into the vena jugularis communis (Bojanus, 
. " 

..-
1819'-21) • It appears that the development ~f the vena occipitotemporalis 

18 ~ uniquely de,rived chelonian character, not a primitive pattern. The 

existence of tJ070 outlets for the sinus longi tudlna1is cerebri, one through 

the vagus foramen, the other through the fora~n magnum, is believed to be 
, 
the primitive~ition. 

In sphenodon only ~he 'branch of the vena cerebra1is posterior exiting 

through the vagus foramen is re't:~ined (Dendy, 1909; 0' Do~oghue, 1920) whi1e 

in 1izards (except amphisbaenids), on1y the r~mus 1eaving the head through 

the foramen magnum remains. 

" 

\ 
1 

,The 1arge'size of the vagus for amen in Eoçaptorhinu8 suggests that a 

8ubstantial branch of the vena cerebralis posterior 'accompanied the vagus 
" 0 

nerve (X) and probably the vagus acéessory (XI) t~rough the foramen (Figs. 

4, 5, and 6). In addition, Eocaptorhinus, like many other ~rimitiv~ 

reptiles, had a well,developêd facet on the exocc~pital that articulated 

. with the proatlas, a vertebral element absent 'in aIl modern reptiles ~Price, 

1935; 'Romer and Priee, 1940; Carroll, 1969a; Heaton, 1975, 1978). This facet 

al~ng theolateral edge ~j the·foramen,magnum was separated from the' occipital 

condyle by a prominent opening thpough which a weIl developed spinal brancb 
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of, the vena 'cer~bra1is pos terior i5 believed to have passed. The vagus and 

spins.'! brànehes probabl'y united before joining the vena capitis lateralis 

anterior to its j unetion with the mandibular vein to form the vena j ugularis 

c01llIllunis. A.dditionally, a small occipitaLvein ~y have drained th~ 

,-occipital region into the' base of the vena, eerebralis, posterior as in\ 

Sphenodon (O'Donoghue, 1920) but this cannat be eonfirmed. ',-

Vena pterygoidei (vPT) 

In all modern reptiles ,the pterygoid vein drains both the dorsal surface 

of the palate including interpterygoid vacuities (where present) and the 
v '" • 

lateral palatine sinus through a moderate to very large suborbital. fenestra 
, . 

(Flgs. Il and 12). ,this is denionstrably a deri ved ,eharacter thàt may have 
", ' , 

developed separately in both turtlès and in d:i,apsid reptiles, for the most 

primitive reptiles had e~ther, only an extremely small subo!hital fenestra', 

as do the caPtorhin~~orph~colOPhO~OidS, and paraiessaurs, or no 

fenestra at a11 as i8 eharàcterlstlc of pelycosaurs. Of modern reptiles, 

only SphenodOn h~s a pterygoid vein that hears any ,similarity to that 

suospected to ~ave been present in more primitive forms. In Sphenodon the 
.1 

pterygoid ,vein dra~ns the. dorsal surface of ~île palate and the interp~rygoid 

'Iseult y beneath the illferior orbital 'membrane in thé region where bloo~ , 

ia supplied by the palatine artery. The pterygoid vein' extends posterioriy 
/--j 

to the medial corner of the suborbital foramen where â short ventrolateral 
o 

connection with'the lateral palatine ,sinus ta made through the foramen. It 

continues posteromedially tÔ join th(! vena cap~tis lateralis medial to the 

epipterygoid. 

Slnce it is presumed that the dorsal surface of the palate of 
, ~ , 

C', Eoacrptolahinus must, somehow, have been'drained of deoxygenated blood and, 
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aioce a pterygoid veio, albeit ln highLy' modified form, is common to aIl 

modern reptiles, a pterygoid vein similar tO,that of Sphenodon without the 

ventT~1 connection with the lateral palatine sinus, has been reconstr~cted 

(Fig. 5). 

Sinus o~bitalis (SOR) 
" ' 
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Both sphenodbn and lizards orbttal sinuse9 that lie 

between the baIl of th~ eye and its adne a, and the.periorbital membrane 
~, 

mediall~, suborb~tal me~rane ventrally, 
f' .> \ 

d orbitotemporal ~embrane~ 

posterior1y. They do not usually J.~lVest the anterior portion of tqe orbit, . 
this room be~ngO occupied by the orbit~l ad~xa: inclu'ding the nicti'tating 

membra~e. Harder's Gland, superiot and inferior oblique muscles, several 
J \ '_ 

ne~~ a number "of ~rteries;, the conjuncti.va and ,the lacnrymal ducts 

(Bruner, 1907; o 'Donoghue , 1920; Underwo?d, 1970). The orbital sinus is 
, .1 

- , 1 

formed of a number of thinwalled sacs that have app'arently developed by 
~ / "'fi 

) 
expansion of primitive ophthalmic veins as are present in modern fish and , ' , 

~hib'ians. The difference in terminology between what is consider~~ t,o . 
r 1 ...______" 

be a vein and what li sinus i9 pureJ-i subjective. ,JIn genera.l:-,--â sinus 1 such 
• 0 / ,,-------

as ~he orbita.l sinus, is a loos~ ~§.t.omoti-Cnet~ik of thi,nwalled venous 
,_--- '1 Ct. 

.. e _~_ _ / --- , ! ,," T 

chann.els ~t;hat--is---ofEen perforateq to alloW'-passa~e of muscles (e. g.( the 
.- \ ' 

rectus, bursalis, and retractor bulbt' musculatur~), nerves (e.g. optic, 
, ' 

o culoniQtor , trochi-e,ar t and t:rigeminal n~rveA, and arteries (e. g • oph thalamic , 
,. 

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

~Dtl'oposteromediaÙy ioto the anterior end of the vena c.apitis lateralis 

(senau lato). It collecta blood from the _vena palpebr,ae infedoris (VPI)." 

veDa Îupratemporalia (VST), vena fr~ntali8 (V-FR), vena praefrontalis (VPF). 

vena orbitonasalia (VON). and veDa maxillaris (VMX) and,additionally, in 
\ 
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\ 

'" lizard_~, develops a secon~ary connectian wi th the vena cerebralis media 

secunda (Bruner, 1907; O'Danoghue, 1920) Figs. 1l a~d 12) ~ 

In turtles the orbital sinus appears to be simp1er than in Sphenodon 

and lizards. Boj9nus (18J:9-21), the only persan to iVus~rate the orbital 

drainage system in turt1es, referred ta mnnerous "venae ophthalmicae" while 

Underwood (1970) regards th,ese veins as parts of an orbital sinus simil:ar 

to that of lepidosaürs. With the great reduction in the Iength of the snout 
Il 

8;nd 10ss of the septomaxilla in all and, the nasal in most turtles,' extreme 

d1fferences in prearbita1 drainage are seen. The intraC'ranial Si~S 

falciformis serves as 0 the major drainage channel irom the snout CB janus. 

1819-21).' This is not, however, believed to be a primitive dondit on. The . 
orbital drainage of crocodilians has not been described (Underwood, 1970). 

Tbere is little direct evidence of an orbital sin',ls in Eocaptorh~nus. 

WeIl developed foramina, channel,s, and canals that apparently carried 
) 

,typipa1ly 1epidosauri,an inferior palpebral, frontal, and orbitonasal veins 
- . ~ : 

, ' 

pro vide solid associated. evidence for t~he assumed presence of a lepidosaur-
, 

like orbital sinus draining posteriorly through the vena capitis lateralis 

(s .1.). 

Véna palpebral1s inferior (vpI) 
1 

Bruner (1907) odescribed an inferior palpebral" veio in Iizards that 
, 

,drained the region of the lower eyel,:itd' and the lachrymal ~uct between,' and 

just medial ta, the lachrymal puncti and lateraI ta the anterior orbital 

artery. An inferior palpebral veln has not been described / in,. other reptiles, 

probably beçause of its small size. 

lu ~ocaryo~hin~B, where thè lachryma1 ia ~eavi1y ossified and encloses 

the lachrymal duct and 8S8ociated blood vessels, there la a smaH foramen' 
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< ' 

and canal that enters the Iachrymai about midway between and slightly 

medial to the 'lachrymal puncti and just laterai to the anterior orbital canal 

which is believe& to have carried the ant,erior orbital artery. It i8 

extr.~ of an inferior 

\ . 

believed that thls small canal carried the anterior 

palpebral vein. 

Vena fron talis (VFR) 

A weIl 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 ànterlor and a'posterior branch entering the dorsal rim of he orbital 

. 
sinus while in lizards, on1y the anter~or branch i5 developed. ls vein 

perforates the frontal and d1;"ains ft and its overlying tissues. n lizards 

fine lateral supraorbitai bran_ches drain th el supraorbital tissues. 

Smal! foramina in the orbital dm portion of the frontal and prefrontal 

of' Eooqptorhinusi lateraI to the solum supraseptale are, bel1eved ta mark the 

points wheré the frontal artery or its branches entered the bone. 

V~na orbitonasalis (YON) 

Amongst moslern reptiles, only Sphenodon -retains a primittve orbitonasal 

vein that j oins the superior premaxi1lary sinus and t he nasal sinus to the 

orbital sinus. In I~ZtdS 0 this vein is much reduced, draining the postero

dorsal' portion of the saI capsule~ and is not connected to the superior 
" . 

premaxillary vein. In turtles the orbitonasal vein has been lost, at least 

~n part'~~cause of the assumption of the snout drainage functions by the 

"t-nttac.rJ.ial falciform sinus and its anterior nasal venules. The specifie , 
nature or the drainage of the snout of crocodilians i5 unknown but i5 

expected to ~e highly modified as a consequence of the remodelling of the 
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snout and the dev lopment of the secondary palate. 

In Eocaptorh 'nus, the orbitonasal canal ia a long osseous tube whose 

ventral surface f rms the prominent orbitonasal ridge on the ventl\.al surface 

of the nasal from the nasal-premaxilla suture, where it runa confluently 

with the dorsal e tension of the rostral sinus within the ~remaxilla, 

posteriorly to op n ventrally through the orbitonasal foramen just anterior 

to the nasal-fron al suture (Heaton, 1975. 1978) (Fig. 11). lt is believed 

that this canal c rried a well developed orbitonasal vein which, when it 

le te , t:;he orbitona al foramen, continued poster<iorly in a shallow but sharply 

gelineated graove in the ventral surface af the frontal to enter the 

anterodorsomedial corner of the orbital sinus. A short pre frontal vein is 

believed ta have, n tered the orbitonasal vein jus t before Ù en te~ed the 

orbital sinus. be confirmed for it ls possible that the 
y 

prefrontal vein 

l is cannat 

~ntered the orbitàl sinus separately. The apparent close 
• 

l ' 
orbitonasal vein and the ventral surface of the frontal, contact rween, the 

as 18 suggested by the weIl marked groove, indicates that the orbitonasal 

vein passed dorsal to the nasal artery. Severa1 smal1, foramina in the 

ventromediaI surface- of the orhitonasal, ridge may have served to transfer 

some blood from the nasal sinus to the orbitonasal vein although the quantity 

of blood so transporxed would have been smal!. 

lt is suspected that the presence of a WE'll developed orbitona~al vein 

was characteristic of many or most captorhinomorphs including the ancestQrs 

of the modern diapsid lineages.' The development of an osseous orbitonasal 

canal in captorhinids may be a speclalized character of that group or it 

may represent a more primitive pattern asso<;:.iated with heavy bone development 

that has been lost in smaller. l1ghter forms with greatly reduced 'bone 
. 1\ 

thicknesa. ~available data are not sufficient to ailow a decision 
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, , 
made either way. 

Vena,praefrontalis (VPF) 

The prefrontal, vein of Sphenodon (part of the vena ~asa1is porsalia 

of O'nonoghue, 1920) appears to be homologous wit~ that of lizarns (Bruner, 

1907) even though that of Sphenodon drains into the orbital sinus 

just posteromedial ta the'inlet'of th~ orbitonasal ~ein while that of , 

lizards enters the orbitona~al vein just posterolateral to where"it 

empties into the orbital sinus. Since the veln-sinus junction ls not 

sharp, 'exact ident1fication of. the point of eI,ltry of thê prefrontal 

vein i5 difficult:' It is fully p~1Ê( that further investigat.ion 

will revea1 substantial dive~sity in the devrlopment of this feature 

in modern reptiles. A prefrontal veln has not been described in either 

turtles or crocodilians. 

'A prefrontal vein appears tG have collected blood fyom the anterlor 

surface of the\ orbital rim section of the prefrontal of Eooaptophinus, 

from which smaii branches seem ta Have emerged through se'veral tiny 

f 1
\ , 

oramina. As weI, the ventral surface, and throug)T it th,e ski~. over the 

prefrontal ançl, frontal bones appear ta' have been drained through this 

vein. A small vena ,nasaHs dorsalis may have drained the posterodorsal 

region of the nasal capsule into the prefrontal vein as in Sphen~don or 

into the orbitanasal vein as in 11zards. There 1s, however, no definite 

evidence for the presence of such a veln . 
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Vena suptat'emporalis (VST) " 
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1 

A\pupratemporal vein of similar form 19 present in both Sphenodon 
("1 l 

and lizàrfls (Bruner, 1907; O'Donoghue. 1920). lt conducts deoxygenated 

blood from the add~t?r musculature between the M. adductor mandibulae 
~ , 

externus superflci is lat'erally and the M. pseudote'mporali~ superficialis 

medially, anterio~ly into ~he pt;,'sterodorsolateral corner of the orbital 

sinus. Posteriorly' t~ vena supratemporalis~is divided, with a short 

lateral brpnch ~xtending between the M. adductor ~andibulae pars 
\ 

superficialis laterally and the p~rs media medially and a short med~al 
1 

branch separating the M. adducto~ mandibulae externus medius posterolaterally 
\ 

and the M. pseudotempor1alis superficialis ante~omedially. This i5 the 

same tYPe of pattern that is believed to have existed in Eocaptorhinus 

,,' " 
where the positions of the muscles are known with sorne certainty. 

The drainage of' the temporal region in tut:tle5, is considerably 
Il 

different, being derived from a loop of the cervical vein that has 

migrated anteriorly over the dorsal surface of the' temporal musculature 

in the area of the poste~odorsal emargination of the skull (where present), 

and being connected medially with the sinus longitudinalis posterior 

through the upper part of the foramen magnum (Bojanus, 1819-21). 

r 
Vena maxillaris (VMX) 

-In mast modern reptiles, with the excep~ion of sn~kes, the maxi1lary 

vein Is a fi~e vessel that drains the alveolar portion of the maxillary 

tooth row posteriorl~hrough the supTamaxillary and superior alveoYar 

canals (Figs. Il and 12) to the infraorbital foramen. In Sphenodon and 

lizards it leav~s the maxil1a through this foramen and e~tends along the 

dorsomedial edge of the maxilla, dorsal to the palatine and suborbita1 
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foramen, and ventral to the orbital si'nus. The posterior portion of _the 

s~, erior labial vein turns dorsomedially around the posterior end of 

t e xilla and the ectopterygoid, then pierces the orbitotem1oral 

~,mbr . e to join the maxillary vein and extend dorsally to em ty inta, 
~ 

the posteroventrolateral corner of the orbital sin~s (Bruner, 1907; 

O'Donoghue,l92?). , 

, " 

-.---- - ------ The structure of the vena maxillaris of turtles is generally similar 

to that of SPhenOdon\and lizards, however, it exits onto the dorsal surface 

1 

of the palate through a displaces supramaxillary foramen that is exposed 
1 

within the orbit by the reduction and eventual lo~s of the lachrymal 

which forms the primitive dorsal rim of the infraorbital for&men. 

A5soC~ted with the loss of the primitive reptilian marginal dentition . 

in lIlOdern, turtles and th.e development of a keratiri.ous beak is the absence , 
of bath a sup\erior labial vein and, thus. any connections between the 

subpalatal dr~inag: and the orbital sinus. It appears that the maxillary' 

artery; upon 1eaChing the posterior wall of the orbit turns medially 
1 

1 

across the dorsal surface of the palate where it, joins the pterygoid 

vein and together enter the vena capitis lateralis (s.l.) independent 

of the orbital sinus (Rojanus, 1819-21)". 

The maxillary vein of Eooaptorhinus appears ta have had characteristics 

ofboth lepidosaurs (excep~ snakes) and turtles. l t is believed ta have 
, l 

drained posteriorly througn 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 1izards or, 

with the exception of the 10ss of the lachrymal, in turt1es. The maxillary , 

vein i9 believed to have emptied into the orbital sinus as in lepidosaurs 

(Figs. Il and 12) rather than Into the pterygoid vein ~s in'turtles. This 
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assessm~nt has been made because of the generally greater apparent 

slmilarity of the eranial circulatory system of EocaptoT'hinus to 
\ 

lepidosaurs than to turtles. There Is, however, no hard evidence to 
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conflrm this reconstruction. The heayY sculpturing of t~e Lateral 

,surface of the maxilla ls a~sociated with the intèrnal drainage of the 

skin into the maxillary vein and with the probable absence o( a superior 

labial vein. Heavy sculPturin~,and the aPfarent abs~nce of a superior 

labial vein Is characteristic -of many groups of primitive reptiles. 

Sinus rostralis (SRO) 

1 

The rostral sinus of lizards i8 a short, horizontal expanded vein 

that lies aeross the anterior face of the premaxilla and communicates 

posteriorly with the superior premaxil~atY sinus by means of a very short 

medial nasal vein that passes through the po,sterior premaxillary foramen 

'(Bruner, 190,7; Oelrich, 1956; Reaton~ 1975, 1978). Bruner has shown 

that the rostral sinus do es not drain laterally into the superior labial 

vein. 

O'Donoghue (1920) deseribèd as t\1e sinus rostralis of Sphenodon, a 

\ 

small sinus that lies behind and above th~ premaxilla that appears actually 

to be the superior premaxil1ary ,sinus, hence its drai,nage into the 

maxillary and superior labial vein. It appea~s that there is no rostral 

sinus in Sphenodon, the skin c.o~ering the an1:erior surface of the' 
\'i 
f 

pr.emaxilla being drained thr~ugh fine venules into the superior labial 

vein. 

The venous dra1n~ge of the snout is not weIl known in either turtles 

or 'crocodiles. ! 
EocaptorhinU8 appears to have had a larger rostral sinus encl6sed 
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within the body of the prernaxilla. Tt was connected posteriorly to the 

{" super:lor prernaxillary sinus through the large posteriol: premaxillary 

foramen Just as in lizards,' and like them, did not drain laterally into 

o 
\ 

the superior labial vein or the maxillary vein. The skin covering the 

premaxilla drained internally thrcugh numerous fine pores in the weIl 

developed sculpture pits into the sinus rostralis. Additionally, the 

sinus rostr~lis communicated dorsally through the orbito~asal canal of 
. \ 

th~ nasal and the nasa! rarnus "of the premaxilla and with\ the orbitonasal 

vein. If the developmenh ôf the orbitonasal vein-rostral sinus i8 typical 

• 
of aIl captorhinomorphs, a point th~t cannot as yet be confirrned, it 

app~ars that during the appare~t captorhinomorph-diapsid transition, 
~ 

extensive reduction of the externa! layer of'lamellar 'bone of the 

premaxilla occurred until the rostral sinus was exposed externally as in 

.!izards or lost as in Sphenodon. 

'Sinus praemaxillaris superior' (SPS) 

sphenodon and lizards bath possess a small sinus that lies transversely 

across the dorsal surface of the vomerine process of the premaxillae. 

Bruner (J907) illustrated it just posterior to the rostral sinus, to 
, \ 

which it is, connected'~y a pair of short veins that pass through the 

posteriqr prema~illary foramina. He did not name this sinus,Ihowever, 

possibly be~ause he regarded it as .a contint.lation of the maxi11ary vein 

although tkis point ls not clear. O'Donoghue (1920) recogni~ed the same 

'81nu~ in Sphenodon but mistakenly referred to it as the rostrax vein 
\' , 

(sinus) which it ia not ainee it lies '1.t.thin the nasa! region, not within 
\ ; 

or anterior to the premaxilla. In fact~ as noted above. SphenodOn do es 

not appear to have a rostral sinus. In l1zarda the superior premaxillary 
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1 

sinus Is situated anterodorsal to the prepalatal foramina through which 

it discharges blood into the lateral pal'aUne and transverse palatine 

'dnuses. Laterally, t,he superior premaxillary sinus empties into bath 

the superior labi al vein and the maxillary vein. The drainage of the 

premaxillary region in Sphenodon, appears to be similar except for the 

absence of any.prepalatal foramina. 'O'Donoghue (1920) has indicated .... 

that there Is a connection between the superior premaxillary sinus and 
. 

the nasal sinus. It is not known how th~ connection between the transverse 

palatine sinus and the superior premaxillary vein was èffected, as 0' Donoghue 
" 

(1920) indicates it was, unless passage was made through the most anterior 

extremity'of the internaI laris. ' In any case, the superiol' premaxillary 

vein empties into th~ supertor labial and maxillary veins in Sphenodon, also. 

Eoaaptorhinus appears ~o have had a superior premaxillary sinus 

àimilar in position to that of lizards but diffe,rent in fun'1tion. l~ere 

in sphenodon and lizards this sinus drains posteriorly iuto t~e lateral 

palatal sinuses and posteroiaterally into maxillarY and superior labial 

veins. in 'Eocaptorhinus it appears that the direction of flow was 
l " 

reversed with the laterai and medial palatine sinuses draining anteriorly 

into the superior 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 ta the mPxill~ry vein. 

Sinus nasalis (SNA) 

The nasal sinus is a loose aggregation of venous channels and 

connective tissue that forms the spongy tissues that surround and line 

the ca~tilaginous ves tibule of the nasal capsule 11n both Sphenodon and 
~" c ) 'lizards (Bruner, 1907; 0' Donoghue, 1920). It drains laterally into the 
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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 

nasal sinus of Sphenodon is connected directly ta the super.ior premaxillary 

sinus-i0'Donoghue, 1920). Lizards have neither a connection with an 

orbitonasal vein nor with the superior pramaxillary foramen. 

The v~stlbule of the nasal'capsule of Eocàptorhinus can be recon~ucted 

easily with±n the conieal tube of the septomaxilla. l'he nasal sin~s 
l 

lined the vestibule as weIl as that portion of, the snout anterior to the 

vestibule and its enclos:J,.ng septpmaxilla. The s,eptomaxilla meets the 

nasal, lachrymal and maxilla along lts poste-rolatera'l edge, thus preventing 

\ 

aecess of the nasal sinus to the pos'f-vestlbular région of the maxilla. ' 

\ 
This, cornhined with the ab~ence of an antérior opening of the superior 

alveolar canal, confirms the absence of any connection between the nasal 

sinus and the maxillaiy vein. S~ll foramina are present in the ventral 

surface of the orbitonasal ridge thus iridicating a minor amount,of 

drainage of the nasal sinus into the orbitonasal vein. Although the 

nasal sinus,was relatively smaller than that of modern lepidosaurs 

because of the more anterior position of the septomaxilla and enclosed 

vestibule of the nasal capsule, it is appar~nt that the dorsal access to 

the orbitonasal veln was not sufficient to accommodate the total drainage' 
, " 

of,the nasal sinus. It thus appears that the principal flow of deo~7genated 

blood from the nasal sinus took place into the' superior p.remaxillary sinus 

and thence to the orbitonasal vein by way of~the large posterior 
" ~ 

premaxillary foramina. 
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Sinus palatinus transversus (SPT) 

The sinus palatinus tran~versus anterior of both Sphenodon and lizards 

ia similar, lyin% ventral to the vomerinelprocesses of the premaxillae 
1 

and divided into anterior and posterior parts by the incisive process. It 
. , 

receives blood from the media~ palatine sinus and the superior premaxillary 

sinus. Deoxygenated blood flows from it into the lateral palatine 

sinirses (Bruner, ,1907; O'Donoghue, 1920). lri Sphenodon there is a small 

connectio~ between t~e transverse palatine sinus and the nasal sinus that 

apparent1y is absent in lizards. The direction of flow through this 

short vein is not known although it may be variable. The pattern of venous 

drainage in the snout region of turtles and crocodi1ians has,not been 

described adequately. 

Eooaptophinus appears to have had a transverse palatine sinus similar 

in genéral 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. Sinee,it is apparent that the nasal sinus 
.' 

of Eoaaptqrhinus did not drain principally into the orbitonasal v.ein as 
< 

it Qoes in Sphenodon, a eonnection with either the superior premaxi1lary 

or transverse,palatine sinus, or both, 15 regarded as a functional 

necessity. 

Si 1 i Id' (P) nus pa at nus me 1US S M 

The medial palatine sinus of both Sphenodon and lizards 18 generally, 

similar in form. It ia a' long medi~n vein running froID the anterior rim 

of the interpterygoid vaèuities anteriorly, ~edial to the internaI nares 
• 1 

to join the sinus tranqversus palatinus. The palatal drainage ~ystems of 

turtles ànd crocodil'ians have not been described or illustrated. 
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In gpcaptorhinu~ the left and right halves of the palate meet in a 

deep "Vlf-shaped trough, \ anterior ~o the interpterygoid vacuities, that 

it believed to have held, a lar_~e medial palatine sinus (Fig. 14) .. 
" 

< Sinus pa,latinus lateralis (SPL) 

\ 

Modern lizards anQ 'Sphenodon have weIl developed,latera1 palatine 

* , 
sinuses' that drain posterior by way of the pterygoid vein inta the vena-

l 

capiti~ lateralis ~Y way of the large suborbita1 fenestrae (Bruner, 1907; 

0' Donoghue. 1920). The lat'eral palati~e sinus i5 a loose ~etwork of 

o thin-wal1ed veins that may, be roughly divided into anterior and posterior 
, 

\ 

c portions. The anterior segment ca vers the ventral surface of the vomer 

,and anterior end of, the palatine within the incisive pad as well as 

invest1ng mu ch of the choanai tissue lining th~ internaI naris. It is 

(' , d1yided latera1ly by the choanal cIe ft which it surrounds " O"Doneghue 

(1920) has illustrated a' venDus connection between the intracho2nal 

lateral palatine sinus and th~-extrachoanalnasal sinus in Sphenodon but 

th1s has not been confirmed. Bruner (1907) did not odescribe such a 
-, , 

conn,ection in lizards. The lateral palatine sinus ls constricted j ust 

poste.rior te the internaI naris before again expanding to covér the 

'ventral surface of the pal:atine and pterygoid. The palatal tooth rows, 

when well developed, perforate the 1ateral palatine sinus. The latera1 

,palatine sinuses of Sphenodon and lizards are constricted posterolaterally 
o 

wh~re they join th~ pterygoid vein through the large, suborbital foramen 

an9, thus, drain into -the vena capitis lateralis. 

Brurt~r (1907) ~as briefly desc~ibed bath medial and Lateral palatine 

\ 

sinuses in the turtle Errrys oT'bieuZaM.s. \ He notes many unusual relations,hips 

with other veins. His lack of :l.llustrations of the venous. system 'bf Errrys 
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Palate in ventral aspect shawing' ., , 'Figure 14. _ Eoccrptorhinu,8' Zatice~8. 

lateral palatal sinuses~ Recons truc tian. 
\ i 

1 

1\ \ ' 

/ , 

. : 
1 

\ " . 
\ ',' 

j' 

, 

~ 

" 

" , 

• 

.' 

~' 1 

, 
'~\ 

'" ~ ~, 
4i,'1' 
q~~: 

-', 
~ 

'J' 
':Ii 
\\ 
" . , 

1) 

; 
> 

. 
~,{ 
~\ 
~ 

(1 ~~ 

'" 
" 

'" 
-' 

1 

" 

." 

'è 

", ! .' 
1 !' ,""" 

D' .! 

A' 

t 
f 

0

1 , 
,1 



\" ( 
, 
': 

r' 
1 .' ~' 

f 
~ 
" 
'~ 

~" -
fI, 
<", 
J,!' 

, r,l 

'; ., 
(' 
l' 

1 ~. 

l 
r 

1 ,; 

~ )' 
, 

1 

:t 
:~' ", ". [ 
~. 

~ " , 
\ 

. \ -( . 
83 

and its relationship to the' bones of the skull makes interpretation of 

th1~. description difficult. It àppears that Bruner ~s indicating a 

connection between the lateral palatine sinus and the orbital sinus 

" 
through the post~rior palatine foramen (suborbital fenestra). Bojanus 

\ 
l ' 

(1819-21) i11ustrated a brancfred palatine vein, that appears to correspond 
\ 

to :Sruner' s sinus palatin us lateralis, that drained through the posterior 
1 

palatine foramen directly intc the vena ca~itis lateralis. Obviously 

considerable study of the craniai venous s'ijtems of modern turt1es needs . " 
to be done, although a basic simllarity to other modern reptiles 1s apparent. 

Nothing has been reported of the crocodilian patt~rn o.f palatal drainage. 

'l'wo clearly demarked, smooth. and slightly depress~d regions of the 

ventr~l surface of the palate of Eocaptorhinus appear to reflect a division 

of a well developed lateral paIàtine sinus just as in Sphenodon and lizards. 
, 1 \ l ~ 

"''''')' 

'Except for the greater ,development of, ,the\ palatal t'o,oth ftel1s in 

EocaptoT'hinus which must surely have extended thraugh the si~pses as separate 
\ 

"islands" of teeth, differences are· smal!. The cl.rainage of btcSod from 
'f\~~ )14_, 

the latetal palatine sinuses must, however, have ,been vastly \~l1tffer;mt 

" for., in the absence of a l'arg\ suborbitai fenestra, ilS i'5 presJnt in aIl 
, . .~ ~\ 

modern reptile~. there cou1d have been no passage of blood froJ, the o~late :.Jl-J
j 

• 

\ . 
posterodorsally through the pterygoid vein into vena capitis l:3i.~ralis. 

- ,j ~ \ .,."1 t' " 
II\" Il J. ' 

Som\!. and perhaps' al1,1 of the blood from the palat~ appe~ to '*;Jve 

drained anteriorly into the transverse palatine sinus, thénc\~rSally 

through the prepalatal foramina into the superior prema~illary sinus and 
1 \ • ~ 

then through the posterior premaxillary foramina t~, the rostral sfnuses (Fig. 

It ls p08sible- that, in view of the relatively sma11 size of thé pr~palatal 
\ 

1 , ' 
foramina, that some bl60d drained from the transverse palatine sinus tq 

~''i",,: ""i ,y 

. 
super10r premaxillary sinus th:rough the ~nteriOI end of the intermrl naris 
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as O'Donoghue (1920) described in Sphenodon although this liS regarded with 

" 
suspicion •. - The main route of .palat~l drainage appears to have been 

anteriorly to the rostral sinus thence poster6dorsally through the large 
\ 

orbitonasal vein to ,the orbital sinus. lt is possible that the laterai 

palatine sinus drained posterolaterally into the external mandibular vein 

but such a course cannot be conffrmed. 

Vena mandibularis (VMD) 
j 

The mandibular vein Or"mo4,ern reptiJ-es 'drains the posterior region 

of the mandible. and the tympanic cavity into the vena capitis laterali~ 

at about the same position as the entrance of the vena cerebraiis pos terior. 

Di~tally it I\asses Iaterai to the quadrate, and through the quadrate 
\ 

foramen in Sphenodon. tn Sphenodon and lizards it th en receives the 
.. t 

anastomotic. anterior tympanic vein before separating to f,orm an externai 

mandibular vein (VME) and a connection te the internaI mandibular vein 

(yMI) • The extensive remodelling of the skull in tnrtles has led to the 

, 1" 

loss of the anterior tympanic vein,~ 

" 
The large ~adrate foyam,en in Eoaaptol'hinus appears to have carried 

. 
a weIl developed mandibular vein as in Sp'henodèm. 

. . 

In Sphenpdon and Itzards, thé l mandibular vein runs 

ànteroventrally along th", lateral surfac of t;h~ mandible just ventral to 
- " 

1 

the origin of the M. adductot mandibula exte~us superficial.is, including 
\ 

~ the M. lev~tor angu1i oris, and th en conti~e,s forward- along the la eral 

edge ol the' crista dentalis of the" dentary where and 

.~ 0 
mandibular labi.al 'glands (Bruner, 1907; 0 1 Donogh 
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the II:\8-ndibular articulation, the external mandibular artery receives the 

, anastomotic, anterior tympanic veine Just forward of this point. a 

o 

•• 
meaiai connect1on is made with the internaI mandlbula~ artery (Bruner, 

1907) • In l1zards. th1s Sh.ort vein p~sse~ dorsal to the mandib~l~ and 

posterior tà the M. adductor mandibulae extemus superficialis while in 
, , 

SphenocVn, ,the surangular hçü~ expanded anterodorsally and the dentary 

posteroct'orsally ta form an arch that encloses the surangular foramen 

through which passes the small connecting vein. , ' ! . 
In turties. the ext!ernal mandibular vein a~ise~ ~om a bifurcation 

of the mandibular artery that also produces a large po terior tympanic 

vein similar ta that of Sphènodon and lizards. The main e-xtension of 

the external mandibular vein runs anterib~ly lateral to the quadrate and 

ventral ta the insertion of the M. adductor mandibulae ext'ernus superficialis. 

It drains the skin covering the lower surface of the mandible. Unlike 

_ lepidosaurs. turtles have a dorsal branch of ,the external mandibular 
\ 

artery that extends up the anterior edge of the M. adductor mandibulae 

externus superficialis to the level of tqe dentofadal foramen. The 

. function of this foramen has not been recorded in print, principally 

because of the difficulty of dissecting through the heavy bone' of the 

mandible, but it appears to have accommodated a connection between th, ' 

internal mandibular vein and the external mandibular veine In additian, 
~ . 

in -the many advanced turtles that have lost the pro'Xim~l region of the 

mandibular> artery and in which the adductor fossa is greatly réduced f a 
\ . 

ventral extension of tne inferior orbital artery may. pass through this 

foramen to j.oio" the internaI mandibula'r artery. 

EocaptOl'hinus is presumed to have nad an external mandibular. vein 
• 

that extendad from the quadrate foramen along, the lateral surface .of 

, ( 
1 
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1"' tbe mandible Just ventral to the insertion of the M. adductor mandibulae 

externus superficialis, including tbe M, levatQr anguli o'ris and M', 

retractor anguli oris, It ~y have continued~nteriorly along the dorsal 
, 

edge of· the dentary lateral ta the crista dentalis to drain the lab'ial . ~ 

glands but this seems unlikely. !he heavily develop'ed pi t-'and-ridge 

sculpturing of the, lateral surface of the mandible indicajes that most of 

the skin overlying'this region drained internally r~ther than thr9ugh thé 
_ }I 1 ., ,. , . 

e~ternal mandibuler vein. It is possible that a branch of the external 
\ ' IV 

mandibular vein turned dorsally along the anterio~ edge of the M. adductor 

mandibulae exter,nus superficialis possibly even joining the posterolateral 

corner of the lateral palatine sinus in arder ta supplement the palatal 

drainage although this cannot be confirmed.' 

Vena mandibularis internus (00), 

In lizards, the internaI mandibular vein has two màjor branches, qne 

1 \ 

dorsal, the otqer ventral. The dors~l branch originates fram the mid-point • 

'of the anterior ty.mpanic vein and extends anteriorly through the Meckelian 
1 

canal dorsal to the Meckelian cartilage. Anterio;:ly it i8 :lntraos/:;eous, 

1ying within the inferior alveolar canal'with the inferiar alve6lar arêery 

and nerve (Brune);, 1907). Sphenodo;l has an internaI mandibular vein 

similar ta the dorsal branch of lizards. O'Donaghue (1920) did not 

describe a ventral branch in Sphenodo~ such as exists in lizanS,. In 

• 

- , 

1izards, the ventral branch extends from the ,sinus articularis, a secondary" .. 

ventral anastomosis between the external mandibular vein and the dorsal 

branch of the internaI mandibular vein, forward ta dtain the Symphysial 

, region. 

The st~ucture of the internaI mandibular vein ls not .known in any 
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detài1 in,.either turtles or crocodiles. 

Since the structure of the mandible in Eocaptorhinu~ 18, except for 

ita more robust'construction, similar to that of Iizards, a generally 

li~ard-like internaI mandibular veio has been reconstructed with a dorsal 

branell draining the dentary through the irtferior .al veolar canal and a ventral' 
P'\-=-----. ' 

br~ch)draining the region of the jaw symphasis as weIl as the insertion of 
~ ~ 

the M. intramandibularis. 
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The cranial arterial systems of modern reptiles are, with the exception 

of those of crocodilians an'd some. turtles. similar ill form. In 

EoaaptoT'hinus fe~ differences from Sphenodon or lizards can be traced in 

" the postorbital arteriaI system. Nevertheless. a' few primitive 

charaeteris tics are to be noted. In EoaaptoT'hinu8 the palatine braneh 

of the internaI' earotid aecompanied the vidian (palatine) ramUB of the 

facial nerve thrcrogh a deep vidian suIeus in the ventral surface of the 

basipt~rygoid proéess at the junction of the basisphe,noid and paraspheno'id. 

An open vidian suleus is a common feature seen in primitive, temnospondyl 

(Shishkin, 1968) and anthracosaurianamphibians (Panchen, 1964, 1970) as 

weIl as in captorhinomorphs and pelycosaurs (Romer and Priee, 1940). A 
, . 

disti,nct enclosed vidian canal has developed independent1y in stereospondyI 
.. 1 • 

amphibians (Shishkin, 1968) and in modern turtles, crocodi1ians, 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 join and fuse with the basisphenoid of the basipterygoid 

process, The vidian canal is much lo'tlger in modern turtles and ia often 

connected to a separate internaI carotid capa1 (Gaffney, 1972)" The 

evolutionary events leading ta the diverse forms of vidian canals in 

modern turtles are not weIl known. 'The high1y modified brain~ase of 
l, 

crocodilians has not, allowed the history of the development of the 

internaI carotid (vtdian) canal to be traced in any detail. The structure 

of the vidian sulcus in EooaptoT'hinus and other captorhinomorphs. i8 

Bufficiently primitive that any of the modern vidian or internaI carotid 

canals could have developed from i t • 

The temporal artery of the most primitiye reptiles was a continuation 
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o 

of the stapedial art1ery after ~t passed the dorsal edge of the quadrate 

and entered the adductor chamber between the origins of the partE's media 

A and -B of the·M. adductor mandibulae externus Just as if' does ~n modern 

Sphenodon and lizards. In forms such as the captorhinomorphs where the 
1 

partes media A and B were well develop~d. a short dorsal temporoparie tal 

branc,h of the temporal artery evolved ta supply blood to the origins of 

these muscle segments and t,a the skin covering the parietal through a 

temporoparietal foramen in the ventral surface of that bone. In reptiles 

" 
in which either the 1?ars media B (turtles) or the partes media and 

J 

profunda (synapsids) of the M. adductor mandibulae externus were absent, 

no temporoparieta1 artery or foramen devEüoped. Tt i8 believed that the 

temporoparietal foramen of captorhinomorphs served, in smaÙ forms with 1 

( 

very lightly puilt skulls, as the lo.cus about which the upper temporal 'fenestra, 

of diapsids deve1oped. Iguanid l~:lrds possess a smaI1 dorso1ateral branch 

of the temporal artery in the ~xact position of the temporopaî:'ietal. 

foramen and presumed artery in Eocaptorhinus that ma!, be homologous with 

the primitive temporoparietal artery. 

The infraorbital artery is a major anterior branC'h of the temporal 

artery in most reptiles. It exhibits diverse patterns of division and 

passage into the snout region. Eocapto:rhinu~ appears to have had an 

infraorb1ta1 artery that was a1most: identical to that seen in many modern 

turtles. With the reduction and subsequent loss of the septomaxilla and 

the nasal ramus of the premaxilla, the subnarial and postnarial branches 

of the maxillary artery of turtles have been lost. The chelonian 

• 0 

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 Eocaptol'hinU8 indic.ating that they may 

hM ~ hi t? M 

o 



1 

! 
t 

r 
ï 

1 

1 
1 
1 -

1 

1 
" 

:I i, 
1'[ 

~o 
" 

Il 
CI 

not be homologous structures. The pattern in crocodilians appears to 

be 8imilar to that of turt1es,_ The postnaria1 artery disappeared with 
. 'l 

the 108s of the septomaxilla while the subnariai artery remains ratrer 
, 

large. 
1 • , 

The extensive modification of the maxil:1a Inherent in the Îdevelopment 
, 

of the crocodilian secondary palate makes other comparisons difficul t. 
, 

The pattern of branch~ng of the infraorbital artery in lizards i8 confused 
r 

by the generally lighter bone .structure that has le~ ta the loss of 'Sorne 

l , 
of the distinctive canals through which specifie arteries pass and wh1ch 

aid in the identification of these arteries. While desc~iptions of 

lizard craniai anatomy are relatively co~on. few have been detailed 

enough to reveal the exact structure of the max111ae and the associated 

arteries. In animaIs with thick, dermal bone Ccaptorhinids, turtles, 

c,rocodiles), there 1s a well formed separation between the courses of 

the maxillary artery and the supramaxillary and superior al veolar arteries 

laterally. The maxillary artery is not enclosed Ir; bony canals in these 
, 

forma. In many 1izards. however, the great reduction in bone thickness 

correlated with the dev~lopment of a pleurodont dentition' ,has allowed 

the maxi11ary, supramaxillary. and superior alveolar arteries to come in 

contact with each other to form an arterial 'plexus supplying blood to 
r 

the skin of the snout, the "lips" and the' dental lamina. In Sphenodon 

and lizards with acrodont dentitions (Agamidae and Chamaeleontidae) the 
• J t" \ 

maxi11ary and supramaxi1lary arteries maintain their primitive positions, 
\ t.., 1/ \ 

While it appears from, the literature (Oe1rich, 1956) that the 

supramaxillary artery degenerated in pleurodont lizards, the superi.or , 

al veolar art-ery may not Have, at least if the superior alveolar arteries 

of both turtles and lizards are homologou9 as i9 often believed. Theie 
\ 

fs reason to ·think that such a h8mology may not exis t. In turtles. the 
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sùperior a1veolar artery pôès not enter the external naris or form a 

subnarial arte'ry but instead ends abrupt1y. t:\le superior :lI vealar artery 
\ ' 

of !izards, on the other hand: becomes the subnarial artery and crosses 

the ventral surface of - the external naris .i ust as the maxillary artery 

of Eocaptol'hinus may have. It appears that pleurodont lizards, rather 

r' than having developed a new anterior superior ,alveolar foramen" and new 

postnatial and ~ubnarial arterie\ to r~place analogous branches of the 

maxillary artery in captorhinomorphs, had a superior alveolar artery that 

degenerated in the same manner as did the supramaxi11ary artery with 

10ss of the supe rior al veolar canal. The canal r.eferred to 

alveolar canal in lizards is a neomorph, pteferably called 

'cana!', and has evolved by a vertical extension of the captorhinomorph 

septomaxi11ary tubercle dorsally to contact the dorsal process of 

maxilla' and thl1s encl<?se the maxillary artery.. .. 

The pattern of branches of the maxillary artery il'l sphénodon i5 

determined by the presence of an .acrodo~t dentition. As in agamid lizards, 

a prominent supramaxillary' artery runs forward within the infraorbital 

canal and what wa~ primit 1 vely the sup~.t1o'r al veolar canal. There i5 no 

maxilla'ry ar~ery and thus no superior\'~àl~eolar artery. Hs fuuction having 

been taken over by the anterior extension of the supramaxillary artery, 

,and no ,maxillary canal. It is obv1ous that 'there i8 a very close correlation 

betweén the patterns of iriferior orbital artery branching and the type of 

tooth emplacement in any rept;iles group but such a discus~ion 1s weil beyond 

the Bcope of this paper. 
. . ' 

In aIl modern reptiles, the inferior palatal arte):'y passes through 

. 
the suborbital fenestra to nourish the posterior regieJn of the oral_ 

mucosa. In Eocapto~hinus, if this artery existeQ at aIl, it was extremely 
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small. Pelycosaurs,. the earliest known synapsid rept iles, never d€'veloped 

or had lost the primitive small suborbital fenestra ~nd. as a result. did AfII 

not have -an inferior palatal artery. 

Any analysis of the pattern of cranial veins and their importance in 

primitive reptiles is hamperéd 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 
"\ 

mind, certain conclusions can be based on the described positions of the 

cranial veins of Eoaaptorhinus. 

The general configuration ~f the braincase, palate, and snout of 
" 

Eoaaptorhinus ls similar to that of lizards, Sphenodon, and, to a lesser 
of 

degree, turtles, although individual differenc~s do occur. The principal 

course of venous drainage from the head of Eoaaptorhinus is thought to 

~è been a large vena càpitis lateralis that collected blood from within 

the lx'aincase and chondrocranium and from the orbi t jus t as in modern 

lepidosaurs and turtles. Few differences are noted in this area that are 

.• of significance ta this discussion save that the vena cerebralis posterior 

~ i!!l 
~~ of Eoaaptorhinus appears to have exited through the foramen magnum. 

It f8 difficult to determine just what forro the orbital sinus took. 

In lizards and Sphenodon large thin-wal1ed sinuses are the ru1e. In 

turtles, particularly Emys, the_only form to have been, investigated even 

superficially, Bruner (1907) described a lizard-like orbital sinus with 
, 1 

which Underwood (1970) agreed, while Bojanus (1819-21) showed separate 

, \ . 

veina, the ophthalmic veins, running :through the orbit. Presumably the 
1 

sinuses developed from the more primitive system of ophthalmic veins 

similar ta those seen in modern amphibians and mammals. Undepwood (1970) 

has noted that there ia no mention in the literature of the venous drainage 
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pf the orbit in crocodilians. While it Is not possible to say positively 

f whether a fully developed lizard-like orbital sinus 'exlsted ln Eocaptol'hinus, 

, , 

lt does seem probable, and is so described, sinee it 18 possible to 
1 ~ 

identify many peripheral veins of distinctly lepidosaurian forro that 

drained into H. 
C 

The orbitonasal vein of Eoaaptophinus connected the rostral sinus 

to the orbital ~inus just as in frogs (Gaupp, 1896-1901). The captorhinomorphs 

appear to be relatively primitive amongst non-synapsid reptiles in having 

the orbitonasal vein completely enc10sed in a bony canal. In Sphe.nodon, 

the vein, called a sinus by O'Donoghue (192~,is much smaller and ia not 

enclosed. The orbitonasal vain has been lost in lizards. Concommitant 

with the recluced importance of the orbitonasal vein 'in the captorhinomorph-

lizard line is the development and elaboration of the pterygoid vein. 

There has been a complete reorientation ,of the venous drainage of the 

pa1ate from an anterior drainage through the rostral and nasal sinuses 

and then posterior through the orbitonasal vein into the orbital sinuses 

to a posterior drainage of the pa la te and ventral snout through the 1ateral 

palatal sinuses and the 1at~ra1 pterygoid vein. In captorhinomorphs the 

suborbita1 fenestra apparently c,arried only the inferior palatine artery 
!<f~ 

and nerve .. In a11 diapsids inc1uding the oldest known form Petrolacosaurus 

(Reisz, 1975, 1977), the suborbital fenestra is much larger so that the 

lateral palatine sinus was in close proximity ta the dorsornedial 

pterygoid vein that drained the suborbital membranes. A connection 

between the 1aterai palatine sinus and t~ pterygoid vein was effected 

• and soon beeame the principal means of palatal drainage. Once this pàttèrn 

had developed, communication between the lateral palatal 'sinus, and the 

maxi11ary vein, as occurs in lizards (Bruner, 1907) could be effected. 

'. 
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Well developéd medial and lateral palatal sinuses ~ppear to have 

been present in ophiacodont and sphenacodorit and in sorne, (caseid) 

edaphosaurian pelycosaurs where they covered, the palate between the 

palatal tooth fields. AlI pelycosaurs lack suborbital fenestrae and thus 

did nÇ>t drain these sinuses posterodorsally into the vena capitis 

lateralis through a pterygoid vein as do modern Sphenodon (0 r Dono~hue, 

1920), lizards, and turtles' (Bojanus, 1819-21; Bruner, 1907). Pelycosaurs 

also 1ack prepalatal and p05terior premaxillary foramina as weIl as the 
, 

orbitonasal canal as are p-resent in captorhinomorphs and pJocolophorlids 

(Ivakhnenko, 1973) 'thus indicating' that a primitive saurian drainage of 

the palate through the snout did not occur. It is remotely possible that 

the lateral palatal sinus may ~ave drained dorsally inta the nasal sinus 

through the interJ;lal naris. The nasal sinus lies anterior and externa1 '. 

to the vestibulum of the nasal casu~ in reptiles. In sphenacodontid 

pelyc50aurs, the position of the vestibulum is indicated by the ,prese~ce 

of a large septomaxilla ~ha t would have precluded a connection between 

tpe intraconchal lateral' palatal sinus and the extraconchal nasal sinus, 

if the latter even exiSted. The alternative to draining the 1ateral 

palatal sinus internally i5 to drain it external1y into the external 

mandibular veina The drainage of the ventral surface of the palate 
, 

posi,riorly iuto the external maudibular vein _ i5 thought to have been 

a typical synapsid character and is, in fact, probably homologous with 

the vena facialis profunda and proximal portion 'of the vena 'facialis externa 

of mammals. The lack, in sphenacodontid pelycosaurs of deep pit and ridge 

sculpturing with perforating pores that i8 common am0,Rgst pr~mitive non-

synapsid reptiles (Carroll and Baird, 1972; Clark and Carroll, 1973; 

Heaton, 1975, 1978) suggests the posibility that the skin covering the 
( 
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jugal, lachrymal, and prefrontaI' and the posterior portion of the maxilla 

of sphenacodontid pelyeosaurs s~ch as IJimetl'odon (Romer ail d' Priee. 1940) 

was drained by a superficial vein not unlike the superior labial veiri o,f 

Sphenodon and lizards (Bruner, 1907; O'Donoghue. 1920)' but not 'eonnected 

internally with ,the orbital or palatal; sinuses. This external vein that 
o 

may have drained ventrally into the external mandibular vein. is thought 

to nave been the precursor of the mammalian vena nasalis externa. The 
1 

weIl developed prefrontal ridge of sphenacodontids indicates that the 

vena nasalis externa had not as yet developed a posterodorsal vena 
\ 

nasofrontalis. The premaxilla and pre-caniniform region -d the maxilla 

apparently dralned 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 weIl developed orbital sinus 

existed in pelycosaurs but it i8 expected that it did not. In contrast to 

the low, oblong orbits of Eoc:aptol'hinus and many diapsids that accolIUDodated 
" -"".. 

p 

large sinus es anterior and. especially posterior to the bulb of the eye. 

pelycosaurs have no~iceably higher, rounder orbits ,with significantly 

less room for the sinuses. The lack of orbital sinus es , surely a primitive 

, ' characteristic, is strongly correlated with the absence of the paiatai 

drainage into th,e orbit as is characteristic of non-synap~id r~ptiles. 

Conclusions ' 
l~';;':;"':;~=~';;" 

, ~ 
1 

The crani~l arterial system of Eoaaptor>hinu8 ,is' of a primitive pattern 

from which r ~he arteriaL systems of aIl modern reptiles could have developed. 

The vidian or internai carotid canal of modern .reptiles had' not yet 

o developed, in fts place was a deep vidian sulcu"s between the ·basisphenoid .... / 
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and the parasphenoid. A prominent temporoparietal 'branch of, the temporal 

( , 
artery pierced the pariet~l posterior to supply ~he skin and the origins 

of the M. adquctor mandibùlae extèrnus me~ius· in captorhinomorphs. The 
, , 

fodme@ through which it passed may have formed the locùs ~bout which 
..-

the dorsal temporal fenestra of, araeoscelids' and diapsids developed. 

Differences in the development of the infraorbital artery subdivisions 

'cano in some cases. be related' to the types of dentition or the lack 'of 

dentition exhibited by each group of living reptiles. 

The cranial vénous system of Eoaaptorhinus is in mO,st cas,jOlS more 
\ 

dlfficult to (race th~n Is the arterial sy,stem. Orbital and p~latal 
, r---- sl,nuse~ appear ta have been an 'important part of the system. ,rn 

/ . 
EotptorhtnuB the main system of venous drainage from the palate was 

, 1parentlY anteriorly into the _rostral sinus thence po'sterodorsally 

/ through the orbitonasal' vein to the orbital sinus. In lizards the flow 
, J ' \ 
/' ls completely r~versed. The orbitonasal vein has been lost. 

" 
Venous 

blood travels anterov~ntrally into the rostral sinus then,c'e posteriorly 
, ,\ 

into the lateral palatal sinus from which it, dr,ains dorsaily thro~gh the 

suborbit~l fenestra by way of the pterygoid vein. Sphenodon exhibits a 

... ',{ ( 

pattern intermediate between these two extremes, a' small orbitonasal 

veiu dralning the dorsal snout regLan postèriorly into the orbital sinus 
, 't 

and a smâÜ pterygoid vein draining through the lateral palatal foramen , , 

lnto the vena capitis lateraiis. The p'alatal venous system in pelycosaurs' 

was much different. apparently having drained posteroventrally through 'the 
'.... 1>'.:1 , 

externAl ~ndibular. vein. 

The cranial circ\.fl,!ltory system of the captorlTinid' EoaaptorhinuB ia of 

a generally primitive form tho~ght to be common ~o ma~Yt if not a11. 
" o captorhinomorphs. 'It ~s suspected, but by no means' sure" that a connéction' 

l' 

) . 
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between the posterolateral extremity o~ the lateral palatal sinus and 

the external mandibular vein was a primitive reptilian characteristic 

that pas been lost in modern rèptiles but that has been greatly expanded 

in mammals. The dorsal M. adductor mandibulae externus supèrficialis 
\ 

brsl\kh of the external mandibular vein in many modern turtles may be a 

remnant of tUs primitive link. The' development of a prominent anterior 

, \, 
c:l.rculation from the palatal sinuses to. the rostrlill sinus, thence through 

\ 

the anout to the orbit is' an advanced characteristic of captorhinomerphs 

and their modern descendents. Pelycosaurs had a very di,fferent crania~ 

circula tory system ,even at the time of their first appearance in the 
, . 

fossH record. whi1e t'it· ls probable !hat the pelycosaurian cranial 

circulatory system developed from a pattern similar te that of non-syna1Jsid 

reptiles, the separation must have OCèurred long before the first appearance 

of captorh1nomorphs wi~h thei~ specialized palatal, vÈmous drainage. 
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ABSTRACT 

Superbly preseryed remains of· the captorhinomorph reptile 

Eoaaptor'hinus laticeps- tram the Lower Perwi~n Wellington formation 

\ 
(Wolfcampian) of northcentral Oklahoma have'reve~l~d weIl developed 

muscle origin and insertion scars. Reconstruction of the mandibular 

adductor musculature on the basis of these scars on skull elements 

reveals that captorhinomorphs po~sessed a typieally reptilian tripartite 

M. adductor mandibulae. The M. adduetor mandibulae posterior was a 

smal~ simple muscle. The M. adductor mandibulae externus was extremely 

complex with three subdivisions, the partes superficialis, media, and 

profùnda, 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 deve,loped 

tripartite M. constrictor dorsalis. grobp.' 

These muscles were ~ssen!ial components in a primit!vely metakinetic 

skull, some'serving as skull roof elevators during mandibular depr~ssion 

and others serving as parts of either a kinetic inertial or a statie 

pressure system during mandibular adduction. This primitive metakinetic 

co~dition developed concomitantly with the attainment of a very small 
. . 

size, apd hence smaii terréstriai insectivore feeding mode, that must 

have been necessary for the development of the amniote egg. 
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"Fig). Eoaaptorhinu8' latiaeps. onstruction • 
. 

Fig. 2. GeOldetr} and anatom 

Fig. 3. Muscle Tension-Elongation Curve. ,/ 

Fig. 4. Primary divisi~ns of the M. adductor mandibulae. 

Fig. 5. .Eoaaptorhinus laticeps. Skull' roof in ventral aspect; showing 

regions of muscle orig!n. 
(', ) 

, Fig. 6. Eoaaptorhinus Zatiaéps. Braincase showing regions of musclè origine 

Fig. 7. EocaptoT'hinus Zaticeps. :Regions of muscle origin and insertion. 

Fig. 8. EocaptoT'hinu~laticeps. Head in lateral aspect showing the 
, 

M. adductor mandibulae externus supe~ficialis and its divisions, the 

M:zev. tor anguli' oris and the M. retractor anguli oris. Reconstruction. 

Fig. 9. EocaptoT'hinus Zaticeps. Head in lateral aspect showing the 

M. adductor mandibulae externus superficialis with the M. levabor 

anguli oris and M. retractor anguli aris removed. Reconstruction. 
'b 

1 
Fig. 10. EoaaptoT'hinus,Zaticeps. Head in dorsal aspe~tl showing the 

mandibûlar adductor musculature. Reconstruction. 

Fig: Il. EocaptoT'hinus'latideps. Head in dorsal aspect. Reconstruction. 

Fig. 12. Eocaptorhinus Zaticeps. Head in lateral aspect showing the 

M. adductor mandibulae externus medius segments. Reconstruction. 

Fig. 13. Eoaaptorhinus laticeps, Palatal complex showing regions of 

muscle origirt. 

Fig. 14. Eocaptorhinus laticeps. H~ad in_ lateral aspect showing the 

M. pseudotemporalis superficialis, M. intramandibu1aris, and the 

M. adductor mandibulae posterior. Re'construction. ' 

Fig. 15. Eooaptorhinus Zaticeps. Head in,ventral aspect ?howing the 

~. pterygoideus. Reconstruction. ,~ 
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THE ADDUCTOR MANDIBULAE MUSCULATURE OF A PRIMITIVE 

1 
~TORHINID REPTILE 

.... 
Introduction 

The ear1y.Permian terrestrial deposits of the southern United States 

have produced a large fauna of primitive reptiles. lt is from'these 
i 

deposits that the well known mammal-l1ke or synapsid reptiles, DimetY'odon, 

a sphenacodonid pelycosaur, h~s been collected (Romer and Priee, 1940). , 

From here also have'come many specimens of the Order Captorhinomorpha, 

- often considered to be the most primitive group of true reptiles. Most 

of these be,long to the Family CaPtorhi~id~e. Two species, Captorlzinus 

aguti of early L~onardian age (Fox and Bowrnan, 1966) and the slightly 

earlier Eocaptorhinus ~atideps of late Wo1fcampian age (Heaton. 1975, 1978) 

(Fig. 1) have been exhaustively studied. Eocaptol'hinus ls known from a 

large collection of superbly preserved specimens from the Wellington 
; / <'... '", \ \ ' \ , 

Formation of northcentra1 Oklahoma (~ee Heaton, 1975, '1978, for specimen' 

numbers, descriptions, and locality data) 'tHat reveal muscle att~chment 

IIscars" '. Since litt1ev, information on the adductor jaw musculature of 
1 

primitive captorhino~orph8 i8 available in the literature,'a reconstruction 

... ,. ~: 

,j 
j~ .. 

"~ 
• ft 
> 

,,' 
~,~ :" 

of the pattern presènt-m EomÎpto1'h-tnus-tatiaepsJ the eaI"l.ieg-t-ad~· ; 4 ____ ~ 

known captorhinomorph is p.resented. Although Fox (1964) has attempted ta . i 

Detailed studies of the adductor musculature of primitive Pa1eozoic 

1 

1 . 

reconstruct the muscu1a~ure of'a captorhinomorpn, Capto1'hinus aguti~ in 

detail unfortunately this was done on the basis of an assumed'mammalian 

muscle arrangement (Barghusen, 19~8, 1973). 

reptiles are rare. Because of the superb reconstructions of the sku11 of 

the carly Permian sphenacodontid pelycosaur.Dimetrodon, presented by Romer 
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Figure 1. Eocaptozohin.us Zatioeps. Skùli".-~eral aspect. b) Dorsal 

aspect. Reconstruction. Natural size. 
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and Price (1940), and the avai1ability of numerous we11'preserved and 
d 

prepared specimens, most studies have concentrated upon this genus ( 

(Watson, 1948;' Parrington", 1955; Fox, 1964; BarghU~en, 1968, 1973). 

Any attempt at reconstrueting the craniai sofh anatomy'of fossi 

reptiles ~resuppo,ses an extensive knowledge of the cranial anatomy of 

modern. reptiles and, to a 1esser extent, of modern amphibians and mamma1s. 
, 

In the past, sueh reconstructions have been erratic in qua1ity since few 

• paleontologists have had a sufficiently good understanding of ànatomy to 

permit good reconstruction~ to be made and anatomists have genera11y been 
( 

uÀlnterested in fossil forros. On1y Barghusen (1968, 1972, 1973) and 

Ostrom (1961: 1964, 1966) have achieved any notable suecess in this field. 

The literature on modern reptil,ian éranial anatomy Is also limited. 
r 

Much of the published information is old and often inaccurate or g~ossly 
" 

over-simplified. Much was acquired by means~of careful dissection. Since 

the "genera1 decline of eompa~ative anatomy since. the 1930'5, litÙe has 

?een pub1ished beyond reviews of the olde~ literature. Comparative 

• • 
vertebtate anatomy is- making a"noticeable reappearance as a necessary tool 

in vertebrate paleontol.ogy though most research has been c'onfined to 

mamma1s. As a result, relevant anatomieal knowledge had to be acquired 

firat hand by means of e~tensive dissections of modern forms. In this 

study one or more specimens of t~e following modern reptiles' has been 

dissected: Pseudemys concinna (Chelonia: Testudinidae), Pseudemys scripta 
, 

(Chelonia: Testudinidae), Cteno8aura,pectinata (Lace~tilia: Iguanidae), 
" . 

Gekkà gecko (Laceri:ilia: Gekkonidae)/ Iguana iguana (Lacertilia:o Iguanidae) , 

Phl'ynosoma cornutwn (Lacertilia: Iguanidae), Tupinambis nigl"opunctatus 

(Lacertilia: Teiidae), and Val"anus bengalensis 
. \ 

(La~~rtilia~\varanidae). 

examined in ~ncert ~"th . 

l/ 
In additlo~. a number of modern amphibians was 

\ -----:...Viiiiiiii ____ iiii;MÎ ;;;;;;;:="ë;;';;';';-·=;;;:;;;;;;:;;==~=:';;:==::;;:::';;:;;;:::::_:;:,=S:::::=~=::=--_""'--_"'~-~-- ~ -~- - .. - -----y.--.--... -.. ,.~ 
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Robert B. Holmes of McGill University: Ambystoma m::lOulatwn, (Urodela: 

" 
- Ambystomatideae) " AmphiUlTrJ. tridactyliwn (Urodela: Amphiumidae), Ascaphus , 

truei (Anura: Ascaphida~), Cryptobranchus aZZeganiensis (Urodela: 

Cryptobranchidae), Hynobiu8 retal'datu8 (Urodela: Hynobiidae), Necturus 

macrnî88u~- (Urodela: Proteidae), Rana pipiens (Anura: Ranidae), Siren 
, 

ta~el'tina (Urodela: 'Sirenidae), and Xenopus sp. (Anural Pipidae). 

The mandibular adductor musculature of modern reptiles i8 basically 

similar L even though the three major ,groups, the chelonians 1 (turtles 

and tortoises), lepidosàurs (rhynchocephalians, lizards, and snakes) 

and crocodili,ns have e~olved separately for at least 200 million years. 

Bath chelonians and crocodilians have become highly special1ze~,3:n 
_, , l 

their skull- structure ahd modes of feeding with a conseqùent change in 
, . , 

emphasis in the development of some segments of the adductor musculature. 

Rh~chocephalian~ (sphenodon) and many lizards, a1though specialized in 

the"development of two pairs.of tempo:r;al fenestrae in tlle skull roof and 

cheek bavè a generally ,imilar skull 
. . \ 

DlOst pa~t, bave retainec\.a primitivè 

size ~d construction, and for t~e 
\ 

reptilien insectivorous feeding 

mode and hence have retaine the primitive pattern of r'eptilian muscle.f 

segment development. Since he muscle development in these primitive 

lePidoaaurians is less speçi ized than in ei~her turtles, which 

.'-;;'erflCiall» re .... b~e ';h~ +ene~trâte skulled cap:o~hlnomorph reptiles. 

or in crocodilians, com~on with relatively unspecialized lizards such 

'as Iguana and TupituzJW'je and the primitive, sphenodo~tid rhyncbocephalian. 
, ' 

Sphenodon ia atressed. 
,,::..-.-., 

Barghuaen (1973)' h~s given an excell~nt'-§atio!1B;le' for identi~ying 

the region~ of ~~l" o<1glo ad 'lnser~ion 1~' fossU rePtn~s)o,.. 
explanation and amplific~tion'~f bis criteria do ~eem appropriate. The 

l. ' .... ------;--'-~~T"'-.--;-> --------->-.. . 
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\ 
major eriterion he .uaed was the presence of attachment "scars" that were 

.,< 

to be considered hômoJ:ogous by reason of simi1V, placement iil both the., 

fossil and living reptiles'
D 

Attachment " sear" is a frequently used. but 

poorly defined term. B~sically there are two methods of anchoring' muscles 

to bones. These are fleshy connections and tendinous connections (Edwards',' 

1946). AlI bone surfaces are sheathed in a layer of dense mesenchyma1 
1 

conn~~tive tissue, Fhe periosteum, the deep layer of whieh produces 

osteoblasts that deposit thin, dense layers of 1amellar bone. This 

~ppl1es to both dermal /1.nd perichondral or pel'iosteal bone although 

their exact ,process of formation is slight:1y d'ifferent (Romer, 1970). 
\ , 

The periosteum is bound to the lamellar b~me by short pundles of 

colfagenous fibers known as Sharpey' s fibers (Edwards. 19~6'; Frazzetta, 

1968) (Fig. 2) ~ As Frazzetta noted, greater stresses are placed on the 

periosteum by forces associated with perpendicu1~'r or near perpendi"cular 

r~ 

muscle attachments than by sub-tangentia1 attachments. In regions where 
- \ 

the pl?riosteum 18 heavily stressed, additional clusters of Sharpey' s 

fibers ar.e 'prodùced 50 that :fossUs» from which ~11 organic components 

been re1!l0ved, show an increased degree of microscopic pi tting where the. 

Sharpey' s fi'bers have been lo~. Many perpendicular muscle' attachments 
-' 

cover large areas in oJ;der to di8sipat~ stress across the periosteum. 

This type of bro'ad attachment i8 a1ways freshy al tho'Ugh it may be 
\ 1 

supported by minor tendons. . Slightly dished 0 or excavated arElas of 

\ 1 

, ""r pe.rpendicul~r nMlsc1e attachment are typical "heoause the. external 

'boundaries of the' muscle produce s1ightly greater str,esses and hepce 

greater degrees 'of ossification (Edwards, 1946). In these cases, the 

rimS often show weak concentrations of stiarpey's fibers pits. In regions 

of inc1ined or nearly tangential muscle attachment, extreme shear' loads 
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\ , 
may be placed on the periosteum. In these cases, a' collagenous' extension 

of the periosteum, a tendon, is normally formed in 'whose' base' are 

embedded'many bundies of Sharpey's fibers, around which additional 

fleshy attachments, resulting from a pinnate aftachment of the muscles' 

to the tendon, are developed. The increased numbers of s?~rpey's 

dbers give the ridge a heavily- pitted < surface and, in areas of extreme 
1 

stress, this" as wE!ll as differential ossification at the base of the 

tendon produces. a heavily gnarled region. These bony evidences of 

\ 
muscle or tendon attachment are the scars' to which referenc~ is often 

made. 

Each muscle fiber has a single flxed leng,th at which it will come 

to rest if unexc1ted and if not subjected to any external applied 

. c.?wpressive or tension forces. This 18 known as \the resting fiber r 

length and is usually considered to represent 100 percent elongation 

~' 

of the muscle fiber (Fig. 3). Each division and subdivision" of a muscle 

mass may, and usually does, reach i ta' resting fiber length a~ a different 
1 \ 

• 1 

point in the mechanical.sycle through which the sk~letal ele~ents. ta 

which it is attached, pass. When the muscle fiber ia .stimulated, ft 

~y contract as much as 30 percent, of 1ts resting fiber length, but as 

it does 50: the active' tsnsion in the act'ivated m~sc1e decreases frOID 

, a tnaximum at the resting fiber length to ,zero at its point of ma'ximum 

contraction (Zierler, 1961). This has two consequences in jaw adduction. 
\ 

F.irst, a unitary adductor mass, whil.e being strong at one\position, 

would be ,rélatively weaker at other points in the jaw adduction cycle: 

Obviousl)': a jaw adductor muscle mass with numerous divisions and 

subdivisions that reacQ their resting fiber lengths sequentially and, 

(~ thus, exert a constant' force throughout the add.uction cycle, 18 a 
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distinct advantage. Second, forms with complex subdivided jaw adductor 

musculature prim~tively show a proportionately .larger cross-sectional 

area of muscle fiber in order to maintain adequate strength/throughout 
-. 

the cycle. AnimaIs with simpler jaw adductor muscles usually have 

proportionately smal1er cross-sectional areas of these muscles unless 

some structure or mechanism, suçh.as the coronoid pro cess in nammals 

'(DeMar and Barghusen, 1973) or the extremely mobile cranial kinesis 

in gekkonid lizards, has been deve10ped to overcome the problems of a 

single, 'or at least, extremely limited number of positions of maximum 

active tension. 

Muscles can be stretched p'assi\Tely beyond their: resting fiber 

length by the application of an external force, usually the contraction 

of another mus"cle, on the mechanical system ... Passive t~sion increases 1 

geometrica11y with elastic elongation to about 130 ta 140 percent of the 

resting fiber \length before ine1astic elongation of some muscle fiber 

components begins and passive ~ension rapidly decreases (Zierler, 1961). 

" Haines (1932, 1934) has shown "that striated ske1eta1 muscle adapt~ its 

maximum elastic fiber length under passive tension to the greatest 

degree of physical excursion 
-, 

i;t the me~hanica1 system of which it i5 a 

part. An increase in tend~e~gth at the expen~e of muscle fiber 
_ ~~ 1 

1ength i8 typica1 in systems where physica1 movement has been restri~ted. 
1 
1 

In a11 such cases, the tendon adjusts the maximum e1astic fiber- length 

under passive t~nsion to about 130 to 140 percent of the,resting fiber 

length. Barghusen (1968), in his reconstructions of the jaw adductor 

musculature in the sphenacodont pe1ycosaur, Dimetrodon,.used a factor 
\ 

of 132.6 percent e1ongation as the maximum fiber length. This figure 

(~) waé derived' from an idealized, genetalized tension-elongation g~aph' 

! 
Il 
! 
1 

l' 
1 
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., 

1..11:) 

based on resu1ts obtalried by Zierler (1961) using human skeleta1 muscr~ 

.r (Fig. 3). Haines (1934) does not quote· any figures for elongation as 

Barghusen (1968) has imp1ied. Because".of the numerous generalizations 

,necessary todetermine the point of maximum elastic muscle fiber elong~tion 

{) 

undèr passive tension, a figure of 132.6 percent ls thought; to represent 
{ 

spurious accuracy, especial1y when an extrapolation of experimental 

values -obtained fi"om human skelètal muscle i8 applied to primitive . 

reptilian musculature. The figure is be1ieved ,to range between 130 and 

... 140 percent but may be as high as ).40 to 150 percent as suggested by 

Gans (1966) and Reisz (1972) but surely does not reach tll\:! 200 percent 
( 

suggested by some authors. 

Frcquently the term 'resting fiber length' has been m:!.sinterpretep" 

especially when being discussed in relation to the jaw adductor 

musculature of m~dern reptiles. It has usuaHy been aS8umed that aIl 

ma.~dibular adductor muscle fibers reach their resting fiber lengths 

",hen the mandible ls adducted. This rapidly 1eads to the assumption 

that primitive réPtiles, were 1~mited in the deg'ree to which the mandible 

,could be depressed (Reisz, 1972) _or that the muscle fibers of primitive 

reptiles could accommodate greater elastic elongation. Examination of 

the skull and jaw adductor musculature of modern reptiles reveals a 

similar apparent discrepancy between the maximum observed de&ree of 

manclibular depresaion and the assumed resting fiber lengths. In fact, 

what -has happened is that the original assumption that a11 muscles are 
\ 

\ 

at their resting f!ber length ",hen the' mandible is adducted i8 incorrect. 

_ Only one muscle segment need be maintained at its rest.i~g fiber (length 

to keep the mouth closed without the need for continuous active tension 

in the muscle mass. This segment, usual1y the most posterior of the- , 
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mandibular adductor di visions in order to remain as close ta the j aw 

articùlation (fulcrum) as possible, so as to decrease the degree of , 

angular excursion and thus muscle fiber elongation. keeps most other 

muscles in slight compression thus leading to the commonly observed 

passive bulging of the jaw adductor" musculature when the mouth is 

closed. Muscles having origins or insertions, or both. at sorne distance 

from the jaw articulation reach their own resting fiber lengths when 

the mandible is depressed to a specifie degrée for each individual 

muscle segment. 

The re-constructions of the mandibular adductor musculature in 

Eoaaptorhinus Zatiaeps have been made to repre~ent, as closely as 

possible, the ae tuaI appearanee of the animal as if bcing dissec ted 

today. AlI nerves and blood vessels have been reconsfruc ted in their 

--' appropriate positions. "Certain liberties have been made in the 

re-construction of the skin and the pupil of the ~ye for the sake of 

artist~e continuity. A pattern of large non-i~bricate scales was 

:selected to cover the lightly sculptured lateral snout elements since 

this Is similar tô the form of scala tian 'to be observed in at least 

spme merubers of most groups of modern reptiles where relatively large 

size and thick bone ànd skin are present. Reconstruction of the skin 

covering 'the heavily sculpture~ cheek and skull roof, is more difficult. 

It ia felt that this re~ion was probably eoverrW by many smaH, npn-

, imbricate epidermal sea'les, one scale possi)Jly corre~ponding in size 

roughl'y to each sculpture pit. ~,arge plâ.que-like seales or" small 
.5' 

'imbricate scales would appear te be inappropriate for a region. of heavy 
\ 

pit-and-ridge sculpturing. The general appearance of the scalation 
./ . 

would probably resemble that of a 'larger teiid "iizard such as Tupinambis 
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if the écales were simple and unadprned. An elliptical pupil of' the eye 

similar to that seen in crocodi1ians and many l·izards i5 illustrated 
[. ' ' " ' 

although there is ~ of course, no concrete evidence to support or 

contradict this aspect of the reconstruction. AIl other features of 

the re-constructions are supported by one or more pieces' o~ corroborating 

evidence. 

M. ADDUCTOR MANDIBULAE OF EOCAPTORHINUS LA TIC EPS 
\ 

l'he older,\and sorne of the ne'Wer, literature has often considered 
\ 

the jaw adductoil musculature ta be an undifferentiated pr bipartite 

muscle usual1y referred to as the' M. temporalis (Mecke1, 1812-33; 

Cuvier, 1836-46; Stanntus, 1856 Owen, 1866; Mivart, 1867, 1870; Sanders, 

1870, 1872, 1874; von Teu,t1eben, 1874; Hoffman, 1879-90; Shufelt, 1890; 

E;dgeworth, 1907; Lubosch, 1933) in accord with the presumed homologies 

with the mammalian, and in parti~u1~r the human temporal musculature,. or 

the M. C~PitimandibulariS (HoffJn, 1879-90; Bradley, 1903; Adams, 1919; 

Fox, 1964) in comparative, anatomJt:(origin~insertion) terminology. 

'Luther (1914) an~ LubOSC~ (1914) 'ere the first to describe a tripartite 

separation of the adductor muscu1 ture of at;Jphibians bas ad on the ' 
1 i 

position of the divisions of this l, musculature 'based on the ,position of 

the divisions of this musculature relative ta the maxillary and 

mandibular rami of the trigcminal ,nerve wViCh inncrvates these muscles. 

This system was applied to a discussion of the homologies of the jaw 
1 

1 

ddductor muscles of modern reptile:s by Lakjer (1926). It is his scheme 

that has generally been accepted by anatomists and most paleontologists 

<:Schumache"r, 1953, "1953-54, 1954-55a, h, 1956a, b. 2, 1973a, b; Oelrich, 

o 1956; Raas, ,.r960, 1973;,' Ostrom, 1961, 1964, 1966; Barghusen" 1968, 1972, 
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1973; Gomes, 1974). Many paleontologists have used other terms, or 

presumed homologies, when t'rying to reconstruct the adductor musculature 

of ,iossil reptiles, often using 1IUlmmalian musculature and t~rminology 
, 

for comp~rison (Watson, 1948; Parrington, 1955; OIson, 1961; Crampton, 

1963; Crompton and Hotton, 1967; Fox, 1964) with the result that mu ch of 

the availàbl.e data are badly confused. As Lakjer (1926) pointed opt, 

ail modern repti1~s possess a tri~artite jaw adductor formed of the M. 

adductor ~ndibu1ae posteriar that lies posteroventrai ta the mandibular 

division of the trigemina1 nerve (V
3
), the M. adductor mandibu1ae externus 

\ c 

that lies antero1atera1 to the mandibu1ar ramus (V)) and ventrolateral 
, . 

to the maxillary ramus (V
2
) of the trigemina1 nerve, and the M. adductôr 

mandibulae' internus anteromedial to the maxi11ary ramus (V 2) of tne 

trigemina1 nerve and laterai ta the pterygaid and epipterygoid (Fig. 4). 

Also innervated through a separate ramus and media! to the pterygoidr and 

epipterygoid are the small rnusales of the M. constrictor dorsalis 

group. 

The M. adductor mandibulae divisions are themsel ves further subdivided. 

Whi1e it is usua11y recognized that the M. adductor mandjbulae intcrnus 

is ~ivided into discrete M. pseudotèmporalis and M. ptery~o~d~us segments 

in aIl mode~ reptiles and most Ilmphibians, this is Ilot the case with 

the other two divisions. The:H. add~ct'or mandibulae posterior is ~ 

small muscle in reptiles with a single homogeneous origin and insertion. 
1 

In contrast to amphibians-, ft is 'seldom sub':'divided. The adductor 

" 
mandibulae externus on the other hand, i8 divided into three distinct 

parts (except in the Gekkota), the partes superficial:is, media, and 

profunda. Only Ostrorn (1961, 1964, 19~')' has taken these divisions into 

account when reconstructing the j~w musculature of fossU forros. 
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. Figure 4. Pri1!lary divisions of the t4. adductor mandibulae. of; a 

, typical reptile in frontal section, 
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'The three parts of the M. adductor ,mandibulae externus have fixed 

positions relative to the bones ~f., the skull . roof. the mandibu1ar 

tendons (basal aponèurosis), and certain nerves and blood vessels, 

121 

especially arteries. If these landmarks can be identified in fossil 

<forros, then the parts of the M. adduc tor mandibulae externus. and even 

some of their sub-divisions, can he identified. The ieavily ossified 

skulls' of the primitive reptiles with their larg~ areaa of origin and 

insertion are ideally suited for this type of reconstruction (Figs. 5, 
) '0

1 

6, and 7). These attachment areas must be 'identHied and muscles joining 

them he reconstructed with due regard for the positions of aIl nerves 

and blood vessels. 

M. adductor mandibu1ae externus (MAME~ 

The M. adduct()r mandibul·ae externus of most modern reptiles is 

di vided into' three segments, the partes superficialis, media, and 

profunda. The only known exceptions to this rüle are the gekkonid 

1izards which have, as a 'consequence of the 10ss, of the temporal arches, 

, <:::::> 
rerluced the degree of segmentation of the M. adductor mandibulae externus; 

Attempts ta reconstruct the adductor musculature of fossil reptiles 

, ' 

based largely on a gekkonid model (Crampton ,and Hotton, 1967) ar'e 

1 

, \ 

severely handicapped by the difficulty- in determining which characteristics 

are primitive and which specia1ized in this family. Snakes have a 
/,/ 

tripartite M. adductor martdibulae externus but. in the a~sence of an 

insertional basal aponeurosis,' the homologies or the p~rts cannot be 

established with confidence. For this reason, snakes ~nd tn~lr jaw ~ 

adductor musculature are not dlscussed' in detail. Large relatively 
\' 

, primitive 1izards (iguanids and teUds), the sole surviving rhynchocephalian' 

Sphenodon punctatuB ~ cryptodire turtles, and crocodilians have formed , 
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9rigin. a) Dorsal aspect. b) Ventral aspect. e) Lateral aspect. , , 
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\ 
the baais from which an und~rstanding of th_e 0fi~ins t \ insertions, 

related structures t and functions of thé adductor mandibulae musculatur.e 
j 1 

of reptiles has been developed. 
\ 

',' 

M. adductor mandibulae externus superficialis 
" 

The pars ~uperficialis of the M. adductor mandibulae extern.us 

originates from the medial surfaces of the posterior process of the 1 

o , 

postfrontal and the anterior process of the squamosal, ~hich form the 

dorsal temporal arch, in Sphenodon. The origin is similar in" most 

l1zards except ~n forma, such as the gekkonid,lizards, in which the 

"dorsal temporal bar has been lost (Lakjer, 1926; Brock, 1,938; Haas, 

, 1973). In crocodi1ians, be~ause of the exten~ive modificiation of the 

braincase and posterior region of t~e adductor chamber, the pars 

superficialis originates from the ventral s~urface of the quadratàjuglf1 

and the lateral surface' of the quadrate (Schumaéher, 1973a). In most . , 
• > 

turtle13, which retain a primitive unfep.estrated (anapsid) skul1, albeit 
, r 

with variable degrees of posterior and ventral emargination of the skull 

roof and cheek respectively, the 'pars superficial.is originates from the 
~ , " 

, 
post frontal and variously, in addition, from the pa'rieta1; from the - \ 

dorsal sutface of the quadrate, the squamosal, and the prootic; from 

the opisthot:lc and the basisphenoid; or, where temporal emargination i~ 

extreme, from the temporal fascia (Schumacher, 1973a). 
\ 

The M. adduct,or 

mandibulae extérnus ,superficialis' is typically bounded laterally by the 

temporal fascia (Decksehne of Poglayen-Neuwall, 1953, 1954) and medially 

by the external tendon.(Sehnenplatte),~ 

In aIl 'cases, and in fact by definit:1on (Lakjer, 1926), the M. 
l , 

adductor mandibulae ext~rnus superficialis lies lateral to aIL divisions 

of the basal aponeu~osis ("Bodenaponeurosis" of authors) or tendon sheet. 
\ ' 
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In sphenodon and lizards the pars'superficialis i8 divided ioto a medial 

segment (M. adductor mandibul~e externus lb of Lakjer, 1926) that ls 
\ .' . 

apparently, homologous wlth the eotire pars superficia1is of crocodilians 

and most tu~t1es, and a laterai division (M. adductar mandibulae 
./ 

externus \la of Lakjer, '926) composed o~ a single muscle sheet in liz~rds, 
; 

th~ M. retractor anguli oris (often called the M. levator anguli oris 

even though it pulls posterodorsa11y or ret~act6 rather than pulling 
. ' 

dorsally or elevating) and of t'NO elements in Sphenodon~ a posterior 

.. sheet-like M. retractor anguli oris and. a narrow, vertical anterior M. 
\ \ 

levator anguli oris (Lakjer.\1926; Haas 1 1973)~ In modern turtles and 

cro~odi~ians, the anteroposterior width of the M. adductor mandibulaa 

externus superficialis i,s short relative to the length of the skull, 

thus ch'e angular aeeeleration of the mandible is high as wouid be 

expected in forms requiring a q~ick snapping action i~~rder to catch-

fast moving prey (crocodiles) or to shear food into smali portions using 
\ 

a sharp keratinous beak (turtles). A short levèr arm such as this 
\ , 

results in a limitèd degree of circumferential elongation about its 

distal end. In turtles and crocodil'ians, the rietal plates are shallaw 
, . 

since a minimum of folded skin ls required in the Mundp1atte system to 

accommodate elongation of the adductor musculature. Although the 
\ 

heayily keratinized skin of reptiles i8 much less ela8tid than i,s the 

skin of mammals it does still allow sorne stretching. Thus. as the 

v~ntral cheek margin becomes emarginated in bath advanced turtles and 

\ \ crocodiles, ~nd' the pars superficialis insertion migrates ventrally on 
, l ' 
the 'laterai surface of. the mandible 1.n some turtles, mote and more of, 

\ the elongation of the skin overlying the adductor musculature can be 
1 

- ·1 
accommodated by' simple stretching rather than by a much more"complex 
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\ 
plaited Mun.dplatte· system. In Sphenodon and !izards, the M. adductor 

mandibulae externus sup~fictalis is wide relative to the length or 
iii 

\ ' the skull, being approximately 45 to 50% in SphenodÔnJ about 40% :l,n 

IflUa?Ul in contrast to only 25 to 30% in Pseudemys and AUigato't'. The 
, 1 

degree of. elongation of the adductor muscle at the posterior angle of 
\ 

the mouth in modern lepidosaurs is great enough, that a deeply folded 

Mundplat te system with weU developed lateral and medial rtctal ,plates 
\ \ 

ls necessary in order / to \compensate for this elonga tion. If selection 

127 

bas been tow~rd a rE!lative1! slow speed but high power add~ctor system 

, " / 

such as this, a separate muscle slip from the pars superficialis must 

\ , 
Burely ,also have been, developed in arder to operate the deep Mundplatte 

efficiently. This is especially true for any form with 'a <complete, 
\ 

unemmarginated ventral c'Qeek border since tnere t's no leeway to allow 

skin stretching to assume a significant role in the accommodation of 

'\ 
M. adductor mandibu).ae elongatlon. If this aspect' is considered, the 

Mundplatte-M. retractor angul; oris system of !izards must have been 

'" 
" weIl' developed before the 10ss of the lower temporal bar, othenvise 

Bkin st~etch and temporal emargination would have becoll)e the principal 

meâns \ of accommodating adduc tor lengthening., /"în Eoeaptorhinus 'laticeps ~ 

the wideh of the 11. adductor mandibulae externus superficialis. represented 
, , 

) 

between 45 and 50% of the total skull length or about the same as' in 

\ \ Sphenoélon. Likewise a straight ventral cheek margin and failure of 
Il 

the pars superficialis to extend below it whe~ the, jaws were adducted, 
\ 

suggest the presenca of a deep Mundplatte in €ocaptorhinus that most 

probably was supported by a separate 
\ 

(Fig. 8). In lizards t' where a large 

has restricted the posterior portion 
\. 

lateral slip of t~e pars ~uperficialis 

anterodOrS~lY projecting quadr~t •• 

of the addu~tor region, the 

, ,\ 
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Figure 8. Eocapt01'hintpJ Zati.aep8~ Head in lateral aspect showing the 

1 
. 

M: adductoT mandibulae externus superficial1s and 1ts lateral divisions, 

.\ 

J 
i 

the M. levator anguli oris and M. retrac anguli oris. Reconstruction. 
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M. retractor art'gïli oris origin has migrated anteri~r1y with this 
t 

1 

muscle becoming the on1y one inserting on the mediai rictai plate. 

Eocaptorhinus, Iike SphenodOn~ has a smatl dorsally oriented quadrate 

that does not impinge upon the adductor chamber. As a result, two 
, \, 

separate muscles, a dorsally oriented M. levator anguli oris and a 

posterodorsally directed M. retractor anguli oris appear to satisfy the 

mechanical requirements of rictal plate support in Eocaptoplr'fl[us as they 
( 
',----- ~ - -- " 

do in Sphenodon. 

In turtles and crocodiles, tendons are not normally associated 

with the origin of the M. adductor mandibulae externus superficialis. 

sphenodon and lizards, on the other hand, have numerous auxillary 

tendons. The posterodorsomedial surface o,f the pars superficialis is 
( 1 

typically covered by a prominent aponeura~is (Decksehne,of Ingeborg 

\ Poglayen-Neuwall. 1953, 1954). Muscle fibers of the main segment of the 
" 

pars' superficialis para1fel this tendin?us sheath but do not, for the 

most part, originate from it. The muscle fibers extend vent'rolaterally 

then ven trally to farm a pinnate ins.ertion onto the lateral surface,tf 

external tendon J 
u 

the dorsomedially inclined lateral sheet of the 
" 

(Binnensehne of Ingeborg Poglayen-~euwall, 1953, 1954) of the basal 

" 

aponeurosis (l3odenaponeurosis) and onto the '1aterai surface 'of the 

coronoid and surangular ventral ta the tendon. The presence and position , . 

) 

of these. tendons has been shown ta be remarkably consistent amongst .1izards 
1 l 

(Gomes, 1972). 

The internaI skull roof of Eoc~p-tol'hinUB exhibits a heavily gnarled 

and pitted ridge extending along the lateral edg~ of th~ ventral surface 

of the parietal just media! ta th~ sutu,re with the postorbital and 

squamosa1 (Fig. 5). This lB interpreted as the,site of attachment, as 
~ 
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revealed by the many prominent Sha~ey's fiher pitat of a ~ell developed 

dorsal external aponeuroais. There ia 1.10 evidence of heavy tendinous 

insertions on the squamosal Just lateral to the parietal, but scattered 

l,ight pitti:ng indicates the pr~sence of a fleshy origin of a thin, wide 

muscle lateral to, the tendon which is interpreted here as the main 

segment of the M. adductor mandibu1ae externus superficialis (Figs. 9 and . 
10). 'I.t appears that, as the superior temporal fenestra de\reloped in 

diapsid reptiles, and the lateral extent of the parietal shrank, the 

origins of the M. adductor mandibul.ie externus superficialis migrated 
, 

1aterally onto,the squamosal. 

The insertion of the M. adductor mandibulae externus superficialis 

in Eoaaptorhinus appears to have been essentially similar to (that of. 

modern reptiles • 
• 

, ,\ ~ 

It is helieved that a w~ll developed.basal aponeurosis 

existed as in" aIl modern reptiles with the exception of snakes. Pinnate 

insertion onto the laterai surface of the most lateraI element of 

the external tendon of this system would be typical (Fig. Il). An 

extensive region of the .laterai surface of the' surangular i8 covered 
\ 

~~th a un1form field of tiny Sharpey 1 s fiber pHs that indicate a bread 

region of fleshy attachment of the pars superficialis te the bone. The 

coronoid d~d not extend dorsally in Eoeaptorhinus as it1does-in Sphenodon 

and modern lizards, and sa did not receive muscle fib~rs,laferally·as 

part of a flesh~,insertion. lt appears that in EoeaptorhinU8 and the 

-
later, larger ca torhinids, that the pars superficialis became an 

exception~lly la ge muscle developing the very he~vily ossified pars 
1 

\ 

superficialis or gin ridge on the parietal and the greatly increased 

degree of "cheek swelling" characteristic of these forma. - , , 
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Figure 9. Eocaptol'hinus Za.ticep8. Head in ,lateral aspect shotdng the 

M. adductor ~dibulae externus superficialis with its M. levator 
, 

anguli oris '4nd M~ retractor anguii oris removed. Reconstruction. 
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FigUre 10. EocaptorhinU8 Zaticeps. Head in dorsal aspect showing the 

mandibular adductor musculature'. Reconstruction. 
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Figure 11. ,Eocaptorhinus !atiaeps. Head in crpss-section. A) Transverse 

plane through incisura prootica. B) Transverse plane through sella 

turcica. " Reconstruction. 
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In order to produce an accurate re-construction of the adductor 

musculature of Eocaptorhinus, the degree of maximum mandlbular depression 
, " <.... , ' 

must be determined. In modern iguanid lizards, tfi~ maximum angle of 

mandibular depression has been o~served ta be approximately 40 degrees. 

In those forms such as the yaranid lizards, with highly kinetic skulls. 

a greater angle can be attained. Since the length of the adductor 

chamber is about 50 percent of the skull length in Eocaptorhinus rather 

than only about 30 percent in iguanid lizards and since cranial kinesis 

was less weIl developed in Eocaptorhinus, the maximum angle' of mandibular 

depression selected for the reconstruction as appropriate, is less than 

for iguanid lizards. This ~s in general accord with figures obtained 

by using the longest potential muscle fiber length of the M. adductor 

of, 
mandibulae externu~ superficialis ~xtending from the mast anterior fleshy 

. origin ~o the most anterior ffeshy insert'1ou at the base of the basal 

aponeurosis. With a sheet-like, relatively straig~-fibered muscle such 
, 

_"-h .. 

as the pars superficialis, comp~ession beyond the peint of maximum 

contraction ls n?t likely to have been significant. This is in marked 

contrast to the apparent condition in a curved-fiber muscle s\lch as 

the M. psel.ldotemporalis superf'icialis where considerable passive 

compression apparently existed when the 'mandible was adducted. If, as 'C 
~ 

la expected, the M. adductor mandibdlbe externus superfic~ali$ is fully 

contracted but not compress'ed when the mouth is closed, then 40 to 45 

percent elongation from the contracted position (30 to 35 percent 

/ 
resting fiber length) to the resting fiber length ~osition reveals a 

mandibular depression angle of about 15 degrees (as illustrated). An 

addi~ional elongation under passive tension by about 30 to 40 percent of 

,<=) rhe resting fiber length or 85 to 100 percent of the maximum contracted 
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length produces'a ma~i~m angle of mandibular depression of about 30 

degrees. ,Considerable confusion has existed in the literature z;egarding 

muscle fiber elong~tion and hence 'the degree df maximum mandibular 
. 

depr~ssion, much of it resulting from 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 lengtn is 

possib~e from the resting fiber l~ngth position. Elongation but not 

active cùntraction, of up to 85 percent to 100 percent of the minimum 

contracted length,or 60 to 80 percent of the 'resting fiber length is 
1 . 

possible from t?e fully contracted, but not compressed position. .. 
M. adduètor mandibulae externus medius 

The pars media fs the most strong1y developed segment of' the M. 

adductor mandibulae externus in SphenodOn and 1izards. It is a1so large 

in turtles and crocodilians where it is usua11y somewhat sma1ler ~han 

The pars media of Sphenodon and lizards ;ls roughly. 

cl into two segme~ts by ~he temporal artery which penetrates its 

Each of these segments', designat~d M. adductor mandibulae 

externus rnedius A laterally and B mediql1y is further sub-di vided, by 

1-
small intermediate tendons, into ~s many as four smaller divisions each 

( 

(Lakjer, 1926; Raas, 1973). The 1ateral~ar A segment o~iginates from 
1 

the squamosal and opisthotic whi1e the medial or B segment originate~ 

from the parietal and supraoccipita1. The pars media inserts onto the 

antero~edia1 surface of' the external tendon of the basal aponeurosis 

and onto subsidiary medial tendinous laminae of the external tendon 

(Lakjer, 1926; Haas, 1973). 
r 

The'extens~ve modification of the bra~ncase and pterygoids associated ' 

with the development of the ~econdary pa1ate and cranial akinesis in-

j 
, 1 

1 
1 

1 
1 

1 
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turtl~s and croeodilians has altered the' stt-ucture of th~ posterodorsal 

border o,f the" ad~uctor ~hamber ând, thus, extensively modified the 

origins of the M. 'adductor manrlibulae externus mèdiu~. In many' ~urt1es, 

and a1so in crocodiles, extensive and often extreme, specialization of ~ 

• the cranial arterial system in the a94uctor region has prevented the 

"t 

establishment of exact homologies bet~een s'ub-divisions of the M. 

adductor mandibulae externus merlius. The ins'ertion of 'the pars media is 
1 

similar to that seen in sphenodon and lizatds. 
,J 

The M. adduetor mandibulae externus medius appears to have been the 
, 

largest and most powerful muscle in the head of Eoaaptorhinus Zatiaeps 

as well as the most complex (Fig. 12). 'l'wo-thirds of the ventral surface 

of the parietal, which roofs the addue tor chamber, is devoted to the 

origin or accommodation of the pars media. !WO 

\ 
visible, an anterior trapezoidal. area :with five 

distinct regions are 
~ 

posteromedially directed , 

low ridges marked by many Sharpey' s fiber pits and a smaller. posterior 

, parabolic excavation with laterai pitting and a large anterior temporo-

parietal foramen. The pars media evidently was divided into two units 
1 

separated by the temporal artery. A short c;lorsal branch' of this art~ry 

18, believed to have entered the temporoparietal foramen. This artery 

and its associated foramen establish the position of the division 

betweell the 1ateral and media1 divisions of the pars media (H. add. mande 

ext. 2A and 2B of Lakj'er, i926). These two main muscular divisions do 

not conform to the wo topographie divisisms. The lateral division of 

the para mec.\ia consisted of at Ieast one and possibly two th in slips • 
..,.". 

The primary lateral slip (para media Aa) originated tendinously from 

the Iaterai dm of the posterior parabolic depression Iaterai to the 
.J c ' 

() temporoparietal foramen. It ls apparent from the marked line of Sharpey' 5" 

., 
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Figure 12. Eboap-torh~ Zati.ceps. Head in '.la.(èral' aspect showing the 

M. adductot' mand1bulae externu8 medius segments. ' Reconatruction. ,. 
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1 

! 
fiber pîts that the muscl'e fibe"rs w~re or1ented posterodors olàterally to 

, 
o~iginate on the me4;lal surface of the posterior end of the external 

aponeurosis. The tendon attachment ridge, although heavily pitted, is 

not gnarled, thus implying that adduction forces decreased posteriorly 
" , 

toward thé jaw articulation as moment theory predicts. 'This long. thin" 

wi~e muscle'apparently extended anteroventrally to insert pinnately onto 

the lateral sur-face of a media! sheet of· the external tendon. The 

mêdial tendon shee't has been reconstructed' in order 'ta co'mpensate for 

a small fiber length shortfall that occurs when the assumed 30% max:l:mum 
v , 

contraction calculation i8 employed and to keep muscle fiber orientations 

in Hne. The pattern resulting from ihis procedure is si~r to that 
• 0, 

seen in Sphenodon~ 19uana (Lakj er, 1926), Tupinambis ~ and many other ,. 

Uiards. ' 

A thin, narrow superficial sÜp of the Iateral division of the pars 
./ 

media (pars ~dia ~) has been reconstructed ·with a fleshy ori&,in on 
1 

tl}e anteri,or surface of the occipital flanges of the quadrate and 

squamosal and an insertion, med::J.al to the lateral sheet and lateral to 
o 

, the medial sheet of the po'sterior end of the exterMl tendon (Fig., 12). 

This is the most weakly documented to the ad duc tor muscles. !ts presence 

. 
Is proposed as a filler between the straight fibered pars media Aa 

l ' '" 
Immèdiately medial to ih and the aréed pars superfi<;ialis laterally. In 

addition, it has the shortest muscle fibér length of any adductor muscle 
~ 0, 

1nserting on the mandibu~ thus red,ucing passive stretch 

~d acting as a major stabilizer of the jaw articula,tion. 

considerably 
1 

Such a muscle 

(illustrated as M. add. mand. eJt!t:. 2c but described as M. add. mand. ext. 

2d by 'Haas 7,1973) is pre'sent in Sphenodon as well as i~ many Iizards 

'1nclud~ng I~na and TupinaJTÙ)is., 
l 

o 

,J' 

\ 



'.' 

, 
1 

" 

< {! 
,~ l, 

r ., 

J ., ;t 
"~ 
ri 

, 

;~ 
1 
\ 
" , 
,1 

1· 

? 

1 " , , 
i 
1 

, 

( 

o 

, 

'nte medial 'Segment of t~ M. ~dductor mandibulae externus medius 
• J 

(pars media B) w~ div!ded into two units. The poster:Lor unit (pars 

Ir 
media Ba) ,is judged ta have filled the parabolic '1iepresslon of the 

&f'j parietal medial to the tempor~l artery and the lateral segment of' tqe 

pars ,1IIedla (pars media Aa) (Figs. S, 7. and 10). The depression in the 
o ' 

o parietal i8 smoothly surfaced without Sharpey ~ S/ fiber I;>it tlng. ,'It 

appears that the pars media Ba was not attached to the ventr{ll $ûrf~ce 
: 1 ~ ) 

of the parifatal but rather had a fleshy origin on the heavily pit1:~ 
\ 

anterior surface of the lateral ascending process of the supraoccipital. 

This muscle apparently, bulged dorsally against the skull roof when the 

, . ·mandible was adducted but was probp,bly sep~rated from it slightly when 

the mandible was depressed. Because the parabolic depression was formed 

principally as a means of accommodation for slight swelling of the pars 

media Ae., which originate~ along its laterai margin, and the pars media 

Ba medially. there are no preserved osseous reflections of the interface 

between these two muscle segments except for the diagnostic temporoparietal 

foramen. ' 

The par.s media Ba, judging by Us relatü:mship to th~ anteromedial 

pars media Bb, inserted onto the lateral surface of a slightly more 

medial, segment of the medial lamina of the external tendon anteromedial 

to the pars media Aa. The pars media Bb, inserted outo the lateral 

surface of this tendinous sheet. Physical evidence of these sub-divisions 
-~'*' 

of the exte~nal tendon is absent ~ They are reconstru,C1:e~ here tp proyiqe 

" "tr--
as simple a means as possible of accommodating the insert~on of muscles, 

with definabl'e suh-divisions, while ~aintàining /necessary muscle fiber 

orientations and functlonaily viable mechani~al arrangeme.nts of the 

tIlandible and adductor musculature. AlI modern turties and lepidosaurs 
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(~xcept snakes) possess a multilaminate external tendon in t}:le basal J 

1 • 

aponeurosis sysJ;em. Although this apne~rs. to be a primitive charac.terist~c, 

• 
it ls ?ot possiBle to homologlze a1,l of ~the laminae amongst mQdern reptiles. 

A large trapezoidal scar on the ventral surfac~ 'of the parietal 

anteromedial, to the previously deternrl,ned Posit}on of the body of the 

M. a'dductor mandibulae externus' media Ba and posterolatera.l to the M. 

pseudotemporalis superficialis and braincase' is believed to have been 

" t.he area from which the M. adductor mandibulae externus mèdi'a Bb 

Five or si", tendinous ] aminae apparently were anchored' to a 

similar number of low ridges that bear maJ or Sharpey' s fiper pit· 
\ ' 

( \ . 
concentrations. Togethèr they trended posteromedially through the b,ulk 

, 
of the pars media Bb parallel ta the pars. media Ba-Bh and pars media Sb-M. 

pseudotemporalis s\ll~erficialis 'interfaces. These Àupplementary tendons 
1 

formed the base of a l!lultipinnate lateral origin of the par~ media Bb. In 
/If 

addition, the posteromedial region of the pars media 'Bb apparently had 
, ",A'J. :,9 

a strong fleshy origin from the lateral face of Othe median ascending 
• 

process of the supraoccipital and the cartilaginous taenia marginalis 

dorsiü ta the incisura prootica. Anteroventrally. the pars media Bb 15 

\ ' 
bel1eved ta have inserted onto the medial surface of th~ pars media Ba 

inscrtional lamina of the external tendon of the basal aponeurasis. 
, . 

As in SphenodOn and lizards, the pafs medi~ 15 t;hought to have beell, 

with the M. pseudotemporalis superficialis, the major power adductlllr 

with the pars media Ba and Bb almost equal in cross-sectional area and 
\ l ' 

together constitut~ng the majority of the parsme4ia mass .In both 

turtles and crocodl1ians. the pars media is relati vely smaller wi th 1eslill 
\ -~. . , 1"" 
well der-ined Bub-divisions. These simplifications' are apparent~' ~rived, 

ç '-... '"h~ 
~ .J. ... :;.. 

() ~ot primitive, conditions reIated to th~ extreme specializations ~f the 
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braincases and temporal artery circulation systems in these two groups 

and ta the emphasia on' the pars profunda in turtles and the M. 

pseudotemporalis and M. pterygoideus in crocodilians as the major power 

"adductors. 

M. adductar mandibulae externus profundus 

The str~cture\ of the M. adductor mandibu1ae externus profunda is 

simi:1ar in those modern' reptiles where the braincases are not excluded 

from the adductor chamber by the pterygoid and quadrate and which possess 

large post-temporal fenestrae. The pars profunda of Sphen~don and' lizards 

has a fleshy double headed origin on the laterai surface of the 

supraoqcipita1 (or in s,ome" cases the overlapping parietal) and on the 
\ . 

dorso1atera1 surface of the prooHe (Lakjer, 1926; Haas, 1973). Turtles 

have inp.reased the areâ of pars profunda origin on the supraoccipital; , 

\ 
prootic, and opisthot-ic and dorsomediapy onto the deseending lamina of 

the parietal and 1ateral-ly onto the quadrate. The pars profunda is, the' 
\ 

major mandibular adductor in turtles. Crocodilians, although having 
\ 

arisen from forms with a primitive braincase-adductor musculature arrangement 

si~par ta that believed ta haye been present in Eocaptorhinus~ 'have 

modified the braincase so extensively that the pars .~!ofunda origin is 

now excluded from the braincase ent~rely.· This has led to considerable ----
( ---------; disagreemeht as to the\-exâct homologies of the par:> profunda (Lakj er, 

1926; Anderson, 1936; Ivo Poglayen-Neuwall, 1953; Iordansky, 1964; 

S~humacher, 1973a) and its frequent confusion with the M. adduc'tpr 

mandibulae pas terior. 
, 

The M. adductor mandibHlac externus profundus of Eocaptol'hinU8 

laticeps has been re-constrùcted with a doub1e headed fleshy origin on , . 
the latera1 surface of the supraoccipita1 and on the anterodorsal surface 
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of the prootic and opisth?tic (Fig. 6) much as in Sphenodon which it 

resembles in the structure of the adductor è-hamber. The pars profunda 1 

--apparently arched anteriorly over the dorsal margin of the quadrate ramus 

of the pterygoid posterior to the epipterJ.:,goid thence ventrally to its 
, 

Insertio~ posteriorly onto the medial surface of the pars media insertiona1 

lamina of the external tendon. I~/lay ventral, and medial to the pars 

• 
1 media, media1 to the pars superficialis and lateral to the M. 

pseudotempora1is. When contracted, it probab1y bulged posteriorly into 

the post-tempora'l fenestra. 

M. adductor mand!lbulae posterior 

All modern reptiles possess a re1atively simple M. addJctor mandibulae 

• .1 posterior. It typically originates from the quadrate and inserts' onto 

the posterior region of the media1 insertional lamina of the externa1 

tendon (Vorderfahne of Ingebo~g Poglayen-Neuwall, 19'53) (Lakjer, 1926; 

Haas, 1973; Schumacher, 1973a). In Sphenodon this muscle ,is often inclined 

(Hàas, 1973) as it is in Tupinambis. In the latter, however, a massive 

_anterior M. adductor mflndibulae posterior pars intermandibu1aris has 

éIe~cloped to aid in adduction. This is a unique and presumably specialized 

characteristic in this la,rge lizard (Ingeborg Pog1ayen-Ne~\·;all, 1954; 

Raas, 1973). 

The M. adductor mandibulae posterior in Eocaptorhinus i8 believed 
'" , 

• to have been a small, simple muscle that occupied' the posteromedial 

portion of the adductor chamber (Figs. 13 ana 14). It appears to have 

had a· broad fleshy'" or1gin, on the lateral face of the pteryg~id lamella 

ana anterior surface 'of the occipital flange of the quadrate aS' far 

ventrally. as the mandibular articulation '(Fig. 13). !ts, dorsolateral 

surface was ptobably covered by a thin medial lamina. of the external 
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F.igur$' 13. Eooapto%'h~nus ~ic418. Palatal compl~~ ~~Wirlg reg10ns of 

muscle origin. a) Dorsal as act. b) 'Ventt:al.aspèct. c) Medial 
~ 0 \ 

o aspect. d) Lateral aspect. 
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Figure 14. Eo.aaptozahinus Z.ctt;iaeps. ,in 1atera1 aspect showing 

M. ~'seudotem~raliS, superfic1aliS J intramandibu1aris, and M., adduetor 

mandibu1ae po~terior. Reconstruc tio:n. \ 
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aponeurosis wliich separated the muscle from the M. adductor mandibulae 

externus medius Aa and Ab. 
\ . . 

The M. adductor mandibulae posterior appears to have extended 

laterally into the posterior half of the' adductor fossa where it inserted ' 

onto the dorsolateral surface of the articulaI' and, apparently, the 

Mecke:lian cartilage. Shorter media! fibers formed a pinnate iJlsertion 

onto the lateral surface of the postèrior segment of the internaI tendon 

of th.e basal aponeurosis. There;Ls little difference between the origins 1 

insertions, and, structure of this muscle as it is believed to have existed 

in EocaptoT'hinU8 and as it i8 in 'modern reptiles. 
\ 

M. adductor mandibulae internus 

The M. adductor mandibulae internus of modern reptiles i8 always 

divided into at least two major segments which, by tradition, have been 

given full recognition as separate muscles. These are the M •• 

pseud'~temporalis and the M. pterygoideus. In addi tion, crocodilians and 

many- turt!es have a well developed M. intramandibularis. 

M. pseudotemporalis 

The M. pseudotemporalis is a muscle of quite varied size in modern 

reptiles. lt is weIL developed in Sphenodon and most lizards where' it, is 

~ypically sub-divided into superfic~al and,deep segments. Gekkonid, 
1 

p'iYgOpodid, and possibly xantusiid l1zards, as weIL as snakes, are 

ekcePtions sinee they have a secondarily' reduced, undifferentiated M. 

pseudotemporalis as do turtles. Crocodiles have a large single M. 

pSèUdotemporalis ,that appears to be homolo'gous with the pars superficialis 

of Sphenodon and most lizards.· 
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M. pseudotemporalis superficialis 

In Sphenodon" most lizards, and, crocodiles, the dorsal temporal 

fenestra is part1ally or entirely filled with the large mass of the M. 

pseudotemporal~s 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 an terior 

portion of the dorsal temporal fenestra ahead of the slightly larger 

M. adductor mandibulae externus medius. The M. pseudotemporalis of most 
/ 

primitive lizards, w:f,th the exception of the gekkotan families (Gekkonidae, 

Pygopodidae, Xantusiidae). fills the anterior portion of the dorsal 

temporal fenestra as in Sphenodon.. and similarly originates from the 
! , 

medial, descending flange of the parietal. In more advanced lizard 

families (Lacertidae, Teiidae, Varanidae). the M. pseudoternporalis 

superficia~is i8 large'!:' than the M. adductor mandibulae externus medius 

and often' fills the dorsaL temporal fenestra. In t-hes~ forms, the M. 

_,ps~udotemporalis superficialis may originate from the anterio~ surface 

of the supra temporal as wlÙl as from the laterai surface of the medial, 

descending 'flange of the parietal (Lakjer, 1926; JIaas, 1973). Sphenodon 

and lizards ,,,,ith poorly deve10ped mesokinesis, S1lch as the Iguanidae and 
, 

larger mcmbers of the Teiiidae ,have a weIl developed separation between 

the partes superficialis ~nd profunda of the M. pseudotemppra1is. 

The M. pseudotemporalis of crocodilia~s ls e~sential1y similar t,9 the 

pars superficialis of Sphenodon and most 'lizards and appears ta be its . 

homologue. The M. pseudotemporalis of crocodiles originates from the 

parie~alJ supraoccipital, ~quamosa~~and alisphenoid. This increase in 

the latitude of origination ~:ttes is related to the great modification, , , 

,'of the braincase and apparently ,related decrease in the size of the dorsal 
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. 
temporal fenestra i~rn crocodiles. 

The M. pseudotemporalis of turtles i8 a,relatively small muscle 

that originate1'3 from the laterai surface 01: the descending process of 

the parietal and partIy from the anterior surface of the prootic. The 

muscle i8 normal~y undivided, except in the cas,e of the che).ydrid 
, ! 

Mac~oclemy8 and the testudinid Ptatyste~n. The origin of the M. 

pseudotemporalis superficialie in Spheno4on and most lizards ana seem1ngly 

can be interpreted as being its homo1ogu~ The pars pro.funda is', thus. 

interpreted as being absent in mo'st forms. Barghusen (1973) considered 

a small, undifferentiated M. pseudotemppralis, such as is seen in most 

turtles, to be characteristic of aIl primitive reptiles. He be1ieved 

this muscle to be the homologue of ,the pars profunda of Sphenodon and 

Iizards and that the pars superficialis in these latter forms is a 

speciaU,zation in which the M. pseudotemporalis has invaded the dorsal 

temporal fenestra. It is believed that this i5 ,not the case, however, 

for the origin i8 more like that of the M. pseudotemporalis superficial:is 

of lizards and Sphenodon on'the parietal rather than on the epipterygoid 

as is the origin ~f the M. pseudotemporalis prQfundus in these animais. 

The M. pseudotamp?ralis superficialis is typically pyramidal in 

form with one apex directed ventrally to forro a bipinnate attachment onto 

the H. ps~udotemporaiis tendon. In turtles the bulk of the muscle is 

reduced compared with that lof Sphenodon and most lizards, but the 
1 

insertion onto the M. pseudotemporalis tendon is the same. !l'he M. 
/ 

pseudotemporalis of turtles does not insert onto the medial surface of 

the coronoid and internaI tendon and, thus, does no't sa tis fy La~j er' s 

(192\> criteria for identification as a pars profunda of the H. 

pseudotetllporalis. The M. pseudotemporalis of gekkotan l1zards does' 
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s8tlsfy these conditions and ls, t~us, identified as a pars profunda 

(Lakjer, 1926; Haas, 1973). ' In Sphenodon~ non-g,ekkotan lizards, 

crocodllians, and turtles. the M. pseudotemporalis tendon', onto whlch' , , 

the M. pseudotemporalis superficialis inserts, i8 a major segment of the 

basal aponeurosis (Bodenaponeurasis of Ingeborg Poglayen-Neuwall, 1953; 

Barghusen, 1973). lt is located at the anterior'extremity of the aaductor 

fossa and Is formed by the union of the laminae of bath the external and 

internaI tendons. In both crocodilians and turtles, the M. pseudotemporalis 

tendon serves additionâ11y as a dorsal ipsertion of a ,M. intramandibularis. 

Weil preserved specimens of Eocaptorhinus seem ta provide solid 

evidence that a differentiated M. pseudotemporalis with a large pars 

superfieialis was a primitive characteristic of captarhinids and probably 

aIl primitive reptiles. The M. pseudotemporalis o~ Eocaptorhinus 

appears ta have been a bipartite muscle that lay anterolateral ta the 

pterygoid and epipterygaid., ,There W8/'l no 'medial~ descending flange of 

the parietal ensheathing the dorsolater~l portion of the chondrocr1nium 

on which the M. pseudotemporalis superficialis could originate, as ther~ 
\ 

is in sphenodon, many lizards, and turtles. The M. pseudotemporalis 

superficialis ls believed to have been a large muscle ,that had a, fleshy 

origin on the lateral surf~ce of the chondrocranium (taenia parietalis) 

including the sellar processes and pila antotiea (Figs.,6 and 14). 

Posteriorly some fibers appear, a1so, to have origipated from the anterior 

surface of the columella of the epipterygoid. A smoothly rounded 

depre~_~ on th~ ventral surface of the parietal anterior ta the M. 

adductor mandibulae externus medius Bb origin scar indicates that none 

of the M. pseudotemporalis superficialis muscle fibers originated from . , 

this bone (Fig. 5). lt ls apparent, that, when the mandible was adducted, 
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the pars Buperficialis bulged against the ventr~l surface of the parietal 

but that a s1igh~ smount of, space may have -separated muscle and bone when 

the mandible was depressed. 

The M. pseudotemporalis superficialis tapered 'rapidIy ventrally as 

" 

indicated by the apparent position and configuration 0\ th~ M. adductor 

mandibula,e externus medius 'Bb.. The K. p'seudotemporal{s superficialis 

cQncentrated tts fibers onto a narrow Iaterai M. pseudotemporalis lamina ., 
of the internaI tendon, at its junction with the externa1 tendon, that , 

extended into the anterior' end of the adductor fossa (Figs. /11 and 14). 

This tendon, while part of the sy'stem attaching the muscle to the media1 

rim of the adductor chamber, also served to link the M. pseudot,emporalis 

with the M. intramandibularis. 

M. pseudotemporalis profundus 

~- '\_.-./" 

Sphe1Jodon and a11 mpdern lizards possess a pars profunda of the M. 

pseudotemporali~; In gekkonid and pygopodid liz8rds, the pars profunda 

i8 the on1y segment of the M. pseudotempora1is remaining (Lakjer, 1926; 

Raas, 1973). As Haas npted, the absence of the pars superficialis in 

thcse' forms and in snakes seems ta be correlated with the 108s 0; the 

upper temporal bar in these animaIs. The presence of onry a pars profu!~da, 

~oes not app~ar to be a primitive feature as Barg~usen (1973) be1ieved. # 

In sp~enodon. the M. pseudote~poralis profundus i5 variable in its 

development. It normal1y has an artterior head originating from the 

ventro1ateral surface of the medial, descending flange of the parietal 

and the anterior edge of the epipterygoid. There is also a smaller f 
\ posterior head that Origin.a,te\s from the posteromedia1 èd~ of the expanded 

dorsal extrem~ty of the epipterygoid. This expanded dorsal extremity lies 

() between the t'Wo heads of the pars profunda (Haas, 1973). The muscle 
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fibers from both of these heads co~rge ta fOrnl a broad, ,fleshy, insertion 

onto the medial surface of the coronoid and the anterior extremity of 
o 

the articular. There i9 no prearticular in Sphenodon. Since the 

"~ 

epipterygoid of lizards (except chamaeleonids where the ep1pterygoid has 

been lost) ls more slender than tha't 01: SphenO'don J the M. pseudotemporalis 

profundus 1s not separated by ft into distinct anterior and posterior 

heads. Instead, the pars profunda normally has a fleshy or:igin on the 

lateral surface of the ca g1nous and membranoufl braincase anter10r 

and just postetior ta the which it surrounds laterall~, 

and may ext~nd posteriorly from the anteromèdial edge of the 

prootic. As in Sphenodon~ the M.l pseudotemporalis profundus of lizard~ 
. 

inserts enta the mediai surface of the coronoid and, occasionally. the 

anterior end, of the prearticular. A distinct. ide?tifiable M. 

pseudotemporalis profundus has not been recognized in either crocodl1i<~ns 

or 1n turtles (Lakjer, 1926; Schumache~, 1973). 

The M. pseudotemporali~ p~ofundus of E'ooaptorhinus is believed to 

have originated on the ,Iaterai surface of the chondrocranlum& ventromediai 

'" to the origin of the pars 'superficialis. and also to the dorsal and lateral 

.. surfaces of tbe epipterygoid (Fig. 13) sinee there. was neither a median 
, " 

desçen~ing flange of the parietal nor a lar~è aiar process, of the prootic 

fram which to originate as there is in Sphenodon a,nd most none gekkotan 

lizards. The large anterolateral crest on the columella of' the eplpterygoid 

18 thought to have divided the pars profunda into distinct anterior and 

poster!pr heads. Anterior to th~ crest, the ep<ipterygoid' la heavily 

scarred by a diffuse pattern of Sharpey's fiber pits that are indica1:ive 

of a broad, steeply inclined fleshy origin, possibly'with minor tendon 

() support. The majority of the anterior head. ls believed ta have ariginat~d 
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from the tateral surface of the chondrocranlum. The po'sterior surface 

of the columella of the epipterygoid bears Borne Sharpey's fiber pitting,' 
'-........ ' 

but if iB not as eitenslve à's\én the anterolateral surface. While some 

" fioers of the posterior head do appear to havé arisen here, UlOst muscle 

fibers are believed to have originated from the chondrocranium. The 

pars profuntla apparently had a weIl' defined fles.hy insertion on a rough, 

pitted; triangul~r scar on the medial surface of the cor.9J1oid. dorsomedial 

edge of the prearticular, And possib1y pinnately ohto the medial surface 
, ~t-T'" {~\ 

of the internaI tendon (~. 7e). The apparent shortness of the 

re-constructed pars profunda in Iatera! view is comp~nsated by a pronounced 

lateral arching over the weIl developed' M. pterygoiqeus mass and ls 
/ 

probab!y a specialization of the low, wide-skull captorhinids. In addition, 
~ ,() .. \ 

it seems likely that the M. pseudotemporalis profunda reached its resting 

fiber length when the mandible w"iis fully, fully, depressed. 

-
M. intramandibularis J 

The large teUd l~zard Tupinambis has that 15 usuall 
, 

Identified as the M. intramandibularis'. It 18 no thought to be 

with the M. intramandibularis of turtles or crocodilians. No 

lepidosauri.m reptile i9 known to possess s~eh a muscle. The M. 

intramandibularis of Tupinambis is believed' to be a d~velapment af the 

M. adduetor rnandibulae posterior (Ingeborg ,Poglayen-Neuwall, 1954; 

Schumacher. 1973) rather than a part of the M. adductor mandibulae 

1nternuB.. Both turtles and crocodiles have an M. intramandlbularis derived 

from the M. adductor mandibulae internus. In turtles it is a r'7latively 

amall muscle that fies within the restricted Meckelian canal and· adductor 

fossa in contrast to the form in crocodilians where the M. intramandibularis 

1-8 much mo ssive and fiils most of the greatly expanded Meckelian 
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canal and adductol fossa. In bo~h groups, the mus e fibers originate 

from the M. psËm~otemporalis lamina of the interna\ tendo of the basal 

aponeurosis ~d insert onto the latera1 surface of the Meck~ia d:artilage. 

'Eoaapto!'hinus-has a very deep mandible and an adductor fossa tha 

~ / 0 

leads anterior1y into a Mec~lian canal tnat is proport,ionately 1arger 

than that of any simÙar sizeç I!!Odern reptile. . Since the Meckelian 

cartilage, mandib~lar att~ry and vein and mandibu1,ar ramus of' the 

trigeminal nerve coul1d not be expected to fi11 more than "about 20 perçent 

" 
of the canal;,'ta <l;arge' M. Intramandibularls is proposed to have occupied 

this volume (Figs. 11 and 14). 1;t wou1d have originated most like1y on 

the insertion tendori of the M. ~seudotempora1is, sup~rficialis. "This tendon 

may have been sufficiently free ta aHow it to slide slig~tly slong a smooth 

channel in the medial surface of tlle coronoid at the anterior end of the 

adductor fossa and at the base of the, basal aponeurosis. ' Insertion ls 

presumed ,to have been on the dorsolaterai surface of the, Meckelian 
~';. -

carti1age~ 

M. ptefygôideUS 

p , 

The M. pterygoideus of modern reptiles is extre~ly variable in form 

and has, thl1S, acquired an e'qua11y as varied nomenclature. Tablé 1 presents 
ri _. , 

, ..J' ( 
the nomenclatbrial system used in this paper, based on Haas' (1973) 

description of the N. pterygoideus or Sphenodon. 

In Sphenodon there ls a large ~. pterygoideus typicus and a small 

A M. Pterygoid~us atypicus (Haas, 1973). ,\ Unfortunately, they have often 

beeu ~amed the 'M. pterygoideus ant~rior anl posterior respectively 

(Adams, 1919; Barghusen, 1973). This has giv~n rise to the expressed 

opinion that lizards do not possess an anterior component of the M. 

o ' 'Pterygoideus (Barghus~n, 1973) when, in fact, it ls the M. pterygoideus 
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Sphenadon 

K. ptery. atypicus 
1 

(M. pt;eI'!J. an·t;.) 

K. ptery. typicu~ 
(M. pt;eroy_ post;) 

M. ptery. SUpt 

M. ptery .. prof. 

,. 

t 

.J31.zards 

M. pter~. typicus 
(M. pt;ery. post;.) 

M. pt,ery. sup. 

M. ptery. prof. 

'\ --

~ 

~~'0~ 
":: 

Crocod1.les 
Cryptodire 

Turtles 

M. ptery. sup. ~. ptery. :.ventr.· 
(M.: pt;ezoy _ post;.) 

(M. ptery. vent.)' 

M. ptery. prof: M. ptery~ dO,rs. , 
(M. ptery. ant.) 

~l 

(M. ptepy. dors.) 

Muscle names in italics have been superceded by more ~dern'term1nology. \ . 
t ô 

Table I. Apparent homol.ogies of M. pterygoideus segments in modern reptiles. 
o 

, \ 

! Q r' _ ,-

4 ~ -
6 0 1 

\ 

Pleurodire 
Turtl.es 

" 

" 

.: 

M. ventro-Iat. 

M. rostro-med. 

M. rostro-Iat. 

... 

. ,.-

. .., -tt 
..... / 

, "' 

~ 

~-\, 
'.. 

.... 
VI 
W 

" 

~ 

.--, , 

f-

l> 
,<t 

, ~ 
11mI "".'.'. )~'nU_7f.;tl!--'---"'--- ... ~"'-~ h. z 'iWiti;Htt .0; • • C ~ .. 

, _b""'~""~iII'n"ft'~~~"'~~~î1r""~1i#t1t'fr~~i 



' ... ., , 
" , , 

; l 

( 

./ 

Cl 

154 

picus that' ia missing. This would be of little consequ,ence, in f_aet 

y a matter of establishing a synonymy of' muscle names, were' it not for 
7 

, ' , 

t fact that Anderson (19'36), Ivo P~glayen-Neuwall (1953), Iordansky 
" , 

Schumâbher (1973a) have used the anterior-post~rior 

for crocodilian pterygoideus musculature without establishing 

t their parte's anterior and pos terior were
l 

or were no~, the homb1ogues 

of the simi1arly named parts of the M. pterygoideus in Sphenodon and 
1 Q 

lirardS. As a result, there is no established ~yst.m of homolog' es of 

tht parts of the M. pterygd'ideus as Table l shows. Table l inclu es a 

pr posed reorganization of the; no1i\enclatur~ o'f the M. pterygoi~eus o,f 

- m~~~rn reptiles that establisheà the h<om010~ies of the segments of t ,ese . 

mJscles amongst the differ,ent groups ,without the dmfusion of redeH\ ng 
i, 

t~e partes anterior and po,~ terior. This reorganization' is based ~n a 
1 • 

~ d:t!vision of the M. pterygoideus into typical and atypical parts in tne 

1 
marner of Ingeborg Poglayen-N~uwa11 (1,953) and ~aas (1973). An attempt 

ha~ been maae to inc1ude the high1y speèia1ized pterl)'goideus musculature 
1 

i 
_ ofi both cryptodire and pleurodire turtles. in this' scheme but the veraeity 

1 

1 

of: these proposed homo19gies has not been established with assurance. 
, ( 

1 .. The M. pterygoideus atypicus appears to be a unique specialization of 
i 

Sp~~nodon. There· is no evidence to suggesl: t,hat ';;'ny fossil reptl1es, 

) 

" 

save perhaps some sphenodontid rhynchocephalians, poss~ssed suçh a muscle. 

, Both 'Sp~enodon and !izards have a large ~ often bila,minate 1 M. 
, l " '"'\ 

pterygoideus typicus. This i8 the musclé referred to as the M. 

1 
pt~ry~oideus posterior in 1izards in allusion ta "loss" of 0 

!' ., \ a1 M. pterygoideus anterior (M. pterygoideus atypicus)- !n 

Sptenodon, a primitive diapsid reptile, and that was, thus, thought to have 

b,e~ present in al! early reptiles. Sinee it i8 now considered unlikely \ 
1 
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that a pars atyp'icus was present in early reptiles, it i~ best to regard, " 
\ \ /' 

the large/muscle 'in lizards to be the M. pterygoideus typicus. Since ; 
A 0,/ 

,"- 1 

this muscle 'ls considered to be the primitive or typical condition" and . . \ 

the amall anterodorsal muscle segment in Sphenodon the derived or 

atypical condition, .the M. pterygoideus t-ypicus will, henceforth, be 

termed simply, the M. pterygoideus. 

The M~ pe~rygoideu~ of Sphenodon is a massive muscle that apvars to 

be divided into two unite. These di\risions are not distinct ùor\~ave 
i \ they been deacribed in detail. Haas (1973) makes it c1ear that there 

are two distinct origins that appear to be comparable to those observed 

.\namb. l ' ) in the l1zards Iguana and Tup1- 1.-8 and described byi Lakjer (1926 in 

lh>omast;ix. The muscle fibers originating antero1ater lly from the 

posteroventra1 surfac.e, of the ec.topterygoid and the v ntromedia1 ~urface 
'J 

'\ ,,\ 
of ,the~ansverse flange of the pterygoid correspond 0 the fibers of the 

M. pterygoideus superficialis of Uromastix (Lakjer, 1~26).' Igucma J and 

" 

Tupinambis. The fibers' of the M. ptE7rygoideus superficialis in lizards 

and---the corr~sponding muscle segment in Sphenodon ex tend 

post~roventrolaterally from their origin to iorm a large masticatory 

cushion on the ventral surface of the angular where they curve 

posterodorsally, thence .. media11y to insert onto the' articu1ar and 

angu1ar ventral ~o the mandibular articulation. A large superficial 

1 

tendon ensheathes most of the anteraventral surfa-ce of the M. pterygoideus 
\ 

superficialis. It serves as an additiona1 site of origin for the' more 

superficiBl muscle fibers. 

. 
Both Sphenodon and !izards have media1 fibers of the M. pterygoideus 

" 
that originate from the ventrolateral surface of the .pterygoid, the later~l 

surface! of the quadrate ramus of the pterygoid, and the lateral surface 
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l-, 

M. pterygo~deus profundus in Uromastix, a tenn that can be used in 

identifying the muscle fibers in sorne lizards including Iguana and 

1 
Tupinambis and probab1y a1so in Sphenodon. These muscle fibers extend 

ventrally to insert, onto the medial surface of the angular and, where 

present, the prearticular. There is 1ittle tendon associeated with the 

predominant1y f1eshy origin and insertion . 

The M. pterygoideus of ~rocodi1ians is essentia1ly similar in 

construction, but much different in size from that of Sphenodon and 

lizard~. The origins and insertions are generally the same although a 

large anterior slip of the pars profunda originates high on the dorsal 

surface of the pterygoid beneath the eye. Typically the ~. pterygoideus 

has been divided into a pars anterior -and a pars posterior (Anderson, 

1936; Ivo Poglayen-Neuwa,ll, 1953; Iordansky, 1964) or occasionally a pars 

dorsalis .and B: pars ventralis (Lakjer, 1926; Schumacher, 19ï3Y that appear 

to be the 'homologues of the M. pterygoideus profundus and M. pterygoideus 

superficialis respectivelY, of Sphenodon and 1izard~. It is the lack of 
\ 

correlation benleen the M. pterygoideus posteTior of cTocodilians 

(M. pterygoideus profundus) and the M. pterygoideus posterior of lizards 

(M. ptcrygoideus typicus) that Barghusen (1973) found sa confusing. 

The extensive modification of the M. pterygoideus, of turt1es" q\tendant 

vith the extreme re-model1ing of the pa1ate' has hindered previous attàmpts 

at establishing homologies. Table 1 presents the proposed homologies' of 

the M. pterygo~deus of both pleurodir~ (Podocmemis) and cryptodire turt1es. 

Much further research must' be pursued before these can be accepted with 

certainty. 
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, 
EocaptorhinU8 latiaeps apparent1y had an M. ,pterygoideus typicus 

, 
similar to that of Sphenodon and lizards. It appears to have been 

, " \ 
sub-divided into a pars profunda and a pars superficialis (Fig. Il)., The 

M. pterygoiqeus profundus had a fleshy origin ~n the lightly pitted 
1 

latera1 surfa~e of the ventrolaterally sloped quadrate ramus of the 

; , 
pterygoid, on the ventrolateral edge of the epipterygoid. and on the . , 

more heavily pitted dqrsal surface of the transverse flange of the ' 

pterygoid posterior to the attachment ridge of the or~itotemporal membrane 

(Fig. 13). ,The muscle fibers are believed t~ have exten~d ~entromedially 

and B11gh tIy pos teriorly to insert on to the medial ~u_~e of the 

internaI ~endon posterior ta the M. pseudotemporalis profundu!> insertion, 

and fleshily onto thè anterodorsal surface of the articular at the base 

of the angular pro cess and onto the medial surface of ~he prearticular. 

At no time did the M. pteryg~ideus extend anteriorly below the orbit as 

it does in crocodilians and cryptodire turtles (Schumacher, 1973a) or 

-
as it apparcntly did i!1 !abyrinthodont amphibians (Panchen,. 1970) • 

The M. pterygoideus' superficial:i.s was a large muscle' that apparently 

qriginated tendino'usly from the media! and ventral edges of the transverse 

\ 
flnng~ and quadrate rarnus of the pterygo'id (Figs. 13, 15, and 16). Some media1, 

fibers secm t,o have had a narroW' fleshy insertion on the slightly pit,ted 

ventral surfaée of the neck of the pterygoid. Laterally, the pars 

" , 
superficialis probably was sheathed by a long narrow tendon that extended 

p~sterior to li~ in a marked groove in the ventral surface of the 
, 

prearticular immediately media! to' its sutural contact with the angular. 

The tendon inserted onto the ventral surface of the retroarticular pro cess 

of the articular just as in modern lizards. The muscle fibers of the pars 

() superficialis extended pcsteroventrolaterally tow!lrd ,their insertion . 
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Figure ~ 15. Èoaopto.zohinus tati(!~p8. Head in ventral aspect show.ing 

Mo, pterY8oideuso Reconstruction. 
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'/ 

Figure 16. EoccZptol'h1.nus Zaticeps. Head in lateral shoWing the 

M. pterygoideus divisions and constrictor dorsalis "11-1UllJ0l1.I.J. e. 

() Reconstruction. 
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Deep fibers would have formed a thick ventral masticatory cushion t~at \ 

had a fleshy inse{tion onto the heavily scarred prearticular portion of 

the ventral surface of ~e angular proc~ss. MOre shallow fihers 

apparently arched ventra1ly over the large roBSS of the deep fibers to 

ferm a deep recumbent fc1d ag§linst the laterai s~u:face of the angular 

at which point they inserted onto the ventral surface of the most posterior 

part of the angular and onto the long tendon (Fig~ Il). The whole of the 
< 

masticatpry cushion is thought to have been covered by a broad tendon, 

just as ln modern reptiles, that attached to the posterior rim 'bf the 

articular portion of the angular pro cess and to a prominent longitudinaf 

ridge on the'angular that separated the sculptured, skin-covered surface 

from the rough insertional reglan of the shallow fibers of the pars 

superfl~ialls (Fig. 15 and lB). 

The M. pterygoideus superficialis is he11eved to have re?ched its 

maximum resting fiber length when the mandihle was fu1ly depressed. The 

strong1y curved muscle fibers, even though qeavily tendon supported 

superficially. were of sufficient teng'th to have al.1,owed such elongation. 

Since this muscle was not the only mandibular adductor, it could be passively 
, 

~ompres~ed by the M. pseudotemporalis and M. adductor mandibu1ae externus 

afler reaching -its minimum acti-ve contracted length. 

,M. constrictQT dorsalis 

The M. constrictor internus dorsa1is or as it is more commonly and 
) 

simply known, the M. constrictor dorsalis~ ls not strictly part of the 
1 

,mandibu~ar adductor complex. Rather than being innervated by the mandibular 

ramus (V3) of the trigeminal nerve, the ,M. constrictor dorsalis group i8 
1. ' 

innervated by its,bwn, unnumbered (except by,Lakjer, 1926, who called it 
. 

,the V 4) ramus of the trigeminal' nerve ~ TypicaUy it consists of three 
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distinct parts, the M. levator bulbi, M. 1evator pterygoidei. and M. 

protractor pterygoidei. They lie medial te the maxi11âry ramus (V2) of 

the trigemina1 nerve and Iaterai to the ophthalmic,ramus (VI)' not media! 

to the ophthalmic ramus as Save-Soderbergh (1945; Gomes, 1972; Haas, 1973) 

dicated. These muscles are intimate1yass6ciated with cranial 

metakinesis in Sphenodon (Vers1uys, 1912; Ostrom, 1962) and 1izards 

(Lakjer, 1926; Frazzetta, 19p2). In modern reptiles where metakinesis 

" has been lest during ontogeny as in Sphenodon (Versluys, 19l2b; Ostrom, 

1962) or during phylogeny as in turtles and crecodilès (Schumacher, 1973a) 

the members of the M. constrictor dorsa1is group rnay be partially or 

comp1ete1y lost. In SpJzenodon old akinetic individua1s may have an 

atrophied M. protractor pterygoidei or ~ven may have lost it entirely 

(Vers1uys, 1912b; Ostrom, 1962). The other muscles are seemingly unafîected. 

In turt1es, some remnants of the M. constrictor dorsalis group may be se~n ' 

only in the embryonic stages (Fuchs, 1915; Edgeworth, 1935; Schumacher; 

1973a). In co~st, crocodilians retain a post-embryonic segment of 

the:H. levator bulbi, although the M. protractor pterygoidei and M. -
"( 

levator pterygoidei, which are normally associated with metakinesis have 

been lost. 

While there i8 evidence that~Eoaaptorhinus possessed bath an M. 

1evator pterygoidei and an N. prott"actor pterygoidei, there i8 no such 

evidence either to confirm or de~y:the presence of an M. levator bulbi. 
\ 1 

Si~ce an M. levator bulbi is present in aIl mOdern reptiles in which one 

~ or more of the other components of ,the M. constrictor dorsalis group are 

retained,.albeit often with consi~erable reorgani~ation, a~ M. levator 

bulbi is believed also to have been present in Eocaptophinu8. The M. 
'" 

() levator bulbi of modern reptiles typica11y originates from a tendon and 
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onto"the ventral surface of the.bulb o~ the eye. It thus genera11y 

its presence~ and for this reason, is not inc1uded 

description • 

ei 

and 1izards, the M. levator pterygoidei originates from 
i 

~ the surface of the chondrocranium medial to the dorsal tip; of 
1 

the col epipterygoid. Ooly in akinetic lizartls which'lack 

an epipt às the Chanaeleonidae, 19 the M. 1evator pterygoidei 

absent (",u'~"'LJ'V g Poglayen-Neuwa11, 1954; Haas, 1973). It has a fleshy 
-, 

~ \ 
the mediaI surface bf the ~ase of the ep~pterygoid and, in insertion 

, 
, \ , , 

1izards, y onto the. dorsal edge of the quadrate ramus of the 

pterygoid t1y anteri9r and posterior to the epipterygoid-pterygoid 

articulation. 

nus the epipterygoid was massively built and weIl 

sutured than 100se1y articu1ated with, the pterygoid. The N. 

levator dei' apparently originated from the 1ateral surface of the 
\ 

chondrocranium ial to the dorsal tip of the columella of the epipterygoid 

lizards and Sphenodon. A large paraboIic depression ' 

marked by many 1 developed Sharpey's fiber pits on the lateraI surface 

of the wide "''''''+E>''Lar base of the epipterygc;lid 1s believed to have becn 

the insertion s of a rather 'large M. levator pterygoidei (Figs. Il and 

13) • 

M. i 

pterygoidei of sphenodon and lizards typical1y 

1 

originates from" the ta alaris of the prootic and inserts on the dorsal 

of the pterygoid i~ediately anterior to the 

~ quadrat~ (Lakjer, 19 ; Oelrich, 1956; Ostrom~ 1962; Raas, 1973). 
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Its muscle fibers are' extremely short in metakinetic forms but may be 

atrophied, and greatly reduced or even, lost if kinesis is lost during the 

lifetime of the animal (Ostrom, 1962; Raas, 1973). An M. protractor 

" 
pterygoidei does not qevelop in turtles and crocodilians (Lakjer, 1926,; 

Raas, 1973). 

The erista alaris of the prootic and the anterior edge.of the prootic 
\ , 

portion of the"paroccipita1 pro cess are weIl deve10ped in Eoaaptorhinus. 

They lie just dorsomedial to the dorsal edge of the quadrate ramus of the 
\ . , 

pterygoid. Thèse regions are not known in grei> detai! in Eoacrptorhinus 

so that muscle Drigi~ and insertion scars have hot been seen. It is , 

believed that cranial metakinesis was pr~sent but was re1atively poorly 

developed'in juveniles and was lost in adults as the median ascending 

pr?cess of the supraoccipital, the paroccipital proeesses, and the stapes 

ossified. ,The M. protractor pterygoidei, if present at a11, was probably 

poorly developed, at least in adult animaIs. 

Discussion 

The / reconst~uction of musculature in, fossi1 vert~brates is always 

a difflcult tasle fraught with the daneers of over exte sion of available 

information and circu1ar reasooing. Neverthe1ess, an ttcmpt must be 
\ 

made to increase our knowledge of the biology of these animaIs. in the 

context of their living, funetioning existence,' through the study of 

/ fine anatomieal detail, even in the face ~f these possible shortcomings. 

In a discipline more at~uned to the description of suture patterns and 

genera1 out1ines' of bones and to the recognition of new taxa and the 

development of broad phylogenetic schemes,the biologie ,aspects of the 
* 

study of fossil reptiles are, unfortunately, too often forgotten. 

, , 
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Attentio~~o the fine detail of preserved rema1.ns reveal-s far mote 

-'" 

~io1oiical information Fha~ has generally been appreciated. Careful 

cross referencing of anatomi~al characters of the fossiis with the 
..., 
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observed .. structure of modern reptiles permits accurate re-construction 

of soft structures when aIl functional and spacial limitations, are 

Batisfied. 

That the mandibular adductor system of EocaptorhinU8 Zaticeps more 

closely re~embles that of the sphenodontid rhYnchocephalian Sphenodon 

and, to a slightly lesser e,:<tent, ~nspeciali/ed Iizards, i5 not surprising 

'" 
i~view of thé ~imilarities ,in siz: a~d 'gejêrallY insectivorous .feeding 

mode. Numerous differences do occur, espe;cially: as' related to the 

o , 
development of temporal fen~strations in the modern torms. The drastic 

re-arrangement of the braincase of modern crocodilîans' and the specialized 

'\ aquatic feeding pattern have altered the adductor muscul'ature 50 greatly 

. that on1y generai simLr7ties can be recognized. A1t~ough turtles are 

nominally regarded as "anap'sids", their feeding mechanisms and cranial 

osteology are so specializecl. with 'respect to the primitive captorhinomorph· 

pattern that, as in crocodilians" little other than the most general ,\ 

characteristics ',?f \ the adductor musculature can be compared. 

Perhaps the oost s1gnificant observation that.can be made about the 

mandibular adductor system of EGcaptoT'hinU8 laticeps and other early 

captorhinomorph' reptiles 15 that it was at least equa+ly as complex and 

sub-divided as is the adductor musculature of any modern reptile. For 

tlie first time, a primitive reptile has been found in which muscle 

attachment scars can be identified with confidence. There 1s no evidence 

! ' 
that the primitive mandibulat adductor was an arra~gement of three 

l ' ! 
unidirectional, undifferentiated mU5cl~s as has so often, of necessity 

" , 
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o 

been assumed in the absence of detailed information (Adams, 1919; OIson, 

1 1961; Carroll, 1969; Barghusen, 1972). If anything, a tendency toward 

simplIfication of mechanical systems and related adductor mùscu1ature 

appears to be observable; particularly amongst turtles and-, apparently,. 

mammal-like reptilès. 

The M. adductor mandibulae' of Eoaaptorhinus Zatiaeps was, for the 

most part, typical pf primitive non-synapsid reptiles. The large M. 

adductor mandibulae ~xter~us apparently was divided in~o three main parts. " 

The pars superficialis originated from the laterai margin of the parietal. 

~ 
The bipartite pars media had a lateral origin on the parietal and a media.l 

origin on the anterior face of the 1 supraoccipital. The temporal artery 

separated sub-divisions A and B' of the pars media. The pars profunda 
, 

inserted onto the lateral surface of the supraoccipital and the anterodorsal 

surface of tne paroccipital process. 
, ' , 

Although the cranial inu~la.ture of synapsid repti~e,s has not be~n-
described in detai!, some observations have' been made on the developmen t 

of varioùs mus cIe segments. 
o 

In contrast to the form of the M. adductor 

mandibulae externus of non-synapsid reptiles, that of primitive synapsids 
, ' ' 

,1 

(pelycosaurs) appears to have consi.S,ted of a sing~e unit 'c the origin, on • 

the lateral edge of the ventral surfaçe of the parietal, and the insertion 

of which, on the,lateral surface of the externat tendon ~nd mandibl~, would 

seem to identi~;'j)t as the spacial equivalent, and thus in Lakjer's 

(1926) sense the h~mologue', of the M. adducto]j, mandib~lae externus 

\ 

superficialis of non-synapsid reptiles. There is no evidence,that either 

a pars media or a pars profunda exist~d in synaps1ds. These differences 

tri the M. adductor mandibulae externus appear ta be c1o!sely related to> 

the profound differences in the structure and mechanics of the braincases 

"'~ 

'. 

-, 
, 1 

\ , -

, 



f 
, ~1...-
.; 
j 

" 
~ (; • 1 

~ 
J 

to , 1 
t ~ 

1 l 
t c\ 
\ , 
1 

of priuiitive non-synapsid and synapsid reptiles. In non-synapsid 

~\ 

\\ 
'( , 

~ N .\ '~~, 

repti.1es where the large M. adductor mandibulae ~xternu9 "IIledius and 

profundus originate from the supraoccipital and the paroccipital proeess, 
\ , . 

th~ occiput is typicallx vertical with aunarro'<O' supraoccipital ~hat 

contact~ only the postparieta~s. The paroccipltal processes~re slender 

consequently, very large. In synapsïd 

reptiles., the M. adductor ndibulae externus medius and profundus 
, 1 

apparent1y'were not develope The occiput sloped anterodorS'ally into the 
, J 

region that' would have been occupied by the partes media and profunds in 

non-synapsi~ reptiles. In th~ absence of ih~se muscle ,segments, the 
, 0 ' 

\ 

/ 

supraoccipital and the paroccipital processes expanded to close' wost of 
'. . 

the post~tempora1 fenestra and produce the typically synapsid plate-like 

occiput with the ~upraoc'cipit~il typica:lly becoming su tured to the post

" pariétals (interparietal) 

the tabulars !md quadratè 

and 'tabulars an~~the paro~cipi):al 
- ~l 

(Romer and Priee, 1940). 

process to' 

~ 
The M. pseudotemporalis of, EoacrptorhinIfS apparently was sub-divided 

into a large dors'al pars superfida~ts and a smanJr ~ ventromedial pars 
" ~ , 

profunda. The pars Jsuperficiali's, thus". was
c 

a prominent mus'c1e in both 

rion-sytMpsids and syn~psids in contrast to the pattern proposed by '( 

Barghusen (1972). Rather than developing after the formation of the dorsal 

temporal fenestra in diapsids, it appears to ~ave' been a large ,muscle that 
; 

l ~'f'" -: < 

was· an important facto,r in t,he rapid enlargement and later investment of 
/ (f. . 

the f~nestra. In non-synapsid ,reptiles, the M. pseudotempor~lis 

8upeTficiAZt~~~~ the major muscle in the anterior half ~f tHe adductor 
. ?' 

// , 

ch~_ white the' li. dductor mand:ibuf~ae externus medius and prot:undus 
\ . 

beC8le the Jdajor posterior muscles, al1 of which 1ay medial ta a relatively 
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" \ 

adductor chamber apparently was filled by the, M. pseudotemporalis 

superffèialis and the laterai haH by the lI. adductor mandibulae externus 
'" " 

superficialis. A 8mall M. adductor mandibulae posterior occupied the ., 

posterov~ntrai "portion of the adductor chamber in both synapsid and non-
'\C 

synapsid reptiles. 
, 

The braincases of primitive reptiles (Reaton, 1975, 1978) formed a 

'1005e metakin~tic articulation with the sku11 roqf as Versluys (1912a, b) 

had expected, based on his study of modern reptiles. The absence of a 
, ' 

long, restricting Median ascending process of the supraoccipital and thë 
: 

px-esence of poorly ossified, 'laterally pr@jecting p'aroccip~t~l procePsses 

permitted 'the braincase ta rotat:e relative to the skull in amall 

captorhinomorphs. As captorhinomorphs grew 1arger du~ing thei! 

\ 
evo1utionary history, particul'arly amongst the Captorhipidae, a large, 

median ascending pracess was developed and the paroccipital processes 

became fully ossified, t:hùs, eventually preventing any form of metakinesis. 

Eocaptorohinu8 represents an'intermediate stage in this sequence in which 

y large median ascending process of the supraoccipital and fu1Jy 

arocc~pital processes probably restricted or ~ven prevented 

~ta0eSis in adult animaIs. Juveniles are believed ta have had 

Il 
metakinetic skulls as had the primitive capt~rhin1d Rome'1'ia, from the 

/ , 
holo~ype specimen ~f which the loosely oarticulated

o 

braincase was lost 

" d.uti.ng preservation (Clark and Carroll, 1973). Primitive c.aptorhinomorphs 

8uch as Pdteothyns (C~rroll, 1969( and Protorot"hyrois (Clark and Carroll, 

1973) l:I.kewise appear to have had ,metakinetic skulls. 
, 

Sphenodon and many , 

lizards have de.veloped the paroccipital processes as the metakinetic 
~~\ r , 

axis., soniething that, coul~,~not be accomplished by captorhomorphs in w~ich 

the paroccipital prOC~Bes were Dot fully ossified. Captorhinomorphs , "' 
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L , 

a+ear to have had a more dorsal metakinetic axis along the dorsal edge 

Ofl. the supraoccipital where it contacted the postpadetal. In a11 

metakinetic reptiles' excessive movement between the skull roof land the l' , \ 

, 1 

br~incase ~ust be pr~vented. Lim~tatfon of this .movement has b~~ 
ac omplished 'in Sphenodon and most lizards by the deve10pment of accessory 

st uctures on the dorsolateral edge \ of the erista alaris of the 

raoccipital that contact the medial, descending flange of the parietal 

wh n the skull roof is fully e1evated. This ls possible with the low 

me,akinetic axis of modern lepidosaurs but was not applicable to 

ca~torhi~omorPh metakinesis. Instead, extensive relative posterior 

1 
mo,ement of the ventral portion of the braincase at maximum s~ul1 roof , 

~l1vation was accompli~h~d by use, of the massively ossified posteroventro

laterally directed stapes. The, use of the stapes as a mechanical link in 

a kinetic skull ls a primitive character exhibited by rhipidistian fish. 

9The use of the stapes as a stabilizing unit is believed to have reached 

its maximum in the gigantic lat~ Permian captorhinid Lahidosaurikos 

meaoheuni (Stovall," 1950) in which the stllpes i9 sut~ral1y attached to the 

basisphenoid" prootic,opisthotic (paroccipital process), and apparently 

.. 
the quadrate. Sueh roetakinesis is a functional necessity amongst small, 

insectivorous, ter~estrial tetrapods that, employ inertial fee.ding sinee 

it al1o~s the caniniform teeth to bé accelerated down upon the prey item 
, 

8t the same Ume the mandib~e i8 being raised (Frazzetta, 1962). Modern 
; 

lizard& represent the culmination of\ such a metakinetic mechanical system 
\ \ 

'witb the introduction of an a-ddition~l me~\ol<inetic àrticulation between 

the frontal and parietal. The musclel fibers of the M. adductor mandibulae 

e~ternus medius and profundus and the M. adductor mandibulae posteripr a11 

originate from th~ braincase in the earliest reptiles. It i~, tberefore~ 
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necessary to know with the greatest possible confidence, the configuration 

of these muscles if the mechapics of the braincase and its metakinesis 

are to be understood~ Turtlès apparent1:r 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 have 

separated early from the same basic non-synapsid stock, they share many 

c01lllllon feature~ in~icative of a primitive metakinetic heritage., In 

particular, they posséss high narrow supraOCcip1t:als and large post:temporal 
\ 

fenestr.ae that are correlated with the possession of metakinesis and weIl 

developed partes media and profunda of the M. adductoF mand~bulae externus 

in Sphenodon, lizards, captorhinomorphs, and perhaps even primi ti ve , 

procolophonids (Ivakhnenko, 1972). Large size appears to be the primary 
)1 

factor controlling the degree of metakinetic movemens, apparent1y because 
, 

of the 1imlgtions in the size and strength of the constrictor dorsalis 

musculaturl which is the maj or skul1 roof elevator. Closely associated 

with size increase is the development of herbivorous 8;lld car!1iv01;oUS 

feedlng modes, the former requiring great adduction power but no t 

metakinesis, the lattèr ofteIt placing extreme loads on the skull roof and 

braincase. In both cases, metakinesis is of litt le practi\:al advantage 

and ooy. on occasion be a distinct disadvan tage. l t is, therefore, not 

surprising that few reptiles with skull lengths of over about 10 cm 
~ , 

, 1 -

retained metakinetic skulls. The exceptions include platyno'tan Iizards 

(v:aranids and mosasaurs). the "former"wifh extremeJ,.y light weight truss 

struçture sku1ls, the latter squatie forms ,wher~ na tural bouy~ncy reduced 

the significance of inereased size and weight. The on1y .other knolffl 

exceptions are the saud.schiàn di~osaurs in whic~metakinetic system 

wss modified conslderably and a mesokinetic (fronto-parietal) joint a1so 
'l, 

• 

./ 



" 

170 

1 

developed. This arrangement is retained in modern birds. 
\ 
Functionally, the trigem~nally inoervated muscles of modern oon-

, f 

synapsid reRtiles and apparently also EoaaptoT'hinU8~ appear to be ~ivi.sible 

into four ma~or groups: (1) skull roof elevators~ (2) m~ndibular 

accelerators; (3) mandibular power adductors; and ·(4) mandibular 

stabilizers. The skull roof elevators are the posterior members of' the 

M. constrictor"dorsalis group, the M. levator'pterygoidei and, if present 

in Eooaptorhinus, the M. protractor pterygoidei. T'wo mùsc4\s function as 

mandibular acceleràtors during the adduction cycle, the M. pterygoide.us.-

1 - a massive muscle that initiates the mov~~nt. and tl}e m~ch thinner M. r--

adductor mandibulae externus superficialis that maintains the adduction 

speed initially imparted ta the mandible by the M. pterygoideus. Power 

for crushing or she~ring resistant food items is provided by the massive 

M. pseudotcmporalis, and more posteriorly attached M. adductor mandibulae 

externus medius and profundus. Particularly resistant food items or 

s'truggling prey may provide forces that might potentially strain or even 

disarticulate the articul~r-quadrate joint. The M. adductor mandibulae 
l 

pos~erior serves as a major mandibular stabilizer holdin~ ,the jo'int in 

position during j a,,, adduction. 

Conclusions 

EoaaptoT'hinus latiaeps Is a captorhinomorph reptile of the family 

capt:orhinidae known\from numerous superbly preserved sP~cimens from the -

lower Permiaa' deposits of northcentra1 Texas and central Oklahoma. The 
1 . 

iumense amount ~f fine detail available from these specimens has permitted 
~ 

reconstruction of the adductor mandibulae musculature with a high degree 

o of confidence. As in aIl modern reptiles, it was a complex mus"cl~ mass 
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~ \ 
divided into three major units, the M. adductor mandibuiae posterior, M. 

adduct'or mandibulae externus, and M. adductQr mandibulae internus. The 
, \ 
, ' 

M. adductor mandibulae posterior was a simple undifferentiated muscle. The 

M. adductor mandiQ~}ae externus apparently was of tripartite form with 

partes superficiatis, media, and profunda. the latter two parts originating, 

at least in part, from the braincase and bulging into the large post-

temporàl fenestrae. 'The M. adductor mandibùlae internus wa's divided into 
, . 

two distinct units, the M. pseudotemporalis and t?e M. pterygoideus, botb 

of ~hich were bipartite in forro. The M. pseudotemporalis superficialis 

was a Ia'rge muscle that originated from the laterai surface of the anterior 

\ braincase and bulged laterally up against the ventral surface of th~ 

, parietals but was not attached to them.' The pars profunda was a small 

ventromedial segment. The M. ptérygoideus had both superficial and deep 
\ 

parts that expanded ventrolaterally about thei~ insertion ta farro a 

prominent masticatory cushion. In addition, prominent constrictor dorsalis 

musculature connected the palate-skul~ roof complex to the braincase. 

These muscular characteristics are intimately related to the 

osteological characters that di~.ferentiate this non-synapsid reptile from 

a primitive synapsid reptile. The occipital surface is nearly vèrtical. 

The supraoccipital, on which much oi the M. adductor mandibulae ~xternus 
" 

mediuà and profundus originates, ls n~ith consequently large 

post-temporal fenestrac. In contrast, primitive synapsid reptiles have 
" ' . 

steeply sloped, anterodorsally archéd, plate-like occiputs with'wide 

supraoc,cipitals and consequently tiny, post-temporal fenestrae. This' is 

apparently, the r~sult of the absence of the M. adductor mandibulae 

externus ,medius and profundus in -the synapsid'lineage'. 

Metakinesis was a major functional characterlstic of primit~ve 
\1' 
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,r~lti1es that was further developed by sorne non-synapsid linef,lges. The 

f/~Y Captorhinidae was an early specializaLion of the basic non-synapsid 

radi:\ion in which the metakinesis was progressively lost as increasingly 

larger members of th~ family appeared. Other non-synapsid reptiles 

including pareiasaurs, turtles, and cr'bcodilians also followed a similar 
, ", 

history of braincase immobilization and M. constrictor dorsalis reduction 

as they evolved out' of the small, terres trial , insectivore niche to which 
o 

they were primitively adapted. The earliest synapsids that arè adequately 

known had already adapted to a carnivorous feeding mode. These apparently. 

, \ 

were accompanied 1;>y herbivorous types that had also sol:i:dified the' 

prillli:tive metakinetic braincase-skull roof j unction by expanding the 

supraoccipitafs and paroccipital ptocesses and suturing 1:hem t,o the large 
". 

tab'u1ar. In the synapsid Hneages, the M., constrictor dorsalis probably 

was lost with the early at'tain;nent of an akinetic skull. 

The non-synapsid and synapsid reptiles 'may be separated at least as 
Il' \ 

far back as the earliest appearance of reptiles in the fossil record. The 

osteological ch~racteristics of the ~kulls of thes: groups are determined 

to a large degree by the configuration of the adductor numdibulae musculature. 
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,Abstract 

Crania! metakinesis, moyernent between thè skull' roof (maxillary 
~ .. o ' 

, ( , \ 

sewnent) and braincase (occipital sep,ment) of t,he 'sku!j, was· a primitive. 

rep.tilian characteristic. It developed in association with small size which 
! 

was a prerequisite fo~ the development of the amniotic er,r.. There was a 

sèlective 'advantage t~ adaptinr, 'the Ioose braincase-skull roof junction of 

j:iny reptilian ancesto'Is to" a refi,ned gape orienting mechanism that • 
, ) , 

simulta eous tooth impact onto prey and littie energy 1055 permitted near 

in unnecessary acceleration of prey items' during capture. Excessive skull 

roof elt;vation was prevented by the position.in~ of the dor50vent~olater-al1y 
. 

directed stapes prevent~n~ it from fl,mctioning as. an auditory ossf.cle as 
1 

\ , 
it did im many lat~r gtou~s of reptiles. 

\ 

Mu1tisegmented mandibular ~dducto'r musculature was required to permit 
" 

efÙcient metakinesi~: 
, 

A vertical occiput with larr,e post-temporal fenestrae 

reflecte'd the presence' of a large M'. adductor 1'landibulae externU5 mediu5 

and profurVIus: L'arge size limited, the ability of the constrict'or dorsalis 

musculature to elev~te the skull roof lead;i.ng to akinesis while retaining 

the primitive' reptiUan occipital pattern. Akinesis developed in smal1 
.~ 

primitive synapsids in respose to heav-y stressf encountered as a'result of 

the-ir active. carnivorous feeding mode. The pl"ate-like occiput of pelycosaurs 

. vas 'sloped a~rsallY~ The post-temporal fenestrae were 8mal1, in respotu~e 
" , 

·to the 10ss of the partes media and profunda of the M. adductor mandibulaè 
/' 

externus. 
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The structure of the occiput and the evidençe ft bears on the history 

" " of metskinesis in the evolutio~ of any gr0';1p of primitive' tetrapods s110ws 
, 

• a rel!ewed assessmél!-t of the phylogenetic position of many groups. It 

appears tha t ,diadec tids, tseajaiias, limnoscelids" and ,seymouriamorphs 
1 

, fO~~Single coherent. group of amphibian$, the true cotylosaurs. Procolophortids 
, .. 
and parei;saurs a~e true but extremely prim~t,ive reptiles and are not 

-J '1. 

" . :. -

1. ~ 

,1 ;, 
l ' 

, 
1 1 ~ , 

• 

" 

o 

cotylosaurs • 

l' 
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\ 

, , . 

" 

, " 

t~L\':~'l"~'~'-'~-;J::t2i~~~Ii~~~~'~~~~'~'~"~~~'-~"~-~'~.,~,,~~",~,,~r~,,~~~~~,,~"" ~ J", - ~. ~ ..... l!~J ~ll.·i! .... t.. --

, , . 
( ~ ~ , 

" 

." , 

\ 

j 
~ 

1 



( 

V \ 

, \ 

1 ~ 
i 

i' 

l , ( 

, 

" 

, ~ 

,..,.,...._ .... ~_...-r ........ I.~~'_._ ~ , ~" ....... ~_~..,.~~~..". ........ ".....~~.Iif~iMIIo."1!t ... '1'1'41.\Jff\IJ"~lI\'l/I,iG'!,,''l'~ .... ~..,...n., ..... , 1" 

CO~TENTS 

Introduction -. \ 

Skull and cranial musculature of captorhinomorpns 

'Cranial kinesls in primi'tive captorhinomorph reptiles . , 

Function of crania1 metakinesis 

, , . 
Embryological d~velopment of met~kinesis 

"\ ~ ., 
Identification o1'metaktnesis in fossils 

Eyo1utionary implications ., 
~rigins of reptiles 

Th~ effect of size on metakinesis. 

Relationships of proèolophonoids and pareiasaurs 

Relationshi,ps of pelycosaurS 

'Ct'ania1 k1.nesis and hearing 

Conclusions 

V 
Acknowledgemen t s. -References 

·1 

185 

186, 

188 

199 

219 

/ 

222 

225 

229 

229 

234 
' \ 

~36 

237 

'\ 
241 

244 . , 
247' 

• ~ -248 

.... ' . fi ... 
, . 

, \ 

'1 

1 , , 
\ 

.:.1 

1 
l' 

- 1 'J 



( 

t 
1 

( 
! 

t 

1 

L 

f 

/II ····fâ6 

. / 

CRANIAL KlNESIS I.N PRIMITIVE REPTILES 

INTRODUCTION 

The study of cranlal k1nesis in mo,dern reptiles. whlch was begun by 

Versluys (1912a, b, 1927), ha~ ,been pursued in depth only recently. 

Frazzetta's study (1962) of thè kinetics of th~ skull of moderI!, lizards, 

and in particu1ar the. extreme1y mobile form VaJ"anus indiau8, i8 the most 

detal1ed to date, Both Versluys and Frazzetta recognized two major types ~ 

bf kinesis in !izards: metakinesis, movement between the braincase ànd 

posterior skuP roof (parietals) and mesokinesis, movement bet'Ween the 

frontals and the parietals. Additional types of kinesiJ3 are pres~nt in 

Sorne groups of lizards and snakes. Only meta- and mesokinesis ar~ coltmlon 

to most groups of lizards; neither is' pres'ent in snakes. Modern turtles and 

ctocodilians are akinetlc. 'Except; 'for Ver~1uys (1910, 19'12 a , b, 1927. 1936) 

lnves tigation of the possible mesokinesis in carnosaur dinosaurs, lit tle 

has been mentioned' of the cranial' kinesis in fossi! reptiles. 

the e~istence of metakinesis in miller~tids (1972) 'and in younginid 

prolacertid eosuc:hians (1975). lvaktinenko (1973) 

in Tiahvinskia vjatkensis, an eariy member of the primitive reptilian family , 

Procolophonidae. Rfs claims of a mesokinetlc fronto-parietal union are, 
. 

" however, har:d to substantiate fr'om a structural point of view. Amongst 
, 

members of the primi tive reptilian sub-order Captorhinomorp,ha, cranlai 
, .} 

kinesis was well developed in smalI,' primitive forms although it has beè'n 

mentioned' only a's " probab1'y possible" by Carroll (1969c). 

1 

Primitive captorhinomorph reptiles are thought to have been the ancestors 

, of modern crocodiles, lizards, rhynch~cepha1ians, and snakes (Carroll, 1969a, 

b, c; Reisz, 1977). Whether modern turtles have evo1ved from captorhinomorph 
" ! 

, ), t; ; F 'f' .SI. 
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1 

anceS'tors has not been established: At leaat part of th~ rE'a~wn for the 
, 

enormous success of repti1ian lineages developed from ~) primiti('p carto .. rhino-

nlorph stock is the presence, unless secondarily reduc.:ed (e, g. crocodilians) 

of weIl developed craniaI kinesis within this g'roup. 1; the great radiation 

of captorhinomo.rph descendants, incIuding dinosaurs,' bir1s 1 pterosaurs. 

nothosaurs. and plesiosaurs among other fossU groups as weIl as modE!rn 
-' , 

reptil"e8 (except turtles). 1.8 to be understQod, an insight into the basic 

mechanism that gave this group its- great competitive advantage over 
1 

! 
contemporary forms must be gairied. 

, , .. 
HyZanorrrus lyeUi and paleothyr.,is. acadianÜm from the early to midd1e 

Pennsy1 vanian of Nova Scotia are the most primitive mem'bers of the 

captorhinomorph lineage. (Carroll. 1964, 1969a. b;' Carroll and Baird, 1972). 

The known specimens of these animaIs are aIl disarticu1ated and fragmentary 

although individual bones ar~ usua1ly well preserved~ By using these 

bones and information on the structure of the captorl'l.inomorph braincase 

obtained from a study of superbly preserved specimens of the aqvanced 
J \ 

captorhinomorphs Eoooptol'hinus latiaepe (Heaton. 1975. 1978) and Cap torh inus' 
, , , 

aguti (P~ice. 1935) of the family Captorhinidae from the midd1e lower' 
r 

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 typica1 of many 'and. perhaps aIl primitive captorhinomorphs. 
, 

Such a. braincase and skull roof would notbe significantly different from 

that of the primit~ve captorhinid repti~e Rçmel'ia prima (Clark a~d C~rrol1!: 
. , 
" 19,73). EoaaptoI'hinus lati~epsJ although its osteo1ogical and myologieal 

structure la much better known 'that that of the more primitive forms, is 

, '\ 
not used here as the model of primitive captorhinomorph cranial structure 

sinee. in correlation with ,its relatively large siz.e, the primitive 

, ' 
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crantaI metakinesi~' had been greatly reduced and probably. ev en lost in 

the adu1t. Much as the adult Sphenddon~ a modern sphe"nodoJltid 

rhynchocephalian, is akinetic while the juvenilé Is metakinetic CVersluys, 

1912b,; Ostrom, 1962), 130 too ls iç, thought that the Juvenile. EoC!aptol'hinus 

was metakin~tic. Certa!nly the smaller àncestors oi" Eocaptorhinus, 
& 

Romena prima;_ R. texana, and PY'otocaptol'hinùs (= PueY'cosaU1'u~?) pricei 

were metakinetic eyen as adults. Differences in muscle architecture 

betwee~ EocaptoT'hinus and a Hylonomus-like genera1ized, primitive 

captorhinomorph are be1ieved to have been minimal. 5uch, differences as' do 

appear to have existed'" are discussed. 

SKUL1 AND CRANIAL MUSCULATURE OF CAPTORHINOMORPHS 

The skulls of numerous primitive captorhinomorphs inc1uding Hy ~onorrrus 

(Carroll, 1964), Paleo.thYl'is (1969a, b, +970), Bl'ouffia~ CephaZerpeton, 

AnthracoCb:>omeus, Coelr3stegus (Carroll and Baird, 1972) and PY'otoY'çthyY'is 

(Clark and Carroll, 1973) are known; several in considerable detail. 

Braincase material is present :ln Hylonomus, Paleoth?:JY'is, CoeZostegu8, and 

ProtOl'othyT'is a~ well as in an undescribed llylonomus-like, primitive 

captorhirtomorph from the Pennsylv~nian of C?lorado (Vaughn .. personal 

communication). Well preserve~ skul1 and braincase materia1:of the ~ore 

advanced captorhinomorph EooaptoY'hinus has been d~scribed by Heaton (1975, 

1978) . , . 
As in the modern sphenodontid rhynchocephalian Sphenodon purwtatus~ 

the skulls of captorh,i'(lomorphs. both primitive and advance~. were composed 

, of three functional units (Fig. 1). The "occipital segment" consis ted of 
Q 

the braincase made up of the supraoccipital, exoccipita1s, opisthoti,cs, 

basioccipital, prootics, parasphenoid, and basisphenoid but not the anterior 

"-
braincasè (Fig. 2). The "maxil1ary segment" was composed of the remaining 
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occipital segment , 
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, 1 

Figure 1. Skull in lateral aspect of the primitive captorhinomorph 
,) 

reptile By1.onomus ZyeUi. a) b) Functional units. 
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E:igure 2. Pr:l,.Ddtive captorhinomorph reptile brainc8se with muscle oAs:1n's 

indicated. Composite reconstruction. 
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bones of the skull. The "mandibular segment" was formed solely from thf' 

mandible. There appear to have been few significant dlfferences amongst 
" ' 

\ 
the braincases of. the primitive captorhinol)lorpns. In general. the 

opisthfnics were not fully ossified but extended cartilag~nous paroccipital 

processes laterally to meet the quadrate.' In advanced captorhinid 

c:aptàrhinomorphs, there was an increasing tendency toward ossification 

of the paroccipital processes correlated with increasing size and' decreasing 

craniai kinesis. A similar association of the development of a prominent 

medial ascending pro cess of the supraoccipital in captorhin~ds--this 

process was absent in prfm:1.tive' captorhinomorphs--wiJh an akinetic skull 

has also'been observed. . 
Captorhinomorph reptiles, both primitive and advanced j ~ppear to have 

had a tripartite adductor mat:tdibulae muscle mass (Fig. 3) as do a11 modern 

reptiles, including' turtles, which may not be ,captorhinomorph derittatives, 

and Many amphibians. The M. adductor mandibulae was divided into an M,. 

1 
adductor mandibulae posterior, and M. adductor mandibulae externus and an 

1 

M. adductor. mandibulae internus. Both the partes externa and interna 

were themsleves further Sllbdivided (Fig. 4). AlI inserted onto the mandible 

or onto tendons attached ot it. The origins were on either the occipital 
o 

segment or the maxi~lary segment. The occipital segment served as the 

origin ,for fhe large M. adductor mandibulae externus medius Ba and the 

almost equally large M. adductor mandibulae externus proftmdus. The 

-1JI8xillary segment had four regions of origin. The ,anterior region of the 

braincase, in the absence of a medial descending flange of the parietal, 

as 18 present in moat modern reptiles (gekkonid lizarda are an exception), 

8erved as the site of origin of the M. pseudotemporalis superficialis. 

, ' 

, " 
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Figure 4. Eo~aptorhinf!8 taticep8. Skull with reconstruction' of M. ac(àpctor 

, , 

mandibulae • a) Dorsal aspect. b) Lateral aspect; su~etfic1al. 
.. 

c) Lateral aspeét, second depth. d) Lateral aspect, third 4epth. 

e) Lateral aapecb, deep. 
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The M. ac;tductor mandibu1ae externus medius 'Aa, _ Bb, and the M. adductor 

mandibulae externus ,superficialis ot'itated from the skull ~oof and the 

M. adductor mandibulae posterior and possibly an M. adductor tpandibulae 

externus medius Ab from the quadrate. The pterygdid 'functioned as the site 

... of orlgin o'f the \1. pterygoideus. !WO 'posterior' segments of the M. 

constrictor dorsalis, the M. protfac'tor pterygoidei and M. levator ,\ 
,pterygoidei connected the occJpital aegm,ent (latera! braincase) and the 

maxiHary segment (pterygoid). 
, 

Considerable cervical ,musculature inserted onto the occipital, surface 

'1 
of both the occipital and maxillary segments. Dorsally, the ~. spinalis 

capitis, M. lati1ssimus capitis dorsalis, and M. episternoc~eidomastoi'dèus 

inserted onto the parietals, post ..... parietals, and tabulars (where presènt), 

a11 part of the maxillary 'segment. The M. rectus capit~s posterior inserted 
, . 

dorsslly onto th~ suprâoccipital', 'exoccipital, and opisthotic and the M. 

~ 

rectus 1 capitis anterior and M. ilioco.stalis tapitis. inserted ventrally 

onto the basioccipital s.nd é,xoccipital. aIl components of the occipital 
1 

segmen~. These were the principal muscles that governed braincase moveme,nt 

in the vertical (sagittal) plane. Dther cervical muscuÎat'ure controlled 

mo\rement ih the horizontal (frontâ1) plane inc1udtng the H. ,obliquus 

capitis magnus and M. latissimus' capiqs transv~rselis capi'tis that inserted 
/ . '. ) , 

on the oplsthotic and the M. latissimus capitis transversalis cervicus 

,that 'inserted onto the basiocçipital. Rotation of the head in the transverse 

. " 
plane st the occipital condyle is believed to have been limited. as wi,th 

many modern .reptiles. With the possible exception of the M. l , 
.c:; 

epi~tern?c~eidomastoideus, there were no muscles inserting on either the 

'\ ' , 

skull roof or 'the braincase that could have 'applied signifj.c~nt 'torsiona]: 
, , 
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forces. The cervical musculature was important during feeding as a 

braincase stabi1izing mechanism. In the fol1owing discussion of 

metakinesis, the role of the cervical mus~ulature is not discussed since 

the braincase i8 r~g~rded as having been maintainèd in a fixed posiiion. 

The cervical muscles wou1d, thus, bé activated irregu1ar1y to ho1d the 

fixed position of the braincase. , , 

The M. c~rvicomandibularis or ~ts smaller anterior segment the M • 

" 
depr~ssor mandibu1ae originated from the fasci~ over1ying the cervical 

musculature and from the posterior edge of the supratempora1 and possib1-Y 
o 

the parietal. It inserted onto the posterior,surface of the articular 

/' .... - ...... 

and, in the case of Eocaptorhinus where a prominent retroarticular process 

was present, the dorsal, surface of that process. 

The final 'group of muscles that had a bearing on the cranial mechanics . 
of the primitive captorhinomorph reptile skull were a number of hyoi~ 

muscles, in particul.ar the more posteriorly located M. co~acohyoideus. M. 
r 

geniohyoideus.-M. omohyoideus, and M. sternohyoideus. 

Each group of muscles had a specifie major role and often one or 
r 

more minor raIes to 'play at each point in the adcÎuction-depression cycle. 
/' ' 

In 1961 ,OIson introduceç the terms -"kin~tic-inertial" and "stat,ir-pressure': 
, ~. , 

" 1 

to descr~be two fundamenta,lly "diff~ri~nt pait~rn~f mandibula~ adductor 

muscle structure and dynamics in tétrapods (Fig'. ~. Since a mandibular 

adductor muscle exer~s i~s greatest force tangentially to the arc 9f ~ 

• rotation of the mandible about its mandibuloquadrate at\:iculation, the 

further the origi? of the muscle from the articulation r~lâtive, to t1;te 

, . " insertion, the greater the angle of mandibulal' depression possible while 
\ , 

maintaining a right anglè ,between the muscle action line and the mandibu+ar 
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a) Force configuration in Kinetic-Iner/:h.L...and Static-Pressure 

mandibular adduction systems. b) Maximum gape v8.distance between 
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adductor musc1e,origin and mandibular articulatign. 
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radius (Fig. 5b). It ia in this way,that the maximum gape ean be 

estimated. OIson believed that the kinetic-inertial system, in whieh 

maximum adductor power was transmitted to the depressed mandible by a 

large anterior adductor (M. adduètor mandibulae internus segments) with its 
j 

origin far forward of the insertion, was primitive to rhipidistan fish 

and 'their early tetrapod descendants.' He consi,dered th~ statie-pressu~e 

system. in ~hich maximum adduetor power was transmitted to a ful1y addueted 

mandible by a 1a~ge posterior adductor (M. addu~tor ma~dibulae externus et, 
" r 
posterior) to be a derived cond~tion typieai of most reptiles. He 

helieved that sorne reptiles, partieu1arly the aquatie eroeodilians_had a 

secondarily derived kinetie-inertia1 mandibu1ar adduetor svstem. Whi1e 
~ ,JI 

the recognition of the~e two types of mechanieai systel!1S is usefu1 in 

analysing the funetiona1 mechanies of mandibulàr action, it must he 

emphasized that the two systems are not mutually exclusive. Many early, 
.{. 

; , . 
generalized reptiles/ such as the eaptorhinomorphs had both a kinetie-

inertial and a statie-pressure system that-were weIl ~eveloped rather than 

a predominant statie pressure system as OIson has implied. 
,f 

'(t' . 
Because of a Iack of data oh craniai klnesis even in modern reptiles, 

t 

the reconstruction of the 1lletakinetic mechan~ and its function in 

primitive reptiles mu~t be basecl on a strictly mechanieal analysis. The 
o~ 

\ physieal, parameters of moment arms in cranial lever systems and elasticity 
, i 

and elongation-contrac~on in adduetor muscles can be estimateQ with 

r~asonab1e precision and, thus. would have l:lmited the response,s that might 

potentlally be expected. Even Frazzetta's (1962' important paper on 

cranial kines!s in mod~rn 1izards followed the.same mech~nieal approaeh 

since it i8 extremely difficult to obtain data on the electrical aetivit~ 
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SGd tensions (passive or active) of individua1 muscle slips as weIl as 

on small scale movements of the skull segments even in 'living forms. 

Nevertheless, an attem~t must be made even in the presence of formidable 

obstacles to gain,an understanding of this, extremely important mechanism. 

It ls hoped that as new information on muscle physiology, craniai kinesis~ 
j 

1 

and behaviour in modern reptiles becomes avai1able that a more refined 

explanation of the functional mechanifs,of fossil reptiles can be produced. 

Electromyographic studies of vertebrate, and in ~articular mammalian, 
': n , 

musculature are relatively common'(Ba~majian, 1967;c'qans, 1974) anô provide 
t 

mucb of the basis for our understanding of the pro'ce'sses of muscle 

excita~ion,and contraction. The eleétrica1 activity of reptilian musculature, 

especially cranial musculature, has only Just ~egun to be studied '{Rieppel, 

personal communication). A large.number of background action po~entials 

are recorded from musclé tissue ~HtQughout its range qf movement and 

\ activity. In general, however. tJere 18 a greater degre~ .~f excitation 

recorded above the backgrQun'd when the muscle' i6 active1y contracting that 

when jt ls at rest with maximum excitation occurring at the point of 

gretlt~st applied. power. Muscle fiber-tendon lengths and bone ossification 
~~ ~:~, 

and development are sufficiently plastic ,,,ithin individu-als that natural 
1 

optimisation of mechanical systems ~il1 a1way~scut (Haines, 1932, 1934; 

Washburn, .1946, 1947). As a result. conc1usÙjns as ta the mechanical 

effi~iency and function of a simple dynamic system with only one or two 

moving parts ~nd operating in only one plane can b~ made with a re~sonable 

degree of, confidence. 
, 

- A muscle fiber when at rest bas a single fixed length (resting fiber 

length). If excited that fiber will exert its greatest force as it begins 

t : .. -., .... ""'~ m"",""""'JI .. "'.:.~.:~'r:'1,--,",-3'"':"T:::::,,,,,:;:·;:::,,,.;'7'·-.-_ -:--------:;=-.I...:~.s_-- i ~, .. ..J,..~_ ,-~ _ .. 
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its contraction. As con~raction progresses, the power that the muscle 
• 

fiber c~n e~ert diminishes ~ntil'the point of complete contraction, about 
" 

65 to 70 percent of tl~e res,ti~&._ fiber length, i5 reached (Fig. 6).&, 

Elongation ,of the muscle fiber by an external load is resisted by a~ 'active 
,,; . t 
. dJ, 

tension that deè~~ase8 with elongation and ,a p~ssive (elastic) tension 

that increases to allow a maximum elong~tion of about 130 to 135 percent of 

the resting fiber length before the sarcolemma begins ta tear (Zierler, 

1961; Gordon, Huxley. and Julian, 1966). It' is 'obvious that maximum gape 

must be achieved without any segments bein& elongated beyond the critical 

130 percent elongation beyond the resting fiber length. If aIl of the 

muscle segments pass through their full contraction range during the 

adduction cycle, the common,elongation factor may be eliminated and the' 

timè required for that elon.iatioll to proceed subsqtuted and the speeds 

of contraction of individual segments compared. The cascading fffect of 

the different muscle divisiorts and subdivisions reaching their resting . 

fiber lengths at 'different times maintains the near constant total power 

carve as illustrated in Fig. 7. 

~IAL KINESIS IN PRI,MITIVE CAPTORHINOMO~H REPTILES 

The adduDtion-depression cycle of jaw movement can be divided into 

six distinct stages, each characterized by speçific relationships between 

the maxillary ànd mandibular segments and bet\.eE,'!n the maxillary and 

occipital sègments. The first stage of analysis consists of an examination 

of movements in the vertical plane o~ly, with the braincase and neck held 

" horizontally by the cervical musculature. Even in the analys,is of craniai 

kinesis in small primitive\captorhinomorphs, gravit y must be recognized 

as a signifi~ant force typically acting in the sagittal plane. 
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Figure 6. Muscle Tension-Elongation Curve (after Zierler 1961).' 
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Total Appl ied Adductor Power 
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SPEED 
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Figure 7. Hypothetica1 cascading of resti~g fiber lengths of mandibular , 

'" . 
adductor mu~cles during adduction cycle., 
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Resting Po~ition 

Th~ so-called resting p~sition with the skull roof lowered and the 

jaw adducted is, in reality, a misnomer since the forcé of gravit y acting 

upon the maxillary, oè ci,p ital , and mandioular segments must have been' 

dountered by var~ous different muscular forces, either interna! (elastic) 
,; 

or external (stimulated) (Fig. 8a). Gr~vitational and adductive fortes 

kept the sk~ll roof lowered relative to the braincase as they do in modern 

metaki~tic rep,tiles. Gravitational forces were transmitted to the 

occipital segment from the maxillary and mandibular segments through some 
1 

of the adductor musculature, through the supraoccipital and basipterygoid 

articulations and, to a lesser extent, through the p~roccipital processes. , 

f 
Interesting!y, the basipterygoid articulation lay'immediately ventral to 

the apparent centre of gravit y of the he ad in contrast to the condition 

seen in modern Sphenodon and lizards where,the articulatipn lies much 

further posteriorly. In captorhinomorphs the epipterygoid was la(rge and 

roofed·the epipterygoid recess, thus allowing transmission of gravitational' 

forc~s to the basipterygoid processes. Since the metakinetic axis in 

primitive captorhinomorphs was along the contact between the postparietals 

and the supraoccipital rathe~ than between'the paroccipital processes and 
{ 

the squ?mosal and quadrate as in Sphenodon and most lizards, an ~ntero-

posterior compressive force couple ex~sted between the epipterygoid and 

the basicranial tuberde in addition to the typical dorsoventral force 

couple (Fig. 9). In sphenodon and lizards in which metaki~esis is not 

'well dev~loped, an anteroposterior, gravit y induced, compressive force' 

couple be~ween the pterygold'(the epipterygoid ls secondarily reduced) aijd 

the basipterygoid tuberde has been greatly reduced or eliminated becâuse 
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~. Figure ,a. Schematlc dlagram-~f metakinetic movments during a complete 

mandibular depression-adduction cycle. a) AlI f.orces acting upon 
i (, 

the skull. b) Beginning of mandibular-d~pression cycle. c) End of 

mandibular âepres~ion cycle. d) Begfnning of mandibular adduction 

cycle. e) Middle of mandibular adduction cycle. f) End of mandibular 

adductio~ cycle. Sol1d lines: beginning of contraction. Dashed' 

lines:~maximum active contraction. Dotted line: end· of active 

contraction. 
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the basicranial articulation lies in the same plane as the metakinetic 

axis, normal to the Une of Bcdon orthe gravitational force: As a result 
, 

of the anteroposterior force couple in primitive captorhinomorph reptiles, 

the basicrania1 articulation consisted of a deep, heav!ly reinforced socket 

into which the robûst basipterygoid tuberc1e fit. This was similar to the 

form of basicranial articulation seen in Sphenodon but quite different 

• 
~rom the lightly bui1t sliding articulation in 1izards; 

It is believed that the mandibular segm~nt in all reptiles does not 

require significant 'active muscular forces, beyond background excitation, 

to keep it adducted. AlI muscles have a specifie resting length of muscle' 

fiber from whlch a maximum of about 30 to 35 percent total elongation or • 
shortening'is possible (Zierler, 1961; Barghu5en, 1968). In most cases 

, 
the resting fiber length ls thought to occur when the mandible is partia11y 

depressed., In only a few,çases is the resting fiber length believed to be 

re~ched when the mandib1e is fùlly adducted. Because of these limits on 

total e10ngation and contraction, muscles that reach theïr resting fiber 
, . 

'1 

,length at the point of full adduction must he so constructed or positioned 
\ 

- that elongation at full mandibular depression does not exceed the 30 to 35 

percent maximum (Fig. 7), This can on1y be accomplished in t~o w~ys. 

Since circumferentia{ extension at a given angular displacement of the jaw . , 

varies directly as the 1ength of the moment arm between the articulation 

and the. origin or insertion, a muscle originating weil anteriorly on the 

.skull roof or braincase, or inserting far anterior1y on the màndible must 

have exceeding1y long muscle fibers in order for the total elongation of 

o 

the muscle to remain 1ess than the maximum allowab1e 30 to 35 percent total 

resting fiber 1ength. This is a system that i5 present- in both chamaeleonid 
, . 

, , 
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1izards (Pog1ayen Neuwa11, 1954; Haas, 1973) and ceratopsian dinosaurs 

(Haae, 1955~Ostrom. 1964) wher~ the fril1 supported M. adductor mandibulae 

externus profundus.is greatly elongated, but otherwise is extremely rare. 
, 

In anapsid captorÈ.~nomorphs such an approach was impossible so that an 

'~"" alternate arrangement deve1oped. In captorhinomorphs, the musculature 

inserfed close to the articulation, thus greatly decreasing the circumferentia1 

extension. This musculat~re apparently conslsted of the large M. adductor 

mandibulae externus profundus that origlnated on the laterai surface of 

the supraoccipitai and the anterodorsal surface of the praatic and of the 

smaller M. adductor mandibulae posterior that had its origin on the lateral 

and anterior faces of the pterygoid lamella and occipital flange, respectively, 

of the qué!frate. The mandible was apparently held adducted by the resting 

, muscles and. hence, the oatural elasticity of the muscle fibers, with li,ttle 
, ~ - [). 

physiologieai effort. ,There was no need for active stimulation, above 

background, of the muscles ta kesp the mandible adducted. Gr.avitational 

force,s acting upon the lI!and1ble were t-ransferred te the brainease and 
v , 

maxillary segment by these musc!es. 

" Beginning of Mandibu ZaY' Depression 

At the beginning of thè ,mandibular depression cycle the mandibular 

segment was lowered and the roaxillary segment raised sligpt~y (Fig. 8b). 

The' principal elevators of the maxillary segment in primitive 

captorhinomorphs are believed t~ have been the M. levator pterygoidei and 

M. protractor ptery~oidei divisions of the M. constrictor dorsalis group 

just as in modern Sphenodon al\d lizards. The :l.evator pterygoidei of 

captorhinomorphs apparently originated from the laterai ~urface of the 

braiocase ventral to the M. pseudotemporalis superficiàlis origin and 
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inserted onto the medial surface' of the btoàd base of ,the epipterygoid. 

This'is generally similar to the position of the M. levator pterygoidei 
---ri ., 

in the modern rhy.chocephalian Sphenodon (Lakjer _ 1926; Ostrom, '1962; 

Haae, 1973) .. In Sphenodon the qua,drate ramus of thé pterygoid i8 propor-
, 

tionately lower than in captorhinomorphs and the alar process of the ~ 
1 t, .. 

prao tic greatly expanded anterodorsally. As a result, 'when present' in 

youn~e: individuals, the M. protractor pterygoidei of Sphenodon 18 

relatively long-fibered and is oriented anterodorsally. In captorhinomorphs, 

the high pterygoid aod low alar process of the prootic apparently indicate 
,0. ... ' # 

\ the former presence of a short-f~bered, posterodorsally oriented N . 
, I~ 0_ 

protractor pterygoidei. In Eoca~ophinus where metakinesis appears to 
J 

have been greatly r,educed or even lost in adult animaIs, the M. protractCor 

pterygoidei is thought to rave been reduced significantly in size and, 

perhaps. évë~ lost. l'bis parallels closely the condition seen in Sphenodon 
" 

which i8 metakinetic as a juvenile( but often is akinetic as 21:1 adult 

,(Ver,shlys,.1912b; Ostrom, 1962)~ It was contra~'tion of the M. levator 

pterygoidei and possibly the M. protractor pt"erygoidei that 'initiated 
, Il ~ . 

eleva't.ion of th~ maxillary segment (snput,.. skull roof, apd palate) relative 

to the' occ.ipit~l segment (braincase). The primary an~gonist acting 

against initial elevation of the maxillary segment was the force of 

gravity. Since only the.M. adductor mand±bulae 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 

.~uscular forces were like]y to have acted u'pon the braincase at the , 
\ 

beainning of the mandibular depresslon cycle • 

" . 

" 
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,. 
Man~ibu1ar depression was apparent1y initiated 

posterio~ly directed superfiCi~l hyOid- lI\usculature ~ 
by contraction of the 

in particular the M. 

coraèoh~oideus, M. geniOhYOideUr' and M. omohyoideus. In primitive 

,>,. captorhinomorphs that had not develope~ a long retroarticular process, 
1., v 

the M. cervicomandibularis apparently inserted too 'close to the mandibular 

articulation to have been significant in in~tiating mandibular depression. 

Since the hyoid musQulature was located weIl below the articulation. these, 

c ' 
muscles would have had a significant mechanical advantage during the early 

) , 

stages of mandibular depression thus allowing them to function as the 

\ 
earliest acting -mandioular depressors. 

CompZete MandibuZal" Depl"essio1rl 

As mand:l,bular ilepression increased toward the ma~imum gape (Fig. Bc), 

the various adductor muscles successively reached or passed their resting 
'\ ' 

fiber- iengths. The poin~s at which these resting fiber lengtlbs were 

rèached or passed varied from muscle to muscle.depending upon the specifie ~ 

\ ' ... , 
function of the muscle in the d~press;lon-adduction cycle. The Urs t ~tiscle 

_ to pass its resting fiber lèngth is be!ieved to 'have. been' the M. adductor 
1 

,~andibulae profu~dus. Because it did not originate on the braincase, it 

W3$ not a significant eîement. in crania~ metaki~esis. Sequentially 
\ 

theret\fter,. the M. adduct~r ~andibul~e externJs pars prof~.mda 1 pars media,' .' ' - \ 

pars superficial!s, M. pseudotemp~ralis superficialis and profunda. and 
, 

" finally M. pterygoidèùs are believed to hfive reached their resting fiber 
'> 

l~ngths (F:ig. 7). The effect of passive tension in these muscles would be 
, 

-to deprers -th~ 1JI8xillary s~gmen~ relative ta the .,occipita,l segment. The.se' 

tens1gn forces would have been opposed pr1flcipally by the, M. levatar 

pterygoidei and, ta a lesser extent. by the amalle! M. protractor 
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pterygoidei, which acted to raise. the maxillary segment af the skull 

,..relative to the occipital segment. 

In Sphenodon and many meta~inetic lizards. full elevation of the 

maxillary segment is limited not only by the maximum contracted léngth of 

the M. levator pterygoidei and M. protractor pterygoidei (about 65- to 70 

1 

percent resting fiber Iength), but also by physical limits. These consist 

of tlie broad Iaterai ascending proçesses of the supraoccipital rocking , \ 

forward to meet the medial descenqing ftange 'of the parieta1s or, as in 

iguanid lizards, the long median ascending process of the supraocc1pital 

rocking forward t~ thE.' anterior end of the pari~tal' fossa (Fig. 9). Physical limits 
\ 

of this type can on1y be develaped in forms with a low metakinetic axis. 

passing through the parocèipital processes. In ptimiti ve captorh1no'morph 

reptiles, ~here the illêtakinetic axis lay along the postparietal-sup,ra

occipital junction, physical limits such as have bee'n developéd by many 

modern lepidosaurs, }id not exist. Instead, the robust, dorsoventrolaterally 

inclined stapes ser;ved ta litnit ma:ximul]l elevation of the maxillary segment. 

Unlike the condition found in Iepidosaurs where the stapedia1 foo'tplate 

18 'suspended by an annular ligament within th,e fe~estra ovalis. 

captorhinomorphs and lIlany other primitive reptiles had a heavily built-
" 

stapes ,,'hose broad footplate formed a three-dimensiconal ball-and-socket 

joint with the laterai wa1l of the: braincase around the small fenestra 

ovalis (Fig. 10).' The true fe~estra ovalis "internu~11 / was only about 25 
l , 

to 30 percent of the diameter of the stapedial footplate in Eoeaptorhinus 
, 1 

(HeàtOQ. 1975 ~ 19'78). The distal ~nd of the stapes t;ypdcally 1ay within 

a pronounce~ columellar or stapedial recess in the quadrate (Carroll, ~969a; 
Heaton. 1975, 1978), along which it may have been able to slide. It was 

./ 
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u, 

, 
1 ; 

/ 



'1 
, . 

~"If'~ f \.i 1-J~ ~'. ->"14, ~ W ... ) >! ... ~ • .fV.· .. ~\'!o'" h.""""'''''' , ' 
, 1 

209 

(--

.:;. 
, Axis )o,K' 

i: , . 
i 
1 

~ ., 
J 
" 4 
it 

• f 
~ ~ 

(J. 

! "' ... 
1 f 

" 

, , . l, ,. 
1 
( 
1 

C~ 

Lizard Braincase CaPtorhinomorph Braincase 

. ( . 
.". Figure 9. Potential de~rees of freedom at baàicranial 'articulation. 

Position of metakinetic axis • 

. ' 



r.: 
1\-
'i: , 
", 
è 

i;. 
" 
:-'. 
i 
~ 

l • 
1 
1 , 
Il 

t 
r 

! 
l, 
1 

(-. 

o 

/' 

210 

·1 

, " 

vesribuJum 

psph 

1 • 

, ( 

" ~ 

v~stibulu.m , 

- \ . 
... st:tpedial 

.1 

Figure ,10. Eoeapt:orhinu8 latiaeps. Section through fenestra ovalis 

showing baIl and Bocket 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 ext;ent of 'Hs posteroventral m~e~t br both 'a 

.li~t nauowing of -the columeUar reeess and hi a small ;;lal' lip at th, 

posteroventral end of the recess. 

As t~e, power appl;l.ed by the hyoid musculature to depress the mandible 

decreased with increas~d contraction, it is believed that the M. 

~ 

cervicomandibularis (M. depressor mandibulae) began to' increase Hs applied 
, - \ 

power. Because the -fuandib1-e of primitive captorhinomorphs did not possess 

a retroarticular process, the M: cervicomandiOularis passed too close to 

the mandibular articulation, when the j aw was adducted. to gain a significan t 

mechanical advantage during tpe ini t i~l stage of mandibular depression. 

With the insertion of. the M. cervicomandibularis on the posteroventral , 
, 

extremity o,f ,the articular weIl below the mandibular articulation, the M. 

cervicomandibularis gained a significant m;-chanical ad,vant-age as 'mandirular 

depression progressed. This appears to have been an efficient sys tem 

stressing ~igh sl?eed but relatively low powered action during the eaorly 

stages of mandibu~ar depression befbre the resting fiber lengths of the 

j~w adduçtor muscles were reached. As the mandibular adductor muscles 

reached or passed their resting fiber lengths, the eccentric cam action 
1 

of the posterior ex t'remit y of the mand,ible allowed application of inereased 

power to the mandible by the M. c~r;vicDmandibularis to eounter increasing 
\ .... y 

p~ssive elastic forces in the adductor muscles. This same basic pattern 

of attachment of the M. c.e;vicomandibularis has been retained by mDl?t 

synapsid reptiles with sorne developing a veIJtral retroarticular process 

, 1 to increase the mechanical advantage of the M. cervicomandibularis' at 
-, t ' 

full mandibular depression (Gans, 1966). A large mimber of reptiles , 

including Eoaaptorh'inu8~ 4eveloped long, posteriorly directed retroarticular 
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, ~ 

processes that greatly increased the amount of power that could be applied . 
to open the mand~b1e both by increasing the tnechanica1 ad~ntage afforded 

the M. der~icomandibularis and by increasi~g the area of insertion of 

that muscle. The development of a lông posteriorl·y directed r:troarttcular 

pro cess may be related to the greatly increased mass and. hence, strength 

of the adductor musculature in forms ~uch as EocartOl'hinus and Captol'hi~us 
'. 

and the necessity to increase the power applied to the mandihle ta stretch 
\ 

these muscles beyond their resting fiber lertgth at whi~h 'point passive 

tension would have begun to increase. As Gans (1966) indicated, development 
, 

of a posteriorly directed retroafticular pro cess wou~d have reduced the 

maximum gape of these animals considerably. Amongst modern insectivoraus 

lepidosaurs, Sp.henodon: which la,cks a tympanum, has retained the primitive 

condition with no well deve~laped 'retroarticular process. l10st lizards 

1 
have a tytnpanum supparted by a deeply recessed quadrate. A long retro-

a!ticular process has developed ventral to the tympanum allowing the M, 

cervicomandibularis to insert on to the articular without impinging upon 

the tympanum. The selective pressures that have lad ta the dev~lopment ~'f 

posteriorly directed retroarticular' proc,esses in many captorhinids and in 

many lizards appear, therefore, t'a be 'uprelated. 

Beginning of Mandibular ,Adduction 

The adduction cycle is interpretEld as if a uniform. resis ta,nt but 

~.ompressible prey object were held in the mauth. This abject would develop 

a resistance t~ the adductive forces in a.ccordance with Hooke' s Law that 

, "within certain limits the ratio of unit stress tq unit strain is cdn~tant". 

Thus, as strain (compression) i8 increased by decreasing the angle of 

mandibular depression, stress (interqal resistive force) increase~ linearly. 
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\ ' 

Sin,e no shearing J tearin~ of the prey item is likely W have occurred 

in primitive taptorhL.morPh', the teeth having .erved only to grip it, 
'. 

\ 

non-Hook:Lan characteristics associated with the mechanical y1eld ,or failure 

of the p,rey.item need not be considered. While most pr'ey items encoun'tered 

by primitive captorhiRornorphs were not, of homogeneous structure and, hence. 

were non-Hookian _in their response to stress. the use of a uniformly 

compressible solid prey simulation aids in slmpHfying the explanation qf 

the adductive forces involved. The simulated prey item is assumed to have 

had a diameter equal ta about 50 percent of the distance, measured 

circumferentially about the rnandibuloquadrate articulation, betloleen the 

. , 

maxillary caniniform tooth and the mandibular teeth at an assumed maximum 
\ 
1 

gape of 25 degrees. Under these conditions. no external load was appl~ed 
\ 

to the maxillary, occipital, or rnandibulacsegments duringl'initial adduction. 
\ \ 

Mandibular adduction in primitive captorhinomorphs ap~arent1y occurr,ed 

\ . 
through sequential contraction of many separate jaw muscle just as 1'n 

modern reptiles. The first muscles to come in~o play were ltho'se forming 

part of the kinetic-inertial adductor system. 

this group was the M. pterygoideus (Fig. Bd). 

1 

The principall muscle of 

As Haines (1!932) h'as ShOlffi, .1' 

1 
1 

muscles accommodate their resting fiber lengths to the mech'anically most 

eH icie~ t PO'ti on 0 f the elemen ts to Wh'i ch th ey are a t ta ,1 .. d . He ca us, 

it Origind on the posterodorsal surface and v'entral marrin of the 

pterygoid much below the origins of the other adductor mushles, the M. 

pterygoideus would have reached ita most efficient line 0 action', 

approachitlg 90 degrees, only when the mandible was fully epressed (Fig. 

5b) • Tt has been assumed, using Hàines' observations as a guide, that 

the resting fiber length of the M. pterygoideus were 

point. 

/ 
1 

1 
eved at this 

1 

. ~----------- ---------- ,---- ------_. / --
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While the origin of the M. pterygoideus, and especially the pars 
\ 

8uperficialis, was cdncentrated far from 'the mandibuloquadrate articulation, 

the insertion was not. This suggests that the primary function of the M. 

pterygoideus was as a rapi(i jaw accelerator in adduction Just as the M. 

cervicomandibularis was in depression, at least in primitive 

captorhinomorphs (Fig. 7). In contrast to the depression cycle, there was 

no power fuI muscle to initiate rotation of the mandible nor was the force 

of gravit y of assistance. As a result, the M. pterygo~deus had ta be a 

massive m~le of mu ch greater cross-section are a than the M. 

cervicomandibularis even though both muscles were acting upon the same 

mandible within comparable ranges of rotation. 

Since contraction of the M. pterygoideus stressed only the maxi'11ary 

and mandibular segments and not the occipital segment, movep!crÏt between> 

the braincase and the skull roof did not necessarily occur at this stage. 

PartiaZ Mandi'bulaT' Adduction 

After initial acceleration of the mandible by contraction of the massive 

M. pterygoideus, a second stage of mode'st sustained adduction force" a~ting 

-at h:lgh contraction speeds was n~eded to continue ta accelerate the 

mandible .. A relatively thin, long-fibere'd muscle with a wide circumfcrential 

operating range was necessary ta develap a significant applied force at 

high ~peeds. Tt appears that the M. adductor mandibulae externus 

supe~fic~a1is, c:. th in musèle sheet that originated frOID the ventral surface 

o of the pari~tal and inserte~ on the lateral edge of the lateral surface 

of the surangular served this purpose (Fig. Be). 

Neither the M. p~erygoideus nor the M. adductor mandibulae éxternus· 

8uperficialis originated .or inserted onto th7 occipital segment. therefore, 
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contraction of qne or both of these elements need not necessarily cause 

rotation of the maxillary segment r~lative to the occipital segment. If, 

as la suspected, the ,M. levator pterygoidei and M. protractor pterygo~dei 

did not relax ilntll after initial acceleration of the mandible was begun, 

proportionately littie depression of thè maxilla;ry segment ~oulëI have 

occurred. If the prey item were first con tacted by the mandlbular . \ 

f \ 

dentition, immedia.te dfceleration of the mandibular segment and acceleration 

of the maxillary segme~t wou:J;.d occur, within the narrow rotational.limits 
\ 

\ 
of the maxi11ary segment, sa as to equaUze, as near1y as possible the 

1 

\ 
impact forces both dorsal and ventral ta the prey ~tem.. The reverse wou1d 

have occurred if the maxillary segment contacted the prey item first. In , , 

either case,' the effect would have been to 'minimize the centrifugaI force 

couple by reducing radial àcceleration of the prey item before contact by 
~+ ( 

both the maxillary and ·mandibu1ar 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 caninifoim teeth to be acceleratèd , 

downward into the prey item at the same time as the mandibu1ar teeth are 0 

being acce'1erated' upward, similar to wh~t Fraizetta '(1962) believed occurred 

in modern !izards. 

Once contact had been made with the prey item, bDth the maxi11ary and 
1 

mandibular segments would hàve begun to deceler,ate rapidly. It' is helieved 

that the M. pseudotemporalis superficialis, a massive j aw adductor 

inserting far anteriorly on the basal aponeurosis,. began to eontraet a't 

about this-positJon. Its large er()ss-section indicates that it was 

j 

primarily a power adductor, 'the first contracting element of a statie 

pressure system whose main funetion was to crush and compress the prey item 
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J 

(OIson, 1961). The M. pseudotemporal-is superficialia ls believed to have 
" 

~ 

originated from the Iaterai ~urface of the cart:l:Iaginous elements (pila 
(\, \ 

antotica, taenia marginal1s) of the braincase (chondrocranium) and the 
, ' . . 

anterodorsal edge of the epiptel'ygo=!-d. The attachment to the dorsal 
) 

ridge of the chondrocranium was apparently a uniqu~ feature of primitive 
1 

reptiles sinee a11 Iater reptiles, wherein the M. pseudotemporalis is 

• ri 

large, originate from a descending medial flange of the parietal that has 

come to sheath the Iateral surface of the chondrocranium. Thua, in most 

modern lepidosaurs and crocodilians, the M. pseudotemporalis superficialis 

. co~nects the maxil~ary and mandibular segmeIlts of the skull. In primitive 

reptiles, the dorsal elements of the ehondrocranium were undoubtedly part 

" 1 of the maxillary segment and probably were separated from the ossifi'ed 

ventral braincase elements of the occipital- segment by a thin -flexible 

postoptic membrane. It appears, ·therefore. that eyen though the' M. 

pseudotemporalis superficialis crigin appears quite different in primitive 

reptiles and in modern lepidosaurs and crocodilians, there were few, if 

any, fun'cUonal differences. 

Soon after the M. pterygoideus superficialis began to c~ntract, the 

M. adductor mandibulae externus medius :Rb' apparently started its contraction 

-' /' (Fig. 7). Jts function is believed to have been similar to that of the M. 

pseudotemporalis superficialis, serving as a massive power adductar moving 

the mandibuJ!ar segmen"t relative to the max~llary segment. This-muscle 

~as apparently quite large in primitive captorhinomorphs and even larger 

in captorhinids. Its position with both its 'origin and insertion postera-
I 

lateral to those of M. pseudotemporalis superficiali~ ,~uggest that it began 
! 

its contraction as the 'active tension in the M. pseudotemporal1s superficialis 

" 

l; .-' -,-J ---------~--- .... ':-----~-
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The M. pseudotemporalis profu~dus was apparentIy a thin, relat~vely , 

short-fibeied muscle originating fr.om the base of the epipterygoid and 
• < 

inserting on the medial surface of the coronoid. lts exact function ig 

'obscure but its ve,ntrolatèral 'Orientation suggests that it may have ~erved 

principaiIy to oppose lateral loads on the mandible rpther than as a primary 

adductor. 

The M. intramandibularis was ap~tlY weIl developed in 
'Ù • 1 

captorhinomorphs as it fa in modern crocodilians and turtles. It appears 

to have been an ~ccessory adductor giving greater range of length and pO\I1èl;" 

ta the action of the M. pseudotemporalis superficialis. 

FuZZ Mandibular Adduation 

As the fully adducted position of the mandible was approaéhed. the 

M. ad~uctor mandibulae externus pars media Ba, pars media Aa, pars medià 

Ab, pars profunda, and H. adductor mandibulae pos terior are believed ta 

have contracted sequentially forro front to back (Fig. 7; 8f). The effect 
•• \'! 

of this would have been ta maintain a relatively constant force on the 
, 

mandible throughout the final phase 9f its adduction. AIl oi these . , 

muscles e'xcept the M. adductor mandibulae pos terior originated from th,!:! 

occipital segment. The contraction of these m~scle served to propel the 

maxillary segme~t downward, forcing the caniniform teeth inta the prey 

item. There are no maxillaty segment depressor muscles directly connecting 

the maxillary segment and the occ'ipital segmeI\t. Instead, an indirect 

system exists in sphenodon and lizards and, appa~ently also ex1àted in 

primitive ~etakinetiç captorhinomorphs, in wh1ch<mu~cles originating from 
, 

the braincase elevate the mandibular segment relative to the occipital 

l, 

; 
1 

f 

1 



-, 
i 
~, 

r 
1 

i, 

j 

f 
t 

( 

1 ( 
1 

l 

o 

,";> , ~,..::;-,y~~~'~~"t"fï"'·W""~ ~~,," -4, "'-':~$'y,~~'''"!.t'''' 

218 

segment and muscles originating from the ma~il1ary segment and inserting 

on the mandibular segment depress the maxillary segment t;elatlve to the 

-mandibular segment. As long as the muscles !,riginating from the maxillary 

segment exert more force than the muscles originating from the oc~ipital 
" 1 { , 

, ' ' 

segment, the m~xillary segment will be depressed relative to, the occipital 
1 

Segment. In aeèordance with the basic assumption that '~us,cle l.engths and 

1 
angles of action we,re optimized to produce their greatest forces at the 

,1 't ~l 
\ 

mechan:l~ally, MOSt efficient position, the succ,es~ively ~ater acting muscles 

originated more pos teriorly and ventral1y on the braincase. The mos t' 

efficiefit muscle inserti'On angle (90 degrees) Qas probably achieved by 

the M. pseudotemporaUs superficialis and M. adductor mandibulae externus 

medius Bb. Depending upon the degree of arching of the muscle fibers. the 

M. adductor 1!lan?ibulae exter~us partes media Ba and media Ab may al~ have 

had insertion angles near 90 degrees when the mandible was depressed between 

about la, and 5 -degrees. Al though the origin 0 f the M. adductor mandibulae 

externus profundus was low and the proximal fibers orientëd almost 

horizontally', they probably arched over the quadrate ramus of the pterygoid 

and thence ventrally to an insertion at nearly 90, degrees to the mandible 

" when· it -was depressed about 5 degrees. The:H. adductor mandibulae pos terior' , 

does not seem ta have inserted onto the mandible at anywhere near a right 

" 

'angle. This is thought to ipdicate that the &.1scle was not a significant 

power oi speed adductor. Rather, the M. adductor Il)andibulae posterior 

appears to have functioned primarily to keep the mandible adducted, when . .. / ... 

- the mouth was empty" without excessive muscle stimulation. This ~as 

possiblè if the muscle teached its resting fiber ~ength whefl the mandible 

was fully adducted (Fig. 7). Many of the early acting adductors would have 
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been' held in slight passive co~presSion with th~ only forces counteracted 

bèlng gravitational forces. The apparent low insertion angle of the M. 

adductor mandibube posterior su~ests that it may also bave served as a 

stabilizing elemept preventing or at 1east limiting anteroposterior movement 

cif the mandibular segment relative, to the ma~illary segment. 

At the point of full depression of the maxll1ary segment, further 

~ 
ilovement was prevented by the basicranial articulation. 

FONCTION OF CRANIAL METAKlNESIS 

Frazzetta (1962) has given an excellent disc'l;1ssion of how craniaI, 

kinesis is employed in modern lizards. His woik concen t rated on the 5 pecies 

VQl1anus indicus which is amphikinetic (more than one functioning crq,nia~ 
, , 

joint) exhibiting metakinesis, mesokinesis {movement between the frontal 
• 1 

and parietal)" hypokinesis . (moveme~t 'between the palatine and pterygoid). 

and streptostyly (anteropo~terior movement of the quadrate). 

captorhinomorphs had a much simpler meta-monokinetic s.kull with a single 

moveable joint between the supraoccipital and the postparietals and" ~.here 

present, the tabulars. This simplifies the analysis of the kinesis in 

captorhinomorphs and eliminates many theories on the func tien ef the variaus 

t.ypes of kinesis that are typically foun~, in lizards. 

" It has been proposed that cranial metakinesis affords a degree of 

shock absorbillg protection for the braincase during rapid j aw adduction 

(Crompton, 1955a" b; Bellairs,' 1957). , As Frazzetta (1962) noted. while 
, #' - . 

tbls may' Indeed occur il). ~ome lizards. there is nt;_ J evidence to indicate' 

that this ls even a minor factor, in the selection for or retentlon of 

metakinesis. 0 Since the momentum,of the adducted mandible travelling at 'a 
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constant velocity varies as the cube' of the l'inear size, small size, 

especially with its '"attendant thinner, more flexible bone, is in itseH a 
#' 

Bufficiently good protection against heavy s40ck loads. In fact, 'there 
, . 

appears to, be a negative correlation between metakinesis and size in 

primitive reptiles, small' forma being kinetic and large form1'! being 

akinetic. 

The discussion of how gape i8 affected in amphikinetic lizards is 

qulte complex (Frazzetta, , 1962) .' In meta-monokinetic captorhinomorphs 

only the mandibuloquadrate joint controls the gape in a simple scissors 

action. Me~akinesis hê)no eff~ct on the gape. 
o ~ 

Frazzettà (19'62) investigated the possibility,that kinesis. and 

particu1ahy l'metakinesis, oriented the gape wieh respect to the line of . 
s!ght between the animal and lts prey, much as Moller (1931) artd Bock (1960) 

have' suggested oecurs in birds. Frazzetta decided that it was unlikely 
o 

that this was ,the reason kinesis developed in lizards sinee the whole 
• • 

maxillary segment of the skull.wa~ moh:Lle duripg prey capture. This would , 

have meant conSf!ant reorientation Qf the 1ine of sigh~ during mandib,ular 

. 
adduction whi-ch i5 th,e opposite of the hoped for result of developing 

cranial kinesis. 

-
The .usefulness of gape orientation in synchronizing maxillary and 

mandibular impact on a prey item was not discussed by Frazzetta (1962). 

In the case (Jf the mandib~la'r segment striking the prey item ~irst, the 

1nertia of the prey was yrobably not sufficient to have provided a strong 

enough antagonistic force to impale the prey with the mand:i:bular t~eth. 
o 

This 1a thougf::!t to have been the case with many smaH terrestria1 

insect;i.v.orous -tetrapods •. ln akinetic forms, the mandibular segment, after 
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<, 

contacting the ptey item wouid have., imparted a tangential acceleration. 

about the mandibuloquadra~e articulation', with a significant centrifugaI 

or '~adiai for~ component that wouid have tended to expell the prey item 
\ 

from the mouth. There vas fi significant sélective advantage to reducing 
, Il 

.",. . . 
the ~anzential acc~leration of the prey item. This vas acconplished with 

, 
the development ,of metakinesi~. As alreadr noted, by having the tooth-

t bearing segments free to 'move rapidly relative to- the brainca~e; it was 
1 

o possible for the tooth-bearing segment first conta'cting the prey item (in 

this instance the mandibular segment) to decelerate quickly and transfer 

th~ applied force to the acceleration of the tnandibular segment to drive th~ 

caniniform'teeth down into the prey item. A, similar pattern would have 
, 

j 
t 
( 

been followed in reverse if the mandibular segment contacted the prey item 

first. 

\ 

, Metakinesis ls not prese.nt -in a11 smaii terrestrial insectivorous 

lower tetrapods. In these other groups selectl~e pr~ssures acting upoa 
\ ;! .., .. 

different parts of the animal have 'produced structures that served aS 

effectiveIy\lto catc'h and hold active prey: 
d 

, . 
Such diverse groups as frogs, 

o 

salamanders, and, chàmae1eonid lizards employa sticky tongue to capture
o

' 

prey -and use the usually 'Q,.uite small teeth only fo~ gripping the prey a~ter 
./ 

capt~re. A number of primitive amphibi~n grOUP.:fnCIU~ing some microsaurs 

and dissorophids may have empIoyed a primitive foim of tongue-feed1ng (Carroll, 

<1'" 
personal eommu~ication) thus alIowi~g tbem 

early reptiles. , 

'. . 

l ' 
\ 1 

to compete successfully with 
Il' , 

\ ' 
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EMBRYOLOGlCAL DEVELOPMENT OF MÉTAKlNESIS 

The development of metakinesis inreptile,s implies a very specialize'd 

braincase structure with large un~ssified regions contribùting to marked 

dorsoven tral flexibility. Only part of the braincasè including the 

supraoccipital, exoec1pita~s, opisthotics, basioccipital, basisphenoid, 

parasP!Ieno:ld, and occasionally the interorbital septum or presphenoid was 
, , 

ossified. ReptHés with ossified interprbita1 ,septa were akinetic. In 

modern lepidosaurs the metakinetic axis lies along the axis of the 

paroccipi ta1 pro cess but in captorhinomorphs it 1ay a10ng the j unction 

between the supraoccipita1 and th~ postparietals and, woen present, the 

'tabulars. The supriloccipital is formed as an ossification of the embryonic 
\ ' 

tectum poster~or, which lies posterior to the embryonic fissura metot1ca 
,1 

'(Rice, 1920; Goodrich, ,1930) not from the tectum, synoticum as proposed, by " 

Gaupp (1900, 1905~, de B~er (1926, 1930, 1'937) and R?mer (1956) (Fig. 11). 

In 'fact, ,·:tt i~ the 1ack of 8' heavy tectllID synoticum antedor to the embryonic 

fisBura metotica, either ca-rti1aginous as in çrossopterygians (Ramer, 1937, 
./ "", ~ 

, -
1941; Eaton, 1939; Westoll, 1943; Jarvik, 1954; Thomson, 1966a, b) or Il 

ossified as ~n 1~byrinthodont amphibians (Sawin, 1941; Romer and Witter, 

1941;-- Panchen, 1964, 1970, 1972b), that has ,given the flexi!>ility to the 

chondrocraniu~ 0+ repMles. It is believed that were the tectum synoticum 

present as an embryonic cartilage in akinetic primitive pelycosaurs. 

pareiasaurs, land true coty1osaurs (diadectids, tseajaiids, 1i~oscelids, 

~nd possib1y seymouriamorphs), it would have ossified, as it did in 

, 1abyrinthodonts, in order ta strengthen the skull. 
, 

The region dorsal to 

.' 

the otic capsules that is héavi1y ossified in labyrinthodont amphibians 'and 

kven sorne modern frogs (Hylidae, sorne Leptodactylidae, Baldauf, 19.63) 
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Figure 11.' Embryonic chondrocrania. a) Amphibian - the primitive 

salamander Hynebius. Lateral aspect. (from Sehœa~hausen 1968 after 

" Regel 1963). b) Reptile - the lizard Lacepta (modified sfter Gaupp 

1900). 
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fxists in reptiles on1y as th in membrane (postoptic membrane) and a narrow 

cartilaginous taenia marginalis the latter of whieh is not present in, 
~ 

amphibians. The pila pntotica of reptiles is a narrow cartilage that b0ws 

laterally, when compressed during depression of the skul1 roof. In 

labyrinthodon t amphibians, the pila antotica was a broad heavily ossified 

, \, 

plate that formed the dors~l border of the incisura prootic (trigeminal 

notch) and was sutured to the ossified teetum synoticum~ In reptiles, 

the incisura prootiea is open doq;cÜly. 

The sphenethmoid region of the braincase 'of both labyrinthodont and 

at least sorne lepospondyl amphibians was a heavily ossiffed structure 
> () 

(Smvin, 1941; Romer and Witter, 1943; Romer, 1~65; Panehen,/1968, 19720; 
'J 1 

Carroll and, Currie, 1975) composed of' sever al paral1e1 t'uli~s' of triangular 

cross-section. The sphenethmoid region of reptiles is much more simply 

constructed. It consists of the thin vertical, median, cartilag~nous 

interorbital septum topped by the slightly bowed, paired ~olum (planum) 

suprasepta1e which together have, an approximate1y "Y"-shaped~ cross-section 

" 
anterior to the optie foramen and the paired pila metotica' and possib1y 

taenia pariet,alis pos t~rior ly • 

in metakinetiie modern Spheno40n 

1946) lnd lizards (Gaupp, 1900; 

This type of structbr'e is typieally seen 

(Howes and Swinnerton, ,1901; Save-Soderbergh, . 
Rice, 1920) as well as in turtles (Rathke, 

1848; Kunke1, 1912) and crocodilians (Rathke, 1866; Shiino. 1914), forms 

that are, today, akfnetic. In a fèw early pkinetie reptiles such as adult 

Eoaaptorohinus, pe1ycosaurs, and pareiasaurs, the sphenethmoid region may he 

heavily ossified as the p!esphenoid. 
, 1 

In general. compression of the braincase in primitive metakinetic 

reptiles was eompensated by slight lateral bowing of the solum supr~septale, 
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pila metoptica, pila antotica, and t.heir associated metoptic. postoptic, 

and possib1y epioptic memrr~nes. There appears to have been no such 

flallowance for flexibility and, hence, no metakinesis in the braincase of 

true labyri~thodonts. /, 

, ' 

IDENTIFICATION OF METAKlNESIS IN FOSSILS 

The presence or absence of metakinesis in the skull~ bf primitive . . 
reptiles can be ~etermined oy examining the degree of ossification of' 

the embryonic chondrocranium. The' primary pr'erequisite is the ahsencl=! of 

an ossified, or ey,en thick, cartilaginous, tectum synoticum. On1y 

reptiles and true cotylosaurs (diad,ect.ids, tseajaiids, l:Lmnoscelids. and" 

possibly seymouriamorphs) have this ty~e of condition; true 1abyrinthodonts 

(temnospony1s, anthracos,au:ç's excluding seymouriamorphs) do not. The 

presence of an unossified solum supraseptale in the sphenethmoid region 
( 

i8 a1so necess~y to, a~low dorsov'7ntra1 cpmpression of the braincase. This 
.... -

chSPBcteristic is usua11y found only in s~a11 1ightly ossified forms. Most 

, large primitive reptiles (pelycosaurs, advanced captorhinids, pareiasaurs) 

and true cotylosaurs had full~ ossified sphenethmoid regions. The only 
1 

• $roups of ptimitive rept'iles n~t known t~ have had ousifi ed sphenethmoj ds 

are primitive ~Bptorhinomorphs, milleros~urs, and procolophoniqs, aIl of 
, " , 

wl~ich are thought te have been metakinetic (Iv.akhnenko, ]J)73; Gow. 1973) . 

. Bnd aÙ the primitive members of which were smal!. In these three groups 

of 8mall', potentially metakinetic reptiles, t;he braincases- were not sutured 
./, 

to the skull, roofs. The parocc!pital p''rocesses continued laterally"to the 

quadrate, and occasi~nally the tabular, as a cartilaginous extension of , 

the opisthotic. The supraoccipital was generally narrow ,,,ith its dorsal 
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edge generally_~ontacting the vent~al surfac~ of the postparietals and 
'J .:. 

~abulars (Ftg. 12)~ In procolophonids, the supraoccipital developed a very 

, lizard-like sl!ding joint between the supraocc~pital and the parietal 

(Ivakhnenko, 1973) .. In aIl of the other groups of primitive reptil.es, th-e 

supraoccipital was solidly sutured to the skull roof and, with the 

exception of ophiacodont pelycosaurs, the paroccipital processes sutured 

,to the cheek. This same condition is present amongst' the true cotylosaurs 

exc~pt 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 on1y be moved relative to the occipital segment 

if sorne of the jaw adductor musculature originated froID the'braincase. A 

metakinet-ic ~kul1 indicfltes a complex mandibular adduction cyc1~ tha~ 

required a compl~x system of sequenced muscles su'ch a~ was present in 

captorhinomorphs. The simpler adduction çycle in akinetic skulls required 

a less complex system of adductor muscles. In modern metakinetic lizards 

and apparently metakinetic captorhinomorphs, the M. adductor mandibulae 

externus media originates from the anterolateral surface of the supraoccip1tal, 

the pars profunda from th~ lateral edge of the supraoccipital and the dorsal 

surface of the paroccipital process and bulges posteriorI}' into the large 

post-temporal fenestrae. Al though the adduc tor mus cula ture of procolophonids 

1 
qnd millerosaurs has not been reconstructed, it is believed to have been 

generaily s:Lmilar. fI'he development 6f peculiar lateral temporal fenestrations 

in the cheeks of sorne millerosaUTs may have permitted the M. adductor 

1 

mandibulae externus profunda to bulge laterally rather than posteriorly 

th~s âllowing medial expansion of the tabulars'and squamosals, for increased 

insertion area of the superficial cèrvical muculature, to constrict the 
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F~gure 12. Repti11an occiputs. a) Typical saurian repti~e Eocapto~hinus. 

b) Typical synapsid reptile Dimetpodon (afte~ Romer and Priee 1940j. 
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post-temporal fenestrae slightly: 

In akinetic' true cotylosaurs, the lM. adductor mandibulae externus 
c 

profunda apparently became reduced and eventually ~ost, thus ailowing 

the supraoccipital and opisthotic to increase in size to acco~odate a 

large region of origin of the deeper cervical musculature, and causing , 

the post-temporal fenestrae to become greatly constricted and even lost in 

diadectids. These animaIs were generally large and very heavily bui1t, 

requiring powerful muscles to raise the mand+ble. 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 

char acter that apparently was retained because of the retention of a large 

M. adductor mandibulae externus media. 

1 

Pelycosaurs, which were akinetic, a1so show'evidence of simplification 
- \ 

of theiaddhctor musc~lature .. The restriction of the post-temporal fenestrae 

had a. ~story similar to that of true cotylosaurs. The occiput of 

pelyco aurs was, however, steeply sloped anterodorsally rather than 
1 

verticallyas in true cotylosaurs. It is believcdlthat the slope of the . ~ 
" \ /, t 

occiput in pelycosaurs was a structural IDodific~i~n of the skull after the 
/ 

/ " , 
108S of the M. adductor mandibulae externus~edius and its origin on the 

s~prao~cipita1. The M. adductor mandibulae externus medius cou Id probably 

be lost only in small, lightly built akinetic forms where the light mandible 

could be adducted easily by the remaining jaw muscles. The sloped, plate-

like occiput with sma!1 post-temporal fenestrae in pelycosaurs i8, therefore, 

a {eliable indicator of an akinetic skul1 even in the absence of'other 

evidenée. 
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t EVOLUTIONARY IMPLICATIONS 

Opigin of Reptiles 

The exis ténce of metakinesi,s in prinlitive reptiles mùst cast doubt 

on th~ currently accepted theory of the origin of reptiles from akinetic 

anthracosaurian amphibians '. The only amphibian group .exhibiting the 

necessary prerequisite for the devel,opmen~ of me~akinesis, the absence of 

an ernbryonic~ tectum synoticum in the chondrocranium are the true cotylosaurs 

(similar to the "Parareptilia" of OIson, 19471 including diadectids, 

tseajaiids, limnoscelids, and seymouriamorphs (sensu stricto). Many of " 1 
t 

S· ~ h 

these animaIs have been t.eferred to the Anthracosauria on t-he basis of 

assumed similarities in the structure of the teeth. skull roof, and 
1 

f' 

vertebrae. It ls now recognized that phylogenies. and the establishment .' 

DI re1ationships, must be based upon the possessiô~ of .shared derived 

characters (specializations). not primitive characters. In this case, 

teeth with labyrinthine info1ding of the enamel, as are present in 

t 
seymour~amorphs, are primitive characters inrterited from their remote 

crossoptery,gtan fish ancestors and should not be used to a11y this group 

with the Labyrinthodontia. Panchen (1972a) has indicated that the pattern . . ~ 

of sku11 roof e1ements \vhcrein t~e tabularJ,an"d parietal ,are in direct 

sutural 'contact and which is regarded as being "anthracosaurian" (Romer, 

1947,. 1967) is probably the primitive pattern amongs t amphibians rather ! , 

than the derived condition às Romer thought, Ramer (1947) modified 

Watson' s (1919) theory of amphibian vertebral ele'ment evolution to derive 
.. 

the. repti1iamorph (reptilian-true cotylosaur) and the embolomerous 

(anthracosaurian - sensu stricto) vertebral pattern from a rhachitomous 

() pattern, Recent discoveries of protoreptilian vertebrae in early, 

.' 
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primitive dendrerpetontid temnospodyls (Holmes and Carroll, 1977) and 

gephyrostegid anthracosaurs (Carroil, 1969b, c) has invalidated the Romer-

Watson theory and has led Panchen ta recognize the prot?reptilian vertebral 

pattern, with its large pleur~centrum and small crescentic intercentrum, 

as the probable primitive amphibian vertebral type. It is apparent that 

anthracosaurs have numerous specialized, derived characters~ paxticularly 

in the structure,of the braincase, middie ear, vertebrae, and forelimb 

structure that distinguish them from the true cotylosaurs and reptiles with 

quite different specialized, derived cha~acters a1so in the brainrlase, 

middle ear, vertebrae, and forelimb structure. 

Although the reptiles and true cotylosaurs shared sueh specialized. 

derived characters as the 1055 of the tectum synoticum and its ossifications, 

vertebrae, and forelirob structure, aIl known true cotylosaurs appear tao 

late in the fossi1 record and are tao speciali'zed to have given ris'e to 

'" 1 reptiles. That reptiles and true cotylosaurs are closely related seems 
1 

\ , 
certain. lt is even possible that a coromon ancestor, that~could have 

1 

given rise to .both groups, would be identified as a trlle CO\:YloSaur. 

\ 

The amphibi~n-reptile transition wa~ characteriz~d by the thange in 

the reproductive' cy~le from an anamniotic egg ta an egg. As 

Carroll (1970) has indicated, an intermediate stage amuiotie egg 

laid on land was necessary between a primitive, anamniotic gg laid in 

fresh water and an advanced, amniotic egg laid maximum size 
a 

of an anamniotic egg laid on land was severely restricted the surface 

area to volume ratio that con troIs both the rate of oxygen càrbon dioxidé 

exchange and the rate of water loss. The maximum diameter: of anamniotic 

egg laid on land by modern'plethodontid salaman~ers is ab 7 mm (SaI the. 

l't. al.}$ tt:tf ~... . .. ' _~ __ .. "'~,. ;a:::: ; 1;" .... :._.~ .... _ 
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1969; Carroll, 1970). There is a strong correlation between egg size and 

maximum adult size in aIl rerrestrial ,tetrapods that do not undergo ~ 

metamorphosis after an aquatic juvenile stage. Carroll (1970) showed that 

it was unlikely that adult amphibians laying terres trial anamniotic e'ggs 

had a snout-vent length ex€eeding 100 mm. It is also apparent that until 

aIl of the embryonic membranes typical of amniotic eggs developed, these 

"protôreptiles~ and their descendants the very firet true teptiles, could 
(> 

not have been any larger. This classic application ot,modern physiological 

knowledge to a paleontologieal problem must control aIl subsequent work on 

the origin of reptiles. 

The consequences of ancestral reptiles having to have undergone a long 

period of development at a very small size have been enormous. Pot~ntial 
il " 

t'ood re'sburces were extremely limited. As Szarski (1962) and Ostrom (1963) 

have shown'for modern lizards, herbivorous feeding strategies are'practieal 

only for relatively large reptiles (snout-vent length gr,eater than 250 mm). 

The on1y fqods~uff capable of supplying sufficfent energy quickly enough 

• 
te smal1 reptiles was apparently animal protein. Most of this 15 believed 

to have been supplied,by the diverse fauna of small terrestrial,invertebrates, 

" most notably insects and arachnids. In fact ~modern !izards that 

are herbivorous as adults ar'e insectivo uS ns juveniles. 
, 

Competition between these tiny rept , 
1 \ 
èontemp~raneous 

insectivorous labyrinthodonts and fieree . 
. , 

s~ructures th~t gave any animal a selective advantage ln the capture of 

small agile invertebrates was strortgly favoured. ,While sorne amphibians 

apparentlY,developed tangue feeding to aid in prey ca~ture, a system still 

seen in modern frogs and salamanders. reptiles devel?ped cranial kinesis. 
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The many advantages of kinesis. as noted previously, were in part 

responsible for the enormous radiation of reptiIe~ that saon occurred. 
\ ' 

, One cr{ the features most closely associated with smaI1 size in 

amphibians and reptil'È~s i8 the red'uced degree of ossification of endochondral 

e1ements. Carpal and tarsal elements, limb ends, and portions of the'! 
" 1 

chondrocranium are often -uno3sified. As already.noted, the' absence of 

a tectum synoticum is a character of aIl reptiles and their true 

cotylosaurian relatives. It is believed that the amphibian'ancestor~ of 

reptiles were true cotylosaurs or éxtremely c1ose1y related ta them 'and, 
f 

consequently, 'also Iacked a tectum synoticum. It wa,s the absence of a 

tectum synoticum that permitted metakinesis to develop. Very smaii 

animaIs in which thete was no tectum synoticum and in which some of the 
c 

cartilàges of the chondrocranium, such as the sphenethmoid and the 

opisthotic, were uQossified were preadapted for a metakinetic condition. 

In these animaIs the contact between the supraoccipital and the skul1 

roof ~as narrow and, considering the light we~ght of the skull, was 
, 

probably slightly flexible. Slight pa$sive movement of the braincase 

relative to the skull roof wa~ble. M~scles of the,M. constrictor 

dorsa1is group (M. 'levator patatoquadrati of rhipidistian crossopterygians, 

1~omson, 1966,' 1967,; Panchen, 1970) were present in many amphibians 

(Panchen, ,1964) inc1uding the ancestors of reptiles. These permitted 

active elevation of the maxillary segment right from the first occurrence 

of metakinesis. 

In rhipidistians the paroccipital process extended 1ateral1y leaving" 

a large open fossa bridge! (post-temporal fenestra) (Jarvik, 195~, 1975) 

"withln which segments of the' mandlbular adductor musculature apparently 

Il' 
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inserted. The"pterygoid wàs low enough and close enough to the braincase 

to sHow these muscle segmen1;S to stretch over it dorsaUy: This, arrange-

ment was retained in reptiles and their ancestors, possibly because the 

,relatively large size of' the semicircular canals of the inner e'ar did not 

permit the paroccipital pro cesses to mlgrate dorsa11y and become sutured 

ta the skull roof as the y did in the large 1abyrinthodonts (Carroll, 1970). 
l ' 

The access of the adductor muscles té> the braincase 15 critical ta the' 
û 

deve10pment of metakinesis' for it,lB the musçles originating fr~m it that 

are' able to acce1erate the skul1 roof dovmward into a prey item. In 

labyrinthodonts, the large epipterygoid ~nd high pterygoid (Sawin, 1941; 

:Romer and Witter~ 1943; Panchen, 1964, 1970, 1972b) prevented the mandibular 

adductÛ'r muscles from orig:knating from the braincase as did the 'closing 

of the fossa bridgei. 

As a result of the at tainment of crahial metakinesis during the passage 

of the Immediate ancestors of repti~es through a stage characterized by 

extremely smal! sizet a number,of cranial osteological.characters developed 

that fmmcdiate!y identify a reptile. A narrow supraoccipital with a limited 

contact dorsally with the skull roof and horizontal paroccipital pro cesses 

provided an area of origin for the M. adductor mandibul'ae externus profundus, 

and produced large post-.temporal fenestrae that .;lllmved for' the bulging 
1 

f • of this muscle. The occipital plate was vertical~ making r90m for the 

origin of the M. adductor mandibulae externus profundus on the 

anterolateral surface of the supraoccipital. 
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The Effeat of Size on Metakinesis 

While depression of the maxillary segment of the skull 'relative to 
Q 

the o~cipitai segment was accomplished by severai large muscle ~egments 

a~ded by the force 'of grav{ty, elevatio~ of th~ maxillary segmeqt was . 
~ 

effected by only t'Wo small slips of the M. con~trictor dorsalios' group. 

the M. levator pter):"goidei and the M.. protractor pterygoidei. ·Strength 

of bone or muscle tension is directly rel~~d to the cross""sect'ional area 
~ 

of said bone or muscle (a squared function) given a retention of' the same 

proporti0!ls while weight, which ls dependent upon volume. i9 a cubic 

function. It follows that the M. levator pterygoidei and M. protractor 

pterygoidei were bett~r able to elevate the maxillary segment in a smaU 

animal than in a large one. 
1 

Among primitive ànapsid reptiles with massively 
1 

huilt skulls., a critical wdght seems' to have been teached in animaIs with 
/ 0 . ' , 

skulls with a length of a.bout 70 mm as adults. As a result Eoaaptol'tzinus 

with an adult skull leng!h ~f .. ~out 7S to 85 ,.,: was;aHnetic, 'as were aIl 

adult pelycdsaurs, none of whic~ are known to havé had skulls of less than 
'1,,' 

75 mm. 

The captorhinomorph fami~y Captorh~nidae exhi~its a weIl documented 
, 

increase in skull size tprough Ume. As alreaoy mentioned', the earliest 

captorhinid Romena3 with a skull length of 52 to 57 mm was metakinetic. 

The 'next oldest form Protoecrptorl'l.1:nus (=Puercosaurous?) pT'icei had a skull 

of abou~ the same length and" also seemq to have been metakinetic. The 

next form to app~at was a new (unnamed) species of Protocapto~hinus 

(=PueT'cosaurus?J 121 mm lông which, although th~ only g~od specimen is 

badly crushed. has hem presei-ved with the braincasé\in place and appe'ars 
1 

to have been akinetic as an'aault as was its contemporary Eooaptorhinus. 
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e 

LabidoBaUPUB, with a skull length of about 250 mm, apparently ~ direct 
" ' 

\ 
descendant of the new species of Protooaptol'hinus' (=Puel'cosau1'Us?), 

• was akinetit as was the even' larger and younger genus Labidosauriko8 

(S'tovall'~ 1950) which had--a sk~l1 length of 300 mm. 

, In t~e 'c~ptorhinid Eocaptorhinus, the braincase was stabi1ized by the. 

anterior extension of the median ~scending process of the- supraoccipital. 
f : 

" ~e long, heavily"' ossified stapes formed a· solid brace between the latéral 

surface of the braincase and the deep cOfumellar recess of the.quàdrate 
, 

but it was liot sutured to \ either. ,The median ascending/ process of the 

supraoccipital was firmly sutured to, the ventral surfacAf the par~etal 

in Labidosauru$ while the anterior edge of the footplate,of the stapes was. 

sutured to the basisphenoid. The same condition existed in Labidoqaurikos 
, ' "<! 

wlth additional buttressing of t.he braincase against the cheek by the 

paroccipital pr~cess and by the stâpes which Frapped aro~nd its anterodorsal 
/' 

\ 

edge. The stapes had become sutured to the ~rootic around the base of the 
\ 

footplate and 'dorsal pro cess as wel1 as along the paroccipital prbcess. 

Strongly cor~lated with the 10ss of metakinesis dur1ng_the evo1ut1onary 
K 

:hi~tory of the captorhinids was the p'ro&i'essive reduction in thesize and 
c , 

importance of the caniniform teeth. Accompanylng the general increase in 

si~ was a significant change ,ih dental characters culm{nating in the , . 
unusua1 multi-rowed tooth sets .. of such advanced captorhinids as 

l '{, 

11: (J 

LabidoBauriko8 (Stovall, 1950) ~ Rothianiscu8 (OIson and Beerbower. 1953)~' 

\ and Moradiosaurus (Taquet. 1969). It is obvious tlÎat food sources and 

feeding regimes changed rad1cal1y during the evolutioq of th~ captorhinids 

< possibly culminating in an herbivorous feeding strategy. W'ith the 1055 of 
1 

iDetakinesis and the chan~e from invertebrate food sources, ,there was 

'.' 
-~ 
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apparently a slight selective advantage toward reducing the caniniform 
./ 

tooth, Such a correlation' between loss of metakinesis and the reduction 

of the caninifa-rm teeth in captprhinids is very apparent. . 

Relationshi[),8 of the Pr(JaoZop'horu~ids and Pareiasaurs 

Two groups of primitive reptiles, the' procolophonoitls and the 

pareiasaurs have had a checkered sY,stematic history.:. . They have o1ten\béen 
~ , l 

" ) grouped together as a separate suborder within the poody und~rstood group 

of primitive reptiles identified 'b(the much abused term "éotylosauria" 

(Romer, 1956, 1967); These two groups exhibit few if any shared dèrived 1 

characters. The main features that appear to unite these two groups seem 

ta be early èxpBnslon into a different geographic range, late appearance in 

the fossil record, and a gE}neral disslmilarity to capto.rhinomorphs. 'The 

two groups are probably no 11lore closely related to each other than, either 

ls to captorhinoml!Jrphs. In fact" there is no general concensus that these 
, , 

two ~roups are true reptiles. S'om~ most notably (OIson, 19'47) have referred 

" t:6 them as the "Parareptilii".-

It does <lppear that both procolophonoids and pareiasaurs rad metakinetlc 

ancestors and were, thus~ true albeit very ptrimitiva reptiles. Primitive 

procolophonids such as Tichvinskia vjatkensis hav~ been shown to be 

. 
~et:,akfnetic (Ivakhnenko, 1973) a fa ct that could have been surmised l:iy 

the n~rrow supraoccipital, large post-temporal fenestra, vertical occiput, 

and appare~tly unos~d interorbital septum)~ \All 

akinetic with, the supraoccip:ttal sutured soUdly' to 

known pareiasaurs were 

the- skul.l roof and , , 

the pa+occ1pltal pro cess to the quadrat,e (Watson, 1914; Romer, 1956),. Tt 

o 

18 apparent that early in pareiasaur hi;;tory they were 'I\1etakinet~ç J:or they 
, 

have retained the narrow supraoccipital, large post-temporal fenestrae and , 

If 
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vertical occi~ut of their me~akinetic ancestors. The 10ss of metakinesis 
};/ 

appears to have been directly related to large size. 

Relationships of PelyoosauT's 
1 

The pelycosaurs, were t~'-primitive reptiles t)t first invaded,rt'he 

large t~rrestrial carnivore and herbivore niches. They are chàraaterized 

by relatively large adult size and aklnetic skulls with wide supraoccipitals. 

( 

small post-temporal fenèstrq,e, and anterodorsally inc1ined plate-like occ~puts. 

It is beÙeved that the M. adductor mandibulae externus partes media and 

profunda had been lost by the time pelycpsaurs firs.t appeared in the fossil 

record. The loss of these muscles was probably correlat"ed with the 10ss " 
" 

of the ancestral" reptilian metakinesis. It would be simple to ascribe the 

106s ot' kinesis in pe1ycosaurs to a general increa$e' in size as occurred 
1 

in captot;'hinids and pareiasaurs but is is difficult t~ see ,how loss of 
1 

metakinesis for this ;t'eason could 1ead te the loss of the large power 
/', . 

. adductors, the M. adduct:or mandibu,la:e externus partes media and profunda 

for they were not làst in ~aptorhinids or pareiasaurs. The 1055 of v . 

primitive metakinesis ,appears to have occurred early in pelycosaurian , , 

history whe,n they were, still generally quite srnall. Immobilization of the 
L • 0 

braincase occurred through the ossification of the presphenoid. and the 

lat~ral expansion of the supraoccipital' to become sutured to the interparietal 
, . . 

, . \ 
and tabular. Primitively, the paroecipital proeesses we~e,not fully 

ossified Just as they were not in primitive captorhinomorphs (Carroll, 

1969a; Carroll and Baird, 1972). Even the reIative1y late form Ophiacodon 

disp1ays' this pattern (Romer and Priee, 1940)., 
, 

The secondary' development of akinesis appeaTs. to have o~curred in 
/, 

response to the deve1opment. of a more active, opportun1.stic; possibly 

\ , 
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omnivorous feeding pattern. A solely insectivorous role had been 

ahandoned under heavy competitive pressures from the rapidly expanding 

captorhinomorph lineage: An inc~easin'gly ~iverse fauna of smaU, terres trial 

amphibians and reptiles provided a potential food sour-ce for any' group 

suitably equipped ta exploit it. The chitinous exoskeleton of terres trial 

arthropods severe1y ~estricted the amount of muscle fiber in the body sa 

that, once firmly clasped by the jaws of a primitive reptile, they were 

effectively immobilized. It iS,apparent that small arthropods and soft-

bodied invertebrates did not possess the Inherent strength ta stress the 

l " 
primitive reptilian metakinetic skull. Such was not the case with 

vertebrates. Their generally larger size, rigid skeleton, and much,more 

massive body musculature would have... made them much more difficult ta subdue. 

The relatively unsophisticated metakinetic mechanism of primitive reptiles 

was probab1y unable ta 'llithstand the 'heavy stresses placed on it by struggling 

vertebrate prey. Solidification of the braincase and skull was the most 

efficient way of reducing these sltress prob1ems. It i8 likely that the 

assumption of carnivorous teeding modes aided by the deve10pment of secondary 

akinesis first appeared only ln sub-~dult and adult animaIs a~d was acquired at 

a successively earlier age through time as selectiy~_préssures favoured 

general size incrèase. 

Two interrelated events accompanied the development of secondary 

akinesis in pelycosaurs. As the supraoccipital expanded, its area of 

attachment ot the skul1 roof increased and the paroccipital process 

W!dened and lengthened. restricting the areas of origin and thus the 

ultimate size of the M.'adductor mandibulae externus partes'media and 

profunda. As a 'result of the 10ss bf the metakinesis, the se muscles -wer:e 
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of little use in their original role of maxillary seg~ent depressors. 

OonsequentlY3 the partes media and profunda hecame progressively reduced. 

This undoubtedly occurred rapidly sinc~ the redu<ftion of. these muscles 

permi.tted a general shortening of tne adductor chamber. As Reisz (1972) 
1 

has ~ndieated such a shortening of the posto'rbitû r\gi~n' df the skull -

to a carnivore sinee it would have would have been a tremendous adv~ntage 

resulted in a greatly inere'ased maximum gape. By shortening' the postorbital' 

region of the skull a need for separate segments of the power adductors 

was eliminate'd stnce the reduced relative distance between the mandibular 
\ . \ 

articulation and, the adductor muscle insertions allowed considerable 

-angular excursion of the mandible without undue lengthening of the muscle , 
fioers. This eliminated tne need for the cascading of maximum active 

, 
tension points (restlng fiper lengtns) of separate muscl~ segments without 

significantly decreasing maximum applied power. , This ailowed a significant 

increase.in adduction speed, a~l of which were important factors in the 

develop~ent of a earnivorous feeding pattern (Fig. 7). 

'1 ) Ophiacodont and sphenacodont pelycosaurs appear to have conformed 

elosely to this pat'tern with ophiacodonts re'tainin a more primitive 
.0 

strategy of feedi~g on vertebrates that were gener lly smaIl enough to be 

swallowed whole. The Iack of serrated cutting edge on the teeth of 

primitive ophiacodonts and the strongly recurved tips of the tJeth ip 

Dphiaaodon itself tend to favour this interpretation. Sphenacodonts are 

believed to havè appeareq later, as large terrestrial herbivores developed 

upon which they apparently fed. The large teeth with serrated anterior and 

posterior cutting edBes were well suited to tearing ingestable pieces of 

flesh from animaIs tao large to'be swatlowed whole • 

• 
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Both edaph05aurian and caseid pelycosaurs have typical pelycosaurian' 

pla~e-like occiputs with wide supratemporals. 'and tiny po~t-temporal 

fenestrae. It appears that they arose rela'tively early,from the incipient 

carnivorous pelycosaur lineage after the development of akinesis and the 

105s of the M. adductor mandibu1ae externus partes media and profunda. , It 

, 
is thought unlikely that these herbivorous forms wouid have reduced or lost 

the powerful partes media dnd prof6nda if the dev'elopment of an herbivorous 

feeding mode had occu~re~ before the loss of metakinesis.~Pareiasaurs 

give an excellent example of what stru,ctural changes occurred when ,R group 

: 

became herbivorolls first and, although they became akinetic, retained the 
, ' 

large post-temporal fenestrae. narrow supraoccipital, and M. adductor 
) 

mandibulae extern\Js part~s media and profunda. The obvious implication , , 

of this structural pattern is that the ancestors of edaphosaurs .and caseiids 
'l' 0 

must have been active carnivores. This idea of having an herbivorous form 

develop from i carnivore at first seems unlikely until it is realized that: 

q' 
both of these fee.ding strategies are size and energy dependt:;nt. Insects 

did not provide enough' useable protein relative to the energy expended in , 

théir captur~ to have suppor'ted e1ther large size or high, activity in 

reptiles. Since increased size usually affordcd a measure of protection 

from prcdators and wou] d have ,perrnitted greater effj cieney in food gathering, 

there were significant selective pressures leading ,to incrcased size in 

many groups of early reptiles. Insects und'oubtedly formed' the major portion 

1 

of the food supply of juvenile primitive pelycos~urs with vertebrates making 
\ 

an increasingly significant proportion as the animaIs gfew and their energy 

requirements increased. Competition amongst primitive pelycosaurs, captorhi-

nomorphs, and terrestrial labyrinthodonts and ~epospondyls favoured 
,~ 
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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 

plant material readily availab(le àt that time~. While it is unlikely that 

adult carnivorous pêlycosaurs would exploit this resource. their basically 

1nsectivorous juveniles might, particularly in period~ of extreme competitive 

pressure". Ostrom (1963) ,has suggested how primitive insecti vorous lizards 

might have ingested plant material accidèntally at first then, with 

increasing frequency, began to include more and more'plant material in their 

diet as a result of selection for the more efficient exploitation of a new 

food resource. It is ,believed that selection amongst the, insectivorous 

juveniles of primitive ophiacodont-like pel~osaurs. the adul ts of which 

were carnivorous, led to ,a similar devslopment of an herbivorous feeding 

strategy. The exploitation of th~s enormous food resource ?t a low 

\ . 
energetic cast perrnitted the develppment of large size in these early 

herbivorous pèlycosa~rs. 

CmniaZ Kinesis and Hear>ing 

In primitive reptiles excessive elevation of,the maxillary segment of 

the skull relative ,to the occipital segment ',',as prevented bJ:( the massive 
, ('" 

posteroventrolaterally dirccted stapes. The large stapedial footplate 

illsertcd into a soeket in the laterai surface of the braincase at the 

junction of the hasisphenoid, parasphenoid; basioccipital, and. prootic. 

This socket, in the captorhinid captorhinomorph EocaptoY'hinus appears to 

have been lined with an articulating cartilage suggesting that it may have 

been a synovial joint. A smaH fenestra ovalis "int~rna" with an area of 

about 25 to 30 percent of the area' of the socket (fenestra ovalis "externa") 

was located within the soeket. The rounded edge of the base of the 
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footplate of the stapes indicates that· the stlapes coul d rotate about Its 

axis as weIl as rock slightly. The stapes do1~ not appear to have been 0 

\ 
1 

capable of any longitudinal movernept ~long Hs' axis as is possible in the 

stapes of modern reptiles. The stapes of pelycosaurs was generally si~ilar 

except that the socket was normally ridged to prevent rotation of the stapes. 

lt appears that the solid stapes-braincase abutment was a primitive 

reptilian character. The distal end of the stapes in Eocaptorhinus was 
• 1 

held tightly within a deep coiumellar recess in tre quadrate so. as to 
. i . 

restrict axial or rotational movement. Although the distal ends of the 

stapes have not been preservea in other captorhinomorphs. t'he presence of --

a 'deep colurnellar recess indicates a similar pattern. In ophiacodont and 

edaphosaurian pelycosaurs. the distal end of the stapes apparently was 

continued into a shallow columellar recess by a stout stylohya1 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 stapes was similar 

to that of the rhipidistian hyomandibula. Like ft, the stapes was an 

important Iink in the system of craniai kinesis and was n9t associated 

with hearing in any way. The fact that the distal end of the rhipidistian 

h,omandibula abutted the odc capsule predi'6posed ft ta be adapted, 'whenever 
, 

it became free to vibrate, as a hearing ossicle. Th~ most frequent way 

in which the hyomaI?-dibula was relèased was through the loss of the 

primitive neurokinesis and the subsequent freeing of the hyomandibula from 
1 • 

tts function as part of the kinetic linkage. The hyomandibula was freed 

dtfferent times in several separate lineages. The 108s of kinesis in 
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temnospondyl and anthracosaurian labyrinthodont lineages and in several 

lepospondyl lines led to the development of a number Dt quite different 

stapes, types. , 

.The transition from a rhipidistian neurokinetic mechanism to a 

reptilian metakinetic mechanism seems ta have occurred almost directly 

without an intervening labyrinthodont stage and at a relatively small 
, 

size for either the development of large size and/or akinesi!3 would have 

released the stapes from its supportive function as happened in the true 

cotylosaurs. 

The reptilian stapes was released a number of times from its function 

as a braincase support ta be incorporated inte;> the middle ear structure. 

The development of secondary akinesis in pareiasaurs, pelycosaurs, a~d 

turtles lead ta a change in ~unction by the stapes. The sequence of 

changes is best illustrated in the pelycosaur-therapsid (synapsi<;l) lineage. 

Tqe earliest pelycosaurs of which there are good craniai remains ind~cate . , 
\ , '1 

that they were already ak1netic and that reduction of the stapes had begull. 

The stapes of Ophiacodon was similar to that of captorhinomorphs wit,h only 

a slight reduction of the proximal end (footplate). 
, 

In Dimetrodon~ the 

stapes, although still quite massive, was further reduced proximally. This 

reduction, paralleled by ,the reduction of the quadrate and post-dentary 

clements of the mandible continued jn the 'therap~id line leading eventually 

to mammais. 
, 

Only two reptilian groups succeeded in freeing th~ stapes from its 

function as part of the metakinetic linkage without losing the metakinesis. 

Both thè procolophonids and the diapsids which had a lower metakinetic 

axis along the paroccipital processes developed large alar processe~ of 

. . 
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the prootics and associated later ascending pro cesses of the 

Bupraoccipitai (IvakhnenkO'J197 )', These, in addition ta a sïender 

median ascending process of e supraoccipital, contacted the parietal to 

limit elevation of the sk~ll roof relative to the braincase. The 

development of alternate "limits of sku11 roof elevation freed the s.tapes 

from performing ci, similar function and permitted it ta become reduced and 

incorparated into the sound conducting apparat~s of the middle ear. 
'-..: 

CONCLUSIONS 
, 

Craniai metakinesis in primitive reptiles functianed as agape ori'entation 

mechanism to synchronize maxil1ary and mandibular impact on prey items. 

\ 
Typically fhe mandibu1ar s~gment contacted the prey item first. Because 

of the sma1l size of the most primitive reptiles relative to their prey, 

the mandibular adductor muscles wére not capable of accelerating the prey item 

upward. Instead, the maxillary segment was acce1~rated downward sa t~at prey 

was impaied on the caniniform teeth as effectively as if }t had been accelerated 

up~"ard and with less energy expenditure. By sync~ronizing mandibu1ar and 
,', 

maxillary contact and thus preventing circumferential acceleration of the 

prey item with its centrifuga~ force component, the chances of deflecting 

the prey item from the moutl1 during prey seizure were greatly diminished. 

Loss of craniai metakinesis occurred independently {n se~eral Iineages. 

~~e g~~'H weight of the skulls in pareiasaurs and advanced captorhinids 

prevented any form of elevation of the skull roof by the relatively small 

constrictor dorsalis musculature thus 1eading to ~he akinetic condition found 

in these -groups. The high stresses placed on the occiput by active carnivores 

apparently Ied ta selection for a more 50] id occiput to oppose them thus 

precipitating the 10ss of kine,sis in carnivorous pelycosaurs. The herbivorous -
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edaphosaurian pelycosaurs are believed to have,d~veloped from primitive 

carnivorous or omnivorous pelycosaurs tha't were already akinetic. 

The development of craniai metaI~inesis' presupposes the presence in the 

amphibian ancestors o~ 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 Iabyrinthodonts including the Anthracosauria 

(sensu stricto) with which the reptiles have so often been allied have solidly 

rooféd braincases with weIl developed tecta synotica. AlI known true 

cotylosaurs appear too late in the fossil record and are too specialized to 
r 

have been the ancestors of reptiles. Nevertheless, the sifuilarities between 

the braincases, humeri, and vertebral columns of the true cotylosaurs and 
~ 

reptiles suggest' that thêy had a common amphibian ancestor. 

Metakinetic action requires the presence of a segmented mandibular 

adductor mass origina:ting f,rom 'both 'the skull roof (maxillary segme~i:) and 

the braincase (occipital segment)'. The primitively large post-temporal 

fenestrae remained large in metakinetic reptiles to accommodate svelling of 

some of these muscles, in particular the M. addu~tor mandibulae externus 

profundus. Any tetrapod exhibiting large post-temporal'fènestrae is believed 

to have passed thr~u'gh an evolutionary stage when it was metakinetic. At 

present, only reptiles are known to have passed through this stage. Where 

secondary akinesis developed because of incrèased size, the ,post-tempora~, 

fenestrae remained large. In cases where akinesis evolyed in s~ll. 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 1s possible to use these observations ta establish criteria for 

differ:ntiating conventipnal or saurian reptiles ("sauropsids" of Goodrich, 
. ~ 

1916; Watson, 1954). from synapsid or mamma1-like ("theropsid") reptiles 

(Fig. 12). Saurian reptiles are distinguished by vertical occiputs with 

" 
narrow supraoccipitals and paroccipital processes with ,large post-temporal 

fenestrae. Metakinesis has been retained ,by many of the sma.1ler ,members 

of the gràup. Synap~id reptiles are identified by the presence of anterodorsally 

sloped occipu\s with broad supraoccipitals and paroccipital processes with 

. small post-tempo'ral f enes trae. None of these animaIs 'is known ta have been 

metakinetic. As a result of these criteria it is possibl~1 to identify both 

procolophonids aI\d par,eiasaurs as' true saurian reptiles, albe~t very primitive 

memb~rs of that group. Likewise captorhinomorphs, perhaps the most generalized 

group of primitive reptiles rela,ted to modern forIl1.~, are true saurian reptiles 
\ 

("sauropsids") not " t heropsids" as-Watson (1954) thought. Similarly it may 

be determined' that the true cotylosaurs with ve1't,ical plate-like occiputs 

with small post-temporal fenestrae are not true reptiles. 

The presence 0t a dorsal metakinetic axis in primitive reptiles could 

f~nction o,nly "Tith the presence of a st-ructure that limited excessive 

elevalion pi the skul1 roof. The stapes with solid articulations on both ' 
Ù ~ 

the brainçase (cup-shaped, foramen magnum) and the quadrate appears to have , 

served this function. Only when akinesis dev~loped (in pelycosaurs, 

procolophonids, true cotylosaurs) 61' alternative limiting structures evolved 
of 

~procolophonid~, di~psids) was the ~tapes freed from its support ive function 

and adapted as a hearing element. 

Osteological cnaracters indicative of craniai 'metakinesis are,belièved 

to'have been present in the earliest)reptiles 1aying amniotic eggs since small 

~ize was a prerequisite for the development of both metakinesis and the 

amniotic egg. 
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ABBREVIATIONS 

Bones of the Skull·and Braincase 

bo - basioccip~tal 

bsph - basisphenoid ,. 

eo - .. 
f - frontal 

op -

,pa - parietal 

paf - postfrontal 

pop - paroccipital process 

pp - postparietal 

pro - proo tic 

paph - paraspheno·id 

. pt - pt~tygoid 

q - quadrate 

so - supraoccipital " 

v - vomer 

Cranial Arterial System 

,~I - Arteria alveolaris inferior 

AAS - Arteria alveolaris superior 

ACB - Arteria cerebralis 

AFR - Arteria frontalis 

AIC - Arteria intermandibularis caudalis 

AIM - Arteria intermandibularis me-dialis 

AIO - Arteria intermandibularis oralis 
, 

AME- Arteria mandibularis externa 

AMI - Arteria mandibularis interna 
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1 ~ Arteria mandibularis 

AM){ - Arteria maxiltaris 

ANA - Arteria nasalis anterior 

ANI Arterla nasalis Inferior 
" 

ANL Arteria nasalis lateralis 

AOA - Arteria orbitalis anterior 

AOI - Arter'ia orbitalis infetior 

AOS -'Arteria orbitalis superior 

APA- Arteria palatina anterlor ~, . 
API Arterla palatina inferior 

\ Î 
APL - Arteria palatina laterali's 

APM - Arteria palatina medialis 

APN'- Arteria postnasalis 

ASN - Arteria subnasalis 

AST- Arterla stapedialis ' " 

ATM - Arteria 'temporalis 

ATP - Arteria temporoparietalis 
,1 1 

1 
CE - CaroUs e~terna 

CI' - Caro Us interna 

Cranial, Venous System 
" 

SCM - Sinus cerebralis medius 
.1 

, , 

"SPL, - Sinus palatinus lateralis 

SPM - Sinus palatinus medialls 

8PT ~ Sinus palatinus transversalis 
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VAN - Vena anastomotica 

VCL Vena capitis lateralis 

VCL - Vena p capitis lateraiis prima 

VCL - Ven a capitis lateraiis secunda s 

VCM - Ven a cerebraiis media " 
VCP - Vena cerebraiis posteria, 

VFR -'-Vena frodtalis , 

VHL - Vena hypophysialis lateralis 

VJC Vena jugularis communis 

VMD ~ Vena mandibularis 

VME - Vena mandibularis externa 

VMld Vena mandibularis interna dorsalis 

VMI' ..: Vena mandibularis interna ventraiis v 

VON - Vena orbitalis 

VPF Vena praefrontalis 

VPI - Ven a paipebraiis inferior 
'* 

VST ~ Vena supratemporalis 

VTA - Vena tympanica anterior 

CrantaI Nervous System ' 

II - Optic Nerve 

III - Oculomotor Nerve 
, 

IV - Trochlear Nerve 

V - ~rigeminal Nerve. 

VI - Ophthaimic ramus of Trige!D,lnal Nerve 

, V2 - Maxillary ramus of Trigeminal Ne~e 
\- , . 

V3 - Mandibular ramus of Trigeminal Nerve 
1 
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V4 - Ml constrictor (1) dorsalis ramus of Trigeminal Nerve 

VII - Facial Nerve 

Vllcht - Chorda tympani ~amus of Facial Nerve 

Vllhy - HY9mandibular ramus of Facial Nerve 

VII - Palatine ramus of Facial Nerve 
p 

'VII l' - Lateral palatine ramus of Facial Nerve pa 

IX - Glossopharyngea1 Nerve 

x - Vagus Nerve 

,1 , XI - Vagus accessory Nerve 

XII - Hypoglossal Nerve 

Cranial Musculature 

Trigeminally innervated muscles 

-MAMEM - M. adductor mandibulae externus medius 

MAMEP - M~ adductor mandibulae externus profundus 

.\ 

MAMES -, M. adductor mandibulae externus superficialis 

MAMP - M. adductor mandibulae posterior 

MeID - M. constrictor (1) do'~sa1is 

MIMD - M. intramandibularis 

HLAO - M. le~tor angvli oris 

MLB : M. levator bulbi 

MLPT - M. levator pterygoidei 

MPPT - M. protraétor pterygbldei 

MPSTP r M. pseudotemporalls profunda 

KPSTS - M. pseudotemporalis superficialis 

MPTP - M. pterygoideus profundus 

MPTS - M. pterygoideus superficialis 

HlAO - M.' retractor anguli oris 
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and Hyoid Musculature 

" MBMD - M. branchiomandibularis dorsalis 
'. 

MBMV - M. branèhiomandibularis vent-ralis 

MCH - M. c'oracohyoideus 
, .. . 

MGG - M. genioglossus 

,MGB --M. geniohyoideus 

MIMC - M. intermandibularis caudalis 

MIMO - M. intermandibularis oralia 

MOB - M. omohyoideus 

Cervical and Other Musculature 

MBUR - M. bursalis 
, 

MCM - M. cervicomandibularis 

MESéM - M. epist.ernocleidomastoideus 

MIARd - M. infra-a~ticularis dorsalis 

MICC - M. iliocostalis capitis 

MICE - M. inte-rcostalis externa 

MICI - M. intercost~l~s interna 

MIClv - M. intercostalis ventralis 

MISPce - M. interspinalis c~rvicus 

HLCap - M. ,latissimus capit~s auriculopatietalis 

MLCca - M •. latissimua capitis transversalis capitis 

HLCce - M. , latissimus capitis transversalis cervicus 
1 

MOCH - M. obliquus capitis magnus 

MaCA - K. rectus capitis anterior 

MRCP - M. ~ectus capitis posterior 

HrZ - M. trap~zius 

. 
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MSC - M. sphincter coll! 

'MSCa - H. spinalis capit!s 

Other structures 

t, 

CB l - Ceratobranehial l 

CB II - Ceratobranchial II 

EH Epihyal 

Lig_ N • .:. Lig8mentum nuchae 

LRP ... Lateral rictal plate 

MC - Metkelian, cartilage 

)fRp - Median dctal plate " 

PL - proce? lingualis .~ . '-'" 

TM - Tympanic membrane 
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