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't0 THE READER 

. .,' , This thesis has been wriUen and organized accordhlg to 

the s tyl.e and format of the Jou.r~al of Pale9ntology. 

Much of the explan:tory information \suallY iJ'cluôed \r\ 
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a thesis has been omitted in order ta have .th~ entire manuscript 

acceptable r6t ptJbl [uHi eA',· 
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THE OSTEOLGGY AND MUSCULATURE OF THE 

• " ' 

·PECTORAL 'LIMB OF S}lALL CAPTORHINIDS 

i\BSTRACT 

The osteology of th~ pectoral l~mb of sma11 captorhinids 

is described and figured in detail. 
j;\' 

A cartilaginous sternum . ., 
was present. Tho fllnction of the gienoid is apalyzed. It is 

not a s impIe, sI ïding or rocking joïn t, as was previously suppo~ed. 

but considerable rot8~ion was also an Integral part of humeraI 

movement. The structure of the elbow joint is such that when the 

lower arm is extendcd,' its distal end swung forward and extended 

the anterior reach of the hand. Wli.en the lower arm was flexed, the 

posteri~r reach of the hand was extended. Arliculdted specimens 

ailow a n'con truc tian 0 f the manus, There is no weIl develaped wrist 

Joint, hut rather th" manus, as a whole, was a flexible structure. 

A pisl form Is present. Sesamotd banes were dcveloped in the tend~ns 

of the palmaris communis profundis muscle. 

A comparative study of forelimb musculature of living reptiles 

based on dissections and on ft survey of the llterature indlcates"t'at 

the evolution of this musclJlature has been very conservative. The 

forehmh mUscl~ture of small captorhinids is very similar ta that. 

of aIl living reptiles cxcert turtl(',> . 
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L' OSTEOLOGlt: ET 'LA MUSCULATUR E DU MEMBRE 

ANTEHIEUR mfpETlT CAPTORHINIDE!i 

I~XTRAIT 

j 
L'ostcologie du memhre anterieur des petits c.1ptorhinid~s 

est de'~ite et r:present"" en detai!. Un sternum de ,.rtilage 

éta. t present. IL.1 fonctlon de l'articulation glénoide est 

analvsée. L~l1rface articulante de l'humerus ne coulisse Ou 

n'oscille pas seulement comme l'avait été supposé auparavant 

mais lllW g11'élnde propor,tion de la rotation f~lSélit partie intégrale 

" 
du mouvemen-t de l' humerllS. La const~uctlon de l'articulation de 

lrépaulr est lC'llo quC' l'extenSIon de l'avant bras prodUIt aussi 

( 

une rdtatlon vers l'avant de la main. Quand l'avant bras est tendu, 
_ 0 

la maIn es t poussée vers l'arrière. Le produi t combinâ de ces deux 

fac~eurs permpt un plus grand pas. Les specimens articulés permettent 

• 
une reconstruction do la maIn. L' .1rtlculation du p()]gnet n'est pas 

bien dove loppéo, malS clans l'ensemble' la main es tune s truc ture 

f1oXlble . Une piSl(orme est presente. Des os sesamoides sont presents 

dans 108 tendons du mUSt le palmarls communlS profundi~ 

J 

Une étude comparée de la mllsculatllre de l'avant bras des reptiles 
.. ,. 

! 

moùernes basée Sllr des dls~ccl1ons ct des recherches liltéraires 

perm~~e é'ollc1l1re q\le J 'évolulion de cetté musculature a été, tr(.s 

restreinte. La musculature, de l'avanl bras des petils Cflptorhinldés 
" > , 

eBt l'rèf:. slmJ1rlÎre .1 cel1!-, de tous les reptilC'"S vivants à l'exception 
, ' 

des tortuC's 

.' 
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THE OSTEOLOGY AND MUSCULA,TURE OF "THE 

PECOTRAL LIME OF SMALL CAPTORHINIDS 

INTRODUCTION 

Although numerous papers have been written on the comparativè 

myology of lower tetrapods, few have dea1t with the reconstruction 
. 

of, the musculature of extinct forms. Watson ("19.17) was âm0J'lg the 

first to discuss the shoulder muscles of Permian reptiles. Of 

particular sign~ficance was Romer's detai~ed, systematic ~tte~t, 

ta re~nstruct the appendicular musculature of pri~itive and maromal-

1ike reptiles (1922). Diadectes, a large and rather specialîzed 

anapsid reptile was used by Ro~er as a ~asis for this reco~struction, 

presumab1y because it was one of the few primitive reptiles of 

which good postcrania1 materia1 was avai1ab1e. The taxonomie position 

of D~adec tes i8 presently in ~spute, but it seems quite certain 

that the animal is far from primitive in many regards. 

çompared with the great volume of material written on the ,., 

pelvic 1imb Gf extinct, lower tetrapods, relative1y few papers 

~ have considered the pectoral 1imb in these forms, presumably because 

the pectoral limb does not disp1ay the radi~a1 evo1utionary changes 

bebveen primitive and advanced forms which characterize the pelvic 1imb. 

_~~r (1925) made a comparative study of the anterio'r limb of the 

urodele Megalobatrachus and Sphenodon, and used this informat~on 

to reconstruct the musculature of the extinct temnospondyl Eryops . 

,,' 
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Howell (1936) made a comparative study of reptile musculature a~d its 

bearin~ on the musculature of primi~ive, e~tinçt reptiles. Haines 

(19-39) reviewed the extensor musculature of the ficsrearm of tetrapods, .' 
, -

and attempted a reconstruction of these ~uscles of the pe1ycosaur 

Ophiacodon. Romer (1942, 1944) studied the embry~logica1 developmènt 

of the limbs of Lacerta as a means of clarifying sorne of the prob1ems 

related t,o the evolution of reptilian appendicular muscles. 

Since those papers were written; our knowledge of primitive 
"'\ 

, 

reptiles has increased i~ensely. The Family Romeriidae is now 

recognized as haying included the ancestor8~of aIl later reptiles 

~.' (Carrpll 1964, Carroll and Baird 1972, Clark and Carroll 1973). 

and a detailed study of their appendicular musculature wou1d contribute 

c 
mu ch to an understanding of the primitive pattern of~locomotion 

in reptiles. Unfortunate1y, preservation of the postcrania1 elements 

is generally not good enough nor is ossification sufficien&ly complete 

in these small rep~iles to allow such a study. The Family 
'] 

Captorhinidae evolved directly from the romeriid stock. Captorhinids 
" 

are not directly ancestral ta either diapsids or synapsids, but 

may be close to the ancestry of turtles. The earliest members of 

this group are only s lightIy larger than their romeriip ances tors, 

~nd their appendicular skeleton is very similar. Because of the 

unusually good preservation of sk'eietai e1ements of captorhi~i.ds\ 

especially of specimens from the Lower Permian ,localtty a't Fort S\ill, 
Id 

Oklahoma, muscle sc ars are e~sily visible. Muscles with restricted 

attachmen~ areas or that attach by tendons ~an be readily reconstructed 

on this basis. Sorne muscles, bowever, have broad, fleshy attachments, 
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and leaye little evidence of their former atta~hment on the bone 

surface. Reconstruction of thesemuscles is facilitated by knowledge 

of the pos itions of those for whicp there is, direc.t evidence. The 
t ~_ 

excellent state of'preservation of this material, as-weil as its 

phylogenetic significance, indicates the value of an attempt to 

reconstruct the appendicular musculature in its entirety. 

Study of the misculatur~ of living reptiles of.such d1vergent types ~ 

as Sphenodon (Miner 1925), 19uana (Ramer 1944), PseudelliYf' (Walker 1973}~,'1 
r' 

and crocodiles (Fürbringer 1876) shows many common features" !,\ugges ting 

a similar pattern for primitive reptiles as weIl. on the basis of this 

. . . 
l1ter~ture and dissections of preserved material, the musculature of th~ 

pectoral girdle and limb of small captorhinids has been reconstructed. Work 
. , 

is continuing'on the.musculature'of the pelvic girdle and rear limb. 
" 

This will be considered in a subsequent publication.-

Reconstruction of the musculature'of primitive reptiles requires 

that their osteology be very weIl known. Captorhinus has been discussed 

. 
by many aut~ors, most recently by Fox and Bowman (1966). They considered 

, . 
probable attachment areas of the major muscle masses of this anim~l, . 

but unfortunately no relevant diagrams of detailed comparisons with 

. living forms were provided.' 'Published figures are not generally 
, , 

sufficiently detailed ta be used for anything but the most generalized 

reconstruction of the muscul~ture. Consequently, most skeletal elements 
~ , 

have bee~d redrawn for .this st;udy, ,llsing specimens that show most clearly 
~ j 

~he e~i~ence for muscle attachment. 
" \ ' 
,. . 

'" 

. ' 
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In this study of the append1cular musculature of captorhinids, ~ 

l have conrined mysel [ la, the smaller members of lhe group. The 

( 

smaller genera are generally more primitive than the larger, later 

memb~rs of the famdy, and therefore should show a muscular archi tecture 
" 

o.t 

closer ta the romeriid pattern. The smaller forms are a1so much 

bettcr preservcp and casier to prepare than the larger animaIs. 

Much of tl1e mat~l.aL..u;. ... from Fort Sill, where the matr1x may be 

retnoved by washing wi th water.j- nllowing comp1e te exposure of the 

bone surface sa .that even very small muscle scars are readily visible. 

Although the stale of preservation of isolated elements at 

Forl Si11 lS excell~l1t, lhe disart1culated éondilion o[ most of the . t'\ ) t> 

~mains makes the reconstruction of structural un1ts s~h as the 
) 

carpus or shoul der girdle di fficul c duc to the presence a f a large 

number of 1ndividuals of various sizes. These reconstructions 

1 
have becll aidcd hy lhe use of s~veral specimens Qf a second captorhinid 

genus, discllssed bclow, that is slightly aIder and probably duectly 
l ' 

ancestral t() Captorl:nnus, from the Lowcr, Pérmian McCann Quarry of . ~ 

~ 

_ Ol<~ahoma. TIns mJteTial is well articulatcd and gcnerally in an 

excellent sUlte of pré'serva.tion. The nature of these specimens ') 

al10ws a more accuraLc detcrmination of the relative size and 

proportions of the clements of the appendicular skeleton than has 

b e e n po s s i hIc ln th [> p" st. 

;;cllin -(1959) '-lITt! Vox and Bowman (19,(dJ),-who have prcviously 

dcsC'ribC'd membcrs of lhc Famlly Capt:orhiniù<if', wer-eibl the opinion 
.J 

that most"specimcns from.~~ Upper Wichita (Clyde Formation) and 
"3 

", , -. 

,. 

.. 
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and Lower Clear Fork (Arroyo Formation) belonged to a single species, 

Captorhinus aguti, characterized by multiple tooth rows. The majority 

of the specimens from the Clyde Formaj:ion in Texas or beds. of equi-

valent age in Oklahoma belong to an antecedent form possessing only 

a single tooth row~ These forms were mentioned briefly by Clark 

and Carroll (1972). A detailed study of the grnaus if> now being'" 

completed by Heaton (personal communication). Despite the significant 

differences in dentition, the skulls of the two forms are otherwise 

almost indistinguishable, and no differences in the postcranial 

skeleton have been detected. A common pattern of musculature cau 

therefore be assumed, and sa there is no reason ta differentiate 

them in this study. 

The following abbreviations will be used to denote, the location 

of e~ch specimen: 

AMNH American Museum of Natural His tory 

FMNH Field Museum of Natura1 History (Chic'ago) 

KU Museum of Natural History of the Univers'ity of Kansas 

MCZ Museum of Compàratwe Zoology of Harvard University 

OUSM Oklahoma Univer~ity Stovall Museum 
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THE OSTEOLOGY OF THE PECTORAL 

LIMB OF SMALL CAPTORHINIDS 

1 

The'-pectora1 gird1e in small captorhinids, as in aIl primitive 
.. 

reptiles, consists of both dermal and endochondra1 elements. In 

the dermal girdle, the interclavicle (fig. 1 and 2) is a delicate 

structure, 'and has aImas t a1ways been broken ei ther during preservation 

or preparation. 'The head is roughly diamond shaped, with a thickened 

centra~ portion. The edges are thin and f~gile, ~specia11y in the 

anterior regl0n. Recesses on the ventral of this border 

indicate the area of articulation with the clavic The central , 
part of th~ ventral surface 1S scuIp~~red w1th a pattern of fine, 

radiating grooves'. Th(' dorsal surface of the interclavicle is 

marked with il series of irregular, interconnecting channels suggesting 
'If' 

the impressions of blood vessels, ndhering close to cliC bone surface. 

On the dorsal surface of the posteribr one-third of the stem 

arê l'Wo prominant, slot-llke grooves. These give evidence for the 

presence of a carU ~agel1olIs sternum. The stem of the interclavicle 

é1ppare~t1y passed ventral ta the sternum: with the sternum' f~.tt~ng 

into these slots, mllch as it does in the modern lizard genus, 

tguana. The ventral plate of the clavicle (fjg. 3 and 4) articulates 

with .the broad, th1n expanse of bone 'lying anterior to the central, 

thickcned portion of t.he Itl'"arl "of .. the interclavicle, and ifs irregular 
, , 

medi~l border interdigj ta tes with the med1al border of the opposite 

c lav iele a t the mid11ne. A prominant pos ter ior process of the 

, ' 

" 

, , 
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Fig. 1 Interclavicle of Captorhinus aguti (Cope). A, Ventral view ~ 

of anterio~ portion, KU FEP 60c. B, Dorsal view of A. C, Ventral 

view of stem, KU ~EP 60c. D, Dorsal view of C. Both spe~imens X3 . 
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Fig. 2 ,Reconstrtftion of thé intcrclaviclc of Capt0rhinus aguti 

. / 
(Cope). A, Vifntral view .. B, Dorsal vicw. X3. 
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Fig. 3 Shoulder girdle of single tooth rowed captorhinid, OUSM 15020 B, 

ventral view . X2. 
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Fig. 4 Right clavicle of Captorhinus agut,i (Cape) AMNH 2463. 

A, Lateral lJiew. B, Anterior view. C, Posteri iew. D Ventral 

view. X3. 
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ventral plate dlVerges from the main part of the structure and 

articulales with an accessory artlcular surface'!cated in the postero­

..... 
lateral part of the chamond shaped head of the int rtlavicle, much 

the same as flgured for Labidosaurus (Williston 1917, fig. 6). A 

small, round ddpression of the anterior surface of the clavicle 

in the reglon of the angle between the stem and v,entral plate is 

present in aIl specimens examlned, but its [unction could not be 

determincd. 

. 
A c1cithnun cou1d not be indentified in any of the captorhinids 

examincd. lIowcver, this clement has been recognized among the 

remains of most Paleozolç reptiles, and its presence ln captorhinids 

is like~y, ~ince they are direct derivatives of the primitive romeriid 

slock. As pointed oul by Romer and Priee (1940) the cleithrum 

was pro,bably present ln aIl pelycosaurs, but the banc was small, 

and lost in lhe majority of specImens. Its appare.nt absence in 

c<lplorhinlds Indlcate<; lhat it was probably reduced to a smal1 , 

spllnt of bonc, loosà).y attached to the anterior border of lhe 

scapula ahovc the dorstll stem of the claviclc. 

Many [r,agmentary scapulocoracolds of captorhinids have been 

discovered at the Fort S111 loca1ity, but complete specimens are 
1 

rare. An cssentia1ly complete specimen, MeZ 4345 from Fort Si1l 

IS hgurcd here (fIg. 5). It has been comprcsscd 1atera11y during 
! 

prcscrvaLi on, anLcoll~('qtlcntly the anglc made by the scapular blade 

on the coracold r1<llc IS considcrably grcaler lha,n it wou1d have 

beeo on an undlstorled spccimen . TIle rcgion anterior to the gleno~d 

\ 
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Fig. 5 Right scapulocoracoid of Captorhinu6 aguti (Cope), Mez 4345. 

·~---- __ ~A, I.ateral view. B, Medial view. X3. 
-------

• 
\ 
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is crushed and fragmented, and a large crack runs from above the 
, 

glenoid ventrally through the coracpid plate at the level of the 

supracoracoid foramen. Sutures divid~ng the three elements of the 

~capulocoracoid are not visible on this specimen, although they 
, 

are often apparent in ~nuna'ture specimens (fig. 6). 

A partial scapulocoracoid, KU FEP 60c (fig. 7) with most of the 

scapular b1ade missing provides many details that were obliterated 

'In MeZ 4345. The information provided by these two specimens a~ows 

a complete reconstruction of the scapulocoracoid (fig. 8). 

A description of the major topographical features of both 

the lateral ana medial surfaces of the scap~ocoracoid was furnished 

by Fox and Bowman (1966). 

1 

In its naturâl pos~tion, the plane of the coracoid plate was 

close to horizontal, forming a gently curving floor of the cradle 

14 

into which the trunk was slung. 
,.,J." 

The scapular blade mee,ts the coraèoid 

plate at an angle of about 125 degrees in undis torted specimens._ 

The scapula, therefore, was not vertical1y oriented in life, but 

must have extended latera~ly away from the trunk at an angle of 

at 1east 15-25 degrees from the median plane. Estimation of the 

radius of curvature of the ribs of an articulated specimen of a 

primitive captorh~ni~ OUSM 15020 B revea1s that the ossified portion 

of the scapul& was too short to have reached the level of the rib 

articulation in the living animal. 

Consideration of the probable musculature of this region suggests 
". 

the presence of a cartilaginoussuprascapula. In living reptiles, 



---------------------------------------------------------

l, 
l, 

'. 

• 

• 

, 

>. 

~ .. _'----

) 

Fig. 6 Shoulder girdle of immature sp~cirnen of Captorhi~ys~aguti 

(Cop~), Ventral view, Ou'SM 15°93 showing the three sep!lrat:e e1ements 
.~ 

'1 

~aking up' the scapulocoradoid. The sèapula has partially fused to , 
" " 

t.he -ante~ior coracoid. X3. F"or abbreviations, seé Ir Explanation . 
<}- -;. ~ 
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Fig. 8 Reconstruction of the scapuloco;racoid of Captorhinus aguti .. 
(Cape); based on MCZ 4345 and KU FEP 60c. 
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the serra tus musculature is 1arge1y responsible for suspendirtg the 

body from the pectoral girdle. It can work to the best mechanical 

advbntage if the muscles are oriented in a vertical position, passing 

tram the medial surface of the top of the girdle ventrally ta the 

ribs. If there were only a small suprascapula in captorhinids, the , ~ 

serratus musculature wou1d have had to,be direete~ 1atera11y from 

the ribs ta the suprascapula. This would ô-ave been quîte awkward =c. 
~ 

from a mechanica1 standpoint. The limite9 dorsal extent of the 

scapular b1ade af captorhinids suggests the existance of a large 

suprascapula continuing dorsally from the top of the ossified .' 
scapula ahove the angle of the ribs and th~ spreàding medial1y 

over the dorsal surface of the rib ~age ta p~o~de sufficient area 

of insertion for the serratus musculature, much as it cloes in modern 

" 1izards and Sphenodon. 

~ 

~ .? 

The"-Func tion of the Gletl.'Oid Q 

The articul~~ surfaces of the gl~n~id of primitive tetrapods 
.~ 

were originally'covered by cartilage, although this ~artilage was 

very thin, allowing confiùent restoration oT the actua1 arti~ulating .. 
surface on the basis of -the fossilized rema~ns (Haines 1969, P. 72). --- --

------­Severa1 workers have attempted ta ana1yze the mechanics of th;---
, 

shoulder joint in primitive tetrapods. Watson (1917) noted the 

'peculiar, strap-shape of the glenoid art~cular surface. He correctly 

observed thàt the nature of the joint prevented any rotation of the 

humerus about ~ts long axis while it retained a fixed orientation 
if 

1 
) 

.0 ' 
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• relative ta the trunk, and also strictly limited the extent of fore 
" 

'" and aft movement of the'humerus. He aiso realized that the distal 
, ' 

head of the humerus faced an teroventrally when the humerus was 

held full farward, and that it rotated to a horizontal position 

as the bumerus was drawn back through the glenaid. 

Ramer (1922) was the first worker ta cecognize that the proximal 

art~cular surfac~ of the priml.tivc tetrapod humerus was actually 

composed of two distinct surfaces separated by a groove passing 

d~agonally oacross the surface. Il One commences broadly at the anterior 

dorsal edgc (of the humerus) and clwindles as i t cur-&es underneath 

to terminate at a distinct notch on the underside of the bone. 

The olher commences bùh~nd the first and continues dorsal to it to 

thé posterior end of the articular surface" (Ramer 1922). 

-
Romer ~o\lld flnd no corresponding ridge on the glenoid, but 

pointed oul that fi anleriorly there is a broad beginning of th~ 

'glenold, followcd hy contraction of(1the surface, and ther~by a slIdden 

expansion " Romer [eit that this contraction of the surface of 

the glenold .divides the structure lnto two, surfaces, corresponding 

to the lvo S'UT faces on the humerus, 
(> 

He also a~ued that the humerus 

could not have swung more than 20 degrees in the glcnoid, because 

'" any add~ tional moverncn t would have caused the humerus to eut:: the 
\ 

muscular sur [aces at the anterlor pos terior edges of the joint, 

an(l--s..tr'l.!:n lhe JOlnl c<'lpsu1c. ---
Fox and Bowm~-tÎ--(l~tcmPted a' [unctional analysis of the 

,'~- -'---------- --.-/ -
, glenoid articulat~oJl of Captorhinus-:"" :r;tlCy cortectlY pOin'ted out . 

" 

'-------
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that the articular surface of the proximal h~ad of-tbe humerus ~f 
1 0 Q 

Captorhinus i8 l'onger than the glenoid, and no matter how the hurnerus 

was --oriented,. sorne of its articul-ay surface would have been outside 

of the glenoid. Novement bac]< and forth would only have magnified 

this' effect at one ènd"of the joi'ht. Romer's reason for limiting 

the range of mov,ement of the hurnerus in primitive tetrapods to 

20 degrees apparently'does not hold for Captor~1nus, nor, l suspect 

for a~y other primitiVe tetrap~d. Fox and Bowman (1966) a160 reported 

~ ridge on~the glen01d~urface which correspqnded to the groove 

on the proximal articular head of the l1urnerus described above. 

They maintained that this ridge on the glenoid fits into the groove 

on tHe \lumcrus, and that these' were the main surfaces of articulation 

of the shoulllcr Joint~ forming a pivot point for the movement of 

the humerus in the glen<:id. According ta them the surfaces on ei ther 

side of the ridge and groove only acted to guide the humerus by 

- --------sI iding on each 0 thCr:-----

Furthcr study of the shouldcr girdle of Captorhinus indicates 

that the ridge identified by Fox and Bowman could not have fune tioned 

in the manner proposed by them. A re-evaluation of shoulder joint 

movement in eaptorhinids is therefoF-~ neeessary . .,. 

Whèn the humerus wéls drawn forward to its fuUest extent, the 

dorsa1 lappet of the' anterior articular surface of the humerus was 

in 'contact wilh the posterior facing, anter10r surface of the glcnoid 

(fig. 9A). The,"r1dge of the glcnoid fits firmly into the transverse 

grq,ovc on the humeraI articular surface. Tlîe ventrolatcral process 
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Fig. 9'Proximal. end of humerus of Captorhinus aguti (Cope). A, 

At the'~egin~ing of the pôwer stroke. 
. 

B, Hal f way through the 
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opower strokc. ,C, At .the end of the power stroke. Crcss-hatch 

inclicatc::; the nrea o[ contact with tbe glénoid. 
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of the anterior part of the'glenoicl abutts against a depresse~ area , 

on thé anterodorsal surface of the humerus, immediately distal 

22 

. to the dorsal lappet of the anterior ~rticular surface. This function-

ally locked the humerus in the glenoi~, preventing any excessive 

forward movement. Although the entire ~nterior articular surface 

"'fi 
of the humerus and the articular surface around tne groove are 

in contact with the glenoid, most\of the pos~~~ior articular surface 
~ ... '<... 

was frèe. The proximal and distal heads were oriented at about 
1 

45 degrees ta the horizontal, and the long axis of the forward 
, 

directed humerus made an angle of about 60 degrees to the median 
~ 

plane of the animal. , 
" 

Since the major direction of force applied to the deltopec toral 

crest by the pectoralis and coracobrachialis muscles was ventral 
~ 

and posterior, the hum~rus w~s not onl~~dr~wn back and down, but 

it was also rotated on its long axis, caUSi~g the proximal head 

to approach a vertical attitude and the d1st~1 head a horizontal 
1 

, 
attitude. But if the ridge on the glenoid had remained in the groove 

on the articular head of the humerus as Fox and B~an sugge~ted, 

. 
this rotation would have been inhibited. Rather- than the ridge 

retaining a parallel orientation with respect to the gr?ove and 

sliding through it as Fox and Bowman (1966) proposed, the torsional 
1 

forces set up by the depressor musculature on the humer us caused 

\ i 
the groove on the articular surface ta move 'ventrally and rotate 

with respect to the ridge on the glenoid aSlthe humerus was pulled 
\ 

back and rotated (fig. 9B). The anterior articular surface of the 

.' 
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$humerus that had previously b~n in contact with the posteriorly 

directed, anterior surface of the glenoid moved diagonally across 

the latter surface and left the anterav~ntral end of the glenoid. 

As the humerus rotated, the anterodorsal part of the posterior 

~ular surface came into contact with the area of the glenoid 

23 

/ 

. previously occupied by the anterior art1tular surface of the hurnerus. 
, 

Simultaneously, more of the posterior articular surface of the 
.r 

'"' .~ 

humerus gairred contact with the posterior part of the glenoid (fig. 9C). 

The anterior articular surface of the humerus le ft the glenoid 

completely as the transfer of surfaces took place. The posterior 

articular surface of the humer us is slightly longer than~he glenoid 

surface, and slid a short dista~~e through the glenoid until the 
, , 

posterior limits of the articular surfaces of humerus and glenoid 

met, at which point the backward directed humerus made an angle 

of about 60 degrees to the median plane of the animal. At the 

ter~ination of the power stroke, the plane of the distal expansion 

of the humerus was hor1zontal to the ground, with the ulna and radius 

held approximately vertically, rather th an directed dawnward'~nd 

posteriorly, as suggested by Foxz'and Bowman. 

Since the deltoid and scapulohumeralis muscles pulled the 

humerus forward and dorsally during the recovery stroke, the posterior 

articular surface of the hwnerus would haveslid 'backward in the 

glenoid until the anterodorsai end of the former surface met the 

'anterior edge of the glenoid. To prevent the glenoid from " running 

of·f Il of the anterior end of the pos teri'or articular surface and 

) 
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• thus disarticulating, the humeraI articu1ar surface then slid'diagonally 

upward, its groove sliding onto the ridge of the glenoid. This 

a~tion caused the humerus ta rotate about its long axis sa as to 

raise the anterior edge of the distal head and direct the lower 

I~mb forward. As the anterior articular s~rface of the glenoid 

once more made contact with the glenoid, the posterior articular 

surface left the glenoid, and the humerus was in position for the 

beginning of another power stroke. 

The Humerus 

A very weIl preserved hum~rus of the captorhinid from Fort Sil1 

(KU FEP 60-43~), i3 shown in figure 10. Fox and Bowman (1966) 

provided a dctail~g description of this bone in the text of their 

paper, and only a few additional conunents will be made here. 

TtlC humerus of most primitive reptiles is composed of two 

widely cxpanded heads s~t at 90 degrees ta one another, and eonnected 

by a short shaft. _Except for the longer shaft, slightly light~r 

build, and the presence of an ectepieondylaF foramen, the humerus 

.. 
of S01enodon is very similar ta that of eaptorhinids. The proximal 

and dis tal heads are expanded in a s imUar manner, ,but the long 

spiral arlieular surface of the proximal head of eaptorh~nids has 

becn replaced by a shorter, raiscd surface that articulates with 

an abbrcvialed gienoid and forrils what is essentially a ball and 

soeket Joint. 

The d!stal expansion iB composed of a prominant Iaterai (or anterior) 

• 
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Fig. 10 Left humerus of Captorhinus agut~ (Cope), KU FEP 60c 549. A, Posteroventral view. 

B, Anterodorsal V1ew. C, Post~rodirsal V1ew. D, Anteroventral viev. E, Proximal view. , 
, ~ 

F, Distal view. X3. 
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ectepicondyle for the origin of the extensor musculature of the , 

lower arm and hand, and a larger medial (or posterior) entepicondyle 

for the origin of the flexor musculature of the lower arm and hand. 

At the beg~nning of the power stroke, the lower arm would have 

been very close ta horizontal. " In this position, considerable 
, 

demand would have been placed on the flexor musculature in sustatning 

the power stroke and preventing the anlmal from collapsing onto 

its elbows. In arder 1'0 prevent this, the entepicondyle, ?r ,flexor, 

condyle, of captorhinids and most other primitive tetrapQds extends ( 

far bcyond the confines of the e1bow joint (Watson 1917). This 

effectively moves the origln of the flexor musculature as far from 
, 

the JOlnt as'possible, increasing thelr mechanical advantage. The 

ectepicondyle, or extcnsor crest, is not as prominant as the 

enteplcondyle since th~ associated muscles are not involved ~n the 

power strokc, during which time maximum muscular force IS required. 

It is slgnj ficant, however, that both, entepicondyle and ecteplcondyle 

of captorhlnlds arc much bettcr developed than in modern lizards, 

refiecting a more crItieal raIe of their associated musculature 

in the power and recovcry strokes of the walking motion. 

In captorhinids, posterior rotation of the tl'umcrus is strictly 

lim1t0d hy the scr~w shaped glenoid, most of which is located on 

the well c!eveloped postcrior cor:lcoid. The8e anllllills W0rc therefore 

ohligatory sprawlers. lIl'cau'lc of the rcd\lcllon of Lhe posLcrior 

coracoid ;md consequr'lll allC'ration of .L!l0' slrULlur0 of the glenoid 

in modern reptiles. Il is posslhle for thcse animaIs to rotate the 

26 
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humerus posteriorly to a new position parallel to the long axis 

of the trunk and draw the anterior limb under the body. In 1:his 
.1 

\ ' 

position, the biceps and triceps muscles hecame the main flexor and 
1 

27 

extensor muscle masses of the lower limb involved in forward progression. 

Because of the limited potent~al for anteroposterior movement 

of the humerus in captorhin~ds, the main component of force of the 

biceps and ,triceps was directed at right an~les ta the progression 

of the animal, poss ibly caus ing sorne laterai mavement of the body 

. during the power stroke, with a smaller component of force working 

parallel ta the progression of the animal. The latter component 

will be discussed more fully below. Under these conditions, the 

extensor and flexor muscles originating from the distal condyles 

of the humerus were mu ch more important in accomplishing fOrw~ 

progression in captorhinids than in l~ving lizards. It is for 

thts reason that the condyles are sa weIl developed in these forms. 

In arder for these extensor and flexor muscles originating from 
1 

the distal condyles ta be used ta their full advantage, there must 

be the patent laI for considerable movement between the humerus and 

lower 1 ~mb in a plane at r~ght angles ta the long axis of the hW11erus. 

How~ver. as Jenkin~ (1973) pointed out, the elbow j6int of pelycosaurs 

(which ~s fune t ionally the sarne as that of captorhinids) tends to 

reSi? precisely thls type 'of movement by 

of lhe hOl1eQ under tOI-que. Ta unders t:fnd 

providing maximum engagement 

how the exlensor and 

flexor muscles of tll(> [oreI~mb operat;s in the walking motion of 

captorhinids, the struclure and function of the elbow Joint must 
" ., 

( , 

'. 

Il 
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be considered. 

The Elbow Joint 

'" The' articular surfaces on the distal end of the captorhinid 

28 

humerus (fig. 10) -are similar to !hose of pelycosaurs, consisting 

of a bulbous capitulum and a humero-ulnar aTticula~ion that"~ 
o "' quite d1stinct from the mammalian trochlea (Jenkins 1973).v The 

capitulum is in the form of an eliptical dome when viewed ventrally. 

The long axis of the elipse is-set off at an angle of about 22 degree~ 

from the long axis of the htlmerus. The proximal articular surface 

of the radius (fig. Il) of captorhinids is concave in shape and 

elongated mediolateralfY to match the round~d surface of th~ capitufum. 
'<1 

The" trochlea " is composed of two surfaces as in pelycosaurs; 

a concave area that includes the medial surface of the capitular 

protuberance and aIl of the ventral articular surface medial to 

this. A groove passing proximodistally at the base of th~capitular 

~truberance divides tpis surface and givcs it'a concave shape. 
" 

.1 

" A largetflat surface faces dorsalr1y., The proximal'>artiçular surfacé 
,1 

. of the ulna (fig. 12) is composed of a f?maller aht;eroventral surface 

articulating with the capit~lar- protruberance, and a larger, p,ostero-

" 

.. 

dors,al surface a1"t,iculatin& wi th the posterior part of the " trochlear Il 

surface, separated by a prominent~curved ri~~assiTIg diagnnally , 

in a posteroventral direction through the articular surface, describing 

a small part of a spiral. This ridge fits into the deep groove on 

~he ventral" trochlear " surface of the humerus, located directly 

.. 
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Fig. 11 Lcft radi,us of Captorhitws aguti (COpé'), KU FEP 60c. 

A, ,Med:ral Vlew. B,- Posterior view. C, Lateral vie\>!. . D, Anterior 
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view. E, Proximal 'view. F, Distal. X3. , . ' ,. 
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.. ~2 Left ulna of CaptorhiQus aguti (Cape), AMNH 2464. -
view,. B, Posterior view. ~, Lateral view. D, Anterior view. 

1;:" Proximal view. 
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F, Distal view. 
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medial ta the capitulum. The close articulation ~etween the ridge 

--
of the uln~and groove of the hu~erus pr~~idës' eonsiderable r~sistance ' 

~ .( 

ta the.torsional forces set up during the t-lalking motion, as Jenkins,\ 
t 

noted for pelycosaurs. 
,'!' 

When tne ulna was flexed by the biceps or extended by the 

tricep~ muscles, hawever, the spiral shape of the ridge on the 

proximal articular surface of the ulna caused the distal end of 

the ulna ta describe a small arc lylng in a plane at right angles 

ta the long axis of the humerus (see fig. 13 IlIA, B, C), and at'*~ 

th~same time causing a slight rotation of the ulna about its long \ 

a~is as this ridge passéd through the groove of the humeraI articular 

surface. When the ulna was flexed to its fullest extcnt, the entire 

posterodorsal articular surface of the ulna was in contact with 

the " trochlear " surfac,e, but the anteroven tral surface was not 

in contact with its corresponding capitular surface. In this position 

the dis taI end of the ulna \Vas at the mas t pas terior point of its 

arc, ,(fig. 13 IIIC) makin~,~n angle of about 70 degrees with the 

plane of the flexor cres t. r As the triceps muscles 

ulna and the ridge of the ulna slippecl through the 

~..,!;ended the 

" groove of the 

\,.- hurnerus, its spiral shape forced the distal end of the ulna ta 

.~s\Ving anteriorly, relative ta the humerus, causing the, anteroventral 
" 
articular surfacè of the proximal end of the b~e ta engage the 

medial surface of the cap1tular protuberance. Simultàneously, 

th~re was a slight rotatlon of the ulna about its long axis, causing 

the extensôr ~urface of the bo~e) and.hence the mànus, ta turn 

i' 
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Fig. 13 A,scapulocoracoid, hurnerus, ulna, and radius of J' 
. .... 

Captorhinus asuti (Cope) in articulation, i1lustrating 
Cl 

~he spatial relationships of these elements at different 

o 

points in the power strpke.' Column l, Lateral view: A, 
1 ) 

Beginning of power s tr.gke. B, Middle of~: power s troke. 
/' 

C, End of power stroke._ Column 2, 'Ventral view: A:, 

Beginning of 20wcr strüke. B" 'Middle of power s't:roke. 

-------------- C, End of power sfroke. 'Co1umn 3; View of distal end 

,1 of hu~~rus: A, Beginning of power stro~e (lower arm fully " 

~ extended). B, Mip~le of power stroke (lower arm partially 

flexed). C, End of ~ower stroke (lower arm fully flexed)~ 
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laterally. When the ul/na was fully extended, thE} d~stal end was 

at the most anterior point of its arc, making an ang~e of about 

70 degrees with~ the plane ,of the ectepicondyle (fig. 1'3 'IlIA). 

Flexion and extension at the elbow of captorhinids, therefore, 

did 'not on1y produce side-to-side movements of the 'distal end of 

the lowcr 11mb, but also considerable anter;posterior movement, 

'~acting to augment the fore and ~ft reach 0] the manus produced 

by the anteropos terior movement and rotation 'of the humerus. 
\ 

The extensors originating from the condyles réinforced this 

anterior rotat~on of the uIna on the humerus, as weIl as exterided 

the manus, as the triceps extended the lower arm. The antagonistic 

flexor muscles ~imilarly asslsted the posterior rotation as the 

b tceps flexed the lower arm dur lng the power s troke. 

The Nanus 

Fox and Bowman apparently relied on disarticuIated ~aterial 

for their descriptIon ~~ the manus of Captorhinus, as the only 

figure was a composite. The pisiform was not shown and, although 

" 

not explicitly stated, the identifIcation of sorne of the other 

elements appears to have becn only tentative. Consequently, a 

consideration of the function of the hand must be based on other 

materlal. Since the publication of the above wor!<, several specimens 

of ,1 cél(llorhinl<J [rom the McCann quarry of Oklahoma cquivalcnt in 

age ta those of the Clyùe Formation of· Texas be 

There are several skulls with associated postcranial 

. -------
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1 including one complete manus, OUSM 15024 (fig. 14 A,B). The 

- -------- <---./' 

des'cription of the ulnare, radiale, and l.ntermedium of Captorhinus' 

given by Fox and Bowman i5 correct in its essentials. Because 

they were working from disarticulated material, however, their 

reconstruction of the manus showed the intermedium as being much _ 

; 

larger in relation ta the other two proximal elements than i5 actually 

the case. 

" The proximal articular surface of the radiale is fIat, precluding 
., 

aIL but a minor amount of fl~xion between this bone and the radius. 

The radiale was ptobably functionally an extension of the radius. 

The distal articular surface of the radiale 1.s more rounded in 

outline, especially when viewed from the extensor surface. The 

conve~-distal surface racilitates mediolateral sliding of the distal 

surface of the radiale on the proximal surface of the lateral centrale 

during the power s troke. This movernen t mus t have been considerabl~, 

as the articular surface of the distal end of the radiale ex tends 

aImas t ta the ~ai border of that bone, whereas the medial centrale 

does not extend med1.ally enough ta caver more than two-thirds of 
c.---'~ ,,# . 

the above articular surface, leaving one-third or' this fre;\when 

the 1imb is he1d in the normal position (fig_ 15). 

OThe ulnare and intermedium appear ta form a single structural 
) 

unit. The arti~ulation between them is long and s:traight. The articular, 

sutfaces are fIat, and their planes are oriented in such a way that 

'1> 
the two bones articulate ta form a dorsally directed wedge rather 

• 

than a fIat plate . 

----------------
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caPtorht~i~. A, Right manus from McCann 
T~1 ,.. Fig. 14 Single tooth rowed 
(t,,' 

Quarry OUSM 15024, Ventral view. n, Same specimen as in A, Dorsal 
,"" 

view. C, Lcft manus from FMNH UC 642, d'orsal view. Both specimens 

·X2. Fo-r a~brcviatfons, see " Explanation of Abbreviation,s " 
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Fig. 15 Reconstruction 

.: 
1 

on OUSM 15024. Dor.sa1 , 

/ 36 

of the manus of a captorhinid, based primarily 
r ......... '" view. X2. 1 
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'The articular surfaces between the ulnare-intermedium and 

ulna proxima1ly, and centrale and distal carpais distaIly, are 

quite fIat, and there was probably only a relatively small amount 

of movement possible at these joints. 
v 

The presence of a pisiform in captorhinids is shawn by OUSM 

15024 (fig. 14A) and UC 64Q (fig. 14C). By referring to the shape 

of the bane in these specimens, it was possible ta identify several 

of these elements in the material from the Fort Sill locality 

(fig. l6D). It is generally rectangu1ar in outline, with a concave 
... '\ . ' 

ventral border, and a slightly convex dorsal border. The antero- , 

" . 
f { posteriar dimension is twice as gre.at as the dorsoventral dimension. 

1: '4. f '?1J 

t'j\:1 -t 

, The~bone has two adjoining articular surfaces medially, a dorsal 

\ " 

one for the ulna, and a ventral one for the ulnarc. In articulation, 

the pisiform projected posteriorly and slightly laterally. 
1 

The la ternI centrale occupies the center of the carpus ( fig. 15) 
~ 

and articulates wi th every bone in the carpus exccpt the tirs t 

and second metacarpals. The fourth distal carpal is pentagona\ in 

shape and is the largest of the dista1s. The third distal carpal 

is the second largest. It possesses a peculiar wedge-shaped process 

37 

distally, 'which projects ventral ta the third metacarpal (fig. 14A,B). 

The pasi,tion of this process sugges ts that it may have functioned 

to prevent excess ive flexion of the third digit. A similar process of the 

third distal carpal is a1so present in the early diapsid 

Petrolacosaurus (Reisz, personal communication). The remaining 

c 
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Fig .. 16 Carpal elements of Captorhinus aguti (Cope). A,~ Ulnare, 

KU FEP 600, dorsal and ventral views. B, Intermedium, KU FEP 60c, 
1 

• dorsal and "ventral views. C, Radiale, AMNH 2465, dorsal and ventral 
, 

views. D, pisiform, AMffi1 2466, latèral and medial views. AlI , 
specimens X3. 
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• distal carpals are of approx~matelY/equal size and ~f similar configur-

ation. 

The carpus of captorhinids is an interlocking mosaic of bones. 
J 

The articulating surfaces of the bones are essentially fIat allowing 

only limited mov~ment. hetween each carpal an'ct its neighbour. In 

additlon: these bones are arranged ln such a way as to prevent the 

formation of any distinct transverse joint. betweenl.the carpus and 

"lower arm, or with~n the carpus itserlf. Sorne movement was possible 

betwecn the ulna and ulnare-intermedium, but because the articulation 

betwGen the radius and radiale is more distally located in fhe carpus, , 

the potentlal joint betwee~ the ulna and ulnare-intermedium, was 

blocked by the shaft of the radius (fig. 15). Similar1y, a joint 

between the radiale, lntermedium and ulnare, and the more distal 

carpals is blocked by the position of the lateral centrale (fig. 15). 

The [unctional wrist Joint in captorhinids was probably between the , 

distal carpals and metacarpals, witn only limited movement possible 

, 
bctween the.dlstal carpals and more proximal e1ements of the carpus. 

Al though th-e dis tal car.pal-rnetacarpal jowt appears to have been 

the major wnst joint in captorhinids, the flat arti.cular surfaces 

... -_8 __ of these elemen ts in comparison wi th the very rounded articular 

surfaces (ound in the carpus of lizardS' emphasizes the relative 

inflcxibll1ty of thcsC' jOints. Although ellch individual joint in 

the carpus of captorhinids lS not capable of much independent movement, 

the car pus as a wholc was probably qUI. te fle::ihle, not onlY",in terms 
~"'\" ... - , 

of flexion and extension, but the capnbilitics [or moderate rnovement 

• 
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between each carpal probably allowed sorne twisting and a.rching ~f 

the manus as we~l. 

The digits of captorhinids are quite short and the metacarpals 

and phalanges are heavily bunt (fig. 15). On the ventral surface 

o~ ,the digits, ,in closé association with the joints between the 

phala'nges, is a series of i-rregularly shaped ossifications. In 

, 
OUSM 15024 (fig. l4A), a few,of these'ossifications can be seen 

,~ 

adhcring to the ve~tral surface of the metacarpafs and phalanges 

of di~it's II, III, and IV. Sorne appear to ,be missin~, but in the 

living animal, thè-rè was probably one such ossification for each 
~ 

joint. Slmilar accessory bones have been ~eported in sorne living 

lizards (Ramer 1956). They are sesamoid bones, deve10ped in the 1 

40 

tendons of the palmaris communis superficialis muscle. Their purpose 

appears ta be to increase the distance between the tendon and the 

joint, and thercby increasing the mechanical efficiency or f1exing 

power of the pa1rnatis communis superficialis, . 

. . 
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A RECONSTRUCTION OF THE ~USCULATURE 

THE PECTORAL LIMB BASED ON ~RECT EVIDENCE 

AND CONPARATIVE STUDIES ON LIVING .REPTILES 

The musculature associated with the anterior 11mb of tetrapods 

can be classified broadly into three categories according ta their 

embryological origin. The sternocleidomastoideus, or trapezius 

of ~ower tetrapods is distinct from aIl other shoulder muscles in 

being derived from the visceral arch muscu.lature. The trapezius 
( 

muscle of higher tetrapods, costocoracoideus, sfernocoracoideus, 

serratus, and levaLor scapulae museles differentiate from the axial 

muscle mass (Romer(194~). The omohyo1deus and episternohyoideus 

also appear ta be part of this group (Miner 1925). The true limb' 

musculature is derived by differentiat10n from the limb bud of the 

embryo. 

Romer (1922, 1944) attempted to class1fy the last assemblage 
r: 

of muscles into a dorsal group and-a ventral group, derived from 

the levator and depressor muscle masses, respectively, of fi8h. 

The dorsal group includes the latissimus ùorsi, subco~acoscapularis, 

scapular and clavicular deltoid, scapulohumeralis, triceps, and 

41 

more distal extensor muscles. The ventral group includes the pectoralis, 

supracoracoidclls, coracobrachialis brcvi's and long\).8 , b~ceps, 

brachialis and marc distal flcxors. . . 
A1Lhough a standard nomenclature of the pectoral limb muscles 

r '1' 

, of lower tetrapods has never been adopted by aIl workers, each 

.' 

----~--
~--- ---
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muscle normally has one name that is accepted by the majority of 

authors'. l have used these names in this wÇ>rk. In cases where 

more than one name lS ln common usage, the mos t convenien t term 

has been Bsed, followed by alternate names in parentheses. 

TrapezlUs and Sternocleidomastoideus 

The trapezius of living anamiotes, derived from the branchial 

musculature, is innervated by visceral branches of the vagus nerve.-

Sorne lizards (Gecko and Lacerta among others~~ see Furbringer 1900) 

exhibit what lS probably the primitive amn10te condition, in which 

. there is still a single muscle in this region, but with its innervation 

from twa di stinct sourceS<. The anterl0r partlon of the muscle, 

comparable ta th@ sternoc}eidomastoideus of other amniotes and 

O\,igInatlng [rom the ~ack of the skull, possesses visceral i.nnervation 

comparable to the trapezius of 11vlng aryamnlotes. The innervation, 

of the pos tcrior portIon of the muscle, the trapezius praper, is 

by somatic branches i1rlSlng segmentally from the splna1 co1umn. 

,-
ThIS was interprcted by Miner (1925) as indicBting that it 

was the sternocleidomastoidcus and nat the trapezius propcr of amniotes 

that was homologous to the anamniote trapezius, and that the trapezius 

of amniotes was developed as â posterior extension of the anamniote 
o ~ 

trapezius by inclusion of myotomal fibres concurrent with the 

developmcnl o[ a ncck rcgion ln more completely lerre8trial forms . 
' . .. 

It 18 now generally acceptcd that the mosl prImitive reptiles, 

the romerl ids, and the gephyros tegId an thracosaurs wh ich gave rise 



• 

• 

43 

to them were ~ssentia11y terrestrial (Ca~rol1 1964, 1970) rather 

than. semi-aquatic as original1y postu1ated by Romer (1946). Although 

the necks of these tetrapods were not long (approximately 5 cervical 

vertebrae in most cases) the head and shoulder gird1e were weIl 

separated and mov~d quite independent1y of each other. A trapezius 
" 

muscle runping from the back of the sku11 could not have s\lp,ported 

the girdle ascwel1 as it could have in forms in which the girdle 

J was irmnediately behind and be10w the sku11: Recruitment of myotomal 

musculature to form an amniote trapezius behind" the anamniote trapezius 

probably occurred in tl<l.e gephyrostegid Une 1eading ta reptiles -

in arder ta maintain at least part of the origin of the muscle above 
, 

i ts insertion. 

The trapezius and sternoc1eidomasto1deus-musc1es probably 

formed a continuous, unbroken sheet of muscle i~ n~imitive reptiles, 

itaking their origin f:rom the bac:k of the skull and dorsal fascia 

of the thoracic region. Th~sJ condition can be observed in Lacerta 

and other living lizards ~urbringer 1900) and is approximated in 

Sphenodon, where the two muscles are very incomp1ete1y separated 

(Miner 1925). This was a1most ccrtain1y the condition of these 

muscles in captorhinids. .. 
As is the case with other fossil reptiles, specifie osteological 

r 
evidence for the origin and insertion' of the trapezius-sternOGl~ido-

'4 ' , 
mastQideus muscle mass is lacking. The sternoc1eidomastoideus 

portion presumably had a fleshy origin on the pas tpàrietals 8:nd , 

on th.e unsculptured portion of the" squamosals ~at eurv'es medially 

~-~--- -----

,1 
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onto t'tfe occipital su.rface. The somalie t'rapezius surely originated 

from the dorsal fascia of the back, as is the case with the vast 

___ ~jority of vertebrates. 

" , 
The sternocleidomastoideus 'O"T l}zards inserts on the lateral 

tip of the interclavicle. In Sphenodon, this muscle inserts on the 

clavicular stem (M1ner 1925). Dorsally, the insertion of the trapezius . \ 
" 

of lizards wedges between the origin of the ~capular deltoid and the 

inserrtion 'of the levator scapulae, and c~ntinues ventrally along 
; 

the stem of jiJ~e 91avicle. The trapezius of Sphenodon i5 limited 

ta a small 1nsertion on the" acromion" of the scapula. The , 

~ trapezius-sternocle1domastoideus muscle sheet: of captorhinids probably 

~ 

had a long curved inscrt10n rut;1ning ventrally from the an<t;erior 

part of th.e scapular blade and possibly from the suprascapula between 

1 tj:Je areas 'of attachment of the scapular deitoid and levetor scapulae~ 

" 
onto the poslerior part of the cleithrum and wcll clown onto the 

Iaterai surface of the clavicular stem (fig. 17A, IISB). 

Levator Scapulae 
D 

In Sphenodon and Iizards this muscle is divided into two slips'; 
1~ 

the lev'ator scapulac superior (superfic iatis), and the levator 
1 • 
1 

~capulae inferior (profundus). The two slips originate together 
1 c 

Ific.>m the lïrst .few ccrvic"al ribs or tran,.,sver'se procèsses of the 

~orresPoll(llng ce~vlcal. v.ertcbrae. They sepa:roate a}most umncdiately 

and the Buperior slip lnserts on the antP~ior part of the laterai 

sur fa,ce of "thé suprascapula. The inferior slip inserts on the 

" 

__ --t 

, 
.1 
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Fig. 1'7 Ar~~s ~f shou1der muscle a ttachment l;)o.f a captorhinid., A, 
/, 

Lateral pnrface. B, Medial surface. For abbreviations, see 
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" Explanations of Abbreviations " 
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lev. scap s~p.-- .,:", -:-----=--­
levscap mf--'--'-' 

~:' 

~ ,\:.~-'o""---+-- s.h. 
1 .-

omo ~ 
triC lat (short head) 

B 

trap.----"""-"-

cl de 1 t .-"--"'_--~......:: 

" 

pec"t. 

bl 

-, 

H-l~-WW+tIlh(.,L---- sc dei t 

~~~~~:.:t~r~::.c lat (long head)· 

Fig. I&, Shoul<ler muscul\lturc of luteraI view. A, 
,. . - , 

Dccp. B, Supcrficial. For aiJbrcviations, sec" Explanation of 

Abbrevlations " 
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auterior border of the bony scapula and dorsal 

-­cu1ar stem. 
~-

art ,of the clavi-

Miner (1925) .~pposed that the sp1itting cf the muscle into 

t:w0 wa&- rela ted ta the developmen t of a large F&rtiIago\.lS S'upra­

scapula in Sphenodon" and lizards. It may be sligni ficartt 'that in 

crocodiles, in which the suprascapula is veryjsmall' the levator 

scapula is a single muscle. (The" leva tor s apulae profundus " 
1 

1 

portion of the co11?thor:aciscapularis profut1~us muscle of Furbringer 

(1876) appears to be p~rt of the serratus musculature) . 

47 

The captorhlnids probably'~ossessed a suprascapula of sub~tanti~l 

size. It wou1d he expected therefor.e, that the levator scapulae 

existed }n'ro parts as it does in bath lizards and Sphenodon. 

The superio slip would have inserted on -the anterior portio~ of 

the externfl surface of the 'suprascapula (fig_ 17A, 18B~. The 

inferior slip must have inserted onto the top of the c1avicular 

stem, and anteribr edgc of the cleithrum, ot on the anterior edge-
'.. \ 

of the bony scapula Jf the cleithrum was absent (fig. 17A, "18.15). 

Serra tus Superficia11s 

The serra t,us superficialis muscle of Iguana and Sphenodon 

is remarkab1y similar in rega~ds ta origin and insertion. In bath 

tas es the muscle arisc's as two slips from the Iast cervical and 

[irst thor.1cic ribs. 'l'110S0 tllips Ilnite and in~H'rt on th6 post,crior 

and mcdial surfaces of the supr,ascapula. Unlikc Iguaria, the serratuS 
( , 

superficialis also gaïns limiteJ\attachment to the posterodorsa1 

[i,1 

" 

" 
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trIC med 

(long head) _ 

c 
serr 

costocor 

Fig. 19 ,Shoulder musculature of a captorhinid. A, Lateral view, 

with long head of tri,cC'ps " cut " and deflccted. fi, Lateral view. 

C. Medial view. For anbt"eviat!.ons, see " Exulanation of Abbreviations " 
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, cot;l),er of the boDy. scapulal;,ïn Sphenodon (MinEir 1925). 

,,,,</0, In the alligator, the ~~rratus superficialis originates from 

the firs t through four th, thoracic ribs (Chiasson 1962). The expansion 

of this'muscle i5 probably due to the increased stress imposed 

upon it by a muçh greater body'size and does not reflect a primitive 

condition. The suprascapula is very small, and consequently the 

serra tus superfï"éialis attac,hes ta the posterior border of the 

bony' scapula. , 
" 

It is probable that the serra tus sup~rf_icialis of captorhinids 

resembled Iguana and Sphenodop in its general relations to the skeletal .. 
(- elements (fig. 1ge). Since these animifls are aIl about the same 

size (ie. similar weight imposed upon the serratus superficialis), 

it is llkely that the muscle in smalI captorhinids took its origin 

" from the last cer~ica~ and first thoracic rib ooly, as in Iguana 

"-

and Sphenodon. The Insertion was a fleshy one on the posterior' 

edgc and posterior part of the medial surface of the suprascapula 

( fig. I7B). It 1s qui te possible tha t the insertion spread ven trally 

onto the dorsal part of the medial surface of the bony scapula 

as it does ln Sphenodon, but there is no indication of this on the 
.~ 

" 

" 
" 

Serratus rio~undus (Serratus Anterior) 

As is' the C,'lse wi th 'the previous muscle, the serra tus pro fundus 

of Sphenodon 'and 19udna are very S Imilar. Both animaIs posses s 

a deep and superficiel layer. In Iguana, the super fic ial layer (", 

•. l, 

........... ----------_.----~ 
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cdnsists of three slips originating from the first three cervical 

ribs. In Sphenodoil, the deep layer originates as five slips, one 
j 1 

" 

from each of the five cervical vertebnie (Miner 1925. In bath 0 

animaIs, these individual slips unite and pass and slieht1y 

anteriorly, inserting along the dorsal part of the inner surface 

of the, suprascapula. ::Tl'te superficial layer in Iguana is _,a single 

muscle originating on the third cervical rib. The corresponding 

muscLe sheet in Sphenodon consists of two slips (Niner 1925). In 

both cases, these slips pass diagonally anterodorsally betwe~n the 

deep slips of the same muscle and the scapula ta insert on the . 
medial surface of 'the suprascapula anterior ta the inserti~ of 

the deep layer in the case of Iguana and ventral to that of the 

deep layer in Sphenodon. 

The serratus profundus of the alligator originates from the 

50 

last few cervicals and [~rst thoracic ribs, aqp beca~se of the reduced 

nature 0 f the suprascapula ~n thcse [orms, inserts on the medial 

surface of the llony scapula (Chiasson 1962). Although this muscle 

is somewha t dl Heren t fram i ts condition shawn by ~ and .êJ2.henodon, 

the resemblances are surrr~s~ng for an animal that is sa dlstantly 

related to the above [orms. Apparent1y therc has becn very little 

deviation from a common pattern in the dlvergent living reptiles. 

The serra tus pro[undus muscle of captorhinids can be reasonably 

• conceived as o\-iginaling [rom most if l10t all of the cervical ribs, 

• and inserling of the dorsal margin of the medial surface of the 

suprascapula (fig. 17B, 1ge) . 

• 
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Omohyoideus and Episternohyoideus 

The omohyoideus of sphenodo~ originatés from the anterior and 

medial surfaces of the scapula, and from the 1igamentum sternoscapulare 

internum (Miner 1925), which is equiva1ent ta the supporting ridge 

of the pos terior cotacoi<i of captorhinids ('Ramer 1922). The 
( 

omohyoideus of Iguana oriil~ates as in Sphenodon, from the anterior 

edge of the scapula, and also from the clavicular stem in front 

6f the insertion of the trapezius. In bath animaIs, the episterno-

~S' hyoi'tleus origintttes from the anterior edge of the ventral part of 
( 

the clavicles and interçlav~cle. Bath muscles insért on ~he hyoid 
\ ' 

apparatus. 

Since the clavicles are absent inuthe alligator, the origin 

~ 

of the omohyoidcus ~s necessarily from the dorsal part of the coracoid. 

" The episternoho~deus originates helow the origin of the omohyoideus 
t . 

from the episternum (Chiasson 1962). As is the case with the above 

animaIs, these muscles insert on the hyoid apparatus. 

Therc ~s no osteological evidence for the presence of either 
, 

an omohyoideus or episternohoideus in smal1 captorhinids. It seems 

most reasonable, however, to assume that the lvo muscles took 

'" essentially the same Lorm as those in Iguana and Sphenodon, oi"iginating 

from the entire length of the anterior margins of the clavicle and 

fram the intcrclaviclc ([~g. 171\, n, 181\). Attachmcnt ta the adjacent 

scàpular and coracoid surfaces on the medial side was also possible. ' 



• • 

• 

, .. 

'1 

Sternocoracoideus and Costosternocoracoideus (Costoscapularis) 

AlI living reptiles possess a set of ventral shoulder girdle 

muscles running from the sternum and ribs, and inserting on the 
o 

coracoid (Romer 1922), derived from the rectus abdbminis musculature 

of lower vertehrates (Miner 1925). 

The sternocoracoideus and costostE!rnocoracoideus muscles are 

essentially the same in Sphenodon and ~guana. The sternocoracoideus 

consists of two slips. A profundus layer origlnates from the inner 

surfffce of the posterior part of the sternum and inserts on the 

junction between the coracoid and scapula. The superficial layer 

originates along a ridge on the anterior margin of the sternum, 

and inserts on the coracoid, medial~to the insertl.on of the profundus 

52 

SlIP' There are no equivalent muscles in crocodiles (Furbringer 1876), 

or in turtles (Walker 1973). 

The cos tos ternocoracoideus originated [rom the s tern(ocos tale 

of t~e flrst,thoracic rib, and inserts on the l]ga~eBtum sterno-

scapulare Internum in living lepidosaurs. The origin of this muscle 

in crocodiles is the same. The insertion is on the posterior part 

of the internaI surface of the coracol.d (Furbringer 1876). This 

muscle does not exist in turt1es (Walker 1973). 

Sinc(' the sternum an(J sternocostale c1id Ilot ossify in primitive 

reptiles, ('vi den1(' for 
~ ~ ~ 

the or ig ins 0 [ lhe s lprllocoraco ideus and 
, 

cos tos t('rnocoracbu!eus muscles ls lacklng Tlle dcpression on the 

med,.l snrfaee of t"e caraco id. plate boncat" t\w)wrizontal sopportin. ( 

ridge of the scapu1al.OraCOld (fIg. 8n) is the probable insertion 
" 
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of the s ternocoracoideus muscle roass (Ramer 1922) (fig. 19C) ~"I The 

pasteraventrally directed support~ng ridge af the posterior coraco~ , 
exhibits a roughened, grooved surface (fig. 8B), indicating the 

insertion of the costosternocoracoideus muscle along its length 

(ii$' 19C) .. 

Pec toral i5 

The pectoralis muscle in living reptiles is massive and Hs 

or~gin cxtenùs anteroposteriorly over most of the ventral surface 
1 

of the pectoral girdle just ta one side of the midline. In both 

Sphenodon and Iguana, the muscle hélS a long origin trom the clavicle, 

interclavicle, sternum, and sternocostale. The cl~vicles are absent 

in the crocodIle, and the pectoralis muscle originates on the 

extensive sternum, and sternocostale (Furbringer 1876). The muscle 

originates from the dorsal surface of the anterior part of the 

plastron in turtlcs (Walker 1973). 

The InsertIon ln aIl living reptiles is on the deltapeetoral 
... 

crest of the humerus. 

An examlnatlon of the g-J,.rdle and humerus of captorh~nids teveals 

tItat the pectorahs muscles was probahly slmilar to that of living 

forms. However, sculpturing on the ventral surfaces of the clavieles 

and aoterior portion of the interclavieles precludes the possibility 
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that the muscle originated from these surfaces, Slnce this sculpturing 

1 

indiea tes a very dose proximi ty 0 r' the bOllC .to the dermis. It 18 

probable that the origin o[ the pectoralis muscle from the dermal 

girdle was çonflned ta the pasterior eùge of the clavieles, and 

/ 
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the edge of the interclavicular head and stem. The heavy constructipn 
1 

of the head and shoulder girdle proba~ly necessitated an extensive 

area of attachment on the ventral surface of the sternum and ventral 

ribs, and possibly on the surfàce of the rectus abdomlnis muscle 

posterior to the sternum (fig. 20). 

A flattened tuberosity of the tip of the deltopectoral crest 

of the humerus in captorhinids, ventral to the insertion of the 

-
-?deltoid muscles, indicates the insertional area of thi"pectoralis 

muscle (fig. 18A, 21A, D). 

Coracobrachlalis, Biceps Brachii (Coracoantibrachialis), and Brachialis 

111at these muscles share a common evolutionar,y origin is evidenced 
, 

, by a very close proxlmlty to one another (thclr attachments to the 

coracoid 0 f Sphenodon arc dl fhcul t to separate) a'Rd hy similar 

innervation. On the basis of the lnnervation, Miner (1925) has 

regarded them as a dceper 

The coracobrachialis 

IJyer of the pectoralis system. 

muS~le of Sphen~don and lizards can be 

divlded lnto a longus and brevis head_ In lizards, the fleshy 

orlgin of the brevis muscle occupies mos t of the lateral surface 

of the coracoid postcrlor to the origin of the supracoracoideus. 

The origin ,0 f the lon,f,us muscle i8 1 imi ted to a smaH are a On the 

posterolateral corner of the,coracoid, posterior to the,or~gin 

of the hrcvls muscle. Salle flbrcs rcach arounù the posterior edge 

of the coracoicl and atlach to the medlal surface of that bone. 

Essentially the same condition exists in Sphenoào~, except that the 
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origin of the l~ngus musele is limited to the 1~tera1 surface of 

the coracoid (Miner 1925). The 10ngus muscle is absent in crocodiles 
,." 

The insertions of these mus~les are adjacent ta one anoth~r, 
o 

- but dis tl,Tlct in Sphenodon and lizards. The brevis muscle has an 

extensive insertion on the proximal half of the flexor surface of 

the humerus. 'The longus muscle also insJ~rts on the flexor surface,. 

but more distally th an the brevis head. 
'>'. 

The external surface of the posterior coracoid of'Captqrhinus 
.~ 

shows no evidence of more than one corac?brachia1is muscle having 

orig'inated from the bane. In Ifzards and Sphenodon, th~ origins 

of the two muscles are hardly separable. It ls probable that the 

• 
coracobrachial i5 b'tevis and longus msucles originat-ed a's a single .. 

~~uscle from th~ posterior coracoid in captorhinids (f1g. l?A). 

The ~nsertion of the breyis muscle in ~aptorhinids undoubtedly 

occupied the concave, 'proximal flexor s~rf.~ce of th~ humerus_, and . 
, ' 

probab;y exFended onto the adjacent surface of the shaft (fig. 21A, 
.. 

D). A pro~inent r1dge on the edge of the entepicondy1e at the level 

u , 

of the foramen indicales the insertion ~f the c~racobrachiàlis 
t! 

o 

longus (fig. 2lD) . 

. Th~ biceps hrachli or Spheno'don takes a fleshy o~rigin from' 

the coracoid' pas terior to the origin of the supracoracoideus and 
, < 

mcd~al ta die origln of the coracpbrachialis'brcvis (Miner 1925). 
" , 

It rU[ls into a tendon which passes over the j.oint capsule. This 

tendon is continuous in lurn witrt a ~o~e aistal b~11y of the same 

" 

, .. 
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muscle which merges with the bracbialis inferior befor~ inserting 

by two tendons on the radius and ulna. 

The proximal belly of the biceps in Igu'ana i5 reduced:' and~ 
1 

the tendon has expanded medially to take over the posterior part 

of the origin of the biceps along the medial border of the coracoid. 
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The proximal belly is rcpresented by ~ smali triangular muscle sheet ~ 

, i 
running [rom the tendon ta th~ coracoid ~nterior'to the tendinous 

origin. The' development 'of a largely tendinous origin in Iguana 

appears to be secondar~, and can possibly be corr&lated to the 

extreme reduction 0 f the~,coracoid as compared to the primi tive 
-~ ... ~''''-

reptilian Co~dltion. In Sphenodon, the teduction -of coracoid .surface 
Il 

available [or muscle attachment ls not as severe, and there-is room 

for ~ flesh.v ortgll1. However, in the crocodile, where sPé!ce on the 

'coracoid docs !lot seem to be limited, the 'proximal bel1y is entirely 

'tendinous (Furbrl!lgcr 1876). 

The brachla1is in[erior of living reptlles gcnerally o!~ginates 

[rom the 1aleral and ventrolaterai surface of the proximal part of 
J~ 

the hume~'us. In ~phe,nodon and lizards, it fuses distally ta the 
t" 

biceps. and t~e resulting muscle inserts by a double tendon ta t~e 
1 • 

radius and uina. The crocodile show~ a s imüar candi tion (Furbringer 

1876). Al though sorne special,ized turties have a double biceps 

(Halker 1973), the' primitive pattern [or turtles is probably the 

same as [or ôll1cr rcptilinn g.roups. 

Thcrc 1 S no -c;peel [IC evidence [or the origin of the biceps 

muscle in "t~'r,lorh ln Ids. S Ince' the pos terior ebraeoid was large 

.... ? ........ --------~~';~'----_.~~ .L 
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• enough to have provio'ded plen"ty of space for a fleshy attachment, 

a tend1nous attachment (which would have fikely left a scar) as 

occurs in Igu~na wou1~ have been unnecessary. The muscle surely 
- .. 

originated in common with the coracobraçh1a1is mass from the ventral 

t 

surface of the posterior coracoid in captor;hinids (fig. 17A) . 
• 

. The limits 0' the origin of the brachialis in.ferior in captorhinids 

. 
is a1so diffj Cl1lt ta de[ine predsely on the basrs of fossU r!!mains, 

lJ 

but i t i8 reasonable to assume that i t. originated from much of the 

lateral and ventrolaterdl surface of the humerus, as it does in 

liVlng reptiles (fig. 17A). 

-" .. ,-
The distal union of the biceps and brachialis inferior seems 

It 
" to he a rrimi t"ive characteristic of reptiles, and pr<?bably occurred 

in caPto~hlnlds. Raised scars on the proximal eods of the media! 
; , 

surfacesl of both the radius and uina indicate (fig. lIB, D, 12A,B, 

'D, 2-~, B) the tcndinous insértions of tllis ficxor muscle mass. 

1 4 

.,.su raco acoideus 

innervatlon of the supracoracQideus (from the supracoracoid 

nerve) learly sets lhis muscle apart ,from the muscles of the pectoralis 

system. In Sphenodon, this mùscle originates Oll the anteridr portion 

of the outer surface of the coracoid, in frout of the or1gins of 

the co acobrachial i8 ~nd biceps muscles. }Iuch the same condition • 
lS found in {izards. The crocodl1c has a similar arrangement, except 

that wilh th0 dlS.1ppcar:mce of lhe scap\llofl\~\J1craljs anterior, the 

supraco aco1d muscle has sprcpd dorsally and gaincd an attachment to , 

• 
,) 

............ ------~~.----~ 
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• , 
the scapular surface as weIl (Ramer 1922). There is no doubt that 

·the supracoracoideus of captorhinids originated from most, if not aIl, 

of the external surface of the anterior coracoid. 

The 1nsertion of the supracoracoideus muscl.~. in living reptiles 

, 
is invariably located on the long, curving surface of the \deltopectoral 

crest between the insertions of the pectoral'is and deltoid muscles 

, 
and the p~oximal articu1ating surface of ~e humerus. Rough bone 

surface of this area of the humerus of captorhinins indi~ates a 
l, 

similar insertion forfthe muscle in these forms (fig. l8A, 2lA, D). 
" 

Clàvicula~ and Scapular Dcltoids (Deltoides 

, ( 
Clavicularis and Scapular1s) 

The clavicular deltoid originates from the ciavicie in aIl 

reptiles 1n which this element remains (Miner 1925). The scapular 

deltoid originales from lhe suprascapula and anterodorsal part of 

.the laterai surface of the scapu1a in Sphenodon and lizards. It 

has been sugg<;sted by Miner (1925) and Ramer (19.44) that these two 

dcltoid muscles primitively form~d a continuous sheet taking its 

origw from the clavicle and cle1 thrum. As the clei thrum became 

reduced in more advartced forms, the dorsal part of the muscle sheet 

'-
separaled from the clavicular portion and spread its origin over 

the scapul ar surface adjacent ta the d1sappearing cleithrum, becoming 

the' scapular deltoid. 

As has al réady bcen p01nted out, no rum has bcen found 

in aSSOCIatIon w1th captorhlnld rcmains. ugh it is qui te possible 

that one eXlstcd in captorhinids, It not a large, 

• \ 1 r 
l ,,> 

• 

~ 
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1 

primi tive, ,II capping Il ciei thrum such as the one presen t in Diadectes, 

~ ~ 

and probably <tould not have provided a satisfac tory anchor for she 

scapular deltoid. It seems, thereEore, that the deltoids of captor-

h~nids were ~n the form of two 'dist~nct muscles.~ The scapular deltoid 

of captorhinids may have t~ken part of its origin from a cleithrum, 

but the major attachment was undoubtedly on the anterior pait of 
/-

the scapula and suprascapula. A very shallow depression on the 

dorsal part of the scapula of captorhinids indicates the area of 

origin oE this musc~e (fig. 17A). 

The clavicle of captorhinid1'1 possesses a posteriorly~directed 
('l ~-

flange on the ventral half o-f-tllE' stem which served{ as a site for 

the origln of the clavlcular dcItold muscle (fIg. 17Af. 
, 

A consp~cuous rugose ridge runs along the upper, proximal part 

of the deltoRectoral ridge from the insprtion of the pectoralis 

to the proximal arliculatary surface of the humerus of captorhlnids-

(fig. 218,D). TIle position of this ridgc corresponds ta the area 

of ~nsertion of the delto~d muscles in living rept:Ltc,s. It is not 

possible to Identlfy two separate insertiona1 arens on the ridge, 

' ..... - ' 

but i t ,~s probable that the c1avicular and scapular deI toids inserted, 

perhaps by a partially tcndinous attachment, ncxt to each other on 

this ridge. 

Scapulohumcr3lis 

Romer (1922, 19M) considC'r('~1 that the scapul,ohumcralis posterior 

1~ 

could not have bccn der ~vcd [rom the scapulohumcra11s an tcrior 

.. 

.7 _ .. ? ________ -. _____ • __ L-._~~_ ._ 
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becaus,~ the two muscles are sep~rated_ by the tendinous origin of the 

triceps scàpularis muscle in living reptil~s that'possess both 

scapulohumeralis muscles. He postu1ated that the scapulohumeralis 

posterior had been derlved ft~m the subcoracoscapularis muscle. 

However, as MIner (1925) pointe'd out, the innerva~ion of the scapulo­, 
humeral i8 pas terior 18 closely a8sociated wi th that of the scapulo-

~ 

hutn(!ralis anterior, but quite distinct from that of the subcoraco-
,1'''' .. 

scapularls. H~, a1so ci ted Furbringer (1900), who demons trated th'e 
1 

extreme variability of the origin of the scapular trlçeps among 
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different !izard genera. Miner argued that similarities in innervation 
• 

are more'valid for the ûstablishment of muscle homologies than 

the physlcal relatlOI1ships between the muscles themselves, especially 

when thcse~elationstnps are as variable as those between the 

scapulohumeral i~ muscles and scapular triceps. l believe that Miner 

was probably correc t ln emphas izing the s imi lar Innervation of the 

scapulohumcra'lls antcrlor and posterior in. cstablishing a close 

,rclationship bctwef'n the two muscles, and reJecting the hypothesis 

that the scapulohumeral is, pas tcrior was derived fram the subcoraco-

scapularis. 

Only Sphenodon amongst iiving reptiles possess both a sca~ulo-

1 c 

'humcralis anterior aml posterior. ,,_Th=- ~rocodiles possess only the 

poslerior muscle (ROTTler 191~4 homologized the deeper fibres of the 
\ 

. \ 

clavlcular deltoHj oT"lginating [rom the jIale,rai surface of the 

~c_aplJla WILl! lhe scapllJohumcralis antC'rior of other tctrapods), 

and ln Uzards, only lhe anlerior muscle 1.& present. This suggested 1 

.J 
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• to Miner (1925) that the pTimi rive scapulohkr~l_is mass was a"' single 

1 

\ muscle, but divided early to produce the condition seen in Sphenodon. 

Reduction of the posterior muscle gave rise to the lizard condition, 

and reduction (or fusion wlth the clavicular deltoid) of the anterior 

muscle to the crocodilian condition. 

There is no osteological evidence for the existance of a separate 

scapulohumeralis anterlor and' posterior in captorhinids. It is 

} 

probahle that the separation of the scapulohumeralis, into an anterior 

and posterior slip took place in the progressive, presumably agile, 

dlapsid reptiles to improve the efficiency of their locomotor apparatus. 

Evolution in various directions has yielded the results seen in 

living forms. CaptorhLnids were not closely related to this progressive 

dlapsid group, and although speci:.llized ln some Eeatures of the 

skull, constituted a conservative lineage. If lt, is correct ta 

assuine that a single scapulohumeralis muscle lS primitive in reptiles,' 

it is prohable that captorhlnlds showed this characteristic. 

On the ventral part of the lateral surface of the scapula of , 

captorhin1ds LS a shallow depl'ession, separated by low ridges from 

the areas of origin of the scapular deltoid muscle dorsally and 

supracoracoideus muscle ventrally (fig. 161\). This ls, no doubt, 

the loca lion of the origin 0 Ethe scapulohumeral is muscle. The 

insertlon of this muscle was a fleshy one on the top of the proximal 

head of the humerus belwcen the inserlion of the deltold and 

suhcoracoscapularls muscles, and proximal to UIP laleral hcad of 

the lr icep~. An irregular r idgc ma1'ks tll1S arca (fIg. 2lB) . 

• 
....................... ____ 7 ______ ~.;~ __ ~ __ ~ 
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LatiSSlmus Dorsi 

The latisSlmus dorsi has essentially the same configuration 

in aIl living reptiles. It originates as a wide sheet from th~ 

fascia of the back, and narrows to inse!ft on the lateral surface 

of the medial (posterior) process of the proxlmal head of the hurnerus, 

distal to the insertlon of the subcoracoscapularis muscle. 

The nature of the origin of the latissimus dorsi renders the 

detection of this area of attachment impossible in fossil forms. 

The insertion is discernable as a conspicuous ridge running in an 

ante~ropos tcrior di rection on the medial surface of the proximal head 

of thehumerus(fig. 2lB, C). 

Subcoracoscapularis 

This muscle ln reptiles characteristically orlginates from 

the pos ter ior and medlal sur faces of the girdle and passes pas teriorly 

behind the base of the scapula to insert on the edge of the medial 

1 
(pas terior) pracess of the proximal head of the humerus. ln lizards, 

as cXcmp1ified b), Laccrta (Ramer 1944) and in Sphenodon, the 

subcoracoscapularis can he separatecl into two slips. The subcoraco­

scapullris proper orlginates a10ng most of the posterior border , 

of the bony scapula, arid from much of the upper media1 surface of 

that banc as weIl. A more ventral sllp, oEten called the subcoracoideus, 

orir,inatcs [yom mos,[ of the mecll<ll surface of the coracoid. Ramer 

~ (1922) idclltlflCd LI\(, trlangul<lr arc.1 on the posterlor cdgc of the 
t 

scapula Immediately abovc the glenoid as the area of arigin of the 
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subcoracoscapularis muscle in primitive reptiles. He, however, 

doubted the exis tence o-f a subcoracoid muscle in these forms . 

.j 

Because of the ridge above the glenoid and the presence of the 

posterior coracoid in primitive forms, Romer argued, any muscle 

running from the internaI surface of the coracoid to the humerus 
~ 

", 
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would have had ta turn an angle of about 270 degrees (fig. 23A). / 

Huwever, an examination of his figure 2 (cdmpare with fig. 23A in 

this paper) suggests that the illustration of the girdle of Dimetrodon 

was drawn without sufficient compensation for the Rost-mortem flattening 

of the scapulocoracoid. Cons~quently, the scapulocora~oid figured 
." '. 

was unnaturally flattened, and the caracoid plate was recanstructed , 

as facing laterally rather than primarily ventrally as wùuld have 

been the case in an undistorted girdle. If this is taken inta 
-, 

account, and the humerus is placed at its proper angle in the glenoid, 

• the larges tare that the fibres of the muscle would have had ta 
1 

describe, from origin ta insertion, would have been a semi-circle, 

a turn of 180 degrees (fig. 23B). This is assuming that the muscle 

fibres attached at right angles to the plane of the bone surface. 
\ 

In reality, muscles tend ta a5fach to bone surface sa that the major 
\ 

force component is directed 
, .' 

surfaçe (Frazzetta 1968). This means that 

... was probably much less tnan 90 degrees for 

tangientially to the ltone 

the angle of ftachment 

both origin and insertion, 

\ ~ 

considerably reducing the size of the arc through which th~ muscla 

f · b h d F h h' .1, 1 h ~ res must ave passe. urt ermore, t e ~nsertrona area on t e 

'humerus is much higher r-elative to the r:Ldge behind the glenoid, 
, , , 
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Fig. 23 An illustration of the argument for the possible existence 
, 

of a subcotacoid muscle .. A, Reproduc tion ,of figure used by Romer 

(1922) to establis~ the ~robabilitY of the existence of a sub­

coracaid muscle-ri.n the pelycosaur Dimetradon. B, Drawing oLQ 
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and al though the insert1.on 11 cannot look down into the cavit:r~om 

which (the muscle) arises" (Ramer 1922), the existance of a sub~ 

coracoid portion of the subcoracoscapular1.s muscie is conceivable. 

The s~bcoracoscapularis of captorhinids originated from the 

triangu1ar area on the scapul~ above the glenaid, as it does in other 
1 n 

prirrrltiv-e·<tetrapods. It also attached ta the medial surface of the 

pas terior part 0 f the scapular blade, fol10wing the supporting brace 

of that bane dorsally (f1.g. l7B). There was prob-ably also a sub-

.. 
caraco id slip of lhe above muscle that gained ~ome contact on the 

medial surface o[ .the coracoid as well (hg. 17B). The insertion 
.... 

of this muscle is indicated by a raised area of bone 'on the proximal 

68 

part of the process medlalis of the humerus of captorhinids (fig. 21B, 

Triceps (Ancanaeus) 

The triceps muscles of lawer tetrapods can be divided into a 

medla1 and a lateral muscle mass. Each can be further subdivided 

into a long muscle orlglnating, often 15y a tendon, [rom, the shaultler 

g1.rdle, and a short muscle origlnating fleshily from the shaft of 
p-

the hUnlerus. The lonr, ,muscle of the medial mass originates fro'm 

the pàs ter.i,.or"corrcoid (in l1zards and Sphenodon [rom the tendon 

w!d ch 0 r unc t 'Ona i~ Y<' pl ace, lh e la tl~, and the ,hor t ma" origi na tes 

[rom lhe dorsomccha] surface' o[ lh(' humerus. The long muscle o[ the 

lateral masù Ori~1.nfltcs from the hase of lhe scapula betweeQ the 

subcoracoscapularis and scapulohulllcralls anter1.or muscles, 'fh'd the 

\ 

( 
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shovt muscle originates from the dorsolateral surface ofitthe humerus. 

The long and short heads of each muscle mass fuse together, and the 

resu1ting muscles converge on the olecranon process of the ulna. 

This pattern is qUlte consistant for aIl living reptiles exc~pt the 

t~rtle, where the coracoid head has been Iost (Romer 1922). The 

c'onflguration 'of the triceps muscles in captorhinids was probably 

essentially the same as in Sphenodon or lizards. The origin of the 

long h~ad of the medial (coracoid) muscle mass can be seen as a 

Slight swelling o~ the posterodor~a1 corner of the posterior coracoid 

"-
(fig. 17A). A depression on the ~dge of ~he processus ~edialis 

of the humerus distal to the insertion of the subcoracoscapularis 
, .1 

and ventral ta the insertion of the &lissimus gives evidence for 

the proximai extent of the short head of the medial mass (fIg. 2Ie). ,1 

The long head of the laterai (scapu1ar) mass must have originated 

from the ver~lcal rldge of the supraglenoid buttress Immediately 
,...,) 

anterior to the origll1 of the subcoracoscapu1arls musc1(! (fig. -17A), 

but~re arc no ~ca.rs la identify the exact lbcation of the attachment. 

The sam~~! trué (or lhe humeraI head of the lateral mass,' but it 

presumably took its origin-[rom most of the dorsolateral surface 
" 

" of the humcrus distal lo the l.nsertion of the deltold, scapulohumeralis, 

and sUDcoracoscapularls mus,cles and dorsal to the insertIon of ,the 

braclllalis in(C'rIor (fig. 21B,C). A fùint rldge', VIsible on sorne 

hUnIerl, rUl1ning lram the prosessuf, !nec/lalis lo the cctcpicondyle 

(fig. lOTI) IndJcatl's the b01\ndry betwl'en th" short heaùs of the 

mediai and latcral muscles. J'rominent ridgC's and grooves covering 

1 
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the olecranon process 0 
) 

, 
fig. 12) suggest that these 

that inserted widely over 

the sur fa'Ce ~f this process (fig. 22). 

The Musculature of the Forearm 
~, a. f 

An excellent description of the forearm musculature of SQhenodon 

and Megalobatrachus was given by Miner (1925). Despite the wide 

phylogenetic gap between these two animaIs, this musculature is 

quite s~milar. Furthermore, dissection of Iguana and turtles reveal 

\ 

that these animaIs also share this basic pattern of forearm musculature, 

especially the lizard. This s~ggests that the cvolution of the 

forearm musculature tas been quite conservative in these tetrapods, 
1 

and that the arrartgE)lment of these rJ!uscles ref1ec ts a primi tive 
1 

i 
condition similar to that which would be expected in captorhinids. 

J 

The forma tion f the extensor musculature of tetrapods vas 

no doubt a result 0 differentiation of a primitive extensor mass 

present in ancestra rhipidistian crossopterygians. That-these 

muscles share a c 

close proximity of 

continous origin frD 

hy the brachi,tis 10 

The supinator 

from the proximal par 

origin is demonstrated by the 

muscular origins (they form an essentially. 

the cc tepicondylf') and their common innervation 

gus superior nerve (see Miner 1925). 

gus (tractor radii) of reptiles originates 

of the ectepicondy1e, and inserts o~ the 

medial surface of the radius. Pelycosaurs developed, a supinator 

process on the ectepic ndyle, presumably to increase ~he mechanical 

./ 
, 

1 
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adva~tage of the supinator long~s muscle. Aithough there is no 

true sup}nator process in captorhinids, there is a smali knob on 

the proximal portioneof the'ectepicondyle that indicates the point '" 
. ,. 

of. origln of ,the supinator longus (fig: -21D). The eetepicondyle 

does not ~eveal specifie evidence of any other muscular origins, 

but jucJging from the pattern shown in living reptiles, it seems 

, ~, 

reasonable ta rec~;ms truc t these origins as shown in fig. 21B, D.' • 

A ridge ~unning dis tally from the area of the insertion of the 

biceps musclê on the radiai side of the radius in captorhinids 

indicates th(\. insertion ·of the supinator longus (fig. 22A). 

, 
The extensor carpi rad~alis muscle mass primitively appears 

), 

~to have been composed of thr~e muscles. Turtles ah9 Sphenodon 

show th,is COl,lcll tIan, both J'6lssessing an extensor ca:pi radialis 
., 

superficialis, 'profunclus, _~Q.ri. intermedius head originatlng adjacent 

to one anothcr on the '(>cteplconcly1e (Haines 1939). In lizards, 
\ . 
\ .!' 

the sllPerfiCi.alis,musclr'lS secondarily"missing (Haln~s 1939). In 

aIl living reptiles, th.ese muscl(ls inserr adjacent to one, another 
\. 

on the ex..tensor sur[ncc of the distal end of tHe radius and on the 

radial side o[ the carpus. Haines, in his reconstruction of the 

èxtensor muscula turc 0 f Opll iacodon [01.10wed a pa t tern common to' 

Sphenodon and turtlcs f , in ':vhich the proEllndus and il)termedius heads 

insert on the extensor surface of tllC radlus and the superficia1is 

hc.:td In~[;'ts -d-, tllP radJale. Captorhinids show no specifie evidence 

[or th.c .J,nsertion)\Q[ t1,c pro[ulldllS ilnd int('rmcdius hoa<15, but it 

" "\ 
18 mo};t likcly. tha't these muscles aLtachcd to the radius as propo>sed 
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by Haines for' Ophiacodon (fig. 22A). 

and a promin~n t d\press ion rachal to 

surface of the rad\iaie ('fig. 22A) of .. 

A strong cr2~lmndistal rldge 

this ridge on the extensor 

captorhinids suggests th~ area 
';' 

of Insertion 0 [ the exLcnsor carpi radialis sup',r ficial1.s. 

The exLensor carpI ulnaris of Sphenodon (Miner 1925) and 

Iguana izserts on the lateral surEac€'\ ot- the distal end of the uIna, 

pisifotm, ;>nd on the mctacarpus V. In crocodil~s, the muscle inserts 
1 

-(on the entire exLensor su~face of the uina and ulhare. In the 

72 

turtIe, the muscle inserts only on the ulna. Although therc i9 no~_ 

direct eVldencc of this mus~le ln captorhinids, the similarities 

in structure of the carpus between these <mimaIs and Sphenodon 

'lndicatc that lts inscrtibn in captorhlnids would have been on the 

dIstal enO of the Iateral sllrfélce of the uIna, extensor surface of 

the pisi[orm, - and (llctacarpal ", (fig. 2U). The anconaeus quartuf, 
f . 

a close1y re lated 
t 1 

mus~le, o~lginales in living reptIles wlth the; if, 

extensor carpi llinaris and inscrts alang- the latda:-al border of tI1e 

uIna, proxImal to the l11sert1on of Lhe latter muscle. A ridge on 

the proxunal end of the Iaterai surface of the u1na in captorhinl-ds Î .. 
may indicate the dIvision between the' anconacus qua~tus ~and the 

'il 

epitrochleoélnconaells, 
t!'" 

the latter inserting on the adjacent flexor 
}' 

sur face of tl~e 1I1na ('fj~. 22A, B). 

1 

The 
1 .. 

longus (humcrodors al is) pr'esumably 

1 

arose Ih 

c:{t.enc,?! AhgItorum 

ca~tlolnid., (fr"g. 2113, D) from +he cc tcpicondyle between 
( ... 

the extcns~r 

, 
, , 

carpi rachal1!> ,Incl extcnsot carpi ulnarlS muscles, . ( 

as it ooçs ln a11 llvlng rept1.1es. In Sphl'nodon and IgOana this 
J -" 4f'p lA 

'" 
.., 

- 1 
l 

1 
1. 
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sepora?QS at its distal end into several small slips, each slip 
l , 

attaching ,ta 8, tendon inserting on the u1nar slde of the proximal 

end 0 [ a me tacarpal (hg. 22A). In the turt1e (Walker ~973) the 

ml~scl(> "t>par.1Lcs, as ln other living [orms into a series of slips, ;,' 

cach ~.j th a tendon inserting on the proximal end of a metacarpaL It 

"Ys slgnl[lcn.nt, howevcr, that tendons from this muscle insèrt not 

73 

on1y on the ulnar side of the metaearpals, as in lizards and Sphenodon, 

but 011 the ratl1al side as weIl. The condition seen in turtles, 

l bc1ievc, lS '~rimitive. 

be~n reducec1 in\:elatlve 

ln most modern reptiles, the carpus has 

Slze as compared with that of captorhi~ids. 

The 'dIstal end of the carpus ls not wiùe enough. to accorrmodate the 
) 

proximal'expanslons of the metacarpals of mOst livi~g reptiles 

unless the metacarpals are twisted and orienled sa t~ the ulnar 

side of the proxImal expanslon of cael! of mct,acarwals I-IV overlaps , 

the radial side of tl1C' metacarpal sltuatecl laterally ta it. This 
• 

means that the radial stldes of metacarpals II-V are, covered by the 

, 
adjacent metacnrpal élJld lt wou,lcl be impossIble [or a tendon from 

the extcnf.or digl torum longus muscle ta insert on this side of the 

prox1mal expansion of those metacarpa1s. , " 

In the turtIe, on 

other hand, the carpus is very ~clc, and consequently it is unnecessary 

[or the metacarpals to be stacked as in other living reptiles. 

This lcaves bath SIcles of Lhe proximal expansions cxposed. It seems 

likely that tendons o[ the extensor digitorum IQngus inserted on 
Q 

both sldes of each mcLacarpal in cilptorhlnlds, mudi as they do in 

turtles. Haines (1939) assllmed a simllar arrangement of the insertions 
<\1 

f 

-



• of the tendons in hjs reconstructl0n of the extensor muscles of 

Ophiacodon. The origl11 of the 'extensor digltorum communlS brevi!1" 

muscle ln llvlng reptiles is from the proximal, ulnar side of the 

carpus, usually from the ulnare and Intermedium. Depressions on 

the dorsal sur faces of th-c intermeditun, lateraJo cen traIe, and ulnar 

side of the radlale of captorhinlds indicate tho probable origin 

of the extensor digiLorum communis brevis (fig. 15, 22A)., These 

muscles prcsumably radlated out from this common origin to inserlt' '\ 

on the dorsal sur [ace of the dis LaI phalanges by tendons, as in 

, 
lizards and Sphenodon, but there is no osteologrcal evidence for 

these insertions. 

The suplnaLor mdnus originates [rom the dis tal end of the ulha 

in aIl livlng repLiles. The musc le passes diagot;1ally across the 

'" lower lcg to a more dlstal insertion oj the radial side of the 

o 

wrlst. ln Sphenodon, crocodiles and tùrtles, this muscle inserts 

on the radial slde of lhe carpus and proximo-radial corner of meta-

carpus l (Haines 1939). ln llzards, the insertion has shifted up 

onto the distnl end of the radius. This transfer of atta,ç:hment 

from the carpus to the radius li most likely a reslJlt of' a general 

o 

reduc tion in the s ize 0 f the carpus in these animaIs and is therefore .. 
1 

él specialized [eature of lizards. The inscrtion qf the supinator 

" 1 
manus of captorhinids was probahly in the mOlic typical reptilian 

, 
position, locnLed on lite rildial side of the proximal end of the 

[lrst metacilrpal and surrounding connective tissue., 

Dorsometacarpales were presumably present on the dorsal surface 

• 
/ 
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Fig. 24 Ex~ensor musculature of the distal part of the 

ant'eri~ limb 9J,...~.J'~ptorhinid. A, Deep, B, More Superficial, 

C, Superficial. For abbreviations, see " Explanation of 

Abbreviations " 
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of the dIgits, but there~~ dsteo~ogical eviden,e fol" thern in 

captorhlnids The angin of éach of the dorsometacarpales of many 
, 
• 

lower tetrapaùs spreads over sevcral metacarpals. This mul tiple 

or~gln IJ f the dorsome tacarpales, al though widespread among lower 

te trapods, nppcars t'o be a specialization (Jlain~s 1939). -'-Haines 

sugges ts that primitively, each ùorsomctacarpale originates from 
• 1 

one metacarpal only, as in turtles,and he reconstruc.ted these muscles 
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in Ons m,lnnpf ln Ophlâcodon. It is probable that the dorsometacar,pales 

of captorlnnlds origlnateù in a simllar manner (fig. 22A). 

The enlepicondyle forms a br.oad plate which provides ample 

room for the origin .of the flexor mus'Çles of the lower arm and hand 

(fIg. 2lD). The pj ttet! and roughencù ventral surface of the condyle 

lndicales the general 10caVqp..c5'f the origin <;lof the flexor muscle 

mass, hut It lS impos~Jlblc ta ùistlngulsh .. the attachment areas of 

111--dividual muscles. Only a comparative study of living reptiles 

has made lt possibl~ ta reconstruct the orlgins of the flexor muscles 

shown in fig. 21 D. 

The palmaris communis muscle of lower tetrapods 'ilppears to have 

been gcnerally COIllP0f,0c! of threc hcads, a superflclal head origi"nating 

, -' -<-

from the venlral surface of the flexor cres~ (fig. 21D) a.nel 'two Q 

profundus h~aùs, on0 'hriginating from the p~xor crest internaI to 

" the supcrficiai hC:1d, (fir,. 21D) and the olher from most of the 

radial UC.;or <;\lrL[1l<' Dt L!H' 1I1na (fir,. ,ïLlI). These lhn·C' hcads 
" / ! 

converge' on an aponclIrosls. This ~poneoro'l ls wraps around the ventral 

s ur face of the1ttand and (then breaks up ln to Il<lrrow tendons, each 
1 

I­
l 
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insertlng on a term nal phalanx. This pattern is duplicated in 

hzards. SP\;~~odon and cro'Codiles. In turtles, there is no profundus 
\ 

u head, as suc'~ ori lnatlng [rom the humerus as it daes in the other 

forms. 11115 exce, tion will be considered more fully'in the discussion 

of the pronator radii teres below. Al though there is no direc t 

ostealoglcal evidencc fa..!. tllls must:le in captorhinids, it seems 

qui te cer tain that Il zards, crocodiles, and Sphenodon demans tr<:lte 

the pnmitive condLtion of the palmaris communis muscle, and it 

should be restored as such in captorhinids (fig. 25B,C). 

The pronator ~adli teres originates with the humeraI head of 

\ 

the palmarls communlS profundu5 in Sphenodon and lizards (McMurrich 

1903), from '",hich the former muscle was obvious1y derived (Miner 
J 

1925) . l t separa tes from the la t ter dis tally and inscrts on the 

dIstal ('nd of the flexor surface of the radius. ln turt1es, the 

pronator radli teres is very large, and appears to have incorporated 
• 

the humerai hcad of the palmarls communis profunùus, which has lost 

its attachment ta the plaptar aponeurosls(and fused wl-th the pronator. 

The prQnator radii teres is present in one form or anather in aIl 

l~vil1g groups of reptiles, and must have existed in captorhinids, 

or,iginat~ng with. the humeraI he ad of the palmaris communis profundus 
\ \ 

\ 

([lg. 21D) and inscrtlng as a separate muscle of: the distal end of 

the [lexor SllTLù'c of Lhc'Tadius (fig. 22B, 2Sll). 

The ulnar flexors (~f T,-,ptiles consist of two closely related 

_l.Tl.~scles, the epi troch1eoancollaeu.s, ,anù the El('xor carpi u1naris. 

The cp~trochleoanconat>l1s takes ~ts origin from the most distal part 

,1 
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Fig. 25 Flexor mu~culature of the distb( part of th~ 

anterior 11mb of a captorhinid. 
j 

A, Deep, B, More Superficial. 

C, Superficial. For abbreviations see " Explanation of 

Abbreviations "; 
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of the entepicondyle, and the flexor carpi ulnaris originates 

immediately prox~mal ta the origin of the former. The epitrochleo-

ànconaeus insert~ alon~ the distal portion of the ulnar s~de of the 

flexor sur.[.:lce of the ulna"in Sphenodon and lizards. Walker (1973) 

does not recognize a separate epirochleoanconaeus in Pseudemys, 

~ '" 
but a specimen that l dissected definitely shows this muscle. It 

>1 

inserts along nearty the whole lateral portion of the flcxor surface 

of the ulna. Roughened bone sur face in this region of, the ulna 

of captorhinids (~~g. Ile) suggests a similar condition in these 

forms. In ~zards and Sphenodon, the flexor carpi ulnaris muscle 

originates ~n the humerus, and passes diagonally across the lower 

arm from the preax~al' to pos taxial borders and inserts on the pis iform. 

In captorhinids, th~s)rnuscle appears to have taken the same form. 

The action of the flexor carpi ulnaris muscle in captorhinids, 
~ 

lizards and Sphenodon, judging by its origin, insertion and direction 

{ of pull is to ~upinate the hand as we-ll as flex the ulnar side of 
." v, 

th~ carpus (f~g. 25C). The posteriorly projecting pisiform increased 

the supinating power of the muscle. In crocodiles, the muscle inserts 
Î~ .:/ 

on the ulnare, and ~n turtles, on the ulnare and PiSifO~. Th~s 

shift of insertion at.,ay from the" plsiform reflects the reduced condition 

o of the pisiform in turtles and especially crocodiles. The pisiform 

is large in captorhinids, and it'seems l~kely that the muscle inserted 

on this bone e~clusively in this group, as it does in lizards and 

Sphenodon (fig. 22B, 25C). 
<.f 

The flexor carpi radialis mass of lower tetrapods originates 

\ 
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~rom the proxlmal part of the entepicondyle. In aIl .1iving reptiles , 

except turtles, it splilS Into l4tYo heaùs" In lizârùS and Sph~nodon, 

one h~ad InsC'rts on lhe radial border of the radius, while the other 

illserts Qn LlH' q ('X(W surface of the radIale. 
;, 

lri crocodIles, both 

heads insert on the radIUS. The 10ne head of the flexor earpi radialis 

of turtlps Inserts on the proximal end of the flexor surface of the 

flrs t metélcarpal; The candi tian sh10wn Uy Sphenodon and lizards 

is probahly closcst to the pri~itive one, and consequently captorhinids 

have been res lored Wl th two flexor carpi radialis muscles, one 

inserLlng on the radIUS, jnd the other on the flexor surface of the 

radiale (Üg. 22B, 25A). 

Lowf>r tetrapods lyplc~lly possess a pronator quadratus, nOIT!lally 

ta~ .... g_t_l_le_ (orm 0 f a broad sheet of muscle onglna tion [rom the ra~ial 

border of the ulna and lnserting on the ulnar border of the radius. 

TIns i8 the condI tIOIl of the muscle in lizards and Sphenodon. The 
.. 

pronalor quadratus (pro(undus) muscle 15 absent in ~ome tortles. 

-
Where present, it normally originates from the medial border of' 

the ulna, but unl1.ke the conclltion in uUler Leptile9, inscrt3 on 

the radial side of the carpus (Walker 1973). No ridges exist on the ) 

';one ,",face .. ~f the racllus or ~na.of captorhinids in the .regions / 

where one wOlücl expect such a muscle to attach. However, the general 
~ <J 

conditlOn of the pronator quadratus il1 lower tetrapods indicate.s 

L1ld.L il orlr~ll1<"1ted Iro"l must of the radial border of the ulna, 

. 
a.l1d 111!>erLcd .011 most of tltç' t11n!1r. horder of the radius, and possibly 

also 011 the rad~ale (fig. 22n, 25A) . 

, 
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," 

~,nng reptiles possess ,Jrt dig~tal He:ors, }the Elexore, 

--lJreves subl1m0S. They cons-tst ~e muscle shects, two superficial 

to the palmar aponeurosls and or~ginating from its ventral surface, 

qnd one ùeep la tl1ü o.pone!lros~s, originat~ngeJfrom its dorsal surface. 

The most superficial sheel splits up and the, slips of muscle loop 

around each long tendo'n of lhe plantar aponcurosis and converge 

to form a tendon dorsally. These tendons run distally, dorsal 

to the tendon of the pl~lntar aponeurosis and insett, each on the 
~ -;1 

base of a phalanx of a digit. 'The more dorsal 'superfici?-l muscle 

sheet of the short c1~gi tal flexoI"S also breaks up into several slips 
, 

which loor arQund the long tendons of the p,lantar aponeurosis but 

insert f,}.eshily on eit:her side of one phalanx of each digit. The 

deep muscle shcet inscrts fleshily with the above. 

Miner (1925) was able to recognize aIl three layers of this 

muscle in urode les, al though they arc very small and underdevelope'd, 

and unlike the conch tlon in reptilfs, aIl ,layers take their origin 

from the dorsal sur[accf,of the plantar aponeuros~s, leav~ng the 

latter completely expose~ventrally. He suggested that a rept~lian 

cc5ndltion Gould have been deri~e\d from the uroùele cond~tion by an , ' 

expansion of muscle of mo of the tluée primitive slips of short 
~I 

digl tal flexors arouncl the long tendon of the palmar aponeurosis" 

gainlng a. new attachmenl on Hs ve1'ltral surface. This, Miner claimed, 

oc~,u:red in Tesponse lo a need for lncreascd power t't flex the 

dIgits of reptiles, w~ich were as a group, more lerrestrlRl in habit 

than amphibians. Since i t now'appears tha t the 1mmcdialc ancestors 
l,> 
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of reptiles and the most prim'tive reptiles were quite terrestrial, 

it seems mast 1Ikely that this expansion o( the flexores breves 

sublimes ta the ventral surfae of the palmar aponeurosis 'bee~r:red 
, , 

bcforc or during the am~llblan-reptilian trans~tlon. For this 

.. , 
reason it scems most llkely eaptorhinids~possess a shoxt digital 

flexor system mueh llke that pr sent in modern reptIles (flgJ 25B,C). 
, 1 

Th,ca eontrahendes digitorum f urodeles art'd, amphibians ih general ,......,. 

,is composed of several slips o~i the carpus and inierting 

on the dIgIts, Becausc of a power fui short 

digital flexor system, the digitorum mass beeame reduced 

in reptiles, and is only represent two slips in Sphenodon, 

the adductores palliees and digiti i1.imi. ;'hese muscles originate ~ 
'~ ,: f~ 

ulnarc. The adductoDes together [rom the distal çarp;J.l!'2;' , 

pollices inserts on the ulnar side 0 the Joint of the me.tacarpal 

alm ptplallx of digi LV. S Ince the rt dIgital flcxors of eaptorhinids 

werc probably weIl dcvelaped, the con rahendes digitorum musculature 

would most likcly hél,Nc been no more ex -ensive than that of Sphenodon 

(fig, z2n, 2')1\). 

Jtcartarhin~ds a1so presumably hac! f exor br'evis prafundus muscles 

SImI1ar ta those Eound in living rePtile~. These musc~es tYPieallJ 

, (j 

originate [rom lhe dis'.al -carpals II-V :1\d mClacarpals II-V. ,Eacl") 

muscle <ilvidcs 11lLo t\Vo, wllh one slip ln~Crling ont\ the ~ame 
mctacarpal [rom Whlcil lt orlgina~ck, and t~,IC olher sl'~p Inserting 

Ion the metacarpa1 Sl luated radlal ta th(> m~tac~~pa1 f~om which'the 
! 

1 • 

muscle oTl8lnates 01I11cr 1925), (fl=g. nE, 7.51\) . 
, ,)~ .. 

• zr .... ~.s~~ ___________________ ~_~_ . 
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SUMMARY AND DISCUSSION 

l' 

Although separated by a span of at 1east 230 million rears, living 

______ r_ept~les and captorhinids possess -a pectoral 1imb of r~rkab1y siml1ar • 

structure. This simi1arity, ~articu1ar1y in.musculature, not only 

between captorhinids and living forms, but also among living forms as 

weIl testifies to the conservative nature of its evo1ution in reptiles. 
",,' 

There are, however; a few differences in the osteology \lf the pectoral 
1 

limb th~t are import~nt in terms o~ 1imb function. 

1 
There is a tendency in modern forms towa:r:ds red~c tiOl:lof the 

derilial girdle. The cleithrum has disappeared in aIl living reptiles, 

the clavicles are absent in crooodiles, and ~hê .remaining dermal;;l 

bones are much 1ighter and thinner than in (aptorhinids. The scapu10-

coracoids of 1izards are~erfora~d by a series of fenestrae, each 
1 1 

fenestra associated with the origin of a shoulder muscle. The surface 
" 

of the scapulocoracoid of captorhinids ls unfenestrated; but the bone 

is substantia11y thinner in the areas corresponding to tpe locations 

of the openings in recent forms. 

The modifications of ~hë glenoid an~ associated reduction of the 

posterior coracoid in modern forms as compared with the condition 
• 

" seen in captor~ is probably the sirg1e most important difference 

in t;erms of limb fune tian. The serew 'shaped glenoid of captorhinids 
h 

, 

appeats to have been a strong joint, strict1y regulating th~ degree 

~of twistIng 'of thé humerus as it was drawn back and d~ through the 
~, 0 

power s trokê. 
Il 

This regu1ation, however, severe1y. reduced the mobility 
", 

Q, 

1 
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of the humcrus, and ..0"ced the captorhinids to move their ~forelimb 
~ ~ 

through a stiff, spra\-,ling gait, with little variation in th,e pattern 1 

possible. 

The reduction of the posterior coracoid of living reptiles ex tends 

.--" 

the posterior range oft the movement of the humerMs, and in conjunction 
,. 

with the abbreviation of the glenoid to a baIl and socket joint, gave 

a g;eater pot~ntial range of moveme~t in a vertical as weIl as hori­

zontal plane. These changes alîowed modern forms to abandon the 
1 

spr",wl1ng stance of primL'tive reptiles, and move the humerus into 
; 

a position parallel with the trunk. Q 

, Since rapid locomotion of modern reptiles i8 accomplished with 

the humerus parallel to the trunk and the pectoral limbs J-mder the 

body, the triceps and b1ceps carry most of the bu~dcn ?f extension 

and flex ion of the lower limbs. The dLstal condyles of the humerus 
...... " . 

of 11ving fnrms are conseq.~ntly reduced [rom the condition seen in 

captorhin1ds, whcre the flexors and extensors played much more important 

roles in the power and recovery'strokes. During the power stroke, 

the elbow Joint of primit1ve reptiles 18 placed under severe torsional 

stress due to their sprawling posture. Because of the major reorientation 

of the htlmerus in living reptiles, torsion does 

in the design of the joint. The elbow joint is 
... 

cons truc led, wi th none 0 f t:hc modi fication,s [or 

that arc prf'Hcnt 1 n caplorhinl<ls. 

not play a- maj or raie 

Il 
muchl' more loosely 

l' 

res{sting torsion 

Thcre ]5 111so ,1 tcndeflcy in living reptiles to rC'ducc the 

• relative size of lhe carpus. ln lizards particularly, one or more 

\ 

, , \ 

" 

, 1 

.. 
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" of the carpai bones are often reduced or absent, and a simple hinge 

'î 
joint between the radiu" and uina and the carrus often develops to 

replace the complex lntcrlocking of the captorhinid-type carpai structure. 

In Sphenodon, this intcrlocking structure is retalned, but the carpus 

is rela tively snmller than that seen in captorhlnids" In crocodileP' 

the carpus 1S relatively narrow, but the ulnare and radiale are 

elongated, cauSlng the carpus to be longer than in other r;epti . 
Only turtles possess' a carpus of a size comparable ta that 0 

hinids. Associated with the reductlon in width of the carpus among 

most living reptiles 18 the tendency for the proximal heads of the 
, 

metacarpals to overlap in aIl modern forms\except turtles. 

Some of the muscles that must have been present in the pectoral 

limb of captorhinids lc[t no 8i'frect evidence in the form of muscle 

scars,so that their nature and position was determirted primarily on 
1 

">, ' 
the basls of lIVIng forms. ln the absence of more specifie evidence 

.. of these mu~s, it 18 Inadv~sable to discuss the evolutionary changes 

in their configuration that presumably occurred between primitive and 

~ 
recent reptiles, Slnce 8uch discussion would involve circular reasoning. 

However, there IS direc t evidence of the areas of origin and insertion 

~f many of the muscles in captorhinid8, and so, a more s~cure'basis 

[or comparison wlth those of living [orms. Of the latter muscles 

many have hot changed appreciably in their origins, insertiQns, or 

...... 
funclions in any of the surviving lineages. OLhcr muscles have become 

modified in one or lvo of the living ~roups, but remained prImitive 
, 

in fotm in the other orders. The mas t radical clianges in musculature 

\ . 

"1 

\ 
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occur ~in 
...' " .... ,/ r 

the Chel~lta~ whcrc 
( 

the presence of a shell profoundly 

'4 ' \t • 
the archlt~fture of the proximal portion of the pee toral limb. altered 

". ~ 
" It is valuabl~ t6 summarize o~r knowledge of the muscles that 

~ 

have gone t-hTough the mas t marked evolutionary change from the primitive 
• 

captorhinid condl tJ.on ta the configuration seen in the l'various living 

groups. <1 J' 

In pri~ltlve r tlles" the .pe5toralis muscle çriginated from 

the eclges of the ventral portion of the elavicle, interclavicle ventral 

surface of the sternum, and sternocostale. This remains unchang€d 

in SPhenodon and 1 izards. Slnce the dermal girdle is reduced in 

crocodiles, the origin of the pectoralis is limited ta the ventral 

s ur faces 0 f an expandecl, sternum and s ternocos tale. Wl th the deve lopmen t 

and conscljuen,t modiftcation of the girdle in turtles, the 

ha~ shlfted its orlgin to the dorsal surface of the plastron, 
U. 

df this mus~le, on the deltopectoral crest of the humerus, 

is evident' in captorhinids and remains constant in most livlng reptiles. 

In sea turtles, the deI topec toral cres t is shf'fted dis tally, increasing 

the mechanlcal advantage of ~he muscle. In the Cheloniidae, the insertion 

bifurcates. One part of the muscle inserts on the deltopectoral crest 

of the humerus, and the other part extends as a tendon that inserts on 

the radius (Walker 1973). 

, \ 
The CVO]utlOIl of thc-latisflimus dorsi is co.nscrvative. primitively, 

ltS ongin lS [rom the fascia of the back"and inscrts on the posterior . ' 
part of the dorsal sur~ce of the proximal head of the humerus, between 

"; 

the origins of the latcr-al and medial humeraI heads of the triceps 
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" 

mu'sele. This general pa t tern is followed by <ill living reptiles except 

turtles. \ In this groüp, the muscle originates from the ventral surface 

of the carapace. The latissimus dorsi and teres major ,of turtIes 

l' 

develop emhryolog~ca11y fr~m,the same muscle mass (Walker 1973), and 

it appears that the teres major of tetrapods evolved from a slip of 

the latissimus dorsi that gained attachment to the lateral surface of 

the scapula (Ramer 1922). The teres major develope" separately in 

turtlés and crocodiles. In turtles, it orlginates from the anterior 

surface of the top half of the scapula and fuses distally witn the 

1atissimus dorsi. ln crocodiles, the teres major originates from 

the posterior half of t!le lateral surface of the scapula, and also 
~ 

inserts distally with the latissimus dorsL 

The coracobrachialis musculature of c;:aptor~ids had a 

orig~n from the external surface of the posterior \oracoid. 

this muscle mass separated into a brev~s and a langus head. 

broad 

Distally, 

The brevis 

head had a large ~nsertion of the proximal chal f of the flexor surface 

of the humerus. The long us 

on the entepicondy1e at the 

". 

head inserted distal ta the 

le~~ntePiC~ndY1ar 
brevis head, 

foramen. 

This,pattern has not alter~tappr'eciably in lizards and Sphenodon, 

except that the loss of the ~ost~rior co~acoid in these forms has 

limited the are a of or~of these muscles. In crocodiles, the longus 

head has hee~ lost, all1 th~ area of the humerlls "normally occupied by 

the insertion of -tnal muscle has been taken ovcr by the origin of the 

triceps humeral~s medlalis. The coracobrachialls brevis of turtles 

is very small, hut otherwise s~milar to the condition exhlbited by 

1 • 
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other rept~lcs. The coracobraehialis 10ngus has shifted its insertion 

fr,om the en lepicondyle lo a much more proximal pos i tion on the medial 

(posterlor) surface of lhe proximal head of the humerus. Since this 

muscle is very strong, and Sinee it is shorter than the brevis head, 

Walker (1973) prefers to calI it the coracobrachialis magnus. 

The proximal head of the blceps brachii of eaptorhinids originatcd 

with the coracobrachialis mass from the posterior coracoid, and inserled 
... 

on a tendon that passed over the jOint capsule. This tendon served 

as the origin of a mo~e distal head that merged with anotheu muscle, 

the brachialis inferior. The brachialis in6erior took its origin 

from the ventrolateral surface of the proximal head of the humerus. 
r. 1 

The muséle formed by the fus ion of the dis tai head of the biceps and 

the brachlal is j nferior gave rise, at i ts dlS tal end, to two tendons 

tha inserled on t~e ulna ~nd radius. The biceps and brachialis inferior 
A 

of Sp1lcnodon arc essentially the same. In li~ards, the muscular part 

of the proximal belly 0,[ the blC~S is reduced, and lS represented 

for the most part by tcndinous material. In crocodiles, the proximal 

belly i8 èompletely tendinous. Many turtles have a double biceps, 

" 

" 

consisting Qf a superficialis and a profundus mass. 
~ . The profundus 

mass usually unttes distally wlth the brachialis inferior. Testudinines 

and sea turtles have only oo-c biceps, similar to that of other reptiles. 
J 

Il i5 probable that the double biceps of turtles originatcd from a 

splilling of the OrtgInal\ single biceps._ 

In captorhinlds,~ lhe supracoracoideus muscle origtnated froom 

most of the lateral surface of the anterior coracoid. The are a of 
/~:) 
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insertIon, unchanged in living reptiles, was on the deltopectoral 

crest of'the humerus, proxImal to and betwéen the insertions of the 

pectorahs and deltoid muscles. Iil Sphenodon, and lizafds, the muscle 

remains unchanged. In crocodiles, Ù1e mus~le is divided into a coracoid' 

and a scapular head. The developnen~ of a separate scapular he'ad of 

)1>' , 

the supracorafoideus can be correlateà with the 10ss of the scàpulo-

humeralis anteriQr muscle ln crocodiles (Romer 1922). The surface 

of the scapula" that normally serves as the origin for the scapulohumeralis 

anterior of other reptIles is occupied 1:iy' the scapular head of the 

supracoracoideus muscle. In tU1<tles, the ventral part of the shou1der 

girdle is compospd of a slehder anteromedlal projection termed the 

' .. 
'acromion and a posteromedlai projection termed the coracoid. These" 

two elements are connected at their medi~l tlpS by a llgament. The 
l" 

supracoracoideus, as a result, consists of t\<.'o stout heads. The anterior 

portion takes l ts ongll'r [rom the ventral surface and adjacent ligament, 

and the posterlor portIon takes its orl~in from the ventral surface 

of ~le coracoid and adjacent lIgament. 

In primitive tetrapods, the deI t:oid muscle m~ss probar,ly originated 

as an unbroken sheet [~om the lateral surfaces of the cleithrum and 

clavicle. With the rpduction in the size of the cleithrum in a11 

" 
but the most primItiv~ reptifes, the upper portion of the deltoid 

mass shifted, j ts origin [rom the cleithrum to the adjacent lateral 

surface o[ the scapvla. TlllS process was probably qUlte aùvanced 

in captorhinlds, and a separation ~of the deltoid mass into a scapular 

and clavicular deltoid muscle seems almost certain. The insertion 

1 
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of the dëltoid muscles was on the dorsal surface of the deltopectoral-

ridge, as is tt~ case ~n ail living rertti1e~. The c1eithrum i& absent 

in liza~ds add Sphenodon, and the transfer of the origin of the scapular 

deltoid onto the scapu1a is complete. In crocodiles, the clavicles 

'" are absent:, and the clavicular deltoid originates from the anter~or 
{' 

edge of the lower part of the scapula. (Furbringer (1876) claimed th~t 

the deftoides scapularis inferior was also partially homologous to the 

deltoides scapularis of lizards). The deltoid muscle mass of turtles 
1 

ofte'n forms a continlfous sheet, or~ginating from the anterlor edge 

of the s~apula below the origin of the teres major, from the anterior 

l' f 

9ur~acc of the acrom~on, and from the plastron. The ventral (clavicular)' 
!, 

ha~f of the muscle is mucli better develop.ed than. Othe dorsal (scapular) 

half. 

The scapulohumeral1s muscle mass of t"~ptorhinids probably consisted 

of a single muscle orig'lnating f;rom the lateral surface of the scapula 

below the origln of the scapular deI toid, ,and inserting on the dorsal 

surfacè of the proximal head of the humerus pos~erior to the insertion 

of the scapular deltoicI. This m~sc1e appears to have split into two 

heads in primitive diapsid reptiles. The scapulohumeralis anterior .. 
origina ted from the lower part 0 f the scapula and inser,ted on the 
oC!\. 

dorsal sur [ace of the humerus. The scapulohumeralis posterior originatèd 

morc poslcrlorly and dorsally [rom the scapula lhan did scapulohumeralis 

\ 

posterior, and lnserted on the dorsal surface of the proximal h~ad 

of the humerus posterior to the scapulohumeralis anterior. This is 

the condition seen ~n Sphenodon . In crocodiles, the'a~terior head 
. . 



2( 1 

1 

• 

o 

... 

• 

\, .... 
," '- .. \ "'t 91 

. ' 

o " 

is .los t, run~ tionally replaceg by the scapular head of the ~upracoracoideus. 

In lizards, th~ pos terl~ead ls usually reduced {Fur?ringer 1900). 

Turties hav.e no muscle co\responding to the seapulohumerali~ mass 
1 

--.,...1 , 

of other reptiles wInch appears to be fune tionally replaeed by the 

deltoid musculature. 

The su,bcoracosc,apularis muscle of captorhinids originated from 
, 

thé triangular area at the base of the scapula above the glenoid, 

• and from the posterior edge and medial surface of the supporting ., 
brace of the scapula. There was probably also a subcoracoid head of 

\ 

l::hls ~scle, origlnating from much of the medial surface of the anterior 

coracoid. The insertion of th~ spbcoraçoscapularis muscle was on the 

process medialls of the humerus, 
<, 

as it ls ln 'aIl living reptiles. 

In Sphenodon and lizards the muscle retains two heads. The subcoraeoideus 

portion is probably better d~V'eloped than i't wa::, in captorhirlids. 

In crocodlles, the muscle originates by a single head from most of the 

medial sur face of the scapula. The 9capulohumeralls pas terior originates 

from the po~terior part of the scapula, preventing the subcoraco-

scapularis -muscle from attaching there. The subcoracoscapularis 
.." 

(subscapularls) of turtles ls a very large muscle. 1t originate9 

from mo~t of the lateraI, posterior, and medial surfaces of the scapular \ 

prong. 

... Thl'e tri~cps of captorhinids consisted of a medial ,and a lateral 

mass_ The long l1('au 0 r LI\<:> medlal mass (coracoid head) originated 

from the posterior part of the léteral surfac~ of the posterior coracoid, 

and was jOlned ~istally by a short (humeraI) head~at orlginated 

-
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frOm the dorsomedial surface of the humerus. 1he long head of-the 

lateral mass (scapular head) originated. from the base of the scapula 
~ 

Just apterior tO,the prigin of the subcaracbstapularis muscle, and 

waê a1so joined distally by a short (humeraI) h~ad or~ginating from 

the dorsolateral surface of the humcrus., The medial apd lateral 

muscle masses Lhen uni ted and attached ta the ol"ecranon process of 

the ulna. Thi~ is esscntially -th-e- arrangement in-s-pt1ënoôori,' lizard~ 

and crocodiles. With the 108s of the posterigr coracoid in Sphenodon 
1 

.U 

and lizards, the long head of the media1 mass or~ginate8 from the' 
. . 

~~ernoscapular ligament, which is the functional replacement of.the 

1 
support~ng ridge of the posterior coracoid ~f primitive rep~i1es. 

In crocodiles, the, coracold area' i8 more extensive, and the long head 

of the medial mass (anconaeus ~oraooscapularis (Furbrihger 1876)-) 
\ 

92 

takes ita orlgln from th~ dorsoposterior ,torn~r of the coracoid. . ( 

~àrkedly from t~e primi'ive pattern. The entir Turtles have departed 

media1 mass is gone. The lateral mass Is similar in origin and insertion 

ta that of other reptiles, but the long head is v9ry weak1y deve1oped. 

1 • 
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• EXPIANAT!ON OF ABBREv,IATIONS .... • , , 

.J, 

, .. 
add. polI; adductor pollicis 

anc. quo anconaeus quartus 

ANT.' C9R. anterior coracoid 

bi~ \ biceps 

br. 1. brachialis inferior • 

cbb. coracobrachialis brevis 

cbI. , coraco13rachialis longus 

-cl. delt. clavicular deltoid ,. 
"-1 

deI t. common insertion on scapular and 

'" . , clavicular deltoids. 

./ 
dig. min • digiti minimi, 

d.m. dorsometacarpalis 
, . 

epis t. episternohyoideus 

epitr. ' epi trochleoanchonaeus 

t" ext. carp. rad. jnt. extensor carpi radialis intermediu8 

ext. carp. rad. sup. extensor çarpi radialis superficialis , 

• 0 " 
ext. carp. u1. e~tensor carpi 'ulnaris 1 

/ 
eJ(t. dig. corn. br. extensor digitorum cOlllI]1unis brevis 

ext. dig. long. extensor digitorum longus 

n. br. prof· flexores> breves profundus 

fI. br. sob. flcxorcs brcves sublimes 

"" 
"( n. carp. rad. • fl-e~o: "'carpi radialis 

;:~ 

n. carp. uln. fl-ezxor carpi uJnaris rI'· .. 

" ... - " ...... 

• mn-t'. humerus 
J, - , 

" 
'"' 

'" 
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• i- intérmedium 

l. d. latissimus dorsi 

~ 

lev. scap. inf. levator scapulae inferioris 

. r- ,~ lev . scap. sup. • levator scapulae superioris 
4' 

.f 

omo. omohyoideus 

p. pisiform 

palm. corn. pro f. 1 palmaris eommunis profundus, originating 
~ 

Jram entepicondyle of humerus 

palm. corn. prof." palmaris communis profundus originating 

..../_------ - -

palm. corn •. sup':- palmaris communis superficialis 
<> 

""-
pect. 

~ POST. COR. 

pectoralis 

posrerior coracoid 

pro quad. pranator quadratui 
.1 

pro. rad. t. / ,., 

" /, 
pronator radii teres 

rade. radiale 
~ 

sbcs. subcoracoscapularis 

SC. scapula 

~~ 
sc. delt. 

serr. ant. 

scapular deltoid 

serra tus anterior 

serr. post. serratus posterior 
,t 

ses. 'r. 
sesamoid,bonc 

s.h. ~ 

-' scapulohumcralis 

SSC. suprascapula 

s tcor . st~rriocoracoideus 

• 



99 

• s\ll)c. subcoracoideus 

l' 

sup. long. supinator longus 

sup. man. supinator manus 
", 

sup~coracoideus supracor. 0 

trap. trapezius 

tric. 1at. triceps lateralis 

tric. meù. triceps medialis 

ule. ulnare 

.. 

o .... 

• 
, 


